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total protein (CsTP) on cellular function and inflammatory effect
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Abstract
Clonorchis sinensis (C. sinensis) can induce a food-borne parasitic disease (clonorchiasis). Numerous studies have analyzed
functional proteins, immunologic factors, pro-inflammatory cytokines, and cell signaling transduction that promote the devel-
opment of clonorchiasis. In a previous study, it was shown thatC. sinensis adult-derived total protein (CsTP) might be involved in
the pathogenesis and development of liver fibrosis via bringing about Th2 immune response. In the present study, further
investigation of CsTP on cellular function and inflammatory effect in vitro and in vivo has been elicited. CsTP induced
inflammation and autophagy as evidenced by upregulation of TNF-α, IFN-γ, and autophagic markers LC3B and P62.
Exposed toCsTP upregulated the antiapoptotic gene Bcl-2 expression, diminished the apoptosis induced by H2O2, but promoted
the proliferation and migration of LX-2 cells in proper concentration range. Additionally, the protein levels of p-AKT and p-
mTORwere repressed in response toCsTP, suggesting a correlation of blocking the activation ofmTOR/AKTsignaling pathway.
These results revealed that CsTP might exacerbate hepatic pathological changes by regulating cell proliferation, apoptosis,
autophagy, and inflammation in the liver and LX-2 cells. Some effects might be partially involved in the mTOR and AKT
pathways.
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Introduction

Over thirty-five million people have been suffering from
C. sinensis infection worldwide with the majority of infected
individuals resided in China. One third of them are from
Guangdong province (Hong and Fang 2012). In addition to
the few people who accompanied by the symptoms including
abdominal pain, fever, eosinophilia, jaundice, chills, or diar-
rhea, the infection is often scarcely symptomatic. So,
clonorchiasis is incorporated into one of neglected tropical
diseases. There is mounting evidence that humans and ani-
mals of C. sinensis infections occur for the reason of consum-
ing freshwater fish with live infective metacercariae (Rim
2005). It is unsettling that C. sinensis infection can cause liver
atrophy, portal fibrosis, and even hepatobiliary tumor (Choi
et al. 2004). The clarity for exact pathogenic mechanism to
search effective control strategy is already a concern.

It is illustrated that most parasites maintain their long-
lasting parasitism in the hostile environment via producing
excretory-secretory products (ESPs), metabolic and
disintegrated products, and bacteria accompanied by adult
worm, thereby resulting in mechanical tissue injury and met-
abolic product (de Almeida et al. 2017; Kim et al. 2016;
McDonald et al. 2013; Tweyongyere et al. 2016). All reports
about the interaction between helminth and host to date are
focused on the effect of ESPs (Lee et al. 2008; Won et al.
2019) or parasite itself (Chookami et al. 2016; Janssen et al.
2016), suggesting an important role in directly or indirectly
aggravating inflammation and leading to fibrosis (Chung et al.
2003; Pak et al. 2009). Recently, some researchers put their
attention on adult worm antigens. Previous studies have
highlighted the capability of some parasite antigens in pro-
inflammation (Jakobsen et al. 2019; Wangala et al. 2019) or
anti-inflammation (Botelho et al. 2011; Lima et al. 2002;
McConchie et al. 2006; Sun et al. 2019) activities.
Trypanosoma cruzi (T. cruzi) antigens manifested that parasite
antigens could induce inflammatory and angiogenesis in the
sponge implanted-mouse model. It mainly increased the pro-
ductions of vascular endothelial growth factor (VEGF) and
inflammatory factors TNF-α, CCL2, and CCL5 on day 7
post-implant through sponges (Guedes-da-Silva et al. 2015).
However, recent studies by Jeong et al. (2011), Sun et al.
(2019), Matisz et al. (2017), and Lima et al. (2002) character-
ized distinct effectiveness of adult worm extracts against se-
cretion of inflammatory cytokines in vitro and in vivo.
Besides, minority researches have demonstrated the anti-
tumourigenic effect (Botelho et al. 2009b) and angiogenic
response (Zueva et al. 2019) of adult worm antigens. It in-
creased proliferation, migration, and invasion, but inhibited
apoptosis, and promoted the fibroblast-like Chinese hamster
ovary (CHO) cells transforming to sarcomas after incubating
with Schistosoma haematobium total antigens (Sh) (Botelho
et al. 2009a).

