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Abstract: Reactive oxygen species (ROS) are noxious to cells because their increased level interacts 
with body’s defense mechanism. These species also cause mutation and uncontrolled cell division 
resulting in oxidative stress. This stress is a well-recognized biological factor that has a prominent 
role in the progression of hepatocellular carcinoma (HCC). HCC is a critical global health problem 
and the third leading cause of cancer-related mortality globally. Recent studies show that the appli-
cation of natural anti-oxidants from herbal sources significantly reduces oxidative stress. 
Kaempferol is a naturally occurring, aglycone dietary flavonoid that is present in various plants 
such as Crocus sativus, Coccinia grandis, Euphorbia pekinensis, varieties of aloe vera etc. It is capa-
ble of interacting with pleiotropic proteins present inside the human body. The breakthrough efforts 
are in progress to develop kaempferol as a potential candidate to manage HCC with no adverse 
effects. Activation of the ER stress-CCAAT/enhancer-binding protein homologous protein (CHOP) 
signaling pathway may be one of the molecular mechanisms of KP-induced hepatocellular apopto-
sis. Some researchers have demonstrated the action of KP via activation of caspase 3 and impairment 
of MAPK pathway. This review emphasizes the molecular mechanism of kaempferol involved in 
treating HCC targeting oxidative stress. 
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1. Introduction 

Kaempferol is a yellow-colored dietary flavonoid, present in numerous fruits and vege-
tables including broccoli, apples, strawberries, tea, saffron, aloe, and beans [1,2]. It is a 
tetrahydroxyflavone that has hydroxy groups located at positions 3, 5, 7, and 40 [3]. 
Kaempferol and its glycosylated derivatives are found to possess cardioprotective, neu-
roprotective, anti-inflammatory, antidiabetic, antioxidant, antimicrobial, and antitumor 
activities as shown in figure 1 [4]. Emerging evidence has demonstrated the antioxidant 
potential of kaempferol in liver injuries especially HCC. Kaempferol augments the anti-
oxidant potential of normal cells via modulating heme oxygenase (HO)-1 expression and 
mitogen-activated protein kinase (MAPK) pathways [5]. The HO-1 is a redox-sensitive 
inducible enzyme whose overexpression enhances cell resistance to oxidative injury. 
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Figure 1. Pharmacological activities of kaempferol. 

Reactive oxygen species (ROS) are the active metabolites of healthy cells which include 
free radicals, such as superoxide (O2·−) and hydroxyl radical (OH·), as well as nonradical 
species, such as hydrogen peroxide (H2O2) [6]. The sequential reduction of oxygen leads 
to the genesis of these species. The physiological concentration of ROS is essential in car-
rying out vital cellular processes including proliferation, apoptosis, cell cycle arrest, and 
cell senescence whereas high ROS flux damages cell macromolecules including proteins, 
lipids, and nucleic acids (DNA and RNA)[7]. Therefore, the smooth conduction of all met-
abolic functions requires a balanced redox state. Oxidative stress occurs due to the over-
production of ROS generated by endogenous (e.g., mitochondria, peroxisomes, and oxy-
gen-handling enzymes) and exogenous sources (e.g., UV, heavy metals, and micronutri-
ents) or by inefficient/exhausted antioxidants [6]. ROS-mediated oxidative stress may lead 
to the development of various chronic diseases such as infectious diseases, cardiovascular 
diseases, neurodegenerative diseases, allergy, and carcinogenesis.  

Hepatocellular carcinoma (HCC) is the most lethal and third leading cause of cancer-re-
lated mortality worldwide [8]. Risk factors such as hepatitis B virus (HBV), hepatitis C 
virus (HCV), aflatoxin-contaminated food, cirrhosis, diabetes mellitus, obesity, alcohol 
abuse, smoking, and non-alcoholic fatty liver diseases (NAFLD) are involved directly and 
indirectly in the pathogenesis of HCC [9]. Various curative therapies such as surgical re-
section, liver transplantation, radiofrequency ablation, and systemic targeted therapy 
with sorafenib are available but are associated with high chances of recurrence and re-
sistance [10]. HCC is a multi-stage process that involves various complex pathways in its 
pathogenesis including RAF/ERK/MAPK, PI3K/Akt/Mtor,  Ras & JAK-STAT, Wnt- and 
RB1-dependent signaling cascade. Dysregulation of ROS producing and ROS scavenging 
enzymes contributes to the development of HCC leading to poor patient survival. This 
review summarizes the mechanism of the antioxidant potential of kaempferol in treating 
HCC. 

