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Abstract

BACKGROUND

SOX2 can promote squamous cell carcinoma (SSC) because it regulates the migration
and invasion of several different types of squamous carcinoma cells. However, few
studies have examined the prognostic value of SOX2 and its effect on the epithelial-
mesenchymal transition (EMT) in esophageal SSC (ESCC), a cancer characterized by

high invasion and rapid metastasis.

AIM
To verify the relationship of SOX2 and the EMT in ESCC and determine the prognostic
value and significance of SOX2 and protein markers of the EMT in ESCC.

METHODS

One hundred and eighty-five postsurgical ESCC patients were retrospectively
examined. Immunohistochemistry was used to detect SOX2, E-cadherin, and vimentin
in ESCC tissues. The chi-square test was used to determine the relationships of the
expression of these proteins with clinical data. Kaplan-Meier survival curves were used

to evaluate factors associated with overall survival (OS).

RESULTS

SOX2 and vimentin had high expression in ESCC tissues and correlated with the depth
of local carcinoma invasion. SOX2 expression had positive correlations with tumor size,
vimentin expression, and the EMT, and a negative correlation with E-cadherin
expression. Expression of SOX2 and vimentin had negative correlations with OS. SOX2

expression was an independent prognostic risk factor for poor OS in patients with

ESCC.

CONCLUSION




SOX2 expression was an independent risk factor for OS in patients with ESCC and its
expression had a positive correlation with the expression of vimentin, a classic marker
of the EMT. SOX2 promoted the migration and invasion of ESCC, and this may related

to its effect on vimentin in promoting the EMT.
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Core Tip: SOX2 functions in the pathogenesis of SCC by driving the increase of tumor
size and invasion, and is also associated with the expression of p-catenin and the EMT.
Our examination of the role of SOX2 in ESCC indicated that its expression had a
positive correlation with vimentin expression, an established marker of the EMT. SOX2
expression was also associated the migration and invasion of ESCC, and this may be
related to the upregulation of vimentin and the desreased expression of E-cadherin,
which promote the EMT. SOX2 expression was an independent risk factor for poor OS
in patients with ESCC.

INTRODUCTION

Cancer of the esophagus is the sixth most common cause of cancer-related deaths

worldwide, and esophageal squamous cell carcinoma (ESCC) is the major pathological
type of this cancer. In particular, ESCC accounts for 90% of esophageal cancers in
Eastern Asia, East Africa, South America, and China, and is especially common in
Xinjiang residents of Kazakh ethnicity [1]. ESCC originates from squamous epithelial
cells of the inner lining of the esophagus, cells that have direct contact with carcinogenic
substances [2. However, multiple pathways, metabolic factors, and genes affect the

onset and progression of ESCC, so prevention and treatment can be difficult. ESCC is




also associated with a high rate of mortality, and the current 5-year survival rate is only
about 20% [3].

The epithelial-to-mesenchymal transition (EMT) is one of the most important
biological transformations during the progression of cancers [4, 5]. The EMT is a key
factor indicative of poor prognosis in patients with ESCC, because it indicates the
presence of local invasion, lymph node metastasis, and distant metastasis [6-8]. E-
cadherin and vimentin are two classical biomarkers of the EMT [9, 10]. In particular,
downregulation of E-cadherin and upregulation of vimentin in tumor cells correlate
with tumor cell migration, a necessary step during local invasion and distant metastasis
of tumor cells [111.

Sex determining region Y-box 2 (SOX2) regulates gene transcription and functions
in the initiation and development of cancer stem cells. There is a close relationship
between SOX2 and the EMT, but the nature of this relationship differs among different
cancers. For example, SOX2 promotes the EMT in oral cancer [12]. Although the
pathology of head and neck squamous cell carcinoma is similar to that of ESCC, SOX
inhibits the EMT and also inhibits the invasion and metastasis of head and neck
squamous cell carcinoma [13]. However, the relationships between SOX2 and the EMT
in ESCC and between the expression of SOX2 and the prognosis of ESCC patients
remain to be elucidated. We assessed the role of SOX2 in ESCC and its relationship with
the EMT by performing immunohistochemical staining of SOX2, E-cadherin, and
vimentin in ESCC tissues from patients of Han and Kazakh ethnicity, and evaluated
their prognostic significance and relationships with the clinical features of these

patients.

