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Abstract

Clonorchis sinensis (C. sinensis) infection is a risk factor for cholangiocarcinoma. Whether it also contributes to the develop-
ment of hepatocellular carcinoma (HCC) is still unclear. This study explored the potential relationship between C. sinensis
infection and HCC. A total of 110 Sprague—Dawley rats were divided into four treatment groups, the negative control group
(NC) received intragastric (i.g.) administration of saline, while the clonorchiasis group (CS) received i.g. administration of
150 C. sinensis metacercariae. The diethylnitrosamine-induced group (DEN) received intraperitoneal (i.p.) administration of
DEN. The clonorchiasis DEN-induced group (CSDEN) received i.g. administration of 150 C. sinensis metacercariae followed
by i.p. administration of DEN. Hematoxylin and eosin staining, immunohistochemistry, and Masson’s trichrome staining
were performed for histopathological analysis of the isolated tissues. RNA-seq technology and RT-PCR were employed
for gene expression. In the DEN group, 15 rats survived, of which 9 developed liver cirrhosis and 7 developed HCC. In the
CSDEN group, all of the 17 surviving rats developed cirrhosis, and 15 showed development of HCC. The incidence of liver
cirrhosis and HCC was significantly higher in the CSDEN group than in the DEN group. KEGG pathway analysis of the dif-
ferentially expressed genes suggested significant upregulation in inflammation-associated pathways. Immunohistochemistry
and RT-PCR results showed significant upregulation of hepatic progenitor cell markers (CK19, SOX9, EpCAM) in the CS
group compared to the NC group, as well as in the CSDEN group compared to the DEN group. Our study suggests that C.
sinensis infection increases risk of HCC in a rat model by stimulating proliferation of hepatic progenitor cells.
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Introduction

Clonorchis sinensis infection (clonorchiasis), induced by
the consumption of infected raw freshwater fish, is a food-
borne trematodiasis that is predominantly endemic in Asian
countries including China, Korea, Japan, and Vietnam (Na
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et al. 2020). Approximately 35 million people are infected
by C. sinensis, of whom approximately 14.8 million are in
China every year(Qian et al. 2016). Epidemiological evi-
dence and studies in animal models(Prueksapanich et al.
2018) have identified C. sinensis as a risk factor for chol-
angiocarcinoma, and in 2009 it was classified as a group
1 carcinogen by the International Agency for Research on
Cancer(Bouvard et al. 2009).

Hepatocellular carcinoma (HCC) was the sixth most
commonly diagnosed cancer and the fourth leading cause
of cancer death worldwide in 2018, and about 841,000
new cases and 782,000 deaths are reported per year. Half
of new cases occur in China, with the main risk factors
including chronic hepatitis B virus (HBV) infection, heavy
alcohol consumption, obesity, smoking, and exposure to
aflatoxin(Bray et al. 2018; Villanueva 2019). Epidemio-
logical and clinical studies have detected clonorchiasis in
more than 10% of HCC patients in areas of China where
the trematode is endemic(TanTan et al. 2008). In 2015, a
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meta-analysis shows significant associations were found
between C. sinensis infection hepatocellular carcinoma (OR
4.69, P<0.001) and that more severe infection was associ-
ated with higher incidence(Xia et al. 2015). This raises the
question of whether and how clonorchiasis may contribute
to risk of HCC.

To address this question, we employed a rat model of
HCC in which animals were treated with diethylnitrosamine
(DEN).

Materials and methods
Preparation of C. sinensis metacercariae

C. sinensis metacercariae were isolated from freshwater fish
(Pseudorasbora parva) from a freshwater lake in Hengxian
County, Guangxi, China. The metacercariae were digested
with an acidic pepsin solution (1% HCI, 0.6% pepsin, pH
2.0) to remove the cyst wall and release the infectious
worms, which were collected under a stereomicroscope.

