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Preface

Malignant neoplasms occurring in the biliary tract and pancreas remain a therapeu-
tic challenge. The mechanism of carcinogenesis as well as the growth and spread
of these tumors is still poorly understood, making the development of rational treat-
ment strategies difficult. In order to improve the clinical results achieved by surgi-
cal or other medical treatment of such malignant tumors, the establishment of an
experimental animal model is critical.

For this purpose, attempts were made to induce carcinoma experimentally in the
biliary tree and finally an animal model using the hamster was established in 1994
at our laboratory. Because the tumor in this model mimicked the characteristics of
human tumors, a series of experimental investigations were conducted to clarify the
pathological characteristics of biliary carcinoma, the genetic alterations during
biliary carcinogenesis, and the relationship between biliary inflammation and car-
cinogenesis. The chemopreventive effects on the occurrence of biliary carcinoma
were also successfully examined. In addition, in vitro studies led to the establish-
ment of transplantable biliary cancer cell lines and biliary epithelial cell lines by
utilizing the hamster model.

This monograph represents the collective efforts in hepato-biliary and pancreatic
disease research over the past 20 years. I hope that this monograph will be a source
of useful knowledge for basic researchers as well as for clinicians involved in the
care of patients with hepato-biliary and pancreatic neoplasms.

Takashi Kanematsu, M.D., Ph.D.
Professor and Chairman
Department of Surgery

Nagasaki University
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Chapter 1
The Syrian Hamster
as an Experimental Animal

Yoshitsugu Tajima

1.1 Introduction

The choice of an appropriate species and strain of laboratory animals is one of the
scientist’s major concerns. The Syrian hamster (Mesocricetus auratus) provides a
unique tool for studying hepatobiliary and pancreatic carcinomas because the
anatomical structure of its hepatobiliary and pancreatic duct system is similar to
that of humans. Moreover, the tumors induced in the liver, biliary tract, and pancreas
of hamsters with nitrosamines closely resemble those of humans. Biochemically,
hamster bile is unsaturated under normal conditions and the bile acid composition
is similar to human bile [1-4]. Pancreatic juice components in this species also
resemble those of humans [5,6]. Therefore, the Syrian hamster may be an ideal
animal model for investigating carcinogenic mechanisms in hepatobiliary and
pancreatic tumors.

1.2 Taxonomic Classification of the Hamster

Hamsters are rodents belonging to the subfamily Cricetinae. The subfamily contains
about 18 species, classified into six or seven genera [7,8]. The taxonomic classification
of hamsters are as follows:

Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Rodentia
Suborder: Myomorpha
Superfamily: Muroidea
Family: Cricetidae
Subfamily: Cricetinae

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 3
DOI: 10.1007/978-4-431-87773-8_1, © Springer 2009



4 Y. Tajima

Genus Allocricetulus
Species A. curtatus — Mongolian hamster
Species A. eversmanni — Kazakh hamster, also called Eversmann’s hamster
Genus Cansumys
Species C. canus — Gansu hamster
Genus Cricetulus
Species C. alticola — Ladak hamster
Species C. barabensis, including “C. pseudogriseus” and “C. obscurus”—Chi-
nese Striped hamster, also called Chinese hamster; Striped Dwarf hamster
Species C. griseus — Chinese hamster
Species C. kamensis — Tibetan hamster
Species C. longicaudatus — Long-tailed hamster
Species C. migratorius — Armenian hamster, also called Migratory Grey ham-
ster; Grey hamster; Grey Dwarf hamster; Migratory hamster
Species C. sokolovi — Sokolov’s hamster
e Genus Cricetus
Species C. cricetus — European hamster, also called Common hamster or
Black-Bellied Field hamster
e Genus Mesocricetus — Golden hamsters
Species M. auratus — Syrian hamster, also called the Golden hamster or Teddy
Bear hamster
Species M. brandti — Turkish hamster, also called Brandt’s hamster; Azerbaijani
hamster
Species M. newtoni — Romanian hamster
Species M. raddei — Ciscaucasian Hamster
e Genus Phodopus — Dwarf hamsters
Species P. campbelli — Campbell’s Russian Dwarf hamster
Species P. roborovskii — Roborovski hamster, sometimes known as the Mongolian
hamster, creating confusion with the A. curtatus
Species P. sungorus — Winter White Russian Dwarf hamster
e Genus Tscherskia
Species T. triton — Greater Long-tailed hamster, also called Korean hamster

1.3 Anatomy of the Liver

The liver of the Syrian hamster is composed of three major lobes and two minor
caudal lobes [9]. The major lobes are the left lateral, middle, and right lateral lobes.
In the hamster bile duct system, each major lobe of the liver provides a hepatic duct
at the hepatic hilum and these ducts converge to form a common bile duct (Figure 1.1).
The major intrahepatic bile duct gives rise to intermediate and first-order bile
ductules, followed by several secondary and tertiary ductules with dichotomous
branching (Figure 1.2). Histologically, a single row of cuboidal cells lines the intrahepatic
bile ducts and ductules (Figure 1.3). Goblet cells are not normally observed.
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Fig. 1.1 Hepatobiliary and pancreatic duct system of the hamster. GB, gallbladder; HD, hepatic
duct; CBD, common bile duct; CD, common duct; PD, pancreatic duct

1.4 Anatomy of the Gallbladder

Hamsters have a gallbladder, which is attached to the underside of the middle lobe
of the liver. In a 7-week-old Syrian hamster, the gallbladder is about 6-8 mm long
and about 4-5mm in diameter. In the distended gallbladder, the mucosal layer is
composed of cuboidal or columnar cells. In the undistended gallbladder, mucosal
folds (Figure 1.4) are covered with tall columnar epithelial cells containing dark
elongated nuclei (Figure 1.5). Mucinous glands in the gallbladder wall open onto the
mucosal surface [10]. The gallbladder wall contains a loose muscle layer formed of
smooth muscle bundles. The cystic duct leads from the gallbladder and then joins
the common bile duct. A single row of cuboidal cells lines the cystic duct.
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Fig. 1.2 Biliary tree of the hamster. GB, gallbladder; IHBD, intrahepatic bile duct; CBD, common
bile duct

Fig. 1.3 Epithelial cells in the intrahepatic bile duct (H&E, x100)
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A

Fig. 1.4 The gallbladder of the hamster (H&E, X5)

Fig. 1.5 Epithelial cells in the gallbladder (H&E, x100)
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Fig. 1.6 Epithelial cells in the common bile duct (H&E, x20)

1.5 Anatomy of the Extrahepatic Bile Duct

The extrahepatic bile duct in hamsters is composed of three bile duct segments: the
hepatic ducts, the common bile duct, and the common duct [11]. The common bile
duct enters the head of the pancreas and opens into the duodenum on the dorsal
side. In the head of the pancreas, two major pancreatic ducts enter the distal portion
of the common bile duct. The short bile duct segment between the opening of the
pancreatic ducts and duodenum is called the common duct. Several small ductules
from the head of the pancreas enter directly into the common duct [12].

The common bile duct has the largest lumen and the thickest periductal connective
tissue. The bile duct epithelium is lined throughout by a single row of low cuboidal
or cylindric mucin-producing epithelial cells, organized on a basement membrane
(Figure 1.6). Papillary projections of the mucosal epithelium are evident in the
common duct merging into the duodenum.

1.6 Anatomy of the Pancreas

The pancreas consists of a head and three well-defined segments; namely, the
duodenal, gastric, and splenic lobes, forming a A-shaped organ. Each pancreatic
lobe has one main duct and the duodenal duct enters the common bile duct directly.
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Fig. 1.7 Epithelial cells in the main pancreatic duct (H&E, x60)

The gastric and splenic ducts form a common pancreatic duct, which opens into the
common bile duct close to the duodenal duct to form a common duct [12,13].
A single row of low cuboidal cells lines the pancreatic ducts (Figure 1.7).
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Chapter 2
Surgical Instruments

Taiichiro Kosaka, Takehiro Mishima, and Tomohiko Adachi

To operate on hamsters, it is essential to own your own set of instruments (Figure 2.1).
The surgical instruments should consist of the following:

Needle Holders
— A pair of microsurgical needle holders, without a lock (small and large)
— A non-microsurgical straight slender needle holder
Ring-Handled Scissors
— Straight, sharp/sharp ring-handled preparation scissors
— Curved, blunt/sharp ring-handled preparation scissors
Anatomical or Dissecting Forceps
— A pair of straight anatomical forceps (small and large)
— A pair of straight fine-toothed forceps
Artery Forceps
— Baby mosquito forceps
Additional Utilities
— Safety razors
— Cotton buds
— Paper clips
— Hairpins
— Towel clips
— An operating table
— A light source
— An instrument case

Microsurgical instruments are delicate and require careful handling and maintenance.
The instruments should be held in a pencil grip, which provides optimal stability
when performing microdissection and microsuturing. In principle, only your fingertips
move while the rest of your hand rests on a stable object. We utilize some small
tools, such as safety razors, paper clips, cotton buds, and hairpins, as substitutes for
surgical instruments (Figure 2.2). A safety razor is suitable for shaving the hamster’s
thin hair and for making the skin incision. A paper clip can be used as a wound
retractor by lengthening and transforming its unilateral extremity at right angles to
each other, and coiling it around a pin (Figure 2.3). The unilateral extremity of the

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 11
DOI: 10.1007/978-4-431-87773-8_2, © Springer 2009



12 T. Kosaka et al.

Fig. 2.1 The surgical instruments. Al — small microsurgical needle holder, without a lock. A2
— large microsurgical needle holders, without a lock. B1 — 1 ml syringe. B2 — Sml syringe. C1 — 20G
needle with an elastic sheath. C2 — 18G needle with an elastic sheath. D — 22G needle for blood
sampling. E — pin. F — paper clip. G — cotton bud. H — hairpin. I —razor. J1 — straight fine toothed
forceps. J2/J3 — straight anatomical forceps (small and large). K1 — curved, blunt/blunt ring-handled
preparation scissors. K2 — straight, sharp/sharp ring-handled preparation scissors. L — non-
microsurgical straight slender needle holder

Fig. 2.2 The utilities for
proceeding with surgery on
hamsters
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Fig. 2.4 Wound retraction with paper clips and pins

13
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Fig. 2.5 The application of cotton buds in surgery on hamsters

Fig. 2.6 Common hairpins are used as intestinal clamps
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clip is used to hook and retract the abdominal wall, and the opposite side of the clip
is then fixed to the operating board with a pin (Figure 2.4). This inexpensive tool is
very easy to make and allows a good operative view. A cotton bud can be used as
a surgical gauze ball for blunt dissection and to hold organs, or for hemostasis and
the absorption of blood (Figure 2.5). A common hairpin can be used as an intestinal
clamp (Figure 2.6). This is a very inexpensive instrument that acts as a gentle and
effective clamp of the small intestine.



Chapter 3
Anesthesia of the Laboratory Hamster

Takehiro Mishima, Tomohiko Adachi, and Taiichiro Kosaka

3.1 Introduction

It is essential, ethically and legally, to reduce the perception of pain and minimize
the discomfort felt by the animal subjected to experimental surgery. A range of
anesthetic agents is available to obtain adequate analgesia, and the appropriate
choice depends on the duration of the surgical procedure to be performed. In some
cases, sedation, muscle relaxation, and inhibition of sympathetic or parasympathetic
reflexes would be needed.

3.2 Preoperative Care

Hamsters are housed one per plastic cage lined with sawdust bedding. They are
kept at 24 + 2°C in 50 + 20% humidity with a 12h alternate light and dark cycle.
They are fed a standard pelleted diet and provided drinking water ad libitum. Unlike
several other species, including dogs, cats, and pigs, which require pre-anesthetic fast-
ing to reduce the risk of vomiting, fasting is not necessary in hamsters because they
do not vomit. However, fasting for 8-12h prior to surgery on the digestive systems
is recommended, so that the stomach and the intestines are as empty as possible.
The pre-anesthetic sedation of hamsters is not necessary.

3.3 General Anesthesia

The induction of anesthesia in hamsters is most conveniently achieved by inhalation
anesthesia, using an anesthetic chamber made of transparent material, called an “ether
jar” (Figure 3.1). It is common practice to anesthetize hamsters in a glass chamber
containing cotton wool, wastepaper, or wood-shavings, moistened with liquid anes-
thetic, especially ether (diethyl-ether). Ether is inexpensive and allows for the easy
handling of animals in the induction of anesthesia. It is important to remember that

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 17
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Fig. 3.1 The anesthetic chamber

Fig. 3.2 The intraperitoneal injection. A short 27G needle is pushed into the abdomen of a hamster.
The animal is held firmly with its head tilted slightly downwards

direct contact with the vaporizing liquid is highly unpleasant for the animal as it freezes
the skin and irritates the mucous membranes of the mouth and the respiratory tract.
Following the induction of anesthesia using ether, it is best to give pentobarbital
as an intraperitoneal (i.p.) injection to achieve sufficient general anesthesia in hamsters
(Figure 3.2). Pentobarbital (Nembutal®), at a dose of 50-60 mg/kg, i.p., will produce
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profound analgesia and sufficient muscle relaxation without severe respiratory
depression, to allow intra-abdominal surgery lasting 40-60 min. Endotracheal
intubation and artificial respiration is not required. Hamsters generally recover
60—-80min after the injection of pentobarbital. Pentobarbital, at a dose of 30—-60 mg/
kg, i.p., is reported to result in high mortality as a result of severe respiratory
depression in rats; however, in our experience, the mortality associated with the use
of pentobarbital in hamsters is low, even at a dosage of 50-60 mg/kg, i.p.

3.4 Management During Anesthesia

Because the biliary surgery described in this handbook requires no longer than
40-50 min, no additional agents are needed to maintain the anesthesia after the i.p.
injection of pentobarbital. Additional doses of pentobarbital can be given to prolong
the anesthetic period. A subtle dose of pentobarbital should be added drop by drop,
using a 1 ml syringe with a 27G needle. About 10 min of prolonged anesthesia can
be induced by a drop of pentobarbital onto the peritoneal cavity. Overdose will
induce respiratory depression and bad circulation.

Hamsters lose a lot of heat through their body surface and from the exposed
abdominal organs during abdominal surgery, resulting in a rapid fall in temperature.
Hypothermia often causes anesthetic death and delayed postoperative recovery of
the animal. Hypovolemia is another frequent cause of death of this animal. Thus,
we routinely moisten the intestines with warm (35 °C) saline or Ringer’s solution
(Figure 3.3) especially during prolonged abdominal surgery. The solution must be
dripped constantly into the abdominal cavity.

Fig. 3.3 The water bath equipment
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Fig. 3.4 The heating pad

3.5 Postoperative Care

To promote smooth recovery from the anesthesia, the room in which the animals
recover must be warm (27-30°C) and quiet. The temperature can be regulated by
placing the hamster’s cage on a heating pad (Figure 3.4), or by setting the desk
lamp (incandescent lamp) on the cage.

3.6 Euthanasia

The animal must be killed humanely with minimal physical and mental suffering.
We usually euthanize hamsters by exsanguination at the end of the experimental
protocol. After inducing anesthesia, a blood sample is collected by puncturing the
inferior vena cava. The hamster may die after losing 3—4 ml of blood. Other recom-
mended methods of euthanasia are the administration of pentobarbital 100—150 mg/
kg or leaving hamsters in a jar full of diethyl-ether gas.



Chapter 4
Fundamental Surgical Techniques

Tomohiko Adachi, Taiichiro Kosaka, and Takehiro Mishima

4.1 Introduction

This chapter delineates the fundamental techniques used for surgery in hamsters.

4.2 Shaving the Animal

After the induction of general anesthesia, the hamster is placed on its back on the
operating board. The thin hairs on the hamster’s abdomen are shaved off with a
razor (Figure 4.1) after the area is sprayed with alcohol to moisten and disinfect the
abdominal wall.

4.3 Opening the Abdominal Wall

After shaving, the animal is held in the supine position and secured to the operating
table with pins (Figure 4.2). It should not be necessary to fix the limbs if adequate
general anesthesia has been given. A midline skin incision is made from the level
of the xiphoid process to below the navel using a razor (Figure 4.3). The abdominal
muscles are lifted with forceps and a small incision is made to allow air to enter the
peritoneal cavity (Figure 4.4). One side of the scissors is inserted into the abdominal
cavity to lift up the abdominal wall and the abdomen is opened by making an
incision over the linea alba towards the xiphoid cartilage. The “paper clip” wound
retractors are effective for obtaining a wide operative view (Figure 4.5). A small
piece of wet gauze can be used to fix the left lateral lobe of the liver (Figure 4.6)
and the small intestine, and to moisten these organs.

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 21
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Fig. 4.1 Shaving the hamster

Fig. 4.2 Operating position. The hind legs are secured to the operating board with pins



Fig. 4.3 Opening the abdominal cavity. A midline skin incision is made using a razor

Fig. 4.4 Opening the abdominal cavity. A small incision is made in the abdominal muscles to
allow air to enter the peritoneal cavity
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Fig. 4.5 Retraction of the abdominal wall using paper clips

Fig. 4.6 Fixation of the left lateral lobe of the liver using a small wet piece of gauze
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4.4 Closure of the Abdominal Wall

The abdominal wall is closed in two layers: The first layer is the peritoneum and
abdominal muscle, which is closed with a continuous absorbable 4-0 suture (Figure
4.7). Attention must be paid to the tension of the thread so as not to shorten the
abdominal wall. The second layer is the skin, which is closed using the same tech-
nique with an absorbable 2-0 suture (Figure 4.8).

Fig. 4.7 Closure of the abdominal wall. The abdominal muscle is closed with a continuous
absorbable 4-0 suture

Fig. 4.8 Closure of the abdominal wall. The skin is closed using the same technique with an
absorbable 2-0 suture
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4.5 Blood Sampling

Collecting peripheral blood from hamsters is difficult. To collect a large quantity of
blood, a cardiac puncture can be performed. We usually take a blood sample from
the inferior vena cava at the end of the experimental protocol. After a laparotomy,
the inferior vena cava is exposed and a 22G needle with a 20 cm-long polyethylene
tube is pushed into the vena cava (Figure 4.9). A 5ml syringe is attached to the tube
without changing the needle position (Figure 4.10), and blood can be withdrawn.

Fig. 4.10 Blood sampling. A 22G needle with a 20 cm-long polyethylene tube is pushed into the
vena cava and blood flows out immediately



Chapter 5
Hamster Models of Biliary Carcinoma

Yoshitsugu Tajima, Tomoo Kitajima, Tsutomu Tomioka, Toshifumi Eto,
Keiji Inoue, Tomohiro Fukahori, Makoto Sasaki, and Tsukasa Tsunoda

A. Pancreaticobiliary Maljunction Model

5.1 Introduction

Pancreaticobiliary maljunction (PBM) is a congenital anomaly characterized by a
union of the pancreatic and biliary ducts, located outside the duodenal wall [1]. This
anomalous condition has recently been recognized as a high risk factor for the develop-
ment of biliary carcinomas later in life [2,3]. Two-way regurgitation occurs in this
disorder, as the reflux of pancreatic juice up to the biliary tree and/or of bile up to
pancreatic duct, because the sphincter muscle of Oddi does not act functionally in this
anomalous union. Therefore, patients with PBM are prone to the development of various
pathological conditions of the biliary tract and pancreas, including cholangitis,
pancreatitis, biliary and pancreatic calculi, and eventually biliary carcinoma [2-6].

Different animal models have been developed to investigate the pathogenesis of
PBM, using dogs [7-9], cats [10], goats [11], lambs [12], and rats [13], and the
important documented findings of these studies may contribute to clinical practice.
Since the pathogenesis of PBM-related diseases is broad, a variety of species and
preparatory methods have been studied. In particular, the association between PBM
and biliary carcinogenesis has been investigated extensively; however, few animal
experiments have successfully induced biliary carcinoma.

The most important pathophysiological condition in PBM is “pancreatic juice
regurgitation into the biliary tract”. We performed cholecystoduodenostomy with
dissection of the extrahepatic bile duct in the distal end of the common duct
(CDDB) in hamsters. Despite the reported difficulties, we induced carcinoma of the
gallbladder and extrahepatic duct with marked dilatation of the extrahepatic bile
duct in hamsters, by administering a carcinogenic agent, N-nitrosobis(2-oxopropyl)
amine (BOP) [14]. In this hamster model, pancreatic juice regurgitates into the
biliary tract, and then flows into the duodenum through the gallbladder. On the
other hand, the duodenal contents flow readily into the biliary tract. The CDDB
model is based on the following clinical data: the risk of PBM-related biliary
carcinogenesis is extremely high in patients undergoing an internal bilioenteros-
tomy such as cystoduodenostomy or cholecystoduodenostomy [15-17]; and biliary

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 29
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carcinoma develops in patients with a bilioenterostomy 15 years earlier than in
those who have not been subjected to this procedure [17]. We explain our method
for the successful induction of biliary carcinoma in hamsters, and describe the his-
topathological characteristics of the induced tumors.

5.2 Preparation of the Model

Under general anesthesia, 7-week-old female Syrian golden hamsters are subjected
to cholecystoduodenostomy with dissection of the extrahepatic bile duct at the distal
end of the common duct (CDDB) [14]. The schema of the completed surgical pro-
cedure of CDDB is illustrated in Figure 5.1. After anesthetization with sodium
pentobarbital (50mg/kg of body weight) an upper abdominal midline incision is
made. First, the distal end of the common duct is doubly ligated with 6-0 nylon and
dissected (Figures 5.2 and 5.3). The ligation of the common duct will cause disten-
sion of the gallbladder. Next, one 5 mm-long incision is made in the duodenal wall,
approximately 10 mm distal to the pyloric ring of the stomach (Figure 5.4), and one

Fig. 5.1 Cholecystoduodenostomy with dissection of the distant common duct end (CDDB model)
in the hamster. GB, gallbladder; Du, duodenum (modified from [14], with permission)
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Fig. 5.2 (a) The duodenal wall is pulled up from opposite the opening of the common duct (CD)
into the duodenum (Du), and then hooked onto the distal end of the common duct, using a needle.
(b) The common duct is ligated
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Fig. 5.3 The distal end of the common duct is doubly ligated (a), and then dissected (b)

5mm-long incision is made in the gallbladder fundus (Figure 5.5); then the chole-
cystoduodenostomy is done. The incision in the duodenal wall should be made in an
avascular area to minimize blood loss. Anastomosis is performed using a running
suture with 7-0 nylon. The first suture is placed in the right corner of the gallbladder,
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Fig. 5.4 A small incision is made in the duodenum (arrow)

Fig. 5.5 A small incision is made in the fundus of the gallbladder
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Fig. 5.7 The free end of the first suture is retracted with a small clip

from outside in, and the needle is then passed through the duodenal wall, from inside
out. The right corner stitch is knotted and the needle is passed again through the
duodenal wall, from outside in and a running suture is placed in the posterior wall,
from inside out (Figure 5.6). To perform the anastomosis comfortably and correctly,
there must be good exposure of the surgical area. During the cholecystoduodenos-
tomy, we retract the free end of the first suture with a small clip (Figure 5.7). Finally,
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Fig. 5.8 The cholecystoduodenostomy is completed

the needle is inserted through the duodenal wall, from inside out, in the left corner.
A second suture is placed in the left corner and knotted as in the right corner stitch.
The needle end of the first suture and the free end of the second suture are knotted
and then the free end of the second suture is retracted. Anterior wall closure is com-
pleted with a continuous running suture (Figure 5.8).

5.3 Histological Examination

After the animal is killed, the extrahepatic bile duct and gallbladder are removed en
bloc with the liver, pancreatic head, and part of the duodenum, and fixed in 10%
buffered formalin (Figure 5.9). Because pancreatic juice-related autolysis of the
biliary epithelium is considerable in CDDB hamsters, the biliary system must be
fixed in formalin solution immediately after extirpation.

The formalin-fixed specimen is usually cut into six blocks and embedded in
paraffin. For pathological examination of the biliary tree, one slice is taken from
each block; that is, one from the hepatic ducts, one from the common bile duct,
one from the common duct, one from the gallbladder, and five from the liver
(Figure 5.10). Histological sections are then stained with hematoxylin and eosin
(H&E).
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Fig. 5.9 The gallbladder and extrahepatic bile duct are extirpated as a mass with the liver, pancreas,
and duodenum for pathological examination. GB, gallbladder; CBD, common bile duct; CD, common
duct; Du, duodenum

812 313 I

Fig. 5.10 Preparation of the surgical specimen for pathological examination. The white lines
indicate the cutting planes of the specimen. GB, gallbladder; HD, hepatic duct; CBD, common
bile duct; CD, common duct



5 Hamster Models of Biliary Carcinoma 37

5.4 Changes in the Biliary Tract

Morphologically, spindle or cystic dilatation is evident in the extrahepatic bile
duct of hamsters after the CDDB procedure (Figure 5.11), although no changes are
seen in the biliary tract during simple laparotomy. In the CDDB model, cholangi-
ography can be done by injecting contrast medium into the duodenum (Figure 5.12).

Histologically, the normal gallbladder and extrahepatic bile duct are lined by
a single row of low cuboidal or cylindric epithelial cells (Figures 5.13 and 5.14).
In the CDDB model, hyperplastic changes in the gallbladder and bile duct
epithelium are seen 2 weeks or more after preparation of the model, without the
administration of carcinogens. After 3 weeks, atypical changes and metaplastic
changes involving the goblet cells are seen, and after 4 weeks, exacerbation of
the above changes is seen involving an extensive area of the biliary system
(Figures 5.15-5.20).

Changes in biliary epithelial cell kinetics can be evaluated immunohistologically
using the bromodeoxyuridine-labeling index (BrdU-LI) or the proliferating cell
nuclear antigen-labeling index (PCNA-LI). About 4 weeks after simple laparotomy
(SL), both the gallbladder epithelium and the extrahepatic bile duct epithelium have
a BrdU-LI value of approximately 1%, which does not change during subsequent
follow-up. However, in the CDDB model, the gallbladder epithelium and extrahepatic
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Fig. 5.11 Cystic dilatation of the extrahepatic bile duct, 16 weeks after preparation of the CDDB
procedure. CBD, common bile duct; Du, duodenum
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Cystic duct
GB

Fig. 5.12 Cholangiogram in a hamster, 7 days after preparation of the CDDB procedure. GB, gall-
bladder; IHBD, intrahepatic bile duct; CBD, common bile duct; CD, common duct; Du, duodenum
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Fig. 5.13 Normal histologic pattern of the gallbladder epithelium (H&E, x100)
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Fig. 5.14 Normal histologic pattern of the extrahepatic bile duct epithelium (H&E, x100)

Fig. 5.15 Papillary hyperplasia of the gallbladder epithelium, 4 weeks after preparation of the
CDDB procedure (H&E, x60)
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Fig. 5.16 Metaplastic changes showing goblet cell metaplasia of the gallbladder epithelium, 8
weeks after preparation of the CDDB procedure (H&E, x200)

Fig. 5.17 Atypical epithelial foci with stratification, cell pleomorphism, and mitotic figures of the
gallbladder epithelium, 12 weeks after preparation of the CDDB procedure (H&E, x200)
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Fig. 5.18 Papillary hyperplasia of the extrahepatic bile duct epithelium, 8 weeks after preparation
of the CDDB procedure (H&E, x100)

Fig. 5.19 Metaplastic changes showing goblet cell metaplasia of the extrahepatic bile duct epi-
thelium, 12 weeks after preparation of the CDDB procedure (H&E, x200)
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Fig. 5.20 Papillary hyperplasia with atypical epithelial foci, cell pleomorphism, and mitotic
figures in the extrahepatic bile duct epithelium, 20 weeks after preparation of the CDDB procedure
(H&E, x80)

Fig. 5.21 Immunohistochemical staining of the gallbladder epithelium, 8 weeks after preparation
of the CDDB procedure; done using BrdU and anti-BrdU monoclonal antibody (H&E, x100)

bile duct epithelium have BrdU-LI values of 8.6% and 4.4% respectively, 4 weeks
after surgery, suggesting an abnormal enhancement of biliary epithelial cell kinet-
ics (Figures 5.21 and 5.22). Thereafter, the BrdU-LI values increase gradually, to
14% and 10%, respectively, 20 weeks after surgery (Table 5.1). In a hyperplastic epi-
thelial region with cell atypia, the BrdU-LI value is remarkably high.
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Fig. 5.22 Immunohistochemical staining of the extrahepatic bile duct epithelium, 8 weeks after
preparation of the CDDB procedure; done using BrdU and anti-BrdU monoclonal antibody
(H&E, x120)

5.5 Induction of Biliary Carcinoma

It is known that the subcutaneous administration of BOP or BOP-related substances,
such as N-nitrosobis(2-hydroxypropyl)amine (BHP), to hamsters induces pancreatic
carcinoma and intrahepatic cholangiocarcinoma at a high incidence, and gallbladder
carcinoma at a lower incidence, but it is extremely difficult to induce carcinoma in
the extrahepatic bile duct. Conversely, the subcutaneous administration of BOP to
the CDDB hamster model induces gallbladder carcinoma and extrahepatic bile
duct carcinoma at a high incidence. The experimental protocol for the induction of
biliary carcinoma and the results obtained [14] are summarized as follows:

First, 7-week-old female Syrian golden hamsters were subjected to the CDDB
procedure; then, 4 weeks later, they were given weekly subcutaneous injections of
BOP at a dose of 10mg/kg body weight for 9 weeks. The animals were killed 12
(CDDB-1), 16 (CDDB-2), and 20 (CDDB-3) weeks after the initiation of BOP treatment.
Marked dilatation of the extrahepatic bile duct was noted in almost all the hamsters
in all of the CDDB groups (Table 5.2). Gallbladder carcinoma developed in 58% of
the hamsters in group CDDB-1, 81% of those in group CDDB-2, and 82% of those
in group CDDB-3 (Table 5.3), respectively. Extrahepatic bile duct carcinoma developed
in 16% of the hamsters in group CDDB-1, 24% of those in group CDDB-2, and 41%
of those in group CDDB-3 (Table 5.4), respectively. These incidences were significantly
higher than those in sham-operated controls (P < 0.01).

The induced gallbladder carcinoma usually shows protruding papillary growth and
the histology of papillary adenocarcinoma (Figure 5.23). Approximately half of the
induced gallbladder carcinomas are early lesions. In early carcinoma, papillary
hyperplasia with marked atypical epithelial foci is frequently observed in the
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Table 5.3 Gallbladder carcinomas induced in BOP-treated hamsters after cholecystoduodenos-
tomy with dissection of the distal end of the common duct or simple laparotomy

No. (%) of hamsters

No. of with Tumor shape Histology*

hamsters Invasive Total no. of
Group killed Carcinoma carcinoma carcinomas Papillary Nodular Tub Pap
CDDB-1 19 11(58)" 422D 11 11 0 0 11
CDDB-2 21 1781 10(48)™ 17 16 1 1 16
CDDB-3 22 18(82)  10(45)™ 18 18 0 0 18
SL-1 20 0 0 0 0 0 0 0
SL-2 20 1(5) 0 1 1 0 0 1
SL-3 18 2(11) 1(6) 2 2 0 0 2

“Significantly different from SL-1 (P < 0.01).

“Significantly different from SL-1 (P < 0.05).

“Significantly different from SL-2 (P < 0.01).

“Significantly different from SL-3 (P < 0.01).

“Significantly different from SL-3 (P < 0.05).

“Tub, tubular adenocarcinoma; Pap, papillary adenocarcinoma. (modified from [14], with permission)

Table 5.4 Extrahepatic bile duct carcinomas induced in BOP-treated hamsters after chole-
cystoduodenostomy with dissection of the distal end of the common duct or simple laparotomy
No. of  No. (%) of
hamsters hamsters with Total no. of
Group  killed carcinoma carcinomas HD CBD CD Poly Super  Tub Pap

Tumor location®  Tumor shape® Histology®

CDDB-1 19 3(16) 5 3 1 1 5 0 5 0
CDDB-2 21 5(24) 7 5 2 0 4 3 4 3
CDDB-3 22 9(41)" 12 7 3 2 7 5 7 5
SL-1 20 0 0 0 0 0 0 0 0 0
SL-2 20 1(5) 1 1 0 0 0 1 0 1
SL-3 18 0 0 0 0 0 0 0 0 0

“Significantly different from SL-3 (P < 0.01).

“HD, hepatic ducts; CBD, common bile duct; CD, common duct.

°Poly, polypoid type; Super, superficial type.

“Tub, tubular adenocarcinoma; Pap, papillary adenocarcinoma. (modified from [14], with permission)

peri-carcinomatous areas of the gallbladder (Figures 5.24 and 5.25). Advanced
gallbladder carcinoma with hepatic or duodenal involvement (Figure 5.26) is detected
in about half of the animals with induced gallbladder carcinoma, and shows the histology
of papillary adenocarcinoma with papillary growth (Figure 5.27). However, at the site
of infiltration, the histological type is tubular adenocarcinoma (Figure 5.28).

Most induced extrahepatic bile duct carcinoma lesions are early carcinomas,
with cancer cells confined to the mucosal layer of the bile duct. In early carcinoma,
hyperplastic epithelium with cell atypia is evident in the peri-carcinomatous areas
of the extrahepatic bile duct. These early carcinomas show the following three
different growth patterns: protruding type, consisting of polypoid and papillary
tumors; superficial spreading type; and periductal glandular type. There are no
depressed tumors. The polypoid type (Figures 5.29 and 5.30) comprises about
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&

Fig. 5.24 Early gallbladder carcinoma induced in a CDDB hamster (H&E, x120)

50%. This reflects that most human early bile duct carcinomas develop as protruding
lesions composed mainly of polypoid tissue [18,19]. The papillary type (Figure 5.31)
comprises about 25%, and atypical hyperplasia within the tumor mass is
frequently noted in this type of carcinoma. The superficial spreading type
(Figure 5.32) comprises about 15% and periductal glandular type carcinoma
(Figure 5.33), derived from the periductal glands around the extrahepatic bile duct,
comprises about 10%. The periductal glands are thought to be a possible source of
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Fig. 5.25 Early gallbladder carcinoma induced in a CDDB hamster (H&E, x100)

Fig. 5.26 Macroscopic appearance of an advanced gallbladder carcinoma with liver invasion (arrow)
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Fig. 5.27 Advanced gallbladder carcinoma induced in a CDDB hamster (H&E, x40). There is
evidence of invasion into the adjacent liver tissue

Fig. 5.28 Liver invasion of gallbladder carcinoma (H&E, x200)
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Fig. 5.29 Macroscopic view of a polypoid type carcinoma of the extrahepatic bile duct (arrow)

Fig. 5.30 A polypoid type carcinoma of the extrahepatic bile duct induced in a CDDB hamster.
The tumor protrudes into the lumen of the markedly dilated bile duct (H&E, x60)
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Fig. 5.31 A papillary type carcinoma of the extrahepatic bile duct induced in a CDDB hamster
(H&E, x80)

Fig. 5.32 A superficial spreading type carcinoma of the extrahepatic bile duct induced in a
CDDB hamster (H&E, x80)
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Fig. 5.33 A periductal glandular type carcinoma of the extrahepatic bile duct induced in a CDDB
hamster (H&E, x80)

intrahepatic bile duct carcinoma [20], and may also be a location for human extrahepatic
bile duct carcinoma.

Tumorigenicity in the liver and pancreas is summarized in Table 5.5. Most livers
from the CDDB group hamsters showed a high degree of tumor development from
the bile ductule, in the form of cholangiocarcinomas and cholangiomas. The
incidence of carcinoma and adenoma, and the average number of both carcinomas
and adenomas per animal was significantly higher in the CDDB groups than in the
corresponding SL groups.

Pancreatic tumors were induced frequently in hamsters in all the experimental
groups. Most of these tumors were ductular adenocarcinomas. Neither the incidence
of carcinoma nor the average number of carcinomas per animal differed significantly
among the corresponding groups.

B. Biliary Reconstruction Models

5.6 Introduction

Reconstruction of the biliary system is a surgical technique used widely in the field
of hepatobiliary and pancreatic surgery; however, biliary carcinomas can develop
as a delayed complication of bilioenterostomy [21-25]. Moreover, high incidences
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of secondary biliary carcinoma following biliary-enteric drainage for benign
disease [26], transduodenal sphincteroplasty [27] or endoscopic sphincterotomy
have been reported [28]. These therapeutic procedures induce reflux of the intestinal
contents into the biliary tract because the papillary muscle of the ampulla of Vater
is inactive. Reflux of the intestinal contents into the biliary system may lead to the
development of biliary carcinoma. To clarify if bilioenterostomy plays a role in
biliary carcinogenesis, we devised two models of bilioenterostomy in hamsters:
choledochoduodenostomy and choledochojejunostomy, both of which closely
resemble those performed clinically.

5.7 Preparation of the Model

Schemata of the completed surgical procedures of choledochoduodenostomy (CD
model) and choledochojejunostomy (CJ model) are illustrated in Figures 5.34 and
5.35, respectively.

