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Background: SRY-box containing gene 17 (SOX17) was reported to be a candidate tumor
suppressor gene in multiple tumors. Little is known about its role in clear-cell renal cell
carcinoma (ccRCC). This study aims to identify the epigenetic regulation and tumor-
suppressive function of SOX17 in ccRCC.

Patients and Methods: Fifty-five human ccRCC tissue samples, ten adjacent non-
malignant kidney tissue samples, 20 paired paraffin section tissues and seven RCC cell
lines were obtained. Immunohistochemistry (IHC) and real-time PCR were used to examine
the expression of the target genes at the mRNA and protein levels. The methylation of
SOX17 was analyzed using methylation-specific PCR (MSP) and bisulfite genomic sequen-
cing (BGS) assay. The functions of SOX17 were examined by using CCKS, colony forma-
tion, wound healing assay and Matrigel invasion assays. Luciferase assay was used to
analyze the function of SOX17 in the WNT signaling pathway.

Results: We investigated the SOX17 expression in ccRCC tissues and adjacent non-malignant
kidney tissues using PCR and IHC. The expression of SOX17 was lower in ccRCC tissues. Next,
we analyzed the DNA promoter methylation of SOX17 in 55 human ccRCC tissues, 10 adjacent
non-malignant kidney tissues and RCC cell lines using MSP. DNA methylation of the SOX17
promoter region occurred in 60% of ccRCC tissues and 10% of adjacent non-malignant kidney
tissues. In vitro experiments showed that SOX17 suppressed the proliferation of RCC cells.
Furthermore, SOX17 inhibited the migration of RCC cells as shown in the wound healing and
migration assays. In addition, we found that SOX17 overexpression affected the WNT signaling
pathway by downregulating c-myc and cyclinD1.

Conclusion: In summary, our study showed that SOX17 is downregulated in ccRCC and the
loss of SOX17 expression is regulated via epigenetic mechanisms in ccRCC. In addition,
SOX17 negatively regulates the WNT signaling pathway and function as a tumor suppressor
in ccRCC.
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Introduction

Renal cell carcinoma (RCC) is the major primary malignant tumor in the genitour-
inary system, accounting for 2-3% of all malignancies. The latest cancer statistics
report showed that nearly 73,820 new RCC cases are diagnosed in the U.S.A, and
almost 14,700 patients die every year due to RCC, making it the sixth most
common tumor in males.! Clear-cell renal cell carcinoma (ccRCC) is the most
common subtype of RCC (85%). Approximately 16% of patients have metastasis at
the time of diagnosis, and the 5-year relative survival rate is only 12%. Although
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treatment methods for ccRCC have been advanced with
the developments in medical oncology and surgery over
the last few decades. Unfortunately, the prognosis and
outcome of metastatic renal cell carcinoma (mRCC)
remain dismal. Nearly 20 to 30% of patients with ccRCC
experience recurrence after treatment, and no approved
therapy exists to reduce the risk of recurrence, progression,
or death.”?® Recently, target therapy has been proven to
prolong the survival of patients’ with mRCC; however, the
median survival is still less than 3 years.* Furthermore,
drug resistance and financial burden are problems in clin-
ical practice.” Thus, it is necessary to explore the molecu-
lar mechanism underlying the pathogenesis of ccRCC.

In recent years, it has been reported that tumorigenesis
is caused by increased levels of genetic and epigenetic
alterations that ultimately convert normal cells into cancer
cells. DNA methylation is one of the most frequent epige-
netic events in humans correlated with carcinogenesis. The
alterations in DNA methylation are quite common in can-
cer cells, including ccRCC cells.? It is well established that
aberrant methylation of CpG islands results in the loss of
expression of tumor suppressor genes.” Aberrant methyla-
tion of tumor suppressor genes appears to be an early
event that plays a significant role in the development and
progression of cancer.® In addition, based on the analysis
of the DNA methylation profile, epigenetic biomarkers
have proven to be useful in the diagnosis and prognostica-
tion of various tumors.”® Therefore, it is necessary to
increase scientific research to identify DNA-specific
methylation profile, and find new strategies for the early
diagnosis, prognostic evaluation, and treatment of ccRCC.

