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Abstract: Renal cell carcinoma (RCC) is common genitourinary malignancy in human, 30-40% of patients with RCC
would be diagnosed with metastatic RCC (mRCC). Even in the era of targeted therapy, patients with mRCC would
inevitably progress due to drug resistance. Herein, exploration of the mechanisms of resistance is noteworthy to
study. In the present study, we firstly reported the expression profile of SOX9 in renal carcinoma cells and tissues,
and found that its expression was significantly associated with Fuhrman grading. Dual luciferase analysis confirmed
that Raf/MEK/ERK pathway could directly be regulated by SOX9, and sequential experiments demonstrated that,
renal carcinoma cells could sensitize to Sorafenib/Sunitinib through Raf/MEK/ERK signaling pathway inhibition
regulated by SOX9 down-regulation. In a small cases with mRCC treated with Sorafenib/Sunitinib (n=38), compara-
tive analysis showed that patients with SOX9 (-) had much better therapeutic response to TKls than those with SOX9
(+) (PD: 9.1% vs. 56.2%, P=0.002, DCR: 90.9% vs. 43.8%, P=0.002). Based on these findings, we concluded that,
SOX9 was firstly described to be highly expressed in renal cell carcinoma, and its expression was involved in TKIs
drug resistance through activation of Raf/MEK/ERK pathway. In vitro, patients with SOX9 (-) was related to better
response to TKls treatment than thoses with SOX9 (+). SOX9 could be expected to be a promising biomarker predict-
ing TKIs response and even expected to be another novel target in the treatment of mRCC.

Keywords: Renal cell carcinoma (RCC), SOX9, Raf/MEK/ERK signaling pathway, tyrosine kinase inhibitors (TKIs),
resistance

Introduction

Renal cell carcinoma (RCC) accounted for
approximately 2% to 3% of human cancers, the
rate of worldwide incidence increased by 2%
every year [1, 2]. Epidermologic evidence
showed that, 20-30% of RCC patients were
accompany with metastatic disease at the time
of initial diagnosis, and 30% of patients with
high-risk locally advanced RCC would progress
into metastatic disease after surgery [3, 4]. The
key point of metastatic RCC (mRCC) is the lack
of effective therapy. In the cytokine era, medi-
an overall survival (OS) was only about 10-12
months [5]. Since 2005, with the clarity of
molecular mechanism of RCC, targeted thera-
pies with small molecules, including tyrosine
kinase inhibitors (TKIs) and mTOR inhibitors,
have replaced the role of cytokines to be main-
stay regimens in the treatment of mRCC.

Survival data from Hengs’ demonstrated the
most superiority of these kinds of novel drugs,
and median OS has increased to 20-22 months
[6]. However, even in the target era, due to drug
resistance, patients with mRCC would inevita-
bly progress after 5-11 months treatment with
various small molecules [7-9]. How to deal with
this problem should be dependent on the deep
exploration and elucidation of the potential
molecular mechanism of drug resistance in
renal carcinoma cells.

The mechanisms of TKIs resistance in mRCC
could be divided into primary (intrinsic) and
acquired resistance. Incidence of intrinsic resis-
tance was about 26% in mRCC [10]. Actually,
compared to primary resistance, acquired drug
resistance should be of more importance in
clinical practice. However, whether primary
resistance or acquired resistance to TKIls in


http://www.ijcep.com

The impact of SOX9 on TKIs resistance in RCC

Table 1. Baseline characteristics of patient with
renal cell carcinoma

Characteristics SOE(;:)(H SO()(EZ(—) Total P value
Age (y) 0.61
>70 9(52.9) 8471 17
<70 56 (45.2) 68 (54.8) 124
Gender 0.008
Male 48 (53.9) 41(46) 89
Female 16 (30.8) 36(69.2) 52
Fuhrman grading 0.012
<2 24 (33.8) 47 (66.2) 71
>2 41 (58.6) 29 (41.4) 70
T staging 0.381
<2 43 (55.8) 34 (44.2) 77
>2 31(48.4) 33(51.6) 64
Metastasis 16 (42.1) 22 (57.9) 38

NOTE: SOX9 (+) was defined as moderate to strong immunostaining
signal (nuclear positive). P values were determined by Fisher’s exact
test.

mRCC, exploration of the mechanisms of resis-
tance is noteworthy to study. Recent research
has reported that dysregulation of some genes
were related to TKls resistance in mRCC, includ-
ing RSK4, ttbk2 and IL-8 [11-15].