Using 7-week-old female Syrian golden hamsters under general anesthesia with
sodium pentobarbital (50 mg/kg body weight) an upper abdominal midline incision
is made and the distal end of the common bile duct is doubly ligated with 6-0 nylon
and divided (Figures 5.36 and 5.37). At this point, the suture used for the ligation
of the proximal bile duct must be left long. Following ligation of the cystic duct,
the gallbladder is removed. In the CJ procedure, the jejunum is doubly ligated with
6-0 nylon and cut about 7 cm distal to the pyloric ring of the stomach (Figure 5.38).
Roux-en-Y anastomosis is done about 4cm anal of the jejunum and the intestinal
anastomosis is done in a side-to-side manner. A common hairpin can be used as an
intestinal clamp (Figure 5.39). The side-to-side anastomosis is performed using a

Y
7 Bile duct

Fig. 5.34 Choledochoduodenostomy
(CD model) in the hamster.
Choledochoduodenostomy is done
approximately 1cm distal to the
pyloric ring of the stomach. (a) The
gallbladder is removed. (b) The bile
duct is transected at the distal end of
the common bile duct (modified from Duodenum
[29], with permission)
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Jejunum Stomach

Pancreas

Fig. 5.35 Choledochojejunostomy with Roux-en-Y anastomosis (CJ model) in the hamster. The
jejunal limb is 4cm long. (a) The gallbladder is removed. (b) The bile duct is transected at the
distal end of the common bile duct. (c¢) Side-to-side intestinal anastomosis (modified from [29],
with permission)

Fig. 5.36 The extrahepatic bile duct is exposed by using cotton buds. CBD, common bile duct;
CD, common duct
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Fig. 5.37 The distal end of
the common bile duct is
hooked using a needle, and
then ligated

Fig. 5.38 The jejunum is
cut about 7cm distal to the
pyloric ring of the stomach

Fig. 5.39 A common hair-
pin is used as an intestinal
clamp

Y. Tajima et al.
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running 7-0 nylon suture (Figures 5.40 and 5.41). Details of the choledochojejunos-
tomy are illustrated in Figure 5.42. After making a purse string suture in the jejunal
wall, approximately 5 mm distal to the stump of the jejunal limb (Figure 5.43), the
jejunum is transfixed at the center of this suture using a 20G needle with an elastic
sheath (Figures 5.42a and 5.44). The elastic sheath is left in place. Next, the suture
used for the ligation of the proximal common bile duct is inserted into the elastic
sheath (Figure 5.45) along with the tied common bile duct (Figures 5.42b and 5.46),
so that the cut end of the bile duct protrudes through the needle hole after a removal
of the elastic sheath (Figure 5.47). The common bile duct is then cut about half-way
towards the tied end for bile drainage (Figures 5.42c and 5.48) and then pulled back

Fig. 5.41 The Roux-en Y anastomosis is completed
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Bile duct

I

Fig. 5.42 Schemata of the surgical procedures of choledochojejunostomy in the hamster. (a) The
jejunum is transfixed using a 20G needle with an elastic sheath. (b) The elastic sheath is left in
place, and the suture is introduced into the elastic sheath with the tied common bile duct. (c) The
common bile duct is cut about half-way towards the tied end for bile drainage. (d) The common
bile duct is pulled back into the duodenum and fixed to the jejunal wall

Fig. 5.43 A purse string suture is placed on the jejunal wall, approximately 5 mm distal to the
tip of the jejunal limb

into the duodenum. The purse string suture is knotted to close the needle hole.
Finally, the suture used for the bile duct ligation is knotted together with the purse
string suture and fixed to the jejunal wall (Figures 5.42d and 5.49). In the CD
procedure, choledoduodenostomy is performed in a similar manner to the CJ
procedure after cholecystectomy.
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Fig. 5.44 The jejunum is transfixed at the center of the purse string suture, using a 20G needle
with an elastic sheath. The elastic sheath is left in place (see Figure 5.42a)

Fig. 5.45 The suture used to ligate the common bile duct is introduced through the elastic sheath
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Fig. 5.46 The suture is pulled so that the tied
common bile duct protrudes through into the elastic sheath (see Figure 5.42b)

Fig. 5.47 The cut end of the common bile duct is pulled out through the
needle hole
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Fig. 5.48 The common bile duct is cut about half-way towards the tied end for bile drainage
(see Figure 5.42¢)

Fig. 5.49 The common bile duct is pulled back into the jejunum and the suture used for the
common bile duct ligation is fixed to the jejunal wall (see Figure 5.42d)
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5.8 Induction of Biliary Carcinoma

The experimental protocol for the induction of biliary carcinoma in bilioenterostomized
hamsters and the results obtained [29] are as follows: First, 7-week-old female
Syrian golden hamsters were subjected to simple laparotomy (SL), choledochoduo-
denostomy (CD) and choledochojejunostomy (CJ). Then, 4 weeks later, they were
treated with weekly subcutaneous injections of BOP at a dose of 10mg/kg body
weight for 9 weeks. The animals were killed 20 weeks after surgery. Marked dilatation
of the extrahepatic bile duct was noted in almost all the hamsters in the CD and CJ
groups. Carcinoma of the intrahepatic bile duct developed in 40% of hamsters in
the SL group, 41% of those in the CD group, and 50% of those in the CJ group.
However, numerous bile duct carcinomas were found in the bilioenterostomized
animals, especially in the CJ group (Table 5.6). Carcinoma of the extrahepatic bile
duct developed in 5% of the hamsters in the CD group and 8% of those in the CJ
group. No extrahepatic bile duct carcinoma was seen in the SL group hamsters.

Epithelial neoplasms and associated lesions arising in the hamster liver are
divided into two broad categories depending on the cell of origin: hepatocellular or
cholangiocellular. However, liver tumors of hepatocellular origin rarely develop in
response to BOP insult in hamsters. Tumors of cholangiocellular origin, such as the
intrahepatic cholangiocarcinomas induced by BOP in hamsters are classified
grossly into four histological types: tubular adenocarcinoma, papillary adenocarcinoma,
mucinous cystadenocarcinoma, and others. Tubular adenocarcinoma is the most
common, accounting for about 70% of intrahepatic cholangiocarcinomas
(Figures 5.50 and 5.51), followed by papillary adenocarcinoma (Figures 5.52 and 5.53)
and mucinous cystadenocarcinoma (Figures 5.54 and 5.55), accounting for about
20% and 5%, respectively. There are three different patterns of growth of these
tumors: mass-forming, periductal infiltrating, and intraductal. The mass-forming
growth pattern, seen in about 50% of tumors, is characterized by a distinct, localized
round mass in the liver parenchyma (Figure 5.56). The periductal infiltrating
growth pattern, seen in about 40% of tumors, is characterized by diffuse tumor
infiltration along the long axis of the portal tract (Figure 5.57). The intraductal
growth pattern, seen in only about 10% of tumors, is characterized by papillary
(Figure 5.58) or polypoid (Figure 5.59) growth within the dilated bile duct lumen,
with occasional superficial spread (Figure 5.60) or periductal gland involvement
(Figures 5.61 and 5.62).

Table 5.6 The incidence and number of carcinomas induced in hamsters after bilioenterostomy

No. (%) of hamsters Average no.

Average body With carcinoma of  Toa) no. of  of carcinomas
Groups No. of hamsters  weight (g) IHBD EHBD  carcinomas per CBA

SL 20 202.5 8(40.0) 0 16 2.00
CD 22 180.5 9(40.9)  1(4.5) 56 6.22
CJ 26 171.0 13(50.0) 2(14.5) 189 14.53"

IHBD, intrahepatic bile duct; EHBD, extrahepatic bile duct; CBA, carcinoma-bearing animal.
“Significantly different from SL (P < 0.01) and CD (P < 0.05). (modified from [29], with
permission)
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Fig. 5.50 Intrahepatic
cholangiocarcinoma: tubular
adenocarcinoma

Fig. 5.51 Microscopic
appearance of tubular aden-
ocarcinoma

Fig. 5.52 Intrahepatic
cholangiocarcinoma:
papillary adenocarcinoma




64 Y. Tajima et al.

Fig. 5.53 Microscopic
appearance of papillary
adenocarcinoma

Fig. 5.54 Intrahepatic
cholangiocarcinoma: muci-
nous cystadenocarcinoma

Fig. 5.55 Microscopic
appearance of mucinous
cystadenocarcinoma




5 Hamster Models of Biliary Carcinoma 65

Fig. 5.56 The mass-forming
growth pattern of intrahe-
patic cholangiocarcinoma

Fig. 5.57 The periductal
infiltrating growth pattern
of intrahepatic cholangi-
ocarcinoma

Fig. 5.58 The intraductal
growth pattern of intrahe-
patic cholangiocarcinoma,
with papillary growth
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Fig. 5.59 The intraductal
growth pattern of intrahe-
patic cholangiocarcinoma,
with polypoid growth

Fig. 5.60 The intraductal
growth pattern of intrahe-
patic cholangiocarcinoma,
with superficial spread

Fig. 5.61 The intraductal
growth pattern of intrahe-
patic cholangiocarcinoma,
with periductal glandular

involvement

Y.

Tajima et al.
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Fig. 5.62 Microscopic
appearance of cholangiocar-
cinoma with periductal
glandular involvement
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Chapter 6
Biliary Carcinomas Induced in the Hamster

Yoshitsugu Tajima, Shizuo Yamanaka, Sumihiro Matsuzaki, Toshifumi Eto,
Kazuya Okada, Hiroshi Shiku, Tsutomu Tomioka, Tsukasa Tsunoda,
and Takashi Kanematsu

A. Morphological Characteristics and Pathogenesis
of Induced Biliary Carcinoma

6.1 Summary

Syrian hamsters were subjected to cholecystoduodenostomy with dissection of the
common duct, and given N-nitrosobis(2-oxopropyl)amine (BOP). We then investi-
gated the histomorphological characteristics of the adenomas and early carcinomas
induced in the extrahepatic bile duct. The tumors that developed in the extrahepatic
bile duct included 10 adenomas and 55 early carcinomas in 56 of the 156 hamsters
killed. All the adenomas were polypoid in shape, whereas the early carcinomas,
which were restricted to the mucosal layer of the bile duct, showed the following
three different growth patterns: protruding in 41 (75%), 27 of which were polypoid
and 14, papillary; superficial spreading in 9 (16%); and periductal glandular in 5
(9%). There were no depressed tumors. Carcinomas coexisting with or in adenoma
were evident in 12 (22%) tumors, 11 of which were polypoid. Atypical papillary
hyperplasia was seen within the tumor mass in 22 early carcinomas (40%) and was
particularly prominent in papillary type tumors. These findings support the concept
of an adenoma—carcinoma sequence in most polypoid tumors of the extrahepatic
bile duct. Atypical papillary hyperplasia might also be premalignant, and these
precursor lesions could reflect the growth patterns of tumors, at least in the early
stage of tumorigenesis.

6.2 Introduction

It is well known that most early gastric carcinomas have a slightly depressed gross
shape, whereas early carcinomas of the colon and rectum are usually polypoid.
Based on the clinicopathological features, at least two different concepts of colorectal
carcinogenesis have been proposed: the adenoma—carcinoma sequence for early
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polypoid carcinomas [1,2] and the de novo pathway for flat or depressed early
carcinomas [3-5]. In conjunction with this, early carcinomas of the extrahepatic
bile duct remain a diagnostic challenge despite recent advances in imaging modalities,
and little is known about early neoplastic changes in the bile duct.

In this chapter, we describe the histopathological characteristics of adenomas
and early carcinomas of the extrahepatic bile duct induced in hamsters, with special
reference to their histogenesis and growth patterns. Clarifying the growth form of
early carcinomas and the precursor changes in the bile duct may contribute to a
better understanding of this highly malignant tumor [6].

6.3 Experimental Protocol

We used two hundred and twenty-one 7-week-old female Syrian golden hamsters
(SLC, Inc., Shizuoka, Japan) for these experiments. The average weight of each
animal at the beginning of the experiments was 110g. The animals were housed one
per cage with sawdust bedding under standard laboratory conditions in the
Laboratory Animal Center for Biochemical Research at Nagasaki University
Graduate School of Biomedical Sciences. They were given a standard pellet diet
and allowed water ad libitum during the experiment. All experiments were
performed following the Guidelines for Animal Experimentation of Nagasaki
University Graduate School of Biomedical Sciences.

The extrahepatic bile duct tumors were induced in the hamsters according to the
experimental protocol described in Chapter 5. Briefly, the hamsters were subjected to
cholecystoduodenostomy with dissection of the extrahepatic bile duct at the distal end
of the common duct. The procedure was tolerated by 173 of the animals: the other 48
died of liver abscess or peritonitis, or both, a few days after surgery. These 173
hamsters were given weekly subcutaneous injections of N-nitrosobis(2-oxopropyl)
amine (BOP) at a dose of 10mg/kg body weight for 9 consecutive weeks. BOP
administration was started 4 weeks after surgery. Five hamsters died of BOP toxicity
and 12 died of carcinomas of the liver or pancreas before being killed. Finally, 156
hamsters were successively killed for pathological examination at 2-week intervals
from 12 to 20 weeks after the initial administration of BOP, with 24, 26, 33, 38, and
35 hamsters killed at 12, 14, 16, 18, and 20 weeks, respectively. The extrahepatic
bile duct was removed en bloc with the liver, gallbladder, pancreas and part of
the duodenum, and all organs were fixed in 10% buffered formalin. The extrahepatic
bile duct was cut into three blocks and embedded so that each section contained the
hepatic ducts, common bile duct, and common duct. All sections were then cut and
stained with hematoxylin and eosin (H&E).

Lesions induced in the extrahepatic bile duct were classified in accordance with
the WHO classification of tumors in hamsters [7,8]. In general, adenoma and
carcinoma were defined as lesions that showed signs of expansive growth. Unlike
adenomas, carcinomas showed signs of malignancy, such as nuclear atypia, mitotic
activity, disruption of epithelial cell polarity, and invasion. Hyperplastic epithelium
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with marked papillary proliferation, pseudostratification, and hyperchromatism of
the nuclei was considered to indicate atypical hyperplasia.

We used proliferating cell nuclear antigen (PCNA) to evaluate cell kinetic activity
of the normal biliary epithelium, hyperplastic epithelium with or without atypia,
adenomas, and carcinomas. Tissue sections were cut at 4um thickness, mounted on
glass slides coated with 5-aminoprophyltriethoxy saline, and dewaxed in xylene.
The sections were microwave heated for 5Smin in phosphate-buffered saline (PBS) at
500W. After blocking endogenous peroxidase, the sections were incubated with
mouse monoclonal antibodies against PCNA (clone-PC 10; DAKO, Kyoto, Japan) at
a dilution of 1:100. The cell nuclei were counterstained with hematoxylin. The propor-
tion of labeled nuclei (labeling index; LI) was calculated by counting the labeled nuclei
in >1,000 epithelial cells in a lesion. The Mann—Whitney U-test was used for statistical
analysis of the PCNA-LI and differences of p < 0.05 were considered significant.

6.4 Incidence, Location and Histologic Findings
of Induced Tumors

The incidence and number of tumors induced in the extrahepatic bile duct increased,
depending on the observation period after the administration of BOP (Table 6.1). A total
of 69 tumor nodules arose from the extrahepatic bile duct in 56 hamsters. The tumor
nodules were located mainly in the hepatic ducts and the common bile duct. Of the 69
tumors, 59 were diagnosed histologically as carcinoma and 10, as adenoma. Papillary
carcinoma was found in 36 tumors and tubular carcinoma in 23. Furthermore, 55 of the
59 carcinomas were found, to a limited extent, within the mucosal layer of the bile duct.
Four of the adenomas were of the papillary type and six, of the tubular type. Pancreatic
carcinomas developed in 118 (76%) hamsters. The majority of these tumors were
ductular adenocarcinoma. Gallbladder carcinomas and intrahepatic cholangiocarcino-
mas developed in 114 (73%) and 107 (69%) hamsters, respectively. The growth pattern
of the gallbladder carcinomas was papillary, and they were diagnosed as papillary
adenocarcinoma. Half of the gallbladder carcinomas invaded the liver.

6.5 Gross Shape of Adenoma and Early Carcinoma
of the Bile Duct

All the adenomas were polypoid and protruded into the lumen of the bile duct
(Figures 6.1 and 6.2). The 55 early bile duct carcinomas were divided into three
types according to the gross shape of the tumors (Table 6.2).

1. Protruding, divided into two subtypes: pedunculated or sessile polypoid type, seen
in 27 lesions (Figure 6.3); and papillary type, growing into the lumen of the bile
duct with marked papillary projections, seen in 14 lesions (Figures 6.4 and 6.5).
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Fig. 6.1 A polypoid type adenoma in the common bile duct, with simple glandular proliferation.
The individual glands are separated from each other by a broad stroma (H&E, x60) (modified
from [6], with permission)

Fig. 6.2 High magnification of the polypoid type adenoma in Figure 6.1 (H&E, x200)

2. Superficial, spreading along the bile duct wall with slight elevation of the cancerous
mucosa, seen in nine lesions (Figures 6.6 and 6.7).

3. Periductal glandular, developing from the periductal glands of the bile duct with
expansive growth within the bile duct wall, seen in five lesions (Figures 6.8 and 6.9).
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Table 6.2 Gross shape of early carcinomas of the extrahepatic bile duct and coexisting non-
cancerous component within the tumor mass induced in hamsters (modified from [6], with
permission)

No. of coexisting non-cancerous

Gross shape of the Major histologic type components within the tumor mass
tumors No. of lesions Papillary Tubular Adenoma Hyperplasia
Protruding 41 23 18 11 18

Polypoid 27 9 18 11 6

Papillary 14 14 0 0 12
Superficial spreading 9 9 0 0 0
Periductal glandular 5 1 4 1 4
Total 55 33 22 12 22

Fig. 6.3 A polypoid type carcinoma arising in the hepatic duct. The tumor protrudes into the
lumen of the bile duct with a stalk (H&E, x20) ([6], with permission)

The early bile duct carcinomas were thus classified predominantly as the pro-
truding type, according to their gross shape. There were no ulcerated or
depressed tumors.

6.6 Coexistence of Non-malignant Lesions

The coexistence of non-cancerous components within the tumor mass was also
investigated in the 55 early bile duct carcinomas (Table 6.2). Adenomatous compo-
nents were found in 11 (41%) of the 27 polypoid type carcinomas (Figures 6.10-
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Fig. 6.4 A papillary type carcinoma in the common bile duct. The tumor is growing into the
lumen of the bile duct with marked papillary projections (H&E, x10) ([6], with permission)
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Fig. 6.5 High magnification of the papillary type carcinoma in Figure 6.4 (H&E, x60)

6.12), including two carcinomas within adenoma (Figures 6.13-6.15). Papillary
hyperplasia with degrees of atypia was also observed in six polypoid carcinomas.
There was no evidence of adenomatous or hyperplastic changes in the remaining
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Fig. 6.6 A superficial spreading type carcinoma in the common bile duct. The cancer cells spread
superficially along the mucosal layer of the bile duct. The cancer cell proliferation lacks a connective
tissue stalk (H&E, x40)

Fig. 6.7 High magnification of the superficial spreading type carcinoma in Figure 6.6 (H&E, x200)
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Fig. 6.8 A periductal glandular type carcinoma in the common bile duct. The tumor is growing
expansively within the bile duct wall (H&E, x20)

Fig. 6.9 High magnification of the periductal glandular type carcinoma in Figure 6.8 (H&E, x120)

polypoid carcinomas. Hyperplastic epithelium with marked papillary proliferation,
pseudostratification, and hyperchromatism of the nuclei were observed within the
tumor mass in 12 (86%) of the 14 papillary type carcinomas (Figures 6.16-6.18).
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Fig. 6.11 High magnification of the carcinoma in Figure 6.10, showing well differentiated tubular
adenocarcinoma (H&E, x100)

No adenomatous component or hyperplastic epithelium was seen within the tumor
mass in the superficial spreading type carcinomas, although atypical hyperplasia
with a serrate proliferation of the epithelium was observed in the border zone
between the cancerous and non-cancerous mucosa. An adenomatous component
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Fig. 6.12 High magnification of the adenomatous component at the tip of the tumor in
Figure 6.10. Note the simple glandular proliferation with a broad stroma. The nuclei are
arranged regularly, close to the basement membrane with abundant goblet cell metaplasia
(H&E, x120)

Fig. 6.13 Carcinoma in adenoma in the common duct (H&E, x10)
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Fig. 6.15 High magnification of the carcinomatous foci in the tumor in Figure 6.13, showing
mild cellular pleomorphism and nuclear hyperchromasia with back-to-back glandular structures
(H&E, x120) (modified from [6], with permission)

was found in one of the periductal glandular type carcinomas and hyperplastic
epithelium was found in four. In summary, adenomatous components and atypical
papillary hyperplasia were found in 12 (22%) and 22 (40%), respectively, of the 55
early carcinomas of the extrahepatic bile duct.
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Fig. 6.16 A papillary type carcinoma with hyperplastic epithelium in a tumor in the common duct
(H&E, x10)

Fig. 6.17 High magnification of the papillary hyperplasia in the tumor in Figure 6.16. The nuclei
are close to the basement membrane (H&E, x100)
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Fig. 6.18 High magnification of the papillary carcinoma (H&E, x100)

Table 6.3 Cell kinetic activity of lesions induced in the extrahepatic bile duct by N-nitrosobis(2-
oxopropyl)amine in hamsters

Lesions No. of lesions examined Average of PCNA-LI (%)*
Normal biliary epithelium 27 6.7+24

Hyperplasia without atypia 51 199 £6.9°

Hyperplasia with atypia 82 329 +12.6™"

Adenoma 10 42.9 + 5.7
Carcinoma 59 50.1 & [1.477mm

PCNA-LLI, proliferating cell nuclear antigen labeling index.
“Significantly different from normal biliary epithelium (P < 0.01).
“Significantly different from hyperplasia without atypia (P < 0.01).
““Significantly different from hyperplasia with atypia (P < 0.01).
“*“Significantly different from adenoma (P < 0.05).

“Mean + SD. (modified from [6], with permission)

6.7 Cell Kinetic Studies

Cell kinetic activity of the biliary epithelium during biliary carcinogenesis was
investigated in 56 hamsters with extrahepatic bile duct tumors, and the results are
summarized in Table 6.3. Carcinomas and adenomas had extremely high prolifera-
tion activity. Hyperplastic epithelium with atypia also possessed high potential for
proliferation.
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6.8 Comments

The adenoma—carcinoma sequence is well recognized in tumors throughout the
gastrointestinal tract, especially in the ampulla of Vater [9—10], small intestine [11],
colon, and rectum. In the biliary system, the adenoma—carcinoma sequence is found
most often in the gallbladder [12,13]. Although several investigators have reported
cancerous foci in adenoma in the intra- and extrahepatic bile duct [14—-16], the
histogenesis of these bile duct carcinomas is still a subject of debate. In the present
study, adenomatous residue, including carcinoma in adenoma, was found in 12
(22%) of 55 early carcinomas of the extrahepatic bile duct. The coexistence of an
adenomatous component within a tumor mass was particularly prominent in the
polypoid type carcinomas, seen in 11 (41%) of 27 cases. The high percentage of
adenomatous residue in the tumor mass found in this study justifies the application
of the adenoma—carcinoma sequence to some tumors of the extrahepatic bile duct,
particularly polypoid type carcinomas.

Yamanaka et al. [17] and Majima et al. [18] investigated genetic changes in the
biliary epithelium during biliary carcinogenesis using our experimental hamster
model, and detected frequent K-ras point mutations in the hyperplastic mucosal
epithelium of the bile duct and in induced biliary carcinomas. In the present study,
cell kinetic analysis revealed that hyperplastic epithelium with atypia possessed a
high potential for proliferation. The fact that papillary hyperplastic lesions with
atypia were found within the tumor mass in about 40% of the early bile duct
carcinomas in hamsters suggests that these lesions might be premalignant. This
speculation is in line with recent molecular biological findings of gastroentero-
logical carcinogenesis [19-26].

Morphologically, most of the early carcinomas of the extrahepatic bile duct
induced in hamsters in this study exhibited either a polypoid or papillary growth
protruding into the lumen of the bile duct. There were no ulcerated or depressed
carcinomas. All the adenomas were polypoid in gross shape. In humans, early
extrahepatic bile duct carcinoma confined within the mucosal or fibromucosal layer
is either polypoid or papillary in shape [27-29], whereas advanced carcinoma is
generally ulcerated [28]. The carcinomas examined in the present study were
restricted to within the mucosal layer of the bile duct without invasion into the deeper
layers. These findings suggest that early carcinomas of the extrahepatic bile duct
tend to exhibit a protrusive growth. The possible precursors, such as adenoma and
papillary hyperplastic lesions, may reflect the growth patterns of these tumors, at
least in the early stage of tumorigenesis.

Another interesting finding of this study was the presence of periductal
glandular type carcinoma in the extrahepatic bile duct. The presence of periductal
glands around the intra- and extrahepatic bile ducts is well documented [30,31].
Terada and Nakamura [32] suggested that the intrahepatic periductal glands are a
possible source of intrahepatic bile duct carcinoma, and our findings indicate that
the periductal glands may be one of the original sites of extrahepatic bile duct
carcinoma.
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In summary, we confirmed morphologically, the adenoma—carcinoma sequence
in tumors of the extrahepatic bile duct, particularly in polypoid type carcinomas, in
hamsters. Papillary hyperplastic lesions with atypia might also be involved in the
histogenesis of bile duct carcinoma. In reflection, it may be assumed that the bile
duct epithelium possesses a similar biological potential for carcinogenesis to that
of the colon and rectum, rather than to that of the stomach.

B. Genetic Alterations During Biliary Carcinogenesis

6.9 Summary

Inbred female hamsters were given a subcutaneous injection of N-nitrosobis
(2-oxopropyl)amine (BOP) after dissection of the extrahepatic bile duct at the distal
end of the common duct and cholecystoduodenostomy (CDDB) or simple laparot-
omy (SL). Neoplastic lesions arising from the intrahepatic bile duct were examined
histologically, and K-ras mutations were investigated. Mutations of K-ras codon 12
were evident in 12% of the tubular hyperplasias, 19% of the tubular adenocarcino-
mas, 15% of the papillary hyperplasias, and 36% of the papillary adenocarcinomas.
K-ras mutations were more frequent in papillary adenocarcinomas arising from a
large bile duct than in tubular adenocarcinomas arising from ductule or ductular
proliferation. K-ras mutations were present even in hyperplasia, but they increased
in the presence of carcinoma. Genetic changes in carcinoma of the intrahepatic bile
duct varied according to the sites of the duct and the histological type. Some of the
hyperplastic lesions in the intrahepatic bile duct revealed K-ras gene mutations.
This suggests that K-ras gene mutation is an early event in the carcinogenic proc-
ess. In carcinoma of the intrahepatic bile duct, lesions arising from a large bile duct
in the hepatic hilum tended to exhibit a higher frequency of K-ras gene mutation
than tubular lesions arising from a ductule or ductal proliferation.

6.10 Introduction

Recent analyses of the genes involved in malignant tumors have increased our
understanding of gene-related carcinogenesis [33—37]. The activation of a promotor
gene and the loss of a suppressor gene, such as p53, were observed early during the
development of adenocarcinoma from an adenoma [38,39]. In human bile duct
carcinoma, Levi et al. [40] reported frequent Kirsten-ras (K-ras) mutations with a
sensitive polymerase chain reaction (PCR), whereas other investigators reported a low
frequency of these mutations [41-—44]. Thus, the relationship between K-ras mutation
and carcinogenesis of the intrahepatic bile duct remains unclear.
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To clarify the gene-related carcinogenesis of the intrahepatic bile duct carci-
noma, we investigated mutation in the K-ras gene in various early hyperplastic and
neoplastic lesions induced in hamsters, according to the original sites of the
lesions. The experimental protocol and the results obtained [17] are herein
described.

6.11 Experimental Protocol

Under sodium pentobarbital anesthesia, 50mg/kg body weight, hamsters were sub-
jected to cholecystoduodenostomy with dissection of the extrahepatic bile duct at the
distal end of the common duct (CDDB). Control hamsters were subjected to simple
laparotomy (SL). The 61 hamsters that tolerated the procedure were given subcutane-
ous injections of BOP 10mg/kg, once a week, starting 4 weeks after surgery, and
continuing for 9 weeks. Then, 20, 21, and 20 hamsters were killed 12 (CDDB-1), 16
(CDDB-2), and 20 (CDDB-3) weeks, respectively, after the BOP injections were
started. The 63 control hamsters were given the same BOP treatment. Then 20, 22, and
21 hamsters were killed after the same observation periods (SL-1, SL-2, and SL-3).

The liver was immediately removed, fixed in 10% neutral formalin, then cut into
five blocks and embedded in paraffin. Sections were stained with hematoxylin-
eosin and examined histologically. The intrahepatic bile duct carcinomas were
classified into four subtypes according to the original sites, as follows [45]: duct-
infiltrating type, developing from ductal proliferation in medium to large bile ducts;
mass-forming type, developing from ductules as a scirrhous lesion; intraductal
growth type, developing as a papillary elevated lesion in the biliary lumen in the
large bile duct near the hepatic hilum; and periductal type, developing from the
periductal gland in the biliary wall (see Chapter 5).

Slides were soaked in xylene and ethanol to remove the paraffin from the surface
of the samples. Histologically identified neoplastic lesions were marked and these
areas were scraped from the slides. The fragments were incubated in buffer (50 mM
Tris, 1 mM-EDTA, 0.1% sodium dodecyl sulfate (SDS), 200 mg/ml proteinase K)
for 12-24h at 37 °C and phenol-chloroform was used to purify the genomic DNA.

Mutations in exon 1 of the hamster K-ras gene were investigated using the
following primers specific for the codon 12 and 13 regions of the human K-ras
gene [34,44]: sense primer 58-GGCCTGCTGAAAATGACTGA-38 and antisense
primer 58-GTCCTGCACCAGTAATATGC-38. These primers encompassed
162bp and were synthesized by a DNA synthesizer (model 380B; Applied
Biosystems, Foster City, California). The 58-end of these primers was labeled
with [g-32P]ATP and T4 polynucleotide kinase. Thirty-five cycles of polymerase
chain reaction (PCR) were programmed as 1 min at 94°C, 55°C, and 72°C,
respectively. We mixed 2ml of PCR product with 5ml of 0.1% SDS containing
10mM EDTA, 7ml 95% formamide, 20mM EDTA, and 0.05% bromophenol
blue. This mixture was heated at 90 °C for 3min, then applied to a 6% polyacrylamide
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gel containing 5% glycerol, and electrophoresed at 1,800 V for 90-120 min under
a cooling fan in a room at 4 °C.

Sequencing primers were end labeled with [g-32P]ATP and T4 polynucleotide
kinase. The DNA fragment obtained with PCR was extracted from the band in the
polyacrylamide gel and directly sequenced using a DNA cycle sequencing kit
(Takara, Kyoto, Japan). The amplificated reaction mixture was resolved by electro-
phoresis in 8% acrylamide sequence gel containing 7 mol/I urea.

6.12 Genetic Mutations

The intrahepatic bile ducts of hamsters in the CDDB groups showed marked ductal
proliferation with cholangitis (Figure 6.19a) and a high degree of carcinoma devel-
opment. Cancer was confirmed in 15 (75%) of the 20 animals killed 12 weeks after
the BOP injections were started (CDDB-1), 18 (86%) of the 21 animals killed 16
weeks after (CDDB-2) and 16 (80%) of the 20 animals killed 20 weeks after
(CDDB-3) (Table 6.4). There was only one hamster with no cancer or hyperplasia
when killed 12 weeks after the BOP injection was started. The histological type of
cancer was tubular adenocarcinoma (Figure 6.19¢) in 129 (77%) of 167 lesions,
and papillary adenocarcinoma in 20 (12%) lesions (Figures 6.19f, g). The papillary
adenocarcinomas all seemed to be of the intraductal growth type. The tubular
adenocarcinomas consisted of scirrhous lesions from the peripheral bile duct
(Figure 6.19b), as well as lesions advancing from ductal proliferation in the large
to medium bile ducts. However, differentiation was difficult in advanced cancers
and only three early scirrhous lesions were identified among all the tubular adeno-
carcinomas. In addition, we found four cystadenocarcinomas and two mucinous
carcinomas (Figure 6.19h). The incidence of carcinoma and the average number
of carcinomas per animal were significantly higher in the CDDB groups than in
the corresponding SL groups (Table 6.4). In the CDDB groups, hyperplastic
lesions were observed in all the hamsters, except for one of those killed 12 weeks
after the BOP injection was started (Table 6.5). The histological type was tubular
hyperplasia in 267 (67%) of the 401 hyperplastic lesions and papillary hyperplasia
in 134 (33%) lesions (Figures 6.19d, e). The incidence of hyperplasia and the average
number of hyperplasia lesions per animal were significantly higher in the CDDB-1
group than in the SL-1 group, although hyperplastic lesions were also common in
the SL-2 and SL-3 groups.

K-ras exon 1 in the neoplastic lesions arising from the intrahepatic bile duct
was analyzed by PCR-SSCP, using the normal bile duct from hamsters not treated
with BOP, as a negative control. An abnormal band or shift was observed in 5
(19%) of 26 tubular adenocarcinomas and 5 (36%) of 14 papillary adenocarcino-
mas (Figure 6.20a). An abnormal band or shift was also observed in 3 (12%) of
26 tubular hyperplasias, the early lesion of tubular adenocarcinoma (Figure
6.20b), and in 2 (16%) of 13 papillary hyperplasias, the early lesion of papillary
adenocarcinoma. Although the number of lesions was small, no mutation was
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Table 6.4 Intrahepatic bile duct carcinomas induced in hamsters after cholecystoduodenostomy
with dissection of the distal end of the common duct or simple laparotomy

No. of No. (%) of Average no. Histology

hamsters hamsters with of carcinomas Total no. of
Group analyzed carcinoma per animal carcinomas Tub Pap Peri Others
CDDB-1 20 15(75)" 2.00° 40 31 5 1 3
CDDB-2 21 18(86)™ 224" 47 3 7 1 6
CDDB-3 20 16(80)™" 4.00" 80 65 8 1 6
SL-1 20 2(10) 0.10 2 2 0 0 0
SL-2 22 4(18) 0.36 8 8 0 0 0
SL-3 21 9(43) 1.33 28 26 2 0 0

CDDB, cholecystoduodenostomy with dissection of the extrahepatic bile duct on the distal end of
the common duct; SL, simple laparotomy; Tub, tubular adenocarcinoma; Pap, papillary adenocar-
cinoma; Peri, adenocarcinoma arising from periductal gland.

“Significantly different from SL-1 (P < 0.01).

“Significantly different from SL-2 (P < 0.01).

“Significantly different from SL-3 (P < 0.05).

“**Significantly different from SL-3 (P < 0.01). (modified from [17], with permission)

Table 6.5 Hyperplastic lesions in the intrahepatic bile duct of hamsters after cholecystoduode-
nostomy with dissection of the distal end of the common duct or simple laparotomy

No. (%) of Average no. of Histology
No. of hamsters hamsters with  hyperplasias per Total no. of

Group analyzed hyperplasia animal hyperplasias  Tub  Pap
CDDB-1 20 19(95)° 6.05™ 121 77 44
CDDB-2 21 21(100) 6.76 142 93 49
CDDB-3 20 20(100) 6.90 138 97 41
SL-1 20 10(50) 2.10 42 28 14
SL-2 22 18(82) 4.09 90 66 24
SL-3 21 21(100) 6.00 126 81 45

CDDB, cholecystoduodenostomy with dissection of the extrahepatic bile duct on the distal end
of the common duct; SL, simple laparotomy; Tub, tubular hyperplasia; Pap, papillary
hyperplasia.

“Significantly different from SL-1 (P < 0.05).

“Significantly different from SL-2 (P < 0.01). (modified from [17], with permission)

detected in cystadenocarcinoma or tubular adenocarcinoma arising from the
periductal gland (Table 6.6). There were too few small scirrhous lesions arising
from peripheral ducts for a valid analysis of K-ras gene mutations. The direct
sequencing method led to the detection of a base substitution from GGT (Gly) to
TGT (Val) in codon 12 in one tubular adenocarcinoma (Figure 6.21, panel 2) and
one papillary adenocarcinoma lesion. In the other lesions, the base substitution
was from GGT (Gly) to GAT (Asp) in codon 12 (Figure 6.21, panels 3 and 4).
Mutation in codon 13 was not observed in any lesion. Histologically, normal parts
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Fig. 6.19 Photomicrographs of intrahepatic bile duct lesions in hamsters. (a) Ductal proliferation
with cholangitis around the bile duct (H&E, x120). (b) Adenocarcinoma that developed suddenly as
a round tumor from a ductule (H&E, x100). (¢) Advanced tubular adenocarcinoma (H&E, x20).
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Fig. 6.20 Single-strand conformation polymorphism analysis of polymerase chain reaction-amplified
Kirsten-ras exon 1 from intrahepatic bile duct lesions in hamsters. (a) Papillary adenocarcinoma of the
intrahepatic bile duct. Lanes 3, 4, 7, 11, 12, shifted bands in addition to normal ones (N). (b) Tubular
hyperplasia of the intrahepatic bile duct. Lanes 5, 9, 13, shifted bands in addition to normal ones (N)
([17], with permission)

of the bile duct from hamsters administered BOP were also examined, but no mutation
was detected in codon 12 or codon 13. The frequencies of K-ras mutation of
papillary adenocarcinoma were significantly different from that of the normal
duct from BOP-treated hamsters (P < 0.05, the chi-square test) (Table 6.6).