SOX17, a member of the SRY-related high mobility
group box (Sox) family transcription factors, is conserved
in many species. According to the classification of SOX
genes, SOX17 belongs to the SOX group F.° SOX
F proteins, including SOX7, SOX17, and SOX18, are
characterized by a distinct C-terminal transactivation
domain. The SOX F members also contain a short amino
acid motif (DXXEFD/EQYL) within the transactivation
domain, mediating B-catenin interactions. SOX17 is impli-
cated in various biological activities and developmental
processes, such as the formation of the endoderm, oligo-
dendrocyte development and embryonic
hematopoiesis.'®!" Furthermore, SOX17 has also been
reported to participate in the regulation of stem cell for-
mation, and it can function as a negative regulator of f-
catenin/TCF transcription in the WNT signal transduction
pathway.'? Growing evidence suggests that SOX17 may

also play a role in the carcinogenesis of gastric cancer,
hepatocellular carcinoma, and breast cancer in
humans.'*'° It has been reported that SOX17 is a tumor
suppressor that inhibits the canonical WNT/B-catenin sig-
naling pathway in thyroid cancer.'® In addition, it has been
reported that SOX17 was downregulated upon promoter
methylation in breast cancer. Downregulation of SOX17
upregulates the expression of B-catenin. This study demon-
strated that hypermethylation of the SOX17 promoter con-
tributes to the aberrant activation of the WNT signaling
pathway.'” However, the regulatory function of SOX17 in
ccRCC is insufficiently understood and the molecular
mechanisms underlying the role of SOX17 in ccRCC
development and progression are largely unknown.

The WNT signaling pathway is a highly conserved
pathway and plays significant roles in both physiological
and pathophysiological processes, including cell differen-
tiation, migration and proliferation during embryonic
development and adult homeostasis.'®'° Additionally,
increasing evidence has shown that the aberrant activation
of the WNT signaling pathway may contribute to various
types of diseases and human cancers.'*?° It has also been
confirmed that dysregulation of the WNT signaling path-
way is associated with RCC progression.”’ However, the
mechanisms underlying these phenomena have not been
well understood. Recently, it has been reported that many
WNT pathway antagonists, such as SFRP,** SOX7,*
DKK?** are epigenetically silenced in RCC, indicating
that epigenetic silencing of WNT inhibitors may present
an important mechanism promoting the development
of RCC.

In light of these facts, this study aimed to investigate
the methylation of SOX17 in ccRCC and analyze the
relationship between SOX17 methylation and clinical fea-
tures of ccRCC. Furthermore, we ought to explore the
function of SOX17 in the tumorigenesis of ccRCC.

Materials and Methods

Cell Lines and Human Tissue Specimens

Seven RCC tumor cell lines and two normal control cell
lines (786-0, A498, CAKII, CAKI2, OSRC, 769P, Koto3,
HEK293T, and HK-2) were purchased from American
type culture collection (ATCC, Manassas, VA). Human
normal embryonic kidney cell line (HEK293T) and normal
human proximal tubular cell line (HK-2) were used as
a normal controls. RCC samples (55 fresh RCC tissues,
10 adjacent non-malignant fresh tissues, and 20 paired
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paraffin-embedded tissue sections) in our study were col-
lected from the Department of Urology, Shengjing
Hospital of Chinese Medical University, Shenyang,
People’s Republic of China since 2017 to 2019. The pro-
tocol of our study was approved by the institutional
reviewer board of the Shengjing Hospital. The samples
in this study were from patients who had underwent pri-
mary radical surgical or partial nephrectomy without adju-
vant therapy history and with prior history of RCC.
Written informed consent was provided by the patients
and this was conducted following the Declaration of
Helsinki (Approval No.: 2020PS362K(X1)), approved on
April 20, 2020. In addition, all these samples were diag-
nosed by two urological pathologists. Fuhrman nuclear
grade and 2018 American Joint Committee on Cancer
(AJCC) TNM stage were used for the tumor histopathol-