Other groups demonstrated the critical role of parasite an-
tigens in modulating immunological effect (Lima et al. 2002;
McConchie et al. 2006; Sun et al. 2019; Wang et al. 2017a).
The crude antigens of reared Echinococcus granulosus adult
worms induced a higher ratio of protective immunity than that
excretory-secretory (E/S) and immunodominant antigens
(Rahimi et al. 2017). In peripheral blood mononuclear cells
(PBMCs) stimulated with Schistosoma mansoni adult worm
antigen (SWA), a Th2 immune response was observed in re-
sponse to SWA, indicating that SWA could be the dominant
inducer of Th2 cytokine production, such as IL-4, IL-5, and
IL-13 (Tweyongyere et al. 2016). Notably, about the total
protein derived from C. sinensis (CsTP), an early report by
Jeong et al. clarified that CsTP might decrease the expression
of CD80, CD86, and CD40 in LPS- or OA-treated DCs but
increase the amounts of CD4 + CD25 + Foxp3 + Treg cell. At
the end, airway inflammation was suppressed in the host
(Jeong et al. 2011). Our recent study also disclosed that
CsTP took a part in orchestrating Th2 immune response by
upregulating the production of IL-13 and IL-4 in vitro and
in vivo, and finally resulted in the occurrence of liver fibrosis
in the host. It also attested to the role of the interplay between
mannose receptor (MR) and CsTP (Zhao et al. 2018).

Taken together, these studies underscored the role of parasit-
ic total proteins in the deep investigation and development of
parasitic diseases. Here we sought to determine the potential
effects of CsTP on the proliferation, apoptosis, cytokine pro-
duction, and autophagy activation in the mouse liver and LX-2
cells. Furthermore, the probable mechanism was analyzed.

Materials and methods

Animals and cells

Female Balb/c mice (6–8 weeks old) were obtained and
housed in the animal laboratory at Sun Yat-sen University,
Guangzhou, China. The operation of all the animal experi-
ments was based on the Guidelines and Regulations for
Animal Use and Care of Sun Yat-sen University (permit no.
SYXK (Guangdong) 2010-0107).

Human hepatic stellate cell LX-2 was cultured in high-
glucose DMEM with FBS (10%, NQBB, Hong Kong,
China) at the atmosphere of 5% CO2 and 37 °C.

Preparation and extract of C. sinensis adult worm
total protein

C. sinensis adult worm was maintained in hepatic duct of the
host. The preparation and extract of C. sinensis adult worm
total protein were referring to the previous study in the lab
(Zhao et al. 2018). Adult worms were freshly collected from
the hepatic duct of SD rats experimentally infected with
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administering orally live metacercaria for 8 weeks. After be-
ing lysed with phosphate-buffered saline (PBS, PH 7.2), the
soluble adult extract supernatant was harvested, and the pro-
tein was quantified by BCA Protein Assay Kit (Thermo Fisher
Scientific, USA).

Administration and sensitization of CsTP

The challenge was performed according to the protocol as
previously described (Xu et al. 2013). Each mouse was sensi-
tized with 100 μg CsTP under emulsification of complete
Freund’s adjuvant through subcutaneous injection at the first
time. In the following process, the immunization dosage
halved with incomplete Freund’s adjuvant. All mice were eu-
thanized and the livers were collected after 0, 6, and 10 weeks
respectively. The control group was injected using PBS prior
to emulsify with complete Freund’s adjuvant in the same way.

Real-time PCR assay

Total hepatic RNA was extracted by Trizol reagent (Life
Technology, Carlsbad, USA). The reverse transcription reac-
tion was performed using RevertAid RT Reverse
Transcription Mix (Thermo Fisher Scientific, USA) following
the manufacturer’s instruction. The SYBR green kit (Applied
Biosystem) was used in the following RT-PCR reaction to
evaluate gene transcriptions of P62, TNF-α, and IFN-γ.

Primers for cytokine genes and P62 were as follows:
TNF-α: forward, 5′- GCGGTGCCTATGTCTCAGC-3′;

reverse, 5′- CACTTGGTGGTTTGTGAGTGT-3′; IFN-γ:
forward, 5′- ATGAACGCTACACACTGCATC-3′; reverse,
5′- CCATCCTTTTGCCAGTTCCTC-3′; GAPDH: forward,
5′- AAGGTCATCCCAGAGCTGAA-3′; reverse, 5′-
CTGCTTCACCACCTTCTTGA-3′; P62: forward, 5′-
CAGAGAAGCCCATGGACAG-3 ′ ; r e ve r s e , 5 ′ -
AGCTGCCTTGTACCCACATC-3′.

