Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 45: 129-138, 2021

SOX12 contributes to the activation of the
JAK2/STAT3 pathway and malignant transformation
of esophageal squamous cell carcinoma
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Abstract. As a crucial transcription factor, sex-determining
region Y box 12 (SOX12) is closely related with tumorigenesis
and malignant transformation in various malignant tumor
types. To date, the specific function of SOX12 in esophageal
squamous cell carcinoma (ESCC) has remained largely
elusive and requires further investigation. The present study
aimed to determine whether aberrant expression of SOX12 is
associated with malignant development of ESCC. The expres-
sion level of SOX12 in ESCC cells and tissues was analyzed
by RT-qPCR and western blotting. Short hairpin RNA
(shRNA) targeting SOX12 was transfected into ESCC cells to
knock down the expression of SOX12. Colony formation and
Transwell assays were used to detect viability and mobility of
ESCC cells. Signaling pathway-related proteins were assessed
using western blot analysis and cellular immunofluorescence.
Clinical prognosis data was analyzed by Kaplan-Meier and Cox
logistic regression. The present results revealed that SOX12
was overexpressed in ESCC cells and tissues. Knockdown
of the expression of SOX12 by shRNA inhibited the colony
forming efficiency, migration and invasion capacities of ESCC
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cells in vitro. Recombinant protein of SOX12 could restore the
aggressive phenotype of ESCC cells. Furthermore, knockdown
of the expression of SOX12 inhibited the activation of the Janus
kinase 2 (JAK2)/signal transducer and activator of transcrip-
tion 3 (STAT3) signaling pathway by decreasing the expression
of the JAK2/STATS3 signaling pathway. Recombinant protein
of SOX12 could recover the activation of the JAK2/STAT3
signaling pathway. Analysis of the clinical data revealed that
overexpression of SOX12 indicated shorter overall survival
time (OS; P=0.0341) and disease-free survival time (DFS;
P=0.04). Univariate and multivariate analysis revealed that
overexpression of SOX12 was an independent factor for ESCC.
In conclusion, SOX12 was revealed to serve a crucial function
in sustaining the viability, as well as enhancing the motility of
ESCC cells via activating the JAK2/STAT?3 signaling pathway.
Thus, SOX12 may potentially serve as a novel biomarker and
candidate for the targeted treatment of ESCC.

Introduction

Esophageal cancer (EC) is a common human malignant tumor
type with high incidence and mortality and the sixth leading
cause of cancer-associated deaths worldwide (1-3). While
esophageal adenocarcinoma (EAC) is the main histologic
subtype in Western countries, esophageal squamous cell
carcinoma (ESCC) remains the predominant form in Asian
countries, accounting for more than 90% of EC (4). The devel-
opment of early diagnostic and adjuvant treatment methods has
provided a benefit for certain ESCC patients in recent decades.
However, the poor prognosis of patients remains a major clinical
problem (5). Recurrence and the ability to form metastasis are
crucial characteristics of malignant compared with benign
tumors, and are accountable for the mortality of a considerable
proportion of affected patients. Tumor metastasis is multistep
and complex biological process, including the spread of tumor
cells from their primary location and disseminating through the
bloodstream to eventually colonize in situ or in distant organs (6).
Identification of effective regulators in every key regulatory step
of malignant progression is anticipated to provide improvement
for the diagnosis and treatment of ESCC.
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Sex-determining region Y-box 12 (SOX12) is well-known
as a member of a transcription factor superfamily belonging to
the high-mobility group, and has been revealed to perform key
functions in embryonic development and the determination of
cell fate (7,8). Previous studies have also revealed that aberrant
expression of SOX12 affects the biological behaviors of tumor
cells and has a potential prognostic value in various type of
tumors, such as liver (9), breast (10), and lung cancer (11), as
well as renal carcinoma (12) and acute myeloid leukemia (13).
However, the potential roles and specific regulatory mecha-
nisms of SOX12 in ESCC remain unknown.

