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Mast cells and goblet cells have been known to protect the host against parasites. In this study, we examined the
response of the mast cells and goblet cells over a period of 6 weeks in the duodenum, jejunum and ileum of C3H/HeN
and C57BL/6 mice infected with Echinostoma hortense (E. hortense). In addition, we investigated whether the worm
recovery rate of uninfected mice (the control group) or E. hortense-infected mice (the experimental group) was associated
with the number of mast cells and goblet cells. The worm recovery rate was higher in the C3H/HeN mice than in the
C57BL/6 mice. The number of goblet cells significantly increased in the experimental group of the C3H/HeN and
C57BL/6 mice compared with the control group of both strains (P<0.005). Worm recovery peaked 3 weeks after the
infection of the C57BL/6 mice and at 2 weeks after the infection of the C3H/HeN mice, and it was higher in the
duodenum than in the jejunum and ileum. However, the infected site in the intestine had no relation with worm
expulsion. In the C3H/HeN and C57BL/6 mice, the number of goblet cells in the experimental group was significantly
higher than that in the control group (P<0.005). The number reached a peak 2 weeks after the infection and it even
increased in duodenum, jejunum and ileum. The increased number of goblet cells was retained 6 weeks after infection.
The number of goblet cells was higher in the C3H/HeN mice than in the C57BL/6 mice (P<0.01). These results indicate
that goblet cells are related with the worm expulsion. Furthermore, immunohistostaining of the antral intestinal walls for
lectin showed the significant increase of the number of goblet cells in the experimental group (P<0.001). The high
infection rate in the duodenum was found during the early infection. An increased infection rate in the jejunum and
ileum was found 3 weeks after infection and the infection rate was higher in the C3H/HeN mice than in the C57BL/6
mice. Taken together, the present study indicates that goblet cells, rather than mast cells, may play critical roles in parasite
expulsion.
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INTRODUCTION

Mast cells in intestine mucosa play important roles in
the immune response of the host, including the degranula-
tion that is caused by parasites' antigenicity. A nematoda in-
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fection increases the number of mast cells and the hista-
mine secretion in the early period of infection. At the later
infection period, the number of mast cells recovers to a
basal level, and this indicates what function the mast cells
serve in early stage of parasite infection (Barrett et al., 1988).
Mast cells are associated with allergic hypersensitivity and
ion transport in the intestine (Harari et al., 1987; Perdue et
al.,, 1990). Goblet cells exist in the columnar or pseduostra-
tified columnar cells of intestine mucosa and they increase
the production of mucin and glycoprotein, and these sub-
stances function to protect the host against invading micro-
organisms (Meslin et al., 1999). Many studies have reported
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that the hypertrophy of goblet cells and the increased mucin
secretion is associated with parasite expulsion, and specifi-
cally for the nematode family including Schistosoma man-
soni, Trichinella spiralis, Nippostrongylus brasiliensis, Stron-
gyloides ratti, Trichuris muris, Echinostoma trivolvis and
trematoda (Miller et al., 1979; Carroll et al., 1984; Miller,
1987; Grencis et al., 1991; Garside et al., 1992; Fujino et al.,
1993; Khan et al., 1995; Ishikawa et al., 1997, Else et al.,
1998; Fallon et al., 2000; Khan et al., 2001; Khan et al.,
2003). It has been reported that the alteration of the mucin
terminal sugar during worm expulsion is a more essential
factor than the elevated number of goblet cells, as was de-
termined by performing lectin histochemistry (Ishikawa et
al., 1993; Ishikawa et al., 1994; Onah et al., 2000). Goblet
cells in mice infected with N. brasiliensis strongly bind to
lectin compared with goblet cells in normal mice, indicating
that the goblet cells in infected mice have altered their
mucins' terminal sugar.

In the current study, we examined the worm recovery
rate and the alteration of goblet cell numbers and mucin
secretion in C57BL/6 and C3H/HeN mice that were infec-
ted with Echinostoma hortense.

MATERIALS AND METHODS
1. Experimental animals and metacercaria infection

C57BL6 and C3H/HeN mice that were 5 weeks old were
obtained from the Korean Experimental Animal Center.
The experimental groups were divided into the control
group and the E. hortense-infected group. E. hortense me-
tacercariae were collected by an artificial digestion of Mi-
sgurnus anguillicaudatus. Thirty metacercariae were fed to
each mouse via a stomach tube.

