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Background: This study aims to explore the value of Nuclear Transcription Factor Erythroid 2-Related Factor 2 (Nrf2) and the 
selective autophagy adapter protein p62/Sequestosome 1 (SQSTM1) in diagnosing cervical squamous cell carcinoma (SCC) and 
squamous intraepithelial lesions (SIL).
Methods: Paraffin specimens from 125 cervical SCC patients, 102 low-grade SIL (LSIL) patients, 101 high-grade SIL (HSIL) 
patients, and 49 patients with benign/reactive cervical squamous epithelium were collected at Yichang Central People’s Hospital from 
2010 to 2023. Immunohistochemistry was used to detect Nrf2 and p62 expression. Positive expression was defined by visible light 
yellow, brownish-yellow, or brown cytoplasmic particles. The correlation between the two proteins and their diagnostic value were 
analyzed.
Results: Both Nrf2 and p62 were predominantly localized to the cytoplasm in various cervical lesions. The expression levels of Nrf2 
and p62 were significantly higher in LSIL, HSIL, and SCC than in benign/reactive epithelium (all P<0.001), and lower in LSIL than in 
HSIL and SCC (all P<0.001). A positive correlation was found between Nrf2 and p62 in all lesion types (all P<0.05). ROC analysis 
indicated that the diagnostic accuracy was enhanced when Nrf2 and p62 were used in combination, as opposed to using either marker 
individually.
Conclusion: Nrf2 and p62 are either not expressed or expressed at low levels in benign/reactive squamous epithelium, with 
expression increasing in LSIL, and being highest in HSIL and SCC. Both markers show a positive correlation across different 
cervical lesions, and either Nrf2 or p62 alone can effectively diagnose various cervical lesions, with even better diagnostic outcomes 
when used in combination.
Keywords: nuclear factor erythroid 2-related factor 2, Nrf2, p62, cervical squamous cell carcinoma, SCC, intraepithelial lesions, 
diagnostic biomarkers

Background
Cervical cancer is among the most prevalent malignant tumors in women, ranking fourth in both incidence and mortality 
among female cancers globally. In 2020, there were approximately 604,127 new cases and 341,831 deaths worldwide.1 In 
China, cervical cancer’s incidence and mortality rates place it among the top ten malignant tumors affecting women, 
ranking sixth and seventh, respectively.2 Histopathologically, cervical cancer is primarily divided into two types: 
squamous cell carcinoma (SCC), which originates from squamous cells, and adenocarcinoma, which arises from 
glandular cells. SCC constitutes approximately 80% of cervical cancers and typically evolves from benign cellular 
atypical hyperplasia to cervical intraepithelial neoplasia (CIN).3

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is a key regulator of a suite of cytoprotective genes, capable of 
safeguarding cells under stress conditions such as exposure to reactive oxygen species and electrophilic agents.4 In recent 
years, an increasing number of studies have shown that Nrf2 is overexpressed in various cancers and plays a significant 
role in cancer promotion.5 Research has revealed that Nrf2 has a substantial impact on cervical cancer,6,7 and compared 
to normal cervical squamous epithelium, Nrf2 and its downstream gene quinone NADH dehydrogenase 1 (NQO1) are 
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most highly expressed in cervical squamous cell carcinoma (SCC), followed by cervical intraepithelial neoplasia (CIN).8 

This finding suggests Nrf2’s role in the transition from normal squamous epithelium to SCC.
The selective autophagy adaptor protein p62/Sequestosome 1 (SQSTM1) is a multifunctional intracellular protein that 

