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Abstract

BACKGROUND

Cryptotanshinone (CPT) has wide biological functions, including anti-oxidative,
antifibrosis, and anti-inflammatory properties. However, the effect of CPT on
hepatic fibrosis is unknown.

AIM
To investigate the effects of CPT treatment on hepatic fibrosis and its underlying
mechanism of action.

METHODS

Hepatic stellate cells (HSCs) and normal hepatocytes were treated with different
concentrations of CPT and salubrinal. The CCK-8 assay was used to determine
cell viability. Flow cytometry was used to measure apoptosis and cell cycle arrest.
Reverse transcription polymerase chain reaction (RT-PCR) and Western blot
analyses were used to measure mRNA levels and protein expression of endo-
plasmic reticulum stress (ERS) signaling pathway related molecules, respectively.
Carbon tetrachloride (CCL,) was used to induce in vivo hepatic fibrosis in mice.
Mice were treated with CPT and salubrinal, and blood and liver samples were
collected for histopathological examination.

RESULTS
We found that CPT treatment significantly reduced fibrogenesis by modulating
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the synthesis and degradation of the extracellular matrix in vitro. CPT inhibited cell proliferation
and induced cell cycle arrest at the G2/M phase in cultured HSCs. Furthermore, we found that
CPT promoted apoptosis of activated HSCs by upregulating expression of ERS markers (CHOP
and GRP78) and activating ERS pathway molecules (PERK, IREla, and ATF4), which were
inhibited by salubrinal. Inhibition of ERS by salubrinal partially eliminated the therapeutic effect
of CPT in our CCL,-induced hepatic fibrosis mouse model.

CONCLUSION
CPT can promote apoptosis of HSCs and alleviate hepatic fibrosis through modulating the ERS
pathway, which represents a promising strategy for treating hepatic fibrosis.

Key Words: Hepatic fibrosis; Endoplasmic reticulum stress; Cryptotanshinone; Hepatic stellate cells;
Apoptosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic fibrosis is a necessary stage of liver cirrhosis, and there is currently no effective
treatment. Cryptotanshinone (CPT), one of the extracts of Chinese herbal medicine Radix Salviae Miltior-
rhizae, has a good anti-fibrosis effect. Through this study, we found that CPT can treat hepatic fibrosis by
activating endoplasmic reticulum stress and leading to apoptosis of hepatic stellate cells, which provides a
new method for the treatment of hepatic fibrosis.

Citation: Hou XX, Li YW, Song JL, Zhang W, Liu R, Yuan H, Feng TT, Jiang ZY, Li WT, Zhu CL.
Cryptotanshinone induces apoptosis of activated hepatic stellate cells via modulating endoplasmic reticulum stress.
World J Gastroenterol 2023; 29(17): 2616-2627

URL: https://www.wjgnet.com/1007-9327/full/v29/i117/2616.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2616

INTRODUCTION

Hepatic fibrosis is a reversible liver injury that occurs in response to viruses, drugs, inflammation, fat
deposition, and other causes. The underlying pathological mechanism of hepatic fibrosis involves the
deposition of extracellular matrix (ECM), which leads to the replacement of functional liver parenchyma
by scar tissue, proliferation and activation of hepatic stellate cells (HSCs), and increased production of
collagen and unfolded proteins[1-3]. The endoplasmic reticulum (ER) is an important organelle in
eukaryotic cells that is involved in a variety of biological processes, including protein synthesis,
processing, modification, folding, and transport, lipid and carbohydrate metabolism, and Ca*
maintenance, among others[4-6]. In some cases, when the physiological function of the ER is disturbed,
ER stress (ERS) will be activated to promote cell survival. However, persistent ERS can lead to apoptosis
[7,8], which can either promote the occurrence and development of hepatic fibrosis or lead to the
activation of HSCs, which can reverse the transformation of hepatic fibrosis[2,9-11].

