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Because of its high prevalence and poor long-term clinical treatment effect, liver
disease is regarded as a major public health problem around the world. Among
them, viral hepatitis, fatty liver, cirrhosis, non-alcoholic fatty liver disease (NAFLD),
and autoimmune liver disease are common causes and inducements of liver injury,
and play an important role in the occurrence and development of hepatocellular
carcinoma (HCC). Tanshinone IIA (TsllA) is a fat soluble polyphenol of Salvia
miltiorrhiza that is extracted from Salvia miltiorrhiza. Because of its strong
biological activity (anti-inflammatory, antioxidant), it is widely used in Asia to
treat cardiovascular and liver diseases. In addition, TsllA has shown significant
anti-HCC activity in previous studies. It not only has significant anti proliferation
and pro apoptotic properties. It can also play an anti-cancer role by mediating a
variety of signal pathways, including phosphatidylinositol-3-kinase (PI3K)/protein
kinase B (Akt)/rapamycin (mTOR), mitogen-activated protein kinase (MAPK), and
nuclear factor kappa-B (NF-xB). This review not only reviews the existing evidence
and molecular mechanism of TsllA's anti-HCC effect but also reviews the liver-
protective effect of TsllA and its impact on liver fibrosis, NAFLD, and other risk
factors for liver cancer. In addition, we also conducted network pharmacological
analysis on TslIA and HCC to further screen and explore the possible targets of
TsllA against hepatocellular carcinoma. It is expected to provide a theoretical basis
for the development of anti-HCC-related drugs based on TslIA.

KEYWORDS

Hepatocellular carcinoma, tanshinone lIA, liver fibrosis, nonalcoholic fatty liver disease
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1 Introduction

Hepatocellular carcinoma (HCC) accounts for more than 80% of all primary liver
cancers. Globally, HCC causes a heavy disease burden and is the main cause of cancer-related
deaths in many regions of the world. It is estimated that HCC is the fourth most common
cause of cancer-related deaths in the world (1, 2). In China, one person is diagnosed with liver
cancer every 67 seconds, and one person dies of liver cancer every 74 seconds (3). Therefore,
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HCC has become a major public health challenge. The incidence rate
of liver cancer varies with gender, etiology, and age and usually occurs
in the microenvironment with pro-inflammatory, pro-angiogenic,
and pro-fibrotic characteristics. The formation of liver cancer
usually develops from chronic hepatitis to cirrhosis, and then from
cirrhosis to liver cancer.Liver fibrosis is a repair response to chronic
liver injury and is considered a potential pathogenic factor in HCC.
Alcoholism, hepatitis C virus infection, and hepatitis B virus infection
are the most common causes of liver cirrhosis (3, 4). In fact, the
occurrence of liver cancer is not only caused by viral hepatitis but also
related to many metabolic diseases. For example, the metabolic
syndrome, especially diabetes, also plays a key role in the
occurrence and development of HCC. In Europe and the United
States, nonalcoholic fatty liver disease (NAFLD) has gradually
become a major risk factor for HCC (4, 5).

So far, there are many therapeutic methods for liver cancer,
including orthotopic liver transplantation, hepatectomy, ablation
technology, interventional therapy, radiotherapy, biotherapy,
molecularly targeted therapy, and the use of traditional Chinese
medicine. However, these therapies have their own advantages and
disadvantages and do not always produce the best patient treatment
effect (6-8). For example, although liver transplantation can improve
the survival rate of patients to a certain extent, due to the shortage of
allografts and lifelong immunosuppression, the clinical promotion of
liver transplantation is still greatly limited. In fact, there is still a high
recurrence rate and donor HCC incidence rate after liver
transplantation. Similarly, hepatectomy also has some
shortcomings, such as a low relapse-free survival rate, and patients
with advanced cancer and cirrhosis have a high risk of surgery.
Although ablation technology is minimally invasive, safe, simple,
and relatively cheap, it requires repeated treatment to achieve better
efficacy (9, 10), and it is still limited by tumor size and location (8).
Although significant progress has been made in the treatment of liver
cancer in recent years, most liver cancers were not discovered until
they were advanced due to their long incubation period and
significant invasive biological behavior. However, biotherapy and
molecular targeted therapy are the main treatment methods for the
middle and late stages, but the treatment effect is generally poor. At
the same time, targeted drugs also have adverse side effects, excessive
use may shorten the survival period of patients. In addition, the low
sensitivity of HCC cells makes chemotherapy have almost no impact
on the overall survival rate of HCC patients (11, 12). Therefore, it is
urgent to determine an effective adjuvant method or drug that can
effectively treat HCC and further inhibit the progress of HCC.

Tanshinone ITA(Figure 1) is the most important effective
molecule in fat soluble components of Salvia miltiorrhiza. Since
1934, Japanese scholars first isolated and identified its chemical
structure from Salvia miltiorrhiza. TsITA (C19H1803, 14,16-epoxy-
20-nor-5(10),6,8,13,15-abietapentaene-11,12-dione) Because of its
powerful pharmacological effects of anti oxidative stress and anti
inflammation (13, 14), it is widely used in China and other Asian
countries to treat cardiovascular and cerebrovascular diseases,
metabolic syndrome and its complications.The main precursor of
TsIIA biosynthesis is geranyl diphosphate (GPP), which originates
from the mevalonate and 2-c-methyl-d-erythritol 4-phosphate
pathways. GPP is finally transformed into TsIIA and its analogues
through a series of downstream enzymes involved in catalytic
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Tanshinone ITA

FIGURE 1
Chemical structure formula of tanshinone IIA.

biosynthesis, including TsITA, dihydrotanshinone, and
cryptotanshinone (15, 16). Interestingly, more and more studies
have reported the anti-tumor potential of TsIIA. Previous studies
have shown that TsITA can inhibit the proliferation, metastasis, and
progression of various cancer cells (including HCC) by regulating the
activation and inhibition of transcription and growth factors,
inflammatory cytokines, and intracellular signaling pathways (17-
19). However, it is worth noting that more and more studies have
reported the effects of TSIIA on HCC cells. We summarize the current
research on the effect of TsIIA on HCC in vitro in (Table 1). These
studies reveal their mechanisms of action and their potential as drugs
for the treatment of HCC.In fact, TsITA and its derivatives have long
been used in the treatment of liver diseases in Asian countries such
as China.

Similarly, the in vivo experiment of TsIIA against liver cancer is
also in progress. In the experiment, researchers transplanted human
liver cancer cells (HepG2, HCCLM3-RFP and J5, etc.) and mouse
H22 liver cancer cells subcutaneously or in situ into mice with low
immune function to establish animal models. It is finally confirmed
that TsIIA can effectively inhibit tumor growth in vivo, no matter
whether it is injected intravenously, subcutaneously or
intraperitoneally. It is worth noting that in the current animal
experiments, it has not been observed that TsIIA has toxic effects
on the activity of other organs and tissues except tumor tissues. At the
same time, we summarized the current in vivo experiments of TsITA
and HCC (Table 2).

2 Liver protection

The liver is the most important organ for the human body to
metabolize and purify toxic substances. However, in the process of
exerting its biological function, it may lead to liver dysfunction due to
overload, and once dysfunction occurs, liver damage will also occur.
In fact, liver injury is often induced by a variety of factors, including
chemical pollutants, drugs, alcohol, and microbial infections. Liver
injury is considered a highly complex process, accompanied by
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TABLE 1 Tanshinone IIA and hepatocellular carcinoma in vitro.
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compound Experimental IC50 Result/mechanism reference
subjects
TsIIA 40-80pum HepG,Hep3B — TsIIA through up-regulation of miR-30b-p53, PTPN11, and SHP2 (20)
signaling pathways induces hepatocellular carcinoma cell death.
TsIIA 0.125,0.25,0.5,1.0 SMMC-7721 — TsIIA can inhibit the growth and proliferation of SMMC-7721 cells (21)
mg/L by up-regulating the expression of apoptosis-related genes fas, bax,
and p53 and down-regulating the expression of bcl-2 and c-myc.
TsIIA combined TsIIA:10pm Hepl-6 — TsIIA plays an anti-tumor role by regulating the expression of (22)
with CYP2A6 Met:5um CYP2AS6, thereby increasing the polarization of macrophages
inhibitor Met
TsIIA 5,10ug/mL HepG2 — TsIIA Induce Nec-1 inhibition and FLIPS regulation mediated (23)
apoptosis/necrotic apoptosis.
1. TsIIA/GA- 5um HepG2 1.TSITA/GA- TsIIA can enhance the tumor toxicity and promote apoptosis by up- (24)
PEG-SS-PLGA PEG-SS- regulating the level of ROS in cells, increasing the S phase cell cycle
2. TSITA/PEG-SS- PLGA:1.50 uM block, and up-regulating the expression of caspase 3/7 and P38
PLGA 2.TsITA/PEG- proteins.
3. TSIIA/PEG- SS-PLGA:2.75
PLGA uM
4. Free TsIIA 3.TsITA/PEG-
PLGA:2.95uM
4.Free
TSITA4.964M
TsIIA 0.75mg/mL MHCC97-H 0.75pg/ml TsIIA up-regulates or down-regulates 41 proteins in a time- (25)
dependent manner (these proteins are critical to cell function and
mediate related pathways).
1. TsIIA 0.5-100 ug/ml HepG2 Processing 48 1. Tanshinone IIA and trans resveratrol synergistically increased the (26)
2. Cisplatin hours IC50: killing effect on human hepatoma cell HepG2, even the killing power
3. Resv 1. TsIIA:40.28 was comparable to that of cisplatin. But the side effects are far less
4.12TsIIA+1/ +11.63pg/ml than cisplatin.
2Resv 2. 2. TsIIA plays an anti-cancer role through enhanced apoptosis, sub-
5. 1/3TsITA+2/ Cisplatin:10.14 Gl cell cycle arrest, and DNA fragmentation.
3Resv +0.46pg/ml
3. Resv:41.89
+11.99ug/ml
4. 1/2TsITA+1/
2Resv:10.51
+0.24pug/ml
5. 1/3TsITA+2/
3Resv:10.39
+0.17pg/ml
1. free TsIIA equivalent TsIIA HepG 1. free TsIIA plays an anti-tumor role through significant inhibition of cell (27)
2. TsIIA-MSH concentration:10 ug/ TsITA:14.842ug/  invasion and cell cycle arrest at GO/G1 (DNA replication phase).
3. MSH-TSsIIA- mL ml
PEG 2. TsIIA-
MSH:9.29811g/
ml
3.MSH-TsIIA-
PEG:6.959ug/
ml
TsIIA 20uM HepG2,Hep3B — TsIIA Significantly reduces the expression of endogenous AKR1B10 (28)
CMT-3 with CMT-3:2,5 umol/l HepG2 — 1. TSN-SS significantly increased the cytotoxicity of CMT-3 in HepG2 (29)
Tanshinone ITA TSN-SS:100 pmol/l cells.
sodium sulfonate 2. TSN-SS significantly reduced the side effects caused by CMT-3.
(TSN-SS)
Tanshinone ITA 50,100,200,400uM HepG2 — The significant enhancement on pro-apoptosis by TAN micelles was (30)
mixed micelle evidenced by increased chromosome condensation, mitochondria
(TAN) membrane potential loss, cell apoptosis, and cleavages of caspase-3
and PARP.
TsIIA 0.25,0.5,1.0,1.5,2 mg/ ~ HepG2,SMMC- — By reducing the expression of MMP2 and MMP9 and blocking NF- (31)
L 7721 KB activation to inhibit the invasion and metastasis of HCC cells in
vitro.
(Continued)
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TABLE 1 Continued