2. Worm recovery rate

The mice that were infected with metacercariae were
killed at one week intervals for 6 week. For recovering the
worms, the small intestine was excised, placed in 0.85%
saline and incubated on ice for 2 hrs, and then the worms
were collected.

3. Mast cell response in the intestine mucosa

Immunohistochemistry was carried out using the anti-c-
kit (anti-CD117) antibody (Santa Crutz, Santa Crutz, Ca)
for the mast cells. Tissue sections 5 pm thick were attached

to poly-L-lysine (Sigma, St. Louis, MO) coated slides and
then the sections were deparafinized. The tissues were in-
cubated for 10 min with 3% H,O, for the removal of pero-
xidase and they were subsequently incubated with Tris solu-
tion (pH 7.6) for 5 min. Tissues in citrate buffer (pH 6.0)
were treated 3 times in a microwave oven for 5 min, cooled
at room temperature and then washed with D.W. The non-
specific antibody binding was reduced by incubating the
tissues in 5% normal rabbit serum before the addition of
the primary antibody. The tissues were then incubated with
goat anti-c-kit mouse antibody at a 1:200 dilution for 1 hr,
washed 3 times for 5 min with Tris solution, incubated with
biotin-conjugated rabbit anti-goat IgG (DAKO, Glostrup,
Denmark) and then incubated with streptavidin-peroxidase
for 20 min. 3,3' diaminobenzidine (0.5 mg/ml) was used as
the chromogen. We performed the same procedures on the
negative control except for the primary antibody incubation.
Mayer's hematoxylin was used as the counterstain after
developing and the samples were mounted with canada
balsam.

4. Goblet cell response in the intestine mucosa

The duodenum, jejunum and ileum from the entire small
intestine were divided into 2 cm sections and fixed with
Carnoy's solution. The tissues were embedded in paraffin,
cut with a microtome and stained with PAS. Hematoxylin
was used as the counterstain. The number of goblet cells
was analyzed according to a previously described method
(Miller et al., 1987). 10 villi were counted in each region of
the intestine and all counts were presented as the number
of cells per villus-crypt unit (VCU).

5. Mucin response of goblet cells

Lectin immunohistochemistry was carried out with using
helix pomatia agglutinin (HPA; Sigma, St. Louis, MO), as
described by manufacturer's instruction, for examining the
goblet cell activation. HPA binds to the modified N-Acetyl-
D-galactosamine on GC mucin. The tissue sections were
fixed with Carnoy's solution, embedded with paraffin and
then sectioned to 4 um thickness. The tissues were depara-
finized, hydrolysed with ethanol and incubated for 20 min
with 0.3% H,0, in methanol for the removal of the peroxi-
dase activity. After washing the sections 3 times with 0.01 M
PBS (pH 7.4), the non-specific antibody binding was dimi-
nished by incubating the tissues in 1% bovine serum albu-

- 260 -



Fig. 1. Microphotographs of intestinal villi showing the c-kit-
stained mast cells at 3 week after E. horfense infection in the
C57BL/6 and C3H/HeN mice. A and C: the C3H/HeN mice; B,
D and E: the C57BL/6 mice; Original magnifications: A and B =
X100; C and D = ><400; E = ><1000. 1, lumen, 2, villus; 3, lamina
propria mucosa; 4, goblet cell; 5, lamina muscularis mucosa; 6,
tela submucosa. Arrows indicate the mast cells.

