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Abstract: Mucosal immune responses against Pygidiopsis summa (Trematoda: Heterophyidae) infection were studied in
ICR mice. Experimental groups consisted of group 1 (uninfected controls), group 2 (infection with 200 metacercariae), and
group 3 (immunosuppression with Depo-Medrol and infection with 200 metacercariae). Worms were recovered in the small
intestine at days 1, 3, 5, and 7 post-infection (PI). Intestinal intraepithelial lymphocytes (IEL), mast cells, and goblet cells
were counted in intestinal tissue sections stained with Giemsa, astra-blue, and periodic acid-Schiff, respectively. Mucosal
IgA levels were measured by ELISA. Expulsion of P. summa from the mouse intestine began to occur from days 3-5 Pl
which sustained until day 7 Pl. The worm expulsion was positively correlated with proliferation of IEL, mast cells, goblet
cells, and increase of IgA, although in the case of mast cells significant increase was seen only at day 7 PI. Immunosup-
pression suppressed all these immune effectors and inhibited worm reduction in the intestine until day 7 PI. The results
suggested that various immune effectors which include IEL, goblet cells, mast cells, and IgA play roles in regulating the

intestinal mucosal immunity of ICR mice against P. summa infection.
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INTRODUCTION

DPygidiopsis summa (Digenea: Heterophyidae), a minute intes-
tinal trematode infecting avian and mammalian hosts, includ-
ing humans [1,2], was originally described from dogs fed mul-
let harboring the metacercariae in Japan [1]. This trematode is
distributed in Japan and the Republic of Korea (=Korea), and
human infections have been reported in both countries [3-6].
In Korea, P. summa is distributed widely along coastal areas,
including islands, and public health attention has been paid
to this trematode infection [5,6].

In humans infected with P. summa, gastrointestinal symp-
toms, such as abdominal pain and diarrhea, may occur, partic-
ularly in heavily infected cases [1,2]. Rats and mice experimen-
tally infected with P. summa display mucosal pathologies in
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the small intestine that include villous atrophy; crypt hyperpla-
sia, and mucosal inflammation [7]. Like other intestinal hel-
minths (nematodes and cestodes), P. summa worms are ex-
pelled spontaneously within 3 weeks after infection in mice
[7]. However, no information has been available regarding
mucosal immune responses of the host in relation to expul-
sion of P. summa from the host intestine.

The mechanisms of helminth expulsion from the gut of ro-
dents were studied popularly in nematode infections, includ-
ing Strongyloides ratti, Nippostrongylus brasiliensis, Trichinella spi-
ralis, and Trichuris muris [8-11]. The mechanisms involved in
worm expulsion are unique in each parasite species and even
strains [12]. For example, the major effector for expulsion of S.
ratti is mucosal mast cells, whereas it is goblet cells in N. brasil-
iensis, T. muris, and T. spiralis [10-13]. In intestinal trematode
infections, such as Echinostoma spp. [14-16], Neodiplostomum
seoulense [17-19], Metagonimus yokogawai [20-22], and Gymno-
phalloides seoi [23-25], innate intestinal immune mechanisms
operate, and goblet cells, mast cells, intestinal intraepithelial
lymphocytes (IEL), and/or mucosal IgA increased remarkably.
However, in heterophyid fluke infections other than M. yok-
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ogawai, the role of these effectors has not been clarified.

The present study was performed to examine the intestinal
mucosal immune responses of mice experimentally infected
with P. summa in regulation to worm expulsion. Chronological
changes in the number of IEL, mucosal mast cells, and goblet
cells, were determined, and the levels of IgA were measured in
immunocompetent (IC) and immunosuppressed (IS) P. sum-
ma-infected mice.

MATERIALS AND METHODS

Parasite

Naturally infected mullets, Mugil cephalus, with P. summa
metacercariae were caught off the coast of Aphae-do (Island),
Shinan-gun, Jeollanam-do, Korea. Their gills were separated
and digested in artificial digestive juice (0.5% porcine pepsin
in 0.6% HCl solution) (Sigma-Aldrich, St. Louis, Missouri, USA)
at 37°C for 1 hr. The digested mixture containing free metacer-
cariae was successively filtered through mesh pore sizes of 600,
300, and 106 pm. Metacercariae were collected from the last
mesh and counted using a stereomicroscope.

