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Abstract
Background  Accumulating evidence demonstrated that nuclear factor erythroid 2-related factor 2 (NRF2) expression 
plays a crucial role in the proliferation, invasion and metastasis of hepatocellular carcinoma (HCC). However, research 
on the effect of NRF2 genetic polymorphism on the development of chronic hepatitis B (CHB), HBV-related liver 
cirrhosis (LC) and HCC is still missing.

Methods  A total of 673 individuals were included in the study and classified into four groups: 110 CHB cases, 
86 LC cases, 260 HCC cases, and 217 healthy controls. ​The polymerase chain reaction-restriction fragment length 
polymorphism and DNA sequencing method were used to detect rs6721961 and rs6726395 polymorphisms.

Results  Patients carrying the T allele in rs6721961 were at a higher risk of HCC than individuals with the G allele 
compared to CHB patients (OR = 1.561, 95%CI: 1.003–2.430, P = 0.048). The statistically significant differences were also 
found in the rs6721961 GT genotype (OR = 2.298, 95% CI: 1.282–4.119, P = 0.005) and dominant model (OR = 2.039, 
95% CI: 1.184–0.510, P = 0.010). Subgroup analysis also detected a significant association between the rs6721961 T 
allele and the development of HCC in older subjects (≥ 50 years) (OR = 2.148, 95% CI: 1.208–3.818, P = 0.009). Statistical 
analysis results indicated that subjects carrying haplotype G-A had a lower risk of HCC (OR = 0.700, 95% CI: 0.508–
0.965, P = 0.028).

Conclusions  For the first time, our findings provide evidence that the NRF2 gene rs6721961 variation is a potential 
genetic marker of susceptibility to HCC.
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Introduction
Chronic liver disease and primary liver cancer, particu-
larly hepatocellular carcinoma (HCC), are becoming 
more prevalent globally [1]. With approximately 906,000 
new cases and 830,000 deaths, liver cancer is the sixth 
most frequently diagnosed cancer and the third most 
common cause of cancer death worldwide in 2020 [1]. 
China has the highest regional incidence and mortality 
rates, accounting for approximately 45.3% of the total 
caseload and 47.1% of deaths [1]. These highlight the 
urgent need to enhance screening methods in high-risk 
populations to detect susceptibility to HCC and to make 
an early diagnosis to prevent morbidity and mortality.

The main risk factors for HCC vary substantially by 
geographic region. In China, where HCC is most at risk, 
the main factors are chronic exposure to infected hepa-
titis B virus (HBV) and/or aflatoxin [2]. However, only a 
small percentage of people with these known risk factors 
end up with HCC, suggesting that genetic diversity may 
pave the way to HCC. Recent research has demonstrated 
that the pathogenesis and progression of HCC is a multi-
step process involving genetic mutations and epigen-
etic alteration in hepatocytes [2]. The mutations in genes 
involved in the oxidative stress response pathway have 
been recognized as the major genetic aberration identi-
fied in subsets of HCC [3].

Nuclear factor erythroid 2-related factor 2 (Nrf2), 
encoded by the gene NRF2, is the transcription factor 
of the primary means of cellular defence through the 
mediation of antioxidant response and anti-inflamma-
tory properties [4]. A previous study demonstrated that 
the induction of HBV-dependent NRF2-regulated genes 
might ensure the survival of the infected cell, and shape 
the immune response to HBV, thus promoting the estab-
lishment of infection [5]. Another study suggested that 
HBV up-regulated glucose-6-phosphate dehydroge-
nase expression by HBx-mediated activation of NRF2, 
thereby reprogramming the glucose metabolism in hepa-
tocytes which may involve in the onset of HBV-related 
HCC [6]. Accumulating evidence has established that 
gene expression of NRF2 plays a key role in the patho-
genesis, progression and metastasis of HCC, as well as 
in the regulation of metabolism in cancer cells [7–11]. ​In 
2015, Zhang et al. found that the NRF2 was up-regulated 
in HCC and that high NRF2 expression was correlated 
with tumor differentiation, metastasis, and tumor size. 
Zhang et al. concluded that NRF2 was an independent 
prognostic factor in HCC patients [7]. Similar results 
were obtained by Shimokawa et al. in 2020 [8]. Tao et 
al. reported that co-expression of mutant NRF2 and 
mutant CTNNB1 led to clinically relevant HCC devel-
opment in mice [9]. A large cohort study conducted by 
Iseda et al. in 2022 revealed that positive phosphorylated 
NRF2 expression in cancer cells was associated with poor 