Fig. 2. Microphotographs of intestinal villi showing the goblet
cells in the C57BL/6 and C3H/HeN mice. Periodic acid schiff's
(PAS) staining was performed to identify the goblet cells in the
small intestinal villi. A and B: C57BL/6 mice; C and D: C3H/HeN
mice; A C and E: hortense-non-infected experimental controls; B
and D: 3 weeks after £. hortense infection. Original magnifications:
A, B, C and D = X100; 1, lumen; 2, villus; 3, lamina propria mu-
cosa; 4, goblet cell; 5, lamina muscularis mucosa; 6, tela submu-
cosa. Arrows indicate the goblet cells.

min. The tissue sections were incubated at a biotinylated
HPA concentration of 25 pg/ml in a moist chamber for 2
hours, then they were washed with PBS solution and in-
cubated with biotin-conjugated rabbit anti-goat IgG (DAKO,
Glostrup, Denmark). After incubated with streptavidin-HRP
conjugate (Zymed, San Francisco, U.S.A) at a 1:200 dilu-
tion for 2 h, the tissues were developed. Mayer's hemato-
xylin was used as the counterstain. All counts were expre-
ssed as the number of HPA-positive cells per 10 VCU.

6. Statistical analysis

The data are presented as means + SD. Statistical diffe-
rences were analyzed by using the Student-t test for deter-
mining the difference between the control and experimental

Fig. 3. Microphotographs of the intestinal villi showing the
HPA-positive cells in the C57BL/6 and C3H/HeN mice. Lectin
histochemistry was performed to identify the HPA-positive cells
in the small intestinal villi. A, C, E and G: C3H/HeN mice; B, D,
F and H: C57BL/6; A, B, C and D: experimental control; E, F, G
and H: 3 weeks after E. hortense infection. Original magnifica-
tions: A, B, E and F = <100. C, D, G and H = <400. 1, lumen; 2,
villus; 3, lamina propria mucosa; 4, goblet cell; 5, lamina muscu-
laris mucosa; 6, tela submucosa. Arrows indicate the HPA positive
cells.
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Table 1. Comparison of the worm recovery rates from the C57BL/6 and C3H/HeN mice infected with E. hortense.

Worm recovery rates at post-infection (%)

Mouse strain
1 week 2 week 3 week 4 week 5 week 6 week
C57BL/6 59.0+6.7" 52.3%5.7 43102 - - -
C3H/HeN 65.714.0 62.31+4.0 7.7+0.2 4.3%0.2 23%+1.7 -
* mean = SD

Table 2. Kinetics of the average number of total mast cells with c-Kit (CD117) immunohistochemical staining in the small intestine of the

C57BL/6 and C3H/HeN mice infected with E. hortense

Weeks after C57BL/6 C3H/HeN
infection Duodenum Jejunum [leum Duodenum Jejunum Tleum

0 20.3£0.5 18.9%5.0 10.14+3.9 19.0+0.8 182420 143+43
1 91.7+62™ 13.0+4.0 9.0%2.0 97.0£18.7 18.748.0 15.0+2.0
2 100.3+8.6™" 32.7£7.0 16.0+3.6 100.0+18.5™ 21.0£5.6 19.7£9.0
3 123.7£6.3 673175 403+10.5 98.3+143 78.7+18.5 40.3%+10.5
4 79.7+7.8 273175 51.719.5 58.719.8 753%11.6 53.7+19.0
5 43.7£6.3 353£10.5 17.74£9.5 45.016.4 243+10.0 17.3£9.1
6 35.743.7 26.7t11.6 113432 39.749.6 353455 12.7+2.1

* mean + SD

groups. The SPSS statistical software package (Version 10.0,
Chicago, IL) was used for statistical analysis. P values <
0.05 were deemed statistically significant.

RESULTS
1. Worm recovery rate

Worm recovery was performed by collecting the worms
after killing the mice infected with metacercariae at one
week intervals for 6 week. The number of worms recovered
in the C57BL/6 mice were 17.7+2.0, 15.7%x1.7 and 1.3
0.5 at 1, 2 and 3 weeks post-infection (P.1.), respectively.
No worms were recovered after week 4 PI. The number of
worm recovered in the C3H/HeN mice was 19.711.2, 18.7
+1.2, 23405, 1.3+0.5 and 0.7£05 at 1, 2, 3, 4 and 5
weeks PL, respectively. The rates gradually lessened from
week 1 PI to week 3 P.I. The worm recovery rates in the
C3H/HeN mice were higher than in the C57BL/6 mice
(Table 1).