Experimental animals

A total of 110 4-6 weeks Sprague—Dawley rats weighing
180-200 g were purchased from the Animal Experiment
Center of Guangxi Medical University. The rats were main-
tained in a specific pathogen-free room on a 12-h light/
dark cycle. The rats were housed at four animals per cage,
and they were allowed standard chow and water ad libitum.

All the rats were fed adaptively for 1 week, then randomly
divided into four groups as described below.

Experimental design

Animals were divided into four groups: a negative control
(NC) group (n=20), a group infected with C. sinensis (CS,
n=20), a group with DEN-induced HCC (DEN, n =30),
and a group with DEN-induced HCC and C. sinensis infec-
tion (CSDEN, n=40). The experimental design is shown
in Fig. 1. Briefly, each rat in the CS group and the CSDEN
group was infected with 150 metacercariae by single intra-
gastric administration at the beginning of the experiment,
while the rats in the NC and DEN groups received saline.
The animals in the DEN and CSDEN groups received a sin-
gle intraperitoneal injection of 50 mg/kg DEN (Sigma, St.
Louis, MO, USA) at 4 weeks after CS infection(Moreira
et al. 2017).

At 10 and 16 weeks after CS or control treatment, 4—8
rats in each group were randomly chosen and euthanized.
All remaining rats were euthanized at 22 weeks after the
beginning of the experiment.

The animal protocol was reviewed and approved by the
Animal Ethics Committee of Guangxi Medical University.
All experiments were conducted following the guidelines
of the National Standard GB/T35892-2018 of the Peo-
ple’s Republic of China. Efforts were made to minimize
the suffering of rats: DEN was applied in a relatively low
dose, and animals were euthanized with diethyl ether. The

DEN ip sacrifice sacrifice sacrifice
0 2 4 6 8 10 12 14 16 18 20 22 WEEK
GROUP
NC | | n=20

|:| NC:normal saline only

- CS:150 CS metacercariae infection only

- DEN:50 mg/kg/week DEN (5mg/ml) Intraperitoneal injection only
- CSDEN:50 mg/kg/week DEN (5mg/ml) ip after CS infection in 5th week

Fig. 1 Study design. A total of 110 Sprague-Dawley rats were
divided into four treatment groups. The negative control group
(NC) received intragastric administration of saline at the beginning
of the experiment (week 0). The clonorchiasis group (CS) received
intragastric administration of 150 C. sinensis metacercariae at week
0. The diethylnitrosamine-induced group (DEN) received intragas-
tric administration of saline on week 0, followed by intraperitoneal
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administration of DEN on week 4. The clonorchiasis diethylnitrosa-
mine-induced group (CSDEN) received intragastric administration of
150 C. sinensis metacercariae at week 0, followed by intraperitoneal
administration of DEN on week 4. At weeks 10 and 16, 4-8 animals
from each group were sacrificed and tissues isolated. All remaining
animals were sacrificed at week 22
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number of animals was minimized in accordance with the
guidelines of our institutional Animal Ethics Committee.

Gene expression analysis

The expression of keratin-19 (CK19), sex-determining
region Y box protein 9 (SOX9), and epithelial cell adhe-
sion molecule (EpCAM) in liver was investigated using
real-time PCR. B-actin was used as an endogenous control.
Primers were designed based on GenBank sequences as
shown in Table 1. Total RNA was extracted from hepatic
parenchyma (NC and CS groups) or from hepatic tissue
(DEN and CSDEN groups) using TRIZOL (Invitrogen,
Carlsbad, CA, USA). The expression levels of CK19,
S0OX9, and EPCAM were determined by reverse transcrip-
tion and real-time PCR using an SYBR Premix Ex Taq Kit
and Thermal Cycler Dice Real-Time System (TAKARA
BIO, Ootsu, Shiga, Japan) according to the manufacturer’s
instructions. PCR amplification was performed under the
following conditions: 1 cycle pre-denaturation at 95°C for
10 s, 40 cycles of amplification at 95°C for 5 s and 60°C
for 30 s. Melting curve analysis was performed from 60 to
95°C in heating steps of 0.1°C/s.