compound Experimental IC50

subjects

10.3389/fonc.2023.1071415

Result/mechanism reference

TsITA 0,1,2.5,5,10,20 pg/m J5 24h:5.62ug/ml TsIIA induces J5 cells to stagnate at the G2/M phase and inhibits (32)
48h:1.81ug/ml Hep-J5 cells by increasing the expression of calreticulin, cystatin 12,
72h:0.93pg/ml and GADDI53 proteins.

TsIIA — HepG2,Hep3B, — It plays an anti-cancer role by regulating the expression of p53 (33)

PLC/PREF/5, oncogene and inhibiting the overexpression of Pgp.
THLE-3
TsIIA — SMMC7721, — TsIIA inhibits the TGF-B1/Smad pathway, which inhibits cancer cell (34)
MHCC-97L invasion and metastasis.
TsIIA 0.01, 0.1, 1, 10, and BEL-7402 24h:1162.0um TsIIA induces cancer cell apoptosis by activating calcium dependent (35)
100 pmol/l 48h:116.1um apoptosis signal pathway and up regulating metallothionein 1A
72h:9.7um expression.

Tanshinone ITA — HepG2,SMMC — TsIIA fat emulsion has more stable biological activity, stability and (36)

fat emulsion 7721,BEL 7404 stronger anti-cancer activity.

TsIIA 0.5 pg/ml SMMC-7721 — TsIIA inhibited the proliferation of hepatoma cell line SMMC-7721 (37)

and induced apoptosis in a concentration dependent manner, and
down regulated the expression of EGF and EGFR.
TsITA 0.5,1.0,2.0,5.0,10.0ng/ = HepG2 24h:14.7ug/mL TsIIA inhibits cell growth and induces apoptosis in human hepatoma (38)
ml 48h:7.4ug/mL cell line HepG2.
72h:3.9ug/mL

New PLA 1, 5, 10, 5, 15, 25, SMMC-7721 24h:16.5mg/ml TS-PLA-NPs significantly increased the anti-tumor effect of TsITA. (39)

Nanoparticles and 25 mg/ml 48h:7.9mg/ml

Containing TsITA 72h:6.8mg/ml

(TS-PLA-NPs)

IC50:Semi inhibitory concentration, TsITA/GA-PEG-SS-PLGA: TsIIA-glycyrrhetinic acid coupling poly(ethylene glycol)-disulfide linkage-poly(lactic-co-glycolic acid), MSH-TSIIA-PEG: TsIIA-
polyethyleneimine (PEI)-polyethylene glycol (PEG)-coated mesoporous silica nanoparticles (MSN-PEG), TS-PLA-NPs: TsIIA-poly lactic acid-Nanoparticles, SHP2: Src homology region 2-containing
protein tyrosine phosphatase 2, Nec-1: Necrostatin-1, CYP2A6: Cytochrome P450 2A6, AKR1B10: Nicotinamide adenine dinucleotide phosphate (NADPH) dependent reductase, CMT-3:

Tetracyclin-3.

extensive apoptosis of liver cells. In this process, oxidative stress and
inflammatory reactions are generally considered to play a key role (47,
48). In fact, as the main site of heterometabolism, the liver itself is
more vulnerable to oxidative damage. Moreover, a large number of
studies have confirmed that liver redox status is closely related to the
occurrence and development of inflammation, metabolism, and
proliferative liver disease. Among them, reactive oxygen species
(ROS) play an important role in liver diseases. ROS is mainly
produced in the mitochondria and endoplasmic reticulum of liver
cells through the cytochrome P450 enzyme (49). Excessive ROS will
attack biological macromolecules, such as liver cell proteins, lipids,
and DNA, and then lead to abnormal liver structure and function
(50). A large number of studies have also confirmed that chronic liver
disease is almost always characterized by increased oxidative stress,
regardless of the cause. Even oxidative stress plays an important role
in the pathophysiological changes that progress to cirrhosis and
eventually to hepatocellular carcinoma (HCC) (51, 52).
Interestingly, TsIIA has significant antioxidant activity. From the
structure of TsIIA, the antioxidant effect of TsIIA mainly depends on
the D-ring (furan or dihydrofuran), and the structural change of the
D-ring will also affect the antioxidant capacity (53). Secondly, TsITA
can also significantly increase the expression and activity of
antioxidant enzymes, such as catalase (CAT), superoxide dismutase
(SOD), and glutathione-S-transferase (GST). However, the most
important antioxidant stress effect of TsIIA is the activation of the
Nrf2 signaling pathway, which has also been confirmed in many
studies (54-56).

Frontiers in Oncology

Although inflammation is a protective reaction of the body,
excessive (that is, in terms of intensity and permanent
disproportionality) inflammation will lead to the loss of a large
number of liver cells, thus aggravating the severity of various liver
diseases. These include liver ischemia reperfusion injury,
nonalcoholic fatty liver disease (NAFLD), alcoholic hepatitis, liver
fibrosis, and even HCC (57). Among them, the overactivation of the
classical inflammatory pathway NF-xB plays a key role in liver
diseases. NF-kB pathway activation can result in the release of a
number of proinflammatory cytokines, including the
proinflammatory cytokines TNF-a, IL-1, IL-6, and transforming
growth factor-f (TGF-) associated with liver disease (58). In the
liver, TNF-a plays an important role in maintaining the cellular
homeostasis of hepatocytes and induces many biological reactions of
the liver, such as apoptosis and necrotic apoptosis of hepatocytes, liver
inflammation and regeneration, and autoimmunity (59). IL-6 is the
most important activator of acute-phase protein expression in
hepatocytes. Previous studies have shown that the acute phase
protein IL-6 is considered to play an important role in
hepatocarcinogenesis because it activates the signal transducer and
activator of transcription 3 (STAT3) (60). TGF- has always been a
key factor in the development of liver fibrosis (61). TsITA can not only
directly inhibit the phosphorylation of IB kinase IKK and IKK to
upstream molecules, but it can also induce the degradation of IKK
and IKK to inhibit NF-xB activation. Moreover, he can also inhibit
the activation of the NF-xB pathway by reducing the expression level
of other proteins involved in the NF-xB signaling pathway, such as
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TABLE 2 In vivo study of tanshinone IIA and hepatocellular carcinoma.