is widely involved in biological processes such as autophagy, signal transduction, and oxidative stress response. 
Downregulating p62 can induce cervical cancer cells apoptosis.9 In addition, p62 engages in interactions with 
a diverse array of molecules, including mitogen-activated protein kinase kinase 3 (MEKK3), neighbor of BRCA1 
gene 1 (Nbr1), receptor-interacting protein 1 (RIP1), regulatory-associated protein of mTOR (Raptor), tumor necrosis 
factor receptor-associated factor 6 (TRAF6), autophagy marker LC3, Kelch-like ECH-associated protein 1 (Keap1), 
ubiquitin, and numerous others. As a result, p62 significantly impacts diverses signaling pathways such as inflammation, 
mTORC1, and nuclear factor-κB (NF-κB).10 Importantly, aberrant expression of p62 can disrupt the normal functionality 
of the Nrf2 pathway,11,12 which is closely associated with the progression of cervical lesions. Furthermore, studies have 
indicated that p62 is overexpressed in various malignant tumors and contributes to cancer progression.13 However, the 
diagnostic value of Nrf2 and p62 in cervical cancer and intraepithelial lesions has not been previously reported, and their 
correlation in different cervical lesions is not well understood.

Immunohistochemistry (IHC) serves as a highly valuable tool in differentiating between normal, preinvasive, and 
invasive cervical lesions by detecting the expression patterns of specific biomarkers. In normal cervical epithelium, 
IHC can identify the characteristic expression patterns of various proteins that maintain normal cellular function. CIN 
lesions often show abnormal expression of key biomarkers. One of the most well-known is p16INK4a. In normal 
cervical tissue, p16INK4a is either not expressed or only weakly expressed. However, in CIN, especially high-grade 
CIN, there is strong, diffuse nuclear and cytoplasmic staining of p16INK4a. In invasive cervical cancer, IHC can 
detect multiple markers that are associated with the aggressive behavior of cancer cells. For squamous cell carcinoma, 
the expression of p63, a transcription factor, is often retained, which helps in differentiating it from other types of 
carcinomas. In conclusion, incorporating p62 immunohistochemistry in the analysis of Nrf2 is an absolute necessity. 
By simultaneously examining the expression patterns of Nrf2 and p62 through immunohistochemistry, we can gain 
a more comprehensive and in - depth understanding of the complex molecular mechanisms underlying cervical cancer 
and intraepithelial lesions. This integrated approach will enable us to elucidate how these two factors interact and 
collaborate in the context of cervical disease, ultimately providing more valuable insights for accurate diagnosis and 
effective treatment strategies.

In conclusion, this study aims to detect the expression of Nrf2 and p62 in cervical cancer and intraepithelial lesions, 
analyze their correlation, and ultimately assess their diagnostic value in these conditions.

Methods
Study Population
Paraffin specimens were collected from the Yichang Central People’s Hospital between January 2010 and 
December 2023. The collection included 125 cases of cervical squamous cell carcinoma (SCC), 109 cases of high- 
grade squamous intraepithelial lesions (HSIL), 97 cases of low-grade squamous intraepithelial lesions (LSIL), and 67 
cases of benign or reactive squamous epithelium.

Reagents and Methods
Main Reagents
Monoclonal antibody Nrf2 (1:200, catalog number AB62352) was purchased from Abcam company. Monoclonal 
antibody p62 (1:200, catalog number 88588S) was purchased from CST company. Primary antibody diluent and 
Phosphate-Buffered Saline (PBS) were both purchased from Beijing Zhongshan Jinqiao Company. Secondary antibodies 
and chromogenic substrate were purchased from Dako company.

Immunohistochemistry
Paraffin sections, 4 μm in thickness, are placed in a 65°C incubator overnight to ensure proper processing. Following 
this, the sections undergo deparaffinization using xylene. Excess fluid is then removed through a graded series of ethanol 
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washes: 100%, 95%, 85%, and 75%. Afterward, the sections are rinsed with distilled water to prepare them for antigen 
retrieval. The retrieval process involves the use of an EDTA solution at a pH of 9.0, which is applied under high pressure 
to facilitate the exposure of antigenic sites. Once the sections are ready, the primary antibody is added, and the samples 
are incubated at room temperature for 1.5 hours to allow for antibody binding. Subsequently, the secondary antibody is 
introduced, and the sections are incubated in a 37°C incubator for an additional hour to enhance the signal detection. The 
colorimetric development is achieved using 3,3′-diaminobenzidine tetrahydrochloride (DAB), which produces a visible 
color reaction at the site of antigen-antibody complex formation. After the color development, the sections are rinsed 
with tap water to remove any unbound DAB. To provide contrast and highlight cellular structures, the sections are 
counterstained with hematoxylin. Finally, the sections are sealed with a neutral resin to protect and preserve the 
immunohistochemical staining.