Cryptotanshinone (CPT) is a diterpene quinone compound that is isolated from Salvia miltiorrhiza.
CPT has been shown to have anti-oxidant, anti-inflammatory, and antibacterial properties[12]. Studies
have also reported that CPT antifibrotic effects on cardiac and renal tissues[13-15]. These findings
suggest that CPT plays a protective role in fibrotic disease. Therefore, we hypothesized that CPT might
also protect against hepatic fibrosis. In this study, we treated LX2 cells with different concentrations of
CPT and found that cell viability decreased and apoptosis increased in a dose-dependent manner. We
also found that expression of proteins related to ERS increased, and inhibiting ERS decreased the
apoptosis rate. Based on our findings, we speculate that CPT promotes apoptosis of HSCs through
modulating the ERS pathway.

MATERIALS AND METHODS

Reagents and antibodies

CPT (purity = 98% purity by HPLC, Cat No. HY-N0174), were purchased from Med Chem Express LLC
(Shanghai, China) (Figure 1A). Primary antibodies for a-SMA, Collagen I, eIlF2a, p-elF2a, p-PERK,
PERK, IRE1-0, BAX, BCL2, CHOP, and GRP78/BIP and all secondary antibodies were purchased from
Proteintech (China). ATF4, and XBP1 were purchased from Sigma (United States). The primers used in
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Figure 1 Cryptotanshinone reduces collagen deposition and induces cell cycle arrest at the G2/M checkpoint. A: Chemical structure of
cryptotanshinone; B: CCK8 assay for LX2 cell viability; C: CCK8 assay for cell viability of LO2; D: Protein levels of collagen | and a-SMA were determined using
Western blot analysis; E: mRNA levels of a-SMA and collagen | were determined using reverse transcription polymerase chain reaction (RT-PCR); F: The percentage
of cell cycle distribution was determined using flow cytometry. Data are presented as mean + SD. 2P < 0.05, °P < 0.01 versus control.
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quantitative reverse transcription polymerase chain reaction (QRT-PCR) were purchased from Qingke
Co. Ltd. (China) (Table 1).

Animals and experimental procedures

All experiments were approved by institutional and local committees. All mice were provided humane
care according to the National Institutes of Health (NIH, United States) guidelines[16]. Male C57BL/6
mice (20-25 g) were randomly divided into five groups (n = 8 per group). Group 1 (vehicle control) did
not receive carbon tetrachloride (CCL,) or CPT treatment. Group 2 (model group) received CCL,. Group
3 received intraperitoneal injections of salubrinal (1 mg/kg). Group 4 received CCL, followed by
intraperitoneal injections of CPT (40 mg/kg). Group 5 received simultaneous intraperitoneal injections
of salubrinal and CPT. Groups 2, 3, 4, and 5 were administered CCL, twice a week for 8 wk to induce
hepatic fibrosis. Groups 3, 4, and 5 were intraperitoneally injected with CPT or salubrinal every day
from 5 wk to 8 wk. CPT and salubrinal were dissolved in physiological saline. After 8 wk of treatment,
blood samples and livers were collected. Livers were fixed in 4% buffered paraformaldehyde for
histological (hematoxylin and eosin) and Western blot analyses.

Cell culture
The HSC LX2 cell line was donated by Professor Wenting Li. Cells were cultured in high-sugar DMEM
medium with 10% fetal bovine serum (FBS) in an incubator at 37 °C[17].

GRT-PCR analysis

RNA was extracted from the LX2 cells using an RNA extraction kit (Biyuntian, China) according to the
kit’s instructions. The Stepone system was used for qRT-PCR, and the experiment was repeated three
times to calculate the mRNA levels of the target genes.
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Table 1 Primer sequences

Primer

Sequence

GAPDH-F (human)
GAPDH-R (human)
Bax-F (human)
Bax-R (human)
BCL2-F (human)
BCL2-R (human)
GRP78-F (human)
GRP78-R (human)
CHOP-F (human)
CHOP-R (human)
-SMA-F (human)
a-SMA-R (human)
Collal-F (human)
Collal-R (human)
GAPDH-F (mouse)
GAPDH-R (mouse)
a-SMA-F (mouse)
a-SMA-R (mouse)
Collal-F (mouse)

