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Clonorchiasis is a food-borne zoonosis caused by Clonorchis 

sinensis, which is widely distributed in many east Asian coun-
tries [1-3]. In China, clonorchiasis has been identified as a se-
vere public health problem in epidemic areas, such as the 
provinces of Guangdong, Guangxi, and Heilongjiang [3,4]. 

An etiological relationship possibly exists between clonor-
chiasis and cholangiocarcinoma (CCA) in human beings [5-
7]. The possible mechanisms of liver fluke-associated carcino-
genesis include chronic irritation, nitric oxide (NO) formation, 
intrinsic nitrosation, and so on [7]. Some studies confirmed 
that NO is not only involved in various physiological func-
tions and signaling pathways for the non-specific defense 
against various infections, but also related to tumorigenesis [8-
10]. Inducible NO synthase (iNOS) is responsible for the pro-
duction of large quantities of NO upon stimulation under 

pathologic conditions [11]. Accumulated evidence suggests 
that the expressions of iNOS are increased during helminth 
infections. iNOS is activated in the pathology of skeletal mus-
cle tissue, and positive immunostaining for iNOS occurs in in-
filtrating mononuclear cells around the encapsulated larvae in 
experimental trichinellosis [12,13]. iNOS reactivities in epithe-
lial cells are also induced in Toxocara canis-infected mice [14], 
and the enhanced iNOS expression seems to play a certain 
role in pathological damage in toxocaral granulomatous hepa-
titis [15]. The expression of iNOS is strongly induced in cattle 
reinfected with Cooperia oncophora [16]. However, the expres-
sions of iNOS induced by cestodes are complex [17-19]. 
Meanwhile, the iNOS responses induced by C. sinensis have 
not received much attention. Therefore, the present study aims 
to understand iNOS responses in cellular sources and expres-
sion patterns in liver tissues of mice under different intensity 
levels of C. sinensis infection.

Metacercariae of C. sinensis were collected from Pseudorasbora 

parva captured in the Wang Tian Tang reservoir in Heng Coun-
ty, an endemic area of C. sinensis infection in Guangxi, China. 
The whole flesh of fish was digested with artificial gastric juice, 
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and C. sinensis metacercariae were collected as previously de-
scribed [20]. Groups of 24-30 BALB/c mice [21-23] (female) 
were inoculated with 20, 40, or 80 metacercariae of C. sinensis 
in 100 μl of 0.9% NaCl via oral gavage to mimic mild, moder-
ate, and severe infections, respectively. Mice gavaged with only 
0.9% NaCl served as controls. All animal study protocols were 
approved by the Institutional Animal Care and User Commit-
tees of Guangxi.

Stool samples were collected every other day from each infec-
tion group and pooled together every 10 days. For complete 
mixing, 1 ml of sterile water was added to 1 g of stool for each 
sample. The stool samples were thoroughly mixed after com-
plete humidification. Triplicate Kato-Katz thick smears using 
standard 41.7 mg templates [24] were prepared from each stool 
sample. The number of C. sinensis eggs was counted and pre-
sented as the geometric mean of eggs per 1 g of stool (GM EPG). 

Liver tissues containing the liver parenchyma and hepatobi-
liary tissues were obtained, and NOS activity was detected us-
ing an NOS assay kit (KBQ Biotech Co., Beijing, China). In 
brief, approximately 0.5 g of liver tissues was washed twice 
with 0.9% NaCl and completely homogenized with 2.0 ml of 
40 mM potassium phosphate buffer (pH 7.2). After centrifu-
gation, 0.6 ml of the supernatant was taken and mixed with 
0.8 ml of 38.7% hemoglobin and 29.9% NADPH. The absor-
bance (A) was immediately measured at 401 and 421 nm in a 
1 cm cuvette by using a dual wavelength spectrophotometer 
(UV759; Shanghai Precision Instruments Co., Shanghai, Chi-
na). The data were recorded every 30 sec for 3 min. NOS activ-
ity (nmol/min) was calculated using the formula (A401 at 30 
sec - A421 at 30 sec - [A401 at 90 sec - A421 at 90 sec])× 194.3. To 
determine the activity of iNOS, 50 mg/ml of L-NAME (NG-ni-
tro-L-arginine methyl ester, hydrochloride; Beyotime Institute 
Biotech., Haimen, China) was added to the supernatant to in-
hibit eNOS activity. NOS/iNOS activity was expressed as 
nmol/min per gram of tissue. 

Liver tissues for immunohistochemical (IHC) analyses of 
iNOS expression were fixed with 4% formaldehyde-PBS (pH 

7.4). The tissues were embedded in paraffin, and serial 4 µm 
thick sections were prepared. The sections were deparaffinized 
in xylene and rehydrated with a graded alcohol series before 
they were processed for IHC staining through an indirect im-
munoperoxidase procedure. In brief, the sections were treated 
with antigen retrieval reagents (Beyotime) at 95-100˚C in a wa-
ter bath for 20 min. Endogenous peroxidases were inactivated 
by immersing the sections in 3% H2O2-methyl alcohol for 15 
min. The sections to be used were incubated with immunol 
staining blocking buffer (Beyotime) for 1 hr at room tempera-
ture and then incubated overnight at 4˚C with 1:100 diluted 
rabbit polyclonal antibody to iNOS (ab95866; Abcam, Hong 
Kong, China). After washing, the sections were incubated with 
1:50 diluted HRP-conjugated goat anti-rabbit IgG (H+L) (San-
gon) for 1 hr at room temperature. Finally, the chromogenic 
reaction was developed with freshly prepared diaminobenzi-
dine (DAB) staining reagent (Biotech Well, Shanghai, China). 
All of the sections were counterstained with hematoxylin 
(CellChip Biotech. Co., Beijing, China). 