All values were normalized to the GAPDH value.

Western blot analysis

The liver or cell proteins were extracted by RIPA lysis buffer
with a supplement of protease and phosphatase inhibitor ac-
cording to the manual. Equal amount of protein (30 μg) per
sample was separated on 10% or 15% SDS-PAGE and trans-
ferred onto PVDF membrane (Millipore, USA). After
blocking with 5% skim milk (diluted with TBS) for 1 h, then
membranes were incubated overnight at 4 °C by correspond-
ing primary antibodies for mouse monoclonal TNF-α (Santa
Cruz, CA), mouse polyclonal Bcl-2 (Santa Cruz, CA), rabbit
monoclonal LC3B (Cell Signaling Technology, USA), rabbit
monoclonal p-mTOR (Cell Signaling Technology, USA), rab-
bit monoclonal mTOR (Cell Signaling Technology, USA),
rabbit polyclonal P62/SQSTM1 (Proteintech, Inc), rabbit

monoclonal p-AKT (Cell Signaling Technology, USA),
mouse monoclonal GAPDH (Cell Signaling Technology,
USA), and mouse monoclonal β-actin (Sigma, St. Louis,
USA), respectively. After washing three times in TBS, each
membrane was probed with specific horseradish peroxidase
(HRP)-conjugated secondary antibodies. The details had been
presented in Table 1. One hour later, membranes were washed
as previously described. The band was detected by ECL
chemiluminescence detection system. The ImageJ software
was used to determine band intensities.

Immunohistochemistry assessment

The collected livers were cut into 5 μm sections. Then, the liver
sectionwas pre-treated in accordancewith the instruction for use.
Paraffin embedded sections were cut into small pieces. Pre-
treatment procedures for immunohistochemistry were described
previously (Tang et al. 2016). The slides were washed with spe-
cific reagents, xylene, followed by a gradient ethanol. After that,
3% hydrogen peroxide in PBS (pH 7.4) was added to block the
effect of endogenous peroxidase. The antigen was retrieved by
citrate acid buffer (0.01M) with high pressure method, followed
by applying the blocking reagent (normal goat serum) at room
temperature for 1 h. After rinsing with PBS for three times
(5 min/time), the slides were incubated with rabbit polyclonal
P62/SQSTM1 at 4 °C for overnight, and then incubated with the
HRP-conjugated secondary antibody (1:400) at 37 °C for 1 h.
DAB reagent was used to stain slides at 37 °C for 20 min. After
staining with hematoxylin, the sections were washed in distilled
water. Finally, dehydration and transparency procedures were
performed and the slides were mounted. All images were ac-
quired under the light microscope (Carl Zeiss, GA).

Cell proliferation and apoptosis assay

The procedure was performed as described previously (Shang
et al. 2017). Human hepatic stellate cell LX-2 cells (5 × 103 cells/

Table 1 First and the second antibody dilutions employed in Western
Blot

Protein First antibody Second antibody Dilution factor

TNF-α 1:2000 1:5000 Fetal bovine serum

Bcl-2 1:1000 1:5000 Fetal bovine serum

LC3B 1:1000 1:5000 Fetal bovine serum

p-mTOR 1:1000 1:10000 Skim milk

mTOR 1:1000 1:10000 Skim milk

P62/SQSTM1 1:2000 1:5000 Fetal bovine serum

p-AKT 1:2000 1:5000 Skim milk

β-actin 1:3000 1:10000 Fetal bovine serum

GAPDH 1:3000 1:10000 Fetal bovine serum
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well) were plated in 96-well plate. After treating with or without
different concentrations (0, 2, 4, 10, 25, 50, 100, 200 μg/ml) of
CsTP for 24 h, cell viability was assessed using CCK-8 reagent.
The rate of cell proliferation was shown as values at 450 nm.

The cell apoptosis was analyzed by flow cytometry (FCM).
Cells were treated with 1 μM H2O2 (12 h), 10 μg/ml CsTP,
10 μg/ml CsTP, and 1 μM H2O2 (12 h), 25 μg/ml CsTP,
25 μg/ml CsTP, and 1 μM H2O2 (12 h), respectively. After
24-h post-treatment, the collected cells were analyzed by the
Annexin V-FITC/PI apoptosis detection kit (Keygen Biotech,
China) according to the instruction.