differentiation, microscopic intrahepatic metastasis, and 
poor prognosis [10]. Additionally, Iseda et al. found that 
NRF2 located upstream of cancer metabolism and tumor 
immunity [10]. The expression of NRF2 is regulated 
by single nucleotide polymorphisms (SNPs) and other 
genetic elements. Recently, investigations have reported 
a number of SNPs (rs6721961, rs6726395, rs10506328, 
rs3124761, rs17458086, rs1630747, rs35652124, and so 
on) in NRF2 gene to the risk of various cancer includ-
ing renal cell carcinoma [12, 13], pancreatic cancer [14], 
breast cancer [15, 16], prostate cancer [17], bladder can-
cer [18]. However, to the best of our knowledge, research 
on the role of NRF2 genetic polymorphisms in HBV-
related HCC risk is still missing. Therefore, this study 
aims to shed the first light on the impact of NRF2 genetic 
polymorphisms in HBV-related HCC risk, as well as the 
association with chronic hepatitis B (CHB) and HBV-
related liver cirrhosis (LC). This study will provide some 
insights into our approach to detecting susceptibility to 
HCC and early diagnosis of this devastating disease.

Materials and methods
Study design and participants
This study was a case-control association study con-
ducted at The First Affiliated Hospital of Guangxi Medi-
cal University. The cases were admitted to the First 
Affiliated Hospital of Guangxi Medical University during 
enrollment. Included individuals were classified into four 
groups: CHB cases, LC cases, HCC cases, and healthy 
controls. All cases were tested to have a history of HBV 
infection and without other hepatitis viruses (hepatitis 
A/C/D/E virus). The diagnosis of CHB and LC was deter-
mined following the Guideline of Prevention and Treat-
ment for Chronic Hepatitis B set by the Chinese Society 
of Hepatology, Chinese Medical Association and Chinese 
Society of Infectious Diseases, Chinese Medical Associa-
tion in 2015 [19]. The diagnosis of HCC was determined 
following the expert consensus set by the Chinese Soci-
ety of Liver Cancer (CSLC), Chinese Society of Clinical 
Oncology (CSCO), Liver Cancer Group, Chinese Society 
of Hepatology, Chinese Pathological Group of Hepatobi-
liary Tumors and Liver Transplantation in 2010 [20]. For 
all the study participants, the details of inclusion criteria 
and exclusion criteria have been described in detail pre-
viously [21]. The study protocol was approved by the First 
Affiliated Hospital of Guangxi Medical University Ethics 
Committee (Approval Number: 2023-E036-01).

SNPs selection
SNPs in NRF2 genes were selected based on the data of 
HapMap and the following criteria: (i) minor allele fre-
quency of ≥ 5% in the Chinese Beijing population; (ii) 
pairwise linkage disequilibrium (LD) with r2 ≥ 0.8. This 
SNPs selection strategy maximized the utility of the 
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SNPs selected for our question of interest. The target 
SNPs were also checked in PubMed for consistency with 
published studies [13, 22, 23]. SNP rs6721961 is local-
ized in the promoter region of the NRF2 gene, where 
can be present an adenine (A) or guanine (G). Among 
discovered polymorphisms, Nrf2 rs6721961 is one of the 
more frequently described. SNP rs6726395 is located in 
the first intron of the NRF2 gene, with a relatively high 
minor allele frequency. The association of rs6721961 
and rs6726395 polymorphisms with various cancers has 
also been welldemonstrated. As a result, we selected two 
widely analyzed SNPs with satisfied criteria, rs6721961 
and rs6726395, based on our questions of interest.

