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Background: Sex-determining region Y-box protein 5 (SOX5) has been demonstrated to be 

implicated in oncogenic function in various types of cancers. However, the role of SOX5 in gas-

tric cancer (GC) remains poorly elucidated. Herein, we investigated the role and the underlying 

mechanism of SOX5 in GC progression.

Methods: SOX5 mRNA and protein expression were detected by quantitative real-time PCR 

(qRT-PCR), Western blot and immunohistochemistry in human GC specimens, and their clinical 

significance was evaluated. The effects of SOX5 knockdown or overexpression on GC cell 

behavior were determined by proliferation, wound-healing and transwell assays in vitro, and 

metastasis assays in vivo; and epithelial–mesenchymal transition (EMT)-related markers were 

detected by qRT-PCR, Western blot and immunofluorescence staining.

Results: The up-regulated expression of SOX5 in GC specimens was significantly correlated 

with clinical metastasis and poor prognosis for patients with GC. Besides, SOX5 promoted 

GC cell migration and invasion in vitro, as well as GC cell metastasis in vivo. Mechanically, 

Twist-mediated EMT was likely involved in SOX5-facilitated GC cell behavior.

Conclusion: SOX5 has an important function in GC progression. In addition, SOX5 promotes 

GC cell invasion and metastasis via activation of Twist-mediated EMT, thus providing a potential 

therapeutic target for GC metastasis.
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Introduction
Gastric cancer (GC) is one of the most common malignant tumors, with the fifth 

highest incidence and the third highest mortality of all malignant tumors.1 Despite 

significant progress having been made in the treatment of GC in recent decades, 

metastasis after curative resection remains a major challenge for GC treatment.2 The 

underlying molecular mechanisms responsible for GC metastasis have yet to be suf-

ficiently elucidated. Therefore, the identification of novel metastasis genes and the 

molecular mechanisms underlying the metastatic progression may provide potential 

therapeutic strategies for GC.

Growing evidence has demonstrated that epithelial–mesenchymal transition (EMT) 

plays a key role in the initial stage of cancer metastatic progression, endowing cancer 

cells with migratory and invasive properties.3 EMT describes the process whereby 

epithelial cells lose cell–cell adhesion and develop a mesenchymal phenotype that 

defines the shape of the cells and reprograms gene expression. This switch increases 

the motility of individual cells and enables the development of an invasive pheno-

type, which contributes to the spread of cancer cells to distant organs during cancer 
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metastasis.4 Molecularly, EMT involves multiple complex 

changes in the distribution and function of proteins, includ-

ing the inactivation of the epithelial marker E-cadherin and 

the activation of the mesenchymal marker vimentin. This 

process is regulated by a complex network of interconnected 

signaling cascades, as well as transcription factors such as 

Snail, Slug, ZEB1, ZEB2 and Twist.5

Sex-determining region Y-box protein 5 (SOX5), a mem-

ber of the SOX family of transcription factors, has an impor-

tant function in the regulation of embryonic development and 

determination of cell fate.6 Recent studies of SOX5 function 

have focused mainly on tumor progression in various can-

cers, including hepatocellular carcinoma (HCC), glioma and 

breast cancer.7–9 For example, research shows that SOX5 

contributes to prostate cancer (PCa) metastasis via TGF-

β-mediated EMT, resulting in an unfavorable prognosis in 

patients with PCa. In PCa, SOX5 is observably increased 

in primary PCa tissues compared with that in matched non-

tumor normal tissue, and has an instrumental role in PCa 

invasion and metastasis.10 In HCC, gain- and loss-of-function 

studies reveal that SOX5 promotes HCC cell migration and 

invasion, describing SOX5 as a potential therapeutic target 

for HCC metastasis.9 Furthermore, SOX5 is found to display 

a remarkable up-regulation expression in primary lung can-

cer tissues, and act as a tumor metastasis-promoting gene in 

lung cancer, as evidenced by its overexpression facilitating 

cell invasion and metastasis, whereas its down-regulation 

led to the opposite outcome.11 However, to our knowledge, 

the expression and biological role of SOX5 in GC have not 

been characterized, and even less is known about the mecha-

nisms of SOX5 with respect to GC invasion and metastasis.