ogy classification.?®

Data Collection

To analyze SOX17 expression and promoter methylation
levels, we used the Kidney Renal Clear Cell carcinoma
cohort on the MethHC database. All data used in our
research are open to the public without limitations or
restrictions. The expression of SOX17 and Kaplan—Meier
overall survival (OS) curves were analyzed according to
the data provided in the GEPIA (http://gepia.cancer-pku.
cn). The expression of SOX17 at different stages of

ccRCC was downloaded from The Cancer Genome Atlas
portal (TCGAportal, http://tumorsurvival.org/).

Cell Culture and Demethylation

Treatment

All the cell lines were incubated at 37°C in a humidified
atmosphere containing 5% CO, and routinely maintained
in Roswell Park Memorial Institute (RPMI-1640) or
Dulbecco’s modification of Eagle’s medium Dulbecco
(DMEM) supplemented with 10% fetal bovine serum
(Thermo Fisher Scientific, Waltham, MA, USA), 100 U/
mL penicillin G, and 100 mg/mL streptomycin. RCC cells
were seeded at a density of 1x10° cells/mL onto a six-well
plate, and after being cultured for 12 h, they were treated
with 10pM of the demethylation agent 5-Aza (5-aza-2'-
deoxycytidine) for 96 hours, and then with 100 nmol/L of
the histone deacetylase inhibitor trichostatin A (TSA) for
an additional 24 hours. The cells were collected for DNA
and RNA extraction.

DNA and RNA Extraction

Total RNA was extracted from RCC cell lines and the
clinical primary tissues, using the TRI Reagent and
Tianamp Genomic DNA Kits (TIANGEN®, Shanghai,
China) as described in our previous study.”® Genomic
DNA of primary RCC tissues and RCC cells was isolated
using TIANamp Genomic DNA Kits (TIANGEN®,
Shanghai, China) according to the manufacturer’s instruc-
tions. DNA and RNA concentrations were assessed using
the ND2000 Spectrophotometer (Thermo Fisher Scientific).

SOX|17-Expressing Vector and Infection
The pLVX-IRES-ZsGreen1-SOX17 vector containing
human full-length SOX17 cDNA and the negative-
control vector pLVX-IRES-ZsGreenl were obtained from
YouBio company (Hunan, China). The SOX17 cDNA
sequence was confirmed via DNA sequencing. Then,
786-O and A498 cells were infected with the pLVX-
IRES-ZsGreen1-SOX17 and pLVX-IRES-ZsGreenl vec-
tors following the manufacturer’s instructions.

RT-PCR and Real-Time PCR

RNA expression was detected using the GoTaq Green Master
Mix (Promega, Madison, WI, USA) and ABI Prism 7500™
instrument (Applied Biosystems) with SYBR Green PCR
Mix. Primers are listed in Table 1.'"**” Exactly 1 pL of
cDNA was added to 12.5 uL of the PCR reaction. A total
of 32 cycles (94°C for 30 s, 55°C for 30 s and 72°C for 30 s)
of amplification were performed for each RT-PCR reaction.
Then, the amplified products were analyzed on 1.5% agarose
gels. Real-time PCR was performed for 45 cycles (94°C for
30 s, 55°C for 30 s and 72°C for 30 s); glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an inter-
nal control. All assays were repeated at least three times.

DNA Bisulfite Modification and Promoter

Methylation Analysis

DNA of RCC cells and primary RCC tissues were exposed
to sodium bisulfite modification using the EpiTect Bisulfite
Kit (Qiagen, Hilden, Germany), following the manufac-
turer’s instructions. Then, bisulfite DNA was used for
Methylation specific PCR (MSP) and Bisulfite Genomic
Sequencing (BGS) to identify SOX17 promoter methyla-
tion status. MSP was performed using a reaction volume
of 12.5 puL using the GoTaql Green Master Mix (Promega,
Madison, WLLUSA) for 36 cycles (94°C for 30 s, 56°C for
30 s, and 72°C for 30 s). The MSP products were further