Experimental animals and parasite infection

Specific pathogen-free ICR mice (4-week-old males) were
purchased from the Samtaco Laboratory Animal Center (Osan-
shi, Kyonggi-do, Korea). Experimental groups consisted of
group 1 (uninfected controls), group 2 (IC and P. summa-in-
fected), and group 3 (IS and P. summa-infected). Each group
consisted of 5-6 mice. Immunosuppression was induced by
intramuscular injection with 15 mg/kg Depo-Medrol (methyl-
prednisolone; Upjohn Korea, Seoul, Korea) every other day
from day 2 before infection until the end of the experiment.
Glucocorticoids including prednisolone are known to inhibit
T-cell, B-cell, and NK-cell functions [26]. They were infected
orally with 200 metacercariae of P. summa, and worm recovery
was observed at days 1, 3, 5, and 7 post-infection (PI). Animal
experiments were carried out in accordance with the guidelines
of Institutional Animal Care and User Committee, Seoul Na-
tional University College of Medicine, Seoul, Korea.

Worm recovery

Mice were killed by ether-induced hyperanesthesia. The ab-
domen of each mouse was opened, and the small intestine was
resected, divided into several segments, and then longitudinal-
ly opened in Petri dishes containing physiological saline. The

opened intestinal segments were put on the top of a Baermann’s
apparatus as described previously [24]. The flukes were collect-
ed from the bottom of the tube in the apparatus. The intestinal
segments were returned to Petri dishes to search for residual
flukes using a stereomicroscope.

IEL counting and location

Small pieces (approximately 1-2 cm long) of the mouse je-
junum were fixed in Carnoy’s fixative for 24 hr. These fixed
samples were sectioned at 5 pm thickness after dehydration
and wax embedding. The sections were stained with 2% Gi-
emsa solution (Diagnostica Merck, Darmstadt, Germany) for
20 min. IELs were located in the interspace or base of epitheli-
al cells and were stained darker than nuclei of villous epithelial
cells. The location of IELs was classified into apical, middle, and
basal in comparison with location of the epithelial cell nuclei.
The location of IELs in different experimental groups was com-
pared. IEL numbers were counted per 10 villus-crypt units (VCU)
from 5 mice for each group as previously described [27].

Mast cell and goblet cell counting

For mast cell counting, sections of the mouse jejunum were
prepared as described above for IEL counting. At a strong acid-
ic condition of pH 0.3, the sections were stained with Astra blue
and counterstained with weak eosin. Granulated mast cells
were counted in the defined region of 10 VCU, and the mast
cell counts were expressed as the mean number per VCU.

The intestinal segments, about 2 cm in length, were taken
from the middle portion of each jejunum for goblet cell stain-
ing. The segments were washed twice with saline and fixed in
Carnoy’s fixative for 2-3 days. The fixed tissues were embedded
in paraffin and sectioned at about 5 pm thickness. The tissue
samples were stained with periodic acid Schiff (PAS). Briefly,
the samples were oxidized with 1% periodic acid (Sigma-Al-
drich) for 5 min and reacted with Schiff reagent to produce a
colored end product. They were counterstained with hematox-
ylin (Sigma-Aldrich). Goblet cell numbers were counted per
10 VCU from 5 mice for each group.

Measurement of P summa-specific IgA

The middle portion (about 5 cm) of the jejunum, which
contained intestinal mucus, was collected for detection of IgA
and stored at -20°C until processing. Mucus was isolated based
on a method described previously [28]. Briefly, the tissues were
thawed and mucus was scraped off with a glass slide. The scrap-
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ings were collected in a conical tube on ice. Three-milliliters of
ice-cold PBS supplemented with protease inhibitors, 1 tablet
for 10 ml (Complete TM, Roche, Indianapolis, Indiana, USA)
was added to each sample. The samples were shaken for 1 hr
at 4°C and centrifuged at 3,000 g for 30 min at 4°C. Finally, the
supernatant was spun down for 30 min at 4°C and 15,000 g.
The protein concentration was determined using a BCA assay
kit (Pierce, Rockford, Illinois, USA). ELISA was performed for P,
summa antigen-specific IgA with samples adjusted to a final
concentration of 5 mg protein per ml supernatant.