The Raf/MEK/ERK signaling pathway is one of
the best-characterized kinase cascades in can-
cer cell biology [16]. Dysregulation of the Raf/
MEK/ERK signaling pathway could be found in
one-third of all kinds of human cancers, which
could alter multiple genes expression, involving
in tumor cell differentiation, proliferation, sur-
vival, migration and angiogenesis [16, 17].
Because of its importance, Raf/MEK/ERK sig-
naling pathway has been a focus of intense
investigation for therapeutic targets [18-21].
Recent research showed that blocking of Raf/
MEK/ERK signaling pathway could induce
apoptosis and inhibit metastasis of renal carci-
noma cells [22, 23]. As we all known, Raf/MEK/
ERK signaling signaling pathway was one of tar-
gets of TKIs in the targeted therapy era, includ-
ing Sorafenib and Sunitinib, however, pharmo-
kinetics analysis demonstrated that, Raf/MEK/
ERK signaling pathway had relative lower affin-
ity with TKls in the treatment of mRCC than the
other targets, such as VEGFR1-3, PDGFR, c-Kit,
which suggested that this signaling pathway
might be of less importance in the treatment of
mRCC [24]. However, we still believed that, its
function in TKIs treatment should not be under-
estimated. What we were interested in was
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that, although its weak affinity in recognition to
TKls, whether dysregulation of Raf/MEK/ERK
signaling pathway involved in drug resistance,
is worthy of thoroughly explored.

The transcription gene Sry-related high-mobility
group (HMG) box 9 (SOX9) could play a pivotal
role in anti-apoptosis, metastasis, invasion,
angiogenesis and autophagy [25-29]. Dys-
regulation of SOX9 has been discovered in vari-
ous malignant tumors, including lung, ga-tric
and prostate cancer [29-31]. While, expression
of SOX9 and its function in RCC has never been
reported.

Published research has discovered some
extent of relationship between SOX9 and Raf/
MEK/ERK signaling pathway in tumorigenesis
and progression through regulating cell prolif-
eration and cell cycle regulation [30, 32-34].
Through bio-information analysis, we found the
promoters of MEK1, MEK2 and ERK2 have the
binding sites of SOX9 (http://www.gene-regula-
tion.com/pub/databases.html). If SOX9 was
dysregulated in RCC, we'd like to hypothesize
that interaction of SOX9 with Raf/MEK/ERK
might be one of important mechanisms involv-
ing in TKls resistance in the treatment of mMRCC
through re-activation of Raf/MEK/ERK signal-
ing pathway.

In the present study, SOX9 expression profile in
RCC cells and tissues were firstly described,
and the interaction between SOX9 and Raf/
MEK/ERK signaling pathway were confirmed
through series of molecular techniques. More
importantly, it is the first time of us to discover
that, re-activation of Raf/MEK/ERK regulated
by SOX9 could at least partially explain the
resistance of TKIls in the treatment of patients
with mRCC. SOX9 expression in RCC could be
expected to be one of novel promising biomark-
ers predicting the therapeutic response to TKls
in the future.

Materials and methods
Cell lines and general reagents

Human Kidney cancer cells 786-0, 769-P, A498
and normal epithelial of cortex/proximal tubule
cell HK-2 were from the American Type Culture
Collection (ATCC). 0S-RC-2 and GRC was from
the cell bank of Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in
RPMI 1640, Eagle’s Minimum Essential Me-

Int J Clin Exp Pathol 2015;8(4):3871-3881



The impact of SOX9 on TKis resistance in RCC

Table 2. Designed PCR primers

Name Sequence Product length

SOX9 5’-ACGGCTCCAGCAAGAACAAG-3’ 269 bp
5’-CCCGTTCTTCACCGACTTCC-3’

MEK1 (MAP2K1) 5-AGCTCTGCGGAGACCAACTT-3’ 233 bp
5’-AGATGAATTAGCTTTCTGGCCA-3’