The purpose of this study was to investigate the role of
SOX12 in the biological behavior of ESCC cells and its
predictive value for clinical prognosis

Materials and methods

Patients and collection of tissue samples. Esophageal squa-
mous cell carcinoma tissue and paired adjacent non-cancerous
tissues (n=56) were collected from patients who were
diagnosed with primary ESCC and received radical esophageal
surgery without preoperative radiotherapy, chemotherapy or
biotherapy from August 2012 to September 2013 at Changhai
hospital, Second Military Medical University (Shanghai,
China). The median age of patients at the time of admission
was 58 years, range 43-72 years. In total, 15 patients were
women, and 41 were men. Total RNA from 56 pairs of tissue
samples were extracted for RT-qPCR detection. Total protein
from 6 pairs of tissue samples were extracted for western blot
detection. All tissues (tumor tissue and paired para-cancerous
tissue) were embedded in paraffin immediately after surgery.
Each sample was confirmed by pathological diagnosis and was
followed up until March 2018. The use of esophageal cancer
tissues and clinical data was approved by the Biomedical
Ethics Committee of the Second Military Medical University
(Shanghai, China). Informed consent from each patient before
surgery was obtained.

Immunohistochemistry (IHC). IHC was used to evaluate the
expression level of SOX12 in paraffin-embedded tissues.
All specimens had been fixed in 10% buffered formalin and
embedded in paraffin. The embedded tissues were cut into
4-um-thick serial sections and stored at 4°C. After deparaf-
finization, rehydration and antigen retrieval, each slide was
blocked with 10% (w/v) normal goat serum (product no. SP
KIT-BI1; Fuzhou Maixin Biotech Co.,Ltd.) at room temperature
for 1 h and then incubated with anti-SOX12 primary anti-
body (dilution, 1:100; cat. no. SAB4502835; Sigma-Aldrich;
Merck KGaA) at 4°C overnight, followed by incubation with
secondary antibodies (EliVision plus; product no. KIT-9901;
Fuzhou Maixin Biotech Co., Ltd.) at room temperature for
1 h and diaminobenzidine dye (product no. DAB-0031 (20X);
Fuzhou Maixin Biotech Co., Ltd.) at room temperature for
1-9 min. Counterstaining of the nucleus was performed with
hematoxylin (product no. CTS-1099; Fuzhou Maixin Biotech
Co., Ltd.) at room temperature for 10 min. Negative controls
were prepared by replacing the primary antibody with PBS.
Images were obtained with light microscope at a magnification
of x200. All tissues were reviewed by experienced patholo-
gists. For each patient sample, the number and proportion of
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immunopositive cells was determined in 10 randomly selected
high-power fields and immunoreactive scoring was performed.
A score of >4 was considered as high expression.

Cell lines culture and vectors. The human ESCC cell lines
Ecal09, TE1 and the human normal esophageal epithelial
cell line HEEC (used as control) were obtained from the Cell
Bank of the Shanghai Institutes for Biological Sciences. The
cells were maintained in DMEM medium supplemented with
10% FBS (HyClone; Cytiva) at 37°C in a 5% CO, incubator.
The plasmids expressing short hairpin (sh)RNAs targeting
SOX12 or scrambled shRNA (shRNA1: 5-CATGGCGGA
TTACCCGGACTA; shRNA2: 5"TCCGCAGTCTTACGA
GGAGTC; scrambled shRNA: 5-GAGCTCTCTCTGCAC
ATTCTT;) were purchased from Guangzhou RiboBio Co.,
Ltd. (product nos. stBO007967A-1-5, stBO007967B-1-5
and stB0007967C-1-5). Cell culture was performed in six
well plates transfected with a total of 4 ug shRNA using
Lipofectamine® 2000 transfection reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), used according to the manu-
facturer's protocol, that was added in each well when the cell
density reached 50-60%, and culture was continued at 37°C for
48-72 h according to the experimental requirements.