RNA sequencing

Total RNA was extracted as described above from 10°
cells. The integrity of the isolated RNA was determined
using a 2100 Bioanalyzer (Agilent) and quantified using
a NanoDrop system (Thermo Scientific). About 1 pg of
high-quality RNA was used to construct the sequencing
library. RNA purification, reverse transcription, library
construction, and sequencing were performed at WuXi
NextCODE (Shanghai, China) on an Illumina platform
according to the manufacturer’s instructions.

Table 1 Sequences of primers used for RT-PCR

Primer Sequence (5'to 3') Nt
CK19-F AGTCTTCTCAGCCAAACCCTC 21
CK19-R CTGGTCTGTGGAACTAGGCA 20
SOX9-F ACCCACCACTCCCAAAACAG 20
SOX9-R CGGCAGGTATTGGTCAAACTC 21
EpCAM-F CATTGTCGTGGTGGTGTTAGC 21
EpCAM-R CCCATCTCCTTTATCTCAGCC 21
IL6-F TGCCTTCTTGGGACTGATGT 20
IL6-R ATACTGGTCTGTTGTGGGTG 20
actin-F TATCCTGGCCTCACTGTCCA 20
actin-R AAGGGTGTAAAACGCAGCTCA 21

Histopathology

The liver tissue was carefully collected after euthanasia
and fixed in 10% buffered formalin. Specimens were con-
ventionally processed for histology, and sections were
stained with hematoxylin and eosin (H&E), Masson’s
trichrome stain, or immunohistochemical reagents. The
liver sections were analyzed under an inverted microscope
(Nikon ECLIPSE Ti, Tokyo, Japan). Degree of fibrosis
was scored as follows: 0 =no fibrosis; 1 =central venous
or portal area around mild fibrosis; 2 = short fibrous inter-
val between the central veins; 3 =long fibrous interval not
completely separated from the hepatic lobule; 4 =early
stage liver fibrosis involving a large pseudolobule and fre-
quent square-shaped portal areas; 5 =cirrhosis of the liver,
nodules of various size mixed together, small nodules less
than 50%; 6 = cirrhosis of the liver, mainly small nodules
with fibrous, widened septa.

Immunohistochemical stainings were scored as follows:
0=no or small positive staining area (< 10%), 1 =positive
staining area < 30%, 2 = positive staining area 30-60%,
3 =positive staining area> 60%.

Statistical analysis

All analyses were performed using SPSS 19.0 (IBM,
Chicago, USA). Continuous data were expressed as
mean + SD. Inter-group differences were assessed for sig-
nificance using Student’s ¢-test in the case of continuous
variables, or the Mann—Whitney U test in the case of non-
parametric variables. Differences in categorical variables
were assessed using the chi-squared test or Fisher’s exact
test. Differences associated with P <0.05 were considered
statistically significant.

Results
Confirmation of C. sinensis infection in rats

To ascertain successful infection of the animals, we
inspected animal feces for the presence of C. sinensis eggs.
At 4 weeks after infection, eggs were found in the stool
of 81.7% of rats in the CS and CSDEN groups, with no
eggs observed in the NC or DEN groups (Fig. 2). Only
CS-infected animals were used in CS or CSDEN groups
this experiment. Two rats in the DEN group and five rats in
the CSDEN group died between weeks 18 and 22 because
of hemoperitoneum, hepatic failure, or liver rupture, and
these seven rats were excluded from analysis.
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Fig.2 Confirmation of C. sinensis infection. Detection of eggs in the feces of rats at week 4 post-infection. Images from one representative ani-
mal per treatment are shown. The blue arrow indicates C. sinensis eggs. Magnification: 4 X 10