MATERIALS AND METHODS

Patient characteristics
This retrospective study examined the records of 185 patients (96 of Han ethnicity
and 89 of Kazakh ethnicity) who were diagnosed with ESCC and received radical

primary resection of the cancer with lymph node dissection at the First Affiliated




Hospital of Xinjiang Medical University between January 2010 and June 2019 (Table 1).
None of the patients received neoadjuvant chemotherapy or radiation therapy. All
diagnoses were reviewed by two expert pathologists (Ma YQ and Li MY). The available
clinicopathological data included age (<65 or =65 years-old), tumor location (upper,
middle, or lower), tumor size (<3 cm or 23 cm), tumor differentiation (uncertain [Gx],
well-differentiated [G1], moderately differentiated [G2], or poorly differentiated [G3]),
lymph node metastasis (yes or no), distant metastasis (yes or no), stage according to the
eighth edition of the AJCC (I, II, IIL, or IV), and depth of invasion (mucosa, muscularis,
or full thickness).

This study was approved by Ethical Committee of the First Affiliated Hospital of
Xinjiang Medical University (20180223-08). Prior to the operation, each patient was
clearly informed about the procedures, extraction of tissues, and pathological
examination. The experimental purpose was explained verbally during the follow-up.
The follow-up deadline was July 2020, based on review of the medical records and
telephone calls. Overall survival (OS) was defined as the time from the date of surgery
until death or the last follow-up.

Surgical procedures

From 2010 to 2017, the main surgical method was total incision (left posterolateral
thoracotomy and total incision); from 2017 to 2019, the method of total chest and
laparoscopic triple incision (right posterolateral thoracotomy and abdominal incision
and left neck) was added. For early stage-cancer, the site was the upper esophagus, and
if the esophageal tumor was easy to separate it was removed by separate endoscopic
surgery. For intermediate-stage cancer, the lesion was behind the aortic arch, and right
chest incision (right posterolateral thoracotomy and abdominal median incision) was
used. For the middle and lower esophageal lesions (under the carina), a left
posterolateral thoracotomy and incision was often used.

Immunohistochemistry
Immunohistochemical staining was performed using the following antibodies:

rabbit monoclonal anti-SOX2 antibody (ab97959, Abcam, 1:1000 dilution), rabbit




monoclonal anti-E-cadherin antibody (ab227639, Abcam, 1:500 dilution), and rabbit
monoclonal anti-vimentin antibody (ab92547, Abcam, 1:500 dilution).

Formalin-fixed samples were embedded in paraffin and then subjected to
deparaffinization/hydration and incubation at 58 to 65°C for 1 h. On the day before the
assays, sections were put into a 37°C oven overnight to soften the wax layer. After
dewaxing and dehydration, the sections were added to a boiling EDTA repair solution
(pH 9.0) for 15 min, cooled at room temperature for 30 min, and then endogenous
peroxidase was added for 20 min. The sections were then rinsed three times with
phosphate-buffered saline, a goat anti-rabbit secondary antibody (PV-6001) was added,
and the sections were then maintained at 37°C for 1 h. Finally, DAB was added for
staining. Each experiment included positive control sections and negative control
sections, in which PBS replaced the primary antibody.

Evaluation immunostaining results

Samples of normal esophageal mucosal tissues that were adjacent to but separate
from ESCC tissues were independently examined by two experienced pathologists. The
microscopy of all slides was performed at the same incident light and compensation
intensity, and five high-power fields (x400) were randomly selected on each slide for
analysis. SOX2 expression was assessed using a semi-quantitative staining index
defined as the percentage of positive cells x staining intensity. For this calculation,
staining intensity was scored 0 (negative), 1 (light brown), 2 (brown), or 3 (dark brown)
and the percentage of positive cells was scored as 0 (0~10%), 1 (11~25%), 2 (26~50%), 3
(51~75%), or 4 (76~100%). Thus, the staining index ranged from 0 to 12. For analysis of
SOX2 data, “positive expression” was defined by a staining index score of 4 or more
and “negative expression” as a score of 3 or less [14].

E- cadherin expression was considered “negative” if stained cells accounted for
50% or more of continuous membrane staining and “positive” if this percentage was
less than 50%, as described by Liu et al [15]. Vimentin expression was rated by

determination of cytoplasmic staining in tumor cells, and “positive” expression was




defined by staining of 3% or more of the cells. This threshold was used because
nonspecific staining can occur in 1% or more of tumor cells [16].