Recombinant human SOXI12 protein (cat.
no.H00006666-Q01; Abnova) and WP1066 (cat.no. HY-15312;
MCE), a potent inhibitor of the JAK2/STAT3 signaling
pathway were purchased and used according to the manu-
facturer's instructions. Recombinant human SOX12 protein
(10 pl) was co-cultured with shRNAI in the colony formation,
Transwell and cellular immunofluorescence assays. WP1066
(5 pl), an inhibitor of the JAK2/STAT3 signaling pathway,
was added to the cell culture medium in the colony formation,
Transwell and western blotting assays. DMSO was used as a
solvent control.

Colony formation assay. After transfection with the indi-
cated plasmids, Ecal09 and TEI1 cells were collected and
re-suspended in 1.5 ml complete culture medium supplemented
with 0.45% low-melting point agarose (Invitrogen; Thermo
Fisher Scientific, Inc.). The cells (1x10% were inoculated
in 35-mm tissue culture dishes containing 1.5 ml culture
medium and agarose (0.75%) on the bottom layer. The dishes
were cultured for two weeks. Cell colonies were fixed with
4% formaldehyde solution for 15 min and stained with 0.005%
crystal violet for 10-30 min at room temperature. The number
of colonies with more than 10 cells were counted by light
microscope at a magnification of x10. Experimental groups
are representative of at least three independent experiments.

Migration and invasion assays. The migratory and invasive
capacities of Ecal09 and TE1 were assessed by using Transwell
assays. A normal Transwell chamber was used for the
migration assay, and a Transwell chamber whose membrane
was pre-coated with Matrigel® (cat. no. 356231; Corning; BD
Bisociences) was used for the invasion assay. For each group,
5x10* cells in 200 ul serum-free medium were added to each
upper chamber, while 500 xl DMEM containing 20% FBS
was added to the lower chambers. After incubation for 48 h,
cells were fixed with 4% formaldehyde solution for 15 min
and stained with 0.005% crystal violet for 10 min at room
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temperature and images were obtained by light microscope
(magnification, x200). Experimental groups are representative
of at least three independent experiments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA extraction from tissues and cell lines
was performed with TRIzol™ reagent (cat. no. 15596026;
Invitrogen; Thermo Fisher Scientific, Inc.) and then
reverse-transcribed into complementary DNA immediately
with the PrimeScript™ RT Reagent kit (cat. no. RR037B;
Takara Bio, Inc.) according to the manufacturer's instructions.
Fast SYBR™ Green Master Mix (cat. no. 4385612; Thermo
Fisher Scientific;) was added to the PCR reaction mixture
according to the manufacturers' protocols. The thermocy-
cling conditions used for qPCR were as follows: 95°C for
2 min; 45 cycles at 95°C for 5 sec, 55°C for 20 sec and 72°C,
30 sec. A melting curve was established under the following
reaction conditions: 95°C for 15 sec, 60°C for 1 min and
95°C for 15 sec. The experiment was performed in triplicate.
GAPDH was used as internal control. The 24¢1 method (14)
was conducted to calculate the relative expression of the
genes. The primer sequences used were as follows: SOX12
(NM_006943.3) forward, 5'-AGCACCCGTGTGACTCTT
TCC-3' and reverse, 5-~AGCAGAACCAAGCCCTGTCTC-3,
GAPDH (NM_001256799.1) forward, 5'-CACCCACTCCTC
CACCTTTG-3' and reverse, 5'-CCACCACCCTGTTGCTGT
AG-3.

