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Abstract

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in clinic. Although there are various treatment
methods, the overall curative effect is not effective. Resveratrol is an antitoxin secreted by plants when stimulated. It is a non-
flavonoid polyphenol organic compound, which has many biological functions, such as antiplatelet aggregation, regulating lipid
metabolism, anti-inflammatory, and antioxidant and so on. In recent 20 years, resveratrol has been found to have preventive
and therapeutic effects on a variety of cancers. This paper reviews the prevention and treatment of hepatocellular carcinoma

by resveratrol from the aspects of tumor prevention, tumor microenvironment, tumor metabolism, invasion and metastasis.
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Introduction

According to Global Cancer Statistics 2020, liver cancer
is the sixth most common tumor and the third most common
cause of cancer-related deaths in the world. China’s new
cases and related deaths account for 45% and 47% of
the global total respectively [1]. The main pathological
type is hepatocellular carcinoma, accounting for 75% [2].
Resveratrol was originally isolated from resveratrol by
Japanese scientist Takaoka in 1939, and was later found to be
widely present in the plant kingdom, such as common grapes,
peanuts, mulberry, blueberries, and so on [3]. As a plant
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antitoxin, resveratrol didn’t attract much attention from the
medical community until 1990, when it came to prominence
because of the “French paradox” [4]. Subsequently, more
and more studies found that resveratrol has a variety of
pharmacological activities, among which it has preventive
and therapeutic effects on many tumors, such as breast
cancer [5], lung cancer [6], hepatocellular carcinoma [7],
gastric cancer [8], and so on. For hepatocellular carcinoma,
resveratrol exhibits diverse anticancer mechanisms, which
are summarized as follows:

Prevention of Hepatocellular Carcinoma

The main predisposing factors for hepatocellular
carcinoma include viral hepatitis, obesity, alcohol, and
aflatoxin exposure [9,10]. Research has found that hepatitis
B virus X (HBx) can promote the occurrence of HCC through
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multiple pathways [11]. Lin, et al. [12] used resveratrol to
treat HBx transgenic mice and found that it not only delayed
the occurrence of HCC, but also reduced the incidence of HCC.
This may be related to inhibiting fat formation, temporarily
stimulating liver regeneration, and enhancing antioxidant
capacity.

Regulating the Microenvironment of
Hepatocellular Carcinoma

The tumor microenvironment consists of cancer-related
fibroblasts, endothelial cells, immune cells, and various
cytokines. Its importance in solid tumors has been widely
recognized [13,14]. M2 type macrophages and CD8+CD122*
regulatory T cells can inhibit anti-tumor immune responses
[15,16]. Zhang, et al. [17] used resveratrol to act on the
subcutaneous transplanted tumor model of mouse liver
cancer and the orthotopic transplanted tumor model of
mouse liver cancer, and found that it can effectively inhibit
the development of cancer, mainly manifested in inhibiting
cell proliferation, tumor angiogenesis, and inducing cell
apoptosis. The mechanism may be that resveratrol inhibits
the production of CD8+CD122* regulatory T cells and the
polarization of M2 macrophages. A main characteristic
of HCC is hyper vascularity, which is predictive of a poor
prognosis [18]. Yan, et al. [19] found that hepatic stellate cells
can promote the expression of vascular endothelial growth
factor (VEGF) by up-regulating the expression level of Gli-1
protein on HepG2 cells, thus mediating the angiogenesis of
human umbilical vein endothelial cells, while resveratrol can
inhibit this process by down-regulating the expression of
Gli-1 protein. Yu, et al. [20] used resveratrol on BALB/c nude
mouse model of liver cancer, and also found that resveratrol
can reduce VEGF expression and inhibit tumor angiogenesis,
which may be related to the inhibition of NF-kB activity.

Regulation of Carcinoma
Metabolism

Hepatocellular

Reactive oxygenspeciesproduced duringmetabolicstress
play an important role in the occurrence and development
of liver cancer. Divya, et al. [21] used alcohol-aflatoxin B1 to
induce male albino rats to establish an animal model of liver
cancer, and found that resveratrol could negatively regulate
the activation of NF-kB, restore the normal levels of catalase
and glutathione peroxidase, and thus inhibit the occurrence
and development of tumor.