Sample size estimation
The sample size in this study was estimated using the 
Quanto statistical program (version 1.2.4, https://bio.
tools/QUANTO). An unmatched case-control design 
was used. A sample of diseased (cases) and non-diseased 
(controls) individuals were obtained from some source 
population; all individuals were assumed to be indepen-
dent of one another [24]. The frequency of the rs6721961 
T allele and rs6726395 A allele in the East Asian popu-
lation are 0.216 and 0.3937, respectively (HapMap Proj-
ect dbSNP database: https://www.ncbi.nlm.nih.gov/
snp/rs6721961 and https://www.ncbi.nlm.nih.gov/snp/
rs6726395). The inheritance model was recessive. The 
estimated odds ratio was set at 2.0. The desired power 
was 0.80 and the type I error rate was 0.05 with two sides. 
Based on the above parameters, at least 145 cases may 
have sufficient power to assess the NFR2 rs6721961 and 
rs6726395 polymorphisms and the risk of diseases.

SNPs genotyping
Five mL peripheral blood samples were collected from 
all of the subjects in ethylenediaminetetraacetic acid 
(EDTA)-coated vials and stored at -20℃ until DNA 
extraction. Technicians performing the genotyping 
were blinded to the status of the cases and controls. 
Genomic DNA was isolated from peripheral leuko-
cytes using the phenol-chloroform extraction method, 
as described previously [21]. The DNA was then quan-
titated by UV spectrophotometry and stored at -20°C. 
The polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) method was used to 
amplify NRF2 (rs6721961 and rs6726395) with the fol-
lowing forward and reverse primers: NRF2 rs6721961 
G/T, 5’- GGAGTTCGGACGCTTTGAAA − 3’ and R: 5’- 
GCTTCTCCGTTTGCCTTTGA − 3’; NRF2 rs6726395 
A/G, 5’- CAACCAACCCTCATGAGCTG − 3’ and 5’- 
GCAAATGTATATGGGCGTGC − 3’. PCR products 
were digested by PdiI and Csp6I (Beijing Solarbio Sci-
ence & Technology Co., Ltd., China) restriction enzymes, 
respectively. The fragments produced by digestion were 

275 and 97  bp for NRF2 rs6721961 G/T, and 462 and 
189 bp for NRF2 rs6726395 A/G. More than 10% of the 
PCR products were randomly selected for confirmation 
by DNA sequencing analysis by Shanghai Sangon Biolog-
ical Engineering Technology & Services, yielding 100% 
agreement.

Statistical analysis
Distributions of demographic and clinical characteristics 
between cases and controls were evaluated by the one-
way ANOVA of variance analysis (for normal continuous 
variables) or nonparametric test (for nonnormal con-
tinuous variables), or by chi-square test (for categorical 
variables). Hardy-Weinberg equilibrium (HWE) in the 
control group was assessed by a goodness-of-fit χ2 test. 
Allele and genotype frequencies were compared among 
different groups using the χ2 test. The binary logistic 
regression model was used to obtain the estimated odds 
ratios (ORs) and 95% confidence intervals (CIs) after 
adjusting for potential confounding variables. Three dif-
ferent genetic models (additive model, dominant model, 
and recessive model) were used to comprehensively ana-
lyze the effect of tag SNPs. SHEsis software was used to 
estimate haplotype frequencies [25]. All statistical analy-
ses were performed using SPSS 17.0 (IBM Inc., Chicago, 
IL, USA). A two-tailed p-value < 0.05 was considered sta-
tistically significant.

Results
Demographic and clinical characteristics of the study 
subjects
A total of 673 individuals were included in the study 
and categorized into four groups: CHB patients (CHB, 
n = 110), LC patients (LC, n = 86), HCC patients (HCC, 
n = 260) and healthy control participants (Controls, 
n = 217). The baseline demographic and clinical charac-
teristics of the 673 subjects are presented in Table 1.

Association between NRF2 genotypes and CHB, LC and 
HCC risk
The NRF2 rs6721961 and rs6726395 genotype distribu-
tions and their association with CHB, LC, and HCC risk 
for cases and controls are presented in Table 2. No sig-
nificant deviations from the Hardy-Weinberg equilib-
rium (HWE) in the distributions of alleles and genotypes 
were observed for the tagSNPs among the control group 
(rs6721961, χ2 = 0.009, P = 0.925; rs6726395, χ2 = 1.475, 
P = 0.225), suggesting the suitability of this sample pool 
for genetic analysis. The minor allele frequencies (MAF) 
of NRF2 rs6726395 (A) and rs6721961 (T) were 19.1% 
and 35.5%, respectively.