2. Oxidative stress (OS) in hepatocarcinogenesis. 

The mechanism that contributes to hepatocarcinogenesis involves several operations such 
as tumor suppressor function attenuation, oncogene activation, and oxidative stress. 
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Oxidative stress could be promoted by any dangerous or inflammatory signal which dam-
ages hepatocytes, promotes pathological polyploidization, triggers inflammation, and 
contributes to the development of insulin resistance [11]. Additionally, it is also involved 
in migration, invasion, and metastasis of HCC for different etiologies. Acute liver injury 
& chronic inflammation generates ROS by the activation of neutrophils and Kupfer cells. 
More the 80-90% of HCC are associated with chronic hepatic inflammation, Non- alcoholic 
steatohepatitis (NASH), and hepatitis B virus (HBV), and hepatitis C virus (HCV).   

2.1. HBV & HCV related HCC and oxidative stress 

Chronic HBV and HCV infection play an important role in the development of cirrhosis, 
which is found in 80% to 90% of patients with HCC [12]. These unrelated viruses belong 
to two different viral families, exhibit strong hepatotropism but their molecular mecha-
nism in HCC is not known clearly. HBV is a DNA virus belonging to the hepadnaviridae 
family [13], consisting of a relaxed circular DNA genome that is enclosed by the envelop-
ing proteins [14] whereas HCV is a member of the flaviviridae family of enveloped, posi-
tive-strand RNA viruses [15]. Some researchers have found the viral encoded proteins are 
accountable for altering the cellular phenotype and the host gene expression which is the 
hallmark of cancer [16]. HBV and HCV-related fibrosis and chronic inflammation of the 
liver are usually induced by OS, which eventually contributes to the development of HCC. 
HBV infection leads to the activation of macrophages or Kupffer cells to produce proin-
flammatory cytokines, including IL-1β, IL-6, and TNF-α [17]. Irregular cytokines genera-
tion and ROS production have an influential role in hepatocarcinogenesis. 

The HBV genome is associated with various gene products, such as  DNA polymerase 
(Pol), the capsid protein (core), envelope proteins L, M, and S, and the multifunctional 
protein HBx [18]. Several studies display the carcinogenic potential of HBx protein which 
leads to the production of ROS in mitochondria and augments oxidative stress [19]. Trans-
activated HBx protein helps in stimulating virus replication and expression and protects 
the virus-infected cells from damage [20].  

The HBx protein in the cytoplasm gets accumulated, and the c-terminal region from HBx's 
truncation is the producing region of ROS. This process takes place in 46% of the HCC 
tissues and not in healthy tissues. This is the key process in the progression of hepatocar-
cinogenesis that HBV genes incorporate into the host genome. TERT, MLL4, and CCNE1 
are the several cancer-related genes that may also be integrated by HBV [21]. HBx, the 
most common gene that is integrated into the human genome.  

Alteration in the Samples from HBV patients shows that mutation at genetic level is asso-
ciated with the initiation and development of liver cancer, highlighting the role of HBx in 
HCC development. Recent shreds of literature proves that the mutant genes and their 
products accumulate in the ER and promote carcinogenesis through ER stress and ROS 
production. This is how oxidative stress contributes to the process of HBV-related liver 
cancer development through HBx protein [22]. 

In HCV infection, liver antigen-presenting cells get activated and regulate the immune 
functions [23]. Upregulation of immunomodulatory molecules such as PD-L1 in Kuffer 
cells is the most prominent effect of HCV on inflammatory signaling pathways [24]. Con-
tinuous inflammation leads to the development of HCC as liver cells undergo the circula-
tion between the time of apoptosis and regeneration. HCV antigens, specifically the core 
protein, contribute to the pathogenesis of chronic HCV and hepatocarcinogenesis via PKR, 
STAT3, and TNFR pathways [25]. OS is also related to infirmity, which is also one of the 
driving factors of liver cancer. 
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2.2 NASH related HCC and OS 