Gross examination of rat liver after infection

We next analyzed the liver in all groups (Fig. 3). In the NC
group, the liver had a soft, smooth surface without abnor-
mal lesions. In the CS group, the liver was dark red, and it
appeared slightly larger and heavier than in the NC group.
Most importantly, the bile duct was significantly dilated and
contained many adult worms. In the DEN group, the liver
had a rough surface without nodules at week 10, with no
abnormalities in the bile duct. The liver in three of eight
rats showed development of liver cirrhosis at week 16. The
liver of 15 rats was enlarged, and surface tumor nodules
were observed in two rats at week 22. In the CSDEN group,
the liver surface had a hard rough texture without abnormal
lesions, and many adult worms were found in the dilated bile
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ducts at weeks 10 and 16. Surface tumor nodules were seen
on the liver of five rats at week 22.

Histopathology of rat liver after infection

No pathological changes were observed in the NC group.
In the CS group, a dilated bile duct containing adult worms
was found, and many eggs were observed in the worms. One
of the most obvious abnormalities in this group was a large
number of proliferating biliary epithelial cells with hyper-
chromatic cholangiocyte nuclei surrounding the worms, with
goblet cells occasionally found between biliary epithelial
cells. Additionally, many bile ducts exhibited adenomatous
hyperplasia, periportal fibrosis, or periductal fibrosis in their
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Fig.3 Gross examination of liver after infection. Gross pathology of the liver of rats sacrificed at weeks 10, 16, and 22 after infection. An image

from one representative animal is shown per panel

central sections. The presence of lymphocytes, monocytes,
and eosinophils indicated an inflammatory response.

In the DEN group, the results of H&E staining of the liver
at weeks 10 and 16 showed enlargement of some hepatocytes
due to edema, necrosis of some hepatocytes, fibroplasia, and
infiltration of inflammatory cells such as lymphocytes in the
portal area. At week 22, 15 rats were still alive, of which
nine exhibited liver cirrhosis and seven exhibited HCC.

In the CSDEN group, adenomatous hyperplasia, peri-
portal fibrosis, and periductal fibrosis were observed at the
beginning of the experiment, and infiltration of inflamma-
tory cells including lymphocytes, monocyte, and eosino-
phils was observed in the portal area. At week 22, the most
distinctive abnormality was a large number of proliferating
bile ducts that had invaded the liver parenchyma, leading
to obvious ductular reactions. Hepatocytes were generally
edematous and degenerated, and hepatocyte steatosis was
observed. Many tumor cells were found in the liver of all
17 rats (Fig. 4).

H&E and immunohistochemical staining for the tumor
marker cytokeratin 19 indicated that 15 of 17 rats had HCC,
while only 2 rats had cholangiocarcinoma (CCA). One ani-
mal showed both HCC and CCA. The HCC formation rate
in the CSDEN group was 88.2%, significantly higher than
in the DEN group (46.7%, P=0.021; Fig. 5).

Masson staining of rat liver after infection

We next performed Masson staining on rat tissues to evalu-
ate the collagen content (Fig. 6). While no pathological
changes were observed in the NC group, there was signifi-
cant collagen fiber accumulation around the bile duct in the
CS group, giving rise to periductal fibrosis. At 10 weeks,
grade 1 fibrosis was predominant in the DEN group, while
grades 2 and 3 were predominant in the CSDEN group. The
severity of periductal fibrosis in the CS group was higher at
week 16 than at week 10. At week 22, cirrhosis formation
was observed in 3 of 8 rats in the DEN group, while cirrhosis
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[

Fig.4 Histopathogical examination of liver tissue after infection. Histopathological features of liver of rats sacrificed at weeks 10, 16, and 22
after infection. An image from one representative animal is shown per panel. Magnification: 10x 10

CSDEN

DEN CSDEN

panels A, B, C, D, and representative immunohistochemical stain-
ing for cytokeratin 19 is shown in panels E, F, G, H. Magnification:

20x10

Fig.5 Histopathological examination of cancerous liver tissue after
infection. Histopathological features of the liver of rats sacrificed at
week 22 after infection. Representative H&E staining is shown in
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Fig.6 Collagen staining of liver tissue after infection. Masson’s staining of liver tissues of rats sacrificed at weeks 10, 16, and 22 after infection.
An image from one representative animal is shown per panel. Magnification: 10x 10

formation was observed in 5 of 7 rats in the CSDEN group.
The incidence of cirrhosis was much higher in the CSDEN
group (n=17) than in the DEN group (n=9, P=0.006).