Collal-R (mouse)

AAATCCCATCACCATCTTCCAG

AGGGGCCATCCACAGTCTTCT

TGAGCAGATCATGAAGACAGGG

TGAGACACTCGCTCAGCTTC

TCACTTGTGGCCCAGATAGG

GATAACGGAGGCTGGGATGC

CATCACGCCGTCCTATGTCG

CGTCAAAGACCGTGTTCTCG

ACCTGAAAGCAGATGTGCT

GTCCTCATACCAGGCTTCC

AAAAGACAGCTACGTGGGTGA

GCCATGTTCTATCGGGTACTTC

GAGCCAAGACGAAGACATC

CAGATCACGTCATCGCACAAC

TGTCGTGGAGTCTACTGGTG

ACACCCATCACAAACATGG

TGACGCTGAAGTATCCGATAGA

CGAAGCTCGTTATAGAAAGAGTGG

GATCCTGCCGATGTCGCTAT

TGTAGGCTAGCTGTTCTTGCA

WIG |

Jaishideng®

Western blot analysis

RIPA buffer containing protease and phosphatase inhibitors was used to lyse cells and tissues on ice.
Proteins were electrophoresed and transferred to PVDF membranes (Millipore, United States), which
were blocked with 5% bovine serum albumin for 2 h. Subsequently, the membranes were incubated
with primary antibodies at 4 °C overnight, followed by incubation with second antibodies at room
temperature for 2 h. Finally, the PVDF membranes were washed using 1% TBST and detected by the
Bio-Rad ChemiDoc Touch Imaging System.

Enzyme-linked immunosorbent assay

Serum levels of interleukin (IL)-6 and IL-10 were determined using enzyme-linked immunosorbent
assay (ELISA) kits (LinkTech Biotechnology, China) according to the manufacturer’s instructions. The
absorbance was observed at 450 nm using a full-wavelength microplate reader.

Transmission electron microscopy

LX2 cells were treated with CPT for 24 h, gently scraped with a cell scraper, washed with PBS three
times, precipitated, centrifuged, and fixed overnight with an electron microscopy fixative. The fixed
cells were imaged using a transmission electron microscope (Tokyo, Japan).

Biochemical analysis

Serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured
using a liver function analysis kit (Nanjing Chengjian Institute of Bioengineering, China) according to
the kit’s instructions. The absorbance was measured using an enzyme-labeled instrument.

Cell proliferation assay

The Cell Counting Kit 8 (CCK-8) kit (Biyuntian, China) was used to assay cell proliferation. LX2 cells
were inoculated into a 96-well plate at 3000 cells per well and cultured overnight at 37 °C. After 24 h
cells were treated with CPT at different concentrations, and 10 pL of the CCK-8 solution was added to
each well. The cells were cultured at 37 °C for 2 h. The absorbance of each well was measured at 450 nm
using a microplate reader.
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TUNEL staining

LX2 cells were inoculated into a 24-well plate. After the cells attached, DMSO, CPT, or salubrinal was
added for 24 h. A TUNEL staining kit (Biyuntian, China) was used to detect apoptotic cells according to
the kit’s instructions. Cell apoptosis was observed with a fluorescent microscope (Nikon).

Flow cytometry analysis of cell cycle and apoptosis

LX2 cells were inoculated into a 6-well plate at a density of 2 x 10* cells/well. On the following day, the
cells were treated with CPT at different concentrations for 24 h. Cell cycle was measured using a cell
cycle kit (KeyGen Biotech). Cell apoptosis was determined using Annexin V and propidium iodide
double staining with fluorescein isothiocyanate. The percentage of apoptotic cells was determined using
flow cytometry (FACS Calibur)[17].

Statistical analysis

Experimental data were graphed using Prism 9.0 and statistically analyzed using SPSS26.0. Statistical
significance of differences was determined using one-way analysis of variance with the post-hoc
Dunnett’s test. A P value of <0.05 was considered statistically significant.