We investigated the association of these SNPs with 
CHB, LC, and HCC risk using a logistic regression model 
that controls for potential confounding factors including 

https://bio.tools/QUANTO
https://bio.tools/QUANTO
https://www.ncbi.nlm.nih.gov/snp/rs6721961
https://www.ncbi.nlm.nih.gov/snp/rs6721961
https://www.ncbi.nlm.nih.gov/snp/rs6726395
https://www.ncbi.nlm.nih.gov/snp/rs6726395
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age, gender, BMI, ethnicity, smoking and alcohol status. 
There was no statistically significant association between 
NRF2 rs6721961 and rs6726395 and the risk of CHB, LC, 
and HCC when using health control as references in the 
entire population (Table 2).

We also analyzed the association between the NRF2 
polymorphism and the risk of HCC and LC using CHB 
patients as references. Individuals carrying the T allele 
in rs6721961 were at a higher risk of HCC than subjects 
with the G allele compared to CHB patients (adjusted 
OR = 1.561, 95%CI: 1.003–2.430, P = 0.048) (Table  2). A 
similar relationship existed between rs6721961 GT gen-
otype and risk of HCC as compared to the CHB group 
(adjusted OR = 2.298, 95% CI: 1.282–4.119, P = 0.005) 
(Table 2). The statistically significant difference was also 
found using a dominant model (adjusted OR = 2.039, 95% 
CI: 1.184–0.510, P = 0.010) (Table 2), suggesting that SNP 
rs6721961 might be associated with HCC progression. 
There was no statistically significant association between 
the NRF2 SNPs and LC risk using CHB patients as refer-
ence (data not shown).

Haplotype analysis
​Haplotypes of NRF2 were constructed for CHB, LC 
and HCC patients and controls. Four major haplotypes 
were identified; the most frequent haplotype in con-
trols and cases was haplotype G-G (Table  3). Statistical 
analysis results indicated that patients carrying haplo-
type G-A (rs6721961–rs6726395, in NRF2) had a lower 
risk of HCC (OR = 0.700, 95% CI: 0.508–0.965, P = 0.028) 
(Table 3).

Effects of selected NRF2 variables in different subgroups 
and their association with CHB, LC, and HCC risk
To evaluate the effects of NRF2 polymorphism on patient 
characteristics (gender, age, ethnicity, smoking and alco-
hol status), stratification analyses of Nrf2 polymorphisms 
and CHB, LC, and HCC risk were performed. When we 
stratified our population by age, we found that only older 
subjects (≥ 50 years) carrying the rs6721961 T allele had a 
significantly increased risk of HCC with adjusted OR of 
2.148 (95% CI: 1.208–3.818, P = 0.009) (data not shown). 
There was no evidence that rs6721961 and rs6726395 
were associated with CHB, LC and HCC susceptibility 
among patient subgroups by gender, ethnicity, smoking 
and alcohol status.

Discussion
NRF2 is a transcription factor that controls cellular 
adaptation/protection and up-regulates antioxidant 
gene expression in response to oxidative stress [4, 26]. 
It has been suggested that NRF2 was a potential prog-
nostic marker and promoted proliferation and invasion 
in human HCC and was involved in HCC metastasis 
and poor prognosis [7, 8, 10]. Thus, genes involved in 
the expression of NRF2 in the liver, which play a role in 
hepatic inflammation, fibrosis, and hepatocarcinogen-
esis, are central to a multigenic susceptibility model. 
NRF2 rs6721961 G > T polymorphism is located at the 
regulatory region controlling Nrf2 protein basal expres-
sion and self-induction [27]. NRF2 functional polymor-
phisms have been linked to the risk of developing several 
types of tumours [12–15]. The present study examined 
the role of rs6721961 and rs6726395 in the NRF2 gene in 
patients with CHB, HBV-associated LC and HCC. Two 
single variants, the T allele at rs6721961 and the GT gen-
otype, were identified as associated with the development 

Table 1  Baseline demographics and clinical characteristics of the subjects
Parameters, n (%) Control (n = 217) CHB (n = 110) LC (n = 86) HCC (n = 260) P value
Age (years, mean ± SD) 46.33 ± 6.855 38.21 ± 11.905 49.78 ± 11.861 49.37 ± 11.070 < 0.001