Regulation of Invasion and Metastasis of
Hepatocellular Carcinoma Cells

Breaking through the extracellular matrix and basement
membrane is the key to the successful invasion of tissues
by cancer cells. Matrix metalloproteinases (MMPs),
plasminogen activators (PA), serine proteinase and
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cathepsins play an important role in this process [22]. Yu,
et al. [23] found that resveratrol can down regulate TNFa-
mediated MMP9 transcription and expression by inhibiting
the activation of NF-xB, thereby preventing invasion and
migration of HepG2 hepatoma cell. Pan, et al. [24] found
that red sandalwood Astragalus (a natural dimethylated
analogue of resveratrol) can also down-regulate the
transcription and expression of MMP9 and reduce the
invasiveness of hepatoma cells. The molecular mechanism is
that red sandalwood Astragalus inhibits PKCs/MAPK/AP-1
and PI3K/AKT/NF-kB signaling pathways. Chao, et al. [25]
used resveratrol to act on Huh-7 hepatoma cells and found
that it can significantly inhibit the migration and invasion
of hepatoma cell migration. The underlying molecular
mechanism may be that resveratrol down regulates SP-1 by
inhibiting JNK1/2 phosphorylation, ultimately reducing u-PA
expression. c-Met is a tyrosine kinase receptor whose natural
ligand is hepatocyte growth factor (HGF) [26]. When c-Met
is activated, it can activate multiple downstream signaling
pathways through GRB2 and GAB1 to regulate cell cycle,
survival, proliferation, invasion, and metastasis [27]. Gao,
et al. [28] used resveratrol to act on liver cancer cell lines
and xenotransplantation nude mice models, and found that
resveratrol can significantly reduce the invasive ability of liver
cancer cells. The molecular mechanism is that resveratrol
can not only inhibit HGF-induced c-Met activation, but also
down regulate the expression of c-Met on the cell membrane.
De, et al. [29] found that resveratrol can directly inhibit the
secretion of HGFE.

Regulate Regulatory Cell Death in Tumor Cells

In 2018, the naming committee of cell death divided
cell death into accidental cell death and regulatory cell
death. Regulatory cell death can occur under physiological
or pathological conditions, including apoptosis, autophagy,
Pyroptosis and iron death [30]. Zhang, et al. [31] used
resveratrol to act on the MHCC97-H hepatoma cell line
and found that resveratrol promoted the expression of the
autophagic marker Beclinl, up regulated the LC3 II/I ratio,
and significantly down regulated the expression of p62 in
a dose dependent manner. The mechanism may be that
resveratrol completed by regulating the p53 and PI3K/Akt
pathways. Chai, et al. [32] used resveratrol to act on liver
cancer cell lines and found that the apoptosis rate in the
resveratrol group wassignificantly increased. The mechanism
was that resveratrol could significantly up regulate the Bax/
Bcl-2 ratio, activate caspase-3 and caspase-7, and induce the
cleavage of PARP. This is consistent with the conclusion found
by Devaraja, et al. [33] in the N-nitrosodiethylamine induced
male Wistar rat liver cancer model. In addition, Devaraja, et
al. [33] also discovered two phenomena:

e Medication in the late stage of cancer has therapeutic
effects, although it is not as effective as medication in the
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early stage.

e Resveratrol has no or minimal effect on the normal
group of rats, indicating that resveratrol itself may be a
good targeted drug.

Regulation of Liver Cancer Cells by Modified
Resveratrol

Resveratrol is a natural non-flavonoid drug with a variety
of anticancer activities. However, the bioavailability of free
resveratrol is low (oral activity < 1%), and its biological half-
life is low (30 min - 45 min), limiting its clinical application
[34]. Nano carriers can effectively solve these problems. Due
to the activation of the scramblase enzyme or oxidative stress
in the tumor microenvironment, the symmetry of plasma
membrane is lost, resulting in the exposure of negatively
charged phosphatidylserine on the surface, which is a unique
feature of cancerous cells. Satveer, et al. [35] prepared
resveratrol cationic liposomes based on this property, and
conducted pharmacokinetic and pharmacokinetic studies
on rat liver cancer induced by N-nitrosodiethylamine. It was
found that compared to free resveratrol, the localization
of resveratrol cationic liposomes in liver cancer tissue
increased by 3.2 times, AUC and Cmax increased by 2.2 times,
and the number of liver cell nodules in animals treated with
resveratrol cationic liposomes significantly decreased, which
is consistent with Rahman’s research conclusion [36]. Zheng,
et al. [37] modified nanoparticles containing resveratrol and
curcumin with SP94, which has high affinity with various
liver cancer cells, and achieved the same effect in animal
experiments. Similarly, Doaa, et al. [38] obtained a similar
conclusion by conjugating resveratrol with sulfasalazine
using dual targeted micelles. Iris, et al. [39] treated six
resveratrol oligomers on HepG2, Hep3B liver cancer cell
lines, and HH4 normal human liver cell lines. Compared with
resveratrol monomer, resveratrol tetramer has the strongest
cytotoxicity and exhibits low toxicity to HH4 cells, suggesting
that resveratrol oligomer has stronger anticancer effect.