MEK2 (MAP2K2) B5’-TCAAGCTGTGTGACTTCGGG-3’ 116 bp
5’-CACCGAGTAATGTGTGCCCT-3’

ERK1 (MAPK3) 5’-GTCATCGGCATCCGAGACAT-3’ 246 bp
5’-CTTAAGGTCGCAGGTGGTGT-3’

ERK2 (MAPK1) 5’-GGCATGGTGTGCTCTGCTTAT-3’ 399 bp
5’-GCCAAAGTCACAGATCTTGAGATC-3’

B-actin 5’-CTGGCACCACACCTTCTACAATG-3’ 248 bp
5’-CCTCGTAGATGGGCACAGTGTG-3’

PGL3-MEK1-wt 5-TGGGCAACTGAGGGAGACACCGT-3’ 657 bp
5-TGGGAGGGACTGGAGGCCGG-3’

PGL3-MEK1-del-1 5’-GTGACGTATTTCCGCGTCATCTGCCG-3’ 160 bp
5-TGGGAGGGACTGGAGGCCGG-3’

PGL3-MEK1-del-2 5’-AACTGTCGCCTCATCAGCACTG-3’ 651 bp
5’-CAGTGCTGATGAGGCGACAGTT-3’

PGL3-MEK2-wt 5’-AGGACGTGGCCCTCAGTGAAATATGCC-3’ 877 bp
5’-CCGAGGCCCGAAGAAGGCTGAC-3’

PGL3-MEK2-del-1 5’-GAAAGGCGGCCTTGTGCTGCTG-3’ 166 bp
5’-CCGAGGCCCGAAGAAGGCTGAC -3’

PGL3-MEK2-del-2 5’-AGGACGTGGCCCTCAGTGAAATATGCCAGCCGGACAAAAC-3’ 871 bp
5’-CCGAGGCCCGAAGAAGGCTGAC-3’

PGL3-ERK2-wt 5’-ACCTGATTGGCGTATCCTCTCAG-3’ 588 bp
5’-CCTGCCTGCCAGACTGAC-3’

PGL3-ERK2-del-1 5’-CAGTCAACGCCGTCGCAGTG-3’ 182 bp
5’-CCTGCCTGCCAGACTGAC -3’

PGL3-ERK2-del-2 5’-ACCTGATTGGCGTATCCTCTCAGTGTCTCCTTTTAGTCTCGTG-3’ 583 bp

5’-CCTGCCTGCCAGACTGAC-3’

dium, or Keratinocyte Serum Free Medium
(K-SFM) with 10% FCS (Life Technologies).
Sorafenib and Sunitinib were from MedChem
Express (USA). These compounds were dis-
solved in 100% DMSO (Sigma, St. Louis, MO)
and diluted with RPMI 1640 to the desired con-
centration. DMSO was added to cultures at
0.1% as a control.

Tissue samples and clinical data

Archived formalin-fixed, paraffin-embedded
samples, including 141 clear cell renal cell ade-
nocarcinoma and 20 adjacent tumoral tissues.
All tissue samples were from West China
Hospital according to the ethical guidelines and
procedures approved by the institutional super-
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visory committee. Baseline characteristics of
these tissue samples were shown in Table 1.

RT-PCR and Real-time quantitative PCR

The mRNA level of SOX9, MEK1 (MAP2K1),
MEK2 (MAP2K2), ERK1 (MAPK3), ERK2
(MAPK1) and B-actin (as control) in Kidney can-
cer cells and normal epithelial of cortex/proxi-
mal tubule cell were validated by RT-PCR and
Q-PCR. The SYBR Green Real-time PCR Master
Mix (TOYOBO) was used on Light Cycler 2.0
(Roche), and data were analyzed with the Light
Cycler software 4.05 (Roche Diagnostics) as
described [35]. Copy number of target genes
(relative to B-actin) was determined by the 2724Ct
method, with AACt = ACtexp - ACt =(Ctexp—tar et
- Ct - (Ct - Ct in which

con-target con-actin)’