<
<

Fig. 6.19 (d) Papillary hyperplasia surrounded by irregular lumen (H&E, x20). (e) Papillary hyper-
plasia developing as papillary elevated lesions from the biliary lumen (H&E, x20). (f) Papillary
adenocarcinoma developing from a large duct near the hepatic hilum (H&E, x40). (g) Papillary
adenocarcinoma developing from a peripheral duct (H&E, x40). (h) Mucinous carcinoma that may
have developed from a periductal gland in the biliary wall (H&E, x100)
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Table 6.6 Analysis of Kirasten-ras codon 12 in intrahepatic bile duct lesions in Syrian golden
hamsters

No. of samples No. (%) of muta- Substitutions

Histology analyzed tions detected (%) GGT > GAT GGT > TGT
Normal duct from 13 0 - -

N-nitrosobis(2-

oxopropyl)amine

(BOP)-treated hamsters
Tubular hyperplasia 26 3(12) 3 -
Tubular adenocarcinoma 26 5(19) 4 1
Papillary hyperplasia 13 2(15) 2 -
Papillary adenocarcinoma 14 5(36)* 4 1
Cystadenocarcinoma 2 0 - -
Tubular adenocarcinoma 1 0 - -

arising from periductal

gland

*Significantly different from normal duct. (P < 0.05). (modified from [17], with permission)

Fig. 6.21 Direct sequencing of the Kirsten-ras gene around codon 12 of the intrahepatic bile duct
lesions in hamsters. Neoplastic and preneoplastic lesions revealed shifted bands in polymerase
chain reaction—single-strand conformation polymorphism analysis. 1: Normal bile duct tissue in
the hamster. 2: Tubular adenocarcinoma of the intrahepatic bile duct. 3: Papillary adenocarcinoma
of the intrahepatic bile duct. 4: Papillary hyperplasia of the intrahepatic bile duct. Arrowheads
show the point-mutated nucleotide. Point mutations from GGT to TGT (2) and to GAT (3 and 4)
were observed ([17], with permission)

6.13 Comments

BOP is a potent carcinogen in the pancreas of the hamster, and BOP-induced
carcinoma resembles carcinoma in humans [46,47]. BOP-induced intrahepatic bile
duct carcinoma has made it possible to observe various early stage lesions, which
are difficult to observe in humans. According to our classification [45], the
duct-infiltrating type and the mass-forming type are common in human intrahepatic
bile duct carcinoma, and we classified them histologically as tubular adenocarcinomas.
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In the present study, we mainly analyzed K-ras mutations of ductal proliferation
and advanced-stage tubular adenocarcinomas. Yamamoto [30] from our laboratory
reported that there was evidence of hyperplasia and hypertrophic changes in the
periductal glands of patients with intrahepatic stones. Nakanuma et al. [48] reported
proliferation and inflammation of periductal glands. Although K-ras mutation was
not detected in carcinomas arising from the periductal gland in the present study,
these reports suggest the possibility of intrahepatic bile duct carcinoma developing
in the periductal gland in humans.

A 25% frequency of K-ras gene mutation in intrahepatic bile duct carcinoma
induced by N-nitrosobis(2-hydroxypropyl)amine (BHP) in the hamster was reported
[49]. However, the K-ras gene mutation in carcinoma of the bile duct in humans was
reported to be uncommon [40—43]. At first, we expected that the BOP-induced int-
rahepatic bile duct carcinomas would exhibit a similar incidence and pattern of
K-ras mutation to the pancreatic cancers [50-52] if BOP changed the same part of
the gene level in the bile and pancreatic duct. However, the incidence of K-ras muta-
tions was not as high in the intrahepatic bile duct carcinomas as in the pancreatic
cancers. The incidence of K-ras mutation in intrahepatic bile duct carcinoma and
pancreatic carcinoma in hamsters is similar to that in humans.

Our study also revealed that K-ras gene mutations were already present in part
of the tubular and papillary hyperplasia lesions; thus, K-ras gene mutation is an
early event in the carcinogenic process. In carcinoma of the intrahepatic bile duct,
papillary lesions arising from relatively large bile ducts in the hepatic hilum tended
to exhibit a higher frequency of K-ras gene mutation than tubular lesions, which
developed in ductules and bile ducts. Motojima et al. [43] from our laboratory
reported that K-ras gene mutation in carcinoma of the distal part of the extrahepatic
bile duct in humans was more frequent than that that of the proximal part, which is
consistent with the results of this study.

Other investigators have reported that a base substitution in codon 12 from GGT
(Gly) to GAT (Asp) accounts for most mutations in pancreatic carcinomas and
intrahepatic bile duct carcinomas of hamsters and humans [53-56]. In the present
study, base substitutions from GGT (Gly) to TGT (Val), a change occasionally
observed in cancers and cell lines of humans [43,53,55,57], was detected in one
papillary adenocarcinoma and one tubular adenocarcinoma. In other lesions, including
hyperplastic ones, base substitution was from GGT (Gly) to GAT (Asp), similar to
findings in pancreatic carcinoma in Syrian hamsters [49,52,56]. The regurgitation
of pancreatic juice into the biliary tract, accompanying the anomalous arrangement
of the pancreaticobiliary ductal union is thought to contribute to the development of
biliary carcinoma [58]. In addition to BOP, the regurgitation of pancreatic juice and
duodenal fluid is considered to accelerate K-ras gene mutation in our hamster
model. Both histologically and genetically, our model is useful to investigate the
early phenomena in the development of bile duct carcinoma in humans.

In summary, some of the hyperplastic lesions in the intrahepatic bile duct
revealed K-ras gene mutation. This suggests that K-ras gene mutation is an early
event in the carcinogenic process. In carcinoma of the intrahepatic bile duct, a
lesion arising from a large bile duct of the hepatic hilum tended to exhibit a higher
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frequency of K-ras gene mutation than a tubular lesion arising from a ductule or
ductal proliferation.
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7.1 Summary

Biliary carcinoma has been reported as a late complication of bilioenterostomy.
The present study was designed to find out if bilioenterostomy promotes biliary
carcinogenesis, and to clarify the relationship between biliary inflammation and
biliary carcinogenesis in hamsters. Syrian hamsters were subjected to simple
laparotomy (SL), choledochoduodenostomy (CD), or choledochojejunostomy (CJ).
All hamsters received subcutaneous injections of the chemical carcinogen,
N-nitrosobis(2-oxopropyl)amine (BOP), and were killed 20 weeks after surgery.
Neoplastic lesions in the biliary tree were examined histologically, and the presence
and degree of cholangitis was evaluated with special reference to the biliary
carcinogenesis. The incidence of bile duct carcinoma did not differ significantly
among the three groups. However, numerous bile duct carcinomas were recognized
in the bilioenterostomized animals, especially in the CJ group. Moreover, there was a
significant correlation between biliary carcinogenesis and the presence of cholangitis in
the CD and CJ groups, but not in the SL control group. Severe cholangitis was
evident in the CJ group, and the number of biliary carcinomas was well correlated
with the degree of cholangitis. These findings suggest that the risk of carcinoma in
the biliary tract is increased when cholangitis persists after biliary reconstruction.

7.2 Introduction

Reconstruction of the biliary system is performed widely in the field of hepatobiliary
pancreatic surgery. The most common problem after reconstruction of the biliary
system is reflux of intestinal juice into the biliary tract, which results from inac-
tivity of the papillary muscle of the ampulla of Vater. Reflux cholangitis [1-3],
biliary stones [3,4] and liver abscess [2] are well-known complications after bil-
iary reconstruction. Moreover, biliary carcinomas have recently been reported as a
late complication after bilioenterostomy [5—7]. The malignant potential of the
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choledochal cyst, which causes the regurgitation of pancreatic juice into the biliary
tract and is considered a factor promoting the development of biliary carcinoma, is
thought to be accelerated by enteric internal drainage [8—10]. According to one
report, eight cases of primary bile duct cancer were found among 108 patients, 10
to 22 years after sphincteroplasty [11].

Biliary carcinogenesis under conditions of biliary reconstruction has not been
evaluated sufficiently. Therefore, this study aimed to clarify whether biliary recon-
struction plays a role in biliary carcinogenesis in hamsters. We prepared two types
of bilioenterostomy in hamsters: choledochoduodenostomy (CD) and choledochoje-
junostomy (CJ), to closely resemble the clinical situation. In this chapter, we discuss
the possible factors relating to biliary carcinogenesis after bilioenterostomy.

7.3 Experimental Protocol

Seven-week-old female Syrian golden hamsters (SLC Inc., Shizuoka, Japan) were
used. The animals were housed three per plastic cage on sawdust bedding, kept at
24 + 2°C in 50 + 20% humidity with a 12h alternating light and dark cycle. They
were fed a CE-2 pelleted diet (Clea Japan Inc., Tokyo, Japan) and provided drink-
ing water ad libitum. Animals were checked daily and weighed weekly during the
experiment.

The hamsters were subjected to CD or CJ, according to the procedures described
in Chapter 5. The control hamsters underwent simple laparotomy alone (SL). All
animals were given weekly subcutaneous injections of N-nitrosobis(2-oxopropyl)
amine (BOP) (Nakarai Tesque, Kyoto, Japan) at a dose of 10 mg/kg body weight
in 0.9% saline [12,13]. Injections started 4 weeks after the surgery and continued
for 9 weeks. All the animals were killed 20 weeks after the procedure.

The maximum diameter of the extrahepatic bile duct was measured. Bile in the biliary
duct and blood samples from the vena cava were collected in ice-chilled tubes containing
heparin, and then centrifuged (3,000rpm) for 10min. The levels of total bilirubin (T-Bil),
alkaline phosphatase (ALP), glutamic—oxaloacetic transaminase (GOT), glutamic—
pyruvic transaminase (GPT), lactate dehydrogenase (LDH), total bile acids (TBA), and
amylase and phospholipase A2 (PLA?2) in the bile were then measured.

The liver, biliary system and pancreas were removed en bloc. After fixation
in 10% neutral formalin, the specimen was cut into five blocks and embedded in
paraffin. Histological sections were stained with hematoxylin and eosin, and
then examined by a pathologist unaware of the experimental details. The number
of histologically verified carcinomas was counted. The diagnosis of carcinoma
was based on disruption of the polarity of the epithelial cells and evidence of an
invasive event.

To analyze the relationship between cholangitis and biliary carcinogenesis, the grade
of cholangitis was scored according to the infiltration of inflammatory cells as follows:
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Fig. 7.2 Cholangitis grade 1: there is mild invasion of inflammatory cells around the bile duct
and some proliferation (H&E, x100)

grade 0, no cholangitis (Figure 7.1); grade 1, mild invasion of inflammatory cells
around the bile duct (Figure 7.2); grade 2, severe invasion of inflammatory cells around
the bile duct (Figure 7.3); and grade 3, abscess formation in the liver (Figure 7.4).
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Fig. 7.3 Cholangitis grade 2: there is severe invasion of inflammatory cells around the bile duct
and severe proliferation (H&E, x40)

Fig. 7.4 Cholangitis grade 3: there is abscess formation in the liver (H&E, x40)

The incidence of tumor formation and cholangitis were analyzed statistically
using the chi-square test and Fisher’s exact test. Student’s ¢ test and the Mann—Whitney
test were also used to compare body weight, diameter of the extrahepatic bile duct,
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number of tumors per animal, and laboratory data on serum and bile juice in the
treatment groups and controls.

7.4 Morphological and Physiological Changes
in the Hepatobiliary System

Table 7.1 summarizes the morphological and physiological changes seen in the
hepatobiliary system after bilioenterostomy. Marked dilatation of the extrahepatic
bile duct was seen in almost all of the hamsters in the CD and CJ groups. There
were significant differences in the average diameter of the extrahepatic bile duct
between the CD and SL groups, and between the CJ and SL groups. The serum
levels of GOT, GPT, and LDH did not differ among the three groups, but the
levels of T-Bil, ALP, and TBA were significantly higher in the CJ group than in
the CD and SL groups. Amylase and PLA2 levels in the bile did not differ
between the CD and CJ groups.

7.5 Development of Biliary Carcinoma

Carcinoma of the intrahepatic bile duct developed in 40.0%, 40.9%, and 50.0% of
hamsters in the SL group, CD group, and CJ group, respectively. Carcinoma of the
extrahepatic bile duct developed in 0%, 4.5%, and 7.7% of hamsters in the SL
group, CD group, and CJ group, respectively. No significant difference was noted
in the incidence of intra- and extrahepatic bile duct carcinoma among the three
groups; however, numerous carcinomas developed in the bilioenterostomized
animals, and the number of carcinomas per tumor-bearing animal was much greater
in the CJ group than in the CD and SL groups (Table 7.2).

7.6 Cholangitis and Biliary Carcinogenesis

Cholangitis was observed in 25.0%, 31.8%, and 65.4% of hamsters in the SL
group, CD group, and CJ group, respectively (Table 7.3). In the CD group, biliary
carcinoma developed in all of the hamsters with cholangitis, but in only 2 of the
15 hamsters without cholangitis. In the CJ group, biliary carcinoma developed in
12 of the 17 hamsters with cholangitis. There was a significant correlation between
the presence of cholangitis and biliary carcinogenesis in the CD and CJ groups,
but not in the SL group. Grade 2-3 cholangitis was observed in 15.0%, 27.3%, and
61.5% of hamsters in the SL group, CD group, and CJ group, respectively (Figure
7.5). The average number of carcinomas found in hamsters with cholangitis of
grade 2 or 3 was 6.3 and 10.3, respectively, in the CD group, and 10.3 and 12.3,
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Table 7.2 Incidence and number of carcinomas induced in hamsters after bilioenterostomy

No. (%) of hamsters Average no. of
Average body With carcinoma of  Total no. of carcinomas per
Groups No. of hamsters weight (g) IHBD EHBD  carcinomas CBA

SL 20 202.5 8(40.0) O 16 2.00
CD 22 180.5 9(40.9) 14.5) 56 6.22
CJ 26 171.0 13(50.0) 2(7.7) 189 14.53%

IHBD, intrahepatic bile duct; EHBD, extrahepatic bile duct; CBA, carcinoma-bearing animal.

*Significantly different from SL (P < 0.01) and CD (P < 0.05). (modified from [24], with
permission)

Table 7.3 Relationship of cholangitis and biliary carcinogenesis in hamsters

Occurrence rate (%) of biliary

No. (%) of hamsters carcinoma in hamsters
With Without With cholangitis  Without cholangitis
Groups No. of hamsters cholangitis  cholangitis
SL 20 5(25.0) 15(75.0) 2/5(40.0) 6/15(40.0)
CD 22 7(31.8) 15(68.2) 7/7(100)* 2/15(13.3)*
CJ 26 17(65.4) 9(34.6) 12/17(70.6)** 1/9(11.1)**

*Correlation between the presence of cholangitis and biliary carcinogenesis is significant
(P = 0.0002).

**Correlation between the presence of cholangitis and biliary carcinogenesis is significant
(P = 0.0058). (modified from [24], with permission)

Number of SL Nunber of CDh Number of I
carcinomas tarcinomas carcinomas
®
10 R=0.204 10 R=0.671 R=0.570
p=0.3882 1 P=0.0006 30 4 P=0.0004
L ]
®
20 20

T T | I Cholangi- T T I Cholansi- 1 1 1 T Chelang-
3* olang: g}
2 ! 2 tis score 2 ! 311‘.‘ score 4 1 2 3 1is score

o]

Fig.7.5 Correlation between the cholangitis score and the number of carcinomas per tumor-bearing
animal ([24], with permission)

respectively, in the CJ group. The number of biliary carcinomas was positively
correlated with the degree of cholangitis in the CD and CJ groups, but not in the
SL group.
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7.7 Comments

Bilioenterostomy is a widely performed surgical procedure; however, it inevitably
leads to the reflux of intestinal juice into the biliary tract. A previous study in our
laboratory revealed an increased carcinogenic risk from intestinal juice regurgitating
into the biliary tract after cholecystoduodenostomy or cholecystoileostomy in hamsters
[14], and it became apparent that cholecystoduodenostomy enhanced the incidence
of both intra- and extrahepatic bile duct carcinoma, whereas cholecystoileostomy
promoted intrahepatic bile duct carcinoma. In the present study, there was no
significant difference in the incidence of intra- and extrahepatic bile duct carcinoma
after bilioenterostomy among the three groups. However, there was a significant
correlation between the incidence of biliary carcinogenesis and the presence of
cholangitis in the CD and CJ groups, but not in the SL group.

It is also noteworthy that numerous biliary carcinomas were found in the
bilioenterostomized groups, especially in the CJ group, and that the number of
biliary carcinomas correlated positively with the degree of cholangitis in both these
groups. Moreover, bile stasis was clearly evident in the CJ group and the CD group,
but not in the SL group. Bile stasis probably accelerates the progress of cholangitis,
increasing the likelihood of carcinogenesis in the biliary tract. Although there is no
conclusive evidence, mechanical irritation by cholelithiasis [15], bile stasis, and
bacterial infection [16] has been considered a causative factor in the development
of biliary carcinoma. The present results show clearly that the development of
biliary carcinoma after bilioenterostomy is dependent on the presence and degree
of associated cholangitis.

Cytokines are produced by a wide variety of cells, including macrophages,
endothelial cells, hepatocytes, and fibroblasts, under inflammatory conditions [17,18].
Interleukin 6 is thought to promote an acute inflammatory response [19,20] and its
serum levels are elevated in malignant tumors [21-23]. We surmised that some
cytokines related to cholangitis play a role in biliary carcinogenesis and the multi-
plication of bile duct carcinoma after biliary reconstruction.

In conclusion, our findings provide evidence that although bilioenterostomy
itself does not influence the development of biliary carcinoma, it promotes the
reflux of intestinal juice into the biliary tract and induces bile stasis and cholangitis,
which are associated with an increased incidence of carcinoma. Thus, when biliary
inflammation is treated by bilioenterostomy, a high risk of multicentric biliary
carcinogenesis might be created in the biliary tree.
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Chapter 8
Spontaneous Biliary Carcinogenesis

Tomoo Kitajima, Sumihiro Matsuzaki, Tamotsu Kuroki, Kenzo Fukuda,
Yoshitsugu Tajima, and Takashi Kanematsu

8.1 Summary

Biliary carcinomas arising in patients who have undergone bilioenterostomy is a
clinical concern. Thus, we investigated if bilioenterostomy influences biliary
carcinogenesis in hamsters. Syrian hamsters were divided into three groups according
to the operative procedure: simple laparotomy (SL), choledochoduodenostomy
(CD), and choledochojejunostomy (CJ). The animals were given no chemical
carcinogens during the experiments and five to six hamsters in each group were
killed every 20 weeks for up to 120 weeks after surgery. There were 37, 32, and 38
hamsters in the SL, CD, and CJ groups, respectively. Cholangiocarcinomas developed
in 5.4%, 15.6%, and 23.7% of hamsters in the SL group, the CD group, and the CJ
group, respectively. The incidence of biliary carcinoma was significantly higher in
the bilioenterostomy groups, especially the CJ group (P < 0.05), than in the SL
group. Tumor latency periods after surgery were 20 to 40 weeks shorter in the
bilioenterostomy groups than in the SL group. Persistent cholangitis and bile stasis
were observed in the bilioenterostomy groups, and there was a significant correlation
between cholangitis and biliary carcinogenesis in the CD group. The proliferative
cell nuclear antigen (PCNA) labeling index of the biliary epithelium was elevated
in the bilioenterostomy groups. Thus, we conclude that persistent cholangitis after
bilioenterostomy accelerates biliary carcinogenesis by activating the biliary epithelial
cell kinetics.

8.2 Introduction

Biliary carcinoma may develop after operations such as complete excision of the
extrahepatic bile duct followed by biliary reconstruction for congenital cystic dilatation
of the common bile duct [1,2] or bilio-enteric anastomosis for iatrogenic bile duct
injury [3]. This results in a poor prognosis. Moreover, extremely high incidences of
secondary biliary carcinoma have been reported in patients who have undergone
biliary-enteric drainage for benign disease [4], transduodenal sphincteroplasty [5],
or endoscopic sphincterotomy [6]. Biliary reconstruction, enteric internal drainage,
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and sphincteroplasty induce the reflux of intestinal juice into the biliary tract
because the papillary muscle of the ampulla of Vater becomes inactive. The reflux
of intestinal contents into the biliary system may influence the development of
biliary carcinogenesis; however, the etiology of secondary biliary carcinoma is not
well understood.

Many investigators have attempted to induce carcinomas in the biliary tree of
laboratory animals to clarify the mechanism of biliary carcinogenesis [7-9].
However, almost all of these investigators used chemicals to induce biliary carcinomas,
whereas there have been few reports of spontaneous experimental biliary carcinoma.
Our study was designed to clarify whether bilioenterostomy plays a role in biliary
carcinogenesis in hamsters, without any loading of chemical carcinogens. We used
the Syrian golden hamster because the anatomical structure of its pancreaticobiliary
ductal system and the bile acid composition and pancreatic juice components are
similar to those of humans [10-12].

8.3 Experimental Protocol

Seven-week-old female Syrian golden hamsters (SLC, Shizuoka, Japan) were used.
The animals were housed one per plastic cage on sawdust bedding, kept at 24 =2 °C
in 50 + 20% humidity with a 12h alternating light and dark cycle. They were fed a
CE-2 pelleted diet (Clea Japan, Tokyo, Japan) and provided with drinking water ad
libitum. The animals were checked daily and weighed weekly during the experi-
ment. All experiments were conducted according to the Guidelines for Animal
Experimentation of Nagasaki University.

We performed two types of bilioenterostomy closely resembling those used in
the clinical situation: choledochoduodenostomy (CD) and choledochojejunostomy
(CJ). The hamsters were anesthetized with sodium pentobarbital, 50 mg/kg body
weight. Through an upper-abdominal midline incision, the distal end of the common
bile duct was excised and the gallbladder was removed. Then, CD was performed
in the duodenal wall, 10mm distal to the pyloric ring of the stomach. CJ was
achieved using about 4 cm of the jejunum for Roux-en-Y anastomosis [13, 14]. The
details of the surgical techniques are described in Chapter 5. The control hamsters
were subjected to simple laparotomy only (SL).

To evaluate morphological and physiological changes in the hepatobiliary system
of hamsters after bilioenterostomy, five or six hamsters from each group were killed
at 20-week intervals, from 20 to 120 weeks after surgery. The maximum diameter
of the extrahepatic bile duct was measured and bile from the biliary duct and blood
samples from the vena cava were collected in ice-chilled tubes containing heparin,
and then centrifuged (3,000rpm) for 10min. The serum levels of total bilirubin
(T-Bil), glutamic—oxaloacetic transaminase (GOT), total bile acids (TBA) and amylase
in the bile were measured.

The liver, biliary system, and pancreas were removed en bloc and specimens
were fixed in 10% neutral formalin, then cut into five blocks and embedded in
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paraffin. Histological sections were stained with hematoxylin and eosin (H&E),
and then examined by a pathologist without prior knowledge of the treatments. The
biliary neoplasms were diagnosed according to standard criteria [15].

To evaluate the relationship between cholangitis and biliary carcinogenesis, the
grade of cholangitis was scored in accordance with the infiltration of inflammatory
cells: grade 0, no cholangitis; grade 1, mild invasion of inflammatory cells around
the bile duct; grade 2, severe invasion of inflammatory cells around the bile duct;
and grade 3, abscess formation in the liver (see Chapter 7).

We used anti-PCNA/horseradish peroxidase (Dako, Japan) to detect proliferative
cell nuclear antigen (PCNA) in the specimens after treatment with a household
microwave oven. The proportion of labeled nuclei (labeling index, LI) was measured
by counting the labeled nuclei in >1,000 non-neoplastic epithelial cells of the
intrahepatic and extrahepatic bile ducts.

The incidence of tumor development and the appearance of cholangitis were
analyzed statistically using the x> and Fisher’s exact tests. Student’s ¢ and the
Mann—Whitney tests were also used to compare body weight, diameter of the
extrahepatic bile duct, number of tumors per animal, and laboratory data on serum
and bile juice in the treatment groups and controls.

8.4 Morphological and Physiological Changes
in the Hepatobiliary System

Table 8.1 summarizes the morphological and physiological changes in the hepato-
biliary system of hamsters after bilioenterostomy. The number of hamsters examined
was 37, 32, and 38 in the SL, CD, and CJ groups, respectively. Almost all the hamsters

Table 8.1 Morphological and physiological changes in the hepatobiliary system of hamsters after
bilioenterostomy

Average Serum® Bile?
No. of diameter' of  GOT (IU/)  T-Bil (mg/dl) TBA (umol/l) Amylase
hamsters the extrahepatic (Iu/)y
Groups examined bile duct (mm)
SL 37 0.6+£0.2 103.0+77.8 034+0.13 22.0x244 -
CD 32 34+15" 128.6 £125.1 0.58 £1.12 384 +382" 7,162.0 =
18,803
CJ 38 33+1.6° 194.1 £202.4 0.57 +0.50" 48.8+57.0" 4,486.6 =
10,924

GOT, glutamic-oxaloacetic transaminase; T-Bil, total bilirubin; TBA, total bile acids.
“Significantly different from SL (P < 0.01).

“Significantly different from SL (P < 0.05).

“Mean + SD. (modified from [28], with permission)
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Table 8.2 The incidence and number of tumors developed in hamsters after bilioenterostomy

IHBD
No. (%) of hamsters with Average (total) no. of EHBD

No. of No. (%) of

hamsters Adenoma Carcinoma hamsters with
Groups examined Adenoma Carcinoma per ABA per CBA carcinoma
SL 37 7(18.9) 2(5.4) 1.71(12) 1.0(2) 0
CD 32 9(28.1) 5(15.6) 2.66(24)" 3.6(18) 2(6.2)
(@) 38 9(23.7) 9(23.7)" 2.88(26) 1.4(13) 1(2.6)

IHB, intrahepatic bile duct; EHBD, extrahepatic bile duct; ABA, adenoma-bearing animal; CBA,
carcinoma-bearing animal.

“Significantly different from SL (P < 0.05).
“Significantly different from SL (P < 0.01). (modified from [28], with permission)

in the CD and CJ groups had marked dilatation of the extrahepatic bile duct, and
there were significant differences in the average diameters of the extrahepatic bile
ducts between the bilioenterostomized groups and the SL group. The serum levels
of GOT, T-Bil, and TBA did not differ among the three groups. The amylase activities
in bile in the CD and CJ animals were high, although the differences among the
groups were not significant.

8.5 Spontaneous Biliary Carcinogenesis

Spontaneous biliary neoplasms were observed in all three groups (Table 8.2).
Representative cases of cholangioadenoma and cholangiocarcinoma are shown in
Figures 8.1 and 8.2. The incidences of adenoma were 18.9%, 28.1%, and 23.7% in
hamsters in the SL group, CD group, and CJ group, respectively, without significant
differences among the three groups. However, numerous biliary adenomas developed
in the bilioenterostomized animals. The number of adenomas per tumor-bearing
animal was significantly higher in the CD group than in the SL group (P < 0.01).
Cholangiocarcinomas developed in 5.4%, 15.6%, and 23.7% of hamsters in the SL
group, CD group, and CJ group, respectively. The rate of cholangiocarcinoma in the
CJ group was about four times higher than that in the SL group (P < 0.05).
Carcinoma of the extrahepatic bile duct developed in two hamsters in the CD group
and one hamster in the CJ group (Figure 8.3), but not in any of those in the SL
group. The latencies of the biliary tumors after bilioenterostomy are shown in
Figure 8.4. Cholangioadenomas were detected 40, 60, and 80 weeks after the
procedure in the CJ, CD, and SL groups, respectively, whereas cholangiocarcinomas
were detected 60, 60, and 80 weeks after the procedure in the CJ, CD and SL
groups, respectively.
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Fig. 8.1 Intrahepatic cholangioadenoma in a hamster 59 weeks after choledochoduodenostomy
(CD) (H&E, x200) ([28], with permission)

Fig. 8.2 Intrahepatic cholangiocarcinoma in a hamster 83 weeks after CD (H&E, x200) ([28],
with permission)
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Fig. 8.3 Extrahepatic bile duct carcinoma in a hamster 70 weeks after choledochojejunostomy
(CJ) (H&E, x100) ([28], with permission)

weeks after operation

groups ~20 ~40 ~60

SL

BB
= §88
2R

CJ

Hamster with adenoma 0
Hamster with carcinoma (J)
Hamster with adenoma and carcinoma .

Fig. 8.4 Tumor latency periods after bilioenterostomy in hamsters ([28], with permission)
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8.6 Cholangitis and Biliary Carcinogenesis

Cholangitis was observed in 54.1%, 81.2%, and 86.8% of hamsters in the SL group,
CD group, and CJ group, respectively. Grade 2 or 3 cholangitis was observed only in
the bilioenterostomized animals, and the cholangitis scores of the CD and CJ groups
were significantly higher than that of the SL group. In the CD group, biliary car-
cinoma developed in all except one of the hamsters with grade 2 or 3 cholangitis, and
there was a significant correlation between the presence of cholangitis and biliary
carcinogenesis (Figure 8.5). There was no such correlation in the SL or CJ groups.

cholangitis score

groups 0 1 2 3

SL

8([)00 000eC OO
CDh

CJ

T Y O 65

Hamster with adenoma O
Hmster with carcinoma O
Hamster with adenoma and carcinoma .

Fig. 8.5 Correlation between biliary carcinogenesis and cholangitis ([28], with permission)

Table 8.3 PCNA labeling index in the biliary epithelium in ham-
sters after bilioenterostomy

No. of examined IHBD (%)*
Groups Hamsters Center Periphery EHBD (%)*
SL 25 02+x03 02+x02 03=x0.6
CD 27 08+1.6 07+13 35+84
CJ 26 23+49" 1.1+x19° 43+6.6

IHBD, intrahepatic bile duct; EHBD, extrahepatic bile duct.
“Significantly different from SL (P < 0.05).
“Mean + SD. ([28], with permission)
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8.7 PCNA Labeling Indices

PCNA labeling indices (LIs) of the biliary epithelia are summarized in Table 8.3.
The PCNA LIs in the enterostomized groups were higher than that in the SL group.
There was a significant increase in the LIs in the intrahepatic and extrahepatic bile
ducts of the CJ animals.

8.8 Comments

Spontaneous biliary tumors in Syrian hamsters were reported by Pour et al.
[16], who described the development of cholangiocarcinoma in 3 of 118 female
hamsters (2.5%) over a mean observation period of 71 weeks. In the present
study, spontaneous cholangiocarcinomas developed in 2 of the 37 control ham-
sters (5.4%). The higher incidence of spontaneous cholangiocarcinomas than in
the study by Pour et al. may be attributed to the longer observation period.
However, extremely high incidences of spontaneous cholangiocarcinomas were
observed in the bilioenterostomized hamsters; at 15.6% and 23.7% in the CD
group and CJ group, respectively. Extrahepatic bile duct carcinomas were also
observed in the enterostomized groups. Previously, we reported the enhance-
ment of biliary carcinogenesis in hamsters induced by cholecystoduodenostomy
or cholecystoileostomy in combination with a chemical carcinogen [7,8,14,17];
however, the present study showed the potent biliary carcinogenicity of bilioen-
terostomy alone in hamsters, without the use of chemical carcinogens.
According to clinical studies, bile duct cancer developed in 55 of 1,003 patients
11 to 19 years after a biliary-enteric anastomosis [4] and in 8 of 108 patients a mean
17 years after sphincteroplasty [5]. In the present study, spontaneous biliary
neoplasms were found 80 weeks after surgery in the SL group, but after only 40
weeks in the bilioentrostomized hamsters, demonstrating a difference in the latency
period of tumor development between the groups. This was also interesting because
hamsters have a short life span of 100 to 150 weeks. Thus, bilioenterostomy accelerated
spontaneous biliary carcinogenesis in hamsters. Mechanical irritation by cholelithiasis
[18,19], chronic intrahepatic cholangitis with hepatolithiasis [20], bile stasis and
bacterial infection [21] are all thought to be causal factors in the development of
biliary carcinoma. Tocchi et al. [4] reported cholestasis and cholangitis in the clinical
histories of 72% of patients with cholangiocarcinoma after biliary-enteric anastomosis.
In the present study, cholangitis and bile stasis were found in the bilioenterostomized
hamsters and there was a significant correlation between the development of biliary
carcinoma and the presence of cholangitis in the CD group. No such correlation was
noted in the CJ group, although the incidence of biliary carcinoma and the grade of
cholangitis were higher in the CJ group than in the CD group. In the CJ group, eight
hamsters had grade 3 cholangitis with a liver abscess, but no cholangiocarcinoma.
Thus, the cholangitis appeared to affect biliary carcinogenesis by its ‘persistency’
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rather than its ‘severity’. Moreover, according to previous studies, non-tumorous
biliary epithelium in the intrahepatic and extrahepatic bile ducts of bilioenterostomized
hamsters contained higher than normal levels of PCNA, a 36kDa intranuculear
protein used in immunohistochemical studies of epithelial cell proliferation [22,23].
PCNA expression in the biliary epithelium may indicate increased proliferative
activity in the epithelial cells and aggressive behavior of biliary carcinomas
[24-27]. In the bilioenterostomized hamsters, PCNA LIs were elevated at the
periphery and in the center of the intrahepatic bile duct and most of the biliary
carcinomas originated from the peripheral ductules in the biliary tree. These findings
indicate that bile stasis accelerates the progression and persistency of peripheral
cholangitis, increasing cell kinetic activity of the biliary epithelium and eventually,
cholangiocarcinoma.

In conclusion, spontaneous biliary carcinomas develop at an extremely high
incidence in hamsters subjected to bilioenterostomy in association with persistent
chronic cholangitis. Thus, a high risk of biliary carcinogenesis may be created in
the biliary tree when biliary inflammation is induced by bilioenterostomy.
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Chapter 9
Modification of Biliary Carcinogenesis

Yoshito Ikematsu, Tsutomu Tomioka, Tsukasa Tsunoda, Yoshitsugu Tajima,
and Takashi Kanematsu

A. Cholecystokinin and Cholecystokinin-Receptor Antagonist

9.1 Summary

Cholecystokinin (CCK) exerts a trophic action on the gastrointestinal tract and on the
pancreaticobiliary system. We evaluated the effects of CCK on biliary carcinogenesis
in hamsters. Hamsters treated with N-nitrosobis(2-oxopropyl)amine (BOP) were
divided into the following four groups: group 1, given a subcutaneous injection of
hydrolyzed gelatin, a solvent of CCK; groups 2 and 3, given CCK 2.5 and 25 pug/kg,
respectively; and group 4, given loxiglumide, a CCK receptor antagonist. CCK
significantly exacerbated the carcinogenetic effect of BOP in the intra- and extrahepatic
bile ducts, but not in the gallbladder or pancreas. Loxiglumide exerted an inhibitory
effect on carcinogenesis in the intrahepatic bile duct.

9.2 Introduction

Biliary cancer sometimes develops in patients with congenital choledochal dilatation
or biliary tract lithiasis [1]. Furthermore, proliferative changes can occur in the
epithelium when the gallbladder contains stones [2]. Cholecystokinin (CCK) exerts
a trophic action on the gastrointestinal tract and on the pancreas [3]. Lamote et al.
[4] reported that CCK octapeptide (CCK-8) and caerulein (a CCK analogue)
exerted a proliferative effect on the murine gallbladder epithelium. Another study
found that CCK promoted azacerine-induced carcinoma of the pancreas in rats [5].
Conversely, a CCK receptor antagonist, lorglumide, was found to inhibit the growth
of putative preneoplastic foci in this rat model [6]. However, the mechanism of how
CCK influences carcinogenesis of the biliary system remains unclear [7]. In this study,
we examined the effects of CCK, and of the CCK receptor antagonist, loxiglumide, on
biliary carcinogenesis using our hamster model of biliary carcinoma [8].

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 115
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9.3 Experimental Protocol

Non-inbred 7-week-old female Syrian golden hamsters (SLC, Inc., Shizuoka,
Japan) were used. To produce biliary carcinoma in hamsters, we performed
cholecystoduodenostomy with dissection of the extrahepatic bile duct on the distal
end of the common duct (CDDB) under sodium pentobarbital anesthesia, 50 mg/kg
body weight, i.p., as detailed in Chapter 5. The 95 (68%) animals that had tolerated
the procedure up until postoperative day 7 were included in the experiment. All of
the 45 (32%) other hamsters died of biliary peritonitis within 7 days of the operation.
Each animal was housed individually in a plastic cage with sawdust bedding in an
alternating 12h light and dark cycle in an air-conditioned room kept at 24 + 2°C in
50 + 20% humidity. The hamsters were fed a CE-2 pelleted diet consisting of fat
4.4% and protein 24.8% (Clea Japan, Inc., Tokyo, Japan) and given access to drink-
ing water ad libitum. The animals were checked daily and weighed weekly during
the experiment.

CCK-8, purchased from Peninsula Laboratories Inc., CA, was dissolved in 16%
hydrolyzed gelatin at a dose of 2.5 or 25 ig/kg body weight [9]. Loxiglumide (D,L,-4-
[3.4-dichloro-benzoylamino]-5-[N-3-methoxy-propyl-pentyl-amino]-5-oxo-pentanoic
acid; MW 461.38), a proglumide derivative [10] kindly provided by Tokyo Tanabe Co.
(Tokyo, Japan), was dissolved in distilled water and brought to pH 9 by NaOH to
produce a 0.5% solution. BOP was purchased from Nakarai Tesque, Kyoto, Japan.

