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Abstract
Background: Sequestosome 1 (SQSTM1), also referred to as p62 and nuclear factor erythroid 2-related
factor 2 (Nrf2) have implicated into the pathogenesis of esophageal squamous cell carcinoma (ESCC).
While p62 and Nrf2 interact and in�uence each other in diverse pathological settings, in whether such
interaction contributes to ESCC remains unclear. In this study, we aimed to explore the functional
signi�cance of p62 and Nrf2 in ESCC, and uncover a interaction between p62 and Nrf2 in mediating
ESCC.

Results: Herein, we show a critican interaction betwwen p62 and Nrf2 in ESCC. Huamn GEPIA database
analysis revealed the expression of p62 and Nrf2 is upregulated in ESCC, which is further veri�ed by
biochemical assessements using a human tumor tissue bank. Genetic knockdown of p62 and/or Nrf2
demonstrated a mediator role of p62 and Nrf2 in the proliferation, migration and movement ability of
ECSS cells. In addition, the downregulation of p62 or Nrf2 could change the morphology of ESCC cells,
transforming them from shuttle to round shape, and inhibit their EMT. The knockdown approach also
reveal a synergy between p62 and Nrf2 in promoting EMT and the invasive growth of ESCC cells. The
xenograft assay in vivo revealed similar effects of p62 and/or Nrf2 knockdown on tumorigenesis and
metastaisis of ESCC.

Conclusions: These results indicate that p62 and Nrf2 promote EMT and metastasis of ESCC in a
synergistic manner. Simultaneously targeting of p62 and Nrf2 may have a therapeutic potential in
treating ESCC. 

Highlights
•  The expression level of p62 in ESCC tissues was increased

•  P62 or Nrf2 can regulate ESCC cell metastasis and F-actin polarization

•  P62 or Nrf2 knockdown inhibited ESCC cell EMT

•  Simultaneous knockdown of p62 and Nrf2 had the best inhibitory effect on metastasis

Background
Esophageal carcinoma is the sixth leading cause of cancer deaths in the world. The etiologies are
complex and unclear. depending on histological type and population (1). Esophageal carcinoma can be
subdivided into adenocarcinoma (AC) and squamous cell carcinoma (SCC) according to histological
characteristics(2). The molecular mechanisms underlying esophageal carcinoma remain poorly
understood, and the effective therapies are limited. The �ve-year survival rate for esophageal carcinoma
is only about 20% due to a combination of both local invasion and distant metastasis (3). Many patients
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with esophageal carcinoma have metastasized at the time of diagnosis (4). Therefore, there is an urgent
need to develop new therapeutic strategies to combat the cancer metastasis and progression.

Epithelial mesenchymal transion (EMT) is a process by which epithelial cells become mesenchymal stem
cells, which is characterized by increased cell protursions, motility and extracellular matrix (ECM)
degradation, as well as resistant to senescence and apoptosis (5, 6). While EMT has been shown to play
an important role in the occurrence and development of cancer, the underlying molecular mechanisms
remain incompletely understood(7).

p62, also named Sequestosome 1 (SQSTM1), a multifunctional ubiquitin-binding adaptor protein, has
been implicated in many cancers, such as breast cancer (8), liver cancer (9), and gastrointestinal
carcinomas (10). At the molecular level, p62 facilitates cancer development and metastasis partly via
controlling the stability and activity of multiple EMT factors (11). Nevertheless, whether p62 regulates
EMT in esophageal squamous cell carcinoma (ESCC) remains to be determined. On the other hand,
nuclear factor erythroid 2-related factor 2 (Nrf2) has been demonstrated to promote the metastasis of
esophageal carcinoma in hypoxic microenvironment (12). Of note, p62 is a target gene of Nrf2 and p62
can also upregulate Nrf2 by interfering with Kelch-like ECH associated protein 1 (KEAP1)-mediated Nrf2
degradation, thereby forming a positive feedback loop to intensify p62 expression (13–15). In ESCC, the
relationship between p62 and Nrf2, whether they can regulate ESCC under baseline conditions, and
whose regulation is more obvious are still unclear. These �ndings indicate the potential roles of p62 and
Nrf2 as well as their interaction in ESCC.