Analysis of differentially expressed genes
after infection

To begin to identify the molecular pathways through which
infection may increase risk of HCC, we compared the tran-
scriptomes across the different animal groups. We performed
RNA-seq on three paired liver tissue samples from the NC
and CS groups as well as three paired HCC tissue samples
from the DEN and CSDEN groups. All samples were col-
lected at week 22. We screened the sequencing results for
differentially expressed genes (DEGs) (cut off: log2fold-
change> 1, P <0.05). A total of 253 DEGs were identified
between the CS and NC groups, including 118 upregulated
and 135 downregulated genes. A total of 7348 DEGs were
identified between the DEN and NC groups, including 3518
upregulated and 3830 downregulated genes. A total of 7356
DEGs were identified between the CSDEN and NC groups,
including 4485 upregulated and 2871 downregulated genes.

Finally, 7322 DEGs were identified between the CSDEN and
DEN groups, including 2764 upregulated and 4558 down-
regulated genes.

We next analyzed DEGs to detect enrichment in Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways.
This enrichment analysis was conducted for the following
pairwise comparisons: (1) CS vs. NC groups, (2) CSDEN
vs. NC groups, and (3) CSDEN vs. DEN groups. In the
comparison between CS and NC groups, the significantly
upregulated DEGs in the CS group were enriched in the fol-
lowing pathways: hematopoietic cell lineage, complement
and coagulation cascades, TNF signaling, breast cancer,
mucin type O-glycan biosynthesis, carbohydrate digestion
and absorption, signaling involving vascular endothelial
growth factor (VEGF), regulation of lipolysis in adipocytes,
prolactin signaling, and B-cell receptor signaling (Fig. 7A).
The significantly downregulated DEGs in the CS group were
enriched in FoxO signaling, TGF-beta signaling, tyrosine
metabolism, regulation of lipolysis in adipocytes, synaptic
vesicle cycling, and signaling involving PPAR (Fig. 7B).

In the comparison between CSDEN and NC groups,
the significantly upregulated DEGs in the CSDEN group
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Fig.7 KEGG enrichment analysis of genes differentially expressed after infection. Pathways enriched in significantly upregulated genes (A, C,
E) or significantly downregulated genes (B, D, F) in mouse tissues from the indicated comparisons

were enriched in the following pathways: signaling
involving PI3K-Akt, cytokine-cytokine receptor interac-
tion, focal adhesion, proteoglycans in cancer, chemokine
signaling, axon guidance, cell cycle, leukocyte transen-
dothelial migration, hematopoietic cell lineage, inter-
actions between receptors, and the extracellular matrix
(ECM) (Fig. 7C). The significantly downregulated DEGs
were enriched in non-alcoholic fatty liver disease, carbon
metabolism, peroxisome, valine, leucine and isoleucine
degradation, PPAR signaling, steroid hormone biosynthe-
sis, fatty acid degradation, fatty acid metabolism, trypto-
phan metabolism, and propanoate metabolism (Fig. 7D).