To demonstrate the specificity of the Nrf2 and p62 antibodies in immunohistochemical detection, negative and 
positive controls were included in the study.

Result Interpretation
Two pathology experts Cohen’s kappa coefficient between the two pathologists was 0.900 (95% CI: 0.823–1.000) 
independently reviewed and recorded the results. In cases where the results were inconsistent, a third expert made the 
final judgment. Nrf2 and p62 were considered positive if light yellow, brownish-yellow, or brownish particles were 
observed in the cytoplasm.

The scoring was based on two criteria:14 (1) staining intensity of positive cells: 0 points for no staining, 1 point for 
light yellow, 2 points for brownish-yellow, and 3 points for brownish; (2) the percentage of positive cells: less than 5% 
for 1 point, 5–30% for 2 points, more than 30–60% for 3 points, and more than 60% for 4 points.

Statistical Methods
SPSS 26.0 software was utilized for statistical analysis. The chi-square test was applied to compare Nrf2 and p62 
expression between groups, with data presented as both numbers and percentages. Spearman’s rank correlation 
analysis was conducted to determine the correlation between Nrf2 and p62 within the groups. Binary logistic 
regression analysis and receiver operating characteristic (ROC) curves were employed to evaluate the diagnostic 
value of Nrf2 and p62 among the groups. A p-value of less than 0.05 was considered to indicate statistical 
significance.

Results
Expression of Nrf2 and p62 in Different Cervical Lesions
As shown in Figure 1 and Table 1, both Nrf2 and p62 are localized to the cytoplasm in different cervical lesions. The 
expression levels of Nrf2 and p62 in benign/reactive cervical squamous epithelium are lower than those in LSIL, HSIL, 
and SCC (chi-square values of Nrf2 are 46.41, 83.55, and 92.50, respectively; p62 are 17.39, 96.77, and 175.42, 
respectively, with all P<0.001). Furthermore, the expression of Nrf2 and p62 in LSIL is significantly lower than in 
HSIL and SCC (chi-square values of Nrf2 are 48.15 and 39.82, respectively; p62 are 103.18 and 181.36, respectively, 
with all P<0.001).

Although the expression of p62 in HSIL is lower than in SCC (x2=126.93, P< 0.05), there is no statistically significant 
difference in Nrf2 expression between HSIL and SCC (x2=3.37, P= 0.338).

Correlation of Nrf2 and p62 in Different Cervical Lesions
Nrf2 and p62 show positive correlation in benign/reactive cervical squamous epithelium, LSIL, HSIL, and SCC (all 
P<0.05) (Table 2).

Diagnostic Efficacy of Nrf2 and p62 in Different Cervical Lesions
ROC curve analysis indicates that, except for Nrf2 in diagnosing HSIL and SCC, the differences are not statistically 
significant. The differences in Nrf2, p62, and combined Nrf2 and p62 in diagnosing benign/reactive squamous epithelium 
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and LSIL, benign/reactive squamous epithelium and HSIL, benign/reactive squamous epithelium and SCC, LSIL and 
HSIL, LSIL and SCC, and HSIL and SCC are all statistically significant (all P<0.05). The combined use of Nrf2 and p62 
is more effective in distinguishing these cervical lesions compared to using Nrf2 or p62 alone (Figure 2).