OncoTargets and Therapy 2021:14

3385

Dove:


http://gepia.cancer-pku.cn
http://gepia.cancer-pku.cn
http://tumorsurvival.org/
https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

Table | Primers Used in the Research

Type Primers Sequence(5'-3')
RT-PCR | SOXI17-R AGC CCT GCT CGG GGA ACT
SOXI7-F GGC TGG CGC AGC AGA ATC
MMP2-R GATACCCCTTTGACGGTAAGGA
MMP2-F CCTTCTCCCAAGGTCCATAGC
MMP9-R GGGACGCAGACATCGTCATC
MMP9-F TCGTCATCGTCGAAATGGGC
c-myc-F GTCAAGAGGCGAACACACAAC
c-myc-R TTGGACGGACAGGATGTATGC
CyclinDI-F GCTGCGAAGTGGAAACCATC
CyclinDI-R CCTCCTTCTGCACACATTTGAA
MSP SOX17-MR GGG GCG TTC GTA GTG TTATTA
GGT C
SOX17-MF AAA CAC TAA AAT ACC CCG AAA
ACT ACG
SOXI17-UR TTA GGG GTG TTT GTA GTG TTA
TTAGGT T
SOXI17-UF TAA AAC ACT AAA ATA CCC CAA
AAA CTA CA
BGS SOX|17-BF GTT TTATTG GTTATATTT GTG
TAG
SOX17-BR ACT ACT CAT AAC RCT CCA AAC

analyzed using 2% agarose gel electrophoresis. For BGS,
PCR products were amplified using BGS primers and then
cloned into the pEASY-TS zero vectors (TransGen Biotech
Co. Ltd., Beijing). Six to ten colonies were randomly
selected and sequenced via BGS. All the primers used
are listed in Table 1.

Cell Proliferation Assay

Cells infected with the SOX17-expressing vector and con-
trol vector were seeded onto a 96-well plate at a density of
2000 cells/well using CCK-8 (Dojindo, Kumamoto,Japan)
according to the manufacturer’s instructions. The absor-
bance of the samples were measured at 450 nm. All
experiments were repeated three times.

Colony Formation Assay
Colony formation assay was used to analyze the prolifera-
tive ability of RCC cells. pLVX-IRES-ZsGreenl-SOX17

and pLVX-IRES-ZsGreenl infected cells were plated at
a density of 400, 800 and 1200 cells/well in a six-well
plate and cultured for 10-14 days. Then, the cells were
fixed with 75% ethanol for 40 min, and 0.2% crystal violet
(Beyotime, Nanjing, China) was used to stain the cells for
40 min. Then, the number of colonies formed (>50 cells/
colony) were counted.

Wound Healing Assay

For the wound-healing assay, pLVX-IRES-ZsGreenl-
SOX17 and pLVX-IRES-ZsGreenl infected cells were
seeded onto six-well culture plates and cultured to 90-95%
confluency. Then, a scratch wound was created in the cell
monolayer. Images were captured at 0, 12, 24 and 48 h.

Matrigel Invasion Assay

The cell invasion assay was performed using a Transwell
chamber containing 20 pL of Matrigel (BD Bioscience;
dilution, 1:4). Precisely 2x10° cells were suspended in 200
puL of serum-free medium and transferred to the upper
chamber. After 24 h of incubation, the cells in the upper
chambers were removed and the cells passing through the
filter were fixed with methanol for 25 min and stained with
crystal violet. The cells were counted using a microscope
set. All assays were independently repeated at least three
times.

Luciferase Assay

The cells were plated at a density of 2x10* cells/well onto
24-well plates and cultured 24 h before transfection. Then,
the cells were lysed and luciferase activity was measured
using the dual-luciferase reporter assay (Promega, Madison,
WI) on a GloMax luminometer (Promega#SA3030). The
relative luciferase activity was presented as the luciferase
activity of the Firefly target pGL3 reporters and was nor-
malized to the pRL-TK Renilla luciferase activity.