Herein, we examined the expression of SOX5 in GC 

tissues and the correlation to the clinicopathological features. 

In addition, we investigated the effects of SOX5 on GC cell 

invasion and metastasis, as well as the regulatory mechanism 

of SOX5-induced GC progression.

Materials and methods
Tissue specimens and cell lines
A total of 96 primary GC tissues and adjacent normal tissues 

were obtained from patients with gastric adenocarcinoma 

at Shanghai Ninth People’s Hospital (Shanghai, People’s 

Republic of China). All participants who underwent radical 

resection had not received preoperative chemotherapy or 

radiotherapy before enrollment. Among them, 48 cases 

were evaluated for SOX5 mRNA expression by quantitative 

real-time PCR (qRT-PCR) and SOX5 protein expression 

by Western blot analysis. All samples were subjected to 

immunohistochemical staining. Written informed consent 

was obtained from each patient in accordance with the 

Declaration of Helsinki, and this study was approved by 

the Ethics Committee of Shanghai Ninth People’s Hospital.

The human GC cells (MGC803, SGC7901, BGC823, 

AGS, HGC27, KATO-III and MKN45) and normal gastric 

epithelial GES-1 cells were purchased from the Type Culture 

Collection of the Chinese Academy of Sciences (Shanghai, 

People’s Republic of China). KATO-III cells were cultured 

in 80% Iscove’s Modified Dulbecco’s Medium (IMDM) 

(ATCC, Manassas, VA, USA) supplemented with 20% FBS 

(Thermo Fisher Scientific, Waltham, MA, USA). The other 

cell lines were maintained in 90% RPMI-1640 (Thermo 

Fisher Scientific) supplemented with 10% FBS (Thermo 

Fisher Scientific). All cells were propagated at 37°C in a 

humidified atmosphere with 5% CO
2
.

lentivirus infection
SOX5-specific short hairpin RNA (shRNA) was chemically 

synthesized (Genecopoeia, Rockville, MD, USA) to knock-

down endogenous SOX5 expression in GC cells. Negative 

control-shRNA (shNC) was used as a control. Cells were 

transfected using Lipofectamine 2000 according to the 

manufacturer’s protocol (Thermo Fisher Scientifc). Stable 

overexpression of SOX5 was determined using the lentiviral 

expression system (Thermo Fisher Scientific).9 The empty 

vector was employed as a control. The infection efficiency 

was evaluated by Western blot analysis.

qrT-Pcr
Total RNA was extracted from GC tissues or GC cells using 

the TRIzol reagent (Thermo Fisher Scientific) and reverse 

transcribed to cDNA using the PrimeScript RT Reagent Kit 

(TaKaRa, Shanghai, People’s Republic of China) according to 

the manufacturer’s protocol. qRT-PCR was performed to deter-

mine the mRNA expression levels of SOX5 and EMT-related 

markers using the SYBR Green assay kit (Takara, Kusatsu, 

Japan) on a 7500 RT-PCR system (Applied Biosystems, 

Waltham, MA, USA). Primers are summarized in Table S1.