Non-alcoholic steatohepatitis (NASH) is the critical form of NAFLD (a hepatic metabolic 
syndrome with insulin resistance, altering the physiology of the liver). It is a chronic liver 
injury that is defined by the presence of steatosis with inflammation and progressive fi-
brosis, which ultimately leads to cirrhosis and HCC [26]. 20 years back, Day and James 
proposed that the pathogenesis of NASH is a two-hit theory [27]. The first hit in the pro-
gression of steatosis is correlated with the accumulation of triglycerides in the liver cells 
whereas the second hit includes the wide variety of cellular stress factors including oxi-
dative stress, apoptosis, ER stress, gut-derived stimulation, and intestinal circumstances 
[28]. In the first hit, lipid accumulation in hepatocytes is due to the overconsumption of 
more carbohydrates or saturated fatty acids and less polyunsaturated fatty acids. Adi-
ponectin, resistin, and tumor necrosis factor-alpha (TNF-α) are the factors released by ad-
ipose tissues of the patients having NAFLD. These factors contribute to inflammation of 
the cell and insulin resistance which in turn, induces mitochondrial destruction and gen-
eration of ROS (a key factor of oxidative stress) [29].  

The genetic investigation has demonstrated that a hepatic increase in triglyceride and free 
fatty acid levels can lead to advanced NASH. Genes encoding for patatin-like phospho-
lipase domain containing 3 (PNPLA3) and transmembrane 6 superfamily member 2 
(TM6SF2) have a strong connection with the severity of steatosis, NASH, and fibrosis or 
cirrhosis [30]. Patients carrying the PNPLA3 polymorphism are not only at a greater risk 
of steatohepatitis and fibrosis but also have more than the threefold increased risk of HCC 
[31].  

Oxidative stress is a harmful key component that adds to the progression of NASH to 
HCC. ROS are the metabolic by-products in hepatocytes generated due to elevated mito-
chondrial fatty acid oxidation and inadequate mitochondrial respiratory chain activity. 
The ROS level tends to increase in NASH or NAFLD [32] and results in disruption of he-
patic fatty acid homeostasis and accumulates non-metabolized fatty acids in the cyto-
plasm [33]. 

Table 1. Role of oxidative stress on HBV, HCV, and NASH related HCC 

S.No Cause Factors 

Activated 

Mechanism 

Involved 

Impact on 

oxidative 

stress and 

HCC 

1. Hepatitis B Virus 

(HBV) 

HBx 

protein 

↑Oncogene 

expression. 

Activate 

signaling 

pathways, 

Apoptosis 

↑ ROS and 

HCC 

Gene 

mutation 

Induce ER stress 

2. Hepatitis C Virus 

(HCV) 

Core 

Protein 

Activates 

Signaling 

Pathways 

↑ ROS and 

HCC 
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↑ Fe2+ Fenton reaction 

3. NASH Fatty 

toxicity 

↑  IL-17 ↑ ROS and 

HCC 

Central 

Obesity 

Reduces the 

level of 

adiponectin 

3. Antioxidant potential of kaempferol in managing HCC 

Plant-derived natural products have shown excellent activity in defending the body from exoge-
nous and endogenous stress factors. Flavonoids are the clusters of naturally occurring polyphenolic 
biological products that are present in vegetables & fruits and are the essential components in the 
human diet [34]. The tremendous bioactive flavonoid, kaempferol, possesses a remarkable spectrum 
of pharmacological activities including antidepressant, anxiolytic, anti-inflammatory, antitumor, 
etc. [35]. Researchers have indicated the antioxidant potential of kaempferol in both in-vitro & in-
vivo models. Kaempferol comprises hydroxyl groups at C3, C5, and C4, an oxo group at C4, and a 
double bond at C2-C3 that might illustrate its antioxidant activity [36]. It works by scavenging the 
free radicals and other reactive oxygen species (ROS) as their generation transforms the normal cells 
into malignant ones. So, inhibition of these species alters tumor cell phenotype. Zang et al., 2017 
demonstrated kaempferol pre-treatment in CCl4 challenged ddY mice showed normalized activities 
of liver ALT, AST, hepatic glutathione, superoxide dismutase, catalase, and glutathione peroxidase 
[37]. Furthermore, the liver thiobarbituric acid reactive substances levels were found to be improved 
by pretreatment with KG, indicating that KG is available to alleviate liver injury, which might be 
due to its antioxidant properties. The role of kaempferol in managing severe liver injuries are sum-
marized in table 2. 