Immunohistochemistry (IHC)

The THC analysis was performed on 20 paired paraffin-
embedded RCC tissues and adjacent non-malignant tissues
using the primary anti-SOX17 antibody (09-038-1 MSDS;
Sigma-Aldrich). The paraffin-embedded tissues were
boiled with 10 mM citrate buffer (pH 6.0) for 2 min for
antigen retrieval. Then, the sections were washed three
times in PBS and permeabilized with 0.1% Triton X-100.
Subsequently, they were exposed to the blocking solution
(PBS/3% hydrogen peroxide) and incubated with the anti-
SOX17 antibody overnight at 4°C. After three washes with
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PBS, the sections were incubated with secondary antibo-
dies for 30 min at room temperature and counterstained
with hematoxylin. The images were captured and analyzed
using the Image Pro Plus software (IPP, Version 6.0,
Media Cybernetics, Silver Spring, MD, USA).

Western Blotting

Total protein was extracted using the Keygen Biotech
protein extraction kit (KGP1100, KGP150; Nanjing,
China). Equal amounts of the proteins were separated
using 10% SDS-PAGE, then, they were transferred onto
nitrocellulose membranes. After blocking with 5% fat-free
milk at 4°C overnight, immunoblotting was performed
with the following specific primary antibodies; Anti-
SOX17 (09-038-1 MSDS; Sigma-Aldrich), anti-f-catenin
(8480P; Cell Signaling Technology), anti—c-myc (5605P;
Cell Signaling Technology), and anti-cyclinD1 (2926P;
Cell Signaling Technology).

Statistical Analysis

Two-tailed t-tests, Fisher’s exact test, and x° tests were used
to analyze the results. We used the SAS software (v.9.2; SAS
Institute, Cary, NC, USA) to calculate the correlation
between clinicopathologic features and methylation. The
correlation between SOX17 and ccRCC stage was analyzed

using the Wilcoxon signed-test. All the results were
expressed as the means + standard deviation. Differences
with p values < 0.05 were considered statistically significant.

Results
Downregulation of SOX|17 in Primary
RCC Samples

The SOX17 expression levels in primary RCC tissues, com-
pared with those in normal kidney tissues, were obtained
from GEPIA (Figure 1A). Downregulation of SOX17 was
statistically significant in renal papillary cell carcinoma
(KIRP) and renal chromophobe cell carcinoma (KICH), no
statistical significance was found in clear cell renal cell
carcinoma (KIRC). In addition, the database also showed
a significant difference of OS curves between high SOX17
expression cluster and low SOX17 expression cluster (Figure
1B; p<0.05). To further validate these findings, the expres-
sion of SOX17 in 12 paired RCC tumors and adjacent non-
malignant tissues was analyzed using real-time PCR. SOX17
was weakly expressed in 12/12 primary RCC tissues com-
pared with that in the paired adjacent non-malignant kidney
tissues (Figure 1C, p<0.05). Moreover, we used IHC to
analyze SOX17 expression in 20 primary RCC tumors and
paired adjacent non-malignant tissues. The IHC results
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Figure | SOX17 expression is decreased in primary RCC tissues compared with that in adjacent non-malignant kidney tissues. (A) Expression of SOXI7 in RCC tissues and
normal tissues. *p<0.01. (http://gepia.cancer-pku.cn); (B) Kaplan-Meier overall survival (OS) curve for patients with ccRCC between the two clusters. (C) Real-time PCR
revealed SOX17 mRNA expression levels in 12 paired RCC tissues, N (black columns): adjacent non-malignant renal tissues, T (empty columns): primary RCC tissues,
p<0.05. (D) Immunohistochemistry staining showed SOXI7 expression in 20 paired RCC samples at 40x and 200x magnification. (E) Image Pro Plus software was used to
analyze the SOXI7 quantitative protein expression; p<0.001. (F) SOX17 mRNA expression at different stages of ccRCC (http://tumorsurvival.org/).
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showed that the expression of SOX17 was decreased in 20/20
RCC primary RCC tissues, compared with that in corre-
sponding adjacent non-malignant kidney tissues (Figure
1D). We then used the Image Pro-Plus software to analyze
SOX17 expression and found a significant difference
between the SOX17 expression in RCC tumors and adjacent
non-malignant tissues (Figure 1E, p<0.01). We observed
a loss of SOX17 expression at both the mRNA and protein
levels. The TCGAportal demonstrated a correlation between
SOX17 expression and ccRCC stage (Figure 1F). The corre-
sponding statistical results are shown in Table 2.

