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Increased expression of SOX4 is associated with colorectal
cancer progression
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Abstract Sex-determining region Y-related high-mobility
group box 4 (SOX4) has been proven to serve as a critical role
in cancer progression. However, the pathological role of
SOX4 in colorectal cancer (CRC) remains unknown. The
aim of this study was to investigate the role of SOX4 in
CRC. In this study, we investigated the expression of SOX4
in CRC tissues by immunohistochemistry, quantitative reverse
transcription polymerase chain reaction (qRT-PCR), and
Western blot. We also evaluated the effect of SOX4 on cell
proliferation and invasion by 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2H-tetrazolium bromide (MTT) and transwell as-
say. The SOX4 messenger RNA (mRNA) and protein expres-
sion were markedly higher in CRC tissues compared with
adjacent normal mucosa tissues. Inhibition of SOX4 could
suppress CRC cell proliferation, and invasion in vitro.
Our findings indicate that targeting SOX4 might provide
a new therapeutic modality for the treatment of CRC
patients.
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Colorectal cancer (CRC) is one of the most common malig-
nant neoplasms and the third leading cause of cancer patient’s
death worldwide, accounting for approximately 10 % of all

cancer incidence and mortality [1, 2]. In China, the incidence
of this disease has been increased in the last decades [2, 3].
Due to the high local tumor recurrence, further progression,
and distant metastases, poor clinical outcome has been shown
for CRC patients [4, 5]. Although surgical techniques and
adjuvant therapies have been established, the overall survival
rate remains unfavorable [6, 7]. Therefore, it is urgent to iden-
tify useful biomarkers and explore novel therapeutic targets
for early diagnosis and for the development of more efficient
treatment.

The sex-determining region Y (SRY) related high-mobility
group (HMG) box family includes 20 highly conserved tran-
scription factors that could tumor progression [8]. Sex-
determining region Y-related high-mobility group box 4
(SOX4), a 47 kDa protein, is essential to endocardial devel-
opment and lymphocyte differentiation [9–11]. SOX4 is
overexpressed in various types of human cancers, often cor-
relating with tumor angiogenesis and resistance to radiation
and chemotherapy [12, 13]. However, the precise role of the
SOX4 in human CRC progression is still unknown. In this
study, we demonstrated that SOX4 expression is upregulated
in CRC, and SOX4 promotes CRC cell proliferation, migra-
tion, and invasion in vitro. Furthermore, we demonstrate that
SOX4 promotes cell migration and invasion via epithelial-
mesenchymal transition (EMT) pathway. Taken together,
these data provide substantial new evidence that SOX4 is
involved in CRC progression.

Materials and methods

Patients and tissue samples

Surgically resected primary CRC tissues and adjacent normal
mucosa tissues from 119 CRC patients were obtained from the
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archives of Xiangya Hospital, Central South University with
the approval of the medical ethics committee and with in-
formed consent. Paraffin-embedded blocks of these tissues
were included in the present study. None of our study patients
had received preoperative chemotherapy and/or radiotherapy.
For qRT-PCR and Western blot analyses, 30 cases of freshly
resected CRC tissues and adjacent normal mucosa tissues
were immediately frozen in liquid nitrogen and stored at
−80 °C until use.

Immunohistochemistry

Tissue microarrays were constructed. Tissue paraffin
blocks were stained with hematoxylin-eosin to confirm
the diagnoses and marked at fixed points with most
typical histological characteristics under a microscope.
Two 2-mm cores per donor block were transferred into
a recipient block tissue microarrayer, and each dot array
contained fewer than 160 dots. Three-micron-thick sec-
tions were cut from the recipient block and transferred
to glass slides with an adhesive tape transfer system for
ultraviolet cross-linkage. Immunoreactivity of SOX4 was
evaluated according to both of the proportion of stained
cells and their intensity. The extent of SOX4 staining
was semi-quantitatively scored as follows: 0 = negative,
1 = 1–25 % of cells, 2 = 26–50 % of cells, 3 = 51–75 %
of cells, and 4 = 76–100 % of cells were stained.
Staining intensity was scored as 0 = negative, 1 =weak,
2 =medium, and 3 = strong. The sum of the intensity and
extent score was used as the final staining score. Low
expression was defined as a total score ≤4 and high
expression with a total score ≥4. Immunohistochemical
staining results were scored by two independent pathol-
ogists without prior knowledge of patients’ detail med-
ical history, and mean percentage values of two scores
were taken.

