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Abstract: 5-fluorouracil (5-FU) resistance has become a great challenge to successful medical treatment of colorec-
tal cancer (CRC). The purpose of our study is to determine the role of SOX4 in human CRC with 5-FU resistance. 
RNA interference technology was employed to silence the expression of SOX4 in 5-FU-resistant SW1116 cells. The 
expression of SOX4 was investigated by qRT-PCR and western blot. Cell viabilities in response to 5-FU treatment 
were assessed using MTT assay, whereas cell cycle and apoptosis were measured by flow cytometric assay. A mouse 
xenograft model was used to assess the impact of SOX4 on the efficacy of 5-FU in vivo. We found that SOX4 was 
highly expressed in 5-FU-resistant SW1116 cells, and silencing SOX4 attenuated 5-FU resistance. These data sug-
gested a crucial role of SOX4 in the progress of 5-FU resistance of CRC cells and silencing SOX4 might be considered 
as a potential therapeutic strategy for overcoming 5-FU resistance in CRC.
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Introduction

Worldwide, colorectal cancer (CRC) is among 
the most common human gastrointestinal ma- 
lignancies with increasing incidence and mor-
tality over the past several decades [1]. Despite 
recent encouraging advances in treatment and 
understanding the molecular mechanisms of 
CRC, the 5-year survival rate of CRC patients 
remains unsatisfactory [2]. Chemotherapy sh- 
ows high efficacy in decreasing tumor growth 
and suppressing metastatic progression. How- 
ever, both intrinsic and acquired drug resis-
tance remains a serious clinical hindrance to 
successful treatment of CRC and other tumors 
in the clinic [3].

Up to now, the 5-FU-based chemotherapy re- 
gimens are still widely adopted for CRC treat-
ment. 5-fluorouracil (5-FU), a classic anti-me- 
tabolite for cancer treatment, was originally 
introduced in 1957 [4]. As one of the most 
important pyrimidine antagonists, 5-FU serves 
its anticancer roles by blocking the activity of 
thymidylate synthase (TS) and inhibiting RNA or 

DNA synthesis [5]. Thus, 5-FU induces cell cy- 
cle arrest and/or apoptosis in tumor cells [6]. It 
was reported that 5-FU-based chemotherapy 
was a safe and effective treatment for elderly 
patients with advanced CRC [7]. However, clini-
cal applications of 5-FU have been limited by 
the rapid development of chemotherapy resis-
tance, which may often result from deficient 
drug uptake, activation of DNA repair path- 
ways, resistance to apoptosis, and other seri-
ous problems. Accordingly, identifying novel th- 
erapeutic approaches is of critical importance 
to overcome chemoresistance.

Gender determining region Y-box 4 (SOX4), a 
47-kDa protein member of SOX family, is ex- 
pressed in a wide range of tissues and has 
been shown to play an essential role in the re- 
gulation of embryonic development and cell 
fate specification [8]. SOX4 expression has al- 
so been reported to be highly expressed in a 
number of human tumors, including hepatocel-
lular carcinoma [9], oral squamous cell carci-
noma [10] and gastric cancer [11]. Ample evi-
dence reveals that the deregulated expression 
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of SOX4 leads to alterations of oncogenic phe-
notypes, including inhibition of cell apoptosis, 
and promotion of cell invasion and metastasis 
[12]. Recent studies demonstrated that SOX4 
in tumor tissues were involved in the regula- 
tion of cancer chemoresistance. In the present 
study, we sought to further verify the specula-
tion that SOX4 serves a crucial role in promot-
ing 5-FU resistance of human CRC cells. 

Materials and methods

Cell lines and culture

Human CRC cells SW1116, obtained from the 
American Type Culture Collection (Manassas, 
VA, USA), were cultured in RPMI-1640 (Thermo 
Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; 
HyClone, Logan, UT) and 1% penicillin-strepto-
mycin (Gibco, China) at 37°C in a humidified 
atmosphere with 5% CO2.

Generation of the 5-FU-resistant cell line

5-FU-resistant CRC cell line SW1116/5-FU we- 
re generated from parental SW1116 by expo-
sure to gradually increasing doses of 5-FU 
(Zhenzhou Huawen Chemical Co., Ltd., Zhen- 
zhou, China) in our laboratory. After successive 
treatments for three months, cells with 5-FU 
resistance were harvested and used for all sub-
sequent experiments in this study. SW1116/5-
FU cells were maintained in medium containing 
5-FU to maintain resistance.