Epigenetic Silencing of SOX17 in RCC

Cell Lines

In RCC cell lines, RT-PCR was employed to examine
the expression of SOX17. The result showed that
SOX17 was weakly expressed in the CAKI-2 cell
line, and no expression was observed in the 786-0,
A498, CAKI-1, OSRC, 769P and KOTO-3 cell lines.
However, in two “normal” kidney cell lines (HK-2 and
HEK-293), SOX17 was robustly expressed (Figure
2A). Aberrant promoter methylation of SOX17 was
observed in 4/5 RCC cell lines (786-0, CAKI-1,
CAKI-2 and OSRC) using MSP (Figure 2B). We
found that in the presence of demethylation agents

Table 2 Correlation Between SOXI7 Expression and ccRCC
Stage

Stage | Stage Il Stage Il Stage IV
Stage | | 0.048 0.018 0.002
Stage Il 0.048 | 0.565 0.857
Stage IlI 0.018 0.565 | 0.201
Stage IV 0.002 0.857 0.201 |

(5-aza-2'-deoxycytidine, either alone or in combination
with TSA), SOX17 was upregulated accompanied with
the decreased methylation status or increased unmethy-
lation of alleles (Figure 2A and B). Moreover, a high
density of methylated alleles was observed in 786-O
with
demethylation agents, the 786-O cells showed a low

cells using BGS. However, after treatment

density of methylated alleles (Figure 2C).

Hypermethylation of the SOXI17

Promoter in Primary RCC Samples

As demonstrated in the MethHC database, higher
SOX17 methylation was observed in RCC tissues than
in normal tissues (Figure 3A, p<0.005). Furthermore,
the database also showed a negative correlation between
SOX17 expression and the methylation of its promoter
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Figure 2 SOXI7 is predominantly silenced/downregulated via promoter CpG methylation in RCC. (A) Demethylation treatment with 5-aza-2’ deoxycytidine alone or
combined with TSA (A+T) restored SOXI7 expression in RCC cell lines; GAPDH was used as an internal control. (B) After pharmacologic demethylation, the SOXI17
methylation level decreased in methylated RCC cell lines, as demonstrated using MSP. M: methylation, U: unmethylation. (C) BGS analysis of SOX7 promoter region in 786-
O cells after demethylation treatment. The filled circles represent methylated CpG sites, and the open circles represent unmethylated CpG sites.
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Figure 3 Methylation level of SOX17 was higher in primary RCC tissues than in normal kidney tissues. (A) SOX17 methylation was higher in RCC tissues than in normal
kidney tissues, as obtained from PubMed Database, **p<0.005. (B) Methylation and expression of SOX17 were negatively correlated in RCC samples. One red circle
represents one clinical sample. (C) SOXI7 methylation status in adjacent non-malignant kidney tissues, determined using MSP. (D) SOXI7 methylation in RCC tissues,
determined using MSP. (E) Methylation of SOX17 promoter in human tissues was shown using BGS.

(Figure 3B). These results suggested that SOX17 was
often hypermethylated in RCC tumors. We then used
MSP and BGS to detect SOX17 methylation in primary
RCC tumors and adjacent non-malignant tissues. The
methylation level of SOX17 in primary RCC tumors
was 60% (33/55), however, only 10% (1/10) of SOX17
methylation was detected in adjacent non-malignant tis-
sues (Table 4), as assessed using MSP (Figure 3C and
D). To verify SOX17 promoter methylation, BGS was
performed. The results demonstrated that SOX17 methy-
lation was higher in RCC tumors than in adjacent non-
malignant kidney tissues (Figure 3E). We also examined
the association of SOX17 methylation with clinico-
pathological features of patients with RCC. No signifi-
cant correlation between SOX17 methylation and

clinical features was found in this cohort (Table 3).