The present study aimed to investigate he functional signi�cance of p62 and Nrf2 in ESCC, and uncover a
interaction between p62 and Nrf2 in mediating ESCC. Both clinical tissues or ESCC cell lines were used to
explore the potential of p62 and Nrf2 as biomarkers of ESCC. Knockdown of p62 and Nrf2 were induced
through the transfection of knockdown plasmid, to explor the role of p62 and Nrf2 regulating ESCC
proliferation and metastasis in vitro and in vivo.These �ndings indicate a critical interaction between p62
and Nrf2 in mediating ESCC.

Results

p62 expression is upregulated in ESCC
To investigate whether p62 is related to the progression of ESCC, we analyzed the expression pro�le of
p62 in various human tumors using the GEPIA database (http://gepia2.cancer-pku.cn/#index). We found
that p62 expression was higher in esophageal carcinoma (ESCA, n=180) compared with the matched
normal tissues (n=286) (Fig. 1A). Immunohistochemistry and tissue microarray were used to detect the
expression of p62 in human ESCC with various differentiation grades (n=34) (Fig. 1B). As shown in Table
1, p62 expression was positively correlated with the degree of ESCC (Fisher’s exact test, P=0.008) and
negatively correlated with it’s differentiation degree (Fisher’s exact test, P=0.009) (Fig. 1C and Table 2),
independent of the age, gender, TNM stage, or position. In highly differentiated ESCC, p62 expression was
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low and mainly localized in the nuclei of basal cells. While in the less differentiated ESCC, p62 expression
was relatively high and mainly concentrated in the cytoplasm of the tumor cells (Fig. 1C, 1D, and 1E;
P=0.001). These results demonstrate that the expression of p62 is upregulated in human ESCC.

 
Table 1

Correlations between p62 expression and clinicopathologic features in 34 ESCC patients.
Clinicopathological feature p62 expression P value

  Total Low High  

  34 n=12 n=22  

    (35.3%) (64.7%)  

Age (years)        

< 65 24 8(66.7) 16(72.7) 0.714

≥ 65 10 4(33.3) 6(27.3)  

Gender        

Male 26 9(75.0) 17(77.3) 1

Female 8 3(25.0) 5(22.7)  

TNM stage(AJCC)        

Stage I-II 22 7(58.3) 15(68.2) 0.711

Stage III-IV 12 5(41.7) 7(31.8)  

Position        

Upper 8 3(25.0) 5(22.7) 0.881

Middle 21 8(66.7) 13(59.1)  

Lower 5 1(8.3) 4(18.2)  

Differentiation grade        

High 12 8(66.7) 4(18.2) 0.008

medium+low 22 4(33.3) 18(81.8)  

Note: Values in parentheses indicate percentage values. The bold number represents the P values
with signi�cant differences.
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Table 2
Expression of p62 in high, medium and low

differentiation ESCC

  p62 expression P value

Differentiation Total Low High 0.009

low 5 0 5

medium 5 2 3

High 5 5 0

Downregulation of p62 impaired the migration and invasion
of ESCC cells in vitro
Next, we explored the cellular function of p62 in ESCC using EC109 cells, a ESCC cell line. EC190 cells
with p62 knockdown (KD) of (p62KD) were generated by CRISPR/Cas9 technology and validated by
Western blot (Fig. 2A). Compared with wild type control EC109 cells, the p62KD cells exhibited reduced
invasiveness (Fig. 2B and 2C) and migration (Fig. 2D) abilities. High-content analysis also showed that
the cell speed in p62KD group was signi�cantly lower than that of wild group (Fig. 2E). These results
indicate that p62 plays an important role in mediating the progression and metastasis of ESCC.

p62 mediates EMT and F-actin polarization in ESCC cells
We further determined whether p62 regulates EMT in EC109 cells. As shown in Fig. 3A and 3B, the
expression of EMT-related indicators including N-cadherin, Smad2/3, and Slug were downregulated in
p62KD group, suggesting a role of p62-mediated EMT in ESCC. In addition, rhodamine-phalloidin staining
also showed that the expression and polarity distribution of F-actin were decreased, the cell edges were
blurred, the skeletal areas were signi�cantly reduced, and the structure of the F‐actin �laments were
destroyed in p62KD cells, compared with that in wild type cells (Fig. 3C). These results indicate that p62 is
required for maintaining F-actin polarization and F‐actin �lament integrity in ESCC. Moreover, high-
content analysis showed that the cell areas of p62KD cells were signi�cantly smaller than that of wild
type cells, while the cell roundness p62KD cells was signi�cantly higher than wild type ones (Fig. 3D).
These results indicate a critical role of p62 controlling the cell morphology.

