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Infections involving Echinostoma hortense (E. hortense) are considered to more severe than infections caused by 
other heterophyids. Although parasite expulsion by host immune responses attenuates the symptoms of infection, the 
detailed mechanisms of the host immune response need to be determined, especially in local immune responses involving 
cytokine and immunoglobulin expressions. We infected BALB/c mice with E. hortense and examined recovery rates 
together with expressions of multiple cytokines and immunoglobulins in the villi and crypts of the small intestine using 
immunohistochemistry. We observed a close correlation between worm expulsion rates and cytokine/immunoglobulin 
expressions in E. hortense infected mice. This study contributes to an understanding of the relationship between the 
immune response and parasite expulsion in hosts. 
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INTRODUCTION 

 

E. hortense belongs to the class of intestinal trematoda 

that is associated with human infection (Cho et al., 2003). 

E. hortense has been found to infect humans, especially in 

East Asia, including Japan, China, and South Korea (Ahn 

and Ryang 1986). In South Korea, the first case of human 

infection was reported in 1983 (Seo et al., 1983). The 

symptoms of E. hortense infection are abdominal pain, 

diarrhea, and easy fatigability (Chai and Lee 1990). 

Infections with E. hortense eventually become more severe 

than infections with other heterophyid species (Chai et al., 

2005; Youssef et al., 1987). Previous study has shown that 

E. hortense causes severe ulceration and mucosal damage 

(Chai et al., 1994; Lee et al., 2004). Although intestinal 

flukes cause human infection, parasites can be excreted by 

host immune responses, and pathogeneses are attenuated in 

infected hosts (Kim et al., 2000). The mechanism of 

parasite excretion is correlated with T cell-dependent or 

independent mechanisms. T cells stimulate the production 

of cytokines, including Interleukin-4 (IL-4) and IL-5, and 

regulate the production of antibodies against parasites 

(Ryang et al., 2007). Increased cytokine levels augment the 

growth and accumulation of eosinophils, mucosal mast 

cells, and goblet cells (Saito et al., 1996; Togawa et al., 

2001; Urban et al., 1991). Cytokine stimulating mast cells 

increase production of IL-1 and tumor necrosis factor-alpha 
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(TNF-α), and goblet cells enhance mucin production, all of 

which induce expulsion of parasites (Miller 1996; Ryang et 

al., 2007; Shakoory et al., 2004). The anti-allergy drug 

ketotifen consistently decreases expression of IL-4, serum 

T-helper (Th) type 2 cytokines, and Immunoglobulin A 

(IgA), and regulates parasite recovery rates in E. hortense 

infected mice (Ryang et al., 2007). Based on the important 

function of cytokines in parasite infected hosts, multiple 

studies have focused on the regulatory mechanism of 

cytokines in either a T cell-dependent or independent manner. 

However, as intestinal mucosal cells are known to be a 

regulator of cytokine expression in parasite infected hosts, 

cytokine expression in intestinal mucosal cells has also 

been studied. Herein, we examined the expression levels of 

multiple cytokines (IgA and E) in the small intestine of E. 

hortense infected BALB/c mice using immunohisto- 

chemistry. 

 

MATERIALS AND METHODS 

Materials 

All antibodies used in immunohistochemical analysis 

were purchased from R&D systems Inc. (R&D systems Inc, 

Minneapolis, MN, USA). All chemicals used in experiments 

were obtained from Sigma-Aldrich (Sigma-Aldrich, St. 

Louis, MO, USA). BALB/c mice were provided by Central 

Lab. Animal Inc. (Central Lab. Animal Inc, Seoul, Korea). 

A Peroxidase/DAB kit was purchased from Dako (Dako, 

Carpinteria, CA, USA). Mounting solution with FITC was 

provided by Vector Labs. (Vector Labs., Burlingame, CA, 

USA). 

Animal experiments 

Six-week old male mice were orally infected with 50 

metacercariae of E. hortense. Infected mice were sacrificed 

at days 5, 25, and 45. All animal experiments were con- 

ducted under National Institutes of Health (NIH) animal 

care guidelines. 