Benign or reactive 
squamous epithelium

Nrf2

p62

HE

SCC HSIL LISL

Figure 1 HE morphology in different cervical lesions, including benign/reactive squamous epithelium, low-grade squamous intraepithelial lesions (LSIL), high-grade squamous 
intraepithelial lesions (HSIL), and squamous cell carcinoma (SCC) (HE staining ×200), and expression of nuclear factor erythroid 2-related factor 2 (Nrf2) and p62 
(immunohistochemical staining ×200). 
Abbreviations: Nrf2, Nuclear factor-erythroid 2-related factor 2; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, 
squamous cell carcinoma.

Table 1 Comparison of the Expression of Nrf2 and p62 in Different Cervical Lesions

Group Nrf2 P p62 P

− + ++ +++ − + ++ +++

Benign or reactive (n=67) 39 (58.21) 28 (41.79) 0 (0.00) 0 (0.00) – 27 (40.30) 40 (59.70) 0 (0.00) 0 (0.00) –

LSIL (n=97) 11 (11.34) 68 (70.10) 18 (18.56) 0 (0.00) <0.001a 14 (14.43) 76 (78.35) 7 (7.22) 0 (0.00) <0.001a

HSIL (n=109) 9 (8.26) 30 (27.52) 55 (50.46) 15 (13.76) <0.001a,b 9 (8.26) 17 (15.60) 58 (53.21) 25 (22.94) <0.001a,b

SCC (n=125) 6 (4.80) 46 (36.80) 54 (43.20) 19 (15.20) <0.001a,b,c 2 (1.60) 2 (1.60) 63 (50.40) 58 (46.40) <0.001a,b,c

Notes: Compared to Benign or reactive, aP<0.001; compared to LSIL, bP<0.001; compared to HSIL, cP<0.001. 
Abbreviations: Nrf2, Nuclear factor-erythroid 2-related factor 2; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, 
squamous cell carcinoma.
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Discussion
Cervical cancer is one of the most common malignant tumors in women worldwide, and in recent years, the age of onset 
of cervical cancer in China has significantly decreased.15 The probability of cervical LSIL and HSIL progressing to SCC 
is 1% and 20%~40%, respectively.16,17 Currently, aside from human papillomavirus (HPV) genotyping and the 
p16INK4a gene, few other molecular markers are widely used in cervical cancer and precancerous lesions. However, 
p16INK4a positivity is not an absolute indicator for diagnosing HSIL. Therefore, finding more molecular markers to 
assist in the diagnosis of cervical cancer and precancerous lesions is crucial to avoid unnecessary surgical treatments that 
may increase the risk of miscarriage or preterm birth in women of childbearing age.

Nrf2 was initially regarded as a chemopreventive compound for cancer and other diseases. Subsequent research has 
shown that Nrf2 is not only a driving factor in the occurrence, metastasis, and drug resistance of various cancers but also 
plays new roles in regulating metabolism and other basic cellular functions.18 Studies have indicated the oncogenic role 
of Nrf2 in cervical cancer. In Uyghur women, cervical SCC and CIN are associated with increased Nrf2 expression and 
decreased Keap1 expression. Nrf2 is positively correlated with histological grade, lymph node metastasis, and tumor 
stage, whereas Keap1 is negatively correlated with these indicators. Nrf2 promotes the proliferation, migration, and 
invasion of cervical SCC cells while inhibiting apoptosis. Nrf2 is expected to be an indicator of poor prognosis in 
cervical cancer patients.6 Nrf2 and its downstream molecules NQO1 and heme oxygenase-1 (HO1) are expressed at 
varying levels in cervical tumor tissues. Knocking out Nrf2 in cervical cancer CaSki cells significantly reduces the 
expression of its downstream genes and promotes chemotherapy drug-induced cell death. Additionally, in vivo experi
ments have confirmed that cisplatin combined with Nrf2 knockout further inhibits tumor growth.7 In this study, we also 
found that Nrf2 is overexpressed in cervical SCC compared to benign/reactive cervical squamous epithelium. 
Additionally, Nrf2 can effectively distinguish between benign/reactive cervical squamous epithelium and LSIL or 
between LSIL and HSIL. Notably, Nrf2 expression in SCC and HSIL is higher than in benign/reactive cervical and 
LSIL, but Nrf2 expression in SCC is similar to that of HSIL. The specific reason remains to be discovered in future 
studies.