Nrf2 acts as a downstream effector of p62-mediated EMT
and F-actin polarization in ESCC cells
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Considering the aforementioned positive feedback loop in which p62 stabilizes Nrf2, which in turn
upregulates p62 expression (16), to this end, we questioned whether the interaction of p62 and Nrf2
contributes to the progression and metastasis of ESCC. We analyzed the expression pro�le of Nrf2 in
various human tumors using the GEPIA database. We found that Nrf2 expression was higher in
esophageal cancer comparing to that in matched normal tissues (Fig. S1'). Next, we generated Nrf2 or
Nrf2 and p62 double knockdown ESCC cell by CRISPR/Cas9 technology (Fig. 4A). As shown in p62KD

group, Nrf2 KD or Nrf2 and p62 double knockdown (p62KD:Nrf2KD) also downregulated the expression of
p-Smad2/3 and Slug, however, the inhibitory effect of p62KD:Nrf2KD was more obvious (Fig. 4A).

In addition, we compared the impact of p62KD, Nrf2KD, and p62KD:Nrf2KD on the cellular F-actin dynamics.
Rhodamine-phalloidin staining showed that Nrf2KD, p62KD:Nrf2KD or p62KD phenocopy associated
collapse of F-actin �lament cytoskeleton characterized by decreased expression and polarity of F-actin,
blurred cell edges, and reduced skeletal areas (Fig. 4B). High-content analysis showed that p62KD, Nrf2KD

or p62KD:Nrf2KD decreased cell areas while increasing cell roundness although the effect of Nrf2KD was
not statistically signi�cant (Fig. 4C). These results indicate that p62 plays a critical role in mediating EMT
associated with F-actin remodeling in ESCC cells. Mechanistically, it is likely that Nrf2 serves as a
downstream effector of p62 and intenti�es p62-mediated actions via a positive feedback upregution of
p62 expression as described in the other cell types (17).

Nrf2 serves as a downstream effector of p62-mediated
growth and metastasis of ESCC cells in vitro
To determine the functional signi�cance of p62 and Nrf2 interaction in ESCC, we examined the impact of
p62KD and/or Nrf2KD on the migration and invasion abilities of ESCC cells in vitro using wound-healing
and transwell assays. p62KD, Nrf2KD or p62KD:Nrf2KD effectively reduced the invasiveness and migration
of ESCC cells (Fig. 5A and 5B), which were veri�ed by high-content analysis (Fig. 5C and 5D). These
results suggest that both p62 and Nrf2 play an important role in ESCC. Indeed, knockdown of p62 and/or
Nrf2 signi�cantly inhibited the clone formation ability of ESCC cells in vitro (Fig. 6A). The xenograft assay
in vivo revealed that p62KD, Nrf2KD or p62KD:Nrf2KD suppressed the tumorigenesis of EC109 cells and the
tumor suppressive effect of p62KD:Nrf2KD was the strongest (Fig. 6B). Moreover, p62KD, Nrf2KD, or
p62KD:Nrf2KD signi�cantly decreased the pulmonary metastasis of EC109 cells in nude mice (Fig. 6C).
IHC showed that p62KD, Nrf2KD or p62KD:Nrf2KD decreased the expression levels of Vimentin in tumors
and the expression of Vimentin was positively correlated with the severity of tumorigenesis (Fig. 6B-E).
Importantly, Nrf2KD downregulated the expression of p62 in tumors (Fig. 6E). In conclusion, these results
indicate that p62 and Nrf2 promote the development and metastatsis of ESCC. At the molecular level,
Nrf2 serves as a downstream effector of p62 and may also function as a positive regulator p62 per se,
thereby contributing to the pathogenesis of ESCC.
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Discussion
In this study, we demonstrate that p62 and Nrf2 promote EMT, the invasion ability of ESCC cells, and
metastasis of ESCC via a mechanism by which p62 and Nrf2 form a positive feedback loop to faciliate
each other’s function. Our �ndings also suggest that p62 and Nrf2 may be not only therapeutic targets
but also potential prognostic markers for ESCC.