Effect of Resveratrol Combined with Other
Drugs on Hepatocellular Carcinoma

Sorafenib is the only approved targeted drug for
patients with advanced liver cancer that can improve overall
survival [40,41]. However, high prices, low tumor response,
and significant drug side effects limit the use of sorafenib
[42]. Gao, et al. [7] used resveratrol in combination with
sorafenib in HepG2, Huh-7 hepatoma cell lines, and BALB/c
nude mouse tumor xenograft models. He found that the
combined treatment group was more able to induce S phase
arrest and apoptosis in hepatoma cell lines than the single
treatment group, which may be related to down regulating
the expression of CDC25A and CDK2, inhibiting the PKA/
AMPK/eEF2K signaling pathway, and blocking the activation
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of Caspase-3/8/9. Resveratrol combined with 5-FU43 and
paclitaxel [43,44] also obtained good anticancer effects.
TXNIP may appear a potential novel therapeutic target.
Certain anti-diabetic agents like metformin, GLP-1 agonists
and CRMs like resveratrol have been shown to inhibit TXNIP
expression [45].

Conclusion

In summary, the mechanisms of action of resveratrol
in preventing and treating hepatocellular carcinoma are
diverse, covering multiple stages of the occurrence and
development of hepatocellular carcinoma. Unfortunately,
the above experiments are limited to the cellular and animal
levels and have not been further confirmed by corresponding
clinical studies.

Conflicts of Interest

The authors have no conflicts of interest to declare.

References

1. SungH, Ferlay], Siegel RL, Laversanne M, Soerjomataram
I, etal. (2021) Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer ] Clin 71(3): 209-
249,

2. Xu F Jin T, Zhu Y, Dai C (2018) Immune checkpoint
therapy in liver cancer. ] Exp Clin Cancer Res 37(1): 110.

3. Galiniak S, Aebisher D, Aebisher DB (2019) Health
benefits of resveratrol administration. Acta Biochim Pol
66(1): 13-21.

4. Huang, Y, Xu M, Li ], Chen K, Xia L, et al. (2021) Ex vivo
to in vivo extrapolation of syringic acid and ferulic
acid as grape juice proxies for endothelium-dependent
vasodilation: Redefining vasoprotective resveratrol of
the French paradox. Food Chem 363: 130323.

5. SunY, Zhou QM, Lu YY, Zhang H, Chen QL, et al. (2019)
Resveratrol Inhibits the Migration and Metastasis
of MDA-MB-231 Human Breast Cancer by Reversing
TGF-B1-Induced Epithelial-Mesenchymal Transition.
Molecules 24(6): 1131.

6. Wang], Li], Cao N, Li Z, Han ], et al. (2018) Resveratrol,
an activator of SIRT1, induces protective autophagy in
non-small-cell lung cancer via inhibiting Akt/mTOR and
activating p38-MAPK. Onco Targets Ther 11: 7777-7786.

7. Gao M, Deng C, Dang F (2021) Synergistic antitumor
effect of resveratrol and sorafenib on hepatocellular
carcinoma through PKA/AMPK/eEF2K pathway. Food

Copyright© Shi-Ze Xiong and Wei Liu.


https://medwinpublishers.com/GHIJ/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/29843754/
https://pubmed.ncbi.nlm.nih.gov/29843754/
https://pubmed.ncbi.nlm.nih.gov/30816367/
https://pubmed.ncbi.nlm.nih.gov/30816367/
https://pubmed.ncbi.nlm.nih.gov/30816367/
https://pubmed.ncbi.nlm.nih.gov/34247035/
https://pubmed.ncbi.nlm.nih.gov/34247035/
https://pubmed.ncbi.nlm.nih.gov/34247035/
https://pubmed.ncbi.nlm.nih.gov/34247035/
https://pubmed.ncbi.nlm.nih.gov/34247035/
https://pubmed.ncbi.nlm.nih.gov/30901941/
https://pubmed.ncbi.nlm.nih.gov/30901941/
https://pubmed.ncbi.nlm.nih.gov/30901941/
https://pubmed.ncbi.nlm.nih.gov/30901941/
https://pubmed.ncbi.nlm.nih.gov/30901941/
https://pubmed.ncbi.nlm.nih.gov/30464525/
https://pubmed.ncbi.nlm.nih.gov/30464525/
https://pubmed.ncbi.nlm.nih.gov/30464525/
https://pubmed.ncbi.nlm.nih.gov/30464525/
https://pubmed.ncbi.nlm.nih.gov/34776832/
https://pubmed.ncbi.nlm.nih.gov/34776832/
https://pubmed.ncbi.nlm.nih.gov/34776832/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Shi-Ze Xiong and Wei Liu. Research Progress of Resveratrol in the Prevention and Treatment of