Analysis of cell migration

For cell migration analysis, LX-2 cells were treated or untreated
with 10 or 25 μg/ml CsTP for 24 h, respectively. All the cells
were resuspended in serum free culture medium (100 μl/well)
and then plated in the upper compartment. DMEM containing
10% fetal bovine serum (600 μl) was added to the lower cham-
ber as an inducer. After 24 h, cells that migrated through the
membrane to the lower surface were fixed with 100% ethanol
for 20–30 min and stained with 0.5% crystal violet for 15 min.
A cotton swab was used to gently remove the non-migrated
cells on the upper side. The adhesive cells on the reverse sur-
face were counted by microscopy (Olympus, USA).

Autophagy detection in vitro

LX-2 cells were seeded on 6-well plates before treatment with
different concentrations of CsTP (10 μg/ml and 25 μg/ml).
These concentrations were chosen according to the previous
study (Botelho et al. 2009a). LX-2 cells were treated with or
without CsTP for 24 h. The cell total proteins were extracted
by using RIPA lysis buffer and analyzed by western blot.

Statistical analysis

All data are presented as mean ± SD. Differences between
multiple groups were evaluated using one-way ANOVA.
Comparisons between two experimental groups were per-
formed by independent t test. p < 0.05 was considered as sig-
nificantly statistical differences. The analysis was made by
SPSS version 16.0 software.

Results

Production of pro-inflammatory factor TNF-α/IFN-γ
and anti-apoptosis marker Bcl-2 after exposed
to CsTP

At first, RT-PCR analysis data showed that hepatic TNF-α
and IFN-γ in experimental group were upregulated (Fig. 1).

Western blot also demonstrated that the protein level of
TNF-α in mice immunized subcutaneously with CsTP was
highly induced compared with the control group (Fig. 2),
confirming that CsTP could exacerbate inflammatory re-
sponse inmice liver. Interestingly, we observed similar change
trend of Bcl-2 expression in the experimental group (Fig. 2). It
was possible that CsTP coordinated with Bcl-2 expression to
suppress cell apoptosis.

The initiation of autophagy by CsTP

To explore whether hepatic autophagy was activated in the
mice subcutaneously immunized with CsTP, the autophagy-
associated molecule P62 by CsTP exposure was evaluated via
qPCR and immunohistochemical staining. As shown in Fig. 1,
P62 mRNA expression in CsTP-immunized mice exhibited a
marked elevation compared with the control group (p < 0.01).
Also, an apparent increase occurred in the distribution of P62
in the CsTP-immunized mice liver (p < 0.05), especially in10-
week group after CsTP immunization (Additional file : Fig.
S1). These data suggested thatCsTP contributed to the enrich-
ment of autophagic marker P62.

LC3, as a member of the highly conserved ATG8 protein
family, is the most widely used marker of autophagosomes.
The change of autophagic marker LC3B in response to CsTP
was quantified. As shown in Fig. 3, the ratio of LC3B-II and
LC3B-I was obviously increased after treating with CsTP for
10 weeks. We also observed a notable attenuation of LC3B I
expression, but a minor upregulation of LC3B II/I expression
ratio in the 6 week-treated group. The results hinted thatCsTP
may provoke P62 expression, synergistically worked with
LC3 to mediate autophagy activation.

Evaluation of cell viability and cell apoptosis
after CsTP treatment

In vivo experiment confirmed the role of induced inflamma-
tion and autophagy by CsTP. The data also showed that CsTP
possibly mediated apoptosis. It is hypothesized that CsTP
treatment can affect cellular function. Hepatic stellate cells
LX-2 were cultured within presence or not of different con-
centrations (0, 2, 4, 10, 25, 50, 100, 200μg/ml) ofCsTP. In the
24-h post-treatment, the proliferation of LX-2 cells was mea-
sured by CCK-8 assay, and FCM was applied to analyze the
apoptosis using Annexin V-FITC/PI reagent kit. As presented
in Fig. 4a, the viability of LX-2 cells was obviously increased
by low concentrations of CsTP (2, 4, 10, 25 μg/ml). On the
contrary, high doses of CsTP (50, 100, 200 μg/ml) attenuated
cell viability.