Transfection of siRNA

The siRNAs (small interfering RNAs) against 
SOX4 (si-SOX4) and negative control (si-NC) 
were designed and synthesized by Genephar- 
ma Company (Shanghai, China). Transfection  
of cells was performed by using Lipofecta- 
mineTM 2000 (Invitrogen, USA) until a final con-
centration of 50 nM according to the manu- 
facturer’s instruction. After transfected and  
cultured for 48 h, cells were collected for fur-
ther experiments.

Cell viability assay

Cells were seeded in 96-well culture plates, 
and then transfected with si-SOX4 or si-NC for 
48 hours. In some experiments, after 48 hours 
of transfection, cells were treated with indicat-

ed doses of 5-FU for another 48 hours. Cell 
viability was detected via 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl-2H-tetrazoliumbromide 
(MTT; Sigma-Aldrich) assay on a plate reader 
(Bio-Rad, Hercules, CA, USA) at a wavelength  
of 570 nm.

Flow cytometry analysis of cell cycle and 
apoptosis 

For cell cycle analysis, the cells were fixed  
with 75% ethanol, stained with propidium io- 
dide (PI) using the Cycle TESTTMPLUS DNA 
reagent kit (BD Biosciences), and then sub- 
jected to a flow cytometry (FACSCanto II, BD 
Biosciences) with ModFit 3.0 software (BD 
Biosciences).

The apoptosis rate of cells was detected us- 
ing AnnexinV/propidium iodide detection kit 
(Keygene, Nanjing, China). Following double 
staining with Annexin V-FITC and PI, cells were 
analyzed by flow cytometry using CellQuest 
software (BD Biosciences).

Quantitative real-time PCR

Total RNA was extracted from cells using Tri- 
zol reagent (Invitrogen, USA). RNA concentra-
tion and purity were determined using Nano- 
drop 2000 (Thermo Fisher Scientific). Reverse 
transcription of mRNA was performed using  
the PrimeScript RT Master Mix (Takara Bio- 
technology, Dalian, China). Quantitative real-
time PCR (qRT-PCR) were performed by using 
SYBR Green PCR Kit (Takara, Japan) on App- 
lied Biosystems 7500 (Life Technologies, Ca- 
lifornia, U.S.A) according to the manufacturer’s 
instructions. The expression of SOX4 mRNA 
was normalized to GAPDH. The relative expres-
sion of genes was calculated using the 2-ΔΔCt 
method [13, 14]. Primer sequences were as  
follows: SOX4 forward: 5’-GTGAGCGAGATGAT- 
CTCGGG-3’; SOX4 reverse: 5’-CAGGTTGGAGAT- 
GCTGGACTC-3’; GAPDH forward: 5’-ACAGTCA- 
GCCGCATCTTCTT-3’; GAPDH reverse: 5’-GACA- 
AGCTTCCCGTTCTCAG-3’. 

Western blot

Cells were extracted from cells using radio 
immunoprecipitation assay (RIPA) lysis buffer 
supplemented with protease inhibitor (Beyo- 
time, Shanghai, China). Protein samples were 
separated by SDS-PAGE and transferred to 
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Figure 1. SOX4 expression increased in 5-FU-resistant CRC cells. A. MTT assay was performed to analyze the cell 
viability of SW1116/5-FU cells and parental SW1116 cells in response to 5-FU at various concentrations for 48 
h. B. MTT assay was performed to analyze the cell viability of SW1116/5-FU cells and parental SW1116 cells in 
response to 2 μg/ml 5-FU for 24, 48, 72 and 96 h. C. Western blot analysis was performed to detect SOX4 protein 
expression in SW1116/5-FU cells and parental SW1116 cells. GAPDH was used as an internal control. The results 
are expressed as the mean ± SD from at least three independent experiments. *P<0.05 compared with SW1116/5-
FU cells.

PVDF membranes (Millipore, Bedford, MA, 
USA). After being blocked in 5% (w/v) nonfat 
milk for 2 h at room temperature, the mem-
brane was then probed with the specific pri- 
mary antibodies (Abcam, Cambridge, UK) over-
night at 4°C. The membrane was washed and 
then incubated in horseradish peroxidase-con-
jugated secondary antibodies for 1 h at room 
temperature. Signals were developed using  
an enhanced chemiluminescence (ECL) syst- 
em (Amersham Biosciences, Buckinghamshire, 
UK) and analyzed by Quantity One software 
(Bio-Rad). GAPDH was used as the internal 
control.