In the comparison between CSDEN and DEN groups,
the significantly upregulated DEGs in the CSDEN group
were enriched in the following pathways: neuroactive
ligand-receptor interaction, Toll-like receptor signaling,
and cytokine-cytokine receptor interaction (Fig. 7E). The
significantly downregulated DEGs were enriched in pan-
creatic secretion, fatty acid degradation, renin secretion,
estrogen signaling pathway, nitrogen metabolism, and
histidine metabolism (Fig. 7F).
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C. sinensis promotes HCC by activating hepatic
progenitor cells

Hepatic progenitor cells (HPCs) are hepatic stem cells,
which are defined as bipotential cells that can differentiate
into both hepatocytes and cholangiocytes. We hypothesized
that C. sinensis promotes HCC by activating HPCs. There-
fore, we evaluated the expression of the HPC markers CK19,
SOX9, and EpCAM in all our rat groups. Strong CK19
expression was observed mainly in the CS and CSDEN
groups, with low expression in the liver tissues of NC and
DEN groups. CK19 was highly expressed in proliferating
cholangiocytes in the CS group. CK19 was found not only
in cholangiocytes but also in hepatocytes in the center of
hepatic lobules at weeks 16 and 22 in the CSDEN group.
CK19 was not expressed in hepatocytes in the NC or CS
groups, which may indicate that CS and DEN synergisti-
cally trigger the malignant transformation of HPCs to HCC
cells (Fig. 8).

SOX9, which is located mainly in the nucleus(Rizvi et al.
2017), was rarely expressed in liver tissues of the NC group,
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Fig.8 CKI19 expression in the liver after infection. Immunohisto-
chemical staining for cytokeratin 19 (CK19) in liver of rats sacrificed
at weeks 10, 16, and 22 after infection. An image from one represent-

but it was upregulated in the liver of the CS group, par-
ticularly in CS-induced proliferating cholangiocytes. The
liver showed high SOX9 expression the DEN and CSDEN
groups, higher than in the DEN group. At week 10, SOX9
was expressed mostly in cholangiocytes and less in hepato-
cytes, but the expression in hepatocytes increased with time.
At weeks 16 and 22, SOX9 expression in hepatocytes of the
CSDEN group increased above the level in the DEN group
(Fig. 9).

The expression of EpCAM, which localizes mainly on the
cell membrane(Xie et al. 2005), partially mimicked that of
SOX9 and CK19. In the NC and CS groups, EpCAM was
detected only in cholangiocytes and not in hepatocytes. Its
expression in proliferating cholangiocytes was higher in the
CS group. EpCAM was expressed at higher levels in the
DEN and especially CSDEN groups than in the NC and CS
groups. Unlike SOX9 and CK19, EpCAM was detectable in
hepatocytes of the CSDEN group at week 16 and in hepato-
cytes of the DEN group at week 22 (Fig. 10).

These immunohistochemical results collectively show
that the expression of CK19, SOX9, and EpCAM in hepat-
ocytes generally increased with the duration of C. sinensis
infection. We confirmed this time-dependent upregulation
at the mRNA level, which also confirmed that expression
of all three markers was higher in the CS group than in the
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ative animal is shown per panel. Relative quantification at each time
point is shown on the far right. *P <0.05. Magnification: 20x 10

NC group, and higher in the CSDEN group than in the DEN
group (Fig. 11).

We interpret the increased expression of HCC markers to
indicate CS-induced activation of HPCs, which may promote
HCC development.

Discussion

Our study demonstrates that C. sinensis can contribute to
the development of HCC by accelerating tumor formation.
This would explain the much higher incidence of cirrhosis
and HCC in the CSDEN group than in the DEN group. Our
work provides rigorous confirmation of earlier work that
showed that treating Syrian golden hamsters with DEN and
C. sinensis led to higher rates of HCC and CCA than treating
them with DEN alone. Even earlier work showed in an ani-
mal model that the trematode Opisthorchis viverrini-induced
precancerous hepatocellular nodules and CCA (Thamavit
et al. 1987, 1988).