10.3389/fonc.2023.1071415

Animal models Drug form Delivery way Tumor inhibition Result/mechanism Reference
and dose rate(%)
H22 Mouse Model Original Tail vein 1mg/kg TsITA:66.29 TS-PLA-NPs have higher anti-tumor activity than the (39)
of Hepatocellular TsITA:Img/kg injection for 7 0.5,1.0,2.0mg/kg TS-PLA- | original TsIIA.
Carcinoma TS-PLA- days NPs:70.20,81.08,91.66
Transplantation NPs:0.5,1.0,2.0mg/
kg
HepG2 xenograft Original Subcutaneous TsIIA:32.77 TsIIA can up regulate the expression of CYP3A4 protein, (40)
tumor model in TsIIA:15mg/kg injection for 2 ADM:60.96 reduce tumor volume, reduce serum AST level, and thus
mice ADM:4mg/kg weeks (1-7 days, TsIIA+ADM:73.18 improve the quality of life.
free 17-23 days)
TsIIA
+ADM:15mg/kg
+4mg/kg
HCCLM3-RFP, Original Intraperitoneal — TsIIA can inhibit palliative resection (PR) related enhanced (41)
HepG2-GFP TslIA:1,5,10mg/ injection for 35 HCC metastasis and inhibit tumor tissue vascular
xenograft tumor kg/d days normalization.
mouse model
H22 Mouse Model TsITA Intravenous 2mg/kg:0.89 TsIIA inhibits tumor growth by inducing apoptosis and (42)
of Hepatocellular microemulsion injection for 7 4mg/kg:6.33 differentiation of H22 cells.
Carcinoma (ME):2,4,8mg/kg days 8mg/kg:47.66
Transplantation
15 Original TsITA:30 Intraperitoneal TsIA:77.61 TsIIA inhibits tumor growth in J5 xenotransplantation (43)
xenotransplantation ~ mg/kg injection for 4 5-FU:71.64 animal models by increasing the expression of Bax and
tumor mouse model | 5-fluorouracil(5- weeks TsIIA+5-FU:65.67 caspase-3 and decreasing the expression of CD31 in mouse
FU):30 mg/kg models.
TsITA+5-
FU:30mg/kg
+30mg/kg
HepG2 xenograft TsIIA-mPEG- Tail vein — Compared with free TsIIA, TNPs are more cytotoxic to (44)
tumor model in PLGA-PLL-cRGD | injection for 7 HepG2 cells, and TNPs have a slow release rate of TsITA. At
mice nanoparticles days 120 h, the amount of TsIIA released by TNPs increased to
(TNPs):1mg/kg (72.6%) respectively.
HepG2 xenograft Original Subcutaneous — TsIIA exerts its anti-cancer effect directly by inhibiting (45)
tumor model in TsIIA:3,10,30 mg/ injection (5 days CYP2]J2 activity.
mice kg a week, 30 days The inhibition rate of TsIIA on CYP2J2 is (50%), IC50 is
in total) (2.5uM).
HepG2 xenograft 1. TsIIA/GA-PEG- Tail vein TsIIA/GA-PEG-SS- The mean tumor volume of free TsIIA, TsIIA-PEG-PLGA (24)
tumor model in SS-PLGA injection (once PLGA>TSIIA/PEG-SS- and TsIIA-GA-PEG-SS-PLGA groups was 88.7, 66.5 and
mice 2. TSIIA/PEG-SS- every two days PLGA>TSIIA/PEG- 38.2% of that of the control group, respectively.
PLGA for 36 days) PLGA>Original TsITA
3. TSITA/PEG-
PLGA
4. Original TsITA
The effective
concentration of
TsIIA is 5mg/kg
HepG2 xenograft Original Intragastric Average inhibition TsIIA inhibits the growth, invasion and metastasis of (31)
tumor model in TsIIA:1.5g/kg/ administration rate:48.15 human hepatoma cells.
mice day,4.5g/kg/ for 5 weeks 4.5g/kg/day:35.71
day,13.5g/kg/day 13.5g/kg/day:57.14
HepG2 xenograft Novel intravenous 4mg/kg:34.68 A novel drug delivery system, microemulsion enhances the (46)
tumor model in microemulsion of injection for 8mg/kg:47.17 antitumor effects of TsITA.
mice TsIIA:2,4,8mg/kg 7days

TsIIA/GA-PEG-SS-PLGA :
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TsIIA-glycyrrhetinic acid coupling poly(ethylene glycol)-disulfide linkage-poly(lactic-co-glycolic acid), MSH-TsIIA-PEG : TsIIA-polyethyleneimine (PEI)-polyethylene
glycol (PEG)-coated mesoporous silica nanoparticles (MSN-PEG), TS-PLA-NPs : TsIIA-poly lactic acid-Nanoparticles, CYP3A4: Cytochrome P450 3A4, CYP2]2: Cytochrome P450 2J2.
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the Toll-like receptor (TLR), myeloid differentiation factor 88
(MyD88), and transferrin 6 (TRF6) (62-64). In fact, in the process
of liver injury,because of the unique characteristics of the hepatic
sinus structure, the immune response elicited by Kupffer cells was also
important in the process of liver injury (65).

2.1 Relieve liver ischemia/reperfusion injury

Liver ischemia/reperfusion (I/R) injury is the main manifestation
of liver injury after liver transplantation or hemorrhagic shock, with
high incidence rate and mortality. The occurrence of I/R involves
many molecular mechanisms (66). Interestingly, TsIIA has a
significant regulatory role in the mechanism related to liver I/R
injury. Previous studies showed that in Qi (67) et al.’s experiment,
TsIIA significantly reduced serum transaminase activity in the liver
ischemic mouse model pretreated with TsIIA compared with the
control group.This liver protective effect is related to TsIIA’s direct
inhibition of the level of proinflammatory cytokines in the liver and
the reduction of inflammatory infiltration, and these anti-
inflammatory effects may be due to TsIIA’s inhibition of TLR4
signaling in liver cells and its regulation of AKT (67). Another
study also confirmed this view. In the study of Li (68) et al., they
found that compared with the control group, the rat model of
orthotopic liver transplantation pretreated with TsIIA (10mg/kg)
had significantly lower levels of factors related to the promotion of
inflammatory response (TNF-o, IL-4) and significantly higher levels
of factors related to the inhibition of inflammatory response (IL-10,
TGF-B), and also observed that the apoptosis of hepatocytes was
significantly lower than that of the control group.In addition it was
also confirmed that this was related to the inhibition of the expression
of key molecules of inflammation related signal pathways such as
inhibition HMGBI1, TLR-4, Myd88, NLRP3 and p-NF-kb p65
released by liver macrophages (KCs).In fact, the protective effect of
TsIIA on liver ischemia-reperfusion injury is also attributed to its
regulatory effect on liver oxidative stress. In the study of Wang (69)
et al, they found that after the preconditioning of TsIIA, the
autophagy of MEK/ERK/mTOR pathway in liver cells after liver
ischemia-reperfusion was significantly enhanced, and the enhanced
autophagy reduced the production of ROS by clearing the damaged
mitochondria. This process significantly reduces the infiltration of
inflammatory cells, the level of inflammatory cytokines and apoptosis
of liver cells, and reduces the damage of liver tissue.

2.2 Prevention of toxic chemical liver injury

Liver injury is usually associated with a variety of toxic chemicals,
including carbon tetrachloride (CCl4), concanavalin A (Con-A), D-
galactosamine (GalN), acetaminophen, and lipopolysaccharide (LPS).
The liver injury caused by toxic chemicals is mainly related to an
immune reaction and inflammation. They usually lead to large-area
apoptosis of liver tissue, which leads to liver fibrosis and finally leads
to cirrhosis and HCC (47, 48, 65, 70, 71). Interestingly, a large amount
of laboratory evidence shows that TsITA can significantly improve and
promote the repair of liver injuries caused by toxic chemicals. In the
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in vivo and in vitro experiments conducted by Park (72), they found
that TsITA can significantly improve the liver injury induced by toxic
chemicals (CCl4, GalN, tBH), which is related to TsIIA’s inhibition of
processes such as lactate dehydrogenase leakage, GSH depletion, lipid
peroxidation, and free radical generation in damaged liver cells. It was
also confirmed that the protective effect of TsIIA on the liver was
partly attributed to its ability to activate antioxidant related signaling
pathways in damaged hepatocytes This has also been confirmed in
other studies. In the experiment of Wang (73) et al. TsIIA
pretreatment can activate Nrf2 and increase the expression level of
Nrf2 target genes, including glutamate cysteine ligase catalytic subunit
(GCLC), NAD(P)H, quinine oxidoreductase 1 (NQO1), and blood
oxygenase-1 (HO-1), thereby reducing acetaminophen-induced liver
injury. Furthermore, the effect of this activity is dose dependent,
which is also confirmed in the liver injury model induced by triptolide
(74). In fact, the protective effect of TSIIA on the liver is also attributed
to the pharmacological effects of immune regulation and the anti-
inflammatory reaction of TsITA. In the experiment of Qin et al., they
found that the plasma alanine aminotransferase and aspartate
aminotransferase levels in the mouse hepatitis model induced by
Con-A pretreated with TsITA were significantly reduced, and the
apoptosis and necrosis of liver tissue were also significantly reduced,
and they also found that it was also related to the immune regulation
ability of TsIIA.TsIIA increases the ratio of T lymphocyte subsets
CD3+, CD4+, and CD8+, significantly reduces inflammatory
cytokines, and improves anti-inflammatory cytokine expression
(75), which has also been confirmed in other experiments (76, 77).
As the most numerous and complex cell type in the body, T
lymphocytes are important immune effector cells and regulatory
cells (78). Among them, CD3+ cells represent all peripheral mature
T cells at the overall level of cellular immunity, and the absolute
numbers of CD3+, CD4+, and CD8+ and the ratio of CD4+/CD8+
reflect the cellular immune status. In addition, T lymphocytes can also
secrete a variety of cytokines to regulate immune and inflammatory
status, such as CD4+ cell subsets. Th cells secrete the cytokines IL-4,
IL-5, IL-13, and IL-10, as well as inflammatory factors such as IL-2,
IEN-y, and TNF-o (79). Therefore, the effect of TsIIA on T
lymphocyte subsets may regulate the immune state of the body and
the release of inflammatory factors, thereby playing an anti-
inflammatory role. In addition, they also found that the protective
effect of TSITA on the liver may also be attributed to the inhibition of
p38 and NF-kb signal transduction in Kupffer cells by TsIIA because
it further alleviates liver inflammation to a certain extent (32) It is
worth noting that the water-soluble derivative of TsIIA.It is worth
noting that the water-soluble derivative of TsIIA, sodium TsIIA
sulfonate (currently the main drug for clinical use of TsIIA), also
has the effect of protecting the liver. Like TsIIA, its liver protection is
mainly attributed to the regulatory functions of inflammation,
oxidative stress and immunity in damaged hepatocytes (80-82).