Statistical analysis

Experiments were repeated at least 3 times unless otherwise
specified, with presentation of 1 representative set of results.
The statistical significance was analyzed using the Student’s t-
test or y*-test. P-values of <0.05 were considered significant.
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RESULTS

Worm recovery

In IC mice, P. summa worms were expelled slowly from day
1 PI (average WRR; 76.8%) until day 7 PI (23.8%) (Fig. 1A).
By comparison, in IS P. summa-infected mice, the average WRR
remained consistently high (72.3%) until day 7 PI. The WRR
at days 5 and 7 PI were significantly (P <0.05) different be-
tween IC and IS mice.

IEL counts and position changes

The number of IEL in the jejunum of IC mice infected with
P summa increased significantly (P<0.05) at days 3, 5, and 7
PI compared with uninfected controls (Fig. 1B). However, in
IS P. summa-infected mice, the IEL counts did not increase sig-
nificantly (P> 0.05) throughout days 3 to 7 PI (Fig. 1B).

In uninfected control mice, the IEL position (Fig. 2A) in re-
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Fig. 1. Worm recovery and chronologic changing patterns of intestinal IEL in ICR mice infected with 200 metacercariae of Pygidiopsis
summa. (A) Worm recovery in immunocompetent (IC) and immunosuppressed (IS) mice at days 1, 3, 5, and 7 PI. Note significantly higher
WRR (P<0.05) in IS mice at days 5 and 7 PI (*). (B) IEL counts in the jejunum showing a significant increase (P<0.05) in IC mice at days 3,
5, and 7 PI (), but not in IS mice, compared with uninfected controls (day 0).

Table 1. Changes in the position of intragpithelial lymphocytes (IEL) in comparison with the level of epithelial cell nuclei in the jejunum of
ICR mice at days 3, 5, and 7 post-infection with Pygidiopsis summa

Position® of IEL (%) after P summa infection
Day 3 PI Day 5 PI
Apical Middle Basal Apical Middle Basal

Uninfected (Day 0)
Apical Middle Basal

Day 7 PI
Apical Middle Basal

Controls 1.2 2.4 96.4
Immunocompetent mice 1.0 3.7 96.3 3.7° 102>  86.1° 257 6.9°  90.7°
Immunosuppressed mice 0.4 3.1 96.5 1.5 1.2 97.2 0.2 3.4 96.4

?Position in comparison with the level of epithelial cell nuclei. Each figure represents the percentage of IEL among the total pooled sum counted in a
total of 50 villi in the jejunum of 5 mice (10 villi per mouse).
These figures are significantly different (P<0.05) from controls (higher percentages of IEL in apical and middle position).
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Fig. 2. Histological sections of the jejunum showing IEL, mast cells, and goblet cells in ICR mice infected with Pygidiopsis summa. (A) A
jejunal section showing the location of IEL (Ap, apical; Md, middle; Bs, basal) in the epithelial layer. ‘Apical” was desginated when the IEL
was located anteriorly in comparison with the nucleus of the epithelial cell. ‘Middle’ was when the IEL was located nearby the nucleus of
the epithelial cell. ‘Basal’ was when the IEL was located posterior to the nucleus of the epithelial cell. Giemsa stain. x 1,000. (B) Mast cell
(arrow) hyperplasia in P summa-infected mice at day 7 PI. Astra blue and eosin stained. x 100. (C) Goblet cell (arrow) hyperplasia in P
summa-infected mice at day 5 PI. Periodic acid-Schiff (PAS) stained. x 100.
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Fig. 3. Mucosal mast cell and goblet cell responses in the intestine of ICR mice infected with 200 metacercariae of Pygidiopsis summa.
(A) Mast cell responses in the jejunum that show a significant increase (P <0.05) in IC mice at day 7 Pl (*) compared with uninfected con-
trols (day 0) and IS mice. (B) Goblet cell responses in the jejunum showing a significant increase (P <0.05) in IC mice at days 5 and 7 PI
(*) compared with uninfected controls (day 0) and IS mice.