RESULTS
CPT inhibits the proliferation of LX2 cells

Hepatic fibrosis is characterized by progressive and excess accumulation of ECM, leading to disruption
of normal liver structure and function. HSC activation is a key cellular event in the pathogenesis of
hepatic fibrosis[18,19]. In this study, we sought to determine the effects of CPT on hepatic fibrosis. To do
so we first investigated the effect of CPT on cell viability. We treated LX2 cells with varying concen-
trations of CPT (0, 2.5, 5, 10, and 20 pmol/L) for 24 h and assessed cell proliferation using the CCK-8
assay. The results showed that CPT significantly reduced cell viability in a dose-dependent manner
(Figure 1B). We also observed that CPT inhibited the vitality of normal hepatocytes (L02) at 40 pm
(Figure 1C), which was far in excess of the concentration that affected HSC viability. To further observe
the inhibitory effect of CPT on activated LX2 cells in vitro, we examined ECM accumulation under
different concentrations of CPT. We found that CPT reduced ECM deposition (Figure 1D and E). To
further investigate the inhibitory effect of CPT on cell growth, we measured cell cycle distribution using
flow cytometry. Cell cycle analysis showed that the number of cells in the G2/M phase significantly
increased while those in the G1 phase significantly decreased with higher concentrations of CPT
(Figure 1F). Collectively, these findings suggest that CPT can induce HSC growth.

CPT stimulates apoptosis of activated HSCs

Apoptosis of activated HSCs has been shown to reduce the degree of hepatic fibrosis[2,3]. We assessed
HSC apoptosis using TUNEL staining and found that CPT induced activated HSC apoptosis in a dose-
dependent manner (Figure 2A). We next explored the pathway underlying CPT-induced HSC
apoptosis. We observed that CPT dose-dependently reduced Bcl-2/Bax expression in HSCs (Figure 2B
and C). We quantitatively evaluated the apoptotic rate using flow cytometry, which demonstrated that
CPT dose-dependently increased the apoptotic rate in activated HSCs (Figure 2D). These data indicate
that CPT activates HSC apoptosis.

CPT activates the ERS pathway

ERS is a signaling response pathway intended to protect against cell death. However, if the stress
response is very strong or prolonged, it can cause cellular damage[20]. We investigated the underlying
mechanism of CPT-induced HSC apoptosis by detecting ERS-related mediators. We found that CPT
significantly upregulated the mRNA levels and protein expression of GFR78 and CHOP in LX2 cells,
resepectively (Figure 3A and B). Subsequently, we examined the expression of GFR78 and CHOP in L02
cells and found that their expression was not significantly altered (Figure 3C and D). These results
suggest that CPT promotes ERS in activated HSCs without triggering ERS in normal liver cells. Western
blot analysis revealed that CPT significantly upregulated protein expression of ERS regulatory
molecules (Figure 3E and F). We also observed the expansion and swelling of the ER lumen in CPT-
treated HSCs using electron microscopy. More specifically, we observed a disappearance of the normal
sheet-like folded structure and the formation of numerous vacuoles within the ER (Figure 3G).

CPT-induced apoptosis of HSCs requires ERS activation

Salubrinal, an inhibitor of ERS, can protect HSCs from ERS-induced apoptosis[20]. Based on the above
experimental results, we next investigated if activation of ERS by CPT leads to apoptosis of LX2 cells. To
test this hypothesis, we treated LX2 cells with both CPT and salubrinal and found that CPT did not
significantly upregulate the mRNA and Western blot levels of GFR78 and CHOP (Figure 4A and B). We
also measured the expression of ECM components at the mRNA and protein levels. Interestingly, The
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Figure 2 Cryptotanshinone induces apoptosis of activated hepatic stellate cells. A: TUNEL staining to assess LX2 apoptosis. Red fluorescence
indicates apoptotic cells. Scale baes: 100um; B: Western blot analysis of Bcl-2 and Bax protein expression in LX2 cells; C: Reverse transcription polymerase chain
reaction analysis of Bcl-2 and Bax mRNA levels in LX2 cells; D: Flow cytometric analysis of LX2 cell apoptosis using fluorescein isothiocyanate-labeled Annexin-
Vipropidium iodide staining. Cells located in the right two quadrants of each figure were considered apoptotic cells. 2P < 0.05, °P < 0.01, °P < 0.001 versus control.
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decrease of ECM accumulation following CPT treatment was prevented by salubrinal (Figure 4C and
D). These results suggest that CPT can activate ERS, leading to apoptosis of LX2 cells, which may be a
mechanism to promote HSC clearance. We found that the apoptotic effect of CPT on activated LX2 cells
could be reversed by salubrinal (Figure 4E-H). Taken together, these findings suggest that CPT can
induce apoptosis of HSCs through modulating ERS, which may be a mechanism for promoting HSCs
clearance.