In vivo tumorigenesis assay

A total of ten male nude mice (BALB/c-null, 
6-week-old) were purchased from SLAC labora-
tory animal company (Shanghai, China), and 
bred in special pathogen-free (SPF) condition. 
All animal procedures were approved by the 

Experimental Animal Ethical Committee of 
3201 Hospital.

SW1116/5-FU cells (1 × 106) were harvested 
and re-suspended in 100 μL of serum-free me- 
dium, and injected subcutaneously into the 
right upper back of each nude mouse. When 
palpable tumors with an average volume of 
80-90 mm3 were formed (at day 14), mice were 
randomized into two groups with five mice per 
groupsuch that each group was treated either 
with si-NC and 5-FU together or si-SOX4 and 
5-FU together. 5-FU (50 μg/g) was inoculated 
through the tail vein, while the siRNAs were 
injected intratumorally at 3-day intervals for 
three times before the mice were killed at day 
23. Tumor sizes were measured using vernier 
caliper every three days from the 14th day of 
injection, and tumor volumes were calculated 
according to the formula: volume = 0.5 × (Len- 
gth × Width2). Tumor-bearing mice were sacri-
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Figure 2. Inhibition of SOX4 by siRNA en-
hanced 5-FU cytotoxicity to CRC cells. A. 
qRT-PCR analysis was performed to detect-
ed SOX4 mRNA expression in SW1116/5-
FU cells stably transfected with si-NC or 
si-SOX4. B. Western blot analysis was per-
formed to detect SOX4 protein expression 
in SW1116/5-FU cells stably transfected 
with si-NC or si-SOX4. GAPDH was used as 
an internal control. C. MTT assay was per-
formed to detect cell viability in response 
to 5-FU treatment in SW1116/5-FU cells 
stably transfected with si-NC or si-SOX4. 
The results are expressed as the mean 
± SD from at least three independent ex-
periments. *P<0.05 compared with si-NC-
transfected SW1116/5-FU cells.

ficed on the 23th day after injection, and 
tumors were dissected and weighted. 

Statistical analysis

Data were expressed as the mean ± standard 
deviation (SD) according to the results of at 
least three independently repeated experi-
ments. Statistical significance was analyzed 
with two-tailed Student’s t-test. All statistical 
analyses were calculated using Statistical 
Package for the SPSS 17.0 (SPSS, Chicago, 
USA) and Graphpad Prism (version 6.01) soft-
ware (GraphPad software, La Jolla, CA, USA).  
A value of P<0.05 indicated a significant 
difference.

Results

SOX4 expression increased in 5-FU-resistant 
CRC cells

To mimic the pathophysiological effect of long-
time exposure to 5-FU, which is the firstline 
chemotherapeutic drug for CRC treatment, we 

established SW1116/5-FU cell lines through 
transforming human CRC SW1116 cells by 
exposure to elevated dose of 5-FU for three 
months. To confirm resistance, parental cells 
and 5-FU-resistant cells were treated with 5- 
FU at various concentrations for 48 h. Cell via-
bility assays shown that SW1116/5-FU cells 
tolerated remarkably higher concentrations of 
5-FU compared with parental SW1116 cells 
(Figure 1A). The IC50 was 10.6 μg/ml for 
SW1116 cells and 39.1 μg/ml for SW1116/5-
FU cells. Furthermore, cell proliferation rate in 
the presence of 2 μg/ml 5-FU was investi- 
gated at different time point, we observed  
that SW1116/5-FU showed more resistance  
to 5-FU treatment compared to parental SW- 
1116 cells (Figure 1B). The results of western 
blot indicated that SOX4 protein expression 
increased in SW1116/5-FU cells when com-
pared to parental SW1116 cells. After 5-FU 
treatment, SOX4 protein decreased markedly 
in parental SW1116 cells, but increased in 
SW1116/5-FU cells (Figure 1C). 
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Figure 3. Inhibition of SOX4 enhanc-
es the effect of 5-FU on cell cycle 
arrest. Flow cytometric analysis was 
employed to detect cell cycle distri-
bution in response to 5-FU treatment 
in SW1116/5-FU cells stably trans-
fected with si-NC or si-SOX4. The re-
sults are expressed as the mean ± 
SD from at least three independent 
experiments. *P<0.05 compared 
with si-NC-transfected SW1116/5-
FU cells.