Western blot analysis. Total protein from tissues and cell
lines was extracted by using radioimmunoprecipitation
assay lysis buffer (product no. PO013B; Beyotime Institute of
Biotechnology). The total protein concentration was deter-
mined using the BCA method. A total of 30 ug of protein
was separated by SDS-PAGE (10%) and transferred to a
PVDF membrane. Non-specific binding sites were blocked by
incubating with TBST (0.1% Tween 20) containing 5% (w/v)
non-fat dried milk for 1 h at room temperature. The anti-
bodies used were as follows: Anti-SOX12 primary antibody
(product no. SAB1412152; dilution, 1:1,000; Sigma-Aldrich;
Merck KGaA), anti-JAK primary antibody (product code
ab108596; dilution, 1:5,000), anti-phosphorylated (p)-JAK at
Tyrl007+1008 primary antibody (product code ab32101; dilu-
tion, 1:2,000), anti-STAT3 primary antibody (product code
ab68153; dilution, 1:1,000), anti-p-STAT3 (phosphorylated at
Tyr705) antibody (product code ab76315; dilution, 1:5,000),
anti-GAPDH antibody (product code ab9482; dilution,
1:5,000; all from Abcam) and goat anti-rabbit immunoglobulin
G H&L (cat. no. ab205718; dilution, 1:5,000; Abcam).
Signals were visualized by ECL chemiluminescence (cat.
no. 34095, Thermo Fisher Scientific, Inc.). The results were
evaluated with Quantity One software (v4.6.6; Bio-Rad
Laboratories, Inc.).

Cellular immunofluorescence. ESCC cell lines Ecal09 and
TE1 were seeded onto coverslips in six-well cell culture plates
at 2x10* cells/well with complete medium and transfected
with different shRNAs as aforementioned. After culture for
48 h, the cells were rinsed three times with PBS carefully and
then fixed with 4% formaldehyde solution for 15 min at room
temperature. Cells were then permeabilized with Triton X-100
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solution (1% v/v) for 10 min and blocked with non-immune
goat serum for 1 h at room temperature. Cells were incubated
with various antibodies as follows: SOX12 (product no.
HPAO055052; 1:100 dilution; Sigma-Aldrich; Merck KGaA),
and the aforementioned antibodies p-JAK (phosphorylated at
Tyr1007+1008; 1:100 dilution) and p-STAT3 (phosphorylated
at Tyr705; dilution, 1:100) at 4°C overnight. Cells were then
rinsed with PBS and incubated with cyanine 3-labeled (product
no. A0516, 1:500 dilution) and Alexa 488-labeled (product
no. A0423; 1:500 dilution) secondary antibodies (Beyotime
Beyotime Institute of Biotechnology) for 1 h at room tempera-
ture, and stained with DAPI (1 pg/ml; Sigma-Aldrich; Merck
KGaA) for 5 min at room temperature. Images were obtained
using a fluorescence microscope (magnification, x200).

Statistical analysis. Data analyses were calculated by SPSS
18.0 statistical software (SPSS, Inc.) and values are expressed
as the mean + standard deviation. ANOVA and Dunnett's test
were used for comparing the mean of multiple experimental
groups and that of the control group. The chi-square test and
Spearman's rank correlation were used to analyze the correla-
tion between gene expression and clinical pathological data.
Survival analysis was performed using the Kaplan-Meier
method and significant differences in overall survival (OS)
and disease-free survival (DFS) was determined with the
log-rank test. Univariate and multivariate analyses were
performed using Cox's proportional hazard model. Differences
between multiple groups were analyzed using one-way
analysis of variance. P<0.05 was considered to indicate a
statistically significant difference. The experimental data were
representative of three independent experiments.

Results

SOX12 is aberrantly upregulated in ESCC tissues and cell
lines. In the present study, the protein level of SOX12 in 56
ESCC samples and adjacent non-cancerous tissues was exam-
ined by IHC. The results indicated that SOX12 was upregulated
in ESCC tissues compared with adjacent non-cancerous
tissues in 38 out of 56 cases (67.9%; Fig. 1A and B). Then 6
pairs of fresh tissue samples were collected and total proteins
were extracted. The protein level of SOX12 in ESCC tissues
and adjacent non-cancerous tissues was detected by western
blot analysis. The results revealed that the protein levels of
SOX12 were markedly upregulated in ESCC tissue samples
compared with those in the corresponding non-cancerous
tissues (Fig. 1C). In addition, the protein and mRNA expres-
sion of SOX12 in ESCC cell lines was evaluated by western
blot and RT-qPCR analysis, respectively. Human normal
esophageal epithelial cell line (HEEC) was used as a control.
As presented in Fig. 1D and E, compared with that in the
HEEC human normal esophageal epithelial cell line, SOX12
was significantly overexpressed in both Ecal09 and TEI.
Collectively, these results indicated that SOX12 was aberrantly
overexpressed in ESCC cell lines and tissue samples.