BMI (kg/m2, mean ± SD) 22.49 ± 3.550 22.14 ± 3.570 22.72 ± 4.348 22.32 ± 3.563 0.054

Gender

  Male 118 (54.4%) 82 (74.5%) 65 (75.6%) 231 (88.8%) < 0.001

  Female 99 (45.6%) 28 (25.5%) 21 (24.4%) 29 (11.2%)

Ethnicity 0.064

  Zhuang 110 (50.7%) 43 (39.1%) 32 (37.2%) 101 (39.3%)

  Han 96 (44.2%) 63 (57.3%) 51 (59.3) 149 (58.0%)

  Other 11 (5.1%) 4 (3.6%) 3 (3.5%) 7 (2.7%)

smoking status 0.058

  Never 145 (66.8%) 64 (58.2%) 44 (51.2%) 166 (63.8)

  Ever 72 (33.2%) 46 (41.8%) 42 (48.8) 94 (36.2%)

Alcohol status 0.014

  Never 152 (70.0%) 57 (51.8%) 56 (65.1%) 167 (64.2%)

  Ever 65 (30.0%) 53 (48.2%) 30 (34.9%) 93 (35.8%)
CHB chronic hepatitis B, LC liver cirrhosis, HCC hepatocellular carcinoma, SD standard deviation, BMI body mass index
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of HCC. In addition, one haplotype of G-A (rs6721961-
rs6726395) was associated with decreased risk of HCC. 
To the best of our knowledge, our study is the first to 
explore the relationship between the genetic polymor-
phisms in the NRF2 gene, a vital antioxidant gene, and 
the risk of CHB, HBV-associated LC and HCC.

Oxidative stress plays a vital role in carcinogenesis and 
tumour progression [3]. ​ ​Several studies have demon-
strated that genetic polymorphisms of enzymes involved 
in the production of reactive oxygen species may have 
a critical part in mediating susceptibility to the onset of 
HCC [28–30], including two of our previous studies [21, 
31]. In the study conducted in the Moroccan popula-
tion (96 cases and 222controls) by Ezzikouri et al. [28], 
GPX1 SNP alone did not influence the risk of HCC 
development; however, MnSOD Ala/Ala in combination 
with GPx1 Leu/Leu, and MnSOD Ala/Ala in combina-
tion with CAT TT had both a pronounced risk of HCC 
development. Another study by Su et al. [29] suggested 
that ECSOD polymorphism was significantly associated 
with HCC risk in non-HBV carriers, but no significant 
association was observed between MnSOD, CAT and 
GPx polymorphisms and HCC susceptibility in Chinese 
(434 cases and 480 control). These results suggest that 
HCC might usually be affected by multiple genes instead 
of a single SNP. In contrast, in our previous study (111 
CHB patients, 90 LC patients, 266 HCC patients, and 248 
healthy controls), Chinese subjects with one or two T 
alleles of CAT rs769217 had a significantly increased risk 
of CHB, LC, and HCC [21].

​ So far, we acknowledge that the role of the NRF2 SNP 
has not been investigated concerning susceptibility to the 
development of HCC, but only concerning several other 
types of tumors (Table  4). As early as 2007, Hong et al. 
assessed relationships between breast cancer risk and 
genetic polymorphisms of NRF2 (11,108 C > T) and iden-
tified a non-significant association after adjustment for 
potential confounders (505 cases and 502 controls) [32]. 
Zhang et al. reported similar null results in 2019 con-
cerning NRF2 rs10506328 and the risk of prostate cancer 
(231 cases and 382 controls) [33]. However, Hartikainen 
et al. reported that the NRF2 rs6721961 TT genotype was 
associated with an increased risk of breast cancer by 4.6 
times (452 cases and 370 controls) [34]. In lung cancer, 
Okano et al. observed that NRF2 rs6721961 SNP showed 
a significant association only in female non-smokers 
with adenocarcinoma [35]. Another recent analysis of 
published genome-wide association study (GWAS) data-
sets failed to identify any variants in the NRF2 gene to 
be associated with pancreatic cancer risk [14]. In the 
study conducted in Serbian patients (223 cases and 336 
controls) in 2021, NRF2 rs6721961 alone exerted no 
influence on the risk of clear cell renal cell carcinoma 
development, but the NRF2 rs6721961 A allele plus the 