CPT protects mice from CCL,-induced hepatic fibrosis

CCl,-induced hepatic fibrosis is a well-established model to investigate hepatic fibrosis in vivo. We used
this model to confirm the protective effect of CPT in mice(Figure 5A). To this end, we measured protein
expression of major markers of hepatic fibrosis including a-SMA and collagen I. CPT effectively
diminished expression of these proteins in the CCL-induced model of hepatic fibrosis (Figure 5B). In
addition, we analyzed biochemical markers of liver injury after 8 wk of CCL, treatment. Levels of AST
and ALT increased in the model group but were reduced in the CPT groups (Figure 5C and D). During
chronic liver disease, hepatic fibrogenesis is commonly accompanied by inflammation. As demonstrated
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Figure 3 Cryptotanshinone activates the endoplasmic reticulum stress pathway in activated LX2 cells. A: Western blot analysis of endoplasmic
reticulum stress (ERS)-related protein expression in LX2 cells; B: Reverse transcription polymerase chain reaction (RT-PCR) analysis of Grp78 and CHOP mRNA
levels in LX2 cells; C: Western blot analysis of ERS-related protein expression in LO2 cells; D: RT-PCR analysis of Grp78 and CHOP mRNA levels in LO2 cells; E
and F: Western blot analyses of ATF4, PERK, and IRE1 signaling pathways in hepatic stellate cells; G: Transmission electron microscopy showing that CPT caused
ER swelling and destruction of the mitochondrial membrane integrity. Data are presented as mean + SD. P < 0.05, °P < 0.01 versus control. ER: Endoplasmic

reticulum.
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by ELISA, CPT decreased serum levels of IL-6 and IL-10 (Figure 5E and F). Furthermore, the inhibitory
effect of CPT on the secretion of pro-inflammatory cytokines was diminished by salubrinal. Thus, we
propose that CPT protects against CCL,-induced liver injury by suppressing inflammation. Next, we
analyzed the pathological changes in the liver tissue after CPT treatment. Histological staining showed
that treatment with CPT significantly improved morphological changes in liver tissue (Figure 5G). As
fibrogenesis is accompanied by accumulation of collagen, liver tissue sections were stained with
Masson’s reagent and Sirius red to detect collagen deposition. The results showed that collagen was
markedly deposited in the CCL-injured livers but reduced in the livers of mice in the CPT-treated
groups, which was further suppressed by salubrinal (Figure 5G). Taken together, these data provide in
vivo evidence that activation of ERS signaling can result in reduced collagen accumulation and
attenuation of fibrotic damage in a hepatic fibrosis mouse model.

DISCUSSION

Due to their diverse sources and high safety profiles, there has recently been a widespread increase in
the use of natural bioactive components from plants for the prevention and treatment of diseases. Salvia
miltiorrhiza is a traditional Chinese medicine that has been used to treat many diseases. CPT is one of
the main tanshinones extracted from Salvia miltiorrhiza Bunge and is considered an important
compound with various pharmacological properties. Specifically, recent studies have shown that CPT
has antifibrotic properties in the heart, lung, and kidney[14,15]. However, the relationship between CPT
and hepatic fibrosis remains unclear.