n

exp-actin)
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Figure 1. SOX9, MEK1, MEK2, ERK1, ERK2 and p-ERK1/2 expression in renal carcinoma cell lines. (A-C) SOX9,
MEK1, MEK2, ERK1, ERK2 and p-ERK1/2 mRNA and protein were significantly increased in human renal carcinoma
cell 786-0, A498 compared to OS-RC-2, 769-P and GRC as assayed by RT-PCR and gqPCR (with B-actin as internal
control) and Western blot (with GAPDH as internal control) analysis (mean + SD of three independent experiments,
P < 0.05). D: Overexpression of SOX9 protein in renal cell carcinoma tissues (According to the Fuhrman grade: 1:
c,d;2:e,f;3: g h; 4:1, j) compared to adjacent tumoral tissues (a, b), represented by nuclear brown staining, was
further shown by immunohistochemistry (nuclear counterstain with hematoxylin). Original magnification x 400.

“exp” represents the experimental group, “con”
the control group, and “target” the gene of
interest. Designed PCR primers were shown in
Table 2.

Western blot

The primary antibodies used were as follow:
SOX9 (AB5535, Rabbit Polyclonal Antibody,
1:5000, Chemicon), MEK1 (rabbit polyclonal,
1:1000, Chemicon), MEK2 (rabbit polyclonal,
1:1000, proteintech, MAPK1 (rabbit polyclonal,
1:2000, boster), MAPK3 (rabbit polyclonal,
1:1000, proteintech), Phospho-MEK1/2 (Ser-
217/221, p-MEK1/2) (rabbit polyclonal, 1:200,
cell signaling technology, #9154), Pho-
spho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204,
p-ERK1/2) (rabbit polyclonal, 1:1000, cell sig-
naling technology, #4370), glyceralde-hyde-
3-phosphate dehydrogenase (GAPDH; mo-
use monoclonal, 1:10,000, Kangcheng), and
Horseradish peroxidase-labeled secondary
antibodies were from zhongshanjingiao Labo-
ratories (beijing). Western blotting was carried
out as previously described [35, 36].
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Immunohistochemistry

The antibodies and dilutions used for immuno-
histochemistry were SOX9 (AB5535, Rabbit
Polyclonal Antibody, 1:500, Chemicon). Im-
munostaining was carried out as previously
described [35].

Inhibition of SOX9 in renal cell carcinoma cell
line via RNA interference

Double-stranded small-interfering RNAs (siR-
NAs) and all controls were designed, synthe3
reated and unstained cells were used as con-
trols. Annexin V-positive/propidium iodide-neg-
ative cells were gated as the apoptotic cell
population.

Dual luciferase reporter gene assay

The wild-type MEK1, MEK2 and ERK2 promoter
containing the SOX9 binding sites was cloned
into the pGL3-Basic Firefly vector (Promega,
Madison, WI) designated as PGL3-MEK1-wt,
PGL3-MEK2-wt and PGL3-ERK2-wt. The con-
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Figure 2. Effects of SOX9 expression and Sorafenib/Sunitinib on the renal carcinoma cells. A: si-SOX9-1significantly
decreased SOX9 mRNA and protein expression detected by RT-PCR, gPCR, WB (with B-actin and GAPDH as internal
control, mean + SD of three independent experiments, P < 0.05). B: Down-regulation of SOX9 couldreduce the vi-
ability of renal carcinoma cells 786-0 and A498. C: left: the effect of Sorafenib (5 uM, 10 uM, 15 uM and 20 uM)/
Sunitinib (1 uM, 2 uM, 3 uM and 4 uM) on renal carcinoma cell lines for 48h. middle: the effect of Sorafenib (5 uM,
10 uM and 15 uM) /Sunitinib (1 uM, 2 uM and 3 uM) on 786-0 cells. Right: Co-treatment of si-SOX9 and Sorafenib
(10 uM and 15 uM) /Sunitinib (2 uM and 3 uM) can significantly inhibit the growth of 786-0 cells D: Co-treatment
of si-SOX9-1and Sorafenib (10 uM and 15 uM) /Sunitinib (2 uM and 3 uM) could significantly induce apoptosis of
786-0 cells measured by Flow Cytometry.
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Figure 3. The relationship between SOX9 and Raf/MEK/ERK signaling pathway. A: Dual luciferase reporter gene
assays with constructs carrying wild-type MEK1, MEK2, ERK2 promoter containing the SOX9 binding site. The rel-
ative luciferase activity (firefly/Renilla) significantly increased with PGL3-MEK1-wt, but not with PGL3-MEK2-wt,
PGL3-ERK2-wt and deletions of seed sequences of PGL3-MEK1/MEK2/ERK2-wt (PGL3-MEK1-del1/2, PGL3-MEK2-
dell/2 and PGL3-ERK2-del1/2 respectively) (mean+SD of three independent experiments, P < 0.05). B: Co-treat-
ment of si-SOX9-1 and Sorafenib (10uM, 15uM)/Sunitinib (2 uM, 3 uM) significantly decreased expression of MEK1
and its phosphorylated protein (p-MEK1/2, p-ERK1/2) as assayed by RT-PCR and gqPCR (with B-actin as internal
control) and Western blot (with GAPDH as internal control).