lation to the level of epithelial cell nuclei was predominantly
basal (96.4%) rather than apical (1.2%) or middle (2.4%) (Ta-
ble 1). However, the position changed significantly (P<0.05) in
IC P. summa-infected mice at days 5 and 7 PI compared with
those in uninfected controls and IS P. summa-infected mice
(Table 1). For example, at day 5 PI, significantly more IEL (P <
0.05) were located at the apical (3.7%) or middle (10.2%) por-
tion in IC mice than in uninfected controls (1.2% and 2.4%,

respectively), whereas such IEL position changes were not rec-
ognizable in IS mice. Similar position changes were observed
atday 7 PI (Table 1).

Mast cell and goblet cell counts

The number of mast cells did not increase until day 5 PI in
in the jejunum of P. summa-infected mice. However, the count
increased significantly (P <0.05) at day 7 PI compared with
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Fig. 4. IgA absorbance in the jejunum showing a significant in-
crease (P<0.05) in IC mice at days 3, 5, and 7 PI (*), but not in IS
mice, compared with uninfected controls (day Q).

uninfected controls (23-fold) and IS P. summa-infected mice
(32-fold) (Figs. 2B, 3A).

Goblet cell counts in IC mice infected with P. summa were
similar to those of uninfected mice at day 3 PI. However, re-
markable increases were observed at days 5 and 7 PI (Figs. 2C,
3B). In IS P. summa-infected mice, no significant changes in
goblet cell counts were recognized through day 3 to day 7 PL

P. summa-specific mucosal IgA

The absorbance for mucosal IgA was significantly (P <0.05)
increased in IC P. summa-infected mice compared with unin-
fected controls through days 3, 5, and 7 PI (Fig. 4). By contrast,
in IS P. summa-infected mice, the absorbance for mucosal IgA
did not increase significantly (P>0.05) through days 3 to 7 PI.

DISCUSSION

Against intestinal helminth infections, IEL, lamina propria
lymphocytes, mast cells, goblet cells, paneth cells, mucus, and
IgA as well as various cytokines play crucial roles in the host
defense and worm expulsion [9,11,12,29]. In our study, muco-
sal immune responses against P. summa in ICR mice were
characterized by significant increase of IEL count, change of
[EL position, increase in number of mast cells and goblet cells,
and increased level of mucosal IgA.

However, some debates have been raised on the role of mu-
cosal mast cells [9]. For example, in infection with nematodes
such as Strongyloides venezuelensis, worm expulsion was strong-
ly mediated by mucosal mast cells [30]. However, in N. brasil-
iensis, the role of mast cells in worm expulsion was negligible

[12]. In Heligmosomoides polygyrus bakeri and T. muris infections
in mice, mast cells were highly active in orchestrating T helper
2 (Th2) type immunity through regulation of various cytokines
[9]. In trematode models, such as Echinostoma hortense and M.
yokogawai, mucosal mast cells appeared to play important roles
in worm expulsion [20,31]. Contrarily, no significant role for
mast cells was reported in N. seoulense-infected mice [17].

In our study with P. summa, significant increases of mast cells
were observed only at day 7 PI but not at days 3 and 5 PI when
worm expulsion occurred most actively, suggesting no direct
relationship between mastocytosis and worm expulsion. This
discrepancy may be due to a more rapid expulsion of P. summa
(days 7-14 PI) compared with E. hortense (days 40-50 PI) and
intestinal nematodes (days 14-30 PI). Therefore, the role of
mast cells in protective immunity against P. summa infection
needs further elucidation.