The 95 animals that tolerated the surgery were divided into the following four
groups: group 1, given 16% hydrolyzed gelatin, a solvent of CCK-8, subcutaneously,
as a control (n = 27); group 2, given CCK-8 2.5 ng/kg body weight + gelatin (n = 20);
group 3, given CCK-8 25 ug/kg body weight + gelatin (n = 25); and group IV, given
loxiglumide 50mg/kg body weight (n = 23). The chemicals were administered
subcutaneously once daily for 3 consecutive days a week during the 15-week
experimental period. During the first 9 weeks, BOP was also given weekly at a dose
of 10mg/kg body weight in 0.9% NaCl solution subcutaneously.

During postoperative week 16, all hamsters were fasted overnight and given a final
injection 30min prior to exsanguination, to assay CCK bioactivity. At necropsy, the
maximum diameter of the common bile duct was measured and then the liver,
duodenum, biliary system and pancreas were removed en bloc. To secure the
extrahepatic bile duct, the gastric and splenic lobes of the pancreas were excised and
carefully trimmed of all adherent fat, mesentery and lymph nodes. The pancreas was
wet weighed before fixation in 10% buffered neutral formalin and being spread out on
a piece of paper to ensure a maximal transectional area for subsequent sectioning.
A portion of the liver, the area of anastomosis including the duodenum, the common
bile duct, and the head and the duodenal segment of the pancreas were embedded en
bloc and cut in step sections, with five sections per animal. Histological sections were
stained withhematoxylinandeosin, andexamined by light microscopy. Pancreaticobiliary
neoplastic lesions were counted by anatomic location in the representative sections.
A diagnosis of carcinoma was based on the disruption of polarity of the epithelial cells,
evidence of invasion, and cytoplasmic or nuclear atypia.

Blood samples were collected in ice-chilled tubes containing heparin and left in
an ice-bath until centrifugation (3,000rpm) at 4 °C for 10 min. Plasma was stored
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at —80 °C until extraction and the concentration of CCK on Sep Pac C18 cartridges
(Waters Ass., Milford, MA). CCK levels in the plasma were measured by bioassay
using dispersed acini, as described elsewhere [11,12].

The incidence of tumor production was analyzed statistically using the chi-square
test with continuity correction. One factor ANOVA was also used to compare
percent increments in body weight, diameter of the common bile duct, and plasma
CCK bioactivity.

9.4 Carcinoma in the Biliary System and the Pancreas

Table 9.1 shows the incidence of carcinoma in the intra- and extrahepatic bile ducts,
gallbladder, and pancreas in the four groups. The incidence of carcinoma was signifi-
cantly higher in the intra- and extrahepatic bile ducts of the group 3 animals (given
BOP followed by 25 ng/kg CCK-8) than in the group 1 animals. BOP carcinogenicity
was significantly lower only in the intrahepatic bile duct of the group 4 animals
(treated with BOP and then loxiglumide). Although CCK-8 25ug/kg significantly
enhanced the carcinogenetic effect of BOP in the intra- and extrahepatic bile ducts, a
one-tenth dose of 2.5 ug/kg CCK-8 had no effect on BOP carcinogenicity in either the
biliary system or the pancreas.

Histologically, most of the lesions in the intrahepatic bile duct and all the polypoid
lesions were tubular adenocarcinoma, whereas all of the superficial lesions in the
extrahepatic bile duct were papillary adenocarcinoma. The major tumors of the gall-
bladder were confirmed histologically to be papillary adenocarcinoma. Pancreatic
carcinomas were induced frequently in hamsters in all the experimental groups.
Almost all the lesions were tubular adenocarcinoma.

9.5 Pathological and Biochemical Studies

The body weight of hamsters increased significantly in the three groups treated
with CCK-8 or loxiglumide (Table 9.2). The mean diameter of the common bile
duct was significantly increased in the group 3 hamsters (given CCK-8 25 pug/kg)
and the group 4 hamsters (given loxiglumide) than in the group 1 hamsters. Plasma
CCK levels were significantly higher in groups 2 and 3 (p < 0.01), but significantly
lower in group 4 (p < 0.05).

9.6 Comments

CCK-8 enhanced carcinogenesis in the intra- and extrahepatic bile duct of ham-
sters, although the administration of CCK did not change the incidence of carci-
noma in the gallbladder and pancreas. Since CCK has a trophic effect on pancreatic
acinar cells [13], most of the literature on the effects of CCK on pancreas cancer is
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Table 9.1 Incidence of carcinoma induced in the hamster biliary system and pancreas

No. (%) of hamsters with carcinoma

Intrahepatic Extrahepatic

Group No. of hamsters bile duct Bile duct Gallbladder Pancreas

I (Control) 27 15(56) 4(15) 11(41) 21(78)

II (CCK-8 2.5 ug/kg) 20 14(70) 7(35) 11(55) 16(80)

III (CCK-8 25 ng/kg) 25 22(88)* 11(44)* 15(60) 25(100)

IV (Loxiglumide 50mg/ 23 4(17)* 2(9) 5(22) 19(83)
kg)

*p < 0.05 vs. Group I. (modified from [30], with permission)

Table 9.2 Pathological and biochemical findings

Body Pancreatic weight
weight Absolute  Relative CCK
No.of  increment' Diameter of (g) (g/kg) bioactivity
Group hamsters (%) CBD (mm) (PM)
I (Control) 27 24 +2 49+0.5 0.59£0.08 4.81+0.74 26+03
II(CCK-82.5 20 53+6" 4.7+0.6 0.71 £0.05 5.01 £041 4.4+04"
uefke)
III (CCK-825 25 54 +4° 6.1 = 0.76 = 5.55+0.36 41.3+6.9""
ug/ke) 0.3 () 05
IV (Loxiglumide 23 38+ 37 6.2 + 0.56 = 3.95+0.21 1.6
50mg/kg) 0.4 0.03" Q.27

Expressed as mean + SE.CBD; common bile duct.
'p <0.01 vs. Group L
“p <0.01 vs. Group II.

ok

p < 0.01 vs. Group III.
“*p < 0.05 vs. Group L.

“**p < 0.05 vs. Group II.

*{(Final body weight) — (Initial body weight)}/(Initial body weight) x 100. (modified from [30],
with permission)

based on the rat-azacerine model [5,6]. However, because pancreatic carcinoma
that arises in the hamster-nitrosamine model is of duct or ductular cell origin, the
effect of CCK is unclear [14—17]. In our study, the incidence of pancreatic carcinoma,
although high (78%) in the control group, was not affected by CCK-8 or loxiglumide.
Conversely, the absolute and relative pancreatic weight was influenced by the
occurrence of pancreatic carcinoma itself.

Experimental biliary carcinogenesis with CCK has been reported [7]. In rats and
hamsters, a slightly supraphysiological concentration of plasma CCK occurred
after a subcutaneous injection of 2.5ug/kg CCK-8, compared with the dietary
administration of corn oil [13]. Thus, an injected dose of 25ug/kg CCK-8 was
assumed to induce a pharmacologically high plasma concentration of CCK-8. The
known enhancing effect of CCK on the gallbladder epithelial cells seems also to
apply to the intrahepatic duct cells [4]. These proliferated cells show an increased
susceptibility to the effect of carcinogens [18,19].



9 Modification of Biliary Carcinogenesis 119

In the CDDB model, the epithelium of the biliary tract was inflamed by the
activated pancreatic juice and the proliferated cells were more susceptible to the
tumorigenic effects of carcinogens [8,18]. The biliary carcinoma in this model,
which is similar to that in humans, could be induced at a high rate within 12 weeks,
whereas no intrahepatic carcinoma was observed in the absence of surgery [8],
Biliary neoplasms can arise in humans with congenital choledochal cysts accompanied
by a relapsing cholangitis [19,20]. The pharmacological effect of CCK added to the
CDDB model enhanced the BOP carcinogenicity of the intra- and extrahepatic bile
duct epithelia.

Hepatocytes metabolize BOP into the active form and this is transported through
the intrahepatic bile duct epithelium, much like the relationship between islet and
ductular cells in the pancreas [15]. Therefore, a high concentration of activated
carcinogens would affect the intrahepatic bile duct directly in conjunction with
CCK-8. It is still unclear why the carcinogenesis of the extrahepatic bile duct and
gallbladder was not affected by exogenous CCK-8; however, it may be because the
carcinogenesis of cholangiocarcinoma and extrahepatic bile duct carcinoma is
different, as suggested by analyses of ras gene mutation [21].

Loxiglumide inhibits the effect of CCK on gallbladder contraction and pancreatic
secretion in humans [22,23]. Although CCK was extracted and concentrated on Sep
Pac C18 cartridges, the presence of loxiglumide in the plasma samples might have
interfered with the CCK bioassay in group 4 [11,24]. A recent study found that the
growth of human pancreatic cancer lines was inhibited by loxiglumide [25]. In our
study, loxiglumide inhibited the development of intrahepatic bile duct carcinoma,
but it was uncertain whether this inhibitory effect of loxiglumide was dependent on
decreased levels of CCK or on the direct action of the chemical itself.

In conclusion, CCK seems to play an important role in carcinogenesis of the
intra- and extrahepatic bile duct. Loxiglumide, a CCK antagonist, has an inhibitory
effect on BOP carcinogenesis in the intrahepatic biliary system of hamsters.

B. Cholecystoduodenostomy and Cholecystoileostomy

9.7 Summary

To find out if the type of bilioenterostomy influences biliary carcinogenesis, Syrian
hamsters were divided into the following three groups: simple laparotomy (control
group), cholecystoduodenostomy with dissection of the extrahepatic bile duct on the
distal end of the common duct (CDDB group), and cholecystoileostomy with dissection
of the extrahepatic bile duct on the distal end of the common duct (CIDB group).
Following these procedures, all hamsters received N-nitrosobis(2-oxopropyl)amine.
The diameter of the extrahepatic bile duct and plasma levels of cholecystokinin (CCK)
were measured and the number of neoplastic lesions was counted microscopically. We
used the proliferative cell nuclear antigen to evaluate the proliferative effect of the pro-
cedures on the biliary epithelium. In the CDDB group, the extrahepatic bile duct was
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significantly dilated, and the carcinogenicity of the gallbladder and extrahepatic bile
ducts was enhanced. In the CIDB group, the CCK bioactivity was stimulated and the
carcinogenicity of the intrahepatic biliary duct, but not the gallbladder or extrahepatic
bile duct, was more enhanced than in the CDDB group. Proliferation of the biliary duct
epithelium was enhanced in both the CDDB and CIDB groups. Cholecystoduodenostomy
enhanced intra- and extrahepatic bile duct carcinoma, whereas cholecystoileostomy
promoted only the intrahepatic bile duct carcinoma. Thus, some components of the
intestinal juice seem to play a role in the promotion of biliary tract carcinoma.

9.8 Introduction

Pancreaticobiliary maljunction (PBM) and congenital choledochal dilatation are often
associated with cancers of the gallbladder or extrahepatic bile duct, but not intrahepatic
bile duct carcinoma [26-29]. It is not yet known if intrahepatic and extrahepatic biliary
carcinoma have the same etiology. We addressed this question using a new model of
biliary carcinoma induction with N-nitrosobis(2-oxopropyl)amine (BOP) in the ham-
ster subjected to bilioenterostomy [8]. In this model, dilated common bile ducts com-
parable to human congenital choledochal dilatation developed in all hamsters.
Exogenous cholecystokinin (CCK) has been shown to enhance intrahepatic biliary
carcinogenesis [30]. However, it is still unclear whether the reflux of duodenal juice is
an important factor in dilatation of the common bile duct and biliary carcinogenesis.
In this study, we evaluated the effects of duodenal or ileal juice reflux into the biliary
tract caused by cholecystoduodenostomy or cholecystoileostomy, respectively.

9.9 Experimental Protocol

Outbred 7-week-old female Syrian golden hamsters (SLC, Inc., Shizuoka, Japan)
were housed individually in plastic cages on sawdust bedding. They were kept at 24
+ 2°C in 50 + 20% humidity, with a 12h alternate light and dark cycle. They were
fed a CE-2 pelleted diet (fat 4.4% and protein 24.8%, Clea Japan, Inc., Tokyo, Japan)
and provided drinking water ad libitum. Animals were checked daily and weighed
weekly during the experiment.

Animals were randomly divided into the following three groups: simple laparotomy
(control group), cholecystoduodenostomy with dissection of the extrahepatic bile
duct on the distal end of the common duct below the opening of the pancreatic duct
(CDDB group: Figure 9.1), and cholecystoileostomy with dissection of the extrahepatic
bile duct on the distal end of the common duct as described (CIDB group: Figure
9.2). Ninety-two of the 110 hamsters tolerated the procedures up until postoperative
day 7: 30 from the control group, 32 from the CDDB group, and 30 from the CIDB
group. Eighteen of these hamsters died early of biliary peritonitis. We killed 27 of
the surviving animals (control, n = 10; CDDB, n = 10; CIDB, n = 7) on day 14 of
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Fig. 9.1 Cholecystoduodenostomy with dissection of the extrahepatic bile duct at the distal end
of the common duct (CDDB procedure) (modified from [38], with permission)

the experiment for CCK bioassay (2-week study) and gave the remaining 65 (control,
n =20; CDDB, n = 22; CIDB, n = 23) BOP (Nakarai Tesque, Kyoto, Japan) 10mg/
kg body in 0.9% NaCl solution, subcutaneously, weekly for 9 weeks. All these
animals were killed on postoperative week 16 (16-week study).

All hamsters were fasted overnight, killed by exsanguination, and the liver,
duodenum, biliary system and pancreas were removed en bloc. After measuring the
maximum diameter of the extrahepatic bile duct, the pancreas was spread out on a piece
of paper to ensure a maximal transectional area for subsequent sectioning. Portions of
the liver, an area of anastomosis including duodenum, the common bile duct, and the
duodenal segment of the pancreas were embedded en bloc and cut in step sections (five
sections per animal). Histological sections were stained with hematoxylin and eosin,
and examined by light microscopy. The number of pancreaticobiliary neoplastic lesions
in each anatomic location was counted in the representative sections.

Blood samples from the vena cava were collected in ice-chilled tubes containing
heparin and centrifuged (3,000rpm) at 4°C for 10min. The total bilirubin level was
measured. Plasma was stored at —80°C until CCK was extracted and concentrated in
Sep Pak C18 cartridges (Waters Ass., Milford, MA). Plasma CCK levels were measured
by dispersed acini, as described elsewhere [11,12]. Proliferative cell nuclear antigen
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Fig. 9.2 Cholecystoileostomy with dissection of the extrahepatic bile duct at the distal end of the
common duct (CIDB procedure) (modified from [38], with permission)

(PCNA) was demonstrated in the 16-week study specimens by anti-PCNA/horseradish
peroxidase (DAKO, Denmark) after household microwave treatment. Labeled nuclei in
more than 1,000 non-neoplastic epithelial cells of the intra- and extrahepatic bile ducts,
the gallbladder, and the pancreatic ducts were counted in every ten sections and the
percentages of labeled nuclei (labeling index, L.I.) were calculated.

The tumor incidence was analyzed by the chi-square test with continuity correction.
Student’s ¢ test was also used to compare the diameter of the common bile duct, the
total bilirubin level, CCK bioactivity, and PCNA labeling indices.

9.10 Diameter of the Extrahepatic Bile Duct
and the Total Bilirubin Level

The maximum diameter of the extrahepatic bile duct was significantly greater in the
CDDB and CIDB groups than in the control group (p < 0.01). It was also significantly
greater in the CDDB group than in the CIDB group (p < 0.01). These differences
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were readily observed in the 2-week study (Table 9.3, Figures 9.3 and 9.4). There
was no jaundice in the 2-week study, but in the 16-week study the total bilirubin
level was significantly higher in the CDDB group than in the control and CIDB
groups (Table 9.3).

Table 9.3 Diameter of the extrahepatic bile duct and levels of serum total bilirubin

2-Week study 16-Week study
No. of Diameter No. of Diameter
Groups  hamsters  (mm) Total bilirubin hamsters (mm) Total bilirubin
Control 10 0.2+0.1 0.37 £0.24 20 09 +0.1 0.28 £ 0.05
CDDB 10 3.6+0.7 0.35£0.25 22 49+0.5 3.02+3.35
CIDB 7 0.5+0.1"" 0.30+0.07 23 1.9+03%" 092+0.71"

Expressed as mean + SE.

CDDB, cholecystoduodenostomy with dissection of the distal end of the common duct; CICD,
cholecystoileostomy with dissection of the distal end of the common duct.

'p < 0.01 vs. Control.

“p < 0.01 vs CDDB. (modified from [38], with permission)

Fig. 9.3 Histologic sections of the biliary tract from a hamster subjected to CDDB in the 16-week
study (H&E stain). Marked dilatation of the extrahepatic bile duct can be seen. B, bile duct; CD,
cholecystoduodenostomy; Du, duodenum (modified from [38], with permission)
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Fig. 9.4 Histologic sections of the biliary tract from a hamster subjected to CIDB in the 16-week
study (H&E). Mild dilatation of the extrahepatic bile duct can be seen. B, bile duct; CI, cholecyst-
oileostomy; Du, duodenum; Panc, pancreas (modified from [38], with permission)

9.11 Bioassay of CCK

In the 2-week study, plasma CCK levels were significantly higher in the CIDB
group (p < 0.05), and significantly lower in the CDDB group (p < 0.01) than in the
control group. However, the CCK level did not change in any group in the 16-week
study (Table 9.4)

9.12 Carcinoma in the Biliary System and the Pancreas

No carcinoma was observed in any groups in the 2-week study. Table 9.5
summarizes the incidence of carcinoma in the intra- and extrahepatic bile ducts,
gallbladder, and pancreas in the 16-week study. The incidence of intrahepatic bile duct
carcinoma incidence was higher in the CDDB and CIDB groups than in the control
group (p < 0.05 and p < 0.01, respectively) and significantly more tumor-bearing
animals were found in the CIDB group than in the CDDB group (p < 0.05).
A significant increase in the incidence of carcinoma was also noted in both the
extrahepatic bile duct and the gallbladder in the CDDB group (p < 0.05 and 0.01,
respectively, vs. the control group). No significant difference was noted in the
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Table 9.4 Fasting bioassay of plasma CCK

2-Week study 16-Week study
Groups No. of Hamsters Plasma CCK (pM) No. of hamsters ~ Plasma CCK (pM)
Control 10 6.4 +0.6 20 6.9 +0.5
CDDB 10 2.6 £ 0.3*% 22 9.7+3.1
CIDB 7 8.7 + 0.9%* k% 23 6.3+2.0

Expressed by mean + SE.
CDDB, cholecystoduodenostomy with dissection of the distal end of the common duct.
CICD, cholecystoileostomy with dissection of the distal end of the common duct.
*p < 0.01 vs. Control.
**p < 0.05 vs. Control.
*#%p < 0.01 vs. CDDB. (modified from [38], with permission)

Table 9.5 Incidences of carcinoma induced in the biliary system and pancreas of the hamster
(16-week Group)

No. of hamsters with carcinoma

Intrahepatic ~ Extrahepatic ~ Gallbladder ~ Pancreas

Groups No. of hamsters bile duct bile duct

Control 20 1(5) 0 0 10(50)
CDDB 22 8(36)* 6(27) 10(46)** 16(72)
CIDB 23 17(74)****%  2(9) 3(13) 12(52)

Numbers in parentheses are percentages.
CDDB, cholecystoduodenostomy with dissection of the distal end of the common duct; CICD,
cholecystoileostomy with dissection of the distal end of the common duct.
*p < 0.05 vs. Control.
**p < 0.01 vs. Control.
*#%p < 0.05 vs. CDDB. (modified from [38], with permission)

incidence of pancreatic carcinoma. Histologically, the intrahepatic bile duct lesions
were tubular adenocarcinoma, the extrahepatic bile duct and gallbladder tumors
were papillary adenocarcinoma, and the pancreatic tumors were ductular
adenocarcinoma.

9.13 PCNA Labeling Indices

The pattern of labeling is shown in Figures 9.5-9.7 and the LI of the biliary epithe-
lium and pancreatic ductal epithelia are summarized in Table 9.6. Significant
increases were found in the LI of the intrahepatic bile duct in the CIDB group (p <
0.01 vs. control and CDDB groups) and in the LI of the extrahepatic bile duct and
gallbladder in the CDDB group (p < 0.01 vs. control and CIDB groups). There was
no significant difference in the LI of the pancreatic ductal epithelium among the
three groups.
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Fig. 9.5 Accelerated cell proliferation in biliary epithelium stained with anti-PCNA/horseradish

peroxidase. Note the labeling of most epithelial cells in the intrahepatic bile duct of a hamster
from the CIDB group (x200) ([38], with permission)

Table 9.6 Proliferating cell nuclear antigen labelling indices (%)

Intrahepatic Extrahepatic Pancreatic

bile duct bile duct Gallbladder duct
Groups No. of hamsters  epithelium epithelium epithelium epithelium
Control 10 7.4 +28 03+0.1 0.4+0.3 02+0.1
CDDB 10 114+19 26.0 1.5 33.8 £2.3™ 25+1.0
CIDB 10 29.7 = 4.4 0.9 £0.5” 63+£0.8""" 48+28

Expressed as mean + SE.

CDDB, cholecystoduodenostomy with dissection of the distal end of the common duct; CICD,
cholecystoileostomy with dissection of the distal end of the common duct.

“p <0.01 vs. Control.

“p <0.01 vs. CDDB.

“p < 0.01 vs. Control.

wkk

p < 0.05 vs. Control. (modified from [38], with permission)

9.14 Comments

The fact that patients with PBM are prone to gallbladder and extrahepatic bile duct
carcinomas, but not generally to intrahepatic bile duct carcinomas suggests that the
mechanisms of carcinogenesis of the biliary tree are different [27-29]. Biliary car-
cinoma was significantly enhanced by BOP in the CDDB hamster model [8]. In this
model, the maximum diameter of the extrahepatic bile duct was significantly greater
than that in controls. Moreover, the extrahepatic bile duct was significantly more dilated
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Fig. 9.6 PCNA staining of the gallbladder in a hamster from the CDDB group, showing labeling
of many nuclei (x400)

Fig. 9.7 PCNA staining of the extrahepatic bile duct in a hamster from the CDDB group with
labeling of many cells, especially at the base of the epithelium (x400)
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in the CIDB group than that in the control group, but less than in the CDDB group.
This is analogous with the human situation, when patients who have PBM without
choledochal dilatation are most prone to the development of gallbladder cancer [31].
Accordingly, the CDDB group, resembling PBM with choledochal dilatation, had a
significantly higher incidence of biliary carcinoma than the control group. On the
other hand, the CIDB group, resembling patients without choledochal dilatation, had
no significant increase in extrahepatic bile duct and gallbladder carcinogenesis, com-
pared with the control group. These results suggest that resection of the extrahepatic
bile duct in PBM patients with choledochal dilatation and prophylactic cholecystec-
tomy in PBM patients without choledochal dilatation may be therapeutic [31].

The biliary tract was more dilated after CDDB than after CIDB. The fact that
significant dilatation of the extrahepatic bile duct without jaundice was observed in
the CDDB group of the 2-week study suggests that a factor in the refluxed duodenal
juice rather than stenosis caused by bilioenterostomy, was responsible for the
choledochal dilatation.

We found that exogenous CCK octapeptide promoted the carcinogenicity of the
intrahepatic bile duct carcinoma, and that loxiglumide (CCK receptor antagonist)
inhibited its effect in the CDDB + BOP hamster model [7]. In rats and humans, the
drainage of pancreatic juice and bile from the duodenum and jejunum is known to
stimulate endogenous CCK release from CCK-secreting cells [32,33]. In the CIDB
group, which had pancreaticobiliary drainage, fasting CCK bioactivity was elevated
significantly in the 2-week study, but not in the 16-week study. This finding is
consistent with the possibility that endogenous CCK-secreting cells in the fasting
state are exhausted over 4 weeks of endogenous stimulation [34]. In the postpran-
dial state, the plasma CCK levels in the CIDB group were higher than in the control
and CDDB groups [34]. The lower CCK levels in the 2-week CDDB group could
be attributed to the continuous flow of pancreatic juice and bile through the chole-
cystoduodenostomy into the duodenum. Moreover, the high but not significant
CCK levels in the CDDB group in the 16-week study could have been due to
impairment of pancreaticobiliary flow by the gallbladder cancer and extrahepatic
bile duct carcinoma, as evidenced by the development of jaundice.

In the 16-week study, intrahepatic bile duct carcinoma was observed mainly in
the CIDB group with stimulated release of endogenous CCK in pancreaticobiliary
juice from the first part of small intestine. The oversecretion of endogenous CCK
in BOP-treated hamsters, and the administration of pharmacological doses of exog-
enous CCK seem to induce intrahepatic bile duct carcinoma [30]. On the other
hand, carcinoma of the extrahepatic bile duct and the gallbladder were significantly
higher in the CDDB group, in which the common bile duct was dilated even in the
2-week study. Therefore, it seems that the factors promoting choledochal dilatation
in hamsters also promote carcinoma of the gallbladder and the extrahepatic bile
duct, as in humans with PBM [27-29].

The non-tumorous epithelium of the intrahepatic bile duct in the CIDB group
and the non-neoplastic epithelium of the extrahepatic bile duct and the gallbladder
in the CDDB group were mainly labeled with PCNA, which labels the intranuclear
protein engaged in the cell cycle essential for cellular DNA synthesis [35,36].
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The acceleration of DNA synthesis in the intrahepatic bile duct epithelium by
endogenous CCK release or by inflammation induced by the reflux of duodenal
juice could provoke BOP carcinogenesis in the intrahepatic bile duct in the CIDB
or CDDB group [18,19]. Gallbladder carcinoma and extrahepatic bile duct carci-
noma rarely develop from BOP in hamsters with a long common duct. Consequently,
it could be assumed that the mixture of pancreatic juice, bile, and refluxed duodenal
juice is essential for inflammation of the common bile duct. None of the procedures
affected the incidence of pancreatic cancer, possibly because of the lower LI of the
pancreatic ductal cells. Pancreatic carcinoma in hamsters is believed to be activated
by BOP without the presence of pancreatitis [37].

In conclusion, the present study suggests that the reflux of intestinal and pancre-
atic juice into the bile duct plays an important role in BOP carcinogenesis of the
gallbladder and extrahepatic bile duct and this event also amplifies the dilatation of
the biliary duct.

C. Bile Acids and Their Absorbents

9.15 Summary

The effects of tauroursodeoxycholate (TUDC) and cholestyramine resin (CR) on
biliary carcinogenesis were investigated in the hamster model. Syrian hamsters were
subjected to cholecystoduodenostomy with dissection of the extrahepatic bile duct on
the distal end of the common duct (CDDB). The hamsters were randomly divided
into the following three groups: a control group, a TUDC group, and a CR group.
Pancreaticobiliary cancer was induced by N-nitrosobis(2-oxopropyl)amine in all ani-
mals. The experiment was terminated in week 16 and the number of neoplastic
lesions was counted microscopically. In the TUDC group, intrahepatic biliary
carcinogenesis was more accelerated than in the control group, but no promoting
effect was seen in the pancreas, gallbladder, or extrahepatic bile duct. In the CR
group, both intrahepatic biliary and gallbladder carcinogenesis were more suppressed
than in the control and TUDC groups. Thus, TUDC enhanced intrahepatic bile duct
carcinogenesis, whereas CR inhibited both intrahepatic bile duct and gallbladder carci-
noma. This indicates that bile acids induce biliary carcinoma in the hamster model.

9.16 Introduction

The etiology of biliary cancer is obscure. Hamsters subjected to bilioenterostomy
with N-nitrosobis(2-oxopropyl)amine (BOP), which is a model of choledochal cyst
with an anomalous pancreaticobiliary maljunction, have a high incidence of bile
duct carcinoma, similar to that in humans [8]. Moreover, our studies have demonstrated
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that the exogenous administration of cholecystokinin (CCK) and the endogenous
stimulation of CCK induced by bilioenterostomy accelerate intrahepatic biliary
carcinogenesis in hamsters [30,38].

The absence or shortage of bile acids in the upper part of the small intestine is
known to stimulate endogenous CCK secretion [39]. In fact, some bile acids are
suggested to be cytotoxic and carcinogenic to the biliary epithelium [40,41].
However, ursodeoxycholic acid and chenodeoxycholic acid are used in the treat-
ment of patients with cholestasis caused by primary biliary cirrhosis or primary
sclerosing cholangitis, to increase bile flow.

In this study, the effects of oral tauroursodeoxycholate (TUDC), a taurine con-
jugate of ursodeoxycholate, and cholestyramine resin (CR), a non-absorbable bile
salt binding resin, on biliary carcinogenesis were evaluated in the hamster model.

9.17 Experimental Protocol

Non-inbred 7-week-old female Syrian golden hamsters (SLC, Inc., Shizuoka,
Japan) were used. The animals were housed individually in plastic cages on saw-
dust bedding in an air-conditioned room with an alternate 12 h light and dark cycle,
at 24 + 2°C with 50 = 20% humidity. They were fed a CE-2 pelleted diet (fat 4.4%
and protein 24.8%, Clea Japan, Inc., Tokyo, Japan). Animals were checked daily
and weighed weekly during the experiment. BOP and CR were purchased from
Nakarai Tesque (Kyoto, Japan) and Sigma Chemical Co. (St. Louis, MO), respec-
tively. TUDC was donated by Tokyo Tanabe Co. Ltd. (Tokyo, Japan).

A cholecystoduodenostomy with dissection of the extrahepatic bile duct at the
distal end of the common duct (CDDB) was performed on 90 animals under sodium
pentobarbital anesthesia administered intraperitoneally at a dose of 50 mg/kg body
weight. Of the total 90 hamsters, 73 tolerated the procedures up until postoperative
day 7, and 17 died early of biliary peritonitis. The surviving animals were divided
into three groups as follows: 27 hamsters were given water (control group); 23 were
given water containing 1% (w/w) TUDC (TUDC group); and 23 were given water
containing 4% (w/w) CR (CR group). Animals had free access to the water
throughout the experimental period. The animals were given BOP in 0.9% saline at
a dose of 10 mg/kg body weight, subcutaneously, weekly for 9 weeks. All animals
were killed in postoperative week 16.

After the hamsters were fasted overnight, they were killed by exsanguination,
and the liver, duodenum, biliary system, and pancreas were removed. The pancreas
was spread out on a piece of paper to ensure a maximal transectional area for sub-
sequent sectioning. A portion of the liver, an area of the anastomosis including the
duodenum, the common bile duct, and the duodenal segment of the pancreas were
embedded en bloc and cut in step sections (five sections per animal). Histological
sections were stained with haematoxylin and eosin, and examined by light micros-
copy. The grade of pancreatitis and cholangitis was assessed by the degree of
inflammatory cell infiltration and fibrosis, and scored as follows: severe, 3; moder-
ate, 2; and mild to none; 1 (see Chapter 7). Pancreaticobiliary neoplastic lesions
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were counted by anatomic location in representative sections. A pathologist without
any knowledge of the case blindly examined all histological specimens.

Blood samples, collected in ice-chilled tubes containing heparin were left in an
ice-bath until centrifugation (3,000rpm) at 4 °C for 10min. Total bilirubin levels
were measured by the Bilirubin B II-Test (Wako, Osaka, Japan) and bilirubinemia
was diagnosed when levels exceeded 3 mg/dl. Total bile acids in plasma were meas-
ured using Enzabile 2 (Nycomed Pharmacia, Oslo, Norway). The remaining plasma
was stored at —80 °C until CCK was extracted and concentrated on Sep Pac C18
cartridges (Waters Assoc., Milford, MA). Plasma CCK levels were measured by
bioassay using dispersed acini, as described elsewhere [12].

The incidence of tumor production and bilirubinemia was analyzed statistically
using the chi-square test with continuity correction. Student’s ¢ test was also used
to compare total bile acids and plasma CCK bioactivity.

9.18 Survival Rate in Each Group

All animals survived for at least 13 weeks of the experiment, but then some died of
the pancreaticobiliary tumor. During weeks 15 and 16, significantly lower survival
rates were observed in the TUDC group (58% and 38%, respectively) than in the
control (100% and 100%, respectively) and CR groups (95% and 90%, respec-
tively; p < 0.01, Figure 9.8).
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Fig. 9.8 Survival curve of the BOP-treated hamsters after cholecystoduodenostomy with dissec-
tion of the extrahepatic bile duct at the distal end of the common duct below the opening of the
pancreatic duct. The survival rate of the TUDC group was low after 15 weeks of the experiment
("p < 0.01). Cont, control group; CR, cholestyramine resin group; TUDC, tauroursodeoxycholate
group (modified from [51], with permission)
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9.19 Bilirubinemia, Total Bile Acids, and CCK

The TUDC group had a significantly higher rate of jaundice than the control and
CR groups (83% vs. 19% and 9%, respectively; p < 0.01). Total bile acids were also
significantly higher in the TUDC group than in the control and CR groups (p <
0.01, Figure 9.9). Figure 9.10 shows a significant decrease in plasma CCK levels in
the TUDC group compared with the control (p < 0.05).

9.20 Carcinoma in the Biliary System and the Pancreas

The incidence of intrahepatic bile duct carcinoma was significantly higher in the
TUDC group than in the control group (p < 0.01), but significantly lower in the CR
group than in the control and TUDC groups (p < 0.01; Table 9.7). No significant
difference in the incidence of carcinoma was noted in either the extrahepatic bile
duct or the pancreas (Tables 9.8. and 9.9). However, the incidence of gallbladder
carcinoma was lower in the CR group than in the control and TUDC groups (p <
0.01). Moreover, the mean number of pancreatic carcinomas in the tumor-bearing
animals in the CR group was significantly lower than in the control and TUDC
groups (p < 0.01). Histologically, most of the lesions in the intrahepatic bile duct
and pancreas were tubular adenocarcinoma (Tables 9.7. and 9.9).
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Fig. 9.9 Serum total bile acid levels in the three groups after 16 weeks of the experiment. Cont,
control group (66.8 umol/l); TUDC, tauroursodeoxycholate group (348.0 umol/1); CR, cholesty-
ramine resin group (25.4 umol/1), respectively ('p < 0.01) (modified from [51], with permission)
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Fig. 9.10 Plasma cholecystokinin levels in the three groups after 16 weeks of the experiment.
Cont, control group (8.14pM); TUDC, tauroursodeoxycholate group (2.66pM); CR, cholesty-
ramine resin group (3.63 pM), respectively (p < 0.05) (modified from [51], with permission)

Table 9.7 Carcinoma of the intrahepatic bile duct

No. of  No. with No. of carcinoma Histology
Group hamsters carcinoma (%) (No. per TBA) Tubular  Papillary  Others
Control 27 15(56) 52(3.5) 46 1 54
TUDC 23 22(96)" 182(8.3)" 181 0 1°
CR 23 1(4)~" ()™ 1 0 0

TBA, tumor bearing animal; TUDC, tauroursodeoxycholate; CR, cholestyramine resin.
'p < 0.01 compared to Control.

“p <0.01 compared to TUDC.

Schirrus:3, mucinous:1, cystadenocarcinoma:1.

"Mucinous:1. (modified from [51], with permission)

Table 9.8 Carcinomas of the extrahepatic bile duct and of the

gallbladder

No. of No. with carcinoma (%)
Group hamsters  Extrahepatic bile duct Gallbladder
Control 27 4(15) 11(41)
TUDC 23 0 6(26)
CR 23 1(4) 0

TUDC, tauroursodeoxycholate, CR, cholestyramine resin.
'p < 0.01 compared to Control.
“p < 0.05 compared to TUDC. (modified from [51], with permission)
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Table 9.9 Carcinoma of the pancreas

No. of Histology
No. of No. with car- carcinoma
Group hamsters cinoma (%)  (No.per TBA) Tubular Papillary Others
Control 27 21(78) 51(2.4) 41 6 42
TUDC 23 20(87) 49(2.5) 44 1 40
CR 23 12(52) 15(1.3)"™ 15 0 0

TBA, tumor bearing animal; TUDC, tauroursodeoxycholate; CR: cholestyramine resin.
'p < 0.01 compared to Control

“p <0.01 compared to TUDC

*Papillary-cystic:2, cystadenocarcinoma:2.

"Papillary-cystic:4. (modified from [51], with permission)

9.21 Grades of Cholangitis and Pancreatitis

Figures 9.11 and 9.12 show the grades of cholangitis and pancreatitis. The grade of
cholangitis in the TUDC group was significantly higher than those in the control
and CR groups (p < 0.01), whereas the grade of pancreatitis was significantly lower
in the CR group than in the control and TUDC groups (p < 0.01).