Cell culture

The human CRC cell lines HCT116, SW480, SW620, and
LoVo were grown in RPMI-1640 medium supplemented with
10 % fetal bovine serum (FBS). The human colon epithelial
cell line NCM460was cultured inMEMmedium supplement-
ed with 10 % FBS. Cells were maintained in a humidified
atmosphere at 37 °C and 5 % CO2. After cultures became
80 % confluent (usually after 3 days), cells were trypsinized,
centrifuged, and suspended in fresh medium. All cells used for
experiments displayed >95 % viability and were seeded in 96-
well plates, 6-well culture plates, 60-mm culture plates, or
ultra low-attachment plates (Corning Inc, Lowell, MA,
USA). All experiments were carried out in duplicate and re-
peated at least three times.

RNA extraction and semi-quantitative RT-PCR

Total cellular RNAwas extracted from cells using the RNeasy
Plus Mini Kit from Qiagen. The quality and yield of the RNA
samples were determined by ultraviolet spectrophotometer.
Total RNAs (1μg) were reverse transcribed to complementary
DNA (cDNA) (20 μL) using PrimeScriptTM RT Kit
(TaKaRa) according to the manufacturer’s instructions. PCR
reaction was conducted with 2 μL cDNA sample, 0.4 μL
forward primer (10 μmol/L), 0.4 μL reverse primer
(10 μmol/L), 11.2 μL RNase-free water, and 6 μL 2×
EsayTaq PCR SuperMix (TransGen BIotech, Beijing,
China). PCR reaction was performed using the following cy-
cle parameters: 95 °C for 5 min, (94 °C for 30 s, 56 °C for 30 s,
72 °C for 45 s) for 30 cycles, 72 °C for 7 min. RT-PCR
products were separated on 2 % agarose gels. After stained
with ethidium bromide, gel images were photographed with
ChemiImagerTM 4400. RT-PCR was performed at least three
times for each sample. The sequences of human SOX4
primers were 5′-GGTCTCTAGTTCTTGCACGCTC-3′
(forward) and 5′-CGGAATCGGCACTAAGGAG-3′ (re-
verse). The primers for human GAPDH were 5 ′-
GCAGTGGCAAAGTGGAGATT-3′ (forward) and 5′-
TGAAGTCGCAGGAGACAACC-3′ (reverse).

Western blot analysis

The proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and then transferred to
polyvinylidene difluoride membranes (Millipore, Bedford,
MA). The membranes were blocked and then incubated over-
night at 4 °C with primary antibodies: anti-SOX4, anti-E-
cadherin, anti-N-cadherin, anti-vimentin, anti-β-actin and anti-
GAPDH (Abcam, Cambridge, MA, USA). After washing, the
blots were incubated with horseradish peroxidase-conjugated
secondary antibodies and visualized by enhanced chemilumi-
nescence kit (Pierce, Rockford, IL).

Knockdown of SOX4 by siRNA transfection

Sequence-specific small interferingRNA (siRNA) against SOX4
was purchased from Thermo Scientific Dharmacon (Lafayette,
CO, USA). Cells were seeded into 6-well plates at a density of
3×104 to 5×104 cells per well and transfectedwith siRNAusing
Lipofectamine 2000 reagent (Invitrogen). After 48 h, SOX4 ex-
pression levels were detected by RT-PCR and/or Western blot.

MTTassay

Cells were plated in 96-well plates in medium containing 10 %
FBS at about 3000 cells per well 24 h after transfection. Then,
20 μL of 5 mg/mL 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT; thiazolyl blue) solution was
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added to eachwell and incubated for 4 h at 37 °C, themedia was
removed from each well, and the resultant MTT formazan was
solubilized in 150 μL of DMSO. The results were quantitated
spectrophotometrically using a test wavelength of 570 nm.

Colony formation assay

At 48 h after transfection, 300 cells were planted into 6-well
plates per well. After incubation for 14 days, plates were
stained with crystal violet, and colonies containing more than
50 cells were scored.