The role of goblet cells has been documented in various
nematode and cestode infections [8,10,11,32,33]. In N. brasil-
iensis and T spiralis, there was a chronologic association of
worm expulsion and goblet cell hyperplasia, and the goblet
cell response was regulated by CD4* T-cells, in particular, Th2
cells [12,13,32]. In infection with an intestinal trematode, Echi-
nostoma trivolvis, goblet cells were important for worm expul-
sion in primary infections and also challenge infections [14].
In our previous studies, the importance of goblet cells in ex-
pulsion of a human-infecting gymnophallid, G. seoi, has been
elucidated [23] and the role of CD4* T-cells on goblet cell pro-
liferation and worm expulsion has been demonstrated [24].
We also have shown that MUC2 gene and Toll-like receptor 2
were highly expressed on intestinal epithelial cells upon stim-
ulation with G. seoi antigen, together with goblet cell hyperpla-
sia and mucin hypersecretion [25]. In the present study, goblet
cell hyperplasia was evident at days 5 and 7 PIin IC P. summa-
infected mice, when worm expulsion occurred actively. Immu-
nosuppression abrogated these goblet cell responses.

[EL are in close contact with foreign substances derived from
the gut lumen and are thought to play a key role in immune
responses to these antigens [34]. Many IELs in the small intes-
tine are CD8" T-cells and develop independent of the thymus
[35]. In C57BL/6 mice infected with T. spiralis, IEL released me-
diators that influence goblet cell differentiation and enhance
worm expulsion [36]. M. yokogawai-infected Sprague-Dawley
rats also displayed increased numbers of IEL, peaking at day 5
PI, although the number decreased subsequently to stay at low-
er levels during days 10-24 PI [21]. In the present study, IEL
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counts increased remarkably in ICR mice infected with P. sum-
ma from day 3 PI and continued to increase until day 7 PI. It is
strongly suggested that IEL actively take part in expulsion of P.
summa within the first 1 week of infection.

The position of IEL within the mucosal epithelial layer has
been suggested to play a role in protective responses of the host
against helminth parasites [21]. In a previous study, during M.
yokogawai infection, some IEL changed their position from bas-
al to intermediate or apical portions of the epithelial cell at day
5 Pl and this position change was sustained until day 15 PI [21].
In the present study, a similar phenomenon was observed dur-
ing the early stage (until day 7 PI) of infection with P. summa.
It is strongly suggested that the position change of IEL is to en-
hance their functions as cytotoxic T-cells which act directly
against the parasites.

It was also shown in this study that mucosal IgA levels were
significantly increased at days 3, 5, and 7 Pl in P. summa-infect-
ed mice, whereas no increases were seen in IS P. summa-infect-
ed mice from which higher worm recoveries were obtained.
This strongly suggests an involvement of IgA in the worm ex-
pulsion of P. summa. A similar suggestion was made in Ascaris
suum infection in pigs [37] and T. spiralis infection in mice [38].
By contrast, in E. caproni infection, IgA was considered not suf-
ficient for worm expulsion because a resistant rat strain did not
exhibit any IgA response, whereas a susceptible mouse strain
exhibited a high IgA response [39]. The induction of IgA re-
sponse in mice was suggested to be a consequence of IL-6 (a
Th2 cytokine) production in response to E. caproni antigens
[39]. Similarly, in T. muris infection in mice, the role of B-cells
and antibodies in worm expulsion remained controversial and
required further investigation |30].

In intestinal trematode infections, the role of T-cells has been
reported to be variable depending on different parasite species
and also on different host species or strain. For example, in E.
trivolvis infection, athymic nude mice could expel worms,
prompting the suggestion that T-cells are not an essential ele-
ment for worm expulsion [40]. However, in G. seoi infection,
T-cells were found to be important in goblet cell hyperplasia
and worm expulsion [24]. In P. summa infection, it is pre-
sumed that T-cells may be important in inducing intestinal
IEL, mast cells, goblet cells, IgA, and also worm expulsion of P.
summa from ICR mice. However, the role of T-cells remains to
be further studied.
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