EMT is an important mechanism regulating the initial stage of tumor metastasis. Inhibiting EMT is an
important therapeutic strategy for clinical tumor therapy (18). The occurrence and development of EMT
involve different signaling pathways and signal crosstalk. Our results revealed that both p62 and Nrf2
mediate EMT in ESCC in a synergistic manner. Consistent with our �ndings, previous studies showed that
p62 promotes the occurrence and development of bladder cancer by upregulating the expressions of Nrf2
(19); and p62 promotes the proliferation and migration of prostate cancer cells by activating the
Keap1/Nrf2/ARE pathway (20). In addition, HMGB1 induces glioblastoma (GBM) cell EMT by
upregulation of p62 and stabilizes Snail by GSK-3β mediated proteasome degradation (21). These results
support that p62 and/or Nrf2-mediated EMT contributes to ESCC metastasis.

In addition, it has been shown that EMT is associated with actin cytoskeletal remodeling. F‐actin �lament
is an important component of the cytoskeleton and the dynamic remodeling of these �laments provide
the impetus for cell invasion and migration (22–24). The polymerization and depolymerization of F‐actin
�laments and cell migration are also associated with neoplasm metastasis (25). In the present study, we
found that there is a synergy between p62 and Nrf2 in maintaining F-actin polymerization while
promoting EMT in ESCC, which is similar to the other report that shows enhanced p62-nrf2 feedback loop
contributes to malignant transformation of human keratinocytes (17). Importanly, our results suggest
that Nrf2 likely serves as a downstream effector of p62 and intenti�es p62-mediated actions via a
positive feedback upregution of p62 expression as described in the other cells(20). To sum up, we
speculate that p62 and Nrf2 play an important role in mediating ESCC metastasis by inducing EMT.

In�nite proliferation is a sign of cancer cells. As far as cancer cell proliferation is concerned, both p62 and
Nrf2 play an important role in regulating cancer cell proliferation (26–28). However, the role of p62 and
Nrf2 in the proliferation of cancer cells under ESCC is still unclear. Up to now, only studies have reported
that p62 can resist the apoptosis of ESCC cells and promote the proliferation of ESCC cells by activating
protein kinase C iota (PKCiota)-S-phase kinase related protein 2(SKP2) pathway under serum starvation
(29). In ESCC, Nrf2 is the direct target gene of miR-27b-3p, which can inhibit the proliferation of ESCC cells
by inhibiting Nrf2 (30). In this study, we also found that knockdown of p62 or Nrf2 could inhibit
proliferation of ESCC cells. However, knocking down p62 and Nrf2 at the same time has the best
inhibitory effect, and they may have synergistic effect on the proliferation of ESCC cells.

There are several limitations in our study. Firstly, the effect of p62 or Nrf2 knockdown but not double p62
and Nrf2 knockdown on EMT and metastasis of CEC2 cells are determined. Secondly, the interaction
between p62 and Nrf2 in EMT and metastasis of ESCC has not been fully dissected. Finally, the
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correlation between the expression levels of p62 or Nrf2 and the survival rate of ESCC patients remains to
be established. Further investigation of these issues will provide novel insight into the pathogenesis of
ESCC and valuable information for targeting p62 and/or Nrf2 to treat ESCC.

Conclusion
In summary, we demonstrated that the p62 and Nrf2 constitutes an important regulatory mechanism in
ESCC(Figure 7). These results indicate that p62 and Nrf2 promote EMT and metastasis of ESCC in a
synergistic manner. Simultaneously targeting of p62 and Nrf2 may have a therapeutic potential in
treating ESCC.

Methods

Cell culture and treatments 
293T cell line was donated by Professor Sheng Wang of Beijing University of Technology. CEC2 and
EC109 cell lines were provided by Dr. Jintao Li at Beijing University of Technology. These cells were
cultured in high-glucose Dulbecco’s modi�ed Eagle’s medium (Gibco; Thermo Fisher Scienti�c, Inc.)
supplemented with 10% fetal bovine serum (Beyotime Institute of Biotechnology), 100 mg/mL
streptomycin and 100 U/mL penicillin (Beyotime Institute of Biotechnology) in a 37 ℃ and 5% CO2

atmosphere. 