Table 2. In-vitro and in-vivo studies of kaempferol in liver diseases. 

S.No Diseases 

type 

Mechanism of action In-vitro/In-vivo 

model 

References 

1. Acute liver 

failure 

Regulation of ER stress-

Grp78-CHOP pathway 

Murine ALF model 

induced by D-

galactosamine / 

lipopolysaccharide 

mice 

[61] 

2. HCC ↑ Protein level of Atg5, 

Atg7, Beclin1, and 

Overexpression of 

CHOP induces 

autophagy. 

 

HepG2 & Huh 7 [60] 

3. HCC Apoptosis, and 

Upregulation of CHOP 

gene expression. 

 

HepG2 [59] 
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4. HCC HIF-1a activity 

inactivation by 

cytoplasmic 

mislocalization and 

MAPK pathway 

inhibition. 

 

Huh 7 [62] 

5. HCC H202 mediated lipid 

peroxidation leading to 

cell death & DNA 

damage, ↑ the activity of 

caspases-2, -3/7, -9, and 

-8/10, and apoptosis. 

 

H4IIE                

[63] 

6. Liver injury Suppressed oxidative 

stress, /the normalized 

level of serum ALT, 

AST activities, hepatic 

glutathione, superoxide 

dismutase, catalase, and 

glutathione peroxidase. 

ddY mouse model [37] 

7. Alcoholic 

liver injury 

Increased antioxidant 

defense activity, 

Decreased oxidative 

stress, and lipid 

peroxidation. 

HepG2/ ALI mice 

model 

[64] 

8. Liver fibrosis Down-regulation of 

hyaluronic acid, ALT, 

AST, Smad2/3.  

Inhibit collagen 

synthesis and activation 

of HSCs cells. 

Suppression of activin 

receptor-like kinase 5. 

HSCs/Ccl4 induced 

mouse model 

[65] 

9. Liver cancer Apoptosis, reduced 

expression of miR-21, 

Upregulation of PTEN 

expression & 

PI3K/AKT/mTOR 

signaling pathways 

inactivation. 

HepG2 [66] 
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10. HCC ↑ The hypolipidemic 

effect through LDL-c 

uptake. 

HepG2 [67] 

11. Acrylamide 

hepatic 

intoxication  

Reduced TBAR and 

GSH level 

Wistar female 

albino rats 

[68] 

12. Hepatotoxicit

y 

Decreased level of ALT, 

AST. Induce 

hepatocellular damage, ↑ 

expression of 

antioxidant enzymes, 

and apoptosis. Reduces 

NLRP3 expression & 

pro-inflammatory 

factors. Inhibition of 

HMGBI/TLR4/NF-KB 

signaling pathway. 

Male C57BL/6 

mice 

[69] 

13. Alcoholic 

liver injury 

(AALI) 

↑ Expression of butyrate 

receptors, transporters, 

and TJ proteins in the 

intestinal mucosa. 

Mice [70] 

14. Liver injury ↓ TBARS & TNF-α level 

in CCL4 treated mice. 

Male ddY mice [37] 

15. Nonalcoholic 

steatohepatiti

s (NASH) 

↓ level of ALT, LDL, 

triglycerides, total 

cholesterol, lipid 

droplets & inflammatory 

cells infiltration in the 

liver, Upregulation of 

DEGs, Regulation of 

fatty acid degradation, 

expression of 

cytochrome P450, ↓ 

level of urinary proteins 

family (Mup17, Mup7, 

and Mup16). 

Male C57BL/6 

mice 

[71] 
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16. Human 

hepatic 

cancer 

↑ protein levels of p-

AMPK, LC3-II, Atg 5, 

Atg 7, Atg 12 and Beclin 

1, ↓ level of CDK1, 

cyclin B, p-AKT, and p-

Mtor. Downregulation of 

CDK1/Cyclin B 

pathways, Induces 

autophagy. 

