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Introduction

Association of liver tumors, especially cho-
langiocarcinoma, with Clonorchis sinensis in-
fection in human cases has been reported by
Katsurada (1897), Ch’in (1955), Hou (1956),
Chou et al. (1976), Purtilo (1976) and many
other investigators, but the factors governing
the association remain uncertain. In Hong
Kong, an endemic area of C. sinensis (Gibson
and Sun, 1971), cholangiocarcinoma is often
found in association with C. sinensis, which is
thought to be an important etiological factor
in the induction of the cholangiocarcinoma
(Hou, 1956 ; Purtilo, 1976). Hou (1956) has
observed the direct transformantion of hyper-
plastic bile-ducts to cholangiocarcinoma in
human clonorchiasis and reported that all
transitional stages in the development of car-
cinoma are clearly demonstrable. Experimen-
tal studies by Thamavit et al. (1978) have
shown that Opisthorchis wviverrini-infected
hamsters fed the hepatocarcinogen, dimethyl-
nitrosamine invariably develop cholangiocar-
cinoma, whereas non-infected hamsters fed
the same carcinogen did not. This study
suggests that there is a synergism between
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the liver fluke and carcinogen in the induction
of the bile duct carcinoma ; the presence of
the parasite in the bile ducts possibly promotes
a carcinogenicity of the biliary epithelial
cells.

The present study deals with the effects of
C. sinensis infection on the induction of chol-
angiocarcinoama with N-2-fluorenylacetamide
(FAA), which is highly carcinogenic (Porta et
al., 1959 ; Miller et al., 1964 ; Guthman et al.,
1972).

Materials and Methods

Preparation of metacercariae : Fresh-water
fishes, Pseudorasbora parva, which haboured
various kinds of metacercarial cysts, were
taken from the basin of Nagdong River, an
endemic area of C. sinensis in Korea (Dong,
1974). The fishes were cut into small pieces,
which were digested in artificial digestive fluid
for two hours at 37°C (Okabe et al., 1970). This
was then filtered and the sediment was washed,
and resedimented, repeatedly. Metacercarial
cysts of C. sinensis in the final sediment were
identified under a stereoscopic microscope,
and collected.

Animals and experimental procedure: A
total of 110 female syrian golden hamsters
(Kyudo Inc., Kumamoto, Japan) were used, at
8 to 10 weeks old at the beginning of the ex-
periment. The animals were housed in plastic
cages, at four per cage. They were divided
into two groups; 60 C. sinensis infected-ani-
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mals, and 50 uninfected. The infected group
was orally given with 40 metacercariae per
hamster. Both groups were given similar ex-
perimental diet (CE-2, Clear Japan Inc.,
Tokyo, Japan) containing 0.03 % FAA
(Tokyo Kasei Kogyo Co. Ltd., Tokyo, Japan)
at the time of the infecting and this diet was
continued for 40 weeks thereafter. Then,
after 40 weeks, the surviving animals were fed
the normal diet without FAA. All animals
were weighed at two-week interval for 40
weeks after the administration of FAA.

All animals were autopsied or necropsied at
certain intervals (see Table 1) throughout the
experimental period. Nine animals lost due
to cannibalism were excepted. As a result of
the macroscopic examination of internal or-
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Fig. 1 Growth curves for infected and uninfected animals administered 0.03% FAA.
*Significantly different from the infected group (p<0.05)
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gans, especially the liver, then worms were
recovered from the extra- and intra-hepatic
bile ducts and the gall bladder of infected an-
imals, and were counted. The internal organs
of all animals were fixed in 10 % buffered
formalin, and representative sections were em-
bedded in parafin for the histological study.
Tissue sections were stained with hematoxylin
and eosin, and periodic acid Shiff (PAS).