Tissue microarray and immunohistochemistry (IHC) 
The tissue microarray was prepared by Wuhan Iwill Biological Technology Co.Ltd. It contains 34 ESCC
tissues (tumor) and corresponding adjacent normal esophageal tissues (AT). The scores are based on the
sum of the percent staining area plus staining intensity. Clinical information was provided by the
commercial source. The expression of p62 in tissue microarray was summarized in Table 1. The para�n-
embedded esophageal tissues were obtained from the Department of Oncology, A�liated Taihe Hospital
of the Hubei University of Medicine. These include poorly differentiated (n=5), moderately differentiated
(n=5), and highly differentiated (n=5) esophageal squamous cell carcinomas (It's classi�ed by
pathology). Brie�y, 4-μm-thick sections mounted on glass slides were processed for
immunohistochemistry (IHC). After dewaxing and hydration, endogenous peroxidase was inactivated by
3% methanol hydrogen peroxide for 10 min. Then 10% goat serum albumin (Beijing Solarbio Science &
Technology Co., Ltd.) was used to block nonspeci�c binding by incubating sections for 2 h at room
temperature while gently tilting the sections without washing them, followed by incubation with p62
(1:200; cat. no. 55274; ProteinTech Group, Inc.), Nrf2 (1:200; cat. no. 55274; ProteinTech Group, Inc.) and
Vimentin (1:200; cat. no. AF1975; Beyotime Institute of Biotechnology) anti-bodies at 4 °C overnight in a
moist chamber. After being washed three times with phosphate-buffered saline (PBS), the sections were
incubated with a secondary antibody (1:200; cat. no. A0208; Beyotime Institute of Biotechnology at room
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temperature) for 1 h and rinsed in PBS. Diaminobenzidine (DAB) was used as a chromogen, and sections
were counterstained with hematoxylin. Negative controls were obtained by incubating specimens with
PBS instead of the primary antibody. All patients signed informed consent forms prior to the study. Brown
particles in cells are thought to be positive signals; the staining intensity was determined and scored by
two pathologists. Please refer to Table 2 for scoring criteria. 

Establishment of p62 knockdown, Nrf2 knockdown, p62
and Nrf2 double knockdown stable cell lines 
To produce p62 knockdown, Nrf2 knockdown, p62 and Nrf2 double knockdown stable cell lines, p62 and
Nrf2 deletion mutants were �rst constructed. Oligo DNA sequences were designed in the target DNA
region using the CRISPR Design online tool, the sequences were shown in table 2. The primer dimers of
oligo DNAs were annealed with the pGL3-U6-sgRNA-PGK plasmids. The plasmids were transfected into
cells using an electro cell manipulator electroporator (Boston Industries, Inc.), and after 48h, 2 μg/mL
puromycin (cat. no. ST551; Beyotime Institute of Biotechnology) at room temperature was added to the
medium for 3 days. When the cells reached the logarithmic stage, they were digested and a single cell
was cultured in a 96-well plate for 15 days, and then transferred to a 6-well plate for culture. Cells were
collected and genomic DNA was extracted. T7E1 endonuclease kit (cat. no. E001S; VIEWSOLID BIOTECH)
was used to detect the target effeciency. Positive cell lines were selected for subsequent experiments.  

RNA extraction and reverse transcription PCR 
Total RNA was extracted from cells by TRIzol (Beyotime Institute of Biotechnology). Reverse transcription
was carried out using reverse transcriptase (Takara Bio, Inc.) according to the manufacturer's
instructions. The levels of E-cadherin, N-cadherin, Vimentin and Snail were detected by PCR (95 ℃ for 3
min;95 ℃ 30 SEC; 58 ℃ 30 SEC;72 ℃ 30 sec; 72 ℃ for 5 min; for 30 cycles) GAPDH serves as an
internal reference. Gene-speci�c primers are shown in table 2 in the supplemental �le. 

Western blot analysis 
Cells of different treatment groups were incubated in T25 culture bottles. Total protein was isolated from
the cells using RIPA buffer with 1% phenylmethyl sulfonyl�uoride (PMSF). The protein concentration was
determined by BCA protein detection kit (Beyotime Institute of Biotechnology). 30μg total protein in each
sample was isolated in 12% tris-glycine SDS gel, and transfer to 0.22 μm polyvinylidene �uoride (PVDF)
membrane (Beijing BeiFang Tongzheng Biotechnology Development Co. Ltd). Then the membrane was
sealed in TBST with 5% skim milk powder for 2 h, and incubated overnight with the corresponding
primary antibody (diluted according to instructions), TBST was used for washing three times, each wash
took about 10 min, The membrane was incubated at room temperature for 2 h with HRP-conjugated
secondary antibody (1:5000; Beyotime Institute of Biotechnology). The binding antibody was observed
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with an enhanced chemiluminescence kit (Beyotime Institute of Biotechnology) and imaging system (Bio-
Rad, USA). 