Data are presented as mean± SEM. Paired-sample t-tests us-
ing SPSS 11.5 for Windows were used to test for significant dif-
ferences. Comparisons were considered significant at P ≤ 0.05 
and highly significant at P ≤ 0.01 or P ≤ 0.001.

Fecal examination was performed to confirm the intensity 
of infection on the basis of the presence of C. sinensis eggs. 
Very few eggs emerged at 50 and 60 day post-infection (dpi), 
which rapidly disappeared after 70 dpi when inoculated with 
20 metacercariae. In the mice infected with 40 or 80 metacer-
cariae, a small amount of eggs appeared at 40 to 70 dpi and 
then disappeared after 80 dpi (Table 1). 

The activity of NOS increased in mice infected with 40 
metacercariae at 20 dpi (P < 0.05), gradually increased at 45 
dpi (P < 0.01), and then peaked at 90 dpi (P < 0.001). The ac-
tivity of NOS in mice infected with 80 metacercariae also in-
creased 20 dpi, reached a peak at 45 dpi (P < 0.01), and then 
slightly decreased at 90 dpi (P < 0.05). However, mice infected 
with 20 C. sinensis metacercariae exhibited no changes in NOS 

Table 1. Egg production capacitiesa by experiment groups and the duration of infection

No. of metacercariae ~10 dpib ~20 dpi ~30 dpi ~40 dpi ~50 dpi ~60 dpi ~70 dpi ~80 dpi ~90 dpi

20 0 0 0 0 13.2 3.63 0 0 0
40 0 0 0 76.2 138.5 109.9 13.2 0 0
80 0 0 0 60.5 125.8 60.5 16.6 0 0

aMeasured by the Kato-Katz egg counting technique [24] and presented as GM EPG.
bDay post-infection.
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activity in liver tissues (Fig. 1A). To determine iNOS expres-
sion, we analyzed the activity of NOS in the homogenate of 
liver tissues by suppressing eNOS. As expected, the changes in 
iNOS activity were consistent with those in NOS activity, but 
with a slight decrease because of eNOS inhibition (P < 0.05, 
P < 0.01; Fig. 1B). 

Diverse pathological and iNOS responses were observed in 
the liver tissues of mice infected with C. sinensis. Massive/sub-
massive inflammatory cell infiltration was observed in the liver 
portal tracts of mice infected with 20 metacercariae at 20 and 
45 dpi, but this infiltration almost disappeared at 90 dpi. An 
obvious ductular adenomatous hyperplasia was also observed 
at 45 dpi. However, no positive cells for iNOS expression were 
detected in the liver specimens from mice with mild infections 
during the experiment (Fig. 2A). Severe periductal inflamma-
tory responses were observed in the liver portal areas of mice 
infected with 40 metacercariae. Similarly, duct hyperplasia ap-
peared at 45 dpi and developed into extensive fibrous tissue 
hyperplasia at 90 dpi. Moreover, proliferating biliary epithelial 

cells (BECs) showed weak staining for iNOS at 45 dpi, but 
strong staining at 90 dpi (Fig. 2B). Strong periductal inflam-
matory responses also occurred in the liver tissues of mice in-
fected with 80 metacercariae. Wide regions of spotty necrosis 
in hepatic lobules were observed at 20 dpi. Many proliferated 
Kupffer cells (KCs) and/or sinusoidal endothelial cells (SECs) 
that showed negative staining for iNOS were observed in these 
necrotic foci. The universal ductular proliferation and fibrosis 
accompanied by liver regeneration and extensive inflammato-
ry responses were observed at 45 dpi. Most of the proliferating 
KCs/SECs showed strong staining for iNOS at 45 dpi. Other 
morphologically diverse cells in the proliferated/fibrous portal 
areas also showed strong staining for iNOS. These cells includ-
ed spindled liver dendritic cells (LDCs), proliferated BECs, and 
KCs/SECs. The number of infiltrating inflammatory cells obvi-
ously reduced, whereas ductular fibrosis became severe at 90 
dpi (Fig. 2C). No lesions were observed in the liver of the con-
trol mice (Fig. 2D). 