Gastroenterology & Hepatology International Journal

Nutr Res 65.

Hu Y, Wang Z, Qiu Y, Liu Y, Ding M, et al. (2019) Anti-
miRNA21 and resveratrol-loaded polysaccharide-based
mesoporous silica nanoparticle for synergistic activity
in gastric carcinoma. | Drug Target 27(10): 1135-1143.

Villanueva A (2019) Hepatocellular Carcinoma. N Engl ]
Med 380(15): 1450-1462.

Zhu Q, Ma Y, Liang ], Wei Z, Li M, et al. (2021) AHR
mediates the aflatoxin B1 toxicity associated with
hepatocellular carcinoma. Signal Transduct Target Ther
6(1): 432.

Rizzo GEM, Cabibbo G, Craxi A (2022) Hepatitis B Virus-
Associated Hepatocellular Carcinoma. Viruses 14(5):
986.

Lin HC, Chen YF, Hsu WH, Yang CW, Kao CH, et al. (2012)
Resveratrol helps recovery from fatty liver and protects
against hepatocellular carcinoma induced by hepatitis
B virus X protein in a mouse model. Cancer Prev Res
(Phila) 5(7): 952-962.

Han Y, Jo H, Cho JH, Dhanasekaran, DN, Song YS (2019)
Resveratrol as a Tumor-Suppressive Nutraceutical
Modulating Tumor Microenvironment and Malignant
Behaviors of Cancer. Int ] Mol Sci 20(4): 925.

Najafi M, Goradel HN, Farhood B, Salehi E, Solhjoo S, et
al. (2019) Tumor microenvironment: Interactions and
therapy. ] Cell Physiol 234 (5): 5700-5721.

Gea HV, Toffanin S, Friedman SL, Llovet JM (2013) Role of
the microenvironmentin the pathogenesis and treatment
of hepatocellular carcinoma. Gastroenterology 144(3):
512-527.

Villarreal DO, Allegrezza M], Smith MA, Chin D, Luistro
LL, et al. (2017) Targeting of CD122 enhances antitumor
immunity by altering the tumor immune environment.
Oncotarget 8(65): 109151-109160.

Zhang Q, Huang H, Zheng F, Liu H, Qiu F, et al. (2020)
Resveratrol exerts antitumor effects by downregulating
CD8+ CD122+ Tregs in murine hepatocellular carcinoma.
Oncoimmunology 9(1): 1829346.

Magistri P, Leonard SY, Tang CM, Chan JC, Lee TE, et al.
(2014) The glypican 3 hepatocellular carcinoma marker
regulates human hepatic stellate cells via Hedgehog
signaling. ] Surg Res 187(2): 377-385.

YanY,ZhouC, Li],ChenK,WangG,etal.(2017) Resveratrol
inhibits hepatocellular carcinoma progression driven by
hepatic stellate cells by targeting Gli-1. Mol Cell Biochem

Hepatocellular Carcinoma. Gastroenterol Hepatol Int ] 2023, 8(1): 000206.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

434(1-2): 17-24.

Yu HB, Zhang HF, Zhang X, Li DY, Xue HZ, et al. (2010)
Resveratrol inhibits VEGF expression of human
hepatocellular carcinoma cells through a NF-kappa
B-mediated @~ mechanism. = Hepatogastroenterology
57(102-103): 1241-1246.

Rawat D, Chhonker SK, Naik RA, Koiri RK (2021)
Modulation of antioxidant enzymes, SIRT1 and NF-«xB
by resveratrol and nicotinamide in alcohol-aflatoxin
B1l-induced hepatocellular carcinoma. ] Biochem Mol
Toxicol 35(1): e22625.

Yang SF, Chen MK, Hsieh YS, Chung TT, Hsieh YH, et
al. (2010) Prostaglandin E2/EP1 signaling pathway
enhances intercellular adhesion molecule 1 (ICAM-1)
expression and cell motility in oral cancer cells. ] Biol
Chem 285(39): 29808-29816.