Inhibition of SOX4 by siRNA enhanced 5-FU 
cytotoxicity to CRC cells

To determine whether SOX4 inhibition enhanc-
es the cytotoxicity of 5-FU in the CRC cells, 
5-FU-resistant cells were treated with siRNA  
to silence SOX4 expression. Analysis of SOX4 
mRNA expression with qRT-PCR indicated  
that in SW1116/5-FU cells with SOX4 siRNA 
transfection, SOX4 mRNA decreased evidently 
when compared to SW1116/5-FU cells with 
si-NC transfection (Figure 2A). Moreover,  
SOX4 protein expression detected through 

western blot showed the SOX4 protein level 
noticeably reduced after SOX4 knockdown 
(Figure 2B). After siRNA transfection, 
SW1116/5-FU cells were treated with 5-FU  
at various concentrations for cell viability  
assay. The IC50 of 5-FU was 10.0 μg/ml for  
si-SOX4-transfected SW1116/5-FU cells, and 
37.1 μg/ml for control si-NC-transfected 
SW1116/5-FU cells (Figure 2C). The cell  
viability of SW1116/5-FU cells after SOX4 
knockdown decreased more rapidly, as com-
pared to SW1116/5-FU cells transfected with 
si-NC.
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Figure 4. Inhibition of SOX4 enhances 
the effect of 5-FU on cell apoptosis. 
Flow cytometric analysis was employed 
to detect cell apoptosis in response to 
5-FU treatment in SW1116/5-FU cells 
stably transfected with si-NC or si-SOX4. 
The results are expressed as the mean 
± SD from at least three independent 
experiments. *P<0.05 compared with 
si-NC-transfected SW1116/5-FU cells.

Inhibition of SOX4 enhances the effect of 5-FU 
on cell cycle arrest and apoptosis

5-FU treatment induces cell cycle arrest and 
apoptosis [15]. We examined these cellular pro-
cesses in SW1116/5-FU cells with or without 
SOX4 silencing to determine their involvement 
in SOX4-mediated resistance to 5-FU treat-
ment at various concentrations for 48 h. SOX4 
knockdown significantly enhanced the induc-
tion of cell cycle arrest at the G0/G1 phase  
by 5-FU treatment (Figure 3). The increase  
of cell population in G0/G1 phase was ac- 
companied by a concomitant reduction in S 
phase in si-SOX4-transfected SW1116/5-FU 

cells. Moreover, SOX4 knockdown significantly 
enhanced the induction of apoptosis observed 
following 5-FU treatment (Figure 4). These find-
ings indicated a role of SOX4 in 5-FU-induced 
apoptosis and cell cycle arrest.

Inhibition of SOX4 enhances 5-FU cytotoxicity 
in vivo

To confirm the proof-of-principle that SOX4 
knockdown could potentially increase the cy- 
totoxic effect of 5-FU in vivo, a mouse CRC 
xenograft model was established by subcuta-
neously inoculating SW1116/5-FU cells in nu- 
de mice. We observed that si-SOX4-injected 
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Figure 5. Inhibition of SOX4 enhances 5-FU cytotoxicity in vivo. A. Tumor volume was calculated every three days 
following injection of SW1116/5-FU cells stably transfected with si-NC or si-SOX4 after 5-FU treatment. B. After 23 
days, Tumor weights are plotted according to treatment groups. Representative photographs of tumors from each 
group were also shown. The results are expressed as the mean ± SD from at least three independent experiments. 
*P<0.05 compared with si-NC-transfected SW1116/5-FU cells.

tumors had approximately 4-fold decrease in 
SOX4 mRNA levels compared with the NC gr- 
oup (Data not shown), indicating that delivery of 
si-SOX4 into the tumors was successful. As 
shown in Figure 5A, when 5-FU was combined 
with si-SOX4, it led to greater suppression of 
tumor growth in comparison to 5-FU treatment 
with si-NC. The average weight of si-SOX4 and 
5-FU treated tumors were decreased to 66.2% 
of the NC group at day 23 (Figure 5B). Re- 
presentative images of tumors at day 23 we- 
re also shown. Therefore, these results provid-
ed novel evidence that SOX4 inhibition can 
enhance the effectiveness of 5-FU on tumor 
growth in vivo.

Discussion

Up to now, chemotherapy has gradually be- 
come one of the most critical therapeutic ap- 
proaches for CRC patients, particularly for tho- 
se who experience serious metastases. 5-FU  
is one of the first-line chemotherapeutic drugs 
against CRC. However, the overall efficacy of 
5-FU treatment is somehow limited in clinic 
because of the development of acquired dru-
gresistance [16]. Over the years, as a major 
clinical problem for chemotherapy, resistance 
of chemotherapy drugs has been intensively 
studied and the precise mechanisms for 5-FU 
resistance in CRC remain elusive. In this study, 
we have identified that SOX4 regulates the 
response of CRC cells to 5-FU treatment.