structs with promoter lacking the binding sites,
designated as PGL3-MEK1-del-1/2, PGL3-
MEK2-del-1/2 and PGL3-ERK2-del-1/2. Desi-
gned PCR primers were shown in Table 2.
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All sequences were amplified from genomic
DNA of HK-2 cells. The reporter constructs and
the pRL-CMV plasmid (Promega) (encoding
Renilla luciferase gene, as internal control)

Int J Clin Exp Pathol 2015;8(4):3871-3881



The impact of SOX9 on TKis resistance in RCC

Table 3. Association of SOX9 expression lev-
els with therapeutic response to sorafenib/
sunitinib

SOX9 (+) (%)  SOX9 () (%) P Value
CR 0/16 (0%) 1/22 (4.5%) 0.453
PR 3/16(18.8%) 9/22 (40.9%) 0.354
SD  4/16 (25%) 10/22 (45.5%)  0.197
PD 9/16 (56.2%) 2/22(9.1%) 0.002
ORR 3/16 (18.8%) 10/22 (45.4%) 0.087
DCR 7/12 (43.8%) 20/22 (90.9%) 0.002

Therapeutic response was evaluated according to
RECIST criteria. CR: Complete Response, PR: Partial
Response, SD: Stable Disease, PD: Progressive Disease,
ORR: Objective Response Rate, DCR: Disease Control
Rate.

were used in dual luciferase reporter gene
assays as described.

Statistical analysis

The SPSS 18.0 software (SPSS, Inc, Chicago,
IL) was used for general statistical and survival
analysis. Fisher’s exact test was used for be-
tween-group comparisons. The Student’s t-test
was used to determine statistical significance
of the differences between experimental g-
roups The Kaplan-Meier method with log-rank
test was used for univariate survival analysis,
and the Cox proportional regression model was
used for multivariate survival analysis. P-values
less than 0.05 were considered statistically
significant.

Results

Expression of SOX9, MEK1, MEK2, ERK1 and
ERK2 in renal carcinoma cell lines and tissue-
sln comparison with GRC, 769-P, 0S-RC-2 and
HK-2 cells, both mRNA and protein level of
SOX9 was obviously highly expressed in 786-0
and A498 cells (Figure 1A-C).

SOX9 immunostaining was then completed in a
total of 141 cases with RCC tissues and 20
cases with adjacent tumoral tissues, the results
showed that, SOX9 signal was nucleus. Com-
pared to adjacent tumoral tissues, positive
expression ratio of SOX9 in RCC tissues was
significantly higher (65/141 (46.1%) vs. 2/20
(10%), p=0.002) (Figure 1D). Intensity of SOX9
was found to be in accordance with Fuhrman
grading of RCC. If RCC tissues were sub-classi-
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fied into two groups according to Fuhrman grad-
ing: favorable differentiation group (Fuhrman
grade < 2, n=71) and poor differentiation group
(Fuhrman grade > 2, n=70), sub-analysis
showed that, the expression of SOX9 was
strongly associated with tumor cell differentia-
tion (P=0.012) (shown in Table 1).

Effects of SOX9 expression and Sorafenib/
Sunitinib on renal carcinoma cells

The impact of SOX9 on renal carcinoma cell
lines: In order to learn the function of SOX9 dif-
ferential expression in RCCs, two siRNAs speci-
fied to SOX9 were designed and verified. SOX9
mMRNA and protein could be significantly down-
regulated by SOX9 siRNA-1 (Si-SOX9-1), but not
siRNA-2, in SOX9 highly expression cell lines
(786-0 and A498) (Figure 2A).