Results

Animal body weight : Body weight changes
of the infected, and uninfected, hamsters
(mean=S. E.) for 40 weeks after the adminis-
tration of FAA are shown graphically in
Figure 1. The animals in the infected group
showed a lighter body weight than those in



Table 1 Incidence and appearance time of liver tumor and recovery
worm number at various periods to autopsy
Infected group Uninfected group
Period to
autopsy No. of Mean No. of No. of No. of No. of
(weeks) hamsters worms hamsters hamsters hamsters
examined recovered with liver tumor examined with liver tumor
2- 4 4 26(19-29) * 0
5- 8 4 25(18-32) 0
9-12 8 27(14-31) 0 3 0
13-16 9 23(11-30) 0 3 0
17-20 4 24(16-28) 0 5 0
21-24 10 22(12-31) 0 20 0
25-28 2 21(16-25) 1 4 0
29-32 1 16 1 1 0
33-36 2 13( 9-16) 20t 2 1
37-40 2 13(10-15) 1(1) 1 1
41-44 2 10( 7-12) 2 4 1
45-48 2 14(13-14) 2(1) 1 1
49-54 3 13(11-16) 2(2) 4 2
Total 53 11(5) 48 6

* Range of worms recoverd.
T No. of hamsters with metastasis.

Table 2 Incidence of liver tumor in the period from 25 to 54 weeks
during which the liver tumors were observed

Infected group

Uninfected group

Period to
autopsy No. of No. of No. of No. of
(weeks) hamsters hamsters hamsters hamsters
examined with liver tumor examined with liver tumor
2-24 39 0 31 0
25-54 14 11(78.6%)* 17 6(35.3%)
Total 53 11(20.6%) 48 6(12.5%)

* Significantly different from uninfected group (p<0.05).

the uninfected group during the 40 weeks, and
the growth rate was significantly lower in the
infected group than in the uninfected group,
during 4 to 24 weeks.

Incidence and appearance time of liver
tumor : The incidence and appearance time of
liver tumors in infected, and uninfected ani-
mals are summarised in Tables 1 and 2, to-
gether with the presence, or not, of metastasis
and the recovery worm number. In both the

infected and the uninfected groups, liver
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tumors were noted not until 24 weeks. One
animal autopsied at 25 weeks in the infected
group was first to have developed any liver
tumor. Overall then liver tumors were ob-
served in 11 (20.6 %) of 53 animals by the end
of the experimental period (54 weeks). In the
uninfected group, the first liver tumor was
observed in one animal autopsied at 35 weeks,
and totally 6 (12.5 %) of 48 animals had
developed a tumor by 54 weeks. The
incidence rate of liver tumors in the total
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period of 54 weeks was not significantly
different between the infected and the unin-
fected group. However, the incidence rate
between 25 to 54 weeks, when the liver tumors
were mainly noted, was significantly higher
in the infected group (78.6%) than compared
with in the uninfected group (35.3 %).

Metastses of tumor were present in the in-
fected group, but not in the uninfected group.
Of 11 animals with liver tumors, then 5
(45.6 %) had some metastases to diaphragm,
retroperitonium, and to lungs.

There was no significant correlation be-
tween the worm number and the incidence of
liver tumors.

Macroscopic findings: In the infected
group, animals showed characteristic gross
changes other than liver tumors in the bile
ducts and livers caused by the infection with
C. sinensis after 5 weeks. The extra- and in-
tra-hepatic bile ducts were markedly dilatated,
and the surface of the livers with jaundice was
irregular and nodular with small white firm
areas. On the contrary, cysts with mucus
measuring 0.5 to 1.0 cm were seen on the
surface of the livers with or without liver
tumors after 20 weeks in both groups. Howev-
er, the cystic lesions in the infected group
were smaller in size and less in number in
comparison with those of the unifected group.

The liver tumors noted in the two groups
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tumors were greyish-white and firm or cir-
rhotic with mucus on the surface. Most of the
tumors showed a massive growth and occupied
one lobe of the liver small satellite nodules on
other lobes (Photo. 1). On a cut surface, the
tumors revealed abundant mucus and included
areas of necrosis, sometimes with hemorrhage
(Photo. 2).

In the infected group, disseminated metas-
tases of the tumor to the diaphragm and retro-
peritoneum, identified by microscopic ex-
amination, were noted. Greyish-white and
firm nodules measuring about 0.2 c¢cm similar
to the appearnce of primary tumors, were
scattered on the tissues (Photo. 3). The me-
tastasis to lungs was not macroscopically de-
tected.

Ascites were seen in 23 (43.4 %) of 53 ani-
mals in the infected group and in 3 (6.3 %) of
48 animals in the uninfected group. The ani-
mals with tumors generally showed a tend-
ency to bear large amounts of ascites.