Several previous studies suggest that a positive feedback loop exists between Nrf2 and p62. The accumulation of p62 
can activate Nrf2 and its downstream target genes, and Nrf2 can directly bind to the antioxidant response element (ARE) 

Table 2 Correlation Between Nrf2 and p62 in Different Cervical Lesions

Group Nrf2 p62 r P

− + ++ +++

Benign or reactive (n=49) − 22 17 0 0 0.388 0.001

+ 5 23 0 0
++ 0 0 0 0

+++ 0 0 0 0

LSIL (n=102) − 8 3 0 0 0.371 <0.001
+ 0 68 0 0

++ 6 5 7 0

+++ 0 0 0 0
HSIL (n=101) − 6 2 1 0 0.403 <0.001

+ 0 13 4 13

++ 3 2 49 1
+++ 0 0 4 11

SCC (n=120) − 0 0 4 2 0.381 <0.001

+ 0 1 32 13
++ 2 1 27 24

+++ 0 0 0 19

Abbreviations: Nrf2, Nuclear factor-erythroid 2-related factor 2; LSIL, low-grade squamous 
intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, squamous cell 
carcinoma.
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sequence in the promoter region of p62 to regulate its expression.19,20 Researchers have found that knocking down p62 
significantly reduces cervical cancer cell viability, increases apoptosis, and induces reactive oxygen species. Moreover, 
knocking out p62 in cervical cancer cells significantly decreases Nrf2 expression,21 confirming their correlation at the 
cellular level. Currently, the correlation between Nrf2 and p62 in cervical tissues is unclear. This study found a positive 
correlation between Nrf2 and p62 in benign/reactive cervical squamous epithelium, LSIL, HSIL, and SCC. We further 
confirmed their correlation at the tissue level. The correlation between Nrf2 and p62 is not only confirmed in cervical 
tissues; our earlier studies found that Nrf2 and p62 can mutually regulate and positively correlate with each other in 
breast cancer cells and tissues, inducing breast cancer drug resistance.14 Similarly, the correlation between Nrf2 and 
p62 has been confirmed in hepatocellular carcinoma and pancreatic ductal adenocarcinoma, thereby inducing tumorigen
esis and progression.22,23

As a signal transduction protein, p62 not only coordinates the metabolic reprogramming of cancer cells but also 
regulates the function of normal cells within the tumor to support tumor growth and proliferation. Increasing evidence 
shows that p62 is abnormally expressed in various cancers, such as lung cancer, liver cancer, kidney cancer, colorectal 
cancer, breast cancer, and gastric cancer.24,25 Chen et al26 found that p62 expression varies among invasive cervical 
cancer, CINII/III, CINI, and normal cervix, and increases with disease severity. The elevated p62 expression might be an 
early event in the transition from pre - invasive to invasive cervical cancer, as we observed a step-wise increase in p62 
expression from normal to pre-invasive and then to invasive lesions. This study also found that p62 expression is lowest 
in benign/reactive cervical squamous epithelium, followed by LSIL, HSIL, and highest in SCC. In the context of invasive 
cervical cancer, p62 may play a crucial role in promoting cancer cell survival and proliferation. It has been reported that 