2. Mast cell response in the intestine mucosa

Mast cells were detected by performing immunohisto-
chemistry with using anti-c-kit antibody in the C57BL/6
and C3H/HeN mice infected with E. hortense metacercariae.
The mast cells were seen as dense brown spots on the elec-

tron microscopy (Fig. 1). The number of mast cells in the
duodenum of the control group of the C57BL/6 mice was
20.3%0.5. In the E. hortense-infected group, the number of
mast cells increased in week 1 PI., and it reached a peak in
week 3 PI. (123.7£6.3) and then it declined until week 6
P.L (35.71£3.7). In the C3H/HeN mice, the number of mast
cells in the duodenum of the control group was 191+0.8.
The number became elevated at week 1 PI. and it reached
a maximum level at week 2 PI. (100.0+18.5), and then it
declined until week 6 P.I. (39.71£9.6). Taken together, the
mast cells in the intestine of the C3H/HeN mice were more
increased than in the intestine of the C57BL/6 mice. In the
E. hortense-infected group, the number of mast cells in the
duodenum was higher than the number of mast cells in the
jejunum and ileum (Table 2).

3. Goblet cell response in the intestine mucosa

The number of goblet cells was 104.3+13.2 in the duo-
denum of the control group of the C5S7BL/6 mice. The
number increased rapidly in week 1, and it reached a peak
in week 3 PI. (169.318.2) and then it declined until week
6 PI. The number of goblet cells was 109.7111.8 in the
duodenum of the control group of the C3H/HeN mice. In
the E. hortense-infected group, the number of goblet cells
continued to increase until week 3 P.L; it reached a peak in
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Fig. 4. Comparison of the number of goblet cells per 10 villus-
crypt units (VCU) in the small intestine of the C57BL/6 and
C3H/HeN mice infected with E. hortense.

week 3 PI. (233.31+28.7) and then it declined. However,
the number of goblet cells (120.01£12.2) in week 6 P.I was
increased rather more than in week 5 PI. (Fig. 2 and 4).
(ED note: check this.) The goblet cells in the C3H/HeN
mice were more increased than in the CS7BL/6 mice. The
number of goblet cells in the control group and in the E.
hortense-infected group was shown to be significantly di-
fferent by statistical analysis (P<0.01), however, this in-
creased number was not related with the region of the
intestine.

4. Mucin response of the goblet cells using lectin hi-
stochemistry

In the duodenum of the control group of the C57BL/6
mice, the number of HPA-positive cells was 11.7%£2.5.; the
number of HPA-positive cells in the E. hortense-infected
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Fig. 5. Comparison of the number of HPA-positive cells per 10
villus-crypt unit (VCU) in the small intestine of the C57BL/6 and
C3H/HeN mice infected with E. hortense.

group increased from week 1 and it reached a peak in week
2 and 3 PL. (83.714.5 and 84.7%8.2, respectively), and
then it declined until week 6 P.I. (15.0£3.7). The numbers
in the jejunum and ileum of the control group of C57BL/6
mice were 10.3£3.9 and 9.718.4, respectively, and these
numbers increased in week 5 PI (55.0%11.0, 60.71+9.0)
(Fig. 3 and 5). The number of HPA-positive cells in the
duodenum of the control group of the C3H/HeN mice was
8.7t1.2. In the E. hortense-infected group, the number
reached a maximum level in week 3 PI (155.7+8.7) and
then it fell until week 6 P.I. (12.0%£2.4). The numbers of
HPA-positive cells in the jejunum and ileum of the C57BL/6
mice were elevated until week 5 PI. (Fig. 3 and 5). Taken
together, the HPA-positive cells in C3H/HeN mice were
more increased than in the C57BL/6 mice. The HPA-
positive cells increased in the duodenum during early in-
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fection, and they were somewhat increased in the jejunum
and the ileum from week 3 P.I.