Western blot
In brief, equal amounts of protein extracted from tissue or 

cell lysate were separated by SDS-PAGE and transferred 

to polyvinylidene difluoride membrane (EMD Millipore, 

Billerica, MA, USA). Transferred blots were incubated with 
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a primary antibody at 4°C overnight, followed by a second-

ary antibody. Immunoreactive bands were detected by the 

enhanced chemiluminescence detection reagent (Thermo 

Fisher Scientific). The primary antibody against SOX5 was 

obtained from Santa Cruz Biotechnology Inc. (Dallas, TX, 

USA). Primary antibodies against E-cadherin, vimentin, 

Snail, Slug, ZEB1, ZEB2 and Twist were purchased 

from Cell Signaling Technology (Danvers, MA, USA). 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

antibody was purchased from Bioworld Technology 

(St Louis Park, MN, USA).

immunohistochemistry (ihc)
In brief, IHC analysis was carried out to detect SOX5 expres-

sion in GC tissues and matched normal tissues. The paraffin-

embedded slides were deparaffinized, rehydrated and 

heat-treated for antigen retrieval. Then, slides were blocked 

with hydrogen peroxide and blocking serum and incubated 

with a primary antibody at 4°C overnight, followed by biotin-

conjugated anti-IgG serum (Boster Biological Technology, 

Pleasanton, CA, USA) and a streptavidin–biotin complex 

(SABC) solution. Finally, slides were observed under the 

microscope in a blinded manner.

IHC staining of SOX5 was evaluated by the sum of the 

intensity scores and the area scores. The staining intensity 

was scaled as 0 for no IHC signal, 1 for weak, 2 for mod-

erate and 3 for strong. The staining area was set as 0 for 

0%–5%, 1 for 6%–25%, 2 for 26%–50% and 3 for .50%. 

Sum scores ,3 points were defined as negative, while sum 

scores $3 points were considered positive.

Wound-healing assay
Cells without serum were seeded in a six-well plate to grow 

into a confluent monolayer. An artificial linear wound was 

created using a sterile 10 µL plastic tip, followed by a wash 

to remove detached cells. Photomicrographs were taken at 

the appropriate time-points (0 and 24 hours) to assess the 

remaining distance. The wound-healing percentage = (0-hour 

width - 24-hour width)/0-hour width ×100%.

cell migration and invasion assays
For the migration assay, cells were seeded into the top 

chamber of a 24-well 8 µm pore-size transwell plate 

(Corning Incorporated, Corning, NY, USA). For the invasion 

assay, cells were seeded into a Matrigel-coated chamber (BD 

Biosciences, San Jose, CA, USA). Medium supplemented 

with 20% FBS served as the chemoattractant and was added 

to the bottom chamber. After 24 hours of culture, cells on 

the lower surface of the filters were fixed with 4% parafor-

maldehyde and stained with 0.05% crystal violet solution. 

Average cells from five random fields were counted under 

an inverted light microscope.

Proliferation assay
In brief, GC cells (1×104 cells/well) were seeded in a six-

well plate. At the indicated times (0, 1, 2, 3 and 4 days after 

culture), 10 µL of Cell Counting Kit-8 (CCK-8; Dojindo, 

Kumamoto, Japan) solution was added to each well and 

cultured for another 80 minutes. Then, the absorbance was 

measured at 450 nm to calculate cell growth rates following 

the manufacturer’s protocol.

Immunofluorescence staining
In brief, cells were fixed in 4% paraformaldehyde 

for 15 minutes and permeabilized with Triton X-100 for 

30 minutes. Then, cells were blocked with 5% BSA for 

1 hour at room temperature, followed by incubation with 

primary antibodies against E-cadherin and vimentin at 4°C 

overnight. Subsequently, cells were incubated with a sec-

ondary antibody for 30 minutes and stained with DAPI for 

another 10 minutes. Finally, images were captured under a 

fluorescence microscope.

animal experiments
To determine the function of SOX5 in tumor metastasis 

in vivo, MGC803 cells (shNC/shSOX5) or AGS cells 

(Vector/SOX5) were injected intravenously into the tail 

vein of male BALB/c nude mice (aged 6 weeks). At 30 days 

after the injection, the mice were killed and their lungs were 

examined for tumor metastases using H&E staining. The 

in vivo experiments were approved by the Ethics Committee 

of Shanghai Ninth People’s Hospital, and were conducted 

according to the Declaration of Helsinki.

statistical analyses
SOX5 expression and clinicopathological features were 

compared using the chi-squared test. The Kaplan–Meier 

survival curve was assessed by the log-rank test. Other data 

are presented as mean±SD, and were analyzed by Student’s 

t-test. All statistical analyses were performed using SPSS 

21.0 software (IBM Corporation, Armonk, NY, USA). 