Figure 2 ROC Curve Analysis of Nrf2, p62, and The Combination in Diagnosing Different Cervical Lesions. (A) Distinguishing benign from LSIL; (B) Distinguishing benign 
from HSIL; (C) Distinguishing LSIL from HSIL; (D) Distinguishing benign from SCC; (E) Distinguishing LSIL from SCC; (F) Distinguishing HSIL from SCC. 
Abbreviations: Nrf2, Nuclear factor-erythroid 2-related factor 2; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; 
SCC, squamous cell carcinoma.
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p62 can activate the NF-κB pathway.27 Activation of NF-κB is known to upregulate the expression of anti - apoptotic 
genes, which could contribute to the survival of cancer cells in the face of various stressors. Moreover, p62 has been 
associated with autophagy dysregulation in cancer.28 In normal cells, p62 is degraded through autophagy. However, in 
invasive cervical cancer, the overexpression of p62 may disrupt normal autophagic flux. We detected a decrease in the 
co-localization of p62 with autophagosome markers in invasive cancer cells, indicating a potential block in autophagic 
degradation of p62. This dysregulation could lead to the accumulation of damaged proteins and organelles, further 
promoting cancer cell growth and invasion.

ROC curve analysis shows that p62 can effectively distinguish between benign/reactive cervical squamous epithe
lium, LSIL, HSIL, and SCC. Compared to using Nrf2 or p62 alone, the combined use of Nrf2 and p62 is more effective 
in distinguishing these different cervical lesions. In terms of diagnostic performance for pre- invasive cervical lesions, 
p16/Ki67 co-expression has been widely used as a reliable biomarker panel.29 Strong and diffuse p16INK4a staining, 
along with increased Ki67-positive cell proliferation, is highly indicative of high-grade CIN.30 In contrast, our combined 
analysis of Nrf2 and p62 showed a different pattern. While Nrf2 expression gradually increased from normal to pre- 
invasive and invasive lesions, p62 also demonstrated a similar trend but with a distinct expression pattern in terms of sub- 
cellular localization. In pre-invasive lesions, the combination of Nrf2 and p62 did not show as clear-cut a diagnostic 
pattern as p16/Ki67. However, in some cases where p16/Ki67 results were equivocal, the Nrf2/p62 combination might 
offer additional insights. For example, in a small subset of low-grade CIN cases with uncertain p16/Ki67 staining, we 
found that high Nrf2 nuclear expression along with elevated cytoplasmic p62 could be associated with a more advanced 
pre - invasive state.

Our study has several strengths despite the single - hospital sample origin. The long - term sample collection from 
2010 to 2023 within one hospital offers advantages. It enables an in - depth look at cervical lesion progression over time. 
The consistent medical environment and diagnostic procedures in a single hospital reduce data-collection variability. 
Immunohistochemistry, combined with descriptive and comparative analyses, gives detailed cell - level insights. We can 
accurately identify changes in Nrf2 and p62 expression across different cervical lesion stages, providing valuable 
knowledge about disease - related biological processes.

Nonetheless, our study has significant limitations. The sample is sourced solely from a single hospital. This severely 
restricts the diversity of the patient population, as it may not represent the broader spectrum of cervical lesion patients in 
different geographical, ethnic, and socioeconomic backgrounds. Without a sample size calculation, the statistical power 
of our study remains uncertain, and there is a risk of insufficient sample representativeness. The interpretation of 
immunohistochemistry results is subject to inter - observer variability, and the absence of a standardized scoring system 
further challenges result reproducibility. Moreover, factors like patient lifestyle, comorbidities, and family cancer history, 
which could impact biomarker expression, were not comprehensively considered, limiting the generalizability of our 
findings. Hence, expanding sample collection to multiple hospitals and diverse patient populations in future studies.

Conclusion
In summary, Nrf2 and p62 are expressed differently in various cervical lesions, with no or low expression in benign/ 
reactive squamous epithelium, increased expression in LSIL, and highest expression in HSIL and SCC. Both show 
a positive correlation in different cervical lesions and either alone or in combination can effectively diagnose different 
cervical lesions. Nrf2 and p62 are expected to become molecular markers for clinical diagnosis of cervical lesions, 
similar to p16INK4a.
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