SOX17 Suppresses RCC Cell

Proliferation

Epigenetic silencing of SOX17 in RCC tumors and cell
lines indicated that it might function as a tumor suppressor
in RCC. Thus, we examined its function in two SOX17-
deficient cell lines (786-O and A498). These two cell lines
were first infected with pLVX-IRES-ZsGreenl and pLVX-
IRES-ZsGreen1-SOX17 vectors, and the expression of
SOX17 was detected using PCR (Figure 4A). The CCK-
8 assay showed that SOX17 strongly inhibited RCC cell
proliferation (Figure 4B). To further evaluate the effect of
SOX17 on cell viability, we performed colony formation
assay. The results of the colony formation assay showed
that the ectopic expression of SOX17 significantly sup-
pressed the numbers of cell colonies, compared to the case

for the control cells (Figure 4C).
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Table 3 Correlation of SOX17 Methylation and Clinicopathological Features in RCC

Clinicopathological Feature Methylated No. (%) Unmethylated No. (%) p value
Age 57.34+13.09 55.45+11.9 0.52
Gender Male 20(62.5%) 12(37.5%)

Female 13(56.5%) 10(43.5%) 0.65
Side Left 18(69%) 8(31%)

Right 15(51.7%) 14(48.3%) 0.18
TNM classification pTI 23(69.7%) 10(30.3%)

pT2 5(45.5%) 6(54.5%)

pT3 4(40%) 6(60%)

pT4 1(100%) 0(0) 0.15
Nuclear grade Gl 21(53.8%) 18(46.2%)

G2 8(72.7%) 3(27.3%)

G3 4(80%) 1(20%) 0.15

SOXI7 Inhibits RCC Cell Migration and

Invasion

To analyze the effect of SOX17 on invasion and migration,
wound-healing and Transwell assays were performed. In
the Transwell assay, SOX17-expressing cells displayed
a significantly decreased invasiveness ability compared to
the control cells (Figure 5A). Furthermore, SOX17
decreased the matrix metallopeptidase (MMP) 2 and 9
expression levels in 786-O and A498 cells (Figure 5B).
As shown in the wound healing assay results, SOX17-
expressing cells were less efficient in closing an artificial
wound than the cells infected with the empty vector on the
confluent monolayer (Figure 5C, p<0.05). These results
indicated that SOX17 suppressed the RCC cells migration

and invasion.

SOXI17 Antagonizes the VWNT Signaling
Pathway

To explore the effect of SOX17 on the WNT signaling path-
way in RCC and detect the expression of WNT signaling
pathway downstream components (c-myc and cyclin D1),
real-time PCR was employed. The expression levels of

Table 4 Methylation Status of SOXI17 in Primary RCC Samples

c-myc and cyclinD1 were reduced in SOX17-expressing
cells, compared with those in control cells (Figure 6A).
Furthermore, luciferase activity was decreased in cells infected
with SOX17 compared to the cells infected with the empty
vector (Figure 6B). Ectopic expression of SOX17 reduced the
B-catenin, c-myc and cyclinD1 expression levels (Figure 6C).
These results demonstrated that the transcriptional activity of
WNT signaling pathway was suppressed by SOX17.

Discussion
In our study, we demonstrated that SOX17 played
a significant role as a tumor suppressor in ccRCC through
a comprehensive analysis of SOX17 expression in RCC
cell lines and primary ccRCC tumors. This study showed
that SOX17 silencing by promoter methylation frequently
occurs in RCC cell lines and primary tumors. It also
suggested that promoter methylation was a dominant reg-
ulatory mechanism underlying the downregulation of
SOX17. Furthermore, we also observed that SOX17 sup-
pressed RCC cells growth and invasiveness and antago-
nized the WNT signaling pathway. Our results clearly
indicated that SOX17 functioned as a tumor suppressor
and was epigenetically inactivated in RCC pathogenesis.
Growing evidence has shown that aberrant epigenetic
changes in tumor suppressive genes leads to RCC.?**"+?%
Therefore, identification of epigenetic alterations in RCC
could be helpful to unravel the mechanisms underlying
RCC carcinogenesis and identify potential biomarkers for
cancer screening and prognosis prediction.”” SOX17 was
reported to be aberrantly methylated in various tumors,