Transwell cell invasion assay

In vitro invasion assay was determined using Matrigel invasion
chambers (BD Bioscience). CRC cells were seeded into inserts
at 2×104 per insert in serum-free medium and then transferred
to wells filled with the culture medium containing 10 % FBS
(Sijiqing Biotech, Hangzhou, China) as a chemoattractant. After
24 h of incubation, non-invading cells on the top of the mem-
brane were removed by scraping. Invaded cells on the bottom of
the membrane were fixed, followed by staining with 0.05 %
crystal violet. The number of invaded cells on the membrane
was then counted under a light microscope (CA-4500, Chinan
Electronic Technology Co., Shanghai, China).

Statistics

Experimental results are presented as mean±SEM. The dif-
ference between SOX4 mRNA or protein expression in tumor
tissue and that in adjacent normal mucosa tissues was evalu-
ated using Student’s t test, and differences were considered to
be statistically significant when P value is less than 0.05.

Results

Expression of SOX4 in CRC cells and tissues

We first examined the expression levels of SOX4 in primary
CRC and adjacent normal mucosa tissues by qRT-PCR and
Western blot. The results showed that the mRNA levels of
SOX4 were approximately threefold higher in CRC compared
to adjacent normal mucosa tissues (Fig. 1a). Moreover, SOX4
protein expression levels were also upregulated in CRC tis-
sues (Fig. 1b). Next, we analyzed SOX4 protein expression
in a series of 119 paraffin-embedded CRC tissues and corre-
sponding non-tumor tissues using immunohistochemistry. We
found that SOX4 expression levels were considerably
overexpressed in CRC when compared to corresponding
non-tumor tissues (Fig. 2a, b). We observed that SOX4 was
positively expressed in 93 of the 119 (78.15 %) patients, and

Fig. 2 a High expression of
SOX4 in the CRC tissues. b Low
expression of SOX4 in the
adjacent normal mucosa tissues

Fig. 1 a qRT-PCR showing
expression level of SOX4 in a
series of CRC tissues and adjacent
normal mucosa tissues. bWestern
blot assay showing expression
level of SOX4 protein in CRC
tissues and adjacent normal
mucosa tissues
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SOX4-positive staining was mainly in the cytoplasm of the
cancer cells.

To determine the effect of SOX4 expression on CRC pro-
gression, we next analyzed the levels of SOX4 mRNA and
protein in CRC cell lines using qRT-PCR andWestern blot. As
shown in Fig. 3a, b, SOX4 was overexpressed in CRC cell
lines when compared to human colon epithelial cell line
NCM460. According to the expression of SOX4 in CRC cells,
both LoVo and SW480 cells which have a relatively high level
of SOX4 were selected to estimate the effects of SOX4 inhi-
bition (Fig. 3a, b).

SOX4 knockdown impairs CRC cell proliferation in vitro

We examined the effects of SOX4 knockdown on cell
proliferation, migration, and invasion of CRC cells by siRNA.
MTT assay showed that SOX4 depletion significantly

suppressed the ability of proliferation of LoVo and SW480 cells
compared to the controls (Fig. 4a, b). Moreover, colony forma-
tion assays revealed that colony number and colony size were
smaller in SOX4-siRNA LoVo and SOX4-siRNA SW480 cells
than control cells (Fig. 4c, d). These results reveal that
SOX4 increases the proliferation and colony formation of
CRC cells.

Inhibition of SOX4 reversed EMTand suppress
the invasion of CRC cells

Next, the transwell assay demonstrated that SOX4 depletion
resulted in a significant reduction of cell migration and inva-
sion (Fig. 5). To study whether SOX4 could regulate EMT
markers, we performed Western blotting to test the effects
of SOX4 on the expression of N-cadherin, vimentin, and
E-cadherin. Our results indicated that knockdown of SOX4

Fig. 4 a SOX4 knockdown
inhibited cell proliferation of
LoVo cells. b SOX4 knockdown
inhibited cell proliferation of
SW480 cells. c SOX4
knockdown inhibited the ability
of colony formation of LoVo
cells. d SOX4 knockdown
inhibited the ability of colony
formation of SW480 cells

Fig. 3 a qRT-PCR showing
expression level of SOX4 mRNA
in CRC cell lines. bWestern blots
showing expression level of
SOX4 protein in CRC cell lines
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decreased N-cadherin and vimentin mRNA levels and en-
hanced E-cadherin protein level (Fig. 6a, b). All these results
show that overexpression of SOX4 can induce EMT and in-
crease migration and invasion capabilities of CRC cells.