SK-HEP-1 [72] 

17. Liver injury Inhibition of OATP1B1 

transporter, maintaining 

a level of AST, ALT 

HEK-293 cells [73] 

18. HCC ↑ phosphorylation of 

JAK1, Tyk2, and 

STAT1/2, ↓ 

phosphorylation of 

STAT3, promoted 

endogenous IFN-α-

regulated genes 

expression, ↓ expression 

of SOCS3, ↑the anti-

proliferative effect of 

IFN-α , activation of the 

JAK/STAT signaling 

pathway  

HepG2 cells [74] 

19. Liver cancer ↑ PIG3 level at mRNA 

and protein level, ↑ROS 

production, Cytochrome 

C release, ↓ 

mitochondrial 

membrane potential, 

upregulation of Bax/Bcl-

2, activation of caspases-

9 and -3, and 

maintaining the 

prooxidant activity. 

HepG2 cells [75] 

20. Liver injury Inhibition of lipid 

peroxidation caused by 

CCL4 reactive free 

radicals. 

Male Swiss albino 

rats 

[76] 
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21. NAFLD ↓ hepatic lipid 

accumulation, promote β 

oxidation in 

mitochondria & up-

regulation of the 

expression of CPT1A 

HepG2 cells [77] 

22. Liver injury Reduces AA+Fe-

induced ROS production 

and reversed glutathione 

depletion, ↓ cell death. 

HepG2 cells & 

mice. 

[78] 

23. Liver fibrosis ↓ Protein levels of 

cleaved caspase-3, ↑ p-

ERK1/2, PI3K, and Bcl-

XL protein expression in 

TNF-α-stimulated L02 

cells. The suppressed 

proliferation of LX2 

cells and up-regulation 

of Bax and cleaved 

caspase-8. 

 

L02, LX2 & Rats [79] 

 

3.1. Pathways targeted by kaempferol in relieving oxidative stress 

3.1.1. Peroxisome proliferator-activated receptor (PPAR)  

PPAR belongs to the nuclear receptor superfamily [38]. Among the various PPAR receptors identi-
fied, PPARα & PPARγ exert an important role in the regulation of lipids and glucose metabolism 
[39]. The subtypes of PPAR receptors have been featured for their involvement in the pathogenesis 
of HCC. Due to increased consumption of nutrients, HCC cells experience oxygen and nutrient de-
ficiency leading to a stressful metabolic environment [40]. Especially in the liver, PPARα acts as a 
master regulator of liver metabolism. PPARα-regulated processes are thought to be involved in all 
liver diseases. A great deal of study has demonstrated the low expression of PPARα receptors in 
HCC cells. Therefore stimulation of PPARα is expected to treat HCC. Kaempferol, a polyphenolic 
compound shows the protective effect by elevating the expression of the PPARα gene and/or protein 
[41]. 
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3.1.2 Nuclear factor erythroid 2 [NF-E2]-related factor 2 (Nrf2) related oxidative stress 

Nrf2, a cytosolic transcription factor, is the supreme regulator of cellular defense through the medi-
ation of the antioxidant system [42]. In the normal liver cells, Nrf2 offers protective effects against 
oxidative stress whereas in the tumor cells it causes deleterious effects encouraging the proliferation 
and survival of cancerous cells [43]. Under physiological conditions, Nrf2 resides in association with 
Kelch-like ECH-associated protein 1 (KEAP1) is known to orchestrate the NRF2-dependent oxida-
tive stress response to maintain liver homeostasis. Upon continuous stress exposure, Keap 1 de-
grades in the cytoplasm. Further Nrf2 is phosphorylated and translocates to the nucleus, forms a 
heterodimer with transcription factor Maf, and binds to the antioxidant response element (ARE) 
sequence to activate the encoding endogenous antioxidants, phase II detoxifying enzymes & trans-
porters [44]. For this reason, Nrf2 may become the potential target in managing severe cancers in-
cluding HCC. Emerging reports have indicated the promising role of kaempferol in combatting 
cancer by regulating the Nrf2 transcriptional pathway and thus reducing cell redox homeostasis 
[36]. Figure 2 is displaying the antioxidant mechanism of kaempferol in hepatocellular carcinoma. 

