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Turnover of biliary epithelial cells in Clonorchis sinensis

infected rats
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Abstract: We performed bromodeoxyuridine (BrdU) staining to observe the proliferation
pattern of epithelial cells on the biliary mucosa in Clonorchis sinensis infection. Albino rats
" were infected with 100 metacercariae each and their livers were processed for
‘histopathological observation after BrdU injection. Five to six sites in the liver of a rat were
selected for paraffin section, and stained immunohistochemically to visualize BrdU
incorporating cells. The flukes were mainly in the common bile duct and right or left
hepatic bile ducts. The proportion of stained epithelial cells in the infected bile ducts where
the worms were found on the section was 2.9-10.2% at 1 week after infection, 7.3-12.8% at
2 weeks, 7.3-13.4% at 5 weeks, and 8.4-14.8% at 15 weeks while in the non-infected ducts
0 to 2.7% cells were stained. The stained cells were mainly at the base of the mucosal
layer. It is suggested that mucosal epithelial cells of the bile duets infected with C. sinensis
become hyperplastic mainly by direct and local stimulation of the worms.
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INTRODUCTION

Clonorchis sinensis is the most prevalent
human parasitic helminth by stool
examination recently in Korea (Kim et al.,
1984; Min et al., 1986; Chai, 1990; Kim et al.,
1990). It crawls into the intrahepatic bile ducts
and induces severe hyperplasia of epithelial
cells and metaplasia of mucopolysaccharide-
producing cells in the mucosa (Lee et al., 1978;
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Song et al., 1989; Hong et al., 1990). It is also
known to be related with cholangiocarcinoma
(Chung and Lee, 1976; Flavell, 1981; Kim,
1984; Lee et al, 1993). Some of the changes of
the biliary mucosa were observed to remain
even after praziquantel treatment (Lee et al.,
1987 & 1988). ,

However, we still have little information on
the mechanism of the hyperplasia. Up until
now, the pathogenetic mode of action of C.
sinensis has been regarded as mechanical and
chemical (Seo, 1978), however, further details
on the factors still remain unknown.
Furthermore, few data show the relation
between the site of host reaction and worm
location. The worm must make friction or
sucking stimulation on the mucosa and induce
marked exfoliation of the epithelial cells.



Additionally, any chemical stimulation should
be anticipated. The worm must secrete its
various metabolites which can influence the
host cells in any way of methods. Some of
them are immunogens and some are chemical
reagents.

Recently, several staining methods have
been developed to visualize dividing cells.
Incorporation of bromodeoxyuridine (BrdU) is
one of them, which stains the cells in S phase
of division (Risio et al., 1988). The staining of
the mucosal cells of C. sinensis infected bile
ducts can show the pattern of cell turnover on
the hyperplastic mucosa. The pattern may give
some information on the nature of the tissue
reaction in clonorchiasis.

MATERIALS AND METHODS

1. Infection of C. sinensis to rats

Sprague-Dawley rats were infected with the
metacercariae of C. sinensis which were
collected by peptic digestion of the freshwater
fish, Pseudorasbora parva. Each animal was
introduced with 100 metacercariae into the
stomach via a gavage needle. The rats were
bred in an animal quarter with commercial rat
diet and pipe water. A part of the infected rats
were orally introduced with praziquantel 100
mg/kg/day for 3 days, 8 weeks after infection
for the treated groups. The treated rats were
kept for 1 or 4 weeks.

2. Injection of BrdU and preparation of
the liver
The rats were intraperitoneally injected with
10 mg/kg BrdU (Sigma Co., USA) 2 hours
before sacrifice. Each group of 1, 2, 5, and 15
weeks after infection consisted of 5 rats. The
rats were sacrificed by cervical dislocation, and
their livers were removed and fixed in Carnoy
solution. The fixed livers were divided by the
lobe, and peripheral and central part of the
median, left, and caudate lobes were sampled
at same location. The selected liver fragments
were processed for paraffin embedding and
microtome section in 5 ym thickness.

3. Staining of the liver sections
The liver sections were stained with anti-
BrdU mouse polyclonal antibodies (1:100

dilution) after deparaffination and hydration.
Biotinylated anti-mouse horse serum (Cappel
Co., U.S.A), 1:100 diluted, was applied as a
secondary antibody. The sections were further
stained with peroxidase conjugated avidin, and
the substrate was diaminobenzidine (DAB) for
color reaction. Hematoxylin was used for
counter staining. The stained sections were
observed microscopically, and the brown
stained cells were counted in the sectioned
ducts. The proportion of stained cells over total
number of epithelial cells was obtained in the
examined ducts of each group. The findings
were analyzed by the location of C. sinensis.

RESULTS

1. Location of the worms

The worms were found in the intrahepatic
bile ducts of all the median, left, and caudate
lobes. We didn't choose the right lobe for the
experiment. In the first week the worms were
found in the proximal (central) ducts of the 3
lobes but not in the distal (peripheral) ducts.
However, the worms were in both distal and
proximal ducts in the second week, and again
they were only in the proximal ducts in the 5th
and 15th weeks (Fig. 1).