Microscopic findings: As shown in Table
4, the histological changes in the livers in-
duced with FAA were classified into four
grades by degree of mainly biliary changes
according to the criteria (Table 3), which
were based on the scheme of Edwards and
White (1941), Stewart and Snell (1954), and
Reddy et al. (1977). Grade 1 generally show-
ed a slight degree of bile ductle proliferation

showed closely similar gross features. The

Photos. 1-8 are of infected animals

Photo. 1 A greyish-white and firm cholangiocarcinoma showing a massive growth, occupying one
lobe of the liver with small satellite nodules in all lobes, and hemorrhage on the surface.

Photo. 2 Cut surface of the liver of Photo. 1, showing abundant mucus, and areas of necrosis and
hemorrhage.

Photo. 3 Metastasis to diaphragm showing greyish-white and firm nodules similar to an appearance
of the same primary tumor.

Photo. 4 Microscopic appearance of cholangiofibrosis consisting of regular ducts or glands surrounded
with low dense fibrous stroma. H. and E. X100.

Photo. 5 Microscopic appearance of cholangiocarcinoma with necrotic areas. The tumor consists of
various-sized irregular ducts and glands surrounded with uniformly dense fibrous stroma, and shows
an invasive growth pattern. H. and E. X40.

Photo. 6 Higher magnification of a portion of Photo. 5. The neoplastic cells show stratification,
high nuclear cytoplasmic ratio, nuclear hyperchromatism, prominent nucleoli and abundant mitotic
figures. H. and E. x200.

Photo. 7 Microscopic appearance of metastasis on the diaphragm shown in Photo. 3. H. and E. X100.

Photo. 8 Microscopic appearance of metastasis in lungs. H. and E. X50.
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in the infected group, whereas in the uninfect-
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Table 3 Criteria for grade of histological changes

of experimental animals

in the livers

Feature Grade-1 Grade-2 Grade-3 Grade-4*
Bile ductle proliferation — or + + or H + i
Cystic and glandular lesion — or + + H H
Glandular pattern Regular Regular Irregular Irregular
Invasion — - — H#
Stratification — — + HE
N/C ratio - — + H
Mitosis - - + i

* Grade-4 is cholangiocarcinoma.

— : negative; + :slight; H : moderate ; Hf : severe

Table 4 Grade of histological changes in the livers of experimental
animals at various periods to autopsy

Infected group

Uninfected group

Estr(;gtsiyto No. of No. of hamsters No. of No. of hamsters
(weeks) hamsters with Grade No. hamsters with Grade No.
examined G, Gg g3 Gar examined G, Gy g3 G4
2- 4 4 4
5- 8 4 4
9-12 8 4 2 2 3 3
13-16 9 1 3 5 3 3
17-20 4 1 3 5 5
21-24 10 2 8 20 2 18
25-28 2 1 1 4 1 3
29-32 1 1 1 1
33-36 2 2 2 1 1
37-40 2 1 1 1 1
44-44 2 2 4 3 1
45-48 2 2 1 1
49-54 3 1 2 4 2 2
Total 53 13 8 21 11 48 14 22 6 6
* Grade 4 is cholangiocarcinoma.
ed group, there was usually a slight degree of observed. The glands, which formed pseu-

cystic lesions lined by flattened cells. The
cysts were mostly empty, and occasionally
contained a fine granular material. In addi-
tion, proliferation of oval cells was seen in the
portal areas in both groups (Emmanuel, 1956 ;
Minase et al., 1975). In grade 2, the cystic
lesions and bile ductle proliferation were
more evident, and glandular lesions were also
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dotubules with histological characteristics of
the bile duct, were lined by irregularly ar-
ranged epithelial cells with respectively large
The bile ductle proliferation and
glandular lesions were prominent in the in-
fected group, while the cystic lesions were
prominent in the uninfected group. In grade
3, similar lesions to those observed in grade 2

nuclei.



were seen in more extensive areas than in
grade 2 and furthermore, cholangiofibrosis
was noted, consisting of regular ducts or
glands surrounded with low dense fibrous
stroma. The cells lining the ducts or glands
showed large nuclei resembling the nuclei of
oval cells, and also a higher nuclear cytoplas-
mic ratio than those of normal bile ducts
(Photo. 4). The cholangiofibrosis was promi-
nent in the infected group. Grade 4 cor-
responded with cholangiocarcinoma.