Yu H, Pan C, Zhao S, Wang Z, Zhang H, et al. (2008)
Resveratrol inhibits tumor necrosis factor-alpha-
mediated matrix metalloproteinase-9 expression and
invasion of human hepatocellular carcinoma cells.
Biomed Pharmacother 62(6): 366-372.

Pan MH, Chiou YS, Chen W], Wang JM, Badmaev V, et
al. (2009) Pterostilbene inhibited tumor invasion via
suppressing multiple signal transduction pathways in
human hepatocellular carcinoma cells. Carcinogenesis
30(7): 1234-1242.

Yeh CB, Hsieh M], Lin CW, Chiou HL, Lin PY, et al. (2017)
Correction: The Antimetastatic Effects of Resveratrol on
Hepatocellular Carcinoma through the Downregulation
of a Metastasis-Associated Protease by SP-1 Modulation.
PLoS One 12(3): e0174494.

Bouattour M, Raymond E, Qin S, Cheng AL, Stammberger
U, et al. (2018) Recent developments of c-Met as
a therapeutic target in hepatocellular carcinoma.
Hepatology 67(3): 1132-1149.

Zhang, Y, Xia M, Jin K, Wang S, Wei H, et al. (2018) Function
of the c-Met receptor tyrosine kinase in carcinogenesis
and associated therapeutic opportunities. Mol Cancer
17(1): 45.

Gao F, Deng G, Liu W, Zhou K, Li M (2017) Resveratrol
suppresses human hepatocellular carcinoma via
targeting HGF-c-Met signaling pathway. Oncol Rep 37(2):
1203-1211.

Ledinghen VD, Monvoisin A, Neaud V, Krisa S, Payrastre
B, et al. (2001) Trans-resveratrol, a grapevine-derived
polyphenol, blocks hepatocyte growth factor-induced

Copyright© Shi-Ze Xiong and Wei Liu.