Worm recovery rate 

To examine the worm recovery rate, the small intestine 

was incubated in a pre-warmed 1 M PBS solution for 2 h, 

followed by collection of adult E. hortense specimens. The 

recovery rate was calculated as: Recovery rate (%) = the 

number of recovered adult E. hortense specimens/the 

number of infecting metacercariae × 100. 

Immunohistochemistry 

Detailed methods previously described were used (Ryang 

et al., 2003). Briefly, frozen tissue sections (5 μm) were 

fixed in cold acetone for 10 min. To examine the expression 

levels of IL-4, IL-5, TNF-α, and Interferon-gamma (INF-γ), 

streptavidin-biotin methods were used following the 

manufacturer's instructions. Vectashield mounting medium 

with FITC was used to detect both IgA and E. Slides were 

observed under a fluorescence microscope (Olympus, Tokyo, 

Japan) and images were captured using a single-lens reflex 

camera (Nikon, Tokyo, Japan). To determine the expression 

levels of cytokines and immunoglobulins in the small 

intestine, cytokine and immunoglobulin producing cells 

were counted in the crypt and villi from 10 randomly 

selected lesions. 

Statistical analysis 

P values were calculated using Student's t-test as in- 

dicated. 

 

RESULTS 

Worm recovery rates in E. hortense infected BALB/c 

mice 

Mice were orally infected with 50 metacercariae and six 

infected mice were sacrificed at days 5, 25, and 45 (Table 

1). We observed 27.7 adult E. hortense specimens (a 55.3% 

recovery rate) in the small intestine at day 5. The recovery 

Table 1. The worm recovery rate in E. hortense 

Infection period (day) Recovery rate (%) 

 5 55.3 ± 7.5 

25 10.5 ± 6.7 

45  0.3 ± 0.7 
*Data are shown as mean ± S.D. 
*Six BALB/c mice were orally infected with 50 metacercariae in 
each group. 
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rate decreased to 10.5% at day 25, and almost all adult E. 

hortense specimens were discharged by day 45 (a 0.3% 

recovery rate). 

Various cytokine expressions in the small intestine of E. 

hortens infected mice 

Multiple studies have reported that IL-4, IL-5, TNF-α, 

and INF-γ are correlated with parasite expulsion (Kopf et 

al., 1995; Winsor et al., 2000; Yu and Perdue 2001). 

Therefore, we examined expression levels of these cytokines 

in the dissected small intestine of E. hortense infected mice 

using an immunohistochemical method. The expression 

levels of cytokines were determined by counting the number 

of cells that strongly produced cytokines under microscopic 

examination (Fig. 1A, Fig. 2). The number of cells that 

produced the cytokines IL-4, IL-5, TNF-α, and INF-γ was 

less than 2 in both the villi and crypts of an uninfected mice 

control (Fig. 1A). The number of cytokine producing cells 

was significantly increased (P < 0.05) at infection day 25 

in villi, and either continuously increased or maintained up 

to infection day 45 in villi. The number of IL-4 producing 

cells in crypts was significantly increased at infection day 5, 

and then the cell number gradually decreased up to day 45 

(Fig. 1A). For IL-5 and INF-γ producing cells, the cell 

A 

B 

TNF-α 
INF-γ 

Fig. 1. Analysis of various cytokine expressions in the small intestine. Fifty metacercariae infected mice were sacrificed at days 5, 25,
and 45, together with uninfected mice. Small intestines were subsequently dissected. Frozen sections were stained with IL-4, IL-5, TNF-α, 
and IFN-γ antibodies, and slides were examined under a light microscope (magnification ×40) (A). Cytokine expressing cells were counted
in randomly selected villi (left panel) and crypts (right panel). Data are shown as mean ± S.D. (*: P < 0.05). Using IgA and IgE antibodies, 
the expression levels of immunoglobulins were observed under a fluorescence microscope (magnification ×40) (B). Methods of cell 
counting and statistical analysis were the same as for Fig. 1A. 
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number was significantly increased at infection day 25 in 

crypts and decreased by day 45. However, the TNF-α 

producing cell number did not significantly change during 

the infection periods. 