Discussion

So far, treatment options for CRC patients have been very
limited mostly due to the high rate of distant metastasis, lead-
ing to poor overall survival; there is an urgent demand for the
development of novel molecule targets and therapeutic ap-
proaches. SOX4 is a 47 kDa protein member of SOX family
encoded by a single exon gene, and it preferentially binds the
A/T

A/TCAAAG sequence motif through HMB domain and

regulates transcription of target genes [14, 15]. The abnormal
expression of SOX4 has been reported in various types of
cancer, and considerable attention is focused on understanding
of the physiological and pathophysiological mechanisms of
SOX4 in cancer development. These observations suggest
an important role of SOX4 in CRC development.

Aberrant expression of SOX4 has been identified in several
human cancers, and it is often associated with the progression
of cancer [16–18]. Our findings verified that expression of
SOX4 was significantly increased in the resected tissues of
CRC patients compared to non-cancerous colon specimens
and was highly expressed in a panel of CRC cell lines com-
pared with normal colon epithelial cells. This study provided
some insights into the mechanism underlying SOX4 tumori-
genic property.

Fig. 6 a Western blots showing that knockdown of SOX4 reverses the
EMT process through downregulation of N-cadherin and vimentin and
upregulation of E-cadherin in LoVo cells. b Western blots showing that

knockdown of SOX4 reverses the EMT process through downregulation
of N-cadherin and vimentin and upregulation of E-cadherin in SW480
cells

Fig. 5 a Invasion of LoVo cells by control siRNA. b Inhibition of invasion of LoVo cells by siRNA treatment of SOX4. c Invasion of SW480 cells by
control siRNA. d Inhibition of invasion of SW480 cells by siRNA treatment of SOX4
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Previous studies reported that SOX4 promotes esophageal
tumor cell proliferation and invasion by silencing miR-31 via
activation of EZH2 and HDAC3. To further investigate the
role of SOX4 in the progression of CRC, we knock downed
SOX4 in LoVo and SW480 cells. According to our Western
blotting data, we confirmed that our SOX4 siRNA really did
work and had a high interference efficiency. We found that the
downregulated SOX4 inhibited the growth and proliferation
of LoVo and SW480 cells. In addition, ablation of SOX4
inhibited the colony formation of CRC cells. Furthermore,
many studies have proved that even tumor metastasis is cor-
related with SOX4 overexpression. In HCC and breast cancer,
SOX4 expression has been demonstrated to be particularly
elevated in metastases, which was associated with disease
progression, recurrence, and poor metastasis-free survival
[19, 20]. In our study, we found that depletion of SOX4 sig-
nificantly inhibits colon cancer cell invasion and migration in
LoVo and SW480 cells, suggesting that SOX4 contributes to
malignant progression of CRC.

EMT is characterized by the loss of intercellular adhesion
(E-cadherin), the upregulation of mesenchymal markers
(vimentin), and the acquisition of a fibroblast-like motile and
invasive phenotype [21, 22]. Recently, SOX4 has been dem-
onstrated to induce EMT in human mammary epithelial cells
[23]. Ectopic expression of SOX4 in these cells induced EMT
and conferred metastatic properties which were associated
with increased migration and invasion in vitro [24]. RNA
interference-mediated knockdown of SOX4 reverses the
EMT process through downregulation of E-cadherin tran-
scription repressors including N-cadherin and vimentin and
also through upregulation of E-cadherin in LoVo and
SW480 cells, indicating that SOX4 depletion could reverse
the EMT process.

In conclusion, we reported for the first time that inhibition
of SOX4 expression by RNAi can suppress proliferation, me-
tastasis, and invasion of CRC cells in vitro and reverse EMT
through upregulation of mesenchymal markers vimentin and
downregulation of epithelial markers E-cadherin in CRC cell
line. SOX4 was shown to play a crucial role in the develop-
ment and progression of CRC. And, further efforts to investi-
gate the mechanisms of CRC development and progression
induced by SOX4 would be valuable.
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