https://medwinpublishers.com/GHIJ/
https://pubmed.ncbi.nlm.nih.gov/34776832/
https://pubmed.ncbi.nlm.nih.gov/31017473/
https://pubmed.ncbi.nlm.nih.gov/31017473/
https://pubmed.ncbi.nlm.nih.gov/31017473/
https://pubmed.ncbi.nlm.nih.gov/31017473/
https://pubmed.ncbi.nlm.nih.gov/30970190/
https://pubmed.ncbi.nlm.nih.gov/30970190/
https://pubmed.ncbi.nlm.nih.gov/34924560/
https://pubmed.ncbi.nlm.nih.gov/34924560/
https://pubmed.ncbi.nlm.nih.gov/34924560/
https://pubmed.ncbi.nlm.nih.gov/34924560/
https://pubmed.ncbi.nlm.nih.gov/35632728/
https://pubmed.ncbi.nlm.nih.gov/35632728/
https://pubmed.ncbi.nlm.nih.gov/35632728/
https://pubmed.ncbi.nlm.nih.gov/22659145/
https://pubmed.ncbi.nlm.nih.gov/22659145/
https://pubmed.ncbi.nlm.nih.gov/22659145/
https://pubmed.ncbi.nlm.nih.gov/22659145/
https://pubmed.ncbi.nlm.nih.gov/22659145/
https://pubmed.ncbi.nlm.nih.gov/30791624/
https://pubmed.ncbi.nlm.nih.gov/30791624/
https://pubmed.ncbi.nlm.nih.gov/30791624/
https://pubmed.ncbi.nlm.nih.gov/30791624/
https://pubmed.ncbi.nlm.nih.gov/30378106/
https://pubmed.ncbi.nlm.nih.gov/30378106/
https://pubmed.ncbi.nlm.nih.gov/30378106/
https://pubmed.ncbi.nlm.nih.gov/23313965/
https://pubmed.ncbi.nlm.nih.gov/23313965/
https://pubmed.ncbi.nlm.nih.gov/23313965/
https://pubmed.ncbi.nlm.nih.gov/23313965/
https://pubmed.ncbi.nlm.nih.gov/29312597/
https://pubmed.ncbi.nlm.nih.gov/29312597/
https://pubmed.ncbi.nlm.nih.gov/29312597/
https://pubmed.ncbi.nlm.nih.gov/29312597/
https://pubmed.ncbi.nlm.nih.gov/33150044/
https://pubmed.ncbi.nlm.nih.gov/33150044/
https://pubmed.ncbi.nlm.nih.gov/33150044/
https://pubmed.ncbi.nlm.nih.gov/33150044/
https://pubmed.ncbi.nlm.nih.gov/24439425/
https://pubmed.ncbi.nlm.nih.gov/24439425/
https://pubmed.ncbi.nlm.nih.gov/24439425/
https://pubmed.ncbi.nlm.nih.gov/24439425/
https://pubmed.ncbi.nlm.nih.gov/28455791/
https://pubmed.ncbi.nlm.nih.gov/28455791/
https://pubmed.ncbi.nlm.nih.gov/28455791/
https://pubmed.ncbi.nlm.nih.gov/28455791/
https://pubmed.ncbi.nlm.nih.gov/21410066/
https://pubmed.ncbi.nlm.nih.gov/21410066/
https://pubmed.ncbi.nlm.nih.gov/21410066/
https://pubmed.ncbi.nlm.nih.gov/21410066/
https://pubmed.ncbi.nlm.nih.gov/21410066/
https://pubmed.ncbi.nlm.nih.gov/32894639/
https://pubmed.ncbi.nlm.nih.gov/32894639/
https://pubmed.ncbi.nlm.nih.gov/32894639/
https://pubmed.ncbi.nlm.nih.gov/32894639/
https://pubmed.ncbi.nlm.nih.gov/32894639/
https://pubmed.ncbi.nlm.nih.gov/20647315/
https://pubmed.ncbi.nlm.nih.gov/20647315/
https://pubmed.ncbi.nlm.nih.gov/20647315/
https://pubmed.ncbi.nlm.nih.gov/20647315/
https://pubmed.ncbi.nlm.nih.gov/20647315/
https://pubmed.ncbi.nlm.nih.gov/17988825/
https://pubmed.ncbi.nlm.nih.gov/17988825/
https://pubmed.ncbi.nlm.nih.gov/17988825/
https://pubmed.ncbi.nlm.nih.gov/17988825/
https://pubmed.ncbi.nlm.nih.gov/17988825/
https://pubmed.ncbi.nlm.nih.gov/19447859/
https://pubmed.ncbi.nlm.nih.gov/19447859/
https://pubmed.ncbi.nlm.nih.gov/19447859/
https://pubmed.ncbi.nlm.nih.gov/19447859/
https://pubmed.ncbi.nlm.nih.gov/19447859/
https://pubmed.ncbi.nlm.nih.gov/28319146/
https://pubmed.ncbi.nlm.nih.gov/28319146/
https://pubmed.ncbi.nlm.nih.gov/28319146/
https://pubmed.ncbi.nlm.nih.gov/28319146/
https://pubmed.ncbi.nlm.nih.gov/28319146/
https://pubmed.ncbi.nlm.nih.gov/28862760/
https://pubmed.ncbi.nlm.nih.gov/28862760/
https://pubmed.ncbi.nlm.nih.gov/28862760/
https://pubmed.ncbi.nlm.nih.gov/28862760/
https://pubmed.ncbi.nlm.nih.gov/29455668/
https://pubmed.ncbi.nlm.nih.gov/29455668/
https://pubmed.ncbi.nlm.nih.gov/29455668/
https://pubmed.ncbi.nlm.nih.gov/29455668/
https://pubmed.ncbi.nlm.nih.gov/28075467/
https://pubmed.ncbi.nlm.nih.gov/28075467/
https://pubmed.ncbi.nlm.nih.gov/28075467/
https://pubmed.ncbi.nlm.nih.gov/28075467/
https://pubmed.ncbi.nlm.nih.gov/11408926/
https://pubmed.ncbi.nlm.nih.gov/11408926/
https://pubmed.ncbi.nlm.nih.gov/11408926/

30.

31

32.

33.

34.

35.

36.

37.

Shi-Ze Xiong and Wei Liu. Research Progress of Resveratrol in the Prevention and Treatment of

Gastroenterology & Hepatology International Journal

invasion of hepatocellular carcinoma cells. Int ] Oncol
19(1): 83-88.

Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam
D, et al. (2018) Molecular mechanisms of cell death:
recommendations of the Nomenclature Committee on
Cell Death 2018. Cell Death Differ 25(3): 486-541.

Zhang B, Yin X, Sui S (2018) Resveratrol inhibited
the progression of human hepatocellular carcinoma
by inducing autophagy via regulating p53 and the
phosphoinositide 3-kinase/protein kinase B pathway.
Oncol Rep 40(5): 2758-2765.