IgA and IgE expressions in the small intestine of E. 

hortense infected mice 

Previous reports have shown that the expression levels 

of IgA and IgE are affected by parasite infections (Akao et 

al., 1990; Bueno et al., 2000). Together with the exami- 

nation of various cytokine expressions in both the villi and 

crypts of E. hortense infected mice, we also observed the 

expression levels of IgA and IgE using fluorescence 

microscopic examination (Fig. 1B and Fig. 3). The method 

to determine the expression level of immunoglobulins was 

the same as for cytokines. The number of IgA producing 

cells was less than 2 in both the villi and crypts of 

uninfected control mice. The number of IgA producing 

cells was significantly increased (P < 0.05) at infection day 

5 and increased even more by day 45 in the villi. However, 

the IgA producing cell number was not significantly in- 

creased in crypts during the infection periods. Statistical 

analysis showed that fewer than one cell produced IgE in 

the villi and crypts of control mice (Fig. 1B). However, the 

number of IgE producing cells was significantly increased 

at infection day 5 in both the villi and crypts, but was 

decreased during longer infection periods. 

 

DISCUSSION 

 

Examination of host immune responses using parasite 

infected local lesions is essential to study parasite expulsion 

(Ishikawa et al., 1993; Miller and Jarrett 1971). Therefore, 

assessment of cytokine and immnunoglobulin expression 

levels in the small intestine of E. hortense infected mice 

using immunohistochemistry can be more valuable than 

examinations using other methods. In this study, we infected 

BALB/c mice with the metacercariae of E. hortense and 

observed worm recovery rates in a time-dependent manner. 

We also dissected the small intestine from E. hortense 

infected mice and observed the expression levels of multiple 

cytokines and Immunoglobulins. As shown Fig. 1A, 

expression levels of the cytokines IL-4, IL-5, TNF-α, and 

INF-γ were continuously increased in villi up to infection 

day 25 for IL-5, and 45 for IL-4, TNF-α, and INF-γ. IL-4 

expression in crypts was decreased after infection day 5 

during longer infection periods. The expression of IL-5, 

and INF-γ was decreased after day 25. Interestingly, TNF-α 

expression was not significantly increased or decreased in 

Fig. 2. Representative images of cytokine expressions. All
presented images were obtained at infection day 25 (magnification
×40). Smaller images showing IL-4 and IL-5 stained results were
enlarged to larger images, as shown. Arrows indicate representative
IL-4 and IL-5 expressions in each image. 

IL-4 

TNF-α INF-γ 

IL-5 IgA IgE 

Fig. 3. Representative images of immunoglobulin expressions. 
All presented images were obtained at infection day 25 (magnifi-
cation ×40). The white arrow indicates a representative image of 
IgA expression. 
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crypts. Comparing the expression pattern of cytokines 

between villi and crypts, the expression level of all cytokines, 

except TNF-α, was attenuated after day 5 (IL-4) and day 25 

(IL-5, and INF-γ) in crypts. However, the expression levels 

of all observed cytokines were increased in villi. These 

results are probably associated with the characterization of 

local immune responses in the small intestine. A previous 

report showed that immune responses were initiated in 

crypts early in infection, and that responses were more 

activated in villi (Owen and Jones 1974). Concerning the 

correlation between worm recovery rates and cytokine 

expression, 89.5% of adult E. hortense specimens were 

discharged by infection day 25 (Table 1), which is the time 

point where expression levels of all cytokines were signifi- 

cantly increased in the villi (Fig. 1A). The expression of 

IgE was significantly increased at infection day 5 in both 

villi and crypts. IgA expression was only significantly 

increased in villi (infection day 5) and not in crypts (Fig. 

1B). Herein, we examined cytokine expression levels in 

both the villi and crypts of E. hortense infected mice using 

direct observation. Although we did not identify which 

immune cells responded to parasite infection and sub- 

sequently expressed cytokines and immunoglobulins in the 

small intestine, we did observe cytokine/immunoglobulin 

expressions directly in a time-dependant manner in a parasite 

infected host. In addition, we have shown that expressions 

of IL-4, IL-5, TNF-α, and INF-γ in the villi are implicated 

in parasite expulsion, based on worm recovery rates. Further 

study is needed to determine the molecular mechanism of 

immune responses in the small intestine of E. hortense 

infected hosts, and to define other cytokines that regulate 

parasite expulsion. This study contributes to an under- 

standing of the relationship between the immune response 

and parasite expulsion in an infected local lesion. 
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