In this study, we confirmed the usual lesions that occur in 
BALB/c mice infected with C. sinensis [2,21,22], and found that 
this infection also causes acute spotty necrosis and an obvious 
iNOS expression in liver tissues. The monocyte-macrophage 
system, which includes brain microglia, contains the primarily 
identified cells that express iNOS under stimulation [25,26]. 
This study demonstrated that iNOS can be expressed in many 
cell types in the liver of mice in response to C. sinensis infec-
tion; these cell types included BECs in the hyperplastic biliary 
tissues, spindle-shaped LDCs [27] localized within the portal 
area, and KCs and SECs in sinusoids. KCs are resident liver mi-
crophages that play crucial roles in the pathogenesis of liver 
diseases and influence the development of primary and meta-
static liver tumors [28,29]. Several studies indicated that KCs 
produce various products, including cytokines, prostanoides, 
reactive oxygen species, and iNOS/NO, in response to infec-
tion, toxins, lipopolysaccharides, ischemia, and other stresses 
[28,30,31]. These factors regulate the phenotypes of KCs them-
selves, and influence the phenotypes of neighboring cells [28].

iNOS is induced by inflammatory mediators and is respon-
sible for high and prolonged NO production [28]. NO genera-
tion and the subsequent formation of nitrite (NO2

−) and per-
oxynitrite (ONOO−) trigger histopathological changes, nitrosa-
tive tissue damages, and lipid peroxidation in the liver, as well 
as induce chromosomal aberrations [25,32,33]. NO produc-
tion induced by TNF-α stimulation causes hepatic apoptosis 
but not necrosis. The exacerbation of hepatocyte cell death is 

Fig. 1. iNOS activity in liver tissues of mice infected with C. sinen-
sis. NOS (A) and iNOS (B) activities were detected and expressed 
as nmol/min per gram of tissue with SEM bars. Significance was 
determined by comparison with uninfected controls. dpi, day 
post-infection. *P<0.05, **P<0.01, ***P<0.001. 
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caused by the co-culture with KCs but not related to TNF-α 
and NO [34]. These findings comply with our experimental 
results that liver necrosis simultaneously occurred with KCs 
proliferation but not with iNOS expression within the sinu-
soids. This result suggests that the intensive hepatic necrosis 

induced by severe infection was not caused by iNOS expres-
sion. KCs evidently participate in the pathogenesis of acute liv-
er failure (ALF). Complex cell crosstalk occurs between KCs 
and neighboring cells, including hepatocytes, stellate cells, 
SECs, neutrophils, NK cells, NKT cells, and adaptive immune 

Fig. 2. Immunohistochemistry of iNOS in the liver of mice infected with C. sinensis. Liver sections were incubated with the antibody 
against iNOS and visualized by DAB as brown-colored deposits, and hematoxylin was used to counterstain the nuclei in blue. The path-
ological changes in the livers of mice infected with different numbers of metacercariae, namely, 20 (A), 40 (B), and 80 (C), were detected 
at 20, 45, and 90 days post-infection (dpi). Normal uninfected mice served as controls (D). The original magnification was at 40× , and 
the upper/lower corresponding images were magnified at 400×. Arrows in red, blue, yellow, and green highlight the ductular adenoma-
tous hyperplasia, fibrous tissue hyperplasia, spotty necrosis of hepatic lobules, and fluke, respectively. The figure shows 1 representative 
biopsy out of 6. SECs, sinusoidal endothelial cells; LDCs, liver dendritic cells; KCs, Kupffer cells; BECs, biliary epithelial cells. +, iNOS 
positive; -, iNOS negative. 
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cells, during the pathogenesis of ALF [28,35]. However, the 
characteristics of cell-cell interactions in ALF caused by C. si-
nensis infection are poorly understood. 

Notably, iNOS expressions were only induced by moderate 
or severe infections and occurred at the later stage of infection. 
Considering the existence of a few adult worms at 40 dpi, we 
speculated that the observed iNOS expression may correspond 
to the development of these adult worms. However, the incon-
sistency between the iNOS expression in proliferated hepato-
biliary tissues and the survival of adult worms after 80 dpi is 
confusing. In fact, no adult worms survived at 80 dpi. Whether 

or not the iNOS response corresponds to the remaining eggs 
and/or the death of C. sinensis worms in the liver warrants fur-
ther investigations. 

Parasite-derived pathogen-associated molecular patterns 
(PAMPs) are recognized by pattern-recognition receptors 
(PRRs), such as toll-like receptors. These PAMPs stimulate the 
production of certain cytokines and participate in the patho-
genesis of parasitic diseases [36]. Although the PAMPs from C. 

sinensis have not been identified, the presence of PAMPs is im-
plied by the excretory-secretory products (ESPs) of C. sinensis. 
ESPs can translationally modulate several proteins with vari-

Fig. 2. (Continued)
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ous biological functions [37] and induce the expression of the 
proinflammatory cytokines IL-1β and IL-6 in an NF-κB-
dependent manner [38]. The iNOS/NO responses induced by 
C. sinensis ESPs were also caused by NF-κB activation [38]. 
These findings indicate that the PAMPs from parasites may ac-
tivate certain gene expression pathways and induce iNOS ex-
pression by interacting with the PRRs. However, the C. sinensis 
PAMPs remain unidentified, and their presence in the eggs, 
larvae, and bodies needs to be verified. The results of this study 
may serve as a reference to characterize PAMPs from C. sinensis 
and elucidate the mechanisms underlying the development of 
clonorchiasis-associated CCA. 
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