SOD2 rs4880 T allele showed three-times increased 
risk of this disease occurrence [12]. Just recently, similar 
results were obtained in a study conducted on Serbian 
patients by Djokic et al. in 2022 [32]. They reported that 
NRF2 rs6721961 alone did not associate with the risk for 
the occurrence of prostate cancer. Conversely, combining 
the NRF2 rs6721961 CC genotype with the SOD2 rs4880 
C allele increased the risk of prostate cancer develop-
ment by 4.07 times [32]. In our present study, differing 
from the above reports, we found that a significant asso-
ciation between NRF2 rs6721961 polymorphism and 
risk of HCC development was not observed in the entire 
population but only in older subjects, with respective 
adjusted OR of 2.148 (95% CI: 1.208–3.818, P = 0.009). In 
particular, carriers of one or two of the rs6721961 T allele 
had a nearly two-fold increased risk of developing HCC 
compared to carriers of the G allele when compared to 
CHB patients. Our results suggest that SNP rs6721961 
may be associated with the development and progres-
sion of HCC. There is no evidence that NRF2 rs6726395 
is associated with susceptibility to CHB, HBV-associated 
LC and HCC. These inconsistent findings may be due to 
differences in ethnic group dependence, variability across 
diseases and populations, small sample sizes, or interac-
tions with environmental factors.

This study used CHB participants as a reference and 
indicated a significant association between the NRF2 
rs6721961 T allele and the risk of HCC. The opposing 
results, using healthy individuals as a reference, was the 
absence of a significant association in HCC risk. A pos-
sible explanation could be that the finite sample size is 
insufficient to compute convincing results. The control 
and HCC sample sizes in the present study exceed our 
estimated minimum sample size. However, the number 
of CHB and LC patients was too small. Another potential 
explanation may be that it is more appropriate to select 
participants exposed to HBV as a control group rather 
than healthy subjects. Because all cases were HBV-asso-
ciated LC and HBV-associated HCC. Possibly, using the 
CHB individuals as a reference, the significant associa-
tion of the rs6721961 T allele of the NRF2 gene with the 
development of HCC was more convincing [5]. Conse-
quently, it remains to be clarified whether the rs6721961 
polymorphism of NRF2 is indeed associated with the 
occurrence of HCC.

The novel aspects of our present study are as follows. 
First, to our knowledge, this is the first study to estimate 
NRF2 genotyping in patients with CHB, HBV-associated 
LC, and HCC. Second, our study was well designed: we 
comprehensively included a wild range of HBV-related 
patients, from CHB to LC to HCC, which is the pro-
gression of HCC. Third, our results suggest a signifi-
cant association between NRF2 polymorphisms and 
the development of HCC. There are several subtypes 
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of HCC, each with different tumor progressions, clini-
cal traits, and patient outcomes. A higher quality of life 
and a longer lifespan for the high risk of HCC population 
depend on the development of biomarkers that can help 
in early diagnosis or the identification of those who need 
earlier treatment. It appears that the NRF2 (rs6721961) 
gene polymorphism may be a predictor of the occurrence 
of HCC. This observational study is expected to provide a 
basis towards further in-depth investigations involving a 
broad population, additional molecular mechanisms, and 
a comparatively bigger sample of participants.

The limitations are listed below. First, the control and 
HCC sample size in the present study were relatively 
large (more than our estimated minimum sample size). 
However, the number of patients with CHB and LC was 
too small. We should give a cautious overall interpreta-
tion of results. Second, some other important SNPs could 
not be evaluated in this study due to the fallout of our 
quality control and funding limitations. Our results sug-
gest the need for a more detailed assessment of the effects 
of NRF2 polymorphism in HCC development, with more 
SNPs and a larger sample to increase efficiency.

Conclusion
These results, are the first, to our knowledge, to estimate 
genetic polymorphisms of NRF2 the risk of CHB, HBV-
associated LC and HCC, and suggest the potential rele-
vance of rs6721961 polymorphism in HCC susceptibility 
and the progression of this disease. Further studies with 
a larger population should be performed to understand 
if NRF2 might be considered a target for HCC diagnosis 
and therapeutics. It is of great interest to investigate the 
NRF2 gene mutations and to gain insight into the under-
lying molecular mechanism.
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