9.22 Comments

In postoperative week 16, the incidence of intrahepatic bile duct carcinoma in the
CDDB model was higher than in the sham-operated controls (see Chapter 5). When
pancreaticobiliary juice drained into the ileum instead of the duodenum in this hamster
bilioenterostomy model, the absence of protease activity in the upper small intestine
stimulated endogenous CCK release, inducing intrahepatic bile duct carcinogenesis
[38]. CCK is also thought to accelerate intrahepatic bile duct carcinoma in humans
and hamsters [30]. Interestingly, CCK release in the CR group was lower than that
in the control group, when the animals were killed, which raises the question about
whether exogenous bile acid intake or endogenous bile acid shortage inhibits biliary
carcinogenesis. Before the experiment was terminated, we expected that TUDC
would inhibit intrahepatic carcinogenesis as well as CCK release, and that CR would
maximize both these effects. We thought that the CCK releasing cells were exhausted
by long-term CR stimulation, but boosted with food intake stimulation [34].
Contrary to our hypothesis, this experiment showed that TUDC promoted intrahe-
patic bile duct carcinoma in this hamster model. More than half of the animals in the
TUDC group had died of intrahepatic bile duct carcinoma with jaundice by week 16.
Conversely, CR inhibited both intrahepatic and pancreatic carcinogenesis, and the
survival rate of the CR group at the end of the experiment was the same as that of
the control group.
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Fig. 9.11 Grades of cholangitis in the three groups after 16 weeks of the experiment ("p < 0.01

vs. Cont and CR). Cont, control group; TUDC, tauroursodeoxycholate group; CR, cholestyramine
resin group (modified from [51], with permission)
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Fig. 9.12 Pancreatitis scores in the three groups after 16 weeks of the experiment ("p < 0.01 vs.
Cont and TUDC). Cont, control group; TUDC, tauroursodeoxycholate group; CR, cholestyramine
resin group (modified from [51], with permission)

TUDC is a taurine conjugated ursodeoxycholate, commonly used in the treatment
of cholestasis [42]. TUDC has also been reported to have a cytoprotective effect
against hepatocytes [43—45]. The oral administration of TUDC inhibits endogenous
CCK levels under pancreaticobiliary extracorporeal drainage [46]. Furthermore,
some bile acids have been reported to induce experimental biliary carcinogenesis
[40]. It was thought that TUDC would induce intrahepatic biliary carcinogenesis by
an unknown mechanism. CR conjugates with bile acids in vivo, then carries them out
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of the body, disrupting the enterohepatic circuit of bile acids [47]. Therefore, CR is
used in the treatment of patients with familial hyperlipemia to reduce serum choles-
terol levels. It was thought that CR would affect pancreaticobiliary carcinogenesis
by reducing the endogenous bile acids.

Cholangitis is suspected to be a precancerous lesion predisposing to the later
development of intrahepatic bile duct carcinoma [48]. In both parasitic and idio-
pathic hepatolithiasis, intrahepatic bile duct carcinoma arises after long-term
inflammation [49,50]. It is unclear whether cholangitis or bile duct carcinoma
comes first in this hamster model. As CR could have inhibited inflammation in the
intrahepatic bile duct by absorbing bile acids, we suspected that bile acids played a
major role in the inflammation process, which resulted in carcinogenesis of the
intrahepatic bile duct. Conversely, CR decreased the incidence of pancreatitis,
whereas TUDC had no effect. These data suggest that CR stops the process of
cholangitis and pancreatitis by absorbing endogenous bile acids, thereby preventing
intrahepatic biliary and pancreatic carcinogenesis.

In conclusion, TUDC induced intrahepatic bile duct carcinoma, probably by injuring
the biliary epithelium in the process of cholangitis, whereas CR inhibited cholangitis
and pancreatitis, thus reducing intrahepatic carcinoma, gallbladder carcinoma, and
pancreatic carcinoma. The direct cytotoxicity of TUDC on the epithelium was thought
to play a greater role in biliary carcinogenesis than the endogenous CCK pathway.
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Chapter 10
Chemoprevention of Biliary Carcinogenesis

Noritsugu Tsuneoka, Tamotsu Kuroki, Tomoo Kitajima, Kenzo Fukuda,
Shinya Onizuka, Yoshitsugu Tajima, and Takashi Kanematsu

A. Cyclooxygenase-2-specific Inhibitor

10.1 Summary

This study was conducted to find out if etodolac, a cyclooxgenase-2 (COX-2)-
specific inhibitor, could prevent chemically induced biliary carcinogenesis in
bilioenterostomized hamsters. Syrian golden hamsters were subjected to
choledochojejunostomy and then given subcutaneous injections of N-nitrosobis
(2-oxopropyl)amine (BOP) 10mg/kg body weight every 2 weeks. BOP was
started 4 weeks after surgery, and continued for 18 weeks. The animals were
simultaneously given etodolac 10 mg/kg body weight in 0.5% methylcellulose
solution orally three times per week (etodolac group). The control hamsters were
administered methylcellulose solution alone. The hamsters were killed 22 weeks
after surgery, and the biliary carcinomas were examined histologically. The pres-
ence and degree of cholangitis and the cell kinetic status of the biliary epithe-
lium were also evaluated with special reference to biliary carcinogenesis.
Intrahepatic bile duct carcinomas developed in 15 (88%) of 17 hamsters in the
control group, but in only 6 (33%) of 18 hamsters in the etodolac group (P <
0.01). The incidence and number of developing biliary carcinomas correlated
well with the degree of cholangitis, and severe cholangitis was evident in the
controls. The cell kinetic study demonstrated that the proliferating cell
nuclear antigen-labeling index of the biliary epithelium was 9.67% in the con-
trol group and 5.14% in the etodolac group (P < 0.05). The mean levels of pros-
taglandin E2 (PGE2) products in the liver tissue were 14.14 + 3.31 pg/total
protein (TP) mg in the control group, and 7.46 + 2.34pg/TP mg in the etodolac
group (P < 0.05). These findings indicated that etodolac inhibited the occurrence of
severe cholangitis and the acceleration of biliary epithelial cell kinetics after
bilioenterostomy, thereby preventing BOP-induced biliary carcinogenesis in ham-
sters. In conclusion, the COX-2-specific inhibitor, etodolac, could be used to pre-
vent not only reflux cholangitis, but also biliary carcinoma after bilioenterostomy.

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 139
DOI: 10.1007/978-4-431-87773-8_10, © Springer 2009
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10.2 Introduction

Bilioenterostomy is commonly performed in hepatobiliary pancreatic surgery;
however, it is often complicated by reflux cholangitis [1-3], biliary stones [3,4],
and liver abscess [2]. Recent clinical studies have shown that biliary carcinomas
can occur as a delayed complication of bilioenterostomy for benign diseases [5—7]
In Chapters 7 and 8, we showed that persistent reflux cholangitis after bilioenteros-
tomy accelerated biliary carcinogenesis by activating biliary epithelial cell kinetics
in hamsters [8,9].

Non-steroidal anti-inflammatory drugs (NSAIDs) are known to have anticarcino-
genic effects on chemically induced or genetic mutational carcinogenesis [10-15].
Numerous epidemiological studies have provided evidence that NSAIDs reduce the
incidence of colorectal cancer in humans [16-22]. On the other hand, cyclooxge-
nase-2 (COX-2), one of the major target molecules of NSAIDs, was recently found
to be over-expressed in inflamed biliary epithelium and biliary neoplasms in humans
[23,24]. In this study, we investigated whether etodolac, a COX-2-specific inhibitor,
could prevent biliary carcinogenesis in bilioenterostomized hamsters [25].

10.3 Experimental Protocol

Seven-week-old female Syrian golden hamsters (SLC, Shizuoka, Japan) were
housed, one per plastic cage, on sawdust bedding. They were kept at 24 + 2°C in
50 + 20% humidity with a 12-h light/12-h dark cycle. They were fed a CE-2 pel-
leted diet (Clea Japan, Tokyo, Japan), and provided drinking water ad libitum. The
animals were checked daily and weighed weekly throughout the experiments.

Choledochojejunostomy using a Roux-en Y procedure was performed in all
hamsters. The scheme of the completed surgical procedure of the choledochojeju-
nostomy is illustrated in Figure 10.1 The details of the surgical techniques are
described in Chapter 5.

All hamsters were given subcutaneous (sc) injections of a chemical carcinogen,
N-nitrosobis(2-oxopropyl)amine (BOP) (Nakarai Tesque, Kyoto, Japan), 10 mg/kg
body weight in 0.9% saline, every 2 weeks [26,27]. BOP was started 4 weeks after
surgery, and continued for 18 weeks [8,27]. The animals were randomly divided
into two groups according to the different regimens. Twenty hamsters were given
oral etodolac (Nippon Shinyaku, Kyoto, Japan), 10mg/kg body weight [28] in
10ml/kg body weight of 0.5% methylcellulose solution (Shin-Etsu Chemical,
Tokyo, Japan) [29], three times per week, starting 4 weeks after surgery and con-
tinuing for 18 weeks (etodolac group). The control group consisted of 20 hamsters
given the same dose of methylcellulose solution alone.

All hamsters were killed in postoperative week 22 and the maximum diameter
of the extrahepatic bile duct was measured. Blood samples from the vena cava were
collected in ice-chilled tubes containing heparin, centrifuged (3,000rpm) for
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Fig. 10.1 Operating schema of choledochojejunostomy with the Roux-en-Y procedure in a ham-
ster. The jejunal limb was 4 cm long. (a) The gallbladder was removed. (b) The common bile duct
was transected at the distal end. (¢) Side-to-side intestinal anastomosis was done 7cm from the
pyloric ring ([25], with permission)

10 min, and then serum samples were collected in new ice-chilled tubes. The serum
levels of total bilirubin (T-Bil), alkaline phosphatase (ALP), glutamic-oxaloacetic
transaminase (GOT), and glutamic-pyruvic transaminase (GPT) were measured.

The liver, biliary system and pancreas were removed en bloc. After fixation in
10% neutral formalin, the specimens were cut into five blocks, so that four sections
contained the liver and one section contained the hepatic duct, and embedded in
paraffin. The histological sections were stained with hematoxylin and eosin (H&E)
and examined by a pathologist who was blinded to the treatment allocation of the
sections. The number of histologically verified adenomas and carcinomas was
counted. Carcinoma was diagnosed on the basis of disruption of epithelial cell
polarity and evidence of invasion.

To evaluate the relationship between cholangitis and biliary carcinogenesis, the
grade of cholangitis was scored in accordance with the infiltration of inflammatory
cells and the fibrous change of Glison as follows: grade 0, no cholangitis; grade 1, mild
invasion of inflammatory cells around the bile duct without fibrous change of Glison;
grade 2, severe invasion of inflammatory cells around the bile duct and/or fibrous
change of Glison; and grade 3, abscess formation in the liver (see Chapter 7).

Proliferating cell nuclear antigen (PCNA) was used as a marker of biliary epithe-
lial cell kinetics. Tissue sections were cut at 4-mm, mounted on glass slides coated
with 5-aminoprophyltriethoxy saline, and dewaxed in xylene. The sections were
treated with microwave heating for 5 min in phosphate-buffered saline at 500 W. After
blocking endogenous peroxidase, the sections were incubated with mouse mono-
clonal antibodies against PCNA (clone-PC 10; DAKO, Kyoto, Japan) at a dilution of
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1:100. The cell nuclei were counterstained with hematoxylin. The proportion of
labeled nuclei (labeling index; LI) was calculated by counting the labeled nuclei in
>1,000 non-neoplastic epithelial cells of the intrahepatic bile ducts [30].

Prostaglandin E2 (PGE2) production in the liver tissue was used as a marker of
inflammation and COXs activity. The right lateral lobe of the liver was removed,
immediately frozen in liquid nitrogen, and stored at —80°C in a sterile 1.5ml
Eppendorf tube until analysis. The frozen tissue was homogenized in saline containing
10 mg/1 indomethacin, and ethanol was added to achieve the final proportion of 20%.
After centrifugation, the supernatant was removed and agitated in octadecylsilyl
silica (ODS) suspension to adsorb PGE2. Protein and lipids were eliminated from
the ODS carrier by washing with ethanol, hydrochloric acid, and petroleum ether in
turn. Then, PGE2 was eluted from the ODS carrier by adding acetic ether, and it was
measured by a radioimmunoassay (RIA) technique using a prostaglandin E2 [125]]
RIA kit (Perkin Elmer Life Sciences, Boston, MA). To define normal levels of PGE2
production in the liver tissue and PCNA-LI of the biliary epithelium, twelve
29-week-old hamsters that had received no treatment were also investigated.

The side effects of etodolac, such as gastrointestinal mucosal injury, liver and
renal dysfunction, and eosinophilic pneumonia, may have adverse effects on the
vital state. Accordingly, the animals were checked daily and weighed weekly
throughout the experimental period. The incidence of tumor development and the
grade of cholangitis were analyzed using the %> exact test. The Mann—Whitney test
was also used for statistical analyses of the diameter of the extrahepatic bile duct,
the number of tumors per animal, serum laboratory data, and PCNA-LI and PGE2
production. Differences of P < 0.05 were considered significant.

10.4 Morphological and Biochemical Changes

Table 10.1 summarizes the morphological and biochemical changes in the hepatobil-
iary system of the hamsters. There were 17 hamsters in the control group and 18
hamsters in the etodolac group. Three hamsters from the control group and two from
the etodolac group died of liver abscess and/or obstructive jaundice before the end of
the experiment. The average diameter of the extrahepatic bile duct was 2.8 £ 1.9mm
in the control group and 1.9 + 1.3mm in the etodolac group, without a significant
difference between the groups. However, the serum levels of T.Bil, GOT, and ALP
were significantly higher in the control group than in the etodolac group (P < 0.05).

10.5 Occurrence of Biliary Tumors

Biliary adenomas and carcinomas were observed in the hamsters from both groups
(Table 10.2). The rates of adenoma were 88% and 61% in the control and etodolac
groups, respectively, without a significant difference. However, numerous biliary
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Table 10.1 Morphological and biochemical changes in the hepatobiliary system of hamsters
after bilioenterostomy

No. of  Average diameter of Serum levels*

Groups  hamsters the EHBD (mm)* T.Bil (mg/l) ALP (IU/l) GOT(IU/l) GPT(IU/)

Control 17 28+19 19+18 2495= 187.2 + 95.1 +47.5
278.1 136.6

Etodolac 18 19+13 14+28 1286+ 109.5 + 912 +65.0
93.7° 75.9°

EHBD, extrahepatic bile duct; T.Bil, total bilirubin; ALP, alkaline phosphatase; GOT, glutamic-
oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase.

“Mean + SD.

“Significantly different from control group (P < 0.05). (modified from [25], with permission)

Table 10.2 The incidence and number of intrahepatic bile duct carcinomas developed in hamsters
after bilioenterostomy

No. (%) of hamsters with Average no. of tumors per animal®
Groups  No. of hamsters Adenoma Carcinoma Adenoma Carcinoma
Control 17 15(88) 15(88) 51+4.1 114 +12.4
Etodolac 18 11(61) 6(33)" 2124 1.8 +£3.5"

*Significantly different from control group (P < 0.01).
iMean + SD. (modified from [25], with permission)

adenomas developed in the control group, and the average number of adenomas per
animal was significantly higher in the control group than in the etodolac group (P
< 0.01). Intrahepatic bile duct carcinoma developed in 15 (88%) of the 17 control
hamsters, and the average number of carcinomas per animal was 11.4. Conversely,
only 6 (33%) of the 18 etodolac hamsters had intrahepatic bile duct carcinoma, and
the average number of carcinomas per animal was 1.8. Both the incidence of carci-
noma and the average number of carcinomas per animal were significantly lower in
the etodolac group than in the control group (P < 0.01).

10.6 Cholangitis, Biliary Epithelial Cell Kinetics, PGE2
Production, and Biliary Carcinogenesis

Cholangitis was recognized in all hamsters in the control group and 89% of the
hamsters in the etodolac group (Table 10.3). Severe cholangitis was frequently
observed in the control hamsters, which had a significantly higher average
cholangitis score (P < 0.05). The PCNA-LI of the biliary epithelium was 9.67 +
5.90% in the control group, which was significantly higher than that in the
etodolac group (P < 0.05). Moreover, the PCNA-LI of the biliary epithelium in
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Table 10.3 The occurrence of cholangitis and changes in biliary epithelial cell kinetics and PGE2
products in hamsters after bilioenterostomy

Average of
No.(%) of hamsters Cholangitis PGE2 products
Groups  No. of hamsters with cholangitis score* PCNA-LI (%)* (pg/TP mg)*
Control 17 17(100) 208 +0.97 9.67+5.90 14.14 + 3.31
Etodolac 18 16(89) 1.28 £0.89" 5.14+4.55" 746 £2.34

PCNA-LI, proliferating cell nuclear antigen labeling index; PGE2, prostagrandine E2.
“Significantly different from control group (P < 0.05).
iMean + SD (modified from [25], with permission)

the hamsters that received no treatment was 2.4 + 1.5%. The mean level of PGE2
products in the liver tissue was 14.14 + 3.31 pg/TP mg in the control group, which
was significantly higher than the 7.46 + 2.34pg/total protein (TP) mg in the
etodolac group (P < 0.05). In hamsters that received no treatment, it was 1.5 +
0.1pg/TP mg, which was significantly different from the control and etodolac
groups (P < 0.05).

Figure 10.2 shows the correlation between the cholangitis score and biliary
carcinogenesis. Highly scored cholangitis of grade 2 or 3 was observed in 59% of
the hamsters in the control group, and 22% of the hamsters in the etodolac group.
Biliary carcinomas were observed frequently in each grade of cholangitis in the control
group, whereas in the etodolac group the incidence of biliary carcinoma decreased
with the degree of cholangitis, and carcinomas were observed in only 2 of the 14
hamsters with cholangitis of grade O or 1.

10.7 Transition of Body Weight

Figure 10.3 shows the transition curves of the body weight of hamsters during the
experiment. Until week 15 of the study, the average body weight of the hamsters in
both groups increased similarly. Thereafter, the body weight of the hamsters in the
etodolac group increased continuously, whereas that in the control group decreased
gradually.

10.8 Comments

Patients with intrahepatic or extrahepatic biliary carcinomas, which are resistant to
traditional cytotoxic chemo- and radio-therapeutic approaches, have a dismal out-
come even if the tumor is resected. Thus, cancer chemoprevention is hoped to be
effective in the management of biliary carcinoma. Numerous studies have proved
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Fig. 10.2 Correlation between cholangitis score and biliary carcinogenesis in hamsters after bili-
oenterostomy. Black circle, hamster with carcinoma; closed circle, hamster without carcinoma
([25], with permission)
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that NSAIDs reduce the incidence of several kinds of cancer [31-33]. We obtained
evidence that persistent cholangitis after bilioenterostomy accelerated the develop-
ment of biliary carcinoma in hamsters, and that severe cholangitis was associated
with a higher incidence of biliary carcinoma through an increase in the proliferative
activity of the biliary epithelium[8,9]. Therefore, we speculated that NSAIDs could
reduce biliary carcinogenesis by inhibiting biliary inflammation.

The present study clearly demonstrated the preventative effect of etodolac on
BOP-induced biliary carcinogenesis in hamsters undergoing bilioenterostomy. To
the best of our knowledge, this is the first successful in vivo study on the chemo-
prevention of biliary carcinogenesis by a COX-2-specific inhibitor. Although
etodolac failed to inhibit reflux cholangitis, it reduced the severity of cholangitis.
Moreover, etodolac down-regulated the cell kinetic activity of the biliary epithe-
lium. These findings suggest that although reflux cholangitis was inevitably induced
after choledochojejunostomy, the aggravation of cholangitis was attenuated by etodolac.
The inhibitory effects of etodolac on inflammation and inflammation-activated
biliary epithelial cell kinetics may participate in the tumor-preventing mechanisms
in our hamster model [34].

It is well known that COXs mediate the rate-limiting step of prostaglandin,
including PGE2 and biosynthesis in the arachidonic acid cascade, and that PGE2
is a reliable biomarker of COXs activity [35]. On the other hand, PGE2 is up-
regulated in inflammatory sites through upregulated COXs activity. Recent
in vitro studies have shown that COX-2 and COX-2-mediated prostanoids, includ-
ing PGE2, are strongly related to cancer development and progression through
their anti-apoptotic effects [35], the enhancement of angiogenesis, or the suppres-
sion of cell-to-cell adhesive activity [36-38]. In the present study, PGE2 products
in the liver tissue were significantly decreased in the etodolac group. Although
the tissue of interest is the epithelium of the intrahepatic bile duct, it is likely that
the changes seen in the liver would be similar to those occurring in the bile duct
epithelium. Considering our findings and the evidence reported, the inhibition of
COXs activity, especially COX-2, is considered to be another possible mecha-
nism of the chemopreventive effect of etodolac on biliary carcinogenesis in bili-
oenterostomized hamsters.

The toxicity and efficacy of NSAIDs are mediated through the inhibition of
COX-mediated prostaglandin synthesis [39]. Because of the non-selective inhibi-
tory effects of conventional NSAIDs on COX-1 and COX-2, with their many side-
effects, including gastrointestinal bleeding, their clinical use is limited. However,
etodolac mainly inhibits COX-2, and its adverse effects on the gastrointestinal tract
occur less frequently [40]. The body weight of hamsters in our etodolac group was
well maintained throughout the experiment, unlike that of the hamsters in the con-
trol group. These findings suggest that etodolac had no critical adverse effects.
Thus, the long-term administration of etodolac might be feasible and convenient for
cancer prevention.

In conclusion, etodolac inhibited BOP-induced biliary carcinogenesis in ham-
sters subjected to choledochojejunostomy. Suppression of the proliferative activity
of biliary epithelial cells and the reduction of PGE2 products in the liver, in association
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with the attenuation of persistent cholangitis by etodolac, were considered possible
mechanisms of cancer prevention in this hamster model. We also obtained evidence
supporting the benefits of etodolac in the management of reflux cholangitis.
Clinical trials will be necessary to assess the utility of specific COX-2 inhibitors,
not only to prevent biliary carcinogenesis, but also to treat reflux cholangitis in
patients undergoing bilioenterostomy.

B. Hochu-ekki-to (TJ-41)

10.9 Summary

Recent clinical studies have revealed that biliary carcinomas can develop after bili-
oenterostomy. The present study was designed to evaluate whether hochu-ekki-to
(TJ-41), a Japanese herbal drug, could prevent chemically induced biliary carcino-
mas in bilioenterostomized hamsters. Syrian golden hamsters were subjected to
choledochojejunostomy and then given subcutaneous injections of N-nitrosobis
(2-oxopropyl)amine (BOP), 10mg/kg, every 2 weeks from 4 weeks after surgery.
The animals were simultaneously given oral TJ-41, 1,000 mg/kg, in water every day
(TJ-41 group). The control hamsters were given only water. The hamsters were
killed 22 weeks after surgery, and the development of biliary carcinomas, the pres-
ence and degree of cholangitis, and the cell kinetic status of the biliary epithelium
were evaluated histologically. Intrahepatic bile duct carcinomas developed in 15
(88%) of the 17 hamsters in the control group and in only 8 (47%) of the 17 ham-
sters in the TJ-41 group (P < 0.05). The degree of cholangitis was not different in
the two groups; however, the proliferating cell nuclear antigen labeling index
(PCNA-LI) of the biliary epithelium was significantly lower in the TJ-41 group
(6.46%) than in the controls (9.67%) (P < 0.05). These findings indicate that TJ-41
inhibited the biliary epithelial cell kinetics after bilioenterostomy, thereby prevent-
ing carcinogenesis. Thus, TJ-41 has a preventive effect on chemically induced
carcinoma of the biliary tract after bilioenterostomy.

10.10 Introduction

Hochu-ekki-to (TJ-41), a Japanese herbal drug, is known to reduce the severity of
side effects such as leukopenia and intestinal damage, resulting from radiation or
chemotherapy for malignant tumors [41,42]. Moreover, TJ-41 has recently been
reported to activate macrophages and natural killer (NK) cells [43—45]; to inhibit
experimental liver metastasis [46]; and to exert an anti-neoplastic effect on several
malignancies, including skin cancer, hepatoma, ovarian cancer, and uterine cancer
[47-50]. In this study, we investigated if TJ-41 could prevent biliary carcinogenesis
in bilioenterostomized hamsters.
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10.11 Experimental Protocol

Seven-week-old female Syrian golden hamsters (SLC, Inc., Shizuoka, Japan) were
housed, one per plastic cage, on sawdust bedding. They were kept at 24 + 2°C in 50
+ 20% humidity with a 12-h light/12-h dark cycle, and fed a CE-2 pelleted diet (Clea
Japan, Inc., Tokyo, Japan), and provided drinking water ad libitum. The animals were
checked daily and weighed every 2 weeks throughout the experiments.

All hamsters were subjected to choledochojejunostomy using a Roux-en-Y pro-
cedure as described in Chapter 5 (Figure 10.1). The hamsters were given subcuta-
neous injections of a chemical carcinogen, N-nitrosobis(2-oxopropyl)amine (BOP)
(Nakarai Tesque, Kyoto, Japan), 10 mg/kg body weight, every 2 weeks. BOP was
started 4 weeks after surgery and continued for 18 weeks. The animals were ran-
domly divided into two groups according to the different regimens. Twenty ham-
sters were given oral TJ-41 (Tsumura Co., Ltd., Tokyo, Japan) 1,000 mg/kg body
weight, in water, daily, starting from 4 weeks after surgery and continuing for 18
weeks (TJ-41 group). TJ-41 was added to the water that the hamsters drank
ad-libitum. In the control group, twenty hamsters were provided with just water. All
hamsters were killed in postoperative week 22.

The maximum diameter of the extrahepatic bile duct was measured. Blood samples
from the vena cava were collected in ice-chilled tubes containing heparin, and centri-
fuged at 3,000rpm for 10min; then serum samples were collected in new ice-chilled
tubes. The serum levels of total bilirubin (T-Bil), alkaline phosphatase (ALP), aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) were measured.

The liver, biliary system, and pancreas were removed en bloc. After fixation in 10%
neutral formalin, the specimens were cut into five blocks so that four sections contained
the liver and one section contained the hepatic duct. They were then embedded in
paraffin. The histological sections were stained with hematoxylin and eosin (H&E) and
examined by a pathologist blinded to the treatment allocation of the sections. The
number of histologically verified carcinomas was counted. Carcinoma was diagnosed
on the basis of the WHO classification of tumors of the hamster [51].

To evaluate the relationship between cholangitis and biliary carcinogenesis, we
scored the grade of cholangitis in accordance with the infiltration of inflammatory cells
and the fibrous change of Glison as follows: grade 0, no cholangitis; grade 1, mild
invasion of inflammatory cells around the bile duct without fibrous change of Glison;
grade 2, severe invasion of inflammatory cells around the bile duct and/or fibrous
change of Glison; and grade 3, abscess formation in the liver (see Chapter 7).

Proliferating cell nuclear antigen (PCNA) was used as a marker of biliary epi-
thelial cell kinetics. Tissue sections were cut at 4 um, mounted on glass slides
coated with 5-aminoprophyltriethoxy saline, and dewaxed in xylene. The sections
were treated with microwave heating for 5 min in phosphate-buffered saline (PBS)
at S00 W. After the blocking of endogenous peroxidase, the sections were incu-
bated with mouse monoclonal antibodies against PCNA (clone-PC 10; DAKO,
Kyoto, Japan) at a dilution of 1:100. The cell nuclei were counterstained with
hematoxylin. The proportion of labeled nuclei (labeling index, LI) was calculated



10 Chemoprevention of Biliary Carcinogenesis 149

Table 10.4 Morphological and biochemical changes in the hepatobiliary system of hamsters
after bilioenterostomy

Serum levels*

No. of Average diameter of
Groups  hamsters the EHBD (mm)* T.Bil (mg/l) ALP (IU/1) AST(IU/1) ALTIU/N)
Control 17 2.8+1.9 19+ 1.8 249.5 1872+  95.1+475
278.1 136.6
TJ-41 17 33+27 1.3+1.3 952 +£44.5*% 109.5+ 78.6+47.0
75.9*%

EHBD, extrahepatic bile duct; T.Bil, total bilirubin; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; ALT, alanine aminotransferase.

*Significantly different from control group (P < 0.05).

2 Mean + SD. (modified from [61], with permission)

by counting the labeled nuclei in >1,000 non-neoplastic epithelial cells of the int-
rahepatic bile ducts.

The possible side effects of TJ-41, such as pseudo aldosteronism, liver dysfunc-
tion, and myopathy, may affect the vital state of hamsters. Accordingly, the animals
were checked daily and weighed every 2 weeks throughout the experiments. The
incidence of carcinomas and the grade of cholangitis were analyzed using the 2
exact test. The Mann—Whitney U test was used for statistical analyses of the diam-
eter of the extrahepatic bile duct, the number of tumors per animal, serum labora-
tory data, and PCNA-LI. Differences of P < 0.05 were considered significant.

10.12 Morphological and Biochemical Changes

The morphological and biochemical changes in the hepatobiliary system of ham-
sters are summarized in Table 10.4. The total number of hamsters examined in the
control and TJ-41 groups was 17, because three hamsters from each group died of
liver abscess and/or obstructive jaundice before they were killed. There was no
significant difference in the average diameter of the extrahepatic bile duct between
the groups. However, the serum levels of AST and ALP were significantly higher
in the control group than in the TJ-41 group (P < 0.05).

10.13 Development of Biliary Carcinomas

Figure 10.4 shows H&E staining of typical intrahepatic bile duct cancer that devel-
oped in the hamster. Biliary carcinomas developed in both groups (Table 10.5).
However, in the control group, intrahepatic bile duct carcinoma developed in 88%
of the hamsters, and the average number of carcinomas per animal was 11.4,
whereas in the TJ-41 group, intrahepatic bile duct carcinoma developed in only
47% of the hamsters, and the average number of carcinomas per animal was 3.9.
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Fig. 10.4 H&E staining of the typical intrahepatic bile duct cancer that developed in a hamster
(a, H&E, x50; b, H&E, x100) ([61], with permission)

Table 10.5 Incidence and number of intrahepatic bile duct carcinomas in hamsters after
bilioenterostomy

No.(%) of hamsters No. of carcinomas Average no. of carci-

Groups  No. of hamsters  with carcinoma developed nomas per animal?
Control 17 15 (88) 193 114 +124
TJ-41 17 8 (47) 67 3958

“Significantly different from control group (P < 0.05).
“Mean + SD. (modified from [61], with permission)

Both the incidence of carcinoma and the average number of carcinomas per animal
were significantly lower in the TJ-41 group than in the control group (P < 0.05).

10.14 Cholangitis, Biliary Epithelial Cell Kinetics, and Biliary
Carcinogenesis

Cholangitis was recognized in all hamsters in the control group and in 82% of the
hamsters in the TJ-41 group (Table 10.6). There was no significant difference in the
degree of cholangitis between the two groups (P = 0.06). Figure 10.5 shows PCNA
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Fig. 10.5 PCNA staining of non-neoplastic epithelial cells of the intrahepatic bile ducts (x50)
(modified from [61], with permission)

Table 10.6 The occurrence of cholangitis and changes in biliary epithelial cell kinetics and PGE2
products in hamsters after bilioenterostomy

No. (%) of hamsters with Average of

Groups  No. of hamsters cholangitis cholangitis score* ~ PCNA-LI (%)
Control 17 17(100) 2.06 +0.23 9.67 £5.90
TJ-41 17 14(82) 1.47 +0.24 6.46 + 4.82"

PCNA-LI, proliferating cell nuclear antigen labeling index.
“Significantly different from control group (P < 0.05).
“Mean + SD. (modified from [61], with permission)

staining of the biliary epithelium. PCNA-LI of the biliary epithelium in the control
group was significantly higher than that of the TJ-41 group (P < 0.05).

10.15 Change of Body Weight

Figure 10.6 shows the transition curves of body weight in each group during the
experiment. In the control group, the average body weight of the hamsters
increased up until the 15th week of the study and gradually decreased thereafter,
whereas in the TJ-41 group, the body weight of the hamsters continued to
increase throughout the study.
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Fig. 10.6 Transition curve of the average body weight of hamsters after bilioenterostomy. Solid
line, TJ-41 group; dashed line, control group. The bars represent the standard error ([61], with
permission)

10.16 Comments

Despite recent advances in diagnostic modalities and surgical techniques, the clini-
cal course of patients with carcinoma of the biliary tract remains dismal, even after
curative resection. Both intra- and extrahepatic biliary carcinomas are resistant to
traditional cytotoxic chemo- and radiotherapy. Thus, cancer chemoprevention holds
promise as a new approach in the management of biliary carcinoma.

Chronic infection and inflammation involving the biliary tree, such as
mechanical irritation by cholelithiasis [52] chronic intrahepatic cholangitis with
hepatolithiasis [53], bile stasis and bacterial infection [54], and primary scleros-
ing cholangitis (PSC) [55-57], are risk factors for the development of biliary
carcinoma. Our previous studies provided evidence that persistent cholangitis
after bilioenterostomy in hamsters accelerates the development of biliary carci-
noma through an increase in the proliferative activity of the biliary epithelium in
accordance with the severity of cholangitis [8,9]. We also found that etodolac, a
COX-2-specific inhibitor, reduces both the occurrence of severe cholangitis and
the acceleration of biliary epithelial cell kinetics after bilioenterostomy in ham-
sters, thereby preventing BOP-induced biliary carcinogenesis. Recent studies
have proved that TJ-41 inhibits the development of several kinds of cancer [47-
50] and the activity of inflammatory cytokines [58—60]. Therefore, we evaluated
the chemopreventative effect of TJ-41 on biliary carcinogenesis in bilioenteros-
tomized hamsters.
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The results of the present study clearly demonstrated the preventative effect of TJ-41
on BOP-induced biliary carcinogenesis in hamsters undergoing bilioenterostomy; how-
ever, TJ-41 did not inhibit the development of reflux cholangitis. Moreover, TJ-41 down-
regulated the cell kinetic activity of the biliary epithelium. Several recent studies have
found that TJ-41 has several cancer-preventing mechanisms; namely, the activation of
NK cells/T-cells [47], a blocking effect on the cell cycle [48], and inhibition of the expres-
sion of c-jun, tumor necrosis factor (TNF)-alpha, and estrogen receptor (ER)-alpha/beta
[50]. Although the inhibitory effect of TJ-41 on biliary epithelial cell kinetics may help
prevent biliary carcinoma in our hamster model with persistent reflux cholangitis, further
studies should be carried out to clarify the cancer-preventing mechanism of TJ-41.

The occasional side-effects of TJ-41 include hypercalcemia, liver dysfunction,
allergy, and digestive dysfunction, although their incidences are very low. In the
present study, the body weight of hamsters in the TJ-41 group was well maintained
throughout the experiment, in contrast to the hamsters in the control group. This
may be attributed to the suppression of developing biliary carcinoma in the TJ-41
group and suggests that TJ-41 had no critical adverse effects. The Japanese herbal
drug TJ-41 is much less expensive than conventional anticancer drugs; thus, its
long-term administration could be feasible for cancer prevention.

In conclusion, TJ-41 inhibited BOP-induced biliary carcinogenesis in hamsters
subjected to choledochojejunostomy. Suppression of the proliferative activity of the
biliary epithelial cells was considered to be the possible mechanism of cancer pre-
vention in this hamster model. However, clinical trials should be performed to
assess the utility of TJ-41 in the prevention of biliary carcinogenesis in patients
undergoing biliary reconstruction with bilioenterostomy.
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Chapter 11
Hamster Model of an Intraductal Papillary
Mucinous Neoplasm (IPMN) of the Pancreas

Tomohiko Adachi, Yoshitsugu Tajima, Amane Kitasato, Noritsugu Tsuneoka,
Ryuji Tsutsumi, Tamotsu Kuroki, and Takashi Kanematsu

11.1 Summary

The reflux of pancreatic juice into the biliary tract is a well-known risk factor for
the development of biliary carcinoma. In this study, we investigated the role of
bile-reflux into the pancreatic ducts in pancreatic carcinogenesis, especially in
the development of carcinoma in the main pancreatic duct, in hamsters. Syrian
hamsters were subjected to one of three surgical procedures: cholecystoduode-
nostomy with dissection of the extrahepatic bile duct on the distal end of the
common duct (Model A); cholecystoduodenostomy with dissection of the common
bile duct (Model B); or simple laparotomy (Model C). Four weeks after the surgery,
the animals received weekly subcutaneous injections of N-nitrosobis(2-oxopropyl)
amine (BOP), for 9 weeks. They were killed for pathological investigation 16
weeks after the initial BOP injection. Pancreatic carcinomas developed in 95%,
88%, and 90% of the Model A (n = 22), Model B (n = 24), and Model C (n = 21)
hamsters, respectively. The induced pancreatic tumors were classified into four
histological types: papillary; tubular; cystic adenocarcinoma; and intraductal
carcinoma of the main pancreatic duct, consisting of intraductal papillary carci-
noma (IPC) and intraductal tubular carcinoma (ITC). The number and incidence of
IPCs induced in the Model A hamsters were 24 lesions and 77%, which were
significantly higher than those in the Model B (7 lesions and 29%) and C hamsters
(7 lesions and 33%) (P < 0.01). Bile-reflux into the pancreatic ducts was seen
only in the Model A hamsters, after an indocyanine green injection via the portal
vein. Proliferative cell nuclear antigen labeling indices of the epithelial cells in
the main pancreatic duct, with no BOP treatment, were 3.8%, 0.8%, and 1.1% in
Models A (n = 10), B (n = 10), and C (n = 10), respectively. These differences
were significant (P < 0.01). Our findings suggest that bile-reflux into the pancreatic
ducts is a significant factor predisposing to the development of IPC of the pancreas
through the acceleration of epithelial cell kinetics of the main pancreatic duct.