2. Control animals
The intrahepatic ducts were very narrow and
only less than 1.0% of the cells were
incorporating BrdU in the control group (Fig. 2
& Table 1).

3. One week after infection (1 w)
Proximal ducts of the median, left, and
caudate lobes contained the worms. Although
the proximal ducts with worms showed 0% to
4.8%, mean 3.5% staining rates in the median
lobe, the infected ducts of the left or caudate
lobes stained more cells of 5.7% and 9.5%
respectively. The distal ducts without worms
stained about 2%, which were slightly higher

rates than those of the control (Table 1).

4. Two weeks after infection (2 w)

The worms were found also in the distal
ducts of the median or left lobes. In the median
lobe, the infected proximal ducts showed 3.3%
to 15.3% (mean 11.0%) stained cells (Fig. 3)
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Fig. 1. Distribution of C. sinensis in the schematically illustrated ducts of the rats. The dotted ducts were
infected by the worms, The worms were only in the proximal ducts of individual lobes at the first weelk,
and then migrated further into the distal ducts at the second week. At 5 or 15 weeks after infection the
worms were found in the proximal ducts but not in the distal ducts. The right lateral lobe (R) was not
examined. CBD: common bile duct, CP: caudate lobe proximal duct, CD: caudate lobe distal duct, LP: left
lateral lobe proximal duct, LD: left lateral lobe distal duct, MP: median lobe proximal duct, MD: median
lobe distal ducts, R: right lateral lobe (excluded in this examination).

Table 1. Proportion (%) of BrdU incorporating cells on the biliary mucosa and location of the worms in
the liver of rats infected by C. sinensis '

Groupsa)
Lobe/Ducts Control 1w 2w 5w 15w Tlw Taw
Median lobe
proximal, with wormsb! — 35 11.0 13.2 11.3 6.3 9.5
proximal, no worms 1.0 — —_ — — — —
distal, with worms — - 8.3 — — — —
distal, no worms 0 2.0 1.0 0.6 2.1 0 0
Left lat. lobe
proximal, with wormsb — 5.7 11.3 9.4 8.5 5.5 7.0
proximal, no worms 0.6 — — — —_ 0 0
distal, with worms — — 6.2 — — —_ —
distal, no wormsb) 0.4 2.3 1.0 0.4 0.8 0 0
Caudate lobe
with worms — 9.5 7.3 13.8 14.6 — —
Nno worms 0.4 1.2 1.4 1.7 0.6 0 0
Extrahepatic
with worms® — — — 10.1 9.0 8.9 7.0
1o worms* — — — 1.7 0 0 0 -

3Groups: The 1w, 2w, 5w and 15w groups are 5 rats 1, 2, 5 and 15 weeks after infection respectively.
Tlw and T4w rats were treated with praziquantel 8 wecks after infection. and 1 and 4 weeks after
treatment respectively. PDucts with dilatation and periductal fibrosis in Tlw and T4w. 9Ducts without
dilatation and periductal fibrosis in Tlw and T4w

while infected distal ducts had 7.6% to 9.6% were 2.7% to 16.4% in the left and caudate
(mean 8.3%) stained cells. The stained cell lobes, but the rates in the infected distal ducts
proportions in the infected proximal ducts of the left lobe were 3.9% to 7.7% (mean 6.2%).



Fig. 2. A proximal intrahepatic bile duct in the median lobe was narrow and lined by monolayer of
epithelial cells. No cells were incorporating BrdU. Original magnification, » 200. Fig. 3. An infected
proximal intrahepatic bile duct in the median lobe by C. sinensis was markedly dilated and showed
severe hyperplasia of epithelial cells 2 weeks after infection. Numerous cells(cells with brown nuclei) were
incorporating BrdU at the base of the hyperplastic epithelial layer. Original magnification, x200.

The staining rate of the non-infected distal or
proximal ducts were in range of the control
(Table 1).

5. Five weeks after infection (5 w)

The infected ducts were all in proximal
location in the biliary tree. The stained cells
were 5.6% to 16.8% (mean 13.2%) among the
epithelial cells in the median lobe, 5.3% to 10.
4% in the left lobe, and 11.6% to 15.7% in the
caudate lobe. In the infected extrahepatic bile
ducts, 4.6% to 13.4% cells (mean 10.1%) were
stained, but in the ducts without worms were
stained only 0% to 3.1% cells in the 3 lobes
(Table 1). .

6. Fifteen weeks after infection (15 w)
The proportions of stained cells in the
infected ducts were 10.3% to 14.7% in the
median lobe, 7.3% to 9.8% in the left lobe, 12.
20 to 16.9% in the caudate lobe, and 3.9% to
11.0% in the extrahepatic duct. Contrary to

these, the proportions in the ducts without
worms were not high, 0% to 3.7% (Table 1).

7. Treated groups (T 1w & T 4w)

In the treated rats, no worms were found.
The ducts with dilatation and hyperplasia were
regarded as infected ducts. They showed 5.5%
to 8.9% positive cells 1 week after treatment,
and 7.0% to 9.5% cells were positive 4 weeks
after treatment (Table 1).