DISCUSSION

The immune sensitivity in host depends on the species
of the host. Several species of hosts have different ability
to remove an infecting parasite. There have been reports
about the important roles of mast cells and goblet cells for
worm expulsion (Chai et al., 1993; Fujino et al., 1998; Ko-
yama et al., 2000). '

Mast cells function differently for worm expulsion de-
pending on the kind of host. It has been reported that mast
cells played important roles in the mice infected with Stron-
loides ratti and the goblet cells were associated with
worm excretion in the mice infected with N. braziliensis
and Echinostoma trivolvis (Mimori et al., 1982; Ishikawa
et al,, 1994). However, the mast cells and goblet cells in the
rats infected with Trichuris muris or Hymenolepis diminuta
had no effect on worm expulsion (Koyama et al., 2000). In
the present study, we investigated whether the change in
the number of mast cells and goblet cells was associated
with the mouse strain and worm expulsion. OQur results de-
monstrated that the kinetics of mast cells were different in
the C3H/HeN mice and the C57BL/6 mice. Worm expul-
sion continued until week 3 PIL in the C3H/HeN mice;
however, it was sustained up to week 5 P in the C57BL/6
mice. Mast cells in the duodenum of the C3H/HeN mice
and the C57BL/6 mice reached a peak at week 3 PI and
week 2 PL, respectively (123.7£6.3, 100.0£18.5, respec-
tively) (Fig. 1). Mucosal mast cells had no statistical effect
on worm expulsion. C3H/HeN mice with E. hortense in-
fection were more sensitive than the C57BL/6 mice due to
role of the mast cells in the local immune response.

Goblet cells in the intestine mucosa have stimulated con-
siderable interest for investigating their role as protectors in
Nippostrongyls brazilensis and Echinostoma trivolvis in-
fection (Miller et al., 1981; Abe et al., 1992; Abe et al., 1993;
Fujino et al., 1993). It has been reported that goblet cells
grew excessively and mucin was secreted during some
nematoda and trematoda infections (Garside et al., 1992;
Ishikawa et al, 1997). The goblet cell hypertrophy and
mucin hypersecretion were modulated by the Th2 immune
response and both were associated with worm expulsion.
(Miller et al., 1975; Carroll et al., 1984; Miller, 1987; Gren-

cis et al., 1991; Garside et al.,, 1992; Fujino et al., 1993;
Khan et al., 1995; Ishikawa et al., 1997; Fallon et al., 2000;
Khan et al., 2001). In contrast to the number of goblet cells,
worm expulsion was noted to be regulated by the alteration
of goblet cell function through the modification of mucin's
terminal sugar, which was detected by lectin histochemi-
stry (Ishikawa et al., 1993; Ishikawa et al., 1994). In our
experiments, the number of goblet cells in the duodenum
of the C57BL/6 mice reached a maximum level in week 2
PI. (169.3£8.2) and the number of goblet cells in the ileum
peaked in week 3 P.I. (125.0£20.0). The number of goblet
cells in the duodenum of the C3H/HeN mice reached a
peak in week 2 PI. (233.3+28.7) and that in the jejunum
and ileum peaked in week 3 PI. (135.3£4.5, 138.0%9.5)
(Fig. 2). The goblet cells increased until week 6 P.I. and
they existed in the duodenum, jejunum and ileum of both
mouse strains. These results indicated that worm expulsion
was associated with the goblet cell in both strains. However,
the worm expulsion was not related with C57BL/6 mice as
a sensitive strain, or with the C3H/HeN mice as a resistant
strain. These conflicting results cannot be currently explai-
ned. Further studies are needed to examine the exact mech-
anism of worm expulsion and the species specificity.

We performed lectin histochemistry for the precise exa-
mination of the modified mucin. Lectin-binding goblet cells
were significantly increased in E. hortense-infected group
in comparison with the control group (P<0.001). The num-
ber of lectin-binding goblet cells in the duodenum of the
C3H/HeN mice (155.7£8.7) was higher than that of the
C57BL/6 mice (83.7£8.2). After week 3 P, the number
lectin-binding goblet cells in the duodenum rapidly decrea-
sed; however, the number slowly declined in the jejunum
and ileum. These results indicated that the goblet cells in
the C57BL/6 mice and in the C3H/HeN mice may regulate
worm expulsion through altering the mucin terminal sugar.

In summary, we demonstrated that the goblet cells were
closely associated with worm expulsion in comparison with
the mast cells. Lectin-binding goblet cells having an altered
mucin terminal sugar may also play important roles in worm
expulsion. Our results provide further evidence of the mo-
dulation of the immune responses in mice with a parasite
infection. This study was supported by a grant from the
Maegji Institute of Academic Research in the fiscal year
2004.
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