3 Prevent and improve liver fibrosis

The occurrence of liver fibrosis is often mediated by a variety of
mechanisms, including hepatitis B and C, alcohol consumption, fatty
liver, cholestasis, and autoimmune hepatitis, which can be induced.
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The liver tissue fibrosis is driven by persistent liver injury and is
subsequently characterized by the development of liver cirrhosis (83,
84). It is generally considered to be an excessive wound healing
reaction driven by the vicious cycle of hepatocyte necrosis,
inflammation, and excessive extracellular matrix (ECM) deposition,
and this cycle process has long been recognized as a key step driving
the occurrence of HCC (84). Interestingly, previous studies have
shown that TsIIA has significant pharmacological activity to improve
liver fibrosis. In fact, in China, TsIIA has long been reported to be
used in the treatment of liver fibrosis, and its mechanism of action has
been studied by scholars at home and abroad (85).

Activation of hepatic stellate cells (HSC) plays a key role in liver
fibrosis; activation of HSC plays a key role in myofibroblasts that
produce extracellular matrix (ECM) in the liver (83, 86). Interestingly,
the antifibrosis ability of TsIIA is partly due to the regulation of HSC.
Previous studies have shown that TsIIA can inhibit the proliferation
of HSCs in various ways. In the study of Pan (87) et al, they found that
TsIIA significantly inhibits the activity of HSCs in rats and leads to
HSC apoptosis, which is related to the changes in the expression of
proteins related to the regulation of cell apoptosis (PARP, caspase-3,
and Bax/Bcl-2 protein ratio increase) and cell cycle (cyclins A, E, and
cdk2) in HCC after pretreatment with TsIIA (40). This has also been
confirmed in several other studies (88-90). Among them, the C-Raf/
probitin complex plays a key role in promoting the activation of the
ERK/Bax caspase pathway in this process (87). In fact, TsIIA also
involves many molecular pathways to reduce ECM accumulation and
HSC proliferation and activation. In two experiments conducted
through network pharmacology, it has been preliminarily
confirmed that TsITA treatment can significantly inhibit the
expression of c-Jun, pc-Jun, c-Myc, CCND1, MMP9, P65, P-P65,
PI3K, and P38 proteins. Through the inhibition of these pathways and
proteins, it inhibits the activation and proliferation of HSC, thereby
playing a pharmacological role in improving liver fibrosis (90, 91). It
is worth noting that this has also been confirmed in another animal
study (92), where the antioxidant activity and anti-inflammatory
response of TsIIA play a key role (85, 92).

Liver precursor cells, also known as oval cells, are the key to liver
tissue repair after liver injury. After severe liver injury, liver oval cells
proliferate and differentiate into several lineages, including bile duct
epithelial cells, liver cells, etc., which drive the repair of damaged liver
cells; therefore, liver precursor cells have significant significance for
the treatment of liver fibrosis and cirrhosis (93, 94). Previous studies
have shown that the improvement of TsIIA on liver fibrosis is partly
attributed to its induction of the proliferation of liver precursor cells.
In the experiment carried out by Ze et al,, they found that TsIIA can
promote Wnt/B-catenin signal transduction significantly related to
cell growth, maintenance, and differentiation of stem cells in liver
precursor cells, thereby promoting the proliferation of liver precursor
cells (95). Similarly, another experiment also confirmed that TsITA
can improve liver fibrosis by promoting the proliferation and
differentiation of endogenous stem cells (96).

Cholestasis is characterized by decreased bile flow and bile acid
accumulation. It is one of the most common but destructive liver
diseases and is significantly related to the occurrence of liver fibrosis
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(83, 97). Interestingly, previous laboratory data show that TsIIA
improves cholestasis significantly. Sodium taurocholate
cotransporter polypeptide (NTCP) is one of the main transporters
responsible for the reuptake of bile acid (BA). NTCP is mainly
expressed on the sinusoid membrane of hepatocytes and transports
bound BA from blood to hepatocytes, playing a key role in balancing
bile flow (98). However, the pharmacological activity of TsIIA in
improving cholestasis is partly due to its regulatory effect on NTCP.In
the experiment of Yang (99) et al, they found that TsIIA can
significantly promote the transcription and translation of NTCP,
thereby promoting the reuptake of BA and to alleviating
rifampicin-induced cholestasis. In addition, another mechanism by
which TsIIA alleviates cholestasis is to regulate enzymes related to bile
acid metabolism (Cyp3all, Cyp3al3, and Mdrl), and the pathway of
this mechanism is mediated by the pregnane X receptor (100). As we
all know, schistosomiasis is a special chronic disease that leads to liver
fibrosis. Several recent population experiments have shown that the
addition of sodium TsIIA IIA sulfonate (STS) to liver protection
therapy in the treatment of advanced schistosomiasis fibrosis can help
improve patients’ liver fibrosis indicators, avoid adverse reactions,
and achieve a good clinical therapeutic effect (101).

4 Prevention and improvement of
nonalcoholic fatty liver

In recent years, nonalcoholic fatty liver disease (NAFLD) has
become the most common chronic liver disease in the world. In
some countries, more than 40% of the population is affected. This
makes NAFLD a worldwide public health burden and attracts
worldwide attention (102). NAFLD is a liver disease driven by
multiple factors. Without systematic treatment, nonalcoholic fatty
liver disease (NAFLD) usually develops into nonalcoholic
steatohepatitis (NASH), leading to large-area apoptosis and necrosis
of liver cells so that liver fibrosis occurs, leading to cirrhosis and HCC
(102-104). However, a large number of previous laboratory data show
that TsIIA is a potential compound for NAFLD prevention and
treatment, and its mechanism of action may be related to the
regulation of intracellular molecular targets (such as PPAR, CYP1A2,
and MMP2), thus regulating lipid metabolism, antioxidant activity, and
anti-fibrosis (105). TsIIA has been shown in the literature to reduce
apoptosis in a fatty liver model by improving liver antioxidant capacity
and improving liver steatosis (105-107). In addition, the
pharmacological effect of TsIIA on inhibiting inflammation also plays
a key role. Abnormality and excessive accumulation of lipid droplets in
liver cells are the main characteristics of steatosis and NAFLD, or
metabolism-related fatty liver disease (MAFLD). The disorder of
lipogenesis contributes to liver steatosis and plays an important role
in the pathological progress of MAFLD (103). Interestingly, a large
body of laboratory evidence suggests that TsITA can improve non-
alcoholic fatty liver by regulating the expression and activity of lipid
metabolism enzymes in liver cells. In the experiment of Jia et al., they
found that TsITA can regulate lipid metabolism by regulating the
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expression of the transforming enzyme (subtilisin/kexin 9 type) signal
pathway protein of miR-33a/SREBP-2 (sterol regulatory element
binding protein 2)/Pcsk9 pre protein, thus improving fatty liver. This
may be because TsIIA reduces the expression of the liver X receptor o
(LXRo)-mediated lipogenesis gene and lipid droplet accumulation (63).
Interestingly, STS has also been reported to have the same therapeutic
effect (108, 109). In addition, TsIIA has also been reported to inhibit the
overactivation of endoplasmic reticulum stress pathway-related protein
molecules (phosphorylation of eIF20., expression of GRP78, ATF6, and
CHOP), so as to improve palmitate-induced hepatocyte degeneration
(110). It is worth mentioning that TsITA has also been reported to have
a regulatory effect on alcohol-induced fatty liver. TSIIA can effectively
prevent ethanol-induced fat accumulation, reduce LPS and ethanol-
induced Kupffer cell sensitization, inhibit the synthesis of reactive
oxygen species and nitrogen, inhibit fatty acid synthesis, and
stimulate fatty acid oxidation, thereby improving fatty liver (111).

NAFLD is usually driven by many factors, among which
metabolic syndrome is the most common. Metabolic syndrome not
only significantly promotes the occurrence and progression of
NAFLD but also plays a key role in the occurrence and progression
of HCC (103, 112). In fact, many studies believe that NAFLD is the
liver manifestation of metabolic syndrome (113). Because primary
hepatic steatosis in NAFLD is associated with many risk factors of the
metabolic syndrome, such as obesity, insulin resistance, dyslipidemia,
hypertension, and type 2 diabetes. And these risk factors are the key
features of the pathophysiology of the metabolic syndrome and
NAFLD (114). In addition, the liver is the place where fasting blood
glucose, very low-density lipoprotein, and most triglycerides (TG) are
produced. The metabolism of these products is also a key component
of the metabolic syndrome. TG and free fatty acids (FFA) in particular
can cause excessive accumulation of liver fat and inflammatory liver
injury (115). Moreover, some studies have found that metabolic
syndrome and NAFLD may have the same risk distribution. For
example, women with a waist circumference greater than 88 cm and
men with a waist circumference greater than 102 c¢cm have an
increased risk of NAFLD by 4.9 times, fasting blood glucose by 2.1
times, hypertension by 1.8 times, and hypertriglyceridemia by 1.6
times (116). During the development of NAFLD, it is generally
believed that, hepatic insulin resistance will lead to the occurrence
and development of NAFLD, which seems to be partly because the
liver cells lose the ability to respond to insulin, which makes them
unable to effectively inhibit the production of glucose but retain the
ability to drive fat production and increase new fat production,
leading to abnormal accumulation of liver fat (117). Therefore,
many compounds can inhibit the occurrence of NAFLD by
improving the insulin resistance status of the body.In fact, TsIIA
also has a powerful pharmacological effect on improving insulin
resistance. The existing literature shows that TsITA can reduce the
blood glucose level and body weight of experimental mice without
changing food intake, which is attributed to the inhibition of
phosphorylation of PERK and JNK by TsIIA and the enhancement
of Akt phosphorylation mediated by insulin, as well as the uptake of
glucose through AMPK activation under ER stress (118, 119).
Interestingly, the NF-kB-induced AMPK signaling pathway seems
to be involved in this process (120).
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5 Effect on hepatocellular carcinoma