P,0.05 was considered statistically significant.
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Results
high sOX5 expression predicts poor 
outcomes in patients with gc
To explore the function of SOX5 in the development of GC, 

we investigated SOX5 expression in GC samples. As shown 

in Figure 1A, the qRT-PCR result revealed that the relative 

SOX5 mRNA expression was significantly higher in tumor 

samples compared with matched normal tissues in 48 pairs 

of cases. The Western blot analysis of SOX5 protein expres-

sion indicated a similar outcome (Figure 1B). Meanwhile, 

IHC analysis of SOX5 in all cases demonstrated that SOX5 

expression was markedly increased in tumor tissues com-

pared to normal tissues (Figure 1C and D), and its expression 

was significantly higher in GC patients with lymph-node 

metastasis (Figure 1C and E), suggesting that SOX5 may 

have an important function in metastasis. In addition, as 

shown in Table 1, SOX5 expression was significantly associ-

ated with T stage, pTNM stage and lymph-node metastasis 

(P,0.05). Statistical analyses further demonstrated that 

high SOX5 expression correlated with poor overall survival 

(P,0.05) (Figure 1F).

sOX5 expression in gc cell lines
To select the appropriate GC cells for subsequent studies, we 

examined the expression of SOX5 in GC cell lines (MGC803, 

SGC7901, BGC823, AGS, HGC27, KATO-III and MKN45) 

Figure 1 Relative SOX5 expression and its clinical significance in human GC.
Notes: (A) qrT-Pcr detection of sOX5 mrna expression in gc tumor tissues and matched normal tissues. (B) Western blot analysis of sOX5 protein expression 
in gc tumor tissues (T) and adjacent normal tissues (n). (C) representative ihc images of sOX5 in gc tumor tissues with or without metastasis and corresponding 
normal tissues. (D) Quantitative assessment of sOX5 expression in gc tumor tissues and paracancerous normal tissues in the light of ihc scores. (E) scatterplots of the 
average staining scores of sOX5 expression in patients without or with metastasis. (F) Kaplan–Meier overall survival curves of gc patients with positive or negative sOX5 
expression. *P,0.05. Magnification ×200.
Abbreviations: sOX5, sex-determining region Y-box protein 5; gc, gastric cancer; qrT-Pcr, quantitative real-time Pcr; gaPDh, glyceraldehyde-3-phosphate 
dehydrogenase; ihc, immunohistochemistry.
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and normal gastric epithelial GES-1 cells. Compared to 

GES-1 cells, SOX5 mRNA and protein expression was 

distinctly elevated in GC cells. Among them, MGC803 and 

BGC823 cells exhibited the highest level of SOX5 mRNA 

and protein expression. AGS and KATO-III cells showed 

the opposite results (Figure 2A and B). Subsequently, 

MGC803 and BGC823 cells were selected for transfection 

with shRNA lentivirus vector toward SOX5 (Figure 2C). 

AGS and KATO-III cells were selected for transfection with 

SOX5-overexpression vector (Figure 2D).

sOX5 promotes gc cell migration and 
invasion in vitro and metastasis in vivo
To investigate the potential effects of SOX5 on GC cell 

invasion and metastasis, we established stable SOX5 

knockdown (MGC803-shSOX5) and overexpression (AGS-

SOX5) cells for subsequent studies. The wound-healing 

assay indicated that SOX5-overexpressing AGS cells 

exhibited a significantly more extensive wound closure 

area, compared with the respective control, whereas SOX5-

silencing MGC803 cells showed weaker migration capability 

(Figure 3A). This result was confirmed by the transwell 

migration assay (Figure 3B). As expected, the transwell 

invasion assay revealed a similar effect on GC cell invasion 

(Figure 3B). Thus, we concluded that SOX5 facilitated GC 

cell migration and invasion in vitro.