Accordingly, to determine whether CsTP was associated
with abnormal hepatic stellate cell apoptosis, all treated or
untreated LX-2 cells were subsequently stained with
Annexin V-FITC and PI. The data showed that 25 μg/ml of
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Fig. 2 Effect of CsTP on TNF-α and Bcl-2 protein expressions in the
subcutaneous immunized mice. Western blot analysis was conducted on
protein extracts from the livers of CsTP-immunized mice for TNF-α or

Bcl-2 at 6 weeks (a) and 10 weeks (d). Panels (b–c) and (e–f) represented
the densitometry data as mean ± SD, n = 5. *p < 0.05, **p < 0.01 vs. con-
trol group

Fig. 1 mRNA expressions of
inflammatory cytokines and P62
inmouse liver by RT-PCR. Balb/c
mice were subcutaneously immu-
nized with CsTP for 6 weeks and
10 weeks, respectively. RNAwas
extracted from livers of each
CsTP-immunized group and the
control group. RT-PCR was used
to measure the changes of mRNA
levels of TNF-α, IFN-γ, and P62.
Gene expression was normalized
to GAPDH. Data were showed as
mean ± SD, n = 5. *p < 0.05,
**p < 0.01

Parasitol Res (2020) 119:1641–1652 1645



CsTP treatment blocked the pro-apoptotic effect induced by
H2O2, indicating that CsTP had effect of anti-apoptosis (Fig.
4c, d). This corresponded to the observation from in vivo
study.

LX-2 cell migration promoted by CsTP

We next set out to address whether CsTP would impair the
migration of LX-2 cells. Changes in cell migration after LX-2
cells treated with 10 or 25 μg/mlCsTP for 24 h were assessed.
Compared with the control group, LX-2 cells treated with

CsTP had a better migration capability, while a high dose of
CsTP (25 μg/ml) showed better migration than a low dose of
CsTP (10 μg/ml, Fig. 4b). These data indicated that CsTP
facilitated hepatic stellate cell (HSC) migration.

Analysis of autophagy in human hepatic stellate cell
LX-2 treated with CsTP

Consistent with the result in vivo, we detected the autoph-
agic change of LX-2 treated with CsTP. LC3B II/I expres-
sion ratio in LX-2 cells was higher after exposed to

Fig. 3 Protein expressions of autophagy marker LC3B and related
molecules of mTOR pathway in CsTP-treated group or the control
group. Western blot analysis for protein levels of LC3B, p-mTOR, and
mTOR in the liver tissues that had been treated withCsTP for 6 weeks (a)

or 10 weeks (f). Protein expression was normalized to that ofβ-actin. The
quantification of relative intensity was analyzed by Image J (b–e, g–j).
Error bars indicated mean ± SD. p values were calculated using t test.
*p < 0.05, **p < 0.01, compared with the control group

Parasitol Res (2020) 119:1641–16521646



25 μg/ml CsTP. Intriguingly, the expression of autophagy-
related gene P62 also displayed an upregulation in LX-2
cells after stimulating with different concentrations of
CsTP (10 or 25 μg/ml) for 24 h (Fig. 5); demonstrating
autophagic level was increased in the treatment of high
concentration of CsTP.

Activation of mTOR/AKT signaling pathway
in the function process of CsTP

Our study demonstrated a regulation of cellular function
and boosting inflammation by CsTP. To further address
the mechanisms that regulate this important finding, we
examined hepatic p-mTOR and mTOR in the immunized
mice, which presented that the protein expression of p-
mTOR in the CsTP-treated group was diminished at
6 weeks and 10 weeks. And the p-mTOR/mTOR expres-
sion ratio displayed a declined trend in the 6 week-treated
group. In addition, immunoblot of CsTP-treated cells and
the control cells proved that CsTP attenuated the protein
expression of p-mTOR in the LX-2 cells stimulated with
10 μg/ml CsTP. The ratio of p-mTOR/mTOR appeared a
downward trend after CsTP exposure. These data sug-
gested that mTOR pathway might have been implicated
in the action of CsTP. Moreover, detection of phosphory-
lation of AKT (p-AKT) presented that p-AKT expression
was significantly reduced in response to CsTP treatment.
The effect was more prominent in the cell treated with the
higher concentration (25 μg/ml) of CsTP (Fig. 5).
Together, all the results attested that mTOR/AKT pathway
might be involved in the action of CsTP in vivo and
in vitro.