5.1 Prevention of toxic chemical liver injury

5.1.1 Induction of apoptosis in hepatocellular
carcinoma cells

Apoptosis refers to the process of spontaneous cell death
regulated by genes, which plays an important role in maintaining
the homeostasis of the internal environment and the normal growth
and development of organisms.It is reported that the occurrence and
progression of tumors often indicate an imbalance between apoptosis
and proliferation. However, the signal molecules and proteins related
to apoptosis have been regarded as effective targets for cancer
prevention and treatment by scientists and have been extensively
studied by the scientific community for a long time (121, 122).
Interestingly, previous studies have shown that TsIIA can induce
apoptosis of HCC cells by changing the balance between the
expression of pro-apoptotic proteins and anti-apoptotic proteins in
the B cell lymphoma 2 (BCL-2) family of HSCs (35, 38). Secondly,
caspase, which contains cysteine, is the key enzyme to execute cell
apoptosis. Among them, caspase-3 is the key executor of mammalian
cell apoptosis (122). TsIIA can significantly induce not only its
expression and phosphorylation in HCC, but also the activation
and expression of its upstream promoter Caspase-8 or Caspase-9.
However, the regulatory effect of TsIIA on the above proteins is partly
through the miR30b-p53-PTPN11/SHP2 signal pathway (80). In fact,
the inhibition of cytochrome P450 in HCC cells by TsIIA also plays a
key role.TsIIA not only leads to apoptosis of HCC by inhibiting
cytochrome P450, but macrophage polarization can be induced by
inhibition of cytochrome P450, thereby promoting the killing effect of
macrophages on HCC (22, 45). In addition, other mechanisms are
involved in the apoptosis of HCC cells induced by TsIIA. It is
reported that TsIIA also has a significant regulatory effect on
apoptosis-related genes in HCC cells. The expression of apoptosis-
related genes bcl-2 and c-myc in HCC cells pretreated with TsIIA is
down-regulated, and the expression of fas, bax, and p53 is up-
regulated. Changes in these genes can often promote the apoptosis
of cancer cells (21). Secondly, TsIIA has also been proven to up-
regulate the expression of key proteins in endoplasmic reticulum
stress-induced apoptosis, including glucose regulatory protein 78
(BiP/GRP78), endoplasmic reticulum (ER) stress sensor (IRE1-ou),
and its downstream target CAAT/enhancer binding protein
homologous egg white/growth arrest, and DNA damage inducing
gene 153 (GADD153/CHOP), It leads to apoptosis of HCC cells
through ER stress (32). Interestingly, TsITA has also been reported to
have a significant regulatory effect on calcium-dependent apoptotic
signals. In the experiment of Dai et al., they found that the level of
calcium ions in HCC cells treated with TsIIA was significantly up-
regulated and the gene expression and mitochondrial membrane
potential of metallothionein 1A (MT1A) were significantly reduced.
The above data showed that TsIIA induced HCC apoptosis in part
through the calcium-dependent apoptosis pathway (35). It is worth
noting that Nec-1 inhibition and FLIPS [FLICE (Fas related death
domain like interleukin-1B converting enzyme)] - inhibition of
protein mediated apoptosis/necrotic apoptosis also play a key role
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in the process of apoptosis induced by TsIIA in HCC (77). In
addition, the proliferation effect of cancer cells, mediated by
epidermal growth factor (EGF), is also inhibited by TsIIA. TsIIA
not only inhibits the expression of EGF and its receptor (37), but also
inhibits the expression of AKR1B10 and the upregulation of promoter
activity induced by it, which is related to the inhibition of
transcription complex AP-1 by TsIIA (28).

5.1.2 Induction of hepatocellular carcinoma cell
cycle arrest

A normal cell cycle is essential for the homeostasis of the internal
environment and the normal development of organisms. The disorder
of this system often leads to uncontrolled cell proliferation, which leads
to the occurrence of tumors.The cell cycle’s normal progression is
dependent on the regulation of various cyclins, cell cycle dependent
protein kinases, and cell cycle inhibitors. In mammals, cell cycle
processes are orchestrated by molecular mechanisms centered on the
phase-specific expression of cyclins. They form complexes with specific
cyclin-dependent kinases (CDK) and promote the phosphorylation of
the retinoblastoma tumor suppressor (Rb) to allow the cell cycle to
progress to the next stage (123-125). Therefore, in order to maintain
their biological characteristics (uncontrolled proliferation), tumor cells
often induce the expression of proteins that drive cell cycle progress and
the loss of genes encoding cell cycle inhibitors or inactivate cell cycle
regulators such as Rb and P53 (125, 126). Interestingly, the current
literature shows that TsITA can significantly inhibit the proliferation of
HCC by inducing HCC cell cycle arrest. Its mechanism is that it can
significantly down-regulate cyclin D1, A, and E in HCC cells (80, 82, 88,
89). This seems to be partly due to the fact that TsIIA can directly inhibit
the phosphorylation of STAT3 Tyr705, a proliferation-promoting signal
pathway in cancer cells (127). In addition, TsIIA also has a significant
ability to induce CDK-like proteins in HCC cells. Previous studies have
shown that TsIIA can not only inhibit the expression of CDK in HCC
cells but also increase the activation and expression of CDK inhibition
(p21, p27, pl6) by promoting p53 and miR30b-p53 PTPN11/SHP2-
mediated methods (80). In fact, TsITA also showed an inhibitory effect
on the hyperphosphorylation of Rb (91). These mechanisms promote
the G1 phase arrest of cancer cells, and this seems to be partly attributed
to the antioxidant effect of TSsITA (24). In addition, the normal progress
of the cell cycle also depends on the regulation of other cell factors.
These regulatory factors are not only important for the maintenance of
genome stability and integrity but also participate in the formation and
regulation of structures such as spindles that maintain the normal
progress of mitosis. Interestingly, the existing literature shows that TsIIA
and its derivatives also show regulatory effects on these factors in HCC
cells. This includes the expression of the induced arrest and DNA
damage-inducing protein (GADD45A), the reduction of the activity of
Polo-like kinase 1 (PLK1), and the expression of checkpoint-related
proteins. Finally, the influence of TsIIA on these proteins and factors
eventually leads to the arrest of the HCC cell cycle (128).

5.2 Inhibition of metastasis and invasion of
hepatocellular carcinoma cells

Metastasis of tumor cells is often one of the main causes of death.
Previous studies have shown that HCC can metastasize through a
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variety of mechanisms. Cancer cells can metastasize by secreting
matrix metalloproteins (MMPs), dissolving extracellular matrix,
promoting angiogenesis, recruiting certain cytokines and
chemokines, and activating relevant molecular signals (129, 130),
which brings great challenges to clinicians’ diagnosis and treatment.
TsIIA has been shown in the literature to be an effective inhibitor of
HCC metastasis and invasion in order to prevent HCC metastasis.
EMT refers to a variety of changes in cells at the molecular level. It is a
process in which epithelial cells lose their top base polarity and cell-
cell adhesion and migrate to invasive mesenchymal cells. The cells
receiving EMT showed that the expression level of epithelial genes
(such as E-cadherin, ZO-1, and occludin) was decreased while the
expression level of mesenchymal genes (such as N-cadherin,
vimentin, and fibronectin) was increased. In most cases, the loss of
E-cadherin was a sign of EMT. Changes in gene expression during
EMT lead to many phenotypic changes, such as changes in cell
morphology, loss of adhesion, and acquisition of stem cell-like
features (95, 96). It is known that several key signaling pathways
including transforming growth factor B (TGFf), Wnt, Notch and
Hedgehog are involved in EMT (131, 132). It is interesting that TsIIA
in HCC cancer cells shows the function of regulating EMT. Previous
laboratory data showed that the expression level of E-cadherin in
HCC cells treated with TsIIA was increased, while the expression
levels of N-cadherin and vimentin were decreased. However, the main
reason for the above mechanism is that the proportion of Smad7/
Smad3 is up-regulated, which inhibits the TGFf-mediated MET
process (34, 133). This was confirmed in the in vitro and in vivo
models constructed by Ma et al. with hepatoma cells Bel-7404,
SMMC-7721, and Bel-7402. TsIIA promotes the apoptosis of
hepatoma cells and inhibits cell proliferation, invasion, and
migration by up-regulating the protein expression of SMAD7
mRNA in vitro and in vivo in a time- and dose-dependent manner.
Moreover, it also reduced Ki67 (a marker reflecting tumor
proliferation and high invasiveness) (133). In fact, TsIIA also
showed a significant regulatory effect on other MET-related signal
pathways, such as Wnt, STATE3, etc. At the same time, TsITA can
also inhibit the metastasis of HCC cells by inhibiting selectin-induced
EMT (55, 134). In addition, matrix metalloproteinases have long been
proven to be significantly related to cancer cell metastasis. This factor
can promote cancer cell metastasis by dissolving the cancer cell
matrix (129), while TsIIA has long been proven to inhibit the
expression of MMP-3/9 in HCC, which seems to be partly due to
the blocking of the activation of NF-kappa B (31). This was verified in
the study of Xu et al., when the human hepatoma cells HepG2 and
SMMC-7721 were treated with 0, 0.25, 0.5, 1, 1.5, 2mg/L TsIIA for 96
hours. The number of invasive HepG2 cells was 62 + 5,58 + 8,39 +
6,30 £ 5,26 + 7,21 + 5, and the number of invasive SMMC-7721 cells
was 79 + 8,75 + 13,50 + 12,40 + 7,31 + 7,25 + 4. In addition, in vivo
and in vitro experiments on inhibition of tumor metastasis. They
found that when HepG cells were treated with 2mg/L for 96 hours, the
number of HepG2 cells migrated was only 37 + 5, while the blank
control group was 115 + 7. Second, in their in vivo experiments.
When mice were treated with different doses of TsIIA (0 g/kg/day, 1.5
g/kg/day, 4.5 g/kg/day, 13.5 g/kg/day), the number of tumors visible
on the lung surface of mice was observed: 14 £ 5,12 +4,9+4,6+ 3
(31). In addition, it is worth noting that TsIIA also shows a significant
therapeutic effect on the recurrence of liver cancer. In the mouse
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model after palliative resection of HCC, TsIIA inhibits the recurrence
and metastasis of residual cancer by inducing vascular normalization
(by inducing endothelial cell normalization and regulating the
expression of angiogenic factors) (41) (Figure 2).