Knockdown of SOX12 inhibits the colony formation, migra-
tion and invasion of ESCC cell lines. To explore the function
of SOX12 which regulates the biological characteristics of
ESCC cells, three vectors carrying shRNA targeting SOX12,
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Figure 1. SOX12 is highly expressed in ESCC. (A) RT-qPCR was performed to evaluate the mRNA expression levels of SOX12 in 56 pairs of cancer and
para-cancerous tissue. (B) Representative fields of SOX12 expression in ESCC samples (scale bar, 100 gm). (C) Protein expression levels of SOX12 in ESCC
samples (n=6). (D) Protein expression levels of SOX12 in ESCC cell lines. (E) RT-qPCR assays were conducted to evaluated the mRNA level of SOX12.
“P<0.05 vs. HEEC. SOX12, sex-determining region Y box 12; ESCC, esophageal squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative PCR;

N, non-tumor tissue; T, tumor tissue.

shRNA1, shRNA2 and shRNA3, were constructed and respec-
tively transfected into Ecal09 and TEI cells. Two of the vectors,
shRNAT1 and shRNA2, were more effective at knocking down
the expression of SOX12 (Fig. 2), as determined by RT-qPCR
and western blot analysis. Colony formation and Transwell
assays were then performed to examine the neoplastic capacity
and motility of SOX12-silenced Ecal09 and TE1 cells. The
results revealed that downregulation of SOX12 could inhibit
the viability and motility capacities of ESCC cells in vitro
(Fig. 3). When recombinant SOX12 (10 uM) was co-cultured

in transfected cells, the proliferation and motility of ESCC
cells could be restored (Fig. S1A and B). It was therefore
revealed that overexpression of SOX12 was closely related
with the malignant biological behavior of ESCC cells.

Knockdown of SOX12 expression suppresses the JAK2/STAT3
signaling pathway in ESCC cells. Mutational activation of the
JAK?2/STATS3 signaling pathway is responsible for the malignant
transformation and progression of various types of tumors (15).
In this study, the protein expression levels of JAK2/STAT3
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Figure 2. Detection of knockdown efficiency of shRNA plasmid. (A) Detection of SOX12 protein expression levels after transfection with different ShRNA
plasmids in ESCC cell lines. (B) RT-qPCR was carried out to detect the mRNA expression level of SOX12 after transfection with different siRNA plasmids in
ESCC cell lines. "P<0.05 vs. the control. shRNA, short hairpin RNA; SOX12, sex-determining region Y box 12; ESCC, esophageal squamous cell carcinoma;

RT-qPCR, reverse transcription-quantitative PCR.

signaling proteins were measured by immunofluorescence and
western blot assay. The results revealed that knockdown of
SOX12 in ESCC cells decreased the levels of p-JAK2Mr1007+1008
and p-STAT3™7% (Fig. 4), which could be reversed by co-culture
with recombinant SOX12 (10 M) (Fig. S1C). In addition,
WP1066 (5 uM) could inhibit colony formation and motility
of ESCC cells in vitro (Fig. S2). Thus, it may be inferred that
SOX12 promotes the malignant biological behavior of ESCC
cells, including proliferation, invasion and migration, at least in
part through activation of JAK2/STAT3 signaling pathway.