In ESCC tissues, SOX2 is expressed in the nucleus (Figure 1B), E-cadherin is
expressed in the plasma membrane (Figure 1F), and vimentin is expressed in the
cytoplasm (Figure 1D). In normal esophageal epithelial tissues, SOX2 and vimentin are
undetectable or only expressed in basal layer cells (Figure 1A,C), and E-cadherin is
expressed in the plasma membrane of basal layer cells (Figure 1E).

EMT subtypes

Three different subtypes of the EMT were defined based on the expression of E-
cadherin and vimentin: epithelial cell group (negative for both E-cadherin and
vimentin); mixed group (positive for E-cadherin and negative for vimentin, or negative
for E-cadherin and positive for vimentin); and mesenchymal cell group (positive for
both E-cadherin and vimentin) [16].

Statistical methods

SPSS version 22.0 (SPSS Inc, Chicago, IL, USA) was used for all data management
and statistical analyses. Categorical variables were expressed as numerals and
continuous variables as means + standard deviations. Patient characteristics were
compared using the )2 test or Fisher’s exact test (when the expected frequency was less
than 5 in a contingency table). Overall survival (OS) was assessed using log-rank test
with Kaplan-Meier survival curves. A Cox proportional hazard regression model was
used to identify the significance and independence of the relationships of different

factors with OS. A P-value below 0.05 was considered significant.

RESULTS
Baseline characteristics of patients with ESCC

We recorded the baseline clinicopathological characteristics of all 185 ESCC patients
(able 1). There were 129 males and 56 females and the mean age was 63.47 + 8.568
years (range: 32-83, median: 64). Ninety-six patients (51.9%) had Han ethnicity and 89
(48.1%) had Kazakh ethnicity. We classified ESCC differentiation as high in 23 patients




(12.4%), moderate in 117 patients (63.2%), and poor in 45 patients (24.3%). Analysis of
AJCC staging indicated 15 patients (8.1%) with stage I, 119 (64.3%) with stage II, 35
(18.9%) with stage III, and 16 (8.6%) with stage IV. There were 57 patients (30.8%) with
lymph node metastases and 9 patients (4.9%) with distant metastases.

Analysis of the immunohistochemical staining results indicated that 102 samples
(55.1%) were positive for SOX2, 71 (38.4% ) were positive for E-cadherin, and 116 (62.7%)
were positive for vimentin (Table 2). Based on our EMT subtyping criteria, 38 patients
(20.5%) were in the epithelial group, 107 (57.8%) were in the mixed group, and 40
(21.6%) were in the mesenchymal group (Supplementary Table 2).

Relationships of SOX2, E-cadherin, vimentin, and clinicopathological parameters

We analyzed the relationships of the expression of SOX2, E-cadherin, and vimentin
with the clinicopathological parameters of the 185 ESCC patients (Supplementary Table
1). The results indicated that SOX2 expression had positive correlations with tumor size
(r = 0.382, P < 0.001) and full depth of tumor invasion (r = 0.295, P < 0.001), and
vimentin expression had a positive correlation with full depth of tumor invasion (r =
0.266, P < 0.001). Analysis of the relationships of the different biomarkers indicated that
expression of SOX2 and vimentin had a positive correlation, and expression of vimentin
and E-cadherin had a negative correlation (all P < 0.05).

Further analysis (Table 2) indicated that SOX2 expression was greater in tumors
that were 3 cm or larger, and in tumors with muscularis and full thickness invasion (all
P <0.001). Vimentin expression was also significantly greater in tumors with muscularis
and full thickness invasion (P = 0.007). E-cadherin expression was lower in tumors wit
moderate differentiation (P = 0.035). However, pairwise comparisons, in which a
difference was considered significant if the P value was less than 0.0125 (Bonferroni
correction), indicated there were no significant differences in the expression of these
proteins in the groups with high, moderate, and poor differentiation (all P > 0.0125).

Analysis of the different EMT subtypes (Supplementary Table 2) indicated that the
mesenchymal subtype was more likely to be present in tumors with distant metastasis

(12.5%, P = 0.040) than the epithelial subtype (2.6%) and the mixed subtype (2.8%).