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 157
DOI: 10.1007/978-4-431-87773-8_11, © Springer 2009
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11.2 Introduction

Pancreaticobiliary maljunction (PBM), a congenital anomaly involving the union of
the pancreatic and bile ducts, which are located outside the duodenal wall [1,2],
is now recognized as a high-risk for the development of biliary carcinoma [3-5].
In this disorder, pancreatic juice flows into the biliary tracts because the pressure in
the pancreatic ducts is higher than in the biliary tree. Thus, proteolytic pancreatic
enzymes and phospholipase A2 activated in the biliary tree subsequently stimulate
the biliary epithelial cells, leading to biliary carcinogenesis [6,7]. Two-way regur-
gitation, created by the reflux of bile up the pancreatic ducts, can occur in this
anomaly [8-10] because the sphincter of Oddie does not functionally affect the
anomalous union. Consequently, various pathological conditions are induced even
in the pancreas.

Acute and chronic pancreatitis, hyperamylasemia, and pancreatic carcinoma are
reported to be the most important pancreatic disorders associated with PBM [9-12].
Recent clinical studies have found an intraductal papillary mucinous neoplasm
(IPMN) in the main or large pancreatic ducts of patients with PBM. To our knowledge,
at least 16 cases of pancreas carcinoma in patients with PBM have been reported
[6,13-23], and 5 (31%) of these tumors were confirmed histologically to be intraductal
papillary mucinous carcinoma (IPMC). Because IPMC accounts for only about 3%
of all pancreas carcinomas [24,25], this clinical evidence suggests a strong relationship
between IPMC and PBM, supporting the hypothesis that bile-reflux into the pancreatic
ducts may be a risk factor for the development of IPMC.

We established a hamster model mimicking PBM [26], in which biliary carcinomas
were frequently induced with chemicals, and the developmental process and mor-
phobiological characteristics of the induced carcinomas were evaluated (see Chapters
5 and 6). In this study, we investigated the significance of bile-reflux into the pancreatic
ducts in pancreatic carcinogenesis in hamsters, focusing on the development of
carcinoma in the main pancreatic duct.

11.3 Experimental Protocol

We used 109 seven-week-old female Syrian golden hamsters (Shizuoka Laboratory
Animal Center, Shizuoka, Japan) with an average weight of 100g at the initiation of
the experiments. The animals were housed one per cage with sawdust bedding under
standard laboratory conditions in the Laboratory Animal Center for Biochemical
Research at Nagasaki University Graduate School of Biomedical Sciences. They were
given a standard pellet diet and allowed water ad libitum during the experiment.
With the intention of manipulating the bile flow into the pancreatic ductal system,
we prepared three surgical modifications (Figure 11.1). Following the intraperito-
neal administration of sodium pentobarbital, 50 mg/kg body weight, the hamsters
were subjected to cholecystoduodenostomy with dissection of the extrahepatic bile
duct at the distal end of the common duct (CDDB procedure), so that bile would
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Common bile duct

Gallbladder
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Fig. 11.1 Surgical procedures in the hamsters. (a) Model A: cholecystoduodenostomy with dissection
of the extrahepatic bile duct in the distal end of the common duct. (b) Model B: cholecystoduodenostomy
with dissection of the common bile duct ([33], with permission)

regurgitate into the pancreatic ducts (Model A). The animals were also subjected to
cholecystoduodenostomy with dissection of the common bile duct, interrupting the
connection between the pancreatic and biliary tracts (Model B). In this model, the
bile never refluxed into the pancreatic ducts. Sham-operated controls were subjected
to a simple laparotomy (Model C).

Bile-reflux into the pancreatic ducts was evaluated after an injection of
Indocyanine green (ICG; Diagnogreen Inj. Daiichi Pharmaceutical Co., Ltd.,
Tokyo, Japan) via the portal vein. Four hamsters each from Models A, B, and C
were subjected to relaparotomy 12 weeks after surgery and given a slow bolus
injection of 1 ml of ICG (2.5mg/mL) via the portal vein for 1 min. The stream of
ICG into the pancreaticobiliary ductal system was observed macroscopically
30min after the pigment injection.

To investigate the effect of bile-reflux into the pancreatic ducts on pancreatic car-
cinogenesis, the hamsters received weekly subcutaneous injections of N-nitrosobis(2-
oxopropyl)amine (BOP; Nakarai Chemical Co., Kyoto, Japan) at a dose of 10 mg/kg
body weight for 9 consecutive weeks. The BOP administration was begun 4 weeks
after surgery. The animals were killed for pathological investigation 16 weeks after
the initial administration of BOP. The pancreas was removed en bloc with the
attached duodenum and fixed in 10% buffered formalin. The formalin-fixed tissue
was then embedded in paraffin and processed routinely for hematoxylin and eosin
staining. The numbers of hamsters examined were 22, 24, and 21 from Models A, B,
and C, respectively. The lesions induced in the pancreas were classified according to
the WHO classification of tumors of the hamster [27].

Proliferating cell nuclear antigen (PCNA) was used to evaluate the epithelial cell
kinetic activity of the main pancreatic duct. Pancreatic tissue sections from 10
hamsters each without BOP treatment from Models A, B, and C were cut at 4 um,
mounted on glass slides coated with 5-aminoprophyltriethoxy saline, and dewaxed
in xylene. The sections were treated with microwave heating for 5min in PBS at
500 W. After blocking endogenous peroxidase, the sections were incubated with
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Fig. 11.2 Bile-reflux into the pancreatic ductal system in a Model A hamster. The common duct
(CD) and the main pancreatic duct (PD) were stained green 20 min after the injection of ICG via
the portal vein. Du, duodenum

mouse monoclonal antibodies against PCNA (clone-PC 10; DAKO, Kyoto, Japan)
at a dilution of 1:100. The cell nuclei were counterstained with hematoxylin. The
proportion of labeled nuclei (labeling index, LI) was calculated by counting the
labeled nuclei in >1,000 epithelial cells of the main pancreatic duct. Cell kinetic
studies of the pancreatic tumors induced by BOP were also done.

The Mann—Whitney U and Kruskal-Wallis tests were used for statistical analyses.
Differences of P < 0.05 were considered significant.

11.4 Bile-Reflux Studies

Bile-reflux into the pancreatic ducts was clearly evident in the Model A hamsters.
The main pancreatic ducts in all Model A hamsters were dyed green throughout,
30min after the injection of ICG via the portal vein (Figures 11.2 and 11.3a).
In contrast, no Model B or C hamsters showed pancreatic ductal staining with ICG
(Figure 11.3b).

11.5 Carcinogenic Studies

The incidence, number, and histological findings of the pancreatic carcinomas
induced in the BOP-treated hamsters are summarized in Table 11.1. Pancreatic car-
cinomas developed in 95%, 88%, and 90% of the hamsters in Models A, B, and C,
respectively. The induced pancreatic tumors were classified grossly into four types
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Fig. 11.3 Bile-reflux into the pancreatic ductal system. (a) In the Model A hamsters, the main
pancreatic duct throughout the head and tail was stained green 30 min after the injection of ICG
via the portal vein. (b) In the Model B hamsters, there was no pancreatic ductal staining with ICG
(modified from [33], with permission)

histologically: papillary (Figures 11.4 and 11.5); tubular (Figures 11.6 and 11.7);
or cystic adenocarcinoma (Figures 11.8 and 11.9); or intraductal carcinoma arising
in the main pancreatic duct (Figures 11.10 and 11.11). The intraductal carcinoma
comprised intraductal papillary carcinoma (IPC) (Figure 11.12) and intraductal
tubular carcinoma (ITC) (Figures 11.13 and 11.14). Most of the induced pancreatic
carcinomas were tubular adenocarcinomas, and there were no significant differences
in the number or incidence of papillary, tubular, or cystic adenocarcinomas among
the groups. However, in Model A, numerous IPCs were seen in the main pancreatic
duct. The number and incidence of IPCs induced in the Model A hamsters were
significantly higher than in Models B and C, respectively (P < 0.01).

IPCs developed mainly in the main pancreatic duct of the head of the pancreas
in Models B and C. In contrast, the IPCs in Model A arose from the entire main
pancreatic duct. Although some IPCs were recognized in the first-order pancreatic
branches, these lesions were not counted in this study since they could not be
distinguished from the IPCs originating in the main pancreatic duct. IPCs were
usually confined within the mucosal layer of the duct with a papillary configuration,
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Table 11.1 Incidence and pathological findings of carcinomas of the pancreas induced in
hamsters

No.(%) of Incidence Location of IPC
No.of  hamsters No. of carcinomas induced () of in the pancreas
hamsters  with hamsters Body/
Models examined carcinoma Total Pap Tub Cyst IPC ITC with IPC Head tail
A 22 21(95) 66* 3 33 4 24k 2 JTEE 11 13
B 24 21(88) 51 4 36 4 7 0 29 5 2
C 21 19(90) 42 5 29 1 7 0 33 6 1

Pap, papillary adenocarcinoma; Tub, tubular adenocarcinoma; Cyst, cystic adenocarcinoma; IPC,
intraductal papillary carcinoma; ITC, intraductal tubular carcinoma.

*Significantly different from Model C (P<0.05).

**Significantly different from Model B and C (P<0.01). (modified from [33], with permission)

Fig. 11.5 Magnification of the papillary adenocarcinoma (H&E, x120)



Fig. 11.8 Cystic adenocarcinoma of the pancreas (H&E, x20)
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Fig. 11.11 Magnification of the intraductal papillary carcinoma (H&E, x200)



Fig. 11.12 Intraductal papillary carcinoma (IPC) of the main pancreatic duct. The tumor was
growing into the lumen of the main pancreatic duct with marked papillary projections (H&E,
x120) (modified from [33], with permission)

Fig. 11.13 Intraductal tubular carcinoma (ITC) of the main pancreatic duct. The tumor showed a
polypoid growth (H&E, x100) (modified from [33], with permission)

Fig. 11.14 Magnification of the intraductal tubular carcinoma (H&E, x200)
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and abundant intraductal mucin-hypersecretion was not observed in the main pancreatic
duct of hamsters with IPCs. Some IPCs showed an accumulation of mucin in the
main pancreatic duct (Figure 11.15) or invasion into the pancreatic parenchyma
(Figures 11.16).

£}
S

Fig. 11.15 Intraductal papillary carcinoma of the main pancreatic duct with mucin production
(H&E, x60)

Fig. 11.16 Intraductal papillary carcinoma of the main pancreatic duct with parenchymal invasion
(H&E, x40)
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11.6 Cell Kinetic Studies

The PCNA-LIs of epithelial cells of the main pancreatic duct in hamsters without
BOP treatment were 3.8%, 0.8%, and 1.1% in Models A, B, and C, respectively
(Table 11.2). The PCNA-LI was significantly higher in the Model A hamsters than
in the Model B or C hamsters (P < 0.01). The PCNA-LIs of cancer cells differed
among the histological types of tumors. The cell kinetic activity of IPCs was lower
than those of the papillary and tubular adenocarcinomas; with a PCNA-LI of 37.5%
(P <0.01).

11.7 Comments

The tumorigenicity of pancreatic juice in the biliary tree has been proven clinically
and experimentally [6,28], but the carcinogenic ability of the bile to induce pancre-
atic carcinoma has not been evaluated. In the present study, we prepared three
different hamster models to control the bile flow; however, only the main pancre-
atic ducts in the Model A hamsters were clearly dyed green after the injection of
ICG via the portal vein. ICG, a water soluble tricarbocyanine dye, is metabolized
in the liver through uptake across the sinusoidal plasma membrane and then
excreted into the bile [29,30]. Thus, the pancreatic ductal staining with ICG indicated

Table 11.2 Cell kinetic activity of epithelial cells of the main pancreatic
duct in hamsters without N-nitrosobis(2-oxopropyl)amine (BOP)-treatment
and induced pancreas carcinomas by BOP

No. of lesions Average of

Lesions examined PCNA-LI (%)*
Pancreatic ductal epithelium

Model A without BOP treatment 10 38+ 1.1"

Model B without BOP treatment 10 0.8 +0.6

Model C without BOP treatment 10 1.1 +£0.5
Pancreas carcinomas

Papillary adenocarcinoma 12 55.6 £ 8.7

Tubular adenocarcinoma 32 59.2+9.1™

Cystic adenocarcinoma 9 33.2+9.8

IPC 18 37.5+9.2

PCNA-LI, proliferating cell nuclear antigen labeling index; IPC, intraduc-
tal papillary carcinoma.

“Significantly different from Model B and C (P<0.01).

“Significantly different from cystic adenocarcinoma and IPC (P<0.01).
““Significantly different from cystic adenocarcinoma and IPC (P<0.01).
iMean + SD. (modified from [33], with permission)
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that the bile flowed into the pancreatic ducts of the Model A hamsters. Moreover,
significantly more IPCs developed in the main pancreatic duct in the Model A
hamsters than in the other hamsters. BOP usually induces pancreatic carcinomas
originating from the small pancreatic ducts or ductules in hamsters; that is, papil-
lary, tubular, or cystic adenocarcinoma. In this study, the occurrence rates of these
ordinary pancreas carcinomas were similar in the three groups, but the occurrence
rates of IPCs were different. Furthermore, in the Model A hamsters, IPCs devel-
oped entirely in the main pancreatic duct. These findings support our hypothesis
that bile reflux into the pancreatic ductal system is associated with the develop-
ment of IPMC in the main pancreatic duct.

Proliferating cells are generally more susceptible to the tumorigenic effects of
various carcinogens. Our cell kinetic studies using a PCNA-staining technique
demonstrated remarkably elevated cell kinetic activity of the epithelial cells in the
main pancreatic duct in the Model A hamsters. This suggests that IPCs develop
through activated pancreatic ductal cells with high proliferating activity after being
exposed to bile. In the PBM patients, bile regurgitates into the pancreatic ducts
under conditions such as contraction of the gallbladder after meals, bile stasis in the
choledochal cyst, the occurrence of cholangitis, and increased strain of the sphincter
muscle of the papilla of Vater [6,21]. In these situations, the refluxing bile would
have a carcinogenic effect on the pancreatic ducts. The bacterium infection of the
bile may also affect the pancreatic ductal system in patients with PBM [12].
Although a bacterial study of bile and pancreatic juice was not done in our series,
it is known that B-glucuronidase originating from bacteria in infectious bile causes
breakdown of the protective barrier of the pancreatic ductal epithelium [9,31].
Further studies on bile as a pancreatic carcinogen are needed.

Because the IPCs induced in our hamster model had a low level of cell kinetic
activity and were restricted to within the mucosal layer of the main pancreatic duct,
they were of a lower-grade malignancy than papillary or tubular carcinoma of the
pancreas. Oncologically, there are many similarities between the IPCs in our hamster
model and IPMCs in humans: the tumors originate from the main or large pancre-
atic ducts; they show the histological pattern of papillary adenocarcinoma; they
show intraductal papillary growth; and they are of low-grade malignancy. Therefore,
our hamster model should be useful for investigating the etiology, pathogenesis,
and biological behavior of IPMCs of the pancreas. However, the IPCs in our hamster
models showed a low tendency to produce mucin in the main pancreatic duct,
whereas abundant intraductal mucin-production is characteristic of IPMC in humans.
The properties of the pancreatic ductal cells of hamsters to secrete mucin vary in
the literature [27,32], and changes in mucinhypersecretion during pancreatic
carcinogenesis should be investigated.

We concluded that bile-reflux into the pancreatic ducts activates the epithelial cell
kinetics of the main pancreatic duct, resulting in the development of IPC in hamsters.
Thus, the development not only of biliary carcinoma, but also of pancreatic carci-
noma, especially IPMC, should be kept in mind when treating patients with PBM.
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Chapter 12
Chemoprevention of Pancreatic Carcinogenesis

Tomohiko Adachi, Yoshitsugu Tajima, Tamotsu Kuroki, Takehiro Mishima,
Amane Kitasato, Noritsugu Tsuneoka, and Takashi Kanematsu

12.1 Summary

The present study was designed to establish if Etodolac, a selective cyclooxygen-
ase-2 inhibitor, prevents chemically induced intraductal papillary carcinoma (IPC)
in the main pancreatic duct of hamsters. Hamsters were subjected to cholecystodu-
odenostomy with dissection of the distal end of the common duct. Four weeks after
surgery, the surviving hamsters were given subcutaneous injections of N-nitrosobis(2-
oxopropyl)amine (BOP) 10mg/kg body weight, every 2 weeks, four times. The
animals were divided into three groups based on the simultaneous oral intake of a
CE-2 pelleted diet, which contained 0% (group CE, n = 30), 0.01% (group ET, n =
21), or 0.04% Etodolac (group ET4, n = 25), respectively. Hamsters were killed for
pathological examination 36 weeks after the operation. The incidence of induced
pancreatic carcinoma was 93%, 81%, and 72% in groups CE, ET, and ET4, respec-
tively. The pancreatic carcinomas were classified into four histological types: tubu-
lar, papillary, and cystic adenocarcinoma, and IPC. The incidence of IPC and the
number of IPCs per animal were significantly lower in groups ET4 (36% and 0.48)
and ET (48% and 0.62) than in group CE (67% and 1.30). The proliferating cell
nuclear antigen labeling indices in the noncancerous epithelial cells of the main
pancreatic duct were 2.8% and 6.8% in groups ET4 and ET, respectively; being
significantly lower than that in group CE (10.8%). In conclusion, Etodolac inhib-
ited BOP-induced IPC in hamsters. The suppression of epithelial cell proliferation
of the main pancreatic duct was considered a possible mechanism of cancer preven-
tion in this hamster model.

12.2 Introduction

Intraductal papillary mucinous neoplasm (IPMN) of the pancreas, first described in
1982 by Ohashi et al. [1], is a well-established clinical and pathological entity
characterized by the papillary proliferation of neoplastic epithelium with mucin-
hypersecretion [2]. The recorded incidence of this unusual pancreatic disease has
been increasing with advances in diagnostic imaging modalities. The more common
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pancreatic ductal carcinoma originates from the pancreatic ductules, whereas
IPMN arises from the main pancreatic duct or its major branches [1,3], and is
classified grossly into two types: main-duct IPMN and branch-duct IPMN [4].
IPMNs show a wide spectrum of histological differentiation, ranging from benign
to malignant with the hyperplasia—adenoma—carcinoma sequence [5-7], and can
often be multifocal. Therefore, the appropriate management for IPMN remains
unclear. Some patients with IPMN require aggressive surgery such as total
pancreatectomy, whereas others can be managed with limited pancreatic resections
or careful observation without surgery. The advantage of a surgical approach must
be balanced against the risks and the impaired postoperative quality of life with
pancreatic endocrine and exocrine deficiency, especially for elderly patients.
Therefore, a potent chemopreventive agent would be beneficial in the management
of patients with IPMN.

Nonsteroidal anti-inflammatory drugs, including selective cyclooxygenase-2
(COX-2) inhibitors, have been used as chemopreventive drugs against several
carcinomas [8,9]. However, Kokawa et al. [5] recently reported the incidence of
COX-2 expression in intraductal papillary mucinous adenoma (IPMA) and carci-
noma (IPMC) of the pancreas to be 58% and 70%, respectively. Studies have found
that the incidence of COX-2 expression increases with progression of the adenoma—
carcinoma sequence in IPMNs [6,7]. This suggests that the suppression of COX-2
expression may prevent the development and progression of IPMN. In the present
study, we investigated the effects of Etodolac, a selective COX-2 inhibitor, on the
prevention of IPMNs of the pancreas in a hamster model of intraductal papillary
carcinoma (IPC) induced in the main pancreatic duct or its major branches [10]. We
used Syrian hamsters as the animal model because the anatomical structure of their
pancreaticobiliary ductal system, bile acid composition, and pancreatic juice
components in this species are similar to those of humans [11,12].

12.3 Experimental Protocol

Seventy-six 7-week-old female Syrian golden hamsters (Shizuoka Laboratory
Animal Center, Shizuoka, Japan) were used. The average weight of the hamsters at
the start of the experiments was 100g. Animals were housed one per cage with
sawdust bedding under standard laboratory conditions in the Laboratory Animal
Center for Biochemical Research at Nagasaki University Graduate School of
Biomedical Sciences.

Following the intraperitoneal administration of sodium pentobarbital, 50 mg/kg
body weight, hamsters were subjected to cholecystoduodenostomy with dissection
of the distal end of the common duct, to make the bile regurgitate into the pancre-
atic ducts and activate the epithelial cell kinetics of the main pancreatic duct [10].

All hamsters were given four biweekly subcutaneous injections of N-nitrosobis(2-
oxopropyl)amine (BOP) (Nakarai Chemical Co., Kyoto, Japan), 10mg/kg body
weight, from 4 weeks after surgery. The animals were divided into three groups
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based on the simultaneous oral intake of a CE-2 pelleted diet (Clea Japan, Tokyo,
Japan), which contained 0% (group CE), 0.01% (group ET), or 0.04% Etodolac
(group ET4), respectively. The dosage of 0.01% Etodolac in the CE-2 pelleted diet
was worked out by calculating the amount of food ingested daily by the hamsters in
relation to the clinical daily-dose of Etodolac in humans. Each animal’s body weight
and the amount of food they ingested was checked weekly throughout the experi-
ment. Hamsters were killed for pathological investigation 36 weeks after surgery.
Pancreatic tissue samples were taken from the distal part of the splenic lobe of the
pancreas, then frozen immediately in liquid nitrogen, and stored at —80 °C in a sterile
1.5 ml Eppendolf tube for analysis of prostaglandin products. The residual pancreas
was embedded in paraffin and processed routinely for hematoxylin and eosin stain-
ing; then examined by a pathologist who was blinded to the treatment allocation of
the study. To investigate the adverse effects of Etodolac such as gastric ulceration
and myocardial injury, the stomach and the heart were examined macroscopically
and microscopically. Tumor lesions induced in the pancreas were classified accord-
ing to the WHO classification of tumors of the hamster [13].

To evaluate the suppressive effects of Etodolac on COX-2 activity, we measured
the prostaglandin E2 (PGE2) products in the pancreatic tissues. Frozen tissue
obtained from the splenic lobe of the pancreas was homogenized in saline contain-
ing 10 mg/l indomethacin, and ethanol was added to achieve the final proportion of
20%. After centrifugation, the supernatant was removed and agitated in octade-
cylsilyl silica (FUJIIGEL HANBAI Co. Ltd., Tokyo, Japan) suspension to absorb
PGE2. Deproteinization and delipidization were performed, and prostaglandins
were eluted by ethyl acetate. The dried residue containing prostaglandins was dis-
solved in eluent 1 (acetonitrile: chloroform: acetic acid, 10:90:0.5) and applied to a
silica open minicolumn Bond Elut Si (Varian, Inc. Scientific Instruments, CA). The
column was washed with 10 ml of eluent 1, after which PGE2 was eluted, first with
5ml of eluent 2 (acetonitrile: chloroform: acetic acid, 20:80:0.5) and then with 5ml
of eluent 3 (acetonitrile: chloroform: acetic acid, 50:50:0.5). We assayed PGE2 by
a radioimmunoassay technique using a ['*I] Prostaglandin E2 RIA kit NEK-020
(PerkinElmer Life and Analytical Sciences, Inc., MA).

Proliferating cell nuclear antigen (PCNA) was used to evaluate the epithelial cell
kinetic activity of the main pancreatic duct. Pancreatic tissue sections obtained
from all hamsters were cut at 4um, then mounted on glass slides coated with
5-aminoprophyltriethoxy saline, and dewaxed in xylene. The sections were treated
with microwave heating for Smin in phosphate-buffered saline at S00 W. After
blocking endogenous peroxidase, the sections were incubated with mouse mono-
clonal antibodies against PCNA (clone-PC 10; DAKO, Kyoto, Japan) at a dilution
of 1:100. The cell nuclei were counterstained with hematoxylin and the proportion
of labeled nuclei (labeling index, LI) was calculated by counting the labeled nuclei
in >1,000 normal epithelial cells of the main pancreatic duct. We examined 19, 16,
and 26 regions of normal epithelium in the main pancreatic duct in groups CE, ET,
and ET4, respectively.

The Mann—Whitney U-test was used for statistical analysis. Differences of
p < 0.05 were considered to be significant.
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Fig. 12.1 Transition curves of the average body weight of, and the amount of food ingested by
hamsters in each group during the experiment. Solid line, average body weight of hamsters;
dashed line, average amount of food ingested (modified from [33], with permission)

12.4 Transition of Body Weight and Amount
of Food Ingested

There were 30, 21, and 25 hamsters in groups CE, ET, and ET4, respectively. The dif-
ferences in these numbers was mainly due to operative death within 4 weeks after
surgery. The transition curves of the average body weight and food ingested in each
group are shown in Figure 12.1. There were no significant differences in body weight
or food ingestion among the groups in any period. Moreover, there was no macroscopic
or microscopic evidence of gastric ulcer or myocardial injury in any group.

12.5 Dosage of Etodolac

The dose of Etodolac given to the hamsters, based on their food intake, was 36 to
53 mg/kg body weight/week in group ET and 160 to 192 mg/kg body weight/week
in group ET4, respectively (Figure 12.2). In group ET, the dose of Etodolac was
within the human clinical range of 28 to 56 mg/kg body weight/week.

12.6 Prostaglandin Products

The mean PGE2 production in the pancreatic tissue was 19.7 + 13.3 (mean + SD),
15.4 +£13.3, and 10.2 + 7.8 pg/wet weight mg in groups CE, ET, and ET4, respectively,
with production decreasing in proportion to the mixing dose of Etodolac, with a
significant difference between groups CE and ET4 (p < 0.01) (Figure 12.3).
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Fig. 12.2 The weekly dose of Etodolac given to hamsters in groups ET and ET4 was based on
the amount of food containing Etodolac that they ingested. The gray area shows the range of the
clinical dosage of Etodolac. In group ET, the doses of Etodolac given were within human clinical
dosage levels throughout the experiment (modified from [33], with permission)
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Fig. 12.3 The mean PGE2 production per wet weight of pancreatic tissue in each group. PGE2
production in the pancreatic tissue decreased in proportion to the mixing dosage of Etodolac
(modified from [33], with permission)
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12.7 Carcinogenic Studies

The incidence, number, and histological findings of pancreatic carcinomas
induced in hamsters are summarized in Table 12.1. Pancreatic carcinomas
developed in 93%, 81%, and 72% of hamsters in groups CE, ET, and ET4,
respectively. The difference between groups CE and ET4 was significant (p <
0.05). The induced pancreatic tumors were classified grossly into four types
histologically: tubular, papillary, and cystic adenocarcinoma, and IPC arising in
the main pancreatic duct. Although some IPCs were recognized in the first-order
pancreatic branches, these lesions were not counted in this study because they
could not be distinguished from IPC originating in the main pancreatic duct.
Most of the induced pancreatic carcinomas in each group were tubular adenocar-
cinoma; however, numerous IPCs were recognized in the main pancreatic duct
in the group CE hamsters (Figure 12.4). The incidences of IPC were 67%, 48%,
and 36% in groups CE, ET, and ET4, respectively, and were significantly lower
in group ET4 (p < 0.05) than in group CE. The number of IPCs per animal was
1.30, 0.62, and 0.48 in groups CE, ET, and ET4, respectively, being significantly
lower in groups ET (p < 0.05) and ET4 (p < 0.01) than in group CE. Neither the
incidence nor the number of tubular adenocarcinomas was affected by Etodolac
treatment.

12.8 Cell Kinetic Studies

The PCNA-LIs of the normal epithelial cells of the main pancreatic duct were 10.8
+ 4.9% (mean = SD), 6.8 = 3.8%, and 2.8 + 2.5% in groups CE, ET, and ET4,
respectively. The differences among the groups were significant (Figure 12.5).

12.9 Comments

Recent clinical investigations have revealed COX-2 expression in cancers of the
colon, lung, stomach, and esophagus [14—17]. The over-expression of COX-2
inhibits the apoptosis of cancer cells [18], prolonging the survival of DNA-damaged
cells, increasing metastatic potential [19]. and promoting angiogenesis [20].
Therefore, selective COX-2 inhibitors have been proposed as appropriate chemo-
preventive drugs against cancer. In fact, the chemopreventive effects of selective
COX-2 inhibitors have been demonstrated in pancreatic cancer cell lines [21,22]
and animal models [23,24], with COX-2 expression involved in the development
and progression of invasive ductal carcinoma of the pancreas [25-27]. However,
the usefulness of chemoprevention against pancreatic cancer is controversial [28].
According to the results of a recent clinical study of the simultaneous use of
gemcitabine and the selective COX-2 inhibitor celecoxib by El-Rayes et al. [29], a
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Fig. 12.4 Representative case of induced IPC of the main pancreatic duct in hamsters. The
IPC shows marked papillary proliferation growing into the lumen of the main pancreatic duct
(H&E x150) (modified from [33], with permission)
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Fig. 12.5 PCNA-LIs of normal epithelial cells in the main pancreatic duct of hamsters from each
group. PCNA-LIs were significantly suppressed in accordance with the mixing dosage of Etodolac
(modified from [33], with permission)

selective COX-2 inhibitor alone might be insufficient to reverse chemoresistance in
pancreatic cancer. Conversely, Crowell et al. [25] stressed the importance of
COX-2 activation in the early stages of human pancreatic carcinogenesis; in
PanIN1 and PanIN2 lesions. The importance of COX-2 expression in the early
stage of polyp formation in the intestine has also been reported [30]. Because
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IPMNs of the pancreas follow the hyperplasia—adenoma—carcinoma sequence
[5-7] and are less aggressive than pancreatic ductal carcinoma [31], a selective
COX-2 inhibitor might be a potential drug for the prevention of IPMNss.

In the present study, oral Etodolac had no chemopreventive effect on the develop-
ment of BOP-induced tubular adenocarcinoma of the pancreas, which is the ordinary
type of human pancreatic cancer. However, Etodolac inhibited the development of
IPCs in the main pancreatic duct even in the group ET hamsters given Etodolac at a
dosage equal to the human clinical dosage. To our knowledge, this is the first suc-
cessful in vivo study on the chemoprevention of IPCs of the pancreas by a selective
COX-2 inhibitor. Both the PGE2 production in the pancreatic tissue and the PCNA-
LIs in the noncancerous epithelial cells of the main pancreatic duct were suppressed
in proportion to the Etodolac dose in this study.

It is known that COX mediates the late limiting step of prostaglandin biosynthe-
sis in the arachidonic acid cascade and that PGE2 is a reliable biomarker of COX
activity [25,32]. These results indicate that suppression of epithelial cell prolifera-
tion of the main pancreatic duct by giving Etodolac to reduce PGE2 production in
the pancreas is a possible mechanism of cancer prevention in our hamster model.

IPCs induced in the main pancreatic duct of our hamster model produced a smaller
amount of mucin than IPMNs in humans. However, there were many similarities
between IPCs and IPMNs from an oncological perspective: the tumor developed
from the main or large pancreatic ducts, there was intraductal papillary growth with
a histological pattern of papillary proliferation of tumor cells, and the malignancy was
low-grade [10,31]. Furthermore, no adverse effects of Etodolac on the stomach or
heart were seen in any hamster, even those in the ET groups, although cardiovascular
morbidity remains a clinical concern with the long-term use of selective COX-2
inhibitors. These findings may support the safe use of Etodolac to prevent the
development of IPMNs in humans. In particular, branch duct IPMNs without
clinico-radiological indicators of possible malignancy in younger patients and [IPMNs in
elderly patients with a high surgical risk are good subjects for cancer chemoprevention.
For multifocal branch duct IPMNs, surgical removal of the prominent lesions and
monitoring the remaining lesions in the remnant pancreas with chemoprevention by
selective COX-2 inhibitors may be a reasonable treatment.

In conclusion, the present study demonstrated the chemopreventive effects of
Etodolac on BOP-induced IPC of the main pancreatic duct in hamsters. Because
human IPMNs have many characteristic features suited for cancer chemopreven-
tion, the administration of selective COX-2 inhibitors may be effective to control
IPMN:ss or to prevent their recurrence after surgery.
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Chapter 13
Establishment of Transplantable
Biliary Cancer Lines

Tomohiro Fukahori, Keiji Inoue, Tsutomu Tomioka, Yoshitsugu Tajima,
Tsukasa Tsunoda, and Takashi Kanematsu

A. Cancer Line from Gallbladder Carcinoma

13.1 Summary

A transplantable cancer line from the gallbladder was established in Syrian
golden hamsters. The primary tumor of the gallbladder was induced by a subcutane-
ous injection of N-nitrosobis(2-oxopropyl)amine (BOP) in hamsters after
cholecystoduodenostomy with dissection of the common duct. The tumor was
inoculated into the cavity of the gallbladder and subcutaneous tissue and was
transplantable, with an uptake rate of 100%. Histologically, the primary induced
gallbladder tumor was well-differentiated papillary adenocarcinoma and the
principal structure of all allograft tumors was of poorly differentiated ductal
adenocarcinoma. These tumors expressed blood group-related antigens, including
A, H, and P-glycoproteins. To our knowledge, this is the first report of carcinoma
of the gallbladder transplantable in a laboratory animal.

13.2 Introduction

Carcinoma of the gallbladder is a therapeutic challenge. To improve the results
of various treatments, in vivo or in vitro models of this malignant neoplastic
disease are needed for related studies. For this study, we induced gallbladder
carcinomas by N-nitrosobis(2-oxopropyl)amine (BOP) in Syrian golden ham-
sters after dissection of the common duct and cholecystoduodenostomy [1].
The tumor was inoculated into the gallbladder and subcutaneous tissues of
inbred recipient hamsters [2]. The tumor has remained transplantable for 20
generations. Thus, we describe the characteristics of this transplantable
carcinoma of the gallbladder.

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 185
DOI: 10.1007/978-4-431-87773-8_13, © Springer 2009
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13.3 Experimental Protocol

Syrian golden hamsters obtained from Shizuoka Laboratory Animal Center
(Shizuoka Japan) at the age of 412 weeks were housed singly in plastic cages on
sawdust bedding. They were kept under standard laboratory conditions at a tem-
perature 22 °C in relative humidity 40 + 5% with a 12h light/12h dark cycle. They
were given CE-2 pelleted food (Japan Clea, Tokyo, Japan) and water ad libitum.

The tumor was derived from a gallbladder cancer induced by N-nitrosobis
(2-oxopropyl)amine (BOP) injection into the subcutaneous tissue of Syrian golden
hamsters after cholecystoduodenostomy and dissection of the common duct [1].
Following anesthetization with pentobarbital 50 mg/kg body weight, i.p., the tumor
in the primary gallbladder carcinoma was resected, washed in Hanks’ solution, and
minced with scissors into approximately 2mm pieces. These pieces were inocu-
lated subcutaneously into the bilateral dorsum using a 14-gauge needle. By 3 weeks
later, the tumor had grown to approximately 2cm in diameter (Figure 13.1), and was
serially transplanted in the same manner. The tumor in the 10th generation was used
for the present investigation. For intra-gallbladder transplantation, the minced pieces
were inserted into the cavity of the gallbladder, through a 2mm incision. Following
insertion, the incised wound was closed with a continuous suture of 7-0 nylon.
Subcutaneous transplantation of the tumor was carried out simultaneously. The
hamsters were killed and the whole liver, gallbladder, and subcutaneous tumors were
removed, fixed in 10% formalin, embedded in paraffin, serially sectioned, and
stained with hematoxylin and eosin (H&E).

The length and width of the subcutaneously transplanted tumors were measured
on post-inoculation days 7, 14 and 21. Five hamsters were each given two inoculations.
Intra-gallbladder transplantation was done in 15 hamsters. Five hamsters were killed
on days 14 and 21, and the tumor size was measured. We did not perform the
measurements on day 28 because the hamsters began to die. The tumor volume in
cubic centimeters was calculated by the following formula: Tumor volume = a® X b/2
(cm?), where “a” is the short diameter (cm) and “b” is the long diameter (cm).

Fig. 13.1 The subcutane-
ously transplantable
gallbladder carcinoma 3
weeks after inoculation of
the tumor into the bilateral
dorsum of a hamster
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DNA patterns were examined by flow cytometry. Specimens taken from the
subcutaneous tumor were placed in phosphate buffer solution. The tumor tissue was
sliced and cut into smaller pieces of about 0.5 mm? using a scalpel and forceps. After
passing the tumor tissue through wire mesh gauze, a single cell suspension was
obtained. An equal volume of 1% RNAase was added and DNA was stained with
propidium iodide 50 g/ml in Tris-EDTA buffer. The stained solution was examined
using a flow cytometer (FACS can, Becton & Dickinson, Mountain View, CA).

The transplanted gallbladder tumors were examined with scanning electron
microscopy (SEM). After repeated washing in a 0.1 M sodium cacodylate buffer
(pH 7.4), the tissues were fixed in 2% buffered glutaraldehyde with 10% formalin,
then postfixed in 2% buffered osmium tetroxide. After dehydration through a
graded series of ethanol, the tumors were dried by the critical point method and
gold spattered. Tissues for SEM were examined under a JSM-35CLaB6 (Japan
Electron Optics Laboratory (JEOL), Tokyo, Japan) with 15kV accelerating voltage.
The remaining tissues were examined histologically.

Tissues for transmission electron microscopy (TEM) were prepared in a similar
manner, up to the postfixation by buffered 2% osmium tetroxide. After dehydration
through a graded series of ethanol, the tissues were embedded in Epon. Ultra-thin
sections (60—-80um) were stained on the grid with 2% uranyl acetate and 0.4% lead
citrate, and then examined under a JEM-1200EX (JOEL, Tokyo, Japan) with
60-80kV accelerating voltage.