F-actin staining 
Cells from different treatment groups were cultured in 96-well plates until 50% con�uent, and �xed with
4% paraformaldehyde. Cells were permeated with 0.5% Triton X-100 and incubated in the dark for 30
minutes with 100 nM of rhodamine-phalloidin (Cytoskeleton, Inc.) at room temperature. Then the nuclei
were stained using DAPI (Thermo Fisher Scienti�c, Inc.). Lastly, the cells were observed and
photographed using High-Content Analysis (HCA; PerkinElmer, Inc.), and analyzed using the harmony
software. 

Wound healing assay 
Cell migration was detected by wound healing assay. Cells were cultured in 6-well plates until arrived at
80 to 90 percent of con�uence. A 200 μL pipette tip was used to produce scratches. Then the cells were
cultured in serum-free medium and photographed with an inverted microscope (Leica Corporation) at 0,
24, 48, 72 and 96h after scratching. The wound healing rate was measured as follows: [(empty area 0 h -
empty area x h)/ empty area 0 h] ×100. 

Invasion assay 
The matrigel (BD Biosciences, CA, USA) was added to each upper chamberaccording to the
manufacturer’s instructions. 1×105 ESCC cells were inoculated into the upper chamber. Medium
containing 10% FBS was added to the lower chamber. After incubation at 37 ℃ for 72 h, the non-invasive
cells were gently wiped with a cotton swab from the top of the matrigel. The invasive cells at the bottom
of the chamber were �xed in methanol and stained with 0.1% crystal violet. The cells in �ve random �elds
were counted with inverted microscope (Leica Corporation) and quanti�ed. 

Colony formation assay 
A total of 500 cells were cultured in 6-well plates for 2 weeks. After the cells form visible clones, the cells
were �xed with methanol for 20 min and stained with crystal violet for 30 min. The numbers of clonesin
each group were counted with an inverted phase contrast microscope (Leica Corporation). Three
independent replicates were performed. 

Xenograft assay 
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All animal experiments were approved by Animal Ethics Committee at Animal ethics committee of the
Hubei University of Medicine, all animal procedures and animal care were conducted in accordance with
the guidelines for institutional animal research. Female BALB/c-nu mice aged 4 weeks were selected
(purchased from Shanghai experimental animal center of Chinese academy of sciences). They were fed
under speci�c, non-pathogenic conditions and given sterilized food and water. 1×107 wild , p62KD, Nrf2KD,
and p62KD:Nrf2KD EC109 cells were subcutaneously injected into the left armpit, right armpits, left groin
and right groin of 4 nude mice, respectively. After 4 weeks, the mice were killed, the subcutaneous tumor
was removed and �xed with 10% paraformaldehyde for further analysis. Similarly, The same number of
wild, p62KD, Nrf2KD, and p62KD:Nrf2KD EC109 cells were inoculated into the tail vein of 4-week-old female
nude mice. After 8 weeks, the visceras of all the mice were dissected and �xed in formalin for further
analysis.  

Statistical analysis 
The values are shown as the means±S.D. for triplicate experiments. To statistically analyze the
signi�cance between two groups or greater than two groups, the Student’s t-test or the ANOVA test was
appropriately used, respectively. The Fishers exact test was used to analyze the relationships among
PHLDA2 expression and clinical characteristics of ESCC patients. P<0.05 was considered statistically
signi�cant. SPSS 25.0 software was used for all statistical analyses.

Abbreviations
P62: Sequestosome 1; Nrf2: Nuclear factor erythroid 2-related factor 2; ESCC: Esophageal squamous cell
carcinoma; AC: Adenocarcinoma; SCC: Squamous cell carcinoma; EMT: Epithelial mesenchymal transion;
ECM: Extracellular matrix; KEAP1: Kelch-like ECH associated protein 1; ESCA: Esophageal carcinoma 
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Figures

Figure 1

P62 expression is associated with esophageal cancer. (A) P62/Sequestosome 1 expression was higher in
esophageal carcinoma (ESCA) compared to the matched normal tissues (GEPIA). (B) Representative
images of p62 staining (brown) ESCC tissue samples (on the lest) with corresponding adjacent normal
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esophageal tissues (AT, on the right, n=34). (C) Immunohistochemical images of representative p62
tumor tissues. From top to bottom: low, medium and high expression of p62,in which high ,medium and
low respectively represent their corresponding degree of pathological differentiation.(n=5). (D, E)
Expression score of p62 in esophageal squamous cell carcinoma tissue microarray, the scores are based
on the sum of percent staining area plus staining intensity Data are shown as mean ± SD,**P < 0.01.