5.3 As a synergist of anticancer drugs

TsIIA seems to have great potential as a synergist of anti-cancer
drugs. Previous literature shows that the combination of several anti-
cancer drugs (adriamycin (ADM), sorafenib and its derivatives SC-1,
trans resveratrol (RESv), 5-fluorouracil (5-FU), and TsIIA
significantly enhanced the anti-tumor effect of anti-cancer drugs
(26, 33, 40, 135, 136). In fact, previous studies have confirmed that
TsIIA is used in combination with cisplatin to treat prostate cancer
(137), with imatinib to treat myeloid leukemia, and with 5FU to treat
colon cancer (138, 139). Among them, in the research on TsITA and
HCC, Liu et al. conducted an in vivo experiment with a tumor-bearing
mouse model constructed by human hepatocellular carcinoma
HepG2 cells. They found that when the original free form of 15
mg/kg TsIIA was combined with 4 mg/kg ADM, compared with the
mice treated with 15 mg/kg TsIIA and ADM alone, the combined
treatment had a significant anti-tumor effect of 73.18%, while the use
of 15 mg/kg TsIIA and ADM alone was 60.96% and 32.77%. In
addition, the tumor weight gain rate of TsIIA combined with ADM
was the lowest, only 17.30% (40). In addition, they also found that this
is related to the regulatory effect of TsIIA on cytochrome P450 (CYP)
and cytochrome P450 3A4 (CYP3A4) (40). As we all know, CYP, as a
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superfamily of enzymes with many isoenzymes, is closely related to
drug metabolism and plays an important role in drug detoxification,
cell metabolism, and body balance (140). Among them, the CYP3A
subfamily is the most abundant among all CYP subtypes and can
catalyze the oxidative metabolism of various clinical drugs. CYP3A4
is the most important member of CYP3A and one of the most
important subgroups of CYP (141). It has been found in previous
studies that the gene expression of CYP3A4 will decrease when HCC
has venous invasion, intrahepatic metastasis, and early recurrence.
Therefore, downregulation of the CYP3A4 gene is considered an
independent predictor of survival and early recurrence in HCC
patients (142). However, interestingly, TsIIA combined with ADM
increased the concentration and activity of the cytochrome P450
enzyme and up-regulated the expression of the CYP3A4 protein. In
addition, TsIIA also plays a key role in promoting the normalization
of tumor vascular system structure and function. In the study of
Zhang et al, they found that after pretreatment with TsIIA, the
vascular wall structure of tumor tissue was better, the pericellular
coverage increased, and the contact between basement membrane and
endothelial cells increased, which reduced the outflow of polyethylene
glycol liposome doxorubicin (PLD), increased the distribution
concentration of PLD, and promoted its anti-tumor effect (136). In
addition, Lee et al. found in the comparative experiment of four
tanshinones (cryptotanshinone, dihydrotanshinone, tanshinone I,
tanshinone IIA) in combination with doxorubicin to play an anti
HCC role. When four tanshinones (0-25uM) were used in
combination with doxorubicin, HepG2 cells were strongly inhibited
and cytotoxic. Among them, four tanshinones can cause caspase-3

frontiersin.org


https://doi.org/10.3389/fonc.2023.1071415
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

activation at 25uM and induce apoptosis of cancer cells. Moreover,
TsIIA has a wide concentration range (1.56 to 25uM) in doxorubicin
induced growth inhibition of HepG2 cells, and shows the largest
synergistic effect at 25uM. However, this is due to TsIIA enhancing
the retention of doxorubicin in HCC cells with overexpression of the
cell multidrug resistance (MDR) related gene Pgp (33). In fact, MDR
is one of the main mechanisms by which tumors obtain drug
resistance, and it is the reason for the failure of many
chemotherapy and targeted drugs (143). However, it is interesting
that the existing literature shows that TsIIA can enhance the anti-
tumor effect of tumor drugs by downregulating the expression of
MDR-related genes (P glycoprotein, topoisomerase, lung cancer
resistance protein). This was confirmed in the experiments of Li
et al. using TSsITA combined with doxorubicin to treat breast cancer,
and Su et al. using TsITA combined with 5-FU to treat Colo205 colon
cancer cells (139, 144).

Of course, the combination of TsIIA and anticancer drugs can
also significantly inhibit the migration and invasion of HCC. In the
research of Qiu et al,, 1.5 ug/mLTsIIA combined with 5 uM sorafenib
and 1.5 pg/mLTsIIA combined with 5uM sorafenib derivative SC-1
were compared with sorafenib alone or its derivative SC-1. TsIIA in
combination with sorafenib reduced Huh7 (21.3% * 1.3%), and
HepG2 (116% =+ 13.7%) cell migration when compared to the
control group. TsITA combined with SC-1 also reduced Huh7 (6.1%
+ 0.7%) and HepG2 (24% + 4.6%) cell migration. In terms of
inhibiting cell invasion, TsIIA combined with sorafenib reduced
Huh7 (27.1% + 2.5%) and HepG2 (19.7% + 2.5%) cell invasion
compared with the control group. TsITA combined with SC-1 reduced
Huh7 (34.3% + 4.4%) and HepG2 (12.9% + 4.4%) cell invasion (135).
Secondly, they also found that the combination therapy inhibited the

+

growth, metastasis, and invasion of HCC cells by inhibiting the
STATS3 signal. STAT3 is a protein transcription factor composed of
770 amino acids that can regulate many genes related to apoptosis and
epithelial mesenchymal transformation (EMT) and plays an
important role in tumorigenesis, immune regulation, and the tumor
microenvironment (145). It has been found in previous studies that
STATS3 is constitutively activated in many tumors, including HCC,
and may increase after long-term treatment with sorafenib in HCC
cells. Therefore, effective inhibition of the STAT3 signal is essential
for HCC treatment (146). It is worth noting that TsIIA combined with
trans resveratrol (RESv) can produce an anti-tumor effect comparable
to cisplatin. In the study of Zhang et al., when HepG2 cancer cells
were treated with a certain concentration (2ug/ml increased to 40ug/
ml) of TsIIA, RESv, cisplatin, 1/2TsIIA+1/2Resv, 1/3TsIIA+2/3Resv
for 24 hours. The IC50 of each component after 24 hours was: TsIIA
group: >100pg/ml, RESv group: 74.59 + 1.62pg/ml, cisplatin group:
35.92 + 2.14ug/ml, 1/2TsIIA+1/2Resv group: 53.61 + 5.34ug/ml, 1/
3TsIIA+2/3Resv group: 37.07 + 1.01ug/ml. Interestingly, this data
shows that the IC50 value of 1/3TsIIA+2/3Resv is close to that of
cisplatin alone. Moreover, the combined treatment of TsITA and Resv
can enhance the effects of cancer cell apoptosis, subgl cell cycle arrest,
and DNA fragmentation. The most important thing is that this
combination therapy has no side effects, and it can avoid hemolytic
anemia, nephrotoxicity, neurotoxicity, ototoxicity, bone marrow
toxicity, and other serious side effects caused by the use of cisplatin
alone (26).
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6 Network pharmacological analysis

In order to explore and verify the action target and molecular
pathway mechanism of TsIIA on HCC, we specially studied the
network pharmacological analysis of TsITA and HCC First, after
determining the structural formulas of Tanshinone IIA through
Pubchem(https://pubchem.ncbi.nlm.nih.gov), we screened drug
targets using the Swiss target prediction database(http://www.
swisstargetprediction.ch/) and the traditional Chinese Medicine
System Pharmacology database(https://www.tcmsp-e.com/), and
submitted the collected targets to the UniProt database (https://
www.uniprot.org/), limiting the species to “Homo sapiens”,
converting the protein targets into official gene names, select gene
targets with probability greater than 0 in the Swiss target prediction
database, and obtain drug target genes: Tanshinone IIA (145), after
excluding duplicate genes. Secondly, we searched the Genecards
(https://www.genecards.org/) and Disgenet databases(https://www.
disgenet.org/) by using the keyword “Hepatocellular carcinoma” to
obtain disease targets, and obtained 9637 disease target genes after
excluding duplicate targets in the two databases. Then, we input the
drug target genes and disease target genes obtained by the above
methods into the online Venny 2.1 mapping platform(https://www.
bioinformatics.com.cn/)to obtain the cross target genes of
“Hepatocellular carcinoma” and “Tanshinone ITA” 121(Figure 3).