Commercially available monoclonal antibodies (MAb) against the synthetic
trisaccharide of blood group A, B, and H determinants (DAKO Japan), CA 19-9
(Toray-Fuji Bionics, Tokyo, Japan), carcinoembryonic antigen (CEA; DAKO
Japan), and P-glycoprotain (P-glyco-CHEK-c219, Centcore, Malvern, PA) were
used. The concentration of each MAb was 40 pig/ml. Immunohistochemical staining
was done using a Vectastain Avidin Biotin peroxidase Complex (ABC) kit (Vector
Laboratories, Burlingame, CA) [3]. The gallbladder tumors were resected and fixed
in 10% formalin for 1-2 days. The tissues were dehydrated as usual for paraffin
embedding and 4 um thick serial sections were stained. The reactivity with each of
the antibodies was determined on an arbitrary scoring system. For each tumor, the
number of positively stained cells was estimated as follows: 0% (—); up to 5% (1+);
between 5% and 30% (2+); between 30% and 70% (3+); and between 70% and
100% (4+). The pattern of cellular staining was categorized as glycocalyx (luminal),
diffuse (granular), cytoplasmic, and Golgi [4].

13.4 Tumorigenicity and Growth Characteristics

The uptake rate of the tumors inoculated into the gallbladder and subcutaneous tissue
was 100%. The growth curves of the transplanted tumors are shown in Figure 13.2.
Allografts in the cavity of the gallbladder grew rapidly and were clearly visible 7 days
after inoculation. By 3 weeks, the mean volume of the tumors had reached 1.3cm?, and
from 4 weeks, the hamsters began to die of progression of the carcinoma. Growth of the



188 T. Fukahori et al.

1.5 — @—@ Intra-gallbladder (n=5)
0--0 S.C. (n=10)

0.5 —

(cm?)

I
0 7 14 21

Time afte Transplantation (days)

Fig. 13.2 Growth curves of the intra-gallbladder and subcutaneous transplants. The intra-gallbladder
tumors adhere to the mucosa of the gallbladder for longer, but expand faster than the subcutane-
ous tumors (modified from [2], with permission)
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Fig. 13.3 Histogram of the DNA aneuploidy pattern (modified from [2], with permission)
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subcutaneous allografts was slower than that of the intra-gallbladder transplants at 21
days. The hamsters in this group were still alive even after 8 weeks. By 10 weeks, the
tumor had grown to about 4.5cm in greatest diameter, with ulceration of the skin.

All the intra-gallbladder transplants invaded the liver, and a few metastasized to
the regional lymph nodes and peritoneum. Metastases to the axillary lymph nodes
and para-aortic lymph nodes were evident in the subcutaneous group more than 8
weeks after the implant. Lung metastasis was occasionally evident, but there were
no metastases to the liver or other organs.

13.5 DNA Analysis

The DNA histogram is shown in Figure 13.3. The pattern of this tumor was DNA
aneuploidy; hence, the malignant potential was high.

13.6 Morphology

The primary tumor was soft, white, and localized in the gallbladder. Histologically,
it was well-differentiated adenocarcinoma with a papillary structure (Figures 13.4
and 13.5). The macroscopic appearance of the intra-gallbladder transplants was
firm, round or lobulated, yellowish-white and solid (Figure 13.6) when small, and

Fig. 13.4 A section of the primary tumor in the gallbladder. Well-differentiated adenocarcinoma
with a papillary structure was seen. The tumor was localized in the gallbladder and the wall of the
gallbladder, which was thickened and fibrotic, but not invaded (H&E, x35) (modified from [2],
with permission)
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Fig. 13.5 Magnified view of the primary gallbladder carcinoma. The papillary structures are
lined with tall columnar cells with little nuclear pleomorphism (H&E, x200) (modified from [2],
with permission)

Fig. 13.6 Macroscopic appearance of the intra-gallbladder transplants

yellow and soft with central necrosis when larger than 1.5cm. The subcutaneous
transplants were usually well circumscribed, elastic, and yellowish-white, with
central necrosis in tumors larger than 0.5 cm, which was earlier than the intra-gallbladder
transplants. Many of the subcutaneous tumors greater than 2cm in diameter
penetrated the skin.
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Fig. 13.7 Histological appearance of an intra-gallbladder transplanted tumor. Poorly differentiated
adenocarcinoma with an irregular arrangement and few gland formations was seen (H&E, x100)

Histologically, the principal structure of all the transplanted tumors was poorly
differentiated ductal adenocarcinoma (Figure 13.7), in contrast to the primary induced
gallbladder cancer, which was well-differentiated papillary adenocarcinoma. Intra-
gallbladder transplants rapidly invaded the liver and the gallbladder retained its shape,
even in the late stage. The tumor sometimes showed uplift into the lumen of the
gallbladder (Figure 13.8). Subcutaneous tumors larger than 0.5cm had central
necrosis and bleeding, which occurred earlier than in the intra-gallbladder.

13.7 Electron Microscopic Findings

13.7.1 Scanning Electron Microscopy (SEM)

In cross sections, the tumors showed medullary proliferation separated by stroma
of varying width and there were gland formations. The cells varied in size and
shape. The gland was lined by columnar cells. The cell surface was covered by
microvilli of varying density and length (Figure 13.9).

13.7.2 Transmission Electron Microscopy (TEM)

The cells had the usual cuboidal shape, but the nuclei were irregular or ovoid with
multiple indentations, and contained a coarse marginal chromatin and one or two
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Fig. 13.8 Tumor transplants in the gallbladder. A 2mm solid tumor arose in the lumen of the
gallbladder (H&E, x35) (modified from [2], with permission)

Fig. 13.9 Electron microscopic appearance of an intra-gallbladder transplanted tumor. Small
glands consisted of columnar cells with short microvilli on the surface (SEM, x1,000) ([2], with
permission)
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Fig. 13.10 Ultrastructure of the tumor. (a) Tumor transplants with intercellular lumen (IL). Well-
differentiated microvilli (MV), which were short and blunt, emerged into the gland lumen. The
irregular nuclei had multiple indentations. Secretory granules were evident (arrow) (TEM,
%2,000). (b) The cells were connected by slender cytoplasmic processes (arrow) (TEM, x3,000)
([2], with permission)
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nucleoli. Microvilli, most of which were short and blunt, emerged from the apical
surface and projected into the gland lumen. These nuclear atypia and immature structures
corresponded with the malignant behavior of this tumor. Mucin vacuoles were present
in the cytoplasm. The cells were connected by cytoplasmic processes (Figure 13.10).

13.8 Expression of Antigens

The immunohistochemical findings are summarized in Table 13.1. The cells of both
allografts expressed Blood Group Related Antigens (BGR-Ags) A and H, and
P-glycoproteins. MAb-A and H showed both diffuse and glycocalyx patterns
(Figure 13.11), whereas reactivity of the MAb-P-glycoprotein was of a Golgi pattern
(Figure 13.12). Negative reactivity was found with antibodies against B, CA19-9
and CEA. Similar patterns were found in the metastases of the tumors.

13.9 Comments

Advances in biomedical research depend on the availability of appropriate experimental
animal models. We succeeded in inducing gallbladder carcinoma at a high frequency
in Syrian golden hamsters, by administering BOP, then performing cholecystoduo-
denostomy and dissection of common duct [1]. To our knowledge, this is the first
available model of common carcinoma: many experiments have produced adenomas,
but none have produced carcinoma with certainty [5—7]. The administration of BOP
has resulted in carcinoma of the pancreas and intrahepatic bile duct carcinoma, but
rarely carcinoma of the gallbladder [8].

From the malignant tumors grown by Tajima, we established a transplantable car-
cinoma. A distinctive feature of this transplantable tumor was its potential to be trans-
planted into the gallbladder in inbred hamsters. This characteristic makes feasible
studies on the mechanism of invasion into the liver and of metastasis to regional lymph
nodes and other organs. Although the available human gallbladder carcinoma cell lines
are useful for examining the characteristics of the cells [9—13], they do not enable us

Table 13.1 Expression of antigens in gallbladder carcinoma of the hamster

Antibody Staining score Pattern of cellular staining
CEA =) =)
CA19-9 =) =)
BGR-Ag
A (4+) Glycocalyx and diffuse cytoplasmic
B =) )
H 2+) Glycocalyx and diffuse cytoplasmic
P-glycoprotein (4+) Golgi

BGR-Ag, blood group related antigen; CEA, carcinoembryonic antigen.
Staining score: 0% (-); 0-5% (+); 5-30% (2+); 30-70% (3+); 70-100% (4+).
(modified from [2], with permission)
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Fig. 13.11 Expression of A-antigen of the intra-gallbladder transplants in the liver (lower half).
(a) The reactive area was limited to the tumor (ABC method, x100). (b) The reactivity of MAb-A
was mainly of a diffuse cytoplasmic pattern (ABC method, x400) (modified from [2], with
permission)

to examine the behavior of cells in the gallbladder in vivo. With our model, the node
of progression of the tumor and its response to drugs can be closely followed.
Morphologically, this tumor closely resembles poorly differentiated adenocarcinoma
of the gallbladder in humans: a small-cell type characterized by the proliferation of
small round cells that grow in nodules, single rows, solid sheets, nests, cords, or
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Fig. 13.12 Expression of the P-glycoprotein. (a) The upper part was normal liver tissue. The
reactivity in the neoplastic portion, like A-antigen (ABC method, x100). (b) Strong reactivity of
a Golgi pattern was seen in the tumor area (ABC method, x400)

trabeculae. The individual cells contain round or ovoid vesicular hyperchromatic
nuclei with prominent nucleoli and the stroma shows variable fibrosis. Vascular
invasion and extensive necrosis are consistent features.

These transplantable gallbladder and subcutaneous tumors expressed the BGR-
Ags A type. There are reports of tumor markers such as the carbohydrate antigens
containing BGR-Ags and CA19-9 in humans. Immunohistochemical testing of
carcinomas revealed positivity for BGR-Ags in the lung [14], stomach [15,16],
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colon [17], pancreas [18], breast [17], urinary bladder [19,20], and ovaries [17].
These BGR-Ags, which are not seen in normal tissue, provide useful information
about the mechanism of carcinogenesis and aid in detecting the malignancy as
tumor markers. We reported findings of a BGR-Ag positive pancreatic carcinoma
cell line induced by BOP in hamsters [4]. BGR-Ags seem to be tumor-associated
antigens in the pancreas, liver, and bile duct of Syrian golden hamsters.
P-glycoprotein is a cell surface membrane protein related to multidrug resistance
[21,22]. This protein was localized only in the tumor, whereas BGR-Ags were
present in the tumors and also in the hyperplastic bile duct epithelium. P-glycoprotein
is more sensitive for detecting the extension of the tumor.

This transplantable tumor should prove to be an important addition to the labo-
ratory armamentarium for studying the nature of gallbladder carcinoma. This
model can also be used to examine the mechanisms of intra-bile duct lymphatic,
and perineural spread, and possible therapeutics.

In summary, we developed a transplantable gallbladder carcinoma in Syrian
golden hamsters. The tumor was derived from the model of the anomalous arrangement
of the pancreatico-biliary ductal system, with the administration of BOP. This
tumor is available for the study of gallbladder carcinoma in the laboratory animal.

B. Cancer Line from Intrahepatic Bile Duct Carcinoma

13.10 Summary

A subcutaneously transplantable cancer line from the intrahepatic bile duct (IHBD)
induced by N-nitrosobis(2-oxopropyl)amine was established in Syrian golden
hamsters. The doubling time of this tumor was 2.6 days when 2 x 10° tumor cells
were inoculated subcutaneously, with an uptake rate of 100%. Tumor growth was
significantly faster in the male hamsters, but neither estrogen nor androgen recep-
tors were detected in the tumor. The primary and all allograft tumors were tubular
adenocarcinomas with fibrosis and a scirrhous pattern resembling human peripheral
IHBD carcinoma. Transmission electron microscopy showed irregular glands
covered with numerous microvilli. Blood group-related antigens including A, B and
H were positive. P-glycoprotein, which is an indicator of multidrug resistance, was
also positive. Carcinoembryonic antigen and CA19-9 as general tumor markers of
the biliary tract were negative. The DNA pattern of this transplantable carci-
noma was diploid. From this transplantable cancer line, we established new cell
lines in culture; namely, NUF-BD-4 and NUF-BD-9. The doubling times of these
cell lines were calculated as 16 and 23 h, respectively. Scanning electron microscopic
findings showed an irregular cell membrane covered in numerous microvilli. In
NUF-BD-4, the blood group-related A-antigen was positive. Subcutaneous
inoculation of both cell lines resulted in tumor growth in hamsters. This newly
established animal model of a transplantable IHBD cancer line and cell lines can be
used to investigate the mechanisms of the synthesis and secretion of tumor-associated
antigens and to study potential therapeutic agents.
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13.11 Introduction

The management of patients with intrahepatic bile duct (IHBD) carcinoma is fraught
with difficulties. The major concerns are finding ways of early detection, routes of
tumor spread, and effective treatment approaches. We induced primary IHBD
carcinoma in Syrian golden hamsters after cholecystoduodenostomy with dissection
of the distal common duct and the administration of N-nitrosobis(2-oxopropyl)amine
(BOP). BOP is well recognized as a potent pancreatic carcinogen in hamsters, which
also induces bile duct carcinoma [1,23]. The tumors induced in the IHBD were
morphologically similar to those found in humans. We succeeded in transplanting
this IHBD tumor into the subcutaneous tissue of hamsters [24]. Moreover, from this
transplantable cancer line, we established new cell lines in culture. The biological and
morphological characteristics of the cancer line and cell lines are described herein.

13.12 Experimental Protocol

13.12.1 Establishment of the Cancer Line

Eighty Syrian golden hamsters of both sexes were supplied by the Shizuoka
Laboratory Animal Center Co. Ltd. (Shizuoka, Japan). The hamsters were over 6
weeks of age and non-inbred. They were housed in plastic cages on sawdust bed-
ding and given a CE2 pelleted diet (Japan Clea Inc., Tokyo, Japan) and water ad
libitum. The standard laboratory conditions at the Laboratory Animal Center for
Biochemical Research, Nagasaki University School of Medicine were as follows:
temperature, 22 °C; relative humidity, 40 + 5%; 12h light/12h dark cycle.

Histologically diagnosed IHBD cancer was induced by the subcutaneous
injection of BOP into hamsters. The primary tumor shown in Figure 13.13 contained
glands with a small lumen and produced mucin in a uniform pattern. The glandular
epithelium was composed of small cuboidal cells with round nuclei. Some tumors
had predominantly small cells with scanty cytoplasm, but abundant sclerosis. The
tumors were removed after anesthetization of the animals with intra peritoneal
sodium pentobarbital, 50mg/kg body weight. Tumor specimens were rinsed in
sterile saline and transferred to a sterile plastic Petri dish to which Hanks’ solution
was added. Using a sterile scalpel, scissors and forceps, tumor tissues were minced,
sliced, and cut into 0.5 mm?® pieces. Some cells were tested for viability, using the
trypan blue dye exclusion method. Viable tumor cells were inoculated subcutaneously
into the dorsum of anesthetized hamsters and histological confirmation of the
tumors that developed was recorded.

Viable 2 x 10° (0.2ml, 10%ml) tumor cells were injected into the subcutaneous
tissue of 10 recipient female hamsters and a growth curve was estimated by measuring
the longest and shortest diameters of the tumors on days 7, 11, 14, 18, and 21 after
inoculation. Measurements were taken after the animals were anesthetized with
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Fig. 13.13 Histologic appearance of a primary IHBD tumor with well-differentiated adenocar-
cinoma. The glands had a small lumen and epithelium was composed of small cuboidal cells with
round nuclei (H&E, x100) (modified from [24], with permission)

ether, and the estimated tumor weight was calculated using the method of Ovejera
et al. [25]: tumor weight = a> x b/2 (g), where “a” is the shortest diameter (cm) and
“b” is the longest diameter (cm).

To evaluate the effects of the sex of animal on growth, viable 1 x 10° (0.1 ml,
10%/ml) tumor cells were injected into the subcutaneous tissue of five 8-week-old
male and five 8-week-old female hamsters. Tumor size was measured on days 7,
14, and 21 after inoculation. Samples to test for estrogen receptors were collected
from females and samples to test for androgen receptors were collected from males.
The resected specimens were placed immediately in a dry-ice box and receptors
were examined by radioimmunoassay.

‘We used the 10th generation subcutaneous tumors for histological examination.
Pieces of each tumor were fixed in 10% formalin and embedded in paraffin, using
standard techniques. Each 4-um section was stained with hematoxylin and eosin.
For transmission electron microscopy (TEM) and scanning electron microscopy
(SEM), tumor tissues were fixed in 2% buffered glutaraldehyde with 10% formalin.
After fixation, these tissues were sliced about 1 mm thick. After repeated washing
in phosphate buffer solution (PBS), samples were fixed in 2% osmium tetroxide,
and dehydrated in an ascending series of ethanol. Samples for TEM were embedded
in Epon, sliced into ultra-thin sections (60-80nm), stained on the grid with 2%
uranyl acetate and 0.4% lead citrate, and observed using a JEM-1200EX (Japan
Electron Optics Laboratory, Tokyo, Japan) with 60—80kV accelerating voltage.
After dehydration, samples for SEM were dried by the critical point method and
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spattered with gold. Observation was done using a JSM-35CLaB6 (Japan Electron
Laboratory) with 15kV accelerating voltage.

For immunohistochemical analysis, we used monoclonal antibodies (MAb)
against the synthetic trisaccharide of blood groups A, B, and H determinants
(Dick, Tokyo, Japan). CEA (Dick), CA19-9 (Toray-Fuji Bionics, Tokyo, Japan)
and P-glycoprotein (P-glcoCHEK-c219, Cent core, Malvern, PA) were examined
using the avidin-biotin peroxides complex (ABC) immunohistochemical method,
with a Vectastain ABC kit (Vector Laboratories Buringame, CA). The concentration
of each MAb was 40ug/ml. Samples for examination were obtained from the
subcutaneous tumors. The staining score was based on the number of positive
staining cells, and samples were categorized into one of the following: 0% (-);
<5% (1+); 5-30% (2+); 30-70% (3+); and >70% (4+). The pattern of cellular
staining was categorized as glycocalyx (luminal), diffuse (granular), cytoplasmic,
or Golgi patterns [26].

Specimens taken from the subcutaneous tumors were placed in PBS for DNA
analysis. Tumor tissues were sliced into 0.5 mm? pieces, using a sterilized scalpel,
scissors, and forceps. After the addition of PBS, the preparation was passed through
wire mesh. An equal volume of 1% ribonucleic acidase was added and DNA was
stained with propidium iodide in TRIS-EDTA buffer (50 pig/ml). The attained solution
was analyzed using a flow cytometer (FACScan, Becton and Dickinson, Mountain
View, CA). Comparisons between the mean tumor weights of male and female
hamsters were made using Student’s 7 test.

13.12.2 Establishment of Cancer Cell Lines

The transplanted subcutaneous tumors were removed after intraperitoneal
anesthetization of the animals with sodium pentobarbital, 50 mg/kg body weight.
Tumor specimens were rinsed in sterile saline and transferred to a sterile plastic
Petri dish, to which Hanks’ solution was added. Tumor tissues were minced using
a sterile scalpel, scissors, and forceps and transferred through wire mesh gauze into
RPMI-1640 (Nissui Pharmaceutical Co., Ltd., Tokyo) culture medium supplemented
with 10% fetal bovine serum (GIBCO, New York). The cultures were incubated at
37°C in a humidified 5% CO,/95% air atmosphere. The tissue debris was removed
the next day and the culture medium was replaced. The culture dish was examined
for the growth of inoculated cells under a phase-contrast microscope twice a week.
When the culture cells were confluent, subculture was done as follows: The culture
medium was replaced by 1 ml of 0.25% trypsin phosphate buffer solution (PBS)
and incubated for 15min at 37°C in an atmosphere with 5% CO,. We added 2ml
culture medium to stop the action of trypsin. After centrifugation at 1,000rpm for
5min, the supernate was decanted, and the cell pellet was resuspended in the culture
medium and transferred into six well-dishes. When cells formed colonies, a drop of
0.25% trypsin was added to a single colony and incubated for 15min. Separated
cells were transferred into the culture dishes. When the cells formed colonies again,
the same colonial cloning was done. After this procedure, the cells separated by
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trypsin were transferred into the 96 well-dishes with culture medium at final
concentration of one cell/dish for pure cell cloning. The culture dish was examined
for growth of inoculated cells under a phase-contrast microscope twice a week.
When the culture cells were confluent, the culture medium was replaced with
100ml 0.25% trypsin and incubated for 15 min at 37 °C in an atmosphere with 5%
CO,. Separated cells were transferred into the culture dishes and incubated. When
the culture dishes were confluent, subculture was repeated.

We subcultured 10* x 20th generation viable tumor cells in 12 well-dishes. Cell
numbers were counted every 24 h for up to 120h. The viable cell count was estimated
using the trypan blue dye exclusion method. Next, 10* x 40th generation viable
tumor cells in 0.2ml were subcultured on sterile glass slides in the laboratory dish
for 24 h. The specimens on the glass slides were fixed in alcohol, and stained with
hematoxylin and eosin. Stained cells were examined under light microscopy.

Samples for examination were obtained by the same procedure as for light micro-
scopy. We used MAbs against the synthetic trisaccharide of blood groups A, B and
H determinants and an Avidin Biotin peroxides Complex immunohistochemical
method, with a Vectastain ABC kit. The concentration of each MAb was 40 mg/ml.

Viable tumor cells (NUF-BD-4, 20th generation) were subcultured on sterile glass
slides in a laboratory dish for 24 h for electron microscopy. The specimens on the glass
slides were fixed in 2% buffered glutaraldehyde with 10% formalin. After washing in
PBS, the samples were fixed in 2% osmium tetroxide. After dehydration, the samples
were dried and observed using JSM-35CLaB6 with 15kV accelerating voltage. Next,
10° viable tumor cells (0.2ml, 5 x 10°/ml, NUF-BD-9) were inoculated subcutaneously
into the dorsum of eight anesthetized female hamsters. Histological confirmation of
the developed tumor was recorded. The growth curve was estimated by measuring
the long and short diameters of the tumors on days 7, 11, 14, 18, and 21 after inocu-
lation. Measurements were done after the animals were anesthetized with ether and the
estimated tumor weight was calculated using the method of Ovejera et al. [25].

13.13 Growth Curve of Cancer Line

Serial changes in tumor weight are illustrated in Figure 13.14. The mean tumor
weights were approximately 1.5 and 3.0 g on days 14 and 18 after inoculation and
the doubling time was calculated as 2.6 days. Cystic change in the tumor was evident
on day 14. The uptake rate was 100%. There were no metastatic lesions.

13.14 Influence of the Sex of the Animal on Tumor Growth

The tumor weights on day 21 after inoculation in the male and female hamsters
were significantly different (p < 0.05), as shown in Figure 13.15. The doubling time
was 2.8 days in both sexes. Based on this evidence, we searched for receptors for
estrogen and androgen in the tumor tissue, but all findings were negative.
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Fig. 13.14 Growth curve 1
(in vivo cancer line) when 2
x 10° (n = 10) tumor cells
were inoculated into the
subcutaneous tissue of the
hamsters. Tumor weight was
calculated using the following
method. Tumor weight =
(short diameter)® x (long
diameter)/2 ([24], with per-
mission)
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13.15 Histological Findings of the Cancer Line

Small transplanted subcutaneous tumors were firm and round, but when they grew
rapidly, progressive cystic change was seen. The cut surface of the tumor was
yellowish-white. The primary was a well-differentiated adenocarcinoma, but 10th
generation tumors were moderately or poorly differentiated (Figure 13.16). We evaluated
the tumor histologically up to the 20th generation: the main structure of all tumors
was tubular adenocarcinoma, which had not changed from the primary lesion.

13.16 Immunohistochemical Findings of the Cancer Line

The expression of antigens is listed in Table 13.2. Both A-antigen and the antibody
against P-glycoprotein were stained strongly, but a different pattern was observed
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between MAbs A and P-glycoprotein. Staining of MAb A was diffuse and of a
glycocalyx pattern (Figure 13.17), whereas the pattern of MAb P-glycoprotein was
Golgi (Figure 13.18). Both MAbs B and H showed a moderate staining score.
Antibodies against CEA and CA19-9 were negative.

13.17 Electron Microscopy of the Cancer Line

On TEM, the tumor cells were composed of an irregular glandular structure with
numerous microvilli. Different-sized lysosome granules were seen near the lumen.
Cells were connected by primitive junctions in a scirrhous area. The nuclei were

Fig. 13.16 Histological appearance of a 4th generation subcutaneous tumor of moderately dif-
ferentiated adenocarcinoma. Various sized glands and abundant fibrosis were seen (H&E, x200)

Table 13.2 Expression of antigens in subcutaneous
allografts (avidin biotin peroxidase complex method)

Antigens Staining score
A-antigen (4+)
B-antigen 2+)
H-antigen (1+)
P-glycoprotein (4+)

CEA =)

CA 199 =)

CEA, carcinoembryonic antigen.

Staining score on the basis of the number of cells
showing: (-), 0%; (1+), <5%; (2+), 5-30%; (3+),
30-70%; (4+), >70%. ([24], with permission)
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almost oval but some were irregularly shaped and notches were present. The marginal
chromatin was coarse and a few nucleoli were seen (Figure 13.19). SEM revealed
that the lumen of the glands was lined with a single layer of tumor cells and that

Fig. 13.17 Expression of A-antigen in the transplanted tumor. Tumor cells show diffuse and
glycocalyx patterns (ABC method, x200) ([24], with permission)

t.ﬁfg y‘ﬁ
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Fig. 13.18 Expression of antibody against P-glycoprotein in the transplanted tumor. Gland-
forming tumor cells showed Golgi patterns (ABC method, x200) ([24], with permission)
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the glands were irregularly shaped. These findings corresponded to the histological
findings in gland formation. These tumor cells had a columnar epithelium and the
cell boundaries were clearly distinguished. Cell surfaces were slightly rounded and
covered with numerous microvilli.

13.18 DNA Analysis of the Cancer Line

A DNA histogram is shown in Figure 13.20. The DNA pattern was diploidy and the
coefficient of variation (CV) was 3.9%.

13.19 Subculture of Cell Lines

Using colonial and pure cell cloning methods, we established two cell lines from
the 4th and 9th generation subcutaneous tumors, which we named “NUF-BD-4”
and “NUF-BD-9”, respectively. Their phase-contrast microscopic findings are
shown in Figure 13.21. Polygonal cells grew in a single layer and their margin was
irregularly shaped like a feeler. The NUF-BD-4 cells were sharper and smaller than
the NUF-BD-9 cells. The doubling times of NUF-BD-4 and NUF-BD-9 were calculated
to be 16 and 23 h, respectively.

Fig. 13.19 Transmission electron microscopic examination revealed an irregular gland with
well-developed microvilli (MV). The nuclei were almost oval, but notches were sometimes
present (TEM, x5,000) ([24], with permission)
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Fig. 13.21 Phase-contrast microscopical findings of NUF-BD-4 grown on a cell culture dish (x250)

13.20 Light Microscopic Findings of the Cell Lines

The cell form was similar to the phase-contrast microscopic findings. Polygonal
cells grew in a single layer and their margin was irregularly shaped like a feeler.
The nuclei had abundant chromatin (Figure 13.22). This finding suggested that
these cells were derived from a malignant tumor and had malignant potential.
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Fig. 13.22 Light microscopic findings of NUF-BD-4 grown on a prepared slide (x200)

13.21 Immunohistochemical Findings of the Cell Lines

The A-antigen in NUF-BD-4 was highly expressed (Figure 13.23), but other antigens
were not stained. The in vivo subcutaneous cancer line A-antigen was also highly
stained. Both B and H antigens were moderately stained.

13.22 Electron Microscopical Findings of the Cell Lines

The cell margin of the NUF-BD-4 line was irregularly shaped like a feeler (Figure
13.24). This finding was similar to the phase-contrast microscopic findings. Cell
surfaces were covered with numerous microvilli. The in vivo subcutaneous cancer
line cell surfaces were also covered with numerous microvilli.

13.23 Transplantation into the Hamster

Both cell lines were transplantable into hamsters. When the NUF-BD-9 cells were
inoculated subcutaneously, the mean tumor weights were approximately 1.8 and
4.5g on days 14 and 21 after inoculation. The uptake rate was 100% (8/8). There
were no metastatic lesions. Histopathologically, the subcutaneously transplanted
tumors were poorly differentiated tubular adenocarcinoma (Figure 13.25).
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Fig. 13.24 Electron microscopic appearance of the NUF-BD-4 showing numerous microvilli on
the cell surface (x2,000)
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Fig. 13.25 Histological appearance of a tumor subcutaneously transplanted in a hamster, showing
poorly differentiated tubular adenocarcinoma (H&E, x200)

13.24 Comments

Recent advances in basic pathophysiology and developments in novel diagnostic
modalities have improved the management of hepatobiliary and pancreatic malignant
disease; however, the prognosis of IHBD carcinoma remains poor. Thus, an animal
model would be a useful tool to assess sensitivity to anti-cancer drugs and to
elucidate events related to tumor extension and metastasis.

In our experiments using this hamster model, the induced primary IHBD tumor
was located within a portal area and was tubular adenocarcinoma with a fibrous,
scirrhous pattern. Subcutaneous inoculation of the IHBD carcinoma cells produced
locally growing tumors in all the recipient hamsters, with an uptake rate of 100%.
Histologically, all allografts also showed tubular adenocarcinoma with a fibrous,
scirrhous pattern. These findings are consistent with those of the peripheral type of
human IHBD carcinoma, the most common histological pattern of which is small
glandular adenocarcinoma with abundant sclerosis [27].

In experimental pancreatic carcinoma in hamsters, the A-antigen and pancreatic
tumor antigen are considered to be effective tumor markers [28]. In our experimental
IHBD cancer line and cell line (NUF-BD-4), the A-antigen was strongly stained.
The so-called blood group-related antigens are a family of cell surface carbohydrate
structures [29]. There are many reports of these antigens as tumor markers [30,31]
and positive reactions were observed in human carcinoma of the stomach [32],
colon [17], pancreas [33], lung[34], and urinary tract [19]. These antigens are also
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tumor markers in neoplastic lesions in Syrian golden hamsters [35]. The A-antigen
discriminates between benign and malignant lesions much better than other antigens
[4]. Our experimental IHBD carcinoma model may thus be useful for diagnostic
studies on blood group-related antigens.

The staining score of P-glycoprotein in this transplantable carcinoma was high.
P-glycoprotein is a product of the mdr-1 gene and is considered to be a drug pump
that carries anti-tumor agents out of the cell [36,37]. Therefore, this antigen plays
an important role in multidrug resistance and our model will be useful for studies
on the effects of drug therapy.

MAD c219 is not completely characterized as a MAb against P-glycoprotein, as it
also reacts with the mdr-3 gene product [38]. This mdr-3 gene is not well understood
and the importance of this finding is uncertain. Both A-antigen and P-glycoprotein
were strongly stained. We used MAb ¢219 as a MAb P-glycoprotein, and c219 cross-
reacts with the blood type A substance [39]. However, MAb A and MAb c219 showed
different staining patterns: diffuse for MAb A with a glycocalyx pattern, whereas
MAD c219 had a Golgi pattern. The c219 probably reacts to MAb P-glycoprotein.

The doubling time of IHBD carcinoma from days 7 to 21 was identical at 2.8
days in both sexes, but on day 21 after inoculation there was a significant difference
between the tumor weights in the males and females (p < 0.05). These findings suggest
that inoculated cells have a latent phase, which is shorter in males. A similar sexual
difference was seen in an azaserine-induced rat pancreatic carcinoma model
[40—42]. Tumor growth was faster in intact than in castrated males [40]. In our IHBD
carcinoma model, neither estrogen nor androgen receptors were detected. Similarly,
no such receptor was detected in drug-induced pancreatic carcinoma in rats [43].

Our cell lines were able to be transplanted into hamsters. These cell lines thus
enable us to plan experimental studies, not only in vitro but also in vivo. Because
hamsters have normal immunological responses, our hamster model may be useful
for researching cancer immunology.

In conclusion, the present newly established transplantable IHBD cancer line
and cell lines, which will aid in elucidating the mechanisms involved in the synthesis
and secretion of tumor-associate antigens, and will help to evaluate possible related
therapeutics.
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Chapter 14
Establishment of Biliary Epithelial Cell
Lines from the Hamster

Takayuki Asakawa, Amane Kitasato, Tsutomu Tomioka, Tamotsu Kuroki,
Ryuji Tsutsumi, Yoshitsugu Tajima, and Takashi Kanematsu

A. Isolation, Culture and Transplantation
of Biliary Epithelial Cells

14.1 Summary

We describe a method for the simultaneous culturing of biliary epithelial cells
(BECs) from the gallbladder (GB), extrahepatic bile duct (EBD), and intrahepatic
bile duct (IBD) of hamsters. The GB, EBD and IBD were excised from the biliary
tree after collagenase perfusion of the liver. These biliary segments were minced into
fragments, which were embedded in collagen gel and cultured in Dulbeccos
Modified Eagle Medium/HamF12 Medium containing 10% fetal bovine serum. The
various cells subsequently spread from the fragments and formed cellular sheets.
After the fragments and flattened cells were removed under phase-contrast microscopy,
the sheets remaining were found to be composed of cuboidal cells. These cuboidal
cells expressed gamma glutamyl transpeptidase and cytokeratin 7, which are known
to be specific markers of BECs. Ultrastructurally, there were many microvilli on the
luminal surface and junctional complex and interdigitation was identifiable on the
lateral surfaces. BEC cultures were subcultured by digestion with collagenase and
dispase and then dissociated by subsequent digestion in trypsin and ethylenediami-
netetraacetic acid. They were maintained in collagen gel for up to 8 weeks. After
several passages, the BECs in the culture eventually grew and showed vacuoles in
the cytoplasm. They demonstrated irreversible growth arrest at 9 weeks. The BECs
tended to form cystic structures when they were transplanted with collagen gel into
the interscapular fat pads of the syngeneic hamsters.

14.2 Introduction

Biliary epithelial cells (BECs) have phenotypes, structures and possible functional
heterogeneity varying within the different regions of the biliary tree [ 1,2]. Pathologically,
certain anatomical levels of the biliary tree are preferentially affected. For example, in

Y. Tajima et al. (eds.), Hepatobiliary and Pancreatic Carcinogenesis in the Hamster, 213
DOLI: 10.1007/978-4-431-87773-8_14, © Springer 2009



214 T. Asakawa et al.

primary biliary cirrhosis, intrahepatic small bile ducts are damaged selectively,
whereas the extrahepatic and intrahepatic large bile ducts are preferentially involved
in primary sclerosing cholangitis [3]. Such anatomical preferences in the disease proc-
esses may be related to the functions and antigenicity of BECs and their microenviron-
ments at the individual anatomical level. Until now, BECs have been isolated
independently and cultured successfully from different parts of the biliary tract in
humans [4,5] and rodents [6-9]. Several investigators have reported the importance of
establishing long-term cultures using collagen gel as the substrate for adherence[6,7,9].
Recently, the isolation and cultivation of pure BECs using an explant of the biliary tree
on collagen gel was reported [6,9]. All of these methods involve the isolation of BECs
from a certain anatomical segment of the biliary tree or the isolation of certain patho-
logically proliferated BECs.

Syrian Golden Hamsters have been used to study the pancreas because the ana-
tomical structure of their pancreaticobiliary ductal system is similar to that of humans
[10]. Moreover, both the bile acid composition and pancreatic juice component in
this species closely resemble those in humans [11,12]. We previously reported the
Syrian golden hamster as a useful animal for investigating biliary carcinogenesis
[13-18]. To our knowledge, no previous studies have been published on the
successful culturing of biliary epithelial cells from the hamster.

We describe a direct method for the simultaneous isolation of intrahepatic,
extrahepatic, and gallbladder BECs, followed by their cultivation and transplantation
in normal hamsters.