Discussion

Infection with C. sinensis is mostly associated with periductal
liver fibrosis, cholangitis, and even hepatic cirrhosis and bile
duct carcinoma. ESPs derived from this parasite and its com-
ponent proteins induce the inflammation and biliary fibrosis in
the mouse model (Yan et al. 2015b). It has also been shown
that some proteins of ESPs play a role in the regulation of
immune responses, such as induction of IL-25 (Zhou et al.
2017), IL-13 (Xu et al. 2016), IL-2 (Chung et al. 2017), and
IL-4/IL-10 (Xu et al. 2013, 2015). We have previously iden-
tified the capacity of CsTP to motivate Th2-type immune
response via targeting MR and subsequent affected the onset
or progression of hepatic fibrosis (Zhao et al. 2018).
Nevertheless, limited information is available on the proper-
ties and functions of CsTP in cellular function and inflamma-
tory effect. Current study provides more details to understand
the functions of CsTP through the in vivo and in vitro model.

C. sinensis infection provokes sustained inflammation
and hyperplasia, which are the main pathogenic factors of
liver fibrosis (Yoo et al. 2011). To clarify the relevance of
CsTP with inflammation, we examined the transcriptional
levels of hepatic TNF-α and IFN-γ after subcutaneous
immunization with CsTP, which all genes presented an
apparent upregulation (Fig. 1). The western blot results
clearly showed that TNF-α (Fig. 2) was highly expressed
in the CsTP-treated group. These data demonstrated that
CsTP had the potent ability to induce much more severe
inflammation. It was consistent with the research by
Guedes-da-Silva et al., which reported that Trypanosoma
cruzi (T. cruzi) antigens led to high expression of
inflammatory mediators (Guedes-da-Silva et al. 2015).
Data obtained in a study by Botelho et al. (Botelho
et al. 2011) also had proposed that components derived
from Schistosoma haematobium (S. haematobium) elevat-
ed the inflammatory infiltrate and promoted the dysfunc-
tion of urothelium. Here, our results verified the pro-
inflammatory effect by CsTP. This may explain why C.
sinensis infection and many types of adult worm proteins
significantly induce chronic inflammation, resulting in in-
creasing the risk of cholestasis liver fibrosis (Xu et al.
2016; Yan et al. 2015a, 2017; Zhang et al. 2013; Zhou
et al. 2017).

It is well recognized that autophagy regulates the oc-
currence and development of inflammatory response
(Crisan et al. 2011; Mizushima et al. 2008; Saitoh et al.
2008). Saitoh et al. reported that deletion of ATG16L1
gene could disrupt autophagy, induce the IL-1β and IL-
18 mediated inflammation, resulting in more severe in-
flammatory bowel disease (Saitoh et al. 2008). Recent
data showed that autophagy-deficient Kuffer cells (KCs)
enhanced hepatic inflammation, fibrosis, and tumor via
NF-kB-ROS-IL-1α/β pathways (Sun et al. 2017).
Another study also found that dihydroartemisinin (DHA)
had an anti-inflammatory effect of hepatic fibrosis and
activates autophagy by ROS-JNK1/2 signaling pathway
(Zhang et al. 2016). Consistently, we observed an increase
of the ratio of autophagic marker LC3B II and I in the
CsTP-treated group. And the upregulation was much more
noticeable at 10 weeks (Fig. 3). Immunohistochemistry
result of P62 presented the same upregulation. The level
and distribution were more abundant in the experimental
group than that of the control group (Additional file: Fig.
S1). It was likely that CsTP mediated hepatic autophagy
might facilitate autophagic response by inducing the ex-
pression of LC3B and P62.

Studies have shown tight link between the autophagy
and homeostasis of hepatocytes (Tu et al. 2014),
chondrocytes (Xin et al. 2017), and gastric cancer cells
(Chen et al. 2017). Li and his colleagues found that au-
tophagy inhibitor promoted cleaved caspase3-dependent
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apoptosis in cultured rheumatoid arthritis fibroblast-like
synoviocytes (RA-FLS). Suppressing autophagy could
downregulate cell proliferation and inflammation, which

were mediated via the PI3K/AKT signaling pathway (Li
et al. 2017). It was illustrated that inhibited autophagy by
GW-H1 might enhance apoptosis in gastric cancer AGS

a b

c

d

Control CsTP (10μg/ml)