These cross genes are considered as possible targets for the
treatment of HCC by TsIIA, and we have analyzed them through a
series of methods.First, we uploaded these genes to the String online
database (https://string-db.org/) to form a protein-protein interaction
map. We set the species as “human”and the comprehensive score >
0.4 is the critical value for inclusion in the network. Then we further
visualized these results with the help of Cytoscape 3.9.1 (Figure 4) to
find the key targets of TsIIA.At the same time, we also analyzed the
function of gene ontology (GO) and the path of Kyoto Encyclopedia
of Genes and Genomes (KEGG). After inputting these gene data into
the David data platform(https://david.ncifcrf.gov/tools.jsp) and
setting the species as “Homo species”,we further analyzed the
enrichment analysis of TsITA on HCC related biological processes
(BP), cell components (CC), molecular functions (MF) and signal
pathways. For the obtained information, we meet the p-value<0.05,
and select the first 10 enrichment information of BP, CC and MF and
the first 20 enrichment information of KEGG according to the
sequence of gene number, and use bioinformatics online platform
(https://www.bioinformatics.com.cn/)Visualize the analysis
results (Figure 5).

Finally, our results show that TsITIA has a very high targeting
activity for HCC. Among them, the cell tumor antigen p53 (TP53),
myc proto-oncogene protein (myc), transcription factor AP-1 (JUN),
Proto-oncogene tyrosine-protein kinase SRC(SRC), caspase-3
(CASP3), and epidermal growth factor receptor(EGFR) play a key
role in the anti-HCC process of TsIIA. In addition, previous studies
have confirmed that TsIIA, as a fat-soluble polyphenol, can enter cells
directly through the cell membrane due to its fat-soluble property and
rely on the direct combination of the D ring in the molecular structure
of TsIIA with the groove in the DNA molecule, thus interfering with
the synthesis and transcription of DNA and thus exerting the anti-
tumor effect (53). This is consistent with our results. The cell
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FIGURE 3
Venny diagram of tanshinone IIA and hepatocellular carcinoma.

composition enriched by GO shows that the target of TsIIA interferes
with the normal assembly of various cell components, including
cytoplasm, plasma membrane, nucleus, endoplasmic reticulum, etc.
This further shows that the workplace of TsIIA is in the cell. In
addition, the molecular function and biological process of GO
enrichment also show that the target of TsIIA is involved in the
activation and binding of a series of cell receptors and cascade
downstream signal pathways, as well as in the positive regulation of
cell proliferation, and regulates the activity of some protein kinases
and the production of ATP. In addition, KEGG analysis showed that
PI3K/Akt signaling pathway, MAPK signaling pathway, Ras signaling
pathway and rap signaling pathway played a key role in the process of
TsIIA anti HCC, which was consistent with previous studies. These
pathways play an important role in the metastasis, progression,

Frontiers in Oncology

12

angiogenesis and energy metabolism of HCC. At the same time, in
order to further find the common target of TsIIA regulating the
appeal pathway, we extracted the intersection of TsIIA action targets
enriched in the appeal pathway (Figure 6). We found that EGFR,
Platelet-derived growth factor receptor B (PDGFRB), Platelet-derived
growth factor receptor A (PDGFRA), Human mitogen activated
protein kinase 1 (MAP2K1), Human mitogen activated protein
kinase 2 (MAP2K2) and fibroblast growth factor receptor 3
(FGFR3) may be the key targets of TsIIA regulating the appeal
pathway. It is worth mentioning that our results also show that
TsIIA has a regulatory effect on microRNAs in HCC cells, and these
small molecules also play a crucial role in tumor survival and
metastasis. In addition, although some results were not within our
screening range, they were statistically satisfactory (p < 0.05). For
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FIGURE 4

interaction network.

example, TsIIA also has a significant regulatory effect on the PD-1/
PD-L1 signal pathway, the T-cell-related pathway, the immune helper
cell, and related factors-mediated signal pathways. This shows that
TsITA also has a significant impact on the regulation of immune
pathways. This is consistent with protein network analysis. In
conclusion, the results of our network analysis and existing
laboratory data show that TsIIA can inhibit the metastasis,
invasion, and progression of HCC through multiple targets
and pathways.

7 Molecular mechanism and target of
TsllA anti HCC

As we all know, the occurrence of tumors involves multiple
pathways and multiple targets, and blocking a single signal pathway
or gene product is usually not enough to prevent or treat malignant
tumors. Previous studies have shown that the occurrence of HCC not
only involves the abnormal expression and mutation of multiple
oncogenes (p53, ras, myc and PTEN), but also is regulated by multiple
abnormally activated signal pathways (PI3K-AKT, MAPK, JAK/
STAT, NF-kB, mTOR and Wnt/B- catenin) (147). They jointly
promote the occurrence of tumors and maintain the malignant
behavior of tumor cells, tumor angiogenesis, tumor cell
proliferation, metastasis and highly invasive formation (148-150).

RN
Gene count

ERENE
log1Ofpvalue)

FIGURE 5

Enrichment analysis.(A) Tanshinone IIA and hepatocellular carcinoma GO enrichment analysis, (B) Tanshinone IIA and hepatocellular carcinoma KEGG

enrichment analysis.

Protein network. (A) Tanshinone IIA and hepatocellular carcinoma protein network analysis, (B) Tanshinone IIA and hepatocellular carcinoma protein
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Through network pharmacological analysis, gene ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) and review of
alarge number of previous studies, we found that TsIIA has extremely
high targeting activity to these targets and pathways. In fact, TSIIA has
been widely studied by scholars at home and abroad because of its
special role in multi target and multi pathway. However, the
pharmacological effect of TsIIA, which can inhibit the occurrence
and development of HCC through multiple pathways and targets, is
partly due to the significant antioxidant activity of TsIIA. Previous
studies have confirmed that the overproduction of ROS in cells can
not only directly lose DNA molecules and induce the occurrence and
progression of tumors, but also significantly promote the metabolic
reorganization of tumors and activate intracellular pathways related
to tumor occurrence and progression. However, TsITA can stabilize
DNA molecules, down-regulate the activity of some pathways, and
change the metabolic reorganization of tumor cells by inhibiting the
level of ROS in cells and increasing antioxidant activity (53, 151, 152).
Secondly, we have discussed the antioxidant activity of TsIIA in the
section on liver protection in this article. In fact, different signal
pathways can not only accept the activation of the same signal source
but also have the same upstream and downstream molecules and even
have obvious crosstalk.

Mitogen-activated protein kinase (MAPK) is a serine/threonine
kinase that plays an important role in regulating cell activity and
signal transduction, including cell proliferation, differentiation,
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Key pathway enriched genes. Gene interaction map of TsllIA on PI3K/Akt signaling pathway, MAPK signaling pathway, Ras signaling pathway, rap signaling

pathway and microRNA regulatory genes in HCC.

survival, death, and transformation, and is closely related to the
occurrence and transfer of HCC, especially in HCC caused by HBV
infection, because HBV can encode a regulatory protein (HBx). This
protein can activate some genes involved in cell proliferation
regulation in the MAPK pathway, such as Ras, Raf, ERK, and JNK,
to increase proliferation and inhibit apoptosis (153-155). However,
TsIIA not only directly inhibits the expression and phosphorylation
of MAPK (156), but also inhibits the activation and expression of
related molecules in its mediated signal pathway, including ERK, JNK,
p38 MAPK, etc. (157). In addition, it can also indirectly affect MAPK
by up-regulating ROS in cancer cells (158). Secondly, the activation of
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/
rapamycin (mTOR) pathway exists in 30%-50% of HCC (149). The
up-regulated p-AKT and p-mTOR are also considered to be related to
HCC grading, vascular invasion, and intrahepatic metastasis, so
inhibiting this pathway is particularly important in the treatment of
HCC (159, 160). However, it is worth noting that MAPK and mTOR-
mediated signal pathways have mutual interference in many aspects.
MAPK-related signal molecules can promote the activation of