Hepatic fibrosis involves inflammatory responses caused by various acute and chronic liver injuries.
If left untreated, hepatic fibrosis can progress to liver cirrhosis or even liver cancer. The production of
ECM by activated HSCs plays an important role in hepatic fibrosis and cirrhosis[21]. Hepatic fibrosis
might be prevented or even reversed by inducing apoptosis of activated HSCs. In this study, we
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Figure 4 The endoplasmic reticulum stress signaling pathway leads to LX2 cell apoptosis and reduces collagen deposition induced by
cryptotanshinone. A: Protein expression of Grp78 and CHOP was determined using Western blot analysis; B: mRNA levels of Grp78 and CHOP were determined
using reverse transcription polymerase chain reaction (RT-PCR); C: Protein expression of collagen type | and a-SMA was determined using Western blot analysis; D:
mRNA levels of a-SMA and collagen | were determined using RT-PCR; E: TUNEL staining was used to assess LX2 cell apoptosis. Red fluorescence indicates
apoptotic cells. Scale bars: 100 pm; F: Protein expression of Bax and Bcl2 was determined using Western blot analysis; G: mRNA levels of Bax and Bcl2 were
determined using RT-PCR; H: Flow cytometry data are presented as mean + SD. 2P < 0.05, °P < 0.01, °P < 0.001 versus control. CPT: Cryptotanshinone; FITC:
Fluorescein isothiocyanate.
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established that CPT induces apoptosis through ERS in activated HSCs, which may offer a new strategy
for the treatment of hepatic fibrosis. We discovered that CPT decreased both mRNA levels and protein
expression of a-SMA and type I collagen in activated HSCs, which resulted in reduced ECM deposition.
Furthermore, flow cytometry revealed that CPT dose-dependently induced apoptosis of activated LX2
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Figure 5 Cryptotanshinone protects the liver against carbon tetrachloride-induced injury and inflammation. Cryptotanshinone (CPT) alleviates
hepatic fibrotic injury in mice. Mice were injected with carbon tetrachloride (CCL,) for 8 wk to induce liver fibrosis. During weeks 5 through 8, mice in the treatment
groups were given CPT (40 mg/kg) or salubrinal (1 mg/kg). A: CPT treatment protocol in the CCL,-induced hepatic fibrosis mouse model; B: Western blot analysis of
a-SMA and collagen | in the liver tissue; C: Determination of serum alanine aminotransferase levels; D: Determination of serum aspartate aminotransferase levels; E:
Enzyme-linked immunosorbent assay (ELISA) measurement of IL-6 levels in the serum; F: ELISA measurement of IL-10 levels in the serum; G: Liver sections were
stained with hematoxylin and eosin, Masson reagents, and Sirius red. Scale baes: 100 pm. 2P < 0.05, °P < 0.01, °P < 0.001 compared with the CCL, group. CPT:
Cryptotanshinone; CCL,: Carbon tetrachloride.
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cells. Bax is considered an apoptotic factor, while Bcl2 is an anti-apoptotic molecule that inhibits the
release of cytochrome C from the mitochondria and inhibits HSC apoptosis[22]. We found that CPT
upregulated the expression of the pro-apoptotic protein Bax and downregulated the expression of the
anti-apoptotic protein Bcl2 in activated HSCs, increased the Bax/Bcl ratio, and promoted HSC
apoptosis. Interestingly, the pro-apoptotic effect of CPT was more specific for activated HSCs than for
normal hepatocytes, which did not undergo apoptosis. This finding is important because it indicates
that CPT does not affect normal liver cell activity. Thus, we found that CPT is an effective drug that can
induce apoptosis of activated HSCs but have no effect on normal hepatocytes during the treatment of
hepatic fibrosis.