Figure 2. Antioxidant mechanism of KP via Nrf2-Keap1 pathway. KP present in numerous fruits 
and vegetables inhibits the metabolism of ROS by acting on the Nrf2-Keap1 complex. The level of 
Nrf2 is augmented by KP after its disassociation from the complex. Nrf2 further translocates to the 
nucleus and thereby maintaining the expression of targeted genes. KP also plays a vital role in sup-
pressing the mitochondrial membrane potential disruption in regulating the expression of cancer-
related genes. KP- Kaempferol, Nrf2- Nuclear factor erythroid 2 related factors 2; Keap1- Kelch-like 
ECH-associated protein 1. 

4. Role of Kaempferol in ER Stress & oxidative stress-induced apoptosis 

The endoplasmic reticulum (ER) is a cellular organelle involved in numerous functions such as pro-
tein folding, synthesis, and secretion [45]. Nutrient distress, pH imbalance, and, hypoxia are the 
stimuli that create perturbation in ER homeostasis leading to a condition called ER Stress [46]. This 
further leads to the activation of a self-protective mechanism selectively called, an unfolded re-
sponse (UPR). It works by reducing the protein synthesis and enhancing the expression of ER mo-
lecular chaperones glucose-regulated protein 78 (GRP78) and GRP94 to facilitate the correct folding 
of proteins. UPR is the complex cellular response that is associated with the different membrane 
biosensors; protein kinase RNA (PKR)-like ER kinase (PERK), inositol requiring enzyme 1α (IRE1α), 
and activating transcription factor 6 (ATF6) [38]. 
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4.1. Endoplasmic reticulum stress signaling pathways  

4.1.1. IRE1α-XBP1 pathway 

IRE1 is the transmembrane type-I protein that possesses both kinase and endoribonuclease (RNAse) 
activities and helps in modulating ER stress. IRE1 exists in two isoforms, IRE1α and IRE1β. The 
IRE1α is expressed extensively and its knockout in mice exhibits embryonic lethality whereas IRE1β 
expression is confined to the intestinal epithelium and gastrointestinal tract. Also, its knockout in 
mice is viable due to which IRE1α is considered a positive regulator for mammalian cell survival 
[47]. Upon ER stress condition, IRE1α disassociates from GRP78/Bip [48], undergoes dimerization, 
Author Contributions: For research articles with several authors, a short paragraph specifying their 
individual contributions must be provided. The following statements should be used “Conceptual-
ization, X.X. and Y.Y.; methodology, X.X.; software, X.X.; validation, X.X., Y.Y. and Z.Z.; formal 
analysis, X.X.; investigation, X.X.; resources, X.X.; data curation, X.X.; writing—original draft prep-
aration, X.X.; writing—review and editing, X.X.; visualization, X.X.; supervision, X.X.; project ad-
ministration, X.X.; funding acquisition, Y.Y. All authors have read and agreed to the published ver-
sion of the manuscript.” Please turn to the CRediT taxonomy for the term explanation. Authorship 
must be limited to those who have contributed substantially to the work reported. 

Funding: Please add: “This research received no external funding” or “This research was funded by 
NAME OF FUNDER, grant number XXX” and “The APC was funded by XXX”. Check carefully that 
the details given are accurate and use the standard spelling of funding agency names at 
https://search.crossref.org/funding. Any errors may affect your future funding. and autophosphor-
ylation [49]. X-box binding protein 1 (XBP-1) mRNA is the first substrate described for IRE1α endo-
nuclease activity [50] which stimulates the non-conventional splicing of Xbp-1 mRNA to produce 
its active form that is spliced XBP1 [51]. This activated form of XBP1 encourages the expression of 
ER quality-control genes, thus enhancing the protein folding capacity of the ER. Spliced XBP1 mod-
ulates the expression of genes involved in protein folding, secretion, redox homeostasis, oxidative 
stress response, and ER-associated degradation (ERAD) [38, 52]. IRE1α-XBP1 signaling has been 
reported to possess a prominent role in human cancer including hepatocellular carcinoma. Addi-
tionally, cancer cells which are deficient of XBP1 protein and are more sensitive to ER stress and 
hypoxic condition. 