All liver tumors noted in both groups were
mucus-producing cholangiocarcinoma which
fulfilled propounded histological criteria (Red-
dy et al., 1977). The liver tumors were
composed of various-sized irregular ducts
and glands surrounded with uniformly dense
fibrous stroma, and showed an invasive
growth pattern (Photo. 5). Most of the
tumors contained necrotic areas, sometimes
with hemorrhage (Photo. 5). The neoplastic
cells lining the ducts and glands were general-
ly cuboidal and columnar in form, and
showed stratification, a high nuclear cytoplas-
mic ratio, nuclear hyperchromatism, promi-
nent nucleoli and abundant mitotic figures
(Photo. 6). Sometimes, goblet cell metaplasia
was present in the glandular epithelium. In
the glandular lumens, amorphous and eosino-
philic material, with or without fragmented
neutrophils and mononuclear cells, was obser-
ved. Histochemically, it was a periodic acid
Schiff-positive material and was seen especial-
ly in those glands with goblet cell metaplasia.
Small nodules macroscopically found on the
diaphragm and retroperitoneum, in the infect-
ed group, showed the same histological fea-
tures as the primary liver tumor, and also me-
tastasis to the lungs was detected in two of the
infected animals (Photo. 7 and 8).

Liver parenchyma was progressively degen-
erated by the development of biliary lesions
subsequently after the experimental period,
so that it was greatly obliterated in some
lobes. This was prominent in the infected
group. Liver cells of the intact parencymal
tissues showed megalocytosis and eosinophilic
and

the

intranuclear bodies of various sizes

occasionally large enough to occupy
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nucleus almost completely. Although hyper-
plastic nodules of liver cells, types 1 and 2
(Tsuda et al., 1979), were noted in some ani-
mals in both of the groups, hepatocellular
carcinoma was not found.

In the infected group, besides the lesions
described above, the histological changes of
the bile ducts which are characteristic of
clonorchiasis were observed. Epithelial hy-
perplasia, marked dilatation, and periductal
fibrosis, were noted in the large bile ducts as-
sociated with either pericholangitis or chol-
angitis. Bile ductle proliferation associated
with periportal fibrosis, together with the con-
nection between portal areas by fibrous bands,
gave the appearance of multi-lobular cirrhosis
in most hepatic lobes, from 9 weeks after the
infection.

Discussion

Cholangiocarcinoma associated with clonor-
chiasis has been reported by many investiga-
tors, and the interrelationship has been sug-
gested but not satisfactorily proved. Cholangi-
ocarcinoma has been observed (Hou, 1964
and 1965) in cats and dogs which have been
experimentally or spontaneously infected with
C. sinensis, and it has been concluded that C.
sinensis had acted as a causative agent in in-
ducing the liver carcinoma. However, these
results do not elucidate the
between C. sinensis and cholangiocarcinoma.
The interaction between a liver fluke, O.
viverrini, and carcinogen in hamsters, has
been studied and evidence put forward that
the liver-fluke infection promotes the carci-
nogenesis of the intra-hepatic bile duct
neoplasm induced with the carcinogen (Tha-
mavit et al., 1978). The evidence suggests
that a close relationship exists between liver
fluke and cholangiocarcinoma, though in-
directly. There are few known investigations
with regard to C. sinensis. The effects of C.
sinensis infection on the induction of cholan-

relationship

giocarcinoma with FAA were accordingly
investigated in the present study.

The results of the present study show that
C. sinensis infection has two important effects
on the induction of cholangiocarcinoma with
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FAA ; (1) it increases the incidence of liver
tumor, and ; (2) reduces the latent period for
neoplastic formation.