To identify the impact of SOX9 on cell prolifera-
tion, we used CCK-8 kit to study the viability of
786-0 and A498 cells. The result revealed that
786-0 and A498 cells transfected with Si-
SOX9-1 showed slower cell proliferation than
those transfected with Si-control (Figure 2B). At
the same time, the relationship between SOX9
expression and cell migration/invasion were
also investigated, the results showed that SOX9
had no any effect on renal carcinoma cells
migration or invasion (data not shown).

Effects of Sorafenib/Sunitinib on renal carci-
noma cells

To study the sensitivity of renal carcinoma cells
to Sorafenib/Sunitinib, we also evaluated the
effect of Sorafenib/Sunitinib on cell prolifera-
tion. Four renal carcinoma cell lines, including
786-0, A498, 769-P and OS-RC-2, were treated
with different concentrations of Sorafenib or
Sunitinib, respectively and separately (Figure
2C). The results revealed that different cell
lines had different sensitivities to Sorafenib/
Sunitinib. In brief, surprisingly, we found that,
the cell line (786-0), expressed high level of
S0X9, had the most poor sensitivity to Sorafenib
or Sunitinib (Figure 2C).

The impact of co-treatment of Si-SOX9-1 and
Sorafenib/Sunitinib on renal cell carcinoma
cell line 786-0

In order to explore the impact of SOX9 expres-
sion on sensitivity of renal carcinoma cell to
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Sorafenib/Sunitinib, SOX9 expression was do-
wn-regulated by Si-SOX9-1 in 786-0, simultane-
ously treated with Sorafenib/Sunitinib. The
CCK8 assay data showed that the growth of
786-0 cells was significantly reduced when
they were treated with Sorafenib/Sunitinib
combined with Si-SOX9-1 (Figure 2C). Similar,
flow cytometry data showed that co-treatment
of Si-SO0X9-1 and sorafenib/sunitinib could sig-
nificantly induce cell apoptosis (Figure 2D).
These results demonstrated that SOX9 expres-
sion had negative effect on the treatment of
mRCC with Sorafenib/Sunitinib.

The relationship between SOX9 and Raf/MEK/
ERK signaling pathway

In our study, we have found that expression of
MEK1/2 and ERK1/2 were positively correlat-
ed to SOX9 expression (Figure 1A). So, the
hypothesis has come forward that re-activation
of Raf/MEK/ERK signaling pathway could be
regulated by SOX9, and the regulation between
SOX9 and Raf/MEK/ERK signaling pathway
might be the reason for TKIs resistance. Finally,
we predicted the promoters of MEK1, MEK2
and ERK2 have the binding sites of SOX9 by
bioinformatic tools. To show that whether the
MEK1, MEK2 and ERK2 promoters could be
transcriptionally activated by SOX9, 786-0 cells
were transfected with the reporter constructs
carrying the wild-type promoters (pGL3-MEK1-
wt, pGL3-MEK2-wt and pGL3-ERK2-wt) or con-
structs in which the binding sites was deleted
(pGL3-MEK1-dell/2, pGL3-MEK2-dell/2 and
pGL3-ERK2-dell/2), respectively. Dual report-
er assays showed that, only luciferase activity
of pGL3-MEK1-wt promoter increased signifi-
cantly, which indicated that the transcriptional
activation of MEK1 promoter could be regulat-
ed by SOX9 (Figure 3A).

786-0 cells were transfected with 100 nm
pGL3-MEK1-wt promoter, four hours later,
Sorafenib (10 uM, 15 uM) and Sunitinib (2 uM,
3 uM) were then added respectively. Forty-eight
hours after transfection, the expression of
MEK1 and its phosphorylated protein (p-MEK
1/2 and p-ERK1/2) was detected to be signifi-
cantly decreased (Figure 3B).

