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Abstract: Genus Metagonimus has been a subject of taxonomic debates for several
years. In morphological aspects, M. yokogawai has been thought to have three subtypes.
namely Yokogawa type (M. yokogawai in strict sense), Miyata type and Koga type. But dif-
ferences in the intestinal pathology induced by these subtypes have not been studied yet.
In this study we compared the pathological reactions induced by M. yokogawai and
Metagonimus Miyata type using proliferating cell nuclear antigen (PCNA) index.
Metacercariae (Mc) of M. yokogawai were collected by artificial digestion of Plecoglossus
altivelis and Mc of Metagonimus Miyata type were collected from Zacco platypus. Three
hundreds Mc of each species were infected orally to ICR mice. The mice were sacrificed at
3, 6, 10, 16 and 23 days after infection and the small intestines were resected into three
portions (proximal, middle, and distal). Immunohistochemical staining for PCNA was done
using PC-10 (DAKO-PCNA, CA, USA). The PCNA indices in M. yokogawai infected group on
the 6th and 23rd day after infection were lower than in the control and Miyata type infect-
ed groups (p < 0.05) from all of the three intestinal regions. On the other hand, the control
group and Metagonirmus Miyata type infected group did not make any differences in PCNA
indices. The villus/crypt (V/C) ratio was also decreased significantly in M. yokogawai
infected mice but not in Metagonimus Miyata type infected ones. It is suggested that M.
yokogawai induce villous atrophy through a decrease in the cell proliferation at the crypt.
The results of this study suggested that M. yokogawai induce more serious intestinal
pathology than Metagonimus Miyata type.
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INTRODUCTION

Metagonimus yokogaiwai is one of the well
known intestinal trematodes in Korea (Chai
and Lee, 1990). High infection rates are still
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maintained in several endemic areas (Chai et
al.. 1993; Yu et al., 1994). Morphologically, M.
yokogawai have been thought to have several
subtypes, such as Metagonimus Miyata type
and M. Koga type. They have minor differences
in such points as follows: location of testes,
distribution of uterine tubules, egg sizes, and
end point of vitelline follicles (Saito, 1984]).
Chai et al. (1993) suggested that the most
metagonimiasis patients in inland endemic
areas in Korea were not due to M. yokogawai
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but to Metagonimus Miyata type or M. taka-
hashii. In view of clinical symptoms, metago-
nimiasis by M. yokogawai could evoke severe
intestinal troubles such as abdominal pain,
watery diarrhea for several days, and weight
loss (Chai et al., 1989). Whereas, metagonimi-
asis by Metagonimus Miyata type produces
non-specific mild symptoms, so that the
patients themselves did not know whether
they were infected with parasites.

In this study we tried to compare the pathol-
ogical reactions induced by M. yokogawai and
Metagonimus Miyata type using PCNA analy-
sis.

MATERIALS AND METHODS

Parasites infection and tissue prepara-
tion
Metacercariae (Mc) of M. yokogaiwai were
collected by artificial digestion of Plecoglossus
altivelis caught at Oshipcheon, Samchok-shi,
Kangwon-do. Mc of Metagonimus Miyata type
were collected from Zacco platypus caught at
Dalchon river, Chungju-shi, Chungchongbuk-
do. Three hundreds Mc of each species were
infected orally to ICR mice. Each experimental
group used 7 mice and the mice were sacri-
ficed according to the time schedule (Table 1).
Ten cm of jejunum from the Treitz' ligament
toward the lower direction was resected as the
proximal jejunum. Another 10 cm segment
which was 5 cm apart from the proximal jeju-
nal segment was prepared as the middle
jejunum. The distal jejunum was 10 cm seg-
ment which was 5 cm proximal to the ileocecal
junction (Fig, 1).
Intestinal segments were fixed in 10% neu-
tral formalin as soon as they were removed
from mice. After dehydration with alcohol

series, the tissues were embedded in paraffin
and sliced with microtome. The sectioned tis-
sue specimens were put onto albumin-treated
slide glasses.

PCNA staining

Tissue sections were deparaffinized and
hydrated with alcohol series. Endogenous per-
oxidase activity was blocked by 3% hydrogen
peroxide solution for 10 min. After washing
with PBS, the slides were blocked with normal
goat serum for 15 min to decrease background
non-specific binding. Primary antibody (DAKO-
PCNA. PC-10, Santa Babara, CA, USA) was
reacted for 20 min and secondary antibody
was linked for 10 min. Peroxidase-conjugated
streptavidin was reacted for 10 min. Color
reaction was done by chromogen, 3,3'-
diaminobenzidine tetrahydrochloride (DAB,
Sigma). For a counter staining. ethyl greefi
solution was used for 30 min.

PCNA index was obtained as the percentage
of positively stained cells among 500 cells of
crypts. Repeated counting was done in five dif-
ferent fields per mouse,

Table 1. The number of mice used for this experi-

ment
PI3) day  control Myb(Mced)  Mm9(Mc)
3 7 7 (300) 7 (300)
6 7 7 {300) 7 (300)
10 7 7 (300) 7 (300)
16 7 7 (300) 7 (300)
23 7 7 (300) 7 (300)

alpost infection; PM. yokogawai infected group;
<) Metagonirnus Miyata type infected group:; Ynum-
ber of infected metacercariae.

Treitz’ ligament

ileocecal junction

Fig. 1. Preparation of the small intestine of infected mice. P, proximal small intestine; M, middle small

intestine; D, distal small intestine.