Our results demonstrated that CPT upregulated expression of ER-resident chaperone proteins, such
as CHOP and GRP78, which are significant markers of ERS[23,24]. In addition, the PERK, IRE1, and
ATF6 signaling pathways were activated, all of which can phosphorylate the downstream molecules
elF2a, ATF4, and JNK, modulating the ERS response[25,26]. We also observed ultrastructure changes
using electron microscopy. The results showed that the ER cavity of the HSCs was swollen, and the
integrity of the mitochondrial membrane was damaged after CPT treatment. The ER and mitochondria
are important organelles that cooperate to complete a variety of biological functions through their
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interactions with various proteins. In the early stage of ERS, GRP78 is translocated to the mitochondria,
and the subsequent damage to the integrity of the mitochondrial membrane becomes an early feature of
apoptosis[27,28]. Our results indicate that CPT could promote ERS in HSCs to promote apoptosis.
Salubrinal is an ERS inhibitor that selectively induces eIlF2a phosphorylation and inhibits its dephos-
phorylation, ultimately protecting cells from ERS-induced apoptosis[29]. To better understand if CPT-
induced HSC apoptosis is regulated by activating the ERS pathway, we incubated HSCs with salubrinal
to protect cells from ERS-induced apoptosis. In activated HSCs, salubrinal effectively attenuated CPT-
induced apoptosis, reducing secretion of apoptotic proteins. Therefore, these results confirm that
targeting ERS can trigger HSCs apoptosis.

To further verify the therapeutic effect of CPT on hepatic fibrosis, we conducted in vivo experiments
using a CCL,-induced mouse model of hepatic fibrosis. We found that intraperitoneal injection of CPT
reversed the development of hepatic fibrosis in mice, and the therapeutic effect of CPT was reduced
after by salubrinal. Interestingly, CCL, also induces experimental hepatocarcinoma, which shares
common features with hepatic fibrosis, such as increased expression of matricellular proteins (SPARC,
BM-40, and osteonectin)[30-32]. However, whether or not CPT also has a significant effect on the
treatment of liver cancer requires further investigation.

CONCLUSION

In summary, we found that CPT limited HSC activation through an ERS-dependent pathway in vivo and
in vitro, suggesting that CPT should be further investigated as a prospective therapeutic agent for
hepatic fibrosis.

ARTICLE HIGHLIGHTS

Research background
Cryptotanshinone (CPT) has been accepted to be an anti-inflammatory molecule.

Research motivation
Hepatic stellate cell (HSC) activation plays an indispensable role in hepatic fibrosis. Inducing apoptosis
of activated HSCs can attenuate or reverse fibrogenesis.

Research objectives

This study investigated the effects of CPT treatment on hepatic fibrosis and its underlying mechanism of
action.

Research methods

In vitro, we used reverse transcription polymerase chain reaction, Western blot, TUNEL staining and
flow cytometry, which demonstrated that CPT can induce HSC apoptosis through the ERS pathway. In
vivo, we used liver function kit, enzyme-linked immunosorbent assay, pathological section staining a
few columns of technical means to prove that CPT has a certain therapeutic effect on hepatic fibrosis.

Research results

In vitro, CPT was considered to activate HSC apoptosis by promoting endoplasmic reticulum stress
(ERS) detrimental response to a certain extent. Main molecules came down to the unfolded protein
response signaling pathway. In vivo, We found CPT protected the Carbon tetrachloride (CCL,)-induced
hepatic fibrosis. Furthermore, CPT inhibited the levels of the downstream inflammatory cytokines,
which were triggered by CCL-induced hepatic fibrosis.

Research conclusions
CPT can promote apoptosis of HSCs and alleviate hepatic fibrosis through modulating the ERS
pathway, which represents a promising strategy for treating hepatic fibrosis.

Research perspectives

Hepatic fibrosis, cirrhosis and liver cancer are typical "trilogy of liver diseases", which seriously
endanger human health. Hepatic fibrosis is reversible in the early stage, but it is difficult to reverse in
the late stage of liver cirrhosis. Early treatment is therefore essential. CPT is a diterpene quinone
compound that is isolated from Salvia miltiorrhiza. CPT has been shown to have anti-oxidant. In this
study, we found that CPT could induce apoptosis of activated HSCs and had good prospects for the
treatment of hepatic fibrosis.
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