RCC CCND2 Promoter Methylation
Samples K . Percentage
Methylation | Unmethylation
Tumor 33 22 60%
Normal | 9 10%
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including colon carcinoma, hepatocellular carcinoma and
12,14,29

promoter methylation, and demethylation treatment

breast carcinoma, suggesting the contribution of restored the expression of SOX17. These results indicated

epigenetic regulation in its inactivation. In our research,
we observed that SOX17 was silenced by aberrant

the epigenetic regulation of SOX17 in RCC. In addition,
SOX17 is frequently methylated in human primary RCC
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(60%) but only 10% methylation was found in adjacent
non-malignant tissues, indicating that SOX17 methylation
may be an epigenetic biomarker for RCC. In addition, we
found that SOX17 suppressed RCC cells proliferation and
inhibited RCC cells migration, suggesting that it func-
tioned as a tumor suppressor in RCC. A recent study has
reported that downregulation of SOX17 facilitates the
targeted drug resistance and progression of clear cell
renal cell carcinoma (ccRCC), which suggests SOX17 as
a potential target for inhibiting targeted drug resistance
and metastasis in advanced ccRCC.?! According to these
results, we proposed that restoring SOX17 expression may
present a new strategy for suppressing targeted drug resis-
tance and progression of ccRCC.

Deregulation of the WNT signaling pathway, as shown
with  RCC
carcinogenesis.’’ In RCC, the WNT signaling pathway is

in several reports, is associated
also influenced by altered epigenetic regulation. Many
WNT antagonists including SFRP1, SFRP2, DKKI,
DKK2 and DKK3**7* are inactivated by promoter methy-
lation, resulting in the suppression of the negative regula-
tion of WNT signaling. It has been reported that SOX17

functions as a WNT signaling antagonist in hepatocellular

carcinoma.'* In our study, SOX17 inhibited the transcrip-
tional activation of WNT signaling, as demonstrated using
the luciferase reporter assay. However, the epigenetic inac-
tivation of SOX17 may activate the WNT signaling path-
way and promote RCC development.

Early diagnosis is crucial for patients with RCC to
improve prognosis. Thus, diagnostic biomarkers could be
useful for the non-invasive characterization of small
renal masses. The aberrant methylation of several genes
(RASSF1A, VHL and SFRP1) has been proposed as an
early detection markers for RCC, as these genes are
and  frequently in  RCC
development. Our that the
SOX17 methylation level was higher in tumor tissues

early
36-38

methylated
study discovered

than in adjacent non-malignant tissues. This indicated
that SOX17 could be a diagnostic biomarker for RCC.
Although no statistical relationship was found between
SOX17 methylation and clinical features. The reason
may be the limited number of RCC patients. We plan
to use a larger cohort in future studies to enrich our data.
Our team will further explore the relevance of SOX17
methylation for the early diagnosis of RCC from blood
or urine, and also validate the effects of SOX17
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demethylation treatment on targeted drug resistance and
metastasis in advanced ccRCC.

Conclusion

In summary, our findings indicate that the inactivation of
SOX17 by promoter CpG aberrant methylation is a frequent
event in RCC. In addition, SOX17 inhibit tumor cell pro-
liferation and migration by acting as an antagonist of WNT
signaling in RCC. The frequently aberrant methylation of
SOX17 might be important in the development and progres-
sion of RCC, and might be served as a valuable epigenetic
biomarker for RCC early diagnosis, prognosis and treat-
ment. Our results demonstrate the tumor-suppressive role
and regulatory mechanism of SOX17 in RCC pathogenesis.
Thus providing a new prospect for the early diagnosis and
targeted therapy of RCC.
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