14.3 Experimental Protocol

Female Syrian golden hamsters aged 5—-6 weeks were used. The livers were perfused
in situ with 100ml Ca*- and Mg*-free phosphate-buffered saline (CMF-PBS) con-
taining 10 mmol/l HEPES (pH 7.4), 1 mmol/l ethylene glucol-bis (E-aminoethylether)
N, N, N’,N'-tetraacetic acid (EGTA) via the inferior vena cava for 10 min at 37 °C. The
vein was clamped above the diaphragm, and the perfusate was allowed to drain
through the portal vein, followed by perfusion with 100 ml Hanks’ balanced salt solu-
tion containing 50 mmol/l HEPES, 0.02% soybean trypsin inhibitor (Sigma Chemical
Co., St. Louis, MO) and 0.04% collagenase (Wako Chemical Co., Tokyo) for 10min
at 37°C (Figure 14.1). Then, the liver, gallbladder and extrahepatic bile duct were
removed. After the capsule of the liver was removed with a comb and brush, the
biliary tree (Figure 14.2) was dissociated with scissors and separated into the intrahe-
patic bile duct (IBD), extrahepatic bile duct (EBD) and the gallbladder (GB) in
CMF-PBS containing EGTA 0.1 mmol/l. These fragments were then incubated in
culture medium composed of Dulbecco’s modified Eagle medium (DMEM,
Nissui Pharmaceutical Co., Tokyo)/HamF12 medium (HamF12, Nissui, Tokyo) con-
taining 10% fetal bovine serum (GIBCO, Grand Island, NY) for 12h at 37°C in an
incubator (5% CO,).
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Fig. 14.1 Perfusion of the liver. (a) The inferior vena cava (IVC) is completely exposed. (b)
Appearance of the liver after the completion of liver perfusion

Fig. 14.2 Biliary tree of the hamster. GB, gallbladder; IHBD, intrahepatic bile duct; EHBD,
extrahepatic bile duct

A collagen gel plate was made by coating 60-mm petri dishes with 2ml of an
ice-cold mixture of collagen solution, 0.3% acid solution collagen (Cellmatrix Type
I-A, Nittazeratin, Osaka), 10 X Ham F12, and 0.8 N NaOH (8:1:1). The fragments of
the biliary tree were embedded in the collagen gels. After incubation for 20-30min
at 37°C, collagen gels were overlaid with 5ml of culture medium. After 7-10 days
in culture, the fragments and nonepithelial cells were collected under a phase-contrast
microscope using a Pasteur pipette. The remnant culture cells were released from
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the collagen gel by digestion for 40-50 min with 0.1% (wt/vol) collagenase and
10 U/ml dispase (Gohdo Shusei, Chiba, Japan) in Hanks’ solution, and collected by
centrifugation at 1,000rpm for Smin. After a single wash through CMF-PBS by
centrifugation at 1,000rpm for 5Smin, the culture cells were dissociated in CMF-PBS
containing 0.05% trypsin and 0.02% ethylenediaminetetraacetic acid (EDTA, Wako
Chemical Co., Tokyo).

After incubation for 5min at 37 °C, the digestion was discontinued by addition
of the culture medium. These cuboidal cells were washed twice in CMF-PBS, then
resuspended at 1 x 103 cells/ml in the culture medium, and 5 ml of the cell suspen-
sion was plated on a plastic dish, a collagen-coated dish, and on top of 2ml collagen
gels in 60-mm petri dishes. These culture cells were maintained at 37°C in an
incubator, and the culture medium was changed every 3 days. At 80% confluence,
the culture cells were released from the collagen gel by digestion with collagenase
and dispase, and they were then dissociated by subsequent digestion in 0.05%
trypsin and 0.02% EDTA.

Morphological examination of the culture cells, including histochemical and
immunohistochemical study as well as an ultrastructural examination, was done at
every passage. The monolayer culture cells on top of the collagen gel were fixed in
10% buffered formalin. The cells on the collagen gel were then embedded in paraffin
using standard techniques. Each 5-um section of a paraffin block was stained with
hematoxylin and eosin (H&E), periodic acid—Schiff (PAS) and mucicarmine stains.

The cells cultured on collagen gel were fixed with paraformaldehyde for 3h at
4°C, then embedded in Optimal Cutting Temperature (OCT) compounds (Miles,
Elkhart, USA), and fixed at —80 °C. Each 5-um section of the OCT compound block
was used for the immunohistochemical staining of cytokeratin 7 (Progen Biotechnik,
Heidelberg, Germany) and the cytochemical demonstration of gamma glutamyl
transpeptidase (GGT), as described by Rutenburg et al. [19] Immunocytochemical
staining was done using a Vectastain avidin—biotin peroxidase complex kit (Vector
Laboratories, Burlingame, CA).

To examine the ultrastructure of the cultured cells, the cells cultured on collagen
gel were washed with 0.1 M cacodylate buffer and fixed with 2% glutaraldehyde in
0.1 M cacodylate buffer, pH 7.4 at 37 °C for 30 min. The cells were post-fixed in 1%
osmium tetroxide at 4 °C for 30 min. These fixed cells were dehydrated in ascending
series of ethanol, and then embedded in Epon mixture and polymerized at 60 °C for
12h. Thin sections were stained with uranyl acetate and lead tartrate, and examined
with JEM-1200EX (Japan Electron Optics Laboratory, Tokyo) operated at 60-80kV
accelerating voltage.

The cells were grown on collagen gel-coated 13-mm glass coverslips. They were
washed, fixed, and dehydrated by the same method for TEM and critical point drying
necessary to prepare the cells for scanning electron microscopy. Each specimen was
coated with gold—palladium and examined under a JSM-35CLaB6 (Japan Electron
Optics Laboratory, Tokyo) with a 15-kV accelerating voltage.

To examine the growth pattern of these cells in vivo, the cultured cells were
inoculated into the fat pads of syngeneic hamsters. When 90% confluence of the
culture cells on 0.3ml collagen gel/well was achieved (24-well plates, Falcon,
Lincoln Park, NJ), the culture cells were rinsed twice with CMF-PBS. The culture
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cells on collagen gel in wells were inoculated into the intrascapular fat pads of
6—7-week-old female Syrian golden hamsters. After 3—4 weeks, the hamsters were
killed and then the area of cell inoculation in the fat pad was fixed in 10% buffered
formalin. After appropriate processing, the fat pad tissue after transplantation was
examined with H&E, PAS, mucicarmine, cytokeratin 7 and GGT stains.

14.4 Culture of Biliary Epithelial Cells

Varying numbers of cells spread from the fragment (Figure 14.3). The distinction
of epithelial cells from such nonepithelial cells as fibroblasts and endothelial cells
was easy with a phase-contrast microscope. The epithelial cells spread faster than
the nonepithelial cells. The peripheral parts of the sheet were composed exclusively
of cuboidal cells (Figure 14.4), whereas the central parts were composed of epithelial
cells and mesenchymal cells. The central region was released from collagen gel with
a Pasture pipette. On the other hand, the subcultured cells formed cuboidal cells,
but few flattened cells were seen.

The rate of successful isolation of epithelial cells depended on whether they had
been taken from the gallbladder, the extrahepatic duct, or the intrahepatic duct
(Table 14.1). The composition of the substratum was also important for the growth,
morphology, and survival of cuboidal cells in culture. When a subculture cell sus-
pension was plated on plastic, air-dried collagen, or collagen gel, cuboidal cells
attached and formed colonies with similar efficiencies. However, after 5-7 days of
culture, the cells growing on plastic or air-dried collagen-coated dishes started to

Fig. 14.3 A fragment (F) embedded in collagen gel and cultured for 7 days. Varying numbers of
cells spread from the fragment on the collagen gel (phase-contrast microscope, x60) (modified
from [35], with permission)
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Fig. 14.4 The peripheral area in Figure 14.2 is formed of cuboidal cells (phase-contrast micro-
scope, x200) ([35], with permission)

Table 14.1 The successful cultivation rate of biliary epithelial cells (BECs) from
fragments differed depending on whether they were from extrahepatic bile duct,
intrahepatic bile duct or gall bladdeer of seven hamsters (modified from [35], with

permission)

Rate of isolation
Original site No. of fragments No. of isolations and cultivation (%)
Intrahepatic bile duct 52 17 33
Extrahepatic bile duct 21 16 76
Gallbladder 30 28 93

become detached from the dish. In contrast, under identical conditions cuboidal
cells remained on top of the collagen gel, preserving epithelial cell morphology and
eventually formed a confluent monolayer by 8 weeks. Thus, collagen gel rather
than plastic dishes or collagen-coated dishes appeared to be most suitable for the
growth and attachment of these culture cells. At 8 or 9 weeks, the culture cells
became detached from the collagen gel.

14.5 Characteristics of Biliary Epithelial Cells

Light microscopy revealed that the primary cultured peripheral region was composed
of cuboidal cells on collagen gel (Figure 14.5). By 8 weeks after primary culture, these
cuboidal cells were positive for PAS and mucicarmine staining. In the subculture, the
culture cells showed histochemical staining reaction for GGT activity. The cytoplasm
of the cultured cells reacted intensely with anticytokeratin 7 (Figure 14.6).



14  Establishment of Biliary Epithelial Cell Lines from the Hamster 219

a b c

Fig. 14.5 Biliary epithelial cells cultured on collagen gel after subculture. The culture cells
formed a monolayer and were cuboidal or columnar cells (a) (H&E, x200). These cells were
positive for PAS staining (b, x200) and mucicarmine staining (c, x200)

Fig. 14.6 The cultured biliary epithelial layer was positive for cytokeratin 7 (ABC method, x400)
(modified from [35], with permission)

14.6 Transmission Electron Microscopy

Ultrastructurally, the cultured cells on collagen gel were covered with short stubby
microvilli on the luminal surface and contained a golgi apparatus, abundant
mitochondria and rough endoplasmic reticulum in the cytoplasm. Junctional complexes
such as desmosomes, tight junctions and interdigitations were formed between the
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Fig. 14.7 Transmission electron microscopy of cultured cells on collagen gel after two passages.
The monolayers of the biliary epithelial cells were composed of polarized cells from the lateral
membrane with well defined junctional complexes and luminal membrane (L) covered with
numerous short microvilli. The basement membrane of the biliary epithelial cells lacked microvilli
and showed evidence of basal lamina (x4,000) ([35], with permission)

intercellular spaces. The nuclei were located either centrally or basally (Figure 14.7).
By 8-9 weeks after primary culture the culture cells had attached to the collagen gel
and maintained a junctional complex but demonstrated multiple vacuoles in the
cytoplasm.

14.7 Scanning Electron Microscopy

SEM studies also revealed a regular lining of cells growing in one plane. No duct
or gland-like structures were noted. The surface topography of the cultured cells at
confluence was uniform and cell—cell junctions were identified. The apical mem-
branes were polygonal and covered with numerous microvilli (Figure 14.8). These
features were very similar to those of normal BECs.

14.8 Transplantation of BECs

Transplanting culture cells into the interscapular fat pads of a syngeneic recipient
hamster resulted in cystic growth. Normal BECs gave rise to cystic structures
supported by a connective tissue stroma from 3 to 4 weeks after inoculation into the
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Fig. 14.8 Scanning electron microscopy of cultured cells on collagen gel after two passages.
Numerous microvilli were seen on the apical membrane of the biliary epithelial cells (x3,000)

Fig. 14.9 Inoculation of cultured cells on collagen gel after two passages into the interscapular
fat pads of syngeneic recipient hamsters. The cystic structure was formed 3 weeks after the
inoculation of biliary epithelial cells (H&E, x40)

fat pads (Figures 14.9 and 14.10). After transplantation, these cells were positive
for PAS, mucicarmine, cytokeratin 7, and GGT (Figure 14.11). The successful
inoculation rate of BECs is shown in Table 14.2.



222 T. Asakawa et al.

Fig. 14.10 A higher magnification of the cystic structures shows cuboidal or low columnar
epithelial cells around the luminal surface (H&E, x200) ([35], with permission)

Fig. 14.11 The cells cultured on collagen gel were positive for cytokeratin 7 (ABC method, x200)

14.9 Comments

We described a method for the simultaneous isolation, culture, and transplantation
of BECs from the IBD, EBD, and GB in the normal hamster. Syrian golden hamsters
have been used for experimental models of the pancreas to study pancreatic
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Table 14.2 The successful transplantation rate of biliary epithelial cells (BECs) from seven
hamsters was no different from the original site. The BECs on collagen gel were obtained after
two passages and inoculated into the interscapular fat pads of hamster (modified from [35], with
permission)

No. of inoculated

Original of BECs wells Cystic formation Successful inoculation rate (%)
Intrahepatic bile duct 13 11 85
Extrahepatic bile duct 15 13 87
Gallbladder 21 18 86

carcinogenesis [20-22] and for cultivation of the pancreatic duct [23]. Although
we reported the hamster as a useful tool for studying biliary carcinoma, until now
there has not been a report on the culture of normal BECs from the hamster.

The isolation of BECs has been used widely for isopyknic centrifugation, Percoll
density gradient sedimentation, centrifugal elutriation, and antibody sorting [24].
These isolation methods require both surgical and pharmacological treatments to
obtain higher yields of isolated BECs. The isolated cells are subsequently cultured
on extracellular matrix materials; however, the culturing of some normal and
neoplastic epithelial cells on specific extracellular matrix materials greatly affects
their organization and differentiation [7,9]. Yang et al. [9] reported that the extracellular
matrix plays an important role in the maintenance of cell shape, proliferation, and
differentiation in the epithelial cells. The extracellular matrix was found to influence
the morphology and differentiation of several types of normal cells in culture
[7,9,23]. Thus, collagen gel has recently been used for the isolation of BECs [6,9].

In our studies, the fragment was embedded in collagen gel, BECs were grown
on collagen gel, and fibroblasts were seen in the collagen gel beneath the monolayer
of BECs. The isolation using collagen resulted in different growth patterns and
rates. Furthermore, contaminant cells seen occasionally in the BEC suspension
were fibroblasts, which grew beneath the BEC monolayers on collagen gel, forming
an environment similar to that in the bile duct in vivo. However, they never interposed
cultured BECs on collagen gel or broke any monolayers. Thus, the collagen gel was used
to isolate the epithelial cells from normal hamster liver and culture the epithelial cells.

The different rates of successful cultivation of BECs depending on anatomical
origin may be due to the presence of mechanical and enzymatic damage during
preparation of the biliary tree. In addition, more nonepithelial cells were observed
around the IBD than around either the EBD or the GB. BECs can proliferate in
culture, and their morphology, including ultrastructural and histochemical findings,
can be maintained for up to 8 weeks, or longer. No differences were observed in the
morphological findings, culture period, or transplantation in the anatomical origin.
Several reports have described using a primary culture as an in vitro model for
studying carcinogenesis [21,25]. Thus, the period of cultivation is considered sufficient
for studying carcinogenesis in vitro.

This method is useful for analyzing the influence of BECs at different anatomical
levels by immunologic or chemical treatment. Moreover, when BECs on collagen
gel were inoculated into the interscapular fat pads of hamsters, they formed cystic
structures with a luminal membrane of monolayer cells. These morphological findings
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are characteristic of normal BECs in vivo. This transplantation method can be used
for pathological analysis of the cultured cells.

Our results suggest the possibility of establishing an in vitro transplantation
model with these cells to study biliary carcinogenesis and the regulation of cell
functions, proliferation, and modulation in various parts of the biliary tree under
controlled experimental conditions.

B. Inflammatory Cytokines and Biliary Carcinogenesis

14.10 Summary

Chronic inflammation and the associated oxidative stress are well-known risk factors
for the development of carcinoma in many digestive organs. However, the cellular
mechanism of biliary carcinogenesis in response to inflammation remains unclear.
This study investigated the link between chronic biliary inflammation and
biliary carcinogenesis using gallbladder epithelial cells and inflammatory cytokines.
Gallbladder epithelial cells were isolated from hamsters and cultured with a mixture
of inflammatory cytokines including interleukin-1p, interferon-y, and tumor necrosis
factor-o.. We evaluated inducible nitric oxide synthase (iNOS) expression, nitric
oxide (NO) generation, and DNA damage. NO generation was increased significantly
after cytokine stimulation, and it was suppressed by an iNOS inhibitor. iNOS mRNA
expression was demonstrated in the gallbladder epithelial cells during exposure to
inflammatory cytokines. Furthermore, NO-dependent DNA damage, as estimated by
the comet assay, was significantly increased by cytokines, and it was decreased to
control levels by an iNOS inhibitor. In conclusion, cytokine stimulation induced
iNOS expression and NO generation in normal hamster gallbladder epithelial cells,
which was sufficient to cause DNA damage. These results indicate that NO-mediated
genotoxicity induced by inflammatory cytokines through the activation of iNOS
may be involved in the process of biliary carcinogenesis in response to chronic
inflammation of the biliary tree.

14.11 Introduction

It is well known that chronic local inflammation increases the risk of cancer
in several organs, including the colon, lung, pancreas, and esophagus [26,27].
Similarly, biliary carcinoma develops under chronic inflammatory conditions of the
biliary epithelium in the setting of gallstone disease, congenital choledochal cyst,
pancreaticobiliary maljunction, or primary sclerosing cholangitis [28,29]. Recent
reports have also described secondary biliary carcinomas in patients with persistent
reflux cholangitis after bilioenterostomy, transduodenal sphincteroplasty, or endoscopic
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sphincterotomy for both benign and malignant diseases of the liver, bile duct, and
pancreas [30-32]. However, the molecular mechanisms of biliary carcinogenesis
as a consequence of chronic biliary inflammation remain unclear. We reported
previously that persistent reflux cholangitis after bilioenterostomy accelerates biliary
carcinogenesis through the activation of biliary epithelial cell kinetics in hamsters
[17,33,34]. We also found that severe cholangitis was associated with a high occurrence
of biliary carcinoma in hamsters, but as in humans, the molecular mechanisms remain
obscure. Meanwhile, we have established a method for culturing biliary epithelial
cells from the hamster using a collagen gel technique [35].

Chemically reactive oxidants, radicals, and electrophilic mediators, such as
hydrogen peroxide and oxyradicals, nitric oxide, malondialdehyde, 4-hydroxynonenal,
or eicosanoids, are produced during inflammation, and these chemical mediators
are known to induce a variety of biological reactions [27]. Much recent attention
has been focused on nitric oxide (NO) as an endogenous mutagen, an angiogenesis
factor, and an inhibitor of apoptosis [36]. NO is a free radical synthesized from
L-arginine by the nitric oxide synthase (NOS) family. Three isoforms of the NOS
family have been isolated: neuronal NOS (nNOS), endothelial NOS (eNOS), and
inducible NOS (iNOS) [37,38]. Although nNOS and eNOS are present constitutively,
iNOS is induced in inflamed tissues and generates larger amounts of NO than of
nNOS and eNOS [37-39]. Cytokine or lipopolysaccharide stimulation, or both,
induce iNOS expression in macrophages, hepatocytes, and many other cell types
including certain epithelial cells [40-43]. Moreover, it is thought that iNOS expression
and the generation of NO in inflamed tissues might induce the malignant transformation
of epithelial cells because NO can promote mutagenic changes in DNA through
DNA oxidization and protein nitrosylation [44,45].

In this study, we investigated the role of iNOS activation, NO generation, and DNA
damage as the link between chronic inflammation and biliary carcinogenesis, using
normal hamster gallbladder epithelial cells cultured with inflammatory cytokines.

14.12 Experimental Protocol

Five-week-old female Syrian golden hamsters were used. Biliary epithelial cells
were isolated from the biliary tree of hamsters [11] as described above. After
laparotomy, the inferior vena cava was paracentesed with a 22G needle, and the liver
was perfused in situ with 100ml Ca*- and Mg?*- free phosphate-buffered saline
(CMF-PBS) containing 10 mmol/l 2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethanesul-
fonic acid (HEPES) at pH7.4, and 1 mmol/l ethylene glucol-bis (E-aminoethylether)
N, N, N, N'-tetraacetic acid (EGTA) for 10min at 37 °C. The vena cava was clamped
above the diaphragm, and the perfusing solution was drained via the incised portal
vein, followed by perfusion with 100ml Hanks’ balanced salt solution (GIBCO,
Grand Island, NY) containing 50 mmol/l HEPES and 0.04% collagenase (Nittazeratin,
Osaka, Japan) for 10min at 37 °C. After perfusion with the collagenase solution, the
liver, gallbladder, and extrahepatic bile duct were removed en bloc, and the biliary
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tree was isolated. The biliary tree was separated into the intrahepatic and extrahepatic
bile ducts and the gallbladder in CMF-PBS containing 0.1 mmol/l EGTA.

The biliary fragments were minced and embedded on collagen gel plated
(Collagen Gel Culture kit; Nittazeratin, Osaka, Japan) 60-mm petri dishes with 2ml
of an ice-cold mixture of collagen solution composed of 0.3% acid solution colla-
gen (Cellmatrix Type I-A), 10 x HamF12, and 0.8 N NaOH at 8:1:1 dilution. After
incubation at 37°C with 5% CO, and 95% humidity for 20-30min, the collagen
gels were overlaid with 5ml of culture medium composed of Dulbecco’s modified
Eagle medium/HamF12 medium (DMEM/HamF12, GIBCO) and 10% fetal bovine
serum (GIBCO). After incubating the biliary fragments for 7-10 days, the biliary
epithelial cells spread superficially on the surface of the gel to form cellular sheets
toward the peripheral region, whereas the mesenchymal cells progressed toward the
inside of the gel. Thus, the biliary epithelial cells were isolated from the peripheral
region of the cellular sheets (Figure 14.12).

We used gallbladder epithelial cells isolated from hamsters because of their higher
cellular activity than other biliary epithelial cells. Resuspended gallbladder epithelial
cells (1 x 10° cells/ml) were plated on collagen-coated plates, then incubated for 24h
and prepared for three different experimental protocols: incubation with culture medium
alone (control group); incubation with a cytokine mixture known to increase iNOS
expression in other cell types [42,46], which consisted of human recombinant inter-
leukin (IL) 1-B (0.5ng/ml), interferon (IFN)-y (Sng/ml), and tumor necrosis factor
(TNF)-a. (250 ng/ml) (CM group); or incubation with the same cytokine mixture and an
iNOS inhibitor L-N(G)-monomethyl arginine (L-NMMA, 0.03mM) (CM + L-NMMA
group). These human recombinant cytokines and L-NMMA were obtained from the
Sigma Chemical Co. (St. Louis, MO). Gallbladder epithelial cells from each group were
incubated at 37 °C for 24 h, and then processed for the following analyses:

Fragments

Fig. 14.12 Isolation of hamster biliary epithelial cells. (a): Phase contrast microscopy revealed
very few hamster gallbladder epithelial cells growing on the collagen gels 24h after culture
(x100). (modified from [63], with permission)
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b

Fragments

Fig. 14.12 (continued) (b) High magnification of the hamster gallbladder epithelial cells showed
cuboidal cells around the biliary fragments (x400). (c) Phase contrast microscopy showed widely
extended gallbladder epithelial cells on the surface of the gel 7 days after culture (x40) (modified
from [63], with permission)

To calculate the amount of NO produced by the gallbladder epithelial cells,
nitrite (NO,") and nitrate (NO,") levels were measured in the culture media by high
performance liquid chromatography with a NOx analyzer (ENO-10; Eicom, Kyoto)
[47]. iNOS mRNA was amplified by using a nested RT-PCR method [48]. The
sequences of primers (Invitrogen Life Technologies, Carlsbad, CA) used in this
study are shown in Table 14.3 [48-50].

Total RNA was extracted from the gallbladder epithelial cells using an RNA
extraction kit (ISOGEN; Nippon Gene, Tokyo). Reverse transcription and PCR
amplification were performed with an RNA PCR kit Ver.3.0 (Takara Shuzo, Tokyo,
Japan). After reverse transcription, the first amplification was performed using



228 T. Asakawa et al.

Table 14.3 Oligonucleotide primers used for RT-PCR (modified from [63], with permission)

Primers Sequences References

NOS-590F GGYTGGTACATGRGCACYGAGATYGG Cox et al. [49]

NOS-893R AAGGCRCARAASTGDGGRTA Cox et al. [49]

NOS40F GCAGGATGGGAAACTGAGGCCCAG Ramirez-Emiliano et al. [48]
NOS40R TGAACAAGGCAGCCAGGTCCCGG Ramirez-Emiliano et al. [48]
GAPDHF  TCCCTCAAGATTGTCAGCAA Liu et al. [50]

GAPDHR  AGATCCACAACGGATACATT Liu et al. [50]

1 uM of the cDNA, together with the PCR primers NOS-590F and NOS-893R. The
PCR conditions consisted of one cycle of denaturing for 2min at 95 °C, followed
by a touch-down protocol consisting of 18 cycles for 15s at 95°C, 30s at 60°C
minus 1°C per cycle, and for 1 min at 72 °C; then 25 cycles for 15s at 95°C, for
30s at 42 °C, for 1 min at 72 °C, and a final extension for 10 min at 72 °C [48]. Next,
1yl of the cDNA from this amplification was reamplified using the PCR primers
specific for iNOS (NOS40F and NOS40R) [48]. The PCR conditions were initial
denaturation for 2 min at 95 °C, followed by a touch-down protocol consisting of 13
cycles for 15s at 95°C, for 30s at 70°C minus 1 °C per cycle, for 1 min at 72°C,
then 30 cycles for 15s at 95°C, for 30s at 57°C, for 1 min at 72°C, and a final
extension for 10min at 72 °C [48]. As a control, amplification of mRNA for glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) was performed [48,50], and the
PCR conditions were the same as those described for the first nested PCR amplifi-
cation. The amplification products were resolved by electrophoresis in 3% (wt/vol)
agarose gels containing 0.1 pg/ml ethidium bromide and photographed under UV
trans-illumination.

The comet assay was performed as described previously [51,52]. The gall-
bladder epithelial cells in each group were resuspended at 1 x 10° cells/ml in ice
cold CMF-PBS and combined with molten LMAgarose (Trevigen, Gaitherburg,
MD) at a ratio of 1:10 (v/v). The sample was immediately pipetted onto a frosted
microscope slide (CometSlide; Trevigen, Gaitherburg, MD). The slides were
placed flat at 4 °C in the dark for 10 min, immersed in prechilled Lysis Solution
(Trevigen, Gaitherburg, MD), and left at 4 °C for 30 min to remove cellular pro-
teins, leaving DNA as nucleoids. The slides were then immersed in an alkaline
solution (pH > 13, 0.3M NaOH and 0.001 M EDTA) for 30 min to denature the
DNA and hydrolyze the sites of damage. The samples were electrophoresed for
10 min and stained with SYBR green I (Trevigen, Gaitherburg, MD) according
to the manufacture’s instructions. At least 75 cells on each slide, randomly
selected with fluorescence microscopy, were analyzed using National Institutes
of Health image (Netscape Navigator) with the comet analysis macro (comet 1.4
macro) [53].

NO,” + NO," levels and the proportion of DNA damage are expressed as mean
values + S.E. For statistical analysis, non-repeated measure ANOVA was used to
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compare the groups, followed by Bonferroni correction for paired comparison.
Significance was established at p < 0.05.

14.13 Generation of N 02‘ and NO3‘

The amount of NO measured by high performance liquid chromatography in each
group is shown in Figure 14.13. The concentration of NO,” + NO," in the media
was 10.35 = 0.47uM in the control group (n = 26), 11.06 = 0.18uM in the CM
group (n = 26), and 10.46 + 0.18 uM in the CM + L-NMMA group (n = 27). The
NO generation was significantly higher in the CM group than in the control group
(p <0.001). The NO generation in the CM + L-NMMA group was similar to that in
the control group, and significantly lower than that in the CM group (p < 0.001).

14.14 RT-PCR

The results of RT-PCR/touch down amplification of iNOS mRNA in the gallbladder
epithelial cells are shown in Figure 14.14. The CM cells expressed iNOS mRNA
(183 bp), but the control cells did not.

NO2/NO3
(uM)
15 - P <0.001 P <0.001
| I |
.[.
10
0
Control CM L-NMMA

Fig. 14.13 High performance liquid chromatography showed significantly higher NO,” + NO,~
levels in the CM group than in the control and CM + L-NMMA groups, which had similar NO
generation ([63], with permission)
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Fig. 14.14 iNOS mRNA expression in the gallbladder epithelial cells. The CM group expressed
iNOS mRNA, but the control group did not express iNOS ([63], with permission)

14.15 Comet Assay

Representative fluorescent micrograph images evaluated by single cell gel electro-
phoresis using the comet assay are shown in Figure 14.15a In contrast to the intact
spherical nuclei observed in the control group, the cells treated with cytokine mixture
demonstrated a comet tail indicative of DNA damage. The CM + L-NMMA group
cells also had intact spherical nuclei. The ratio of DNA exhibiting comet tails,
evaluated by an NIH image, was 2.14 £ 0.59% in the control group, 5.14 + 0.69%
in the CM group, and 1.70 £ 0.62% in the CM + L-NMMA group (Figure 14.15b).
The level of DNA damage in the CM group was significantly higher than that in the
control group (p < 0.001), but decreased to the control level by the addition of
L-NMMA.

14.16 Comments

The induction of iNOS expression and NO production has been found in a variety
of precancerous or cancerous lesions, in which NO is produced in proportion to the
degree of malignancy [54-56]. Recently, Jaiswal et al. [51,57] reported that human
cholangiocarcinomas showed intensive immunohistochemical staining for iNOS
and that cholangiocarcinoma cell lines stimulated by inflammatory cytokines and
cholangiocyte cell lines transfected with iNOS produced large amounts of NO
caused by iNOS expression, resulting in oxidative DNA damage and inhibition of
the excision DNA repair process. In the present study, we used primary epithelial
cells isolated from the gallbladder because they allowed us to evaluate the involve-
ment of iNOS and NO in biliary carcinogenesis, especially when biliary carcinoma
was induced in response to chronic inflammation.

Following stimulation with a mixture of the inflammatory cytokines, IL-1p,
IFN-y, and TNF-a, the NO generation increased significantly in the gallbladder
epithelial cells. The production of NO in the presence of inflammatory cytokines
was also completely suppressed by the addition of an iNOS inhibitor, L-NMMA.
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Fig. 14.15 NO-dependent DNA damage evaluated by the comet assay. (a) Fluorescence micros-
copy showing the apparent comet tail in the gallbladder cells stimulated by the cytokine mixture,
and cells with intact spherical nuclei in the control and CM + L-NMMA groups. (b) Analysis of
the proportion of DNA that migrated to comet tails using an NIH image revealed a significantly
higher level of DNA damage in the CM group than in the control group, which decreased to the
control level after the addition of L-NMMA ([63], with permission)

Expression of iNOS mRNA in the gallbladder epithelial cells was strong in the presence
of cytokine-stimulation using nested RT-PCR, but not in the absence of stimulatory
cytokines. These findings suggest that inflammatory cytokines promote iNOS
expression and NO generation in normal epithelial cells in the hamster gallbladder.

NO has the ability to oxidize DNA directly, causing mutagenic changes [44,45].
NO also contributes to intracellular communication, inhibits apoptosis, and enhances
vascular dilatation, permeability, and neovascularization[58,59]; however, DNA damage
may be an essential and initial component in the malignant transformation of a variety
of epithelial cells. The DNA damage in an individual cell can be detected using the
highly sensitive comet assay [51,52,57]. In this assay, damaged single- and double-
stranded DNA within the nucleus are allowed to migrate toward the anode, by an
alkaline hydrolysis process, during electrophoresis, resulting in the appearance of
a “comet tail”. In our study, the comet assay showed clearly that the proportion of
DNA moving to the comet tail, indicating DNA damage, was significantly higher in
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the cytokine mixture group than in the control group, and that the increased DNA
damage was completely inhibited by L-NMMA. These data indicate that inflammatory
cytokines stimulate iNOS-mediated DNA damage in normal gallbladder epithelial
cells. Almost all DNA oxidative breaks can be excised by multiple excision DNA
repair processes before mutations occur [60], but DNA damage can lead to p53-
mediated cell growth arrest and apoptosis, and the accumulation of p53 protein can
repress the transcription of iNOS [61]. A recent study also found that the tumor sup-
pressant organization of normal p53 protein is inhibited in the presence of large
amounts of NO in inflamed tissues [62]. In consideration of these facts, our findings
suggest that the NO-mediated oxidative DNA damage produced by inflammatory
cytokines through iNOS expression is involved in an initiation process linking
chronic biliary inflammation to malignant transformation.

The inflammatory cytokines released in inflamed tissues trigger the release of
iNOS, resulting in increased NO production. Our findings show that iNOS-mediated
NO production induces DNA damage in normal biliary epithelial cells. Persistent
biliary inflammation and the accumulation of NO-mediated genotoxicity may initiate
the malignant transformation of epithelial cells lining the biliary tree. Our hamster
models of in vivo and in vitro tumorigenesis will contribute to a better understanding
of the mechanisms of inflammation-related biliary carcinogenesis.
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213,219-221

Monoclonal antibodies against PCNA,
160, 173

Morphological characteristics, biliary
carcinoma, 69-71

Mucicarmine stain, 216, 218, 219

Mucin-hypersecretion, 166

Mucinous carcinoma, 86, 89

Muscle relaxation, 19

N

Needle holders, 11

N-nitrosobis(2-hydroxypropyl)amine
(BHP), 43

N-nitrosobis(2-oxopropyl)amine (BOP), 29,
43, 46, 60, 61, 69, 70, 84, 85, 95, 96,
115, 120, 129, 140, 148, 157, 167, 172,
185, 186, 197, 198

Non-steroidal anti-inflammatory drugs
(NSAIDs), 140
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(0}
Opening abdominal wall, 21
Operating board, 15, 21

P

Pancreatic carcinogenesis, 157-159, 168

Pancreatic carcinoma, 43, 71, 117, 118, 125,
129, 132, 136, 157, 158, 160, 161, 167,
168, 171, 176

Pancreatic duct, 120, 122, 125, 129, 131

Pancreatic ductules, 172

Pancreatic juice regurgitation, 29

Pancreatic lobe, 8

Pancreaticobiliary maljunction (PBM), 29,
120, 129, 158

Pancreatitis, 129, 130, 134-136

Paper clips, 11

wound retractors, 21

Papillary adenocarcinoma, 43, 46, 61, 62, 84,
86, 87, 89-91, 117, 125

Papillary growth, 43, 46

Papillary hyperplasia, 43, 75, 80, 81, 84,
86, 89-91

Papillary type, 47, 51, 71,75, 77, 81

Para-aortic lymph nodes, 189

Pathogenesis, biliary carcinoma, 69-71

Pattern of cellular staining, 187, 200

PCNA. See Proliferating cell nuclear antigen

PCNA-LLI. See Proliferating cell nuclear
antigen-labeling index

PCR-SSCP, 86

Pencil grip, 11

Pentobarbital, 18, 20, 30, 54, 85, 106, 116,
130, 158, 172, 186, 199, 200

Periductal gland(s), 47, 73, 85, 87, 89, 91

Periductal glandular type, 46, 47, 52, 69,
73,77, 80

Periductal granular, 63

Periductal infiltrating growth, 63, 64

Periductal type, 85

Periodic acid-Schiff (PAS) stain, 218-223

Peritoneal cavity, 21

PGE2. See Prostaglandin E2

P-glycoprotein, 185, 187, 194, 196, 197, 199,
202, 204

Phase-contrast microscope, 200, 215,
217,218

Phospholipase A2 (PLA2), 96, 99

Plasma CCK levels, 117, 121, 124, 128, 131,
132

Polymerase chain reaction (PCR), 84, 85

Polypoid, 46, 50, 63, 65, 69-71, 73-75, 77,
78,117

Index

Poorly differentiated ductal adenocarcinoma,
191

Poorly differentiated tubular adenocarcinoma,
207, 209

Portal vein, 157, 159-161, 167, 214, 225

Pre-anesthetic fasting, 17

Pre-anesthetic sedation, 17

Precursor lesions, 69

Premalignant, 69

Primers, 85

Proliferating cell nuclear antigen (PCNA), 71,
105, 107, 115136, 139, 141, 144, 147,
148, 150, 159, 167, 171, 173

Proliferating cell nuclear antigen-labeling
index (PCNA-LI), 37, 71, 142, 143,
147, 151, 167, 176, 178

Prostaglandin E2 (PGE2), 139, 142144, 173

Protruding, 69, 71

lesions, 47
type, 46, 74
Purse string suture, 57, 58
Pyloric ring, 32, 54, 56, 106

R

Razor, 21

Reflux of pancreatic juice, 29, 157
Respiratory depression, 19
Ring-handled scissors, 11
Roux-en-Y anastomosis, 54, 55, 57
Roux-en-Y procedure, 140, 148
Running suture, 32, 34, 35

S

Safety razors, 11

Scanning electron microscopy (SEM), 187,
191-194, 199, 203, 216, 220, 221

Selective cyclooxygenase-2 inhibitor, 171,
172,176, 178, 179

Sense primer, 85

Shaving, 11, 21

Side-to-side anastomosis, 54

Skin incision, 21

Spontaneous biliary carcinogenesis, 105-113

Spontaneous cholangiocarcinoma, 112

Subcutaneous allografts, 189

Subcutaneous inoculation, 197

Subcutaneously transplantable cancer line, 197

Subcutaneous transplantation, 186, 188—190

Superficial spreading, 46, 47, 51, 63, 65, 69,
73,76,78

Surgical gauze ball, 15

Surgical instruments, 11



Index

Syrian golden hamsters, 30, 43, 54, 60, 70,
96, 106, 116, 120, 130, 140, 148, 158,
172, 185, 186, 197, 198, 214, 217,
222,225

Syrian hamster, 3, 4

T

Tauroursodeoxycholate (TUDC), 129-135

Taxonomic classification of Hamster, 3—4

TIJ-41. See Hochu-ekki-to

Total bile acids (TBA), 96, 99, 106, 107,
131, 132

Total bilirubin (T-Bil), 96, 99, 106, 107,
121-123, 131, 141, 148

Towel clips, 11

Transmission electron microscopy (TEM),
187, 191-194, 196, 197, 199, 203

Transplantable biliary cancer lines, 185-210

Transplantable cancer line, 185
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Transplanted gallbladder tumors, 187
Transplanted subcutaneous tumors, 200, 202
Trypsin, 200
Trypsin inhibitor, 214
Tubular adenocarcinoma, 46, 61, 62, 84,
86-88, 90, 91, 117, 125, 132, 161-167,
176, 177, 179
Tubular hyperplasia, 84, 86, 89
Tumor
volume, 186
weight, 199-202

w
Wet gauze, 21
Wound retractor, 11

X
Xiphoid cartilage, 21
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