 

4.1.2. PERK-eIF2α-ATF4 Pathway 

The enzyme Protein Kinase R (PKR)-like Endoplasmic Reticulum Kinase (PERK) is an ER trans-
membrane protein that is associated with BiP/GRP78 in its inactive form. It gets activated by liber-
ating Bip/GRP78 and undergoes oligomerization and autophosphorylation in response to UPR ac-
tivation [53]. Active PERK plays an important role in suppressing global protein synthesis by atten-
uating the translation of mRNA and inhibiting the entry of new proteins into the ER lumen. This 
process is regulated by phosphorylation-mediated inactivation of the eukaryotic translation initia-
tion factor 2 (eIF2α). Phosphorylation of eIF2α at ser51 residue inhibits protein translation by reduc-
ing the cyclin D1 pool and cell cycle arrest at the G1 phase which ultimately diminishes protein 
burden and helps the cells to overcome the stressful conditions [54]. The activated PERK- eIF2α 
promotes the translation of ATF4 which encourages cell survival by regulating protein biosynthesis 
and its transport. Cells lacking PERK are reported to be supersensitive to ER stress conditions. Based 
on this, the inhibition of the PERK- eIF2α-ATF4 signaling pathway could be a promising target for 
cancer management.  

 

4.1.3. ATF6 Pathway 

ATF6 is the cytoprotective factor and ER stress modulator that participates actively in the UPR sig-
naling pathway [55]. It is a type II transmembrane protein that belongs to the leucine zipper family 
of transcription factors [56]. Under the chronic ER stress, an isoform ATF6α disassociates from the 
GRP78 proteins and translocate to the Golgi apparatus where it undergoes proteolysis by the resi-
dent Site 1 (S1P) and Site 2 (S2P) proteases. This releases a cytosolic fragment that migrates to the 
nucleus and regulates gene transcription [54]. To maintain ER hemostasis, cleaved ATF6α plays a 
prominent role in the regulation of genes involved in protein synthesis and ER-associated degrada-
tion (ERAD) [57]. In this way, ATF6 α is important for liver development and also for cell survival.    

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2021                   doi:10.20944/preprints202105.0533.v1

https://doi.org/10.20944/preprints202105.0533.v1


 12 of 15 
 

Uncontrolled and prolonged ER stress leads to cellular damage and eventually induces apoptosis 
by activating the mitochondrial intrinsic apoptotic pathway [58]. Proteins in the caspase family are 
the primary drivers of apoptosis. Human caspase-4 is uniquely located in the ER membrane, where 
it is specifically activated by ER stress. Similar to caspase-12 in mice, caspase-4 activates caspase-9, 
in addition to other molecules such as caspase-3, eventually resulting in cell apoptosis. Guo et al., 
2016 has demonstrated kaempferol induces apoptosis in HepG2 cell line via ER stress- CHOP sig-
naling pathway induced apoptotic by increasing the protein expression levels of glucose-regulated 
protein 78, glucose-regulated protein 94, protein kinase R like ER kinase, inositol requiring enzyme 
1α, partial activating transcription factor 6 cleavage, caspase 4, C/EBP homologous protein (CHOP) 
and cleaved caspase 3 [59]. Kaempferol induces autophagy in HepG2 and Huh7 cell lines in a con-
centration and dose-dependent manner via ER Stress and CHOP autophagy signaling pathway [60]. 
Kaempferol impedes hepatocyte apoptosis to protect mice from liver failure by regulating the ER 
stress-Grp78-CHOP signaling pathway [61]. Niering et al., 2005 demonstrated the protective effect 
of kaempferol in H4IIE rat hepatoma cells over a broad concentration range by inducing oxidative 
stress and apoptosis.  

5. Conclusion 

Oxidative stress is a toxic response in all liver cancer especially HCC. Managing the dynamic bal-
ance of ROS is an effective approach to maintain good health. A significant improvement in the 
condition of HCC patients has been linked to the intake of fruits and vegetables rich in various 
bioactive molecules such as kaempferol. Scientists have revealed the antioxidant potential of 
kaempferol in managing HCC both in in-vitro and in-vivo conditions. Existing literature reflects 
that kaempferol is not just a potent promoter of apoptosis but it also modifies the cellular signaling 
pathways of the host. The antioxidant potential of kaempferol in fighting HCC is promising as it 
inhibits only the cancerous cells without disturbing the normal cells. But, the data on its antioxidant 
property against HCC is scarce. Therefore the present review stresses the need for more in-depth 
experiments to explore new signaling pathways for cellular defense.  
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