Figure 2
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Knockdown of p62 inhibits migration and invasion of ESCC cells in vitro. (A) The expression level of p62
protein in EC109 cells decreased after p62 was knocked out by CRISPR/Cas9 gene editing. Cell invasion
(B, C) and migration(D) decreased after p62 gene knockdown. (E) High - content analysis showed that
p62 gene knockdown inhibited the migration of EC109 cells. Data are shown as mean ± SD,*P < 0.05.

Figure 3
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After p62 knockdown, EMT and F-actin polarization of ESCC cells were inhibited and autophagy was
promoted. P62 deletion down-regulated the expression levels of various EMT-related markers (A, B). (C)
Morphology of ESCC cells in P62 p62KD and wild-type group (400×). The p62 knockdown suppressed F-
actin polarization in EC109 cells. The distribution of F-actin (red) between wild and p62KD EC109 cells
was determined by rhodamine-phalloidin staining. The nuclei were stained with DAPI (blue). (D) High-
content analysis showed that the cell areas decreased and the cell roundness increased after the p62
gene was knockdown in EC109 cells.Data are shown as mean ± SD,*P < 0.05.
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Figure 4

After knockdown of p62 or Nrf2, EMT and F-actin polarization of ESCC cells were inhibited and
autophagy of ESCC cells was promoted. (A) After the knockdown of p62 or Nrf2 in EC109 and CEC2 cells,
wild cells were used as a control, and western blot detected the expression levels of p62 or Nrf2 and EMT-
related indicators, and GAPDH was used as a loading control. After knockdown of p62 or Nrf2, the
expression of EMT-related indicators in ESCC cells were changed. (B) Cell morphology of ESCC in
different treatment groups under an inverted microscope (400×). Rhodamine phalloidin staining was
used to determine the distribution of F-actin (red) in ESCC cells of different treatment groups, and the
nuclei were stained with DAPI (blue). the expression and polarity distribution of F-actin in Nrf2KD or
p62KD:Nrf2KD cells were decreased (C) High-content analysis showed that the cell edges were blurred,
and the skeletal areas were signi�cantly reduced. Data are shown as mean ± SD,*P < 0.05.
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Figure 5

Inhibiting Nrf2 can damage the migration and invasion ability of ESCC cells in vitro. (A) The invasion of
ESCC cells was measured by transwell invasion assays. (B) The migration of ESCC cells was measured
by wound healing assays. (C, D) High - cotent analysis showed that p62 or Nrf2 gene knockdown
inhibited the migration of EC109 cells. Data are shown as mean ± SD, * P< 0.05, **P< 0.01.
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Figure 6

The knockdown of p62 or Nrf2 inhibits the growth of ESCC cells both in vitro and in vivo. (A) After
knockdown p62 or Nrf2 ESCC cells colony formation in vitro. Count the colonies on day 14. Data are
means ± S.D of triplicate cultures from a representative experiment. The knockdown of p62 or Nrf2
inhibits the growth of ESCC cells in vitro. (B) Wild, p62KD, Nrf2KD, and p62KD:Nrf2KD EC109 cells were
transplanted into nude mice (n = 4) and the tumor was dissected 4 weeks later. The weights of tumors are
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presented as the mean ± S.D (*P< 0.05). The knockdown of p62 or Nrf2 inhibits the growth of ESCC cells
in vivo. (C) Wild, p62KD, Nrf2KD, and p62KD:Nrf2KD EC109 cells were injected into nude mice through the
caudal vein injecting (n=4), and lung tissue was removed 8 weeks later. The lung was �xed with 10%
formaldehyde, and the red arrow indicated metastatic nodules. (D) The knockdown of p62 or Nrf2
reduced the lung metastasis capacity of EC109 cells. (E) Immunohistochemical analysis of p62 and
Vimentin levels in tumor tissue samples (100×). The knockdown of p62 or Nrf2 decreased Vimentin
expression in the tumor. Data are shown as mean ± SD, * P< 0.05, **P< 0.01.

Figure 7

Inhibition of P62 or NRF2 impaired metastasis of esophageal squamous cell carcinoma.
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