Increased expression of SOXI2 predicts poor prognosis for
ESCC patients. The correlation between SOX12 and clinico-
pathological factors of patients with ESCC was then evaluated.
Statistical analysis indicated no significant difference in any
of the clinicopathological characteristics of ESCC patients,
including sex, age, degree of differentiation, tumor invasion
and lymph node metastasis, between patients with high and
low expression of SOX12 in their ESCC tissues (Table I). To
explore the effect of SOX12 expression (high vs. low) on the
clinical prognosis of ESCC patients, Kaplan-Meier survival
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Figure 3. Downregulation of the expression of SOX12 inhibits the viability and motility of ESCC cells. (A) Downregulation of SOX12 decreased the colony
formation rate of ESCC cells. (B) The effects of SOX12 knockdown on the migration and invasion abilities of ESCC cell lines were assessed by Transwell
chamber assays. "P<0.05 vs. control. SOX12, sex-determining region Y box 12; ESCC, esophageal squamous cell carcinoma; shRNA, short hairpin RNA.
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Figure 5. Overexpression of SOX12 is associated with the poor prognosis of ESCC patients. Overall survival rate and disease-free survival rate in 56 patients
who underwent resection were stratified based on SOX12 expression levels (high or low). High expression of SOX12 was associated with a poorer overall
(P=0.0341) and disease-free survival (P=0.04). SOX12, sex-determining region Y box 12.

analysis was used. As presented in Fig. 5, high expression
of SOX12 was associated with lower OS (P=0.0341) and
DFS (P=0.04) compared with low expression of SOX12.
Accordingly, overexpression of SOX12 was closely associated
to the poor prognosis and survival of patients.

Analysis of the clinical data by univariate logistic regres-
sion using Cox's proportional hazards model indicated that
SOX12 is a significant prognostic factor for ESCC patients
(P=0.016; Table II). Multivariate logistic regression analysis

revealed that SOX12 is an independent prognostic factor for
ESCC patients (P=0.044; Table II). The results of clinical
analysis revealed that overexpression of SOX12 may affect the
malignant characteristics of ESCC and poor prognosis.

Discussion

ESCC is the main cause of cancer-related deaths in China (16).
Radical resection remains the first choice of treatment for
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Table I. Association between SOX12 expression and ESCC
clinicopathological features.
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Table II. Univariate and Multivariate Cox's proportional
hazard models (n=56).

SOX12
expression
Variables n High  Low x> P-value
Sex 0.282 0.596
Male 41 27 14
Female 15 11 4
Age (years) 0.136 0.712
<60 26 17 9
>60 30 21 9
Differentiation 2.994 0.224
Grade 1 17 9 8
Grade 2 32 23 9
Grade 3 7 6 1
p-T 1.309 0.253
T1/2 19 11 8
T3 37 27 10
p-N 0.083 0.773
NO 17 12 5
N1/2 39 26 13

SOX12, sex-determining region Y box 12; ESCC, esophageal
squamous cell carcinoma.

ESCC (17). Postoperative recurrence and metastasis are the
key factors limiting the long-term prognosis of patients (18).
Elucidation of the potential mechanisms of tumor progression
may enhance the current understanding of ESCC and lead to
the identification of valuable biomarkers for diagnosis and
targets for treatment.

A previous study has indicated that SOX12, a multifunc-
tional nuclear transcription factor, serves as a crucial role in
embryonic development and cell-fate determination (8). A
recent study indicated that SOX12 may functionally contribute
to maintain stem-like characteristics of hepatocellular carci-
noma (HCC) cells (19). Furthermore, SOX12 was reported
to be responsible for metastasis via activation of the epithe-
lial-mesenchymal transition process in HCC (20). However, at
present, the understanding of the function of SOX12 in ESCC
remains limited.

In the present study, SOX12 was revealed to be signifi-
cantly upregulated in ESCC cell lines and tissues. These
results revealed that SOX12 could acts as an oncogene and
its upregulation may participate in the initial tumorigenesis as
well as the malignant development of human cancer, including
HCC (9), breast cancer (10), lung cancer (11), renal cancer (12)
and acute myeloid leukemia (13).