To further examine the in vivo effect of SOX5 on GC 

cell metastasis, the lung metastasis model was established 

via the injection of GC cells into the tail vein in nude mice. 

We found that SOX5 silencing suppressed lung metastasis, 

as evidenced by a significantly lower number of lung meta-

static nodules. Conversely, SOX5 overexpression led to the 

opposite effect (Figure 3C). Taken together, these findings 

were consistent with the in vitro results, suggesting that 

SOX5 promoted GC cell metastasis in vivo.

To exclude the possibility that the effects of SOX5 on 

cell migration and invasion were attributable to different 

proliferation rates, the cellular growth rates in the two 

groups were compared. As shown in Figure 4A, all cells 

exhibited similar growth rates under the same conditions 

in vitro. Consistently, the in vivo results showed that SOX5 

knockdown or overexpression did not affect GC cell growth 

(Figure 4B), suggesting that SOX5 has little impact on GC 

cell proliferation.

sOX5 promotes gc cell invasion 
through Twist-induced eMT
Since the activation of EMT has been demonstrated to 

strongly facilitate tumor cell metastasis in several cancers, 

including GC,5,12 we examined the association between SOX5 

expression and EMT. The qRT-PCR result revealed that 

depletion of SOX5 in MGC803 cells led to the decreased 

expression of vimentin and Twist, and the increased expres-

sion of E-cadherin. Conversely, overexpression of SOX5 

in AGS cells resulted in the opposite outcome (Figure 5A). 

In addition, Western blot and immunofluorescence staining 

further confirmed that SOX5 negatively correlated with 

E-cadherin but positively correlated with Twist and vimentin 

in GC cells (Figure 5B and C). Thus, we reasoned that 

SOX5 may contribute to GC cell migration and invasion via 

activation of EMT.

Next, to further investigate the interval molecular 

mechanism of SOX5 involving EMT, the transcription 

factor Twist was stably down-regulated in GC cells. The 

results demonstrated that shTwist enhanced shSOX5-induced 

Table 1 correlations between sOX5 expression and clinico-
pathological features in patients with gastric cancer

Features n SOX5 P-value

Negative Positive

age (years) 0.752

$60 65 23 42

,60 31 12 19

gender 0.453

Male 64 25 39

Female 32 10 22

Tumor size (cm) 0.208

$5 60 19 41

,5 36 16 20

Lauren’s classification 0.385

Diffuse 27 8 19

intestinal 69 27 42

lymphatic vessel invasion 0.404

With 41 13 28

Without 55 22 33

T stage 0.002*

T1+T2 43 23 20

T3+T4 53 12 41

pTnM stage 0.003*

i+ii 39 21 18

iii+iV 57 14 43

lymph-node metastasis ,0.001*

With (n1+n2+n3) 58 11 47

Without (n0) 38 24 14

Notes: *Mean P,0.05. Statistically significant values are shown in bold.
Abbreviation: sOX5, sex-determining region Y-box protein 5.
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up-regulation of E-cadherin and down-regulation of vimen-

tin, but did not alter SOX5 expression (Figure 6A). Mean-

while, shTwist substantially potentiated shSOX5-inhibited 

MGC803 cell invasion (Figure 6B). Besides, shTwist 

resulted in a noticeable reversal of SOX5-mediated EMT 

and reverted SOX5-facilitated AGS cell invasion (Figure 6C 

and D). Collectively, these data suggest that SOX5 could pro-

mote GC cell invasion via activation of Twist-mediated EMT.