Relationships of OS with SOX2, vimentin, and E-cadherin, and EMT subtype
The Kaplan-Meier survival curves showed that OS was significantly and negatively
associated with positivity for SOX2, positivity for vimentin, and the mesenchymal EMT
subtype (Figure 2). However, E-cadherin positivity had no significant effect on OS (P =
0.12).
Univariate Cox proportional hazard regression analysis showed that vimentin
expression, invasion, EMT subtype, and SOX2 expression were associated with poor OS
1 P < 0.05; Table 3). However, multivariate analysis showed that SOX2 expression
(HR =1.53, 95%CI = 1.06-2.20, P = 0.022) and invasion (HR = 0.49, 95%CI = 0.331-0.771,

P <0.001) were the only factors associated with overall survival.

DISCUSSION

In the present study, we performed immunohistochemical staining to assess the
relationship of SOX2 expression with EMT-associated markers and the clinical
characteristics of patients with ESCC. Our results indicated that SOX2 positivity was
associated with tumors that had full depth invasion, greater tumor cell proliferation,
poor patient prognosis, and the mesenchymal EMT subtype. The transition of epithelial
to stromal cells increases the aggressiveness and malignancy of ESCC. SOX2 is a
biomarker of ESCC severity, so therapeutic targeting of this protein may potentially
improve the prognosis of patients with these tumors.

SOX2, a well-known pluripotent transcription factor and tumor stem cell marker,
plays a key role in the EMT during the normal physiological processes of
embryogenesis [17l and development of the esophagus [18, 19], but it also promotes the
proliferation and metastasis of cancer cells [4, 20]. In particular, SOX2 has high
expression in tongue squamous cell carcinoma, oral squamous cell carcinoma, and
ESCC [21l. Some researchers found that SOX2 can promote the proliferation of SCC. In
this study, we found that high expression of SOX2 was related to tumor volume, so we
speculate that SOX2 also promotes ESCC [22]. However, other research indicated that

overexpression of SOX2 inhibited cell proliferation by activating cyclin-dependent




kinase inhibitor 1B (p27Kip1) [23]. In addition, a critical range of SOX2 expression is
needed to promote the proliferation of pancreatic tumor cells; these tumor cells do not
proliferate when the SOX2 Level is too high or too low.

The role of SOX2 in promoting the proliferation of ESCC cells needs verification by
further in vivo and in vitro studies. Some of our results are consistent with those
of Takahashi et al [2!l. For example, we both found that high expression of SOX2 in
ESCC positively correlated with tumor size and the EMT. SOX2 can also promote the
EMT in laryngeal cancer [24, esophageal cancer [25], and gastric cancer [26]. Conversely,
EMT can promote SOX2 expression and the development of cells with stem cell-like
properties in bladder cancer [27]. There is also evidence that SOX2 promoted the EMT
via the STAT3 signaling pathway in ESCC [25].

Our results indicated ESCC patients with the mesenchymal EMT subtype had greater
tissue metastases and shorter OS time than patients with the epithelial EMT subtype.
We also identified correlations in the expression of SOX2 with EMT subtype. Therefore,
SOX2 expression may promote distant metastasis of ESCC via the EMT. The EMT is a
dynamic biological process in which epithelial cells transform into mesenchymal cells
[28], and E-cadherin and vimentin are key markers of the initiation of the EMT in tumor
cells 1. At the molecular level, E-cadherin is a calcium-dependent adhesion protein
that connects epithelial cells and forms adherens junctions between adjacent cells 130,
The loss of E-cadherin expression stimulates the EMT in tumors and increases tumor
invasion and metastasis [31, 32]. Twist, Snail and Zebl inhibit the transcription of E-
cadherin and induce the EMT [33, 34]. However, Padmanaban ef al [35] found that
although a reduced level of E-cadherin promoted tumor cell invasion, it also reduced
cell survival, proliferation, distant metastatic growth, and the number of tumor cells in
circulation.