The clinical implication of SOX9 expression in
patients with mRCC treated with TKls

In all of 141 cases, 38 patients with mRCC
were diagnosed. 36/38 patients were complet-
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ed with cytoreductive nephrectomy before sys-
temic therapy, 10/38 patients were treated
with sorafenib (400 mg Bid), while, the rest of
28 cases were treated with sunitinib individu-
ally (50 mg qd, 4 weeks on/2 weeks off or 50
mg qd, 2 weeks on/1 week off). Totally, mean
progression free survival (PFS) time was
17.4months, and mean overall survival (0S)
time reached to 32.1 months. Comparative
analysis results showed that, patients with
SOX9 (-) (n=22) were more sensitive to
sorafenib/sunitinib than those with SOX9 (+)
(n=16) (shown in Table 3). Due to small sam-
ples, survival analysis did not show any effect
of SOX9 expression on clinical outcomes of
patients with mRCC, however, patients with
SOX9 (-) had relative longer PFS and OS time
than those with SOX9 (+).

Discussion

Surgical resection of primary tumors may be
curable for patients with localized RCC, howev-
er, even in era of targeted therapy, RCC patients
with distant metastasis are still associated
with poor prognosis [24]. Targeted therapy,
including TKIs and mTOR inhibitors, has cur-
rently been mainstay treatment for pts with
metastasis. It is of noteworthy that, 26%
patients with mRCC are primary refractory to
treatment [37], and almost all of patients treat-
ed with TKIs would inevitably convert to drug
resistance after median 5-11 months [8, 38].
Acquired resistance might occur due to the fol-
lowing pathways: (1) up- or down-regulation of
genes involved in the alternative pathway sup-
porting angiogenesis [11, 15, 39, 40]; (2)
increased pericyte coverage of tumor vessels
[41]; (3) the alteration of tumor microenviron-
ment [42]; (4) over-expression of EMT-
associated genes (Twist, Snail and ZEB1) [43,
44].

Recently, SOX9, one of member of SOX family,
has been found to play an important role in
tumor survival, metastasis, invasion, angiogen-
esis and autophagy [25-29]. It should be of
importance in detecting expression profile of
SOX9 in RCC, and exploring the role of SOX9 in
the progression of RCC, especially in angio-
genesis

We firstly reported that SOX9 was highly
expressed in renal carcinoma cells and tissues,
as in the other types of tumors [29-31]. In the
previous studies, dysregulation of SOX9 has
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been found to be as avaluable prognostic bio-
marker in lung adenocarcinoma [30] and early
stage of ovarian cancer [45]. In our present
study, we found that the expression of SOX9
was positively associated with Fuhrman grad-
ing of renal carcinoma.

Due to the relative smaller cases, survival anal-
ysis showed no association of SOX9 expression
with clinical outcomes. While, the therapeutic
response to Sorafenib/Sunitinib was signifi-
cantly different between SOX9 positive and
negative patients with mRCC. The exact asso-
ciation of SOX9 expression with survival impact
should be further validated with a large scale of
samples. Basedonthesefindings, Dysregulation
of SOX9 in mRCC should be involved in TKls
resistance, and SOX9 should be expected to be
a promising biomarker predicting TKIls res-
ponse, which could help physicians choosing
optimal targeted therapy in clinical practice.

So far, the relationship between SOX9 and TKls
resistance in mMRCC has never been explored.
In this study, firstly, we observed the associa-
tion of MEKs and ERKs expression with SOX9 in
renal carcinoma cells, and Dual luciferase
assay confirmed that SOX9 could directly regu-
late MEK1 expression in renal carcinoma cells.
As one of targets of TKls in the treatment of
mRCC, Raf/MEK/ERK signaling pathway have
been found to be involved in Raf/MEK/ERK-
mediated VEGF autocrine function and main-
tain homeostasis of angiogenesis [46]. In the
present study, it is first time for us to demon-
strate that, TKls resistance could be occurred
through activation of Raf/MEK/ERK regulated
by SOX9 overexpression, which could at least
partially explain the drug resistance generated
from renal cell carcinoma.

In conclusion, it is first time to describe the
highly expression of SOX9 in RCC tissues and
cells, and it is also the first time to confirm the
regulation association between SOX9 and Raf/
MEK/ERK signaling pathway in RCC, which
could at least partially explain the resistance
development in the treatment of mMRCC with
TKls. More importantly, the results suggested
that SOX9 should be expected to be a promis-
ing biomarker predicting TKIs response and
even expected to be another novel target in the
treatment of mRCC.
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