Discussion
GC remains a highly prevalent disease with poor clinical 

outcomes, and most afflicted individuals do not survive 

owing to tumor metastasis.2,13 Given that the transition 

of cancer cells from a relatively immobile type to a more 

invasive cell phenotype is increasingly accepted as a major 

cause in tumor metastasis, novel therapeutic strategies are 

urgently needed to control the metastatic dissemination of 

cancer cells.4,14 Therefore, the identification of cancer-specific 

cellular targets and a better understanding of the underlying 

mechanisms involved in cancer cell metastasis may represent 

such a strategy. Recent studies demonstrated that SOX5 was 

highly expressed in many human malignancies and was 

significantly related to invasion and metastasis of tumors.7–10 

Nevertheless, there is little evidence to elucidate the clinical 

significance and the role of SOX5 in GC tissues.

In the current study, we presented evidence that SOX5 

may serve as a tumor metastasis-promoting gene in patients 

with GC. We showed that SOX5 had an important function 

Figure 2 expression of sOX5 in gc cell lines.
Notes: (A) qrT-Pcr detection of sOX5 mrna expression in gc cell lines and normal gastric epithelial ges-1 cells. (B) Western blot analysis of sOX5 protein expression 
in gc cell lines and normal gastric epithelial ges-1 cells. (C) Western blot analysis of sOX5 expression in sOX5-knockdown cells (Mgc803 and Bgc823). (D) Western 
blot analysis of sOX5 expression in sOX5-overexpressing cells (ags and KaTO-iii). *P,0.05.
Abbreviations: sOX5, sex-determining region Y-box protein 5; gc, gastric cancer; qrT-Pcr, quantitative real-time Pcr.
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in the aggressive behavior of GC, and our data suggested 

that patients with high SOX5 expression were more likely 

to suffer from metastases with a lower progression-free 

survival. In addition, we found that depletion of endogenous 

SOX5 expression attenuated GC cell invasion and metas-

tasis, while SOX5 overexpression dramatically reversed 

these events. Mechanistically, we demonstrated that SOX5 

accelerated metastatic effects, at least partly via induction 

of EMT through the up-regulation of Twist.

As mentioned in the Introduction, EMT is a process 

involved in the early stage of the metastatic cascade, confer-

ring the cellular conversion to a more invasive cell phenotype 

in numerous human malignancies. In light of the clinical 

importance of this step, the need to develop novel therapeutic 

strategies to restrain this process in cancer is apparent. 

Nevertheless, key questions remain regarding effective 

strategies for targeting the EMT pathway to prevent cancer 

metastasis. Hence, great efforts have been made to identify 

novel targeted biomarkers that promote cancer metastasis via 

the aberrant activation of EMT.15,16 For example, our find-

ings implicated SOX5 as a crucial regulator of EMT in GC 

cell invasion and metastasis. This conclusion is based on the 

results that SOX5 silencing resulted in the down-regulation 

of vimentin and the up-regulation of E-cadherin, whereas 

SOX5 overexpression indicated the opposite effects. In addi-

tion, a well-known function of transcription factors (such as 

Snail, Slug, ZEB1, ZEB2 and Twist) is that they serve as key 

regulators of EMT in many types of human cancer and are 

Figure 3 effects of sOX5 knockdown or overexpression on gc cell migration and invasion in vitro, and metastasis in vivo.
Notes: (A) effects of sOX5 knockdown or overexpression on the migratory capability of gc cells by wound-healing assay in vitro. (B) effects of sOX5 knockdown or 
overexpression on the migratory and invasive capabilities of gc cells by transwell assay in vitro. (C) effects of sOX5 knockdown or overexpression on gc cell metastasis 
in vivo. red arrows show metastatic tumor nodules. *P,0.05. Magnification ×200.
Abbreviations: sOX5, sex-determining region Y-box protein 5; gc, gastric cancer.
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Figure 4 effects of sOX5 knockdown or overexpression on gc cell growth in vitro and in vivo.
Notes: (A) effects of sOX5 knockdown or overexpression on cell growth by ccK-8 assay in vitro. (B) representative images of tumors formed in mice injected 
subcutaneously with gc cells. Tumor volume was measured every 7 days.
Abbreviations: sOX5, sex-determining region Y-box protein 5; gc, gastric cancer; ccK-8, cell counting Kit-8.
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frequently overactivated, thus controlling cell invasion and 