CsTP (25μg/ml)

CsTP (25μg/ml)

Control CsTP (10μg/ml)

H2O2+CsTP (10μg/ml) H2O2+CsTP (25μg/ml)

H2O2 (1μM)
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cells (Pan et al. 2015). The study by Liu and his col-
leagues also identified the viewpoint of autophagy nega-
tively regulating apoptosis (Liu et al. 2011). Here our
study provided clear evidence that LX-2 cells were pro-
liferated in the low concentration (2, 4, 10, 25 μg/ml) of
CsTP, while a high concentration (50 μg/ml or greater)
reversed cell proliferation (Fig. 4a). Moreover, CsTP re-
duced the expression of antiapoptotic marker Bcl-2 in the
CsTP-immunized mice, indicating inhibition of apoptotic
cell (Fig. 2). Result from FCM in CsTP-treated LX-2 cells
showed that CsTP could neutralize the apoptosis caused
by H2O2 (Fig. 4c, d). Additionally, CsTP provoked the
migration ability of LX-2 cells (Fig. 4b).

In agreement with our observation, previous studies had
identified a crucial role of mTOR/AKT signaling in the cell

homeostasis, including cell apoptosis, proliferation, survival,
migration, and autophagy. mTOR pathway is a typical
autophagy-mediated signaling, and AKT is activated accom-
panying with mTOR kinase (Du et al. 2019; Li et al. 2019a, b).
Wang and his colleagues (Wang et al. 2017b) demonstrated
that PI3K/AKT activation and the phosphorylation of mTOR
were suppressed in the process of α-mangostin reducing in-
flammation and inducing autophagy/apoptosis. PI3K/AKT/
mTOR pathway was involved in the inhibition of cell prolif-
eration and invasion, and activation of autophagy in curcumin
stimulated melanoma cells (Zhao et al. 2016). The findings
from our study showed an apparent attenuation of mTOR in
the CsTP-treated LX-2 cells and mice (Figs. 3 and 5). We also
found that CsTP decreased p-AKT (Fig. 5). All the results
were in accordance with the previous reports.

Conclusions

In summary, we demonstrate for the first time to imple-
ment that CsTP had the potent function to suppress
apoptosis, but promote migration, inflammation, and au-
tophagy in the indicated treatment. Mechanistically, dys-
regulation of the mTOR/AKT signaling pathway was
involved in these activities. Thus, CsTP is an effective
pro-inflammatory media and an underlying pathogenic
factor of liver fibrosis. It may be a promising therapeu-
tic agent by targeting its induced autophagy.

Fig. 5 Detection of autophagic change and activation of mTOR/AKT
signaling pathway in CsTP-treated LX-2 cells. The protein levels of au-
tophagic molecules LC3B, P62, and p-AKT (a–d), p-mTOR, mTOR (e–
h) were determined from the lysates of LX-2 cells after stimulation for
24 h with 10 μg/ml or 25 μg/ml by Immunoblot assay. The control group

was exposed to PBS. The results were representative of three independent
experiments. The quantification of each bandwas showed as bar chart (b–
d, f–h). Data were calculated and plotted as mean ± SD. *p < 0.05,
**p < 0.01 vs. the control group

�Fig. 4 Modulation of CsTP on the cell proliferation, apoptosis and
migration ability in the human hepatic stellate cell LX-2. a LX-2 cells
were exposed to different concentrations (0, 2, 4, 10, 25, 50, 100,
200 μg/ml) ofCsTP for 24 h. CCK-8 was added to calculate cell viability
after CsTP treatment. b Cell migration was examined by using transwell
cell culture chambers. Ability of migration of LX-2 cells after treating
withCsTP for 24 h was quantified by counting the number of five random
sections of migrated cells under the microscope. The count of migrated
cells per field represented the average ability of cell migration. c and d
Cell apoptosis was determined by the staining of Annexin V-FITC/PI
after exposing to 10 μg/ml or 25 μg/ml for 24 h. Annexin V-FITC+/PI−

or Annexin V-FITC+/ PI+ presented early apoptosis or late apoptosis,
respectively. Necrotic cells were showed by Annexin V-FITC−/PI +.
One representative plot of three biological experiments was shown.
*p < 0.05, **p < 0.01 vs. the untreated control group, #p < 0.05 vs. the
H2O2 treated group
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