The animals infected with C. sinensis and
administered FAA (the infected group) showed
a significantly higher incidence rate of tumors
(78.6%) than the animals administered FAA
only (the uninfected group) (35.3%) in the
period from 25 to 54 weeks during which the
tumors were observed (Table 2). As has
been suggested (Thamavit et al., 1978), this
increase in the incidence rate of liver tumors
in the infected group is considered to show
that the combination of C. sinensis with FAA
has a synergistic effect on the induction of
cholangiocarcinoma. Moreover, it is notable
that the metastases of the primary tumor to
the other organs were detected in 5 of the
11 animals with the tumor in the infected
group, though it is not established that the
evidence is closely related to the synergism
of C. sinensis with FAA. With reference to
liver-fluke infection and bile-duct carcinoma, it
may be that C. sinensis, and O. viverrini, act
as a promoter in a carcinogenic process re-
quiring an initiator (Flavell, 1981). However,
it is not clear whether C. sinensis acted as
promoter or in the induction of
cholangiocarcinoma.

initiator

The animals in both groups developed cho-
langiocarcinoma. There was a significant dif-
ference in the latent period for neoplastic
formation. The tumor appeared 10 weeks
earlier in the infected group than in the un-
infected group ; in the infected group the first
tumor was noted at 25 weeks and in the un-
infected group at 35 weeks (Table 1). The
difference in appearance time of the tumor
suggests that the C. sinensis infection has an
effect of reducing the latent period for neo-
plastic formation. Such a difference between
the two groups was also noted in the real-
time histological changes in the bile ducts.
The animals in both groups revealed the same
series of biliary lesions as observed (Porta et
al., 1959) in hamsters administered FAA ;
epithelial hyperplasia, cystic and glandular
and cholangiofibrosis. In the
fected group, the high-grade biliary lesions

lesions, in-
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were observed at an earlier stage
pared with the uninfected group (Table 4).
This evidence is presumed to indicate that a
high turnover of hyperplastic biliary epithelial
cells due to persistent stimulus of C. sinensis
may increase their suscebility to action by
FAA, and result in increasing the number of
carcinogen-susceptible epithelial cells. This
also gives an explanation for the reduction in
the period for the neoplastic formation.

Although a histogenesis of cholangiocar-
cinoma associated with C. sinensis infection
has not yet been clearly established, there are
some reports suggesting possible precursors of
cholangiocarcinoma : the hyperplasia of bili-
ary epithelial cells (Hou, 1956), mucus cell
hyperplasia and goblet cell metaplasia (Ch’in,
1955 ; Chou and Gibson, 1970 ; Chou et al.,
1977), and cholangiofibrosis (Reddy et al.,
1977). These precursors were observed in this
study, but direct transformation of them to
cholangiocarcinoma was not detectable. Both
direct, and indirect transformation via inter-
mediates, are being researched.

On the other hand, etiological factors such
as nutritional, genetic, environmental and im-
munological as possibly (Flavell, 1981) are
also involved in induction of the cholangio-
carcinoma associated with C. sinensis. In re-
gard to the nutritional factor, the infected ani-

com-

mals showed significantly lower growth rate
than uninfected ones (Fig. 1), and further-
more, 23(43.4 %) of the 53 animals beared
ascites. These results are indicative of mal-
nutrition in the infected animals. Such mal-
nutrition due to the C. sinensis infection may
develop the biliary lesions (Flavell et al.,
1980) and provide a favorable condition for
tumorigenesis.

Summary

The effects of Clonorchis sinensis infection
on induction of cholangiocarcinoma with N-2-
fluorenylacetamide (FAA) were investigated
using female syrian golden hamsters. The
hamsters were divided into two groups; one
was infected with 40 metacercariae per ham-
ster together with administration of 0.03 %
FAA (infected group), and the other group



was administered 0.03 % FAA only (unin-
fected group). In both groups, cholangiocar-
cinoma was observed after 25 weeks of the ad-
ministration. The incidence rate of the liver
tumors was significantly higher in the infected
group (78.6 %) compared with the uninfected
group (35.3 %) in the period from 25 to 54
weeks during which the tumors were observ-
ed. Metastases to other organs were observ-
ed in 5 (45.6 %) of the 11 animals with
liver tumors in the infected group, but not
in the uninfected group. The first liuer
tumor was noted at 25 weeks in the infected
group and at 35 weeks in the uninfected
group. Histologically, in the infected group,
the high-grade biliary lesions due to FAA
were observed at an earlier stage compared
with the uninfected group. These results sug-
gest that C. sinensis infection has two impor-
tant effects on the induction of cholangiocar-
cinoma with FAA ; (1) it increases the in-
cidence of the tumor, and ; (2) it reduces the
latent period for neoplastic formation. It is
also suggested that C. sinensis infection may
provide a favorable condition of tumorigenesis
in human clonorchiasis.
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