metastasis.17 Notably, the present study proved that SOX5 

knockdown could significantly decrease Twist expression 

and in turn reverse EMT, thereby suppressing GC cell 

migration and invasion. Conversely, SOX5 overexpression 

led to the opposite outcomes. However, no changes in the 

expression of the other EMT transcription factors (Snail, 

Slug, ZEB1 and ZEB2) were observed when SOX5 expres-

sion was changed.

As confirmation that the transcription factor Twist 

was involved in SOX5-mediated EMT, endogenous Twist 

expression was stably silenced in GC cells, which not only 

weakened SOX5-induced EMT and cell invasion, but also 

strengthened shSOX5-inhibited EMT and cell invasion. 

Taking these results together, it seems reasonable that 

SOX5 promotes GC cell invasion and metastasis, at least 

partly via Twist-regulated EMT. Although Twist served as 

a downstream substrate in the process of SOX5-mediated 

GC cell migration and invasion, the accurate mechanism 

of how SOX5 exerts an influence on Twist remains to be 

thoroughly characterized. Hence, it is worth exploring the 

complex interaction between SOX5 and Twist in future 

research.

Conclusion
In summary, our data demonstrated that SOX5 was signifi-

cantly overexpressed in GC tissues, and associated with poor 

pathological characteristics and an unfavorable prognosis 

in patients with GC. Our findings also indicated that SOX5 

facilitated GC cell invasion and metastasis via activation of 

Twist-mediated EMT, thus possibly providing a valuable 

candidate for treatment to suppress GC metastasis.
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Figure 5 Detection of sOX5 and eMT-related marker expression in sOX5-altered gc cells.
Notes: Following sOX5 silencing or overexpression treatment, qrT-Pcr (A), Western blot (B) and immunofluorescence (C) were employed to detect the expression of 
sOX5 and eMT-related markers (e-cadherin, vimentin, snail, slug, ZeB1, ZeB2 and Twist) in sOX5-depleting Mgc803 cells and sOX5-overexpressing ags cells. *P,0.05. 
Magnification ×400.
Abbreviations: sOX5, sex-determining region Y-box protein 5; eMT, epithelial–mesenchymal transition; gc, gastric cancer; qrT-Pcr, quantitative real-time Pcr; gaPDh, 
glyceraldehyde-3-phosphate dehydrogenase.
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Supplementary material

Table S1 Primers designed for qrT-Pcr

Gene Sequence (5′–3′)

Sense Antisense

sOX5 cagccagagTTagcacaaTagg cTgTTgTTcccgTcggagTT

e-cadherin cgagagcTacacgTTcacgg gggTgTcgagggaaaaaTagg

Vimentin cTgcTTcaagacTcggTggac aTcTccTccTcgTacaggTcg

snail aaggccTTcTcTaggcccT cgcaggTTggagcggTcag

slug TTcggacccacacaTTaccT gcagTgagggcaagaaaaag

ZeB1 gaTgaTgaaTgcgagTcagaTgc acagcagTgTcTTgTTgTTgT

ZeB2 caagaggcgcaaacaagcc ggTTggcaaTaccgTcaTcc

Twist cagcTacgccTTcTcggTcT cTgTccaTTTTcTccTTcTcTgga

gaPDh aggggccaTccacagTcTTc agaaggcTggggcTcaTTTg

Abbreviations: qrT-Pcr, quantitative real-time Pcr; sOX5, sex-determining region Y-box protein 5; gaPDh, glyceraldehyde-3-phosphate dehydrogenase.
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