Frontiers in Oncology

mTORC by phosphorylating the core component of mTOR
(raptor). For example, MEK1/2 can not only phosphorylate raptor
but also promote the phosphorylation of raptor through ERK1/2 and
P90 ribosomal S6 kinase (RSK1/2), thereby increasing the activity of
the mTORC pathway (155, 161). Secondly, MAPK can also regulate
the activation of its upstream signal molecule PI3K through the small
G proteins Ras and Raf kinase (155, 162). Therefore, TsIIA can
indirectly inhibit the PI3K-AKT-mTOR pathway by inhibiting the
MAPK pathway. In fact, TsIIA also has a significant inhibitory effect
on the PI3K-AKT-mTOR signaling pathway. TsIIA can not only
directly inhibit the expression and phosphorylation of mTOR to
interfere with the activity of mTORC (163), but also inhibit the
important upstream activator growth factor and its receptor for
mTORC (164). Secondly, TsIIA can directly inhibit the protein
expression and phosphorylation of PI3K and also inhibit the
activation of this pathway by inhibiting the catalytic subunit p110a.
and regulatory subunit p85 of PI3K (165, 166). It is worth mentioning
that TsITA can inhibit the activity of the two pathways by inhibiting
the same downstream molecules of MAPK and mTORC, such as Src
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Tanshinone IIA Signal Pathway Interaction Process (induced by Tanshinone IIA are noted by using —, while the inhibition represented by - symbol).
MAPK signal pathway is correlated with RAS and PI3K-AKT-mTOR. Tanshinone IIA can inhibit the occurrence, development, migration and
vascularization of hepatocytes by blocking related pathways by inhibiting common upstream and downstream molecules, growth factors and their

receptors

kinase, FOXO (Fork Head Box O), c-Myc transcription factor, and
various metabolically related enzymes (167, 168) (Figure 7).
Furthermore, numerous laboratory studies show that TsIIA can
treat cancer by regulating the microRNA (miRNA) in tumor cells. It
includes regulating the miR30b-p53 PTPN11/SHP2 pathway to
induce the death of liver cancer cells (20), up-regulating the
expression of miR-205 in ovarian cancer cells to induce apoptosis
(169), targeting the metabolic regulation of miR-122/PKM2 to treat
esophageal cancer, and inhibiting the expression level of microRNA-
155 in colon cancer to inhibit colon cancer (170). This is also reflected
in our KEGG enrichment analysis. MiRNA is a kind of endogenous,
evolutionarily conservative, small single-stranded non-coding RNA
(171). The length is 18-25 nucleotides, which contains more than
1000 miRNAs in the human genome, accounting for about 3% of the
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total number of human genes (172). It first generates hairpin primary
miRNA in the nucleus through RNA polymerase and then generates
precursor miRNA by Drosha enzyme cleavage. Subsequently,
Exportin-5 transfers the precursor miRNA into the cytoplasm,
where it is cleaved by the Dicer enzyme to produce mature
miRNAs (173). MiRNA regulates gene expression and plays a
crucial role in various biological processes, including development,
cell cycle, apoptosis, differentiation, and angiogenesis (174). The
imbalance in its expression is significant for the occurrence and
progression of tumors. In addition, miRNA has been considered as
a promising target for tumor therapy in previous studies. In fact,
miRNA has been widely studied in the past decade as a key target for
the occurrence and treatment of HCC through the regulation of
epigenetic events. In addition, some studies have shown that HBV
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interferes with Wnt, MAPK and other signal pathways by regulating
different microRNAs (miR-150, miR-342-3p, miR-375 and miR-25)
to promote the occurrence of HCC (175). Secondly, miR-584, miR-
517¢c and miR-378 have also been confirmed to enhance
hepatocarcinogenesis if transferred from cancer cells to receptor
normal cells (176, 177). Therefore, TsIIA should pay more
attention to miRNA in liver cancer in future research.

8 The clinical application dilemma of
tanshinone IIA

Since 1968, Ballie and Thomson et al. have fully synthesized TsIIA
for the first time with 7-methoxy-1-tetrahydrozolidone as the starting
material. The synthesis and clinical application of TsIIA and its
derivatives have been widely discussed by scholars at home and
abroad. Therefore, we also derived many synthetic routes for TsIIA,
including substituted benzene synthesis, naphthalene derivative
synthesis, Diels-Alder addition, and other synthetic routes (178).
Secondly, we also found that TsIIA derivatives can be generated
through a series of chemical reactions, including acylation,
esterification, phosphorylation (179), sulfonation (180),
bromination reaction (181), iodization reaction (182), oxidation
reaction (183), and chloromethylation (184). However, these
synthesis methods have the disadvantage of low output and high
cost. Secondly, as far as the structure of TsIIA is concerned, even
though TsIIA has a unique polycyclic phenylenediamine structure,
make it has better fat solubility and a smaller size. Unfortunately, like
most natural plant drugs, TsIIA is also characterized by poor water
solubility, low polarity, and low oral bioavailability, which makes it
unable to maximize its bioavailability in tissues (185). In addition, the
side effects and cytotoxicity of TsIIA are also one of the keys to the
difficulty in clinical application. Wang et al. found in their
experiments that TsITA would cause severe growth inhibition,
developmental malformation, and cardiac toxicity in zebrafish
embryos at high concentrations (186). In addition, TsIIA has the
disadvantages of high fat solubility and a short half-life, which also
hinder its clinical application. Secondly, the relatively low potency
and poor drug properties of TsIIA also hinder the further clinical
development of TsIIA (178, 187). However, we are gratified that with
the in-depth study of TsIIA and the efforts disdained by scientists, We
found that the chemical modification and loading technology of
TsITA can greatly improve its bioavailability and targeting delivery
capability, which also makes it a key step in overcoming the clinical
application problems of TsIIA.

9 TsllA targeted delivery

Although the clinical application of TsIIA as an anti-tumor drug
still has a long way to go, with the in-depth research of scientists, we
also see the hope of solving this problem. Many derivatives related to
TsIIA are also being prepared. Among them, STS is a water-soluble
derivative of TsITA, which has been used in the treatment of coronary
heart disease, angina pectoris, etc. (188). After intravenous
administration, STS can be rapidly distributed to many tissues,
including the liver, kidney, lung, heart, and spleen. Unfortunately,
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its concentration in the liver decreased rapidly 30 minutes after
administration (189). In addition, although STS, as a water-soluble
derivative of TsIIA, is similar in structure to TsIIA, its effectiveness in
some pharmacological actions is different from that of TsIIA, or even
opposite (188). Therefore, scientists have made other efforts to better
develop TsITA as an anti-HCC drug.It is reported that the
development of TsIIA intravenous fat emulsion (TsIIA LE)
attracted scientists’ attention as early as 10 years ago. Chu T et al.
developed the TsITA-LE. Its formulation is composed of 0.05% (w/v)
Tan IIA, 20% (w/v) soybean 0il-MCT mixture (1:1, w/w), 1.2% (w/v)
soybean lecithin, 0.3% (w/v) F68, and 2.2% (w/v) glycerol. A high
pressure homogenization at 100 MPa for 3 cycles was selected as the
optimal homogenization process. has not only been proven to have
significant anti-tumor activity but also high safety and stability (36).
Similarly, Ma et al. also had a similar effect by encapsulating T. anisaki
into a microemulsion (ME) composed of phospholipids, ethyl oleate,
glycerol, and Planck F68 (46).

In addition, the development of nanoparticle technology also
provides a direction for the clinical transformation of TsIIA.
Compared with TsITA suspension, all kinds of nanoparticles
containing TsIIA reported in the existing literature achieve higher
concentration and longer retention time in the liver. These nano
preparationinclude nano particles formed by encapsulating TsIIA
into globins (TA Gb NPs),novel poly (lactic acid) nanoparticles
containing TsIIA (TS PLA NPs) were synthesized by a single oil in
water lotion/solvent evaporation method.The preparation formed by
loading TsITA into mPEG-PLGA-PLL-cRGD (methoxy polyethylene
glycol, polylactic acid glycolic acid, poly L-lysine, cyclic arginine
glycine aspartic acid) nanoparticles (TNP) (39, 44, 190). The latest
nano preparation is a nano particle formed by Zhu et al. through
packaging TsITA into a drug carrier constructed by polyethylene
imine (PEI) - polyethylene glycol (PEG) coated mesoporous silica
nanoparticles (MSN-PEG). It not only has satisfactory efficacy, good
dispersion, appropriate particle size and slow release effect, but also
has significant transfection efficiency and DNA binding biological
characteristics (27).In addition, the newly developed vesicle system
targeting HCC also shows great prospects. The galactose modified PH
sensitive Niosomes developed by Hu X et al. can not only target the
liver, but also significantly prolong the blood circulation time of
TsIIA, and also found that the strength of this ability is positively
related to the content of galactose (156). It is worth mentioning that
the existence of mixed micelles also enhances the possibility of
developing TsIIA anti liver cancer drugs (30).

10 Conclusions and prospects

Up to now, The occurrence of cancer is often a process of multiple
targets and pathways. Therefore, highly effective anticancer drugs
often need to have multi pathway and multi target biological
activities. However, TsIIA is expected to become a candidate drug
for HCC treatment due to its ability to inhibit the proliferation,
survival and migration of human HCC through multiple targets, links
and pathways, and as a synergist of chemotherapy drugs. It can even
change their drug resistance.Although TsITA has been widely reported
to be beneficial to health, lead to its clinical application is limited due
to its low bioavailability. Fortunately, as described above, scientists are
preparing microemulsions, microspheres, solid dispersions,
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liposomes, nanoparticles and other new dosage forms of TsIIA
injection to significantly increase the drug concentration of TsITA
in HCC tissues and improve its bioavailability.However, in order to
better understand the mechanism of action of TsIIA, improve the
bioavailability, safety, dose effect and stability of TsIIA, and transform
TsIIA into a candidate drug for treating HCC, further preclinical and
clinical studies are needed in the future.

Secondly, the safety of the extraction of natural plants will also
hinder the clinical application of drugs. Fortunately, the safety of
TsIIA has been gradually confirmed. At present, the TsIIA aqueous
solvent STS has been widely, safely, and effectively used in clinical
practice in China. At the same time, in our review of the in vivo
experiments of TsIIA and HCC, we did not find that TsITA had toxic
effects on other tissues except HCC. But these studies are based on in
vitro cell experiments and in vivo animal experiments. Therefore,
future research needs us to make clear the metabolism of TsIIA in
human liver tissue, its side effects, and safety through well-designed
human intervention experiments and pharmacokinetic experiments.
In conclusion, all experimental data show that TSIIA can inhibit
inflammatory reactions, oxidative stress, mediate apoptosis signal
molecules, improve obesity and diabetes, promote stagnation of the
hepatocyte cycle, and inhibit angiogenesis of hepatocytes in vivo and
in vitro.These biological effects promote that TsIIA is expected to
become a new drug or auxiliary drug for anti HCC.
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