DISCUSSION

The BrdU incorporating cells are over 10%
among the biliary epithelial cells in the ducts
with C. sinensis after 5 weeks of infection. The
proportion is higher than that of hepatocellular
carcinoma of low grade and similar with grade
Il to IV cancers (Tarao et al., 1991). The high
proportion of stained epithelial cells means
that the cells are exfoliated in large scale and
thus rapid division of the cells is essential to
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actually proliferate much more than the loss,
and therefore the mucosal layer undergoes
severe hyperplasia, At the first week the cells
already showed increased proliferation, and
the proportion of stained cells already reached
a plateau 2 weeks after infection. The
persistently high proportion in the ducts 15
weeks after infection suggests that the
hyperplasia is still progressive during the first
15 wecks after infection.

The proportion of dividing cells decreased
after deworming by chemotherapy with a
pattern of slow slope. The cell percentage
decreased a little 1 week after treatment, but
the proportion was higher than that of the
control. It was still sustained high 4 weeks
after treatment. The cell or tissue keeps the
memory of stimulation by C. sinensis quite
long even after deworming. The metaplasia of
mucus secreting cells or adenomatous
hyperplasia was still found to remain 6 months
after treatment (Hong et al., 1990). Therefore
the remaining hyperplasia is not a simple
residue of the histopathological changes. For a
certain period after elimination of the worms,
probably more than 6 months, the cells must
keep the activity of higher proliferation than
control. At present no data for the nature of
the cell memory are available.

The cells of the ducts with worms were
stained in significantly high proportions
regardless of the location in the liver, but the
ducts without worms showed no increase of
the stained cells. In the ducts without worms,
were stained the cells same as the control level
(Table 2). This fact reveals that proliferation of
the epithelial cells is provoked by only direct
contact with worms. The worms are moving
continuously in the duct and devour epithelial
cells and blood cells (Rim, 1986). Therefore its
suckers and tegument come in intimate
contact with the biliary epithelial cells, and the
adjacent cells must be influenced greatly by
direct mechanical stimulus. However, it is still
plausible that the host cells receive other
stimuli than the mechanical one, such as
immunological or chemical stimuli.

For immunological reactions, several
experiments detected antibody reaction to C.
sinensis (Hahm et al., 1984; Hong, 1987).
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Table 2 'Proportion (%) of BrdU incorporating
cells ‘on the biliary mucosa in the liver of rats
infected by C. sinensis

In the ducts

Groups with wormsa)  without wormsb)
Control —_ 0.6%

1w 6.3% 2.0%

2w 9.1% 1.0%

Bbw 9.4% 0.5%

15w 11.2% 1.4%

Tl w 6.3% 0

T4 w 7.8% 0

dDucts with dilatation and periductal fibrosis in
T1 w and T4 w. YDucts without dilatation and
periductal fibrosis in T1 w and T4 w. *The
proportion between the two duct groups are
significantly different by Wilcoxon rank sum test
(s =300, p = 0.02).

However, the role of host immune response on
biliary epithelial cells is still unclear. Although
the chemical factors are not proved yet, some
chemicals from the worm may be expected to
stimulate the cells. However, the present
observation proposes only direct and local
stimulation on proliferation of the epithelial
cells by the chemicals, if any in clonorchiasis.
Even in the proximal duct to the worm
parasitization which drained mixed bile with
worm secreta or eggs, there found very low
uptake of BrdU. The finding informs that the
mechanical communication between the worm
and mucosal cells may make the most potent
stimulation on proliferation of epithelial cells
and the chemical stimulation by the worm is
influencing only the adjacent mucosa if any.
Whether the hyperplastic biliary mucosa is
advantageous for C. sinensis or not should be
a question to be deliberated. The highly
proliferated epithelial cells seem to make a
good environment for the worm to live in. The
lumen of dilated bile ducts becomes highly
folded and soft, and thus the worm.can keep
its position more easily. The mucosal
epithelium of bile ducts forms only a tract for
bile flow, major role of which is collecting and
bounding bile mechanically. The knowledge on
the functional aspect of the hyperplastic biliary
mucosa is very poor now, but the tissue may
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have another physiologic role as well as the
thick mechanical barrier. Also the increased
turnover of epithelial cells can supply rich
nutrition to the worm. Is the internal milieu
prepared by the highly proliferated cells fit
better for survival of C. sinensis? Isn't it a pre-
designed condition by the worm? Is it only an
outcome of inflammation? The defensive role or
any nursery function of the severely
proliferated mucosal epithelium should be
evaluated in the future.

The stained cells were found mainly at the
base layer of the mucosa. This is a normal
figure of cell turnover in the intestine or other
organs with thick layer of epithelium. The
present finding can be interpreted as the cell
division occurs mostly at the mucosal base
and also as the mucosal cells on the upper half
layer are fully differentiated. The confined
location of dividing cells suggests that the
mucosal change in clonorchiasis is different
from adenoma or adenocarcinoma which show
random distribution of dividing cells.
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