In our study, the livers of rats infected with C. sinensis
developed only papillary or adenomatous hyperplasia and
inflammatory infiltration, but not HCC or CCA, which is
consistent with previous studies(Zheng et al. 2017) and may
reflect the short infection of 22 weeks. Studies showing that
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Fig.9 SOX9 expression in the liver after infection. Immunohisto- image from one representative animal is shown per panel. Relative
chemical staining for sex-determining region Y box protein 9 (SOX9) quantification at each time point is shown on the far right. Magnifica-
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Fig. 10 EpCAM expression in the liver after infection. Immunohis- tion. An image from one representative animal is shown per panel.
tochemical staining for epithelial cell adhesion molecule (EpCAM) Relative quantification at each time point is shown on the far right.

protein in liver of rats sacrificed at weeks 10, 16, and 22 after infec- Magnification: 20x 10. *P <0.05
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Fig. 11 Relative expression of biomarkers of hepatic progenitor cells. The relative mRNA levels of CK19, SOX9, and EpCAM in liver of rats
sacrificed at weeks 10, 16, and 22 after infection, as determined by RT-PCR. *P <0.05

O. viverrini can induce CCA examined infections lasting up
to 20 months (Songserm et al. 2009).

We observed more severe fibrosis in the CSDEN group
than in the DEN group, consistent with studies indicating
that C. sinensis-induced immune-inflammatory responses
and C. sinensis-secreted factors can cause liver fibrosis (Yan
et al. 2017). Indeed, we observed extensive fibrosis around
the bile duct and cirrhosis of C. sinensis-infected rats, sug-
gesting that C. sinensis can directly induce liver fibrosis.
Long-term fibrosis, in turn, increases risk of cirrhosis and
even HCC.

We observed several factors that led us to implicate
HPCs in the pathology of the CSDEN group. Those ani-
mals showed a strong ductular reaction, which is thought
to be mediated by HPCs (Williams et al. 2014). Indeed,
we observed strong upregulation of CK19, SOX9, and
EpCAM relative to both the NC and DEN groups. In fact,
we observed upregulation also in the CS group relative to the
NC group. HPCs have been linked to HCC, CCA, and com-
bined hepatocellular cholangiocarcinoma(Zhao et al. 2016;
Komuta et al. 2008; Sia et al. 2017). Inflammation appears to
contribute to several types of cancer, including HCC (Diakos
et al. 2014). For example, chronic inflammation activates
the proliferation of HPCs and differentiation into HCC stem
cells, which can cause HCC (Li et al. 2017). Therefore, we
propose that C. sinensis induces chronic inflammation that

activates the malignant transformation of HPCs and hepatic
stem cells.

In support of our hypothesis, our RNA-seq analysis sug-
gests that the DEGs in the CSDEN group are involved in
Toll-like receptor signaling, which is a classic inflammation-
associated pathway. C. sinensis secretes the protein ESP,
which activates Toll-like receptors 1 and 4 on the membrane
of inflammatory cells. Constitutive activation of this signal-
ing pathway can initiate chronic inflammation (Bahk and
Pak 2016). Although C. sinensis has conventionally been
thought to promote CCA primarily, our animal study indi-
cates that it can also contribute to HCC. In fact, our data
suggest that the pathogen can give rise to either of these
diseases or to combined hepatocellular cholangiocarcinoma
by creating a chronically inflammatory microenvironment
within the liver, which activates HPCs to differentiate into
liver stem cells.

Other classical signaling pathways related to inflam-
mation have been found in our study, such as TNF
signaling(Giosia et al. 2022) and PI3K-Akt signaling(Zhao
et al. 2021). Our study shows chronic inflammatory is trig-
gered and sustained by C. sinensis infection and chronic
inflammation is a potent driving force in HCC tumorigen-
esis, The activation of these inflammation-related signaling
pathways over time lead to overproduction of reactive oxy-
gen species (ROS) and reactive nitrogen species, all of the
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above can leads to activation of HPCs, and easily lead to the
occurrence of HCC(LIovet et al. 2022).

An important shortcoming of our study is that most
patients with HCC in China also have chronic HBV infec-
tion (Yip et al. 2020), which we did not take into account in
our animal experiments and so should be explored in future
studies. Nevertheless, our findings justify further work on
the role of C. sinensis in HCC. Such work may contribute
not only to the management and control of C. sinensis, but
also to efforts to reduce HCC incidence.
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