Chai R, Fu H, Zheng Z, Liu T, Ji §, et al. (2017) Resveratrol
inhibits proliferation and migration through SIRT1
mediated post-translational modification of PI3K/AKT
signaling in hepatocellular carcinoma cells. Mol Med Rep
16(6): 8037-8044.

Rajasekaran D, Elavarasan ], Sivalingam M, Ganapathy
E, Kumar A, et al. (2011) Resveratrol interferes
with  N-nitrosodiethylamine-induced hepatocellular
carcinoma at early and advanced stages in male Wistar
rats. Mol Med Rep 4(6): 1211-1217.

Sallem F, Haji R, Fasseur DV, Nury T, Lionel Maurizi, et
al. (2019) Elaboration of Trans-Resveratrol Derivative-
Loaded Superparamagnetic Iron Oxide Nanoparticles
for Glioma Treatment. Nanomaterials (Basel) 9(2): 287.

Jagwani S, Jalalpure S, Dhamecha D, Jadhav K, Bohara
R (2020) Pharmacokinetic and Pharmacodynamic
Evaluation of Resveratrol Loaded Cationic Liposomes
for Targeting Hepatocellular Carcinoma. ACS Biomater
Sci Eng 6(9): 4969-4984.

Rahman M, Almalki WH, Afzal O, Altamimi ASA, Kazmi
I, et al. (2020) Cationic Solid Lipid Nanoparticles of
Resveratrol for Hepatocellular Carcinoma Treatment:
Systematic Optimization, in vitro Characterization and
Preclinical Investigation. Int ] Nanomedicine 15: 9283-
9299.

Zheng, Y, Jia R, Li ], Tian X, Qian Y (2022) Curcumin-

Hepatocellular Carcinoma. Gastroenterol Hepatol Int ] 2023, 8(1): 000206.

38.

39.

40.

41.

42.

43.

44,

45.

and resveratrol-co-loaded nanoparticles in
synergistic treatment of hepatocellular carcinoma. ]
Nanobiotechnology 20(1): 339.

Anwar DM, Khattab SN, Helmy MW, Kamal MK,
Bekhit AA, et al. (2018) Lactobionic/Folate Dual-
Targeted Amphiphilic Maltodextrin-Based Micelles for
Targeted Codelivery of Sulfasalazine and Resveratrol
to Hepatocellular Carcinoma. Bioconjug Chem 29(9):
3026-3041.

Aja 1, Larrea MBR, Courtois A, Krisa S, Richard T, et
al. (2020) Screening of Natural Stilbene Oligomers
from Vitis vinifera for Anticancer Activity on Human
Hepatocellular Carcinoma Cells. Antioxidants (Basel)
9(6): 469.

Williet N, Clavel L, Bourmaud A, Verot C, Bouarioua N, et
al. (2017) Tolerance and outcomes of sorafenib in elderly
patients treated for advanced hepatocellular carcinoma.
Dig Liver Dis 49(9): 1043-1049.

Zhou ], Ng Y, Chng W] (2018) ENL: structure, function,
and roles in hematopoiesis and acute myeloid leukemia.
Cell Mol Life Sci 75(21): 3931-3941.

Mondal A, Bennett LL (2016) Resveratrol enhances the
efficacy of sorafenib mediated apoptosis in human breast
cancer MCF7 cells through ROS, cell cycle inhibition,
caspase 3 and PARP cleavage. Biomed Pharmacother 84:
1906-1914.

Wu SL, Sun ZJ, Yu L, Meng KW, Qin XL, et al. (2004) Effect
of resveratrol and in combination with 5-FU on murine
liver cancer. World ] Gastroenterol 10(20): 3048-3052.

Jiang Q, Yang M, Qu, Z, Zhou ], Zhang Q (2017) Resveratrol
enhances anticancer effects of paclitaxel in HepG2
human liver cancer cells. BMC Complement Altern Med
17(1):477.

Nikhra V (2018) Revisiting Caloric Restriction as
Therapeutic Strategy for Metabolic Syndrome, T2DM
and Obesity. Interventions Obes Diabetes 2(3).