We found no correlation of the E-cadherin level with the clinical characteristics or
prognosis of patients with ESCC. This may be because of the complex dynamic
processes of the EMT, so that E-cadherin is a suitable marker of the EMT for in vitro

studies but not in clinical settings. Nevertheless vimentin, a type III intermediate




filament (IF) protein, affects the migration of tumor cells, and plays a key role in
allowing deformed tumor cells to pass through the basement membrane, manifesting as
invasive growth and distant metastases [36-38]. Multiple transcription factors regulate
vimentin and promote the EMT, such as Twist, Slug, and Zebl, but vimentin itself can
enhance the expression of other transcription factors, such as Snail 3. The microRNA
miR-515-3P also silences vimentin by directly binding to the coding region in its mRNA,
and this inhibits expression of this protein and the metastasis of ESCC [40]. In our
study, vimentin expression was associated with local invasion of ESCC, and there was a
close positive correlation between the expression of vimentin and SOX2. In contrast
[41], studies of head and neck SCC reported that down-regulation of SOX2 Led to up-
regulation of vimentin and promotion of tumor cell invasion and metastasis. However,
the signal pathway responsible for the interaction between SOX2 and vimentin in ESCC
is still unclear. Whether the EMT promotes tumor stem cell formation because of
vimentin acting on SOX2 needs further experimental verification. Nonetheless,
vimentin has prognostic value in ESCC, gastric cancer, and colorectal cancer [42], in that
higher expression correlates with worse prognosis. Vimentin, a critical prognostic factor
for OS in patients with ESCC, may affect patient outcome by directly or indirectly
interacting with SOX2.

There were some shortcomings in this study. First, because this was a retrospective
study, we can only identify associations and cannot infer causal relationships. Second,
because ESCC patients with advanced disease or distant metastasis do not routinely
undergo surgical treatment, we only examined 16 patients (8.6%) with stage IV cancer
and 9 patients (4.9%) with distant metastasis. This may partly explain why we did not
identify a significant association between AJCC stage and overall survival.

It is exciting to note that a recent single-cell transcriptomics study of ESCC reported
that SOX2 was highly expressed in these cells and was an effective marker gene for
identification of tumor cells and other cell types [43]. The results of this single-cell
transcriptomics study, combined with our immunohistochemical results, further

confirmed the key role of SOX2 in ESCC.




CONCLUSION

Thus, our immunohistochemistry results support the use of SOX2 as prognostic
biomarker for ESCC. Importantly, vimentin may mediate the effects of SOX2 in
promoting the EMT during ESCC progression. Further in-depth studies of these two
prognostic biomarkers may help to elucidate the mechanism of cell invasion and
metastasis during ESCC and also provide insights needed to develop targeted therapies

for this cancer.

ARTICLE HIGHLIGHTS

Research background

SOX2 is a promoter of squamous cell carcinoma, and high expression of SOX2 is related
to the proliferation, migration, and invasion of squamous cell carcinoma. However,
there is limited knowledge of the relationship between SOX2 and the epithelial-

mesenchymal transition (EMT) in esophageal squamous cell carcinoma (ESCC).

Research motivation

Single cell sequencing proteomics studies can characterize the heterogeneity of cells
within a tissue. For example, studies using this method reported that SOX2 was only
expressed in epithelial cells, and was highly expressed in the epithelial cells of ESCC.
Our previous bioinformatics research using TCGA database found that SOX2
expression was closely related to the EMT and the Wnt/ 3 -catenin signaling pathway in
ESCC. The present study was performed to verify the role of SOX2 during the EMT in

ESCC and to determine its value as a prognostic indicator in these patients.

Research objectives
Perform tissue-level studies to determine if SOX2 is related to the EMT and
clinicopathological characteristics in ESCC patients, and its possible role as a prognostic

indicator in these patients.




Research methods
The expression of SOX2, vimentin, and E-cadherin were determined by
immunohistochemical staining and scoring, and the relationship between SOX2

expression and two classical marker proteins of the EMT was analyzed.

Research results

SOX2 had higher expression in ESCC than normal tissue, and its expression had
positive correlations with the tumor invasion and tumor size. There was a negative
correlation between SOX2 and overall survival, and SOX2 expression was an
independent risk factor for prognosis of patients with ESCC. There was also a positive
correlation between the expression of SOX2 and vimentin. SOX2 may promote the EMT

in ESCC due to its direct or indirect interaction with vimentin.

Research conclusions
SOX2 expression is an important prognostic indicator in patients with ESCC, and it

appears to promote the migration, invasion, and infiltration of ESCC via vimentin.

Research perspectives

Our clinical experiments indicated a correlation of SOX2 expression with the EMT and
with activation of the Wnt/[-catenin signaling pathway. It is possible that inhibition of
SOX2 expression in ESCC will inhibit the EMT, reduce tumor invasiveness, and

improve patient prognosis.
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