Statistical analysis
For statistical analysis, student’s t-test in
SPSS program was used. Uninfected control
group was compared with M. yokogawai infect-
ed group and Metagonimus Miyata type infect-
ed group, respectively.

RESULTS

The positively stained cells at PCNA-
immunostaining showed brown color. Most
nuclei of the crypt cells were stained strongly.,
but epithelial cells lining villi were very weakly
reacted or not stained (Fig. 2). As the epithelial
cells are located further from the crypt, the
stainability decreased. So, the crypt was the
main portion of cell regeneration of the intes-
tine.

When mice were infected with M. yokogawati,
they showed similar staining patterns in three
different portions of the small intestine. The
PCNA indices on the 6th and 23rd day after
infection were lower in M. yokogawai infected
group than the other two groups (control and
Miyata type infected groups) (p<0.05) (Fig. 3-
5). On the other hand, the conirol and
Metagonimus Miyata type infected groups did
not make any differences in PCNA indices.

The villus/crypt (V/C) ratioc was also meas-

Fig. 2. Small intestine of mice stained at PCNA.
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ured from 15 villi of each experimental group
(Table 2). M. yokogawai infected mice showed
more intestinal portions which have decreased
V/C ratio than Metagonimus Miyata type
infected ones. The length of villi decreased and
the length of crypts increased in M. yokogawai
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Fig. 3. Comparison of PCNA indices among
experimental groups in the proximal jejunum of
mice. MY, M. yokogawai infected group; MM,
Metagonimus Miyata type infected group. *p <
0.05, student’s t-test.
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Fig. 4. Comparison of PCNA indices among
experimental groups in the middle intestine of
mice. MY, M. yokogawai infected group; MM,
Metagonimus Miyata type infected group. *p <
0.05, student’s t-test,
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infected mice than in control group mice.
DISCUSSION

Morphological differential points between M.
yokogawai and Metagonimus Miyata type have
been described already (Chai et al., 1993).
Genetic differences between the two species
were also evaluated recently (Yu et al.. 1997a
& b). However, differences in the intestinal
pathology which were induced by the two
kinds of Metagonimus species have not been
tried yet.

Usually in the endemic area of Metagonimus
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Fig. 5. Comparison of PCNA indices among
experimental groups in the distal small intestine
of mice. MY, M. yokogawai infected group; MM,
Metagonimus Miyata type infected group. *p <
0.05, student’s t-test.

Miyata type, the infected person, visitor or res-
ident does not complain any specific physical
discomfort. However, when a foreigner visits
the endemic area of M. yokogawai, and eat
sweet fish there, he often suffers from diarrhea
(Chai et al., 1989).

In this study, M. yokegarvai infected group
showed lower PCNA index in the small intes-
tine. There were two troughs of PCNA indices
after M. yokogawai infection. The worms are
still immature and active on the 6th day after
infection, so the stimuli by the worms may
make harmful effects on the crypt cells. But as
to the second trough on the 23rd day after
infection, it is very difficult to find the reason.
Proliferating cell nuclear antigen (PCNA) is
considered as an indicator of proliferating cells
of late G1 and S stage of the cell cycle, and
many studies were performed to analyze the
PCNA index 1o evaluate the prognosis of can-
cer (Van Dierendonck et al., 1991). Because
decreased PCNA index means reduction in the
population of proliferative cells, it is likely that
M. yokogawai made inhibitory effects on the
cell proliferation in intestinal crypts at that
time.

It is well studied that when intestinal trema-
todes infect the host, they usually produce vil-
lous atrophy and crypt hyperplasia of the host
intestine, so V/C ratio of the infected host
intestine decreases (Chai et al., 1994; Yu et al.,
1995). In this study, the experimerntal groups
which had decreased PCNA indices usually
showed decreased V/C ratios. So, it is suggest-
ed that M. yokogawai induce villous atrophy
through reduction of the proliferating cells in
the crypt.

Table 2. Comparative values? of V/C ratio among experimental groups

Control My®?! Mm¢
PI (days)
Pa Me) Do P M D P M D
3 6.59 4.72 3.27 4.83 4.179) 2.49h) 6.28 4.57 2.594
6 7.36 4.86 3.12 5.93h) 3.74 2.80 6.169 4.43 3.21
10 6.60 4.03 3.40 7.43 3.53 3.08 6.11 4.09 3.31
16 8.06 4.76 3.54 6.86 3.860 3.08 7.34 4.26 2.59
23 7.48 4.89 3.14 6.550 4,010 2.77 7.15 4.28 2.75

alMean values counted from 15 villi in each group; PMy, M. yokogawai infected group: <Mm,
Metagonimus Miyata type infected group; 9P, proximal small intestine; 9M, middle small intestine; D,
distal small intestine: 9p<0.01, student’s t-test; Wboth PCNA index (p<0.05) and V/C ratio (p<0.01)

decreased.



The three different locations of the small
intestine showed the same reaction patterns. It
scems likely that M. yokogawai makes a dif-
huse damage on the intestinal mucosa rather
than a local influence.

In case of Metagonimus Miyata type infec-
tion. the mice did not show lowered PCNA
indices compared with normal control mice.
The number of experimental groups which
developed lower V/C ratio than control groups
was also smaller than in M. yokogawai infect-
ed groups. It shoud be ruled out whether ICR
mice are susceptible to M. yokogawai infection
but less susceptible to Miyata type infection. If
ICR mice are less susceptible to Miyata type.
the higher PCNA indices could be due to low
number of flukes in the intestine. It could be
also speculated, however, that Metagonimus
Miyata type induces milder pathologic reac-
tions on the small intestine of mice than M.
yokogaivai.
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