Copyright© Shi-Ze Xiong and Wei Liu.


https://medwinpublishers.com/GHIJ/
https://pubmed.ncbi.nlm.nih.gov/11408926/
https://pubmed.ncbi.nlm.nih.gov/11408926/
https://pubmed.ncbi.nlm.nih.gov/29362479/
https://pubmed.ncbi.nlm.nih.gov/29362479/
https://pubmed.ncbi.nlm.nih.gov/29362479/
https://pubmed.ncbi.nlm.nih.gov/29362479/
https://pubmed.ncbi.nlm.nih.gov/30132535/
https://pubmed.ncbi.nlm.nih.gov/30132535/
https://pubmed.ncbi.nlm.nih.gov/30132535/
https://pubmed.ncbi.nlm.nih.gov/30132535/
https://pubmed.ncbi.nlm.nih.gov/30132535/
https://pubmed.ncbi.nlm.nih.gov/28983625/
https://pubmed.ncbi.nlm.nih.gov/28983625/
https://pubmed.ncbi.nlm.nih.gov/28983625/
https://pubmed.ncbi.nlm.nih.gov/28983625/
https://pubmed.ncbi.nlm.nih.gov/28983625/
https://pubmed.ncbi.nlm.nih.gov/21850372/
https://pubmed.ncbi.nlm.nih.gov/21850372/
https://pubmed.ncbi.nlm.nih.gov/21850372/
https://pubmed.ncbi.nlm.nih.gov/21850372/
https://pubmed.ncbi.nlm.nih.gov/21850372/
https://pubmed.ncbi.nlm.nih.gov/30781702/
https://pubmed.ncbi.nlm.nih.gov/30781702/
https://pubmed.ncbi.nlm.nih.gov/30781702/
https://pubmed.ncbi.nlm.nih.gov/30781702/
https://pubmed.ncbi.nlm.nih.gov/33455290/
https://pubmed.ncbi.nlm.nih.gov/33455290/
https://pubmed.ncbi.nlm.nih.gov/33455290/
https://pubmed.ncbi.nlm.nih.gov/33455290/
https://pubmed.ncbi.nlm.nih.gov/33455290/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/33262588/
https://pubmed.ncbi.nlm.nih.gov/35858935/
https://pubmed.ncbi.nlm.nih.gov/35858935/
https://pubmed.ncbi.nlm.nih.gov/35858935/
https://pubmed.ncbi.nlm.nih.gov/35858935/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/30110148/
https://pubmed.ncbi.nlm.nih.gov/32492881/
https://pubmed.ncbi.nlm.nih.gov/32492881/
https://pubmed.ncbi.nlm.nih.gov/32492881/
https://pubmed.ncbi.nlm.nih.gov/32492881/
https://pubmed.ncbi.nlm.nih.gov/32492881/
https://pubmed.ncbi.nlm.nih.gov/28712860/
https://pubmed.ncbi.nlm.nih.gov/28712860/
https://pubmed.ncbi.nlm.nih.gov/28712860/
https://pubmed.ncbi.nlm.nih.gov/28712860/
https://pubmed.ncbi.nlm.nih.gov/30066088/
https://pubmed.ncbi.nlm.nih.gov/30066088/
https://pubmed.ncbi.nlm.nih.gov/30066088/
https://pubmed.ncbi.nlm.nih.gov/27863838/
https://pubmed.ncbi.nlm.nih.gov/27863838/
https://pubmed.ncbi.nlm.nih.gov/27863838/
https://pubmed.ncbi.nlm.nih.gov/27863838/
https://pubmed.ncbi.nlm.nih.gov/27863838/
https://pubmed.ncbi.nlm.nih.gov/15378791/
https://pubmed.ncbi.nlm.nih.gov/15378791/
https://pubmed.ncbi.nlm.nih.gov/15378791/
https://pubmed.ncbi.nlm.nih.gov/28978315/
https://pubmed.ncbi.nlm.nih.gov/28978315/
https://pubmed.ncbi.nlm.nih.gov/28978315/
https://pubmed.ncbi.nlm.nih.gov/28978315/
https://crimsonpublishers.com/iod/fulltext/IOD.000538.php
https://crimsonpublishers.com/iod/fulltext/IOD.000538.php
https://crimsonpublishers.com/iod/fulltext/IOD.000538.php
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Introduction
	Prevention of Hepatocellular Carcinoma
	Regulating the Microenvironment of Hepatocellular Carcinoma
	Regulation of Hepatocellular Carcinoma Metabolism
	Regulation of Invasion and Metastasis of Hepatocellular Carcinoma Cells
	Regulate Regulatory Cell Death in Tumor Cells
	Regulation of Liver Cancer Cells by Modified Resveratrol
	Effect of Resveratrol Combined with Other Drugs on Hepatocellular Carcinoma

	Conclusion
	Conflicts of Interest 
	References