The role of SOX12 in ESCC cells was then explored using
knockdown experiments. The present findings indicated
that downregulation of SOX12 significantly inhibited the
proliferation and motility of ESCC cells in vitro. Co-culture
of recombinant SOX12 in transfected cells could recover the
proliferation and motility abilities of ESCC cells. These results

Risk 95% Confidence
Term ratio interval P-value
Univariate
Grade 1.372 0.742-2.594 0.229
p-T 1.775 0.825-3.767 0.106
P-N 1.546 0.797-3.141 0.157
SOX12 2.242 1.161-4.673 0.016
Multivariate
Grade 1.423 0.765-2.903 0.257
p-T 1.814 0.894-3.885 0.142
P-N 1.606 0.807-3.302 0.183
SOX12 2.105 1.073-4.353 0.044

SOX12, sex-determining region Y box 12.

indicated that SOX12 has a significant effect on the malignant
biological behavior of ESCC cells.

Furthermore, clinical data revealed that high expression of
SOX12 in ESCC tissues was closely associated to the poor prog-
nosis of patients. Overexpression of SOX12 indicated shorter
OS time (P=0.0341) and DFS time (P=0.04). The expression
of SOX12 in esophageal cancer vs. adjacent non-cancerous
tissues was higher in 67.9% of cases. Univariate logistic
regression analysis using Cox's proportional hazards model
revealed that SOX12 could be a significant prognostic factor for
ESCC patients (P=0.016). Furthermore, multivariate logistic
regression analysis indicated that SOX12 was an independent
prognostic factor in ESCC patients (P=0.044). However, there
were no significant differences in the clinicopathological
characteristics between patients with high and low expression
of SOX12. This result may be due to two reasons. First, the
small size of the cohort. Second, post-translational modifica-
tion (such as methylation modification) may be involved and
play a key role. In a subsequent study, the clinical sample size
will be expanded, and further investigation will be performed
to verify the results. In conclusion, these results indicated
that SOX12 was associated with malignant transformation of
ESCC and poor prognosis.

As a multifunctional nuclear transcription factor,
SOX12 is able to participate in the regulation of multiple
signaling pathways, including WNT/T-cell factor (21). In
our pre-experiment (data not shown), several signaling path-
ways such as PI3K/AKT, MAPK/ERK, Wnt/B-catenin and
JAK2/STAT3 had been detected. Among all the signaling
pathway proteins we detected, JAK2/STAT3 showed the most
significant difference. This pathway can regulate several
cellular behaviors by activating receptors or intracellular
kinases to the nucleus to regulate gene transcription (22).
In recent studies, the JAK2/STAT3 signaling pathway has
been revealed to play a crucial role in proliferation, motility
and stemness in cancer cells. USP9X positively regulated
the JAK2/STAT3 pathway to promote the malignant
progression of liver cancer cells (15). miR-375 inhibited the
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stemness of breast cancer cells by blocking the JAK2/STAT?3
signaling (23). In the present study, knockdown of SOX12
in ESCC cells decreased the levels of p-JAK2T1007+1008 apd
p-STAT3™%  which could be reversed by co-culture with
recombinant SOX12 (10 uM). WP1066 (5 uM), a novel potent
inhibitor of the JAK2/STAT3 signaling pathway (24), could
inhibit colony formation and motility of ESCC cells in vitro.
The present results indicated that SOX12 could increase
the colony formation rate, mobility of ESCC cells through
activation of the JAK2/STATS3 signaling pathway which has
been intensely investigated in various cancer types (25).
Mutational activation of the JAK2/STAT?3 is responsible
for the malignant transformation and progression of several
types of tumor (26-29). The present findings indicated that
SOX12 could serve a crucial function in maintaining the
malignant biological phenotype of ESCC cells via activating
the JAK2/STAT?3 signaling pathway. In a subsequent study,
we will further explore the exact mechanism between SOX12
and ESCC, since more in vitro and in vivo experimental
evidence is required to be investigated.

Collectively, the present findings revealed that SOX12
could serve as an oncogenic factor in ESCC. Aberrantly high
levels of SOX12 were indicated to be associated with malignant
biological behavior exhibited in ESCC cells and were revealed
to be an independent unfavorable prognostic factor for patients
with ESCC. SOX12 may become a novel prognostic biomarker
and candidate for the targeted therapy of ESCC.
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