Accumulating evidences demonstrated that,  
as an oncogene, SOX4 serves a crucial role in 
improving resistance to chemotherapy in many 
types of malignancies, such as oral squamous 

cell carcinoma [17] and cervical cancer [18]. 
However, little is known regarding the impact of 
SOX4 in human CRC and chemotherapy resis-
tance. In the current study, we established 
5-FU-resistant cell line from human CRC SW- 
1116 cells to seek an understanding of the 
molecular mechanisms of 5-FU resistance. At 
first, we found that SOX4 was up-regulated in 
5-FU-resistant cancer cells and this might be  
a cellular adaptive response to cytotoxicity. 
Subsequently we validated the emerging roles 
of SOX4 by knockdown of SOX4 expression in 
5-FU-resistant CRC cells. Downregulation of 
SOX4 enhanced the cytotoxic effect of 5-FU  
in 5-FU-resistant CRC cells through affecting 
cell cycle transition and inducing apoptosis en- 
hancement.

To our best knowledge, this is the first study 
showing that SOX4 expression was increased 
upon acquisition of drug-resistance to 5-FU in 
CRC cell. Previous studies also indicated that 
SOX4 might exert functions as an oncogene in 
CRC by modulating cancer-related processes 
such as cell proliferation, apoptosis, invasion 
and migration. The SOX4 mRNA and protein 
expression were markedly higher in CRC tis-
sues compared with adjacent normal mucosa 
tissues [19], and CRC patients with a higher 
SOX4 expression level experienced a signifi-
cantly higher incidence of recurrence and a 
shorter recurrence-free survival [20], indicating 
the possible role of SOX4 in CRC progression. 
Besides, SOX4 expression can be controlled by 
miRNAs. For example, some miRNAs, such as 
miR-363-3p [21] and miR-320 [22], exert their 
anti-oncogenic functions in CRC through target-
ing SOX4.
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Furthermore, it is also critical to detect both  
the toxicity and potency of SOX4 silencing in 
chemotherapy in vivo. Patient-derived xeno-
graft models could serve as a link between 
clinical research and in vitro studies in cell 
lines. We found that tumor volume in SOX4 
silenced mice treated with 5-FU was markedly 
decreased, indicating that knockdown of SOX4 
enhanced the effect of 5-FU on the suppres-
sion of subcutaneous tumor growth.

Chemoresistance remains one of the most sig-
nificant issues to successful treatment in the 
majority of human tumors, including CRC [23]. 
Accordingly, screening for targets to overcome 
drug resistance is of critical significance for 
cancer therapy. The present study provided 
novel indications that SOX4 is implicated in the 
5-FU-resistance ability of human CRC cells. Th- 
us SOX4 might be a potential therapeutic tar- 
get for those 5-FU-resistant CRC patients in  
the future.

Disclosure of conflict of interest

None.

Address correspondence to: Zhen Shen, Depart- 
ment of Gastrointestinal Surgery, 3201 Hospital  
of Hanzhong City Shaanxi Province, Hanzhong  
City, 723000, Shaanxi Province, China. E-mail:  
shenzhen3201@sina.com

References

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J and Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2] Schreuders EH, Ruco A, Rabeneck L, Schoen 
RE, Sung JJ, Young GP and Kuipers EJ. Colorec-
tal cancer screening: a global overview of exist-
ing programmes. Gut 2015; 64: 1637-1649.

[3] Szakacs G, Paterson JK, Ludwig JA, Booth-Gen-
the C and Gottesman MM. Targeting multidrug 
resistance in cancer. Nat Rev Drug Discov 
2006; 5: 219-234.

[4] Heidelberger C, Chaudhuri NK, Danneberg P, 
Mooren D, Griesbach L, Duschinsky R, Sch- 
nitzer RJ, Pleven E and Scheiner J. Fluorinated 
pyrimidines, a new class of tumour-inhibitory 
compounds. Nature 1957; 179: 663-666.

[5] Phua LC, Mal M, Koh PK, Cheah PY, Chan EC 
and Ho HK. Investigating the role of nucleoside 
transporters in the resistance of colorectal 
cancer to 5-fluorouracil therapy. Cancer Che-
mother Pharmacol 2013; 71: 817-823.

[6] Gao S, Zhang PJ, Guo JH, Chen H, Xu HF, Liu P, 
Yang RJ and Zhu X. Chemoembolization alone 
vs combined chemoembolization and hepatic 
arterial infusion chemotherapy in inoperable 
hepatocellular carcinoma patients. World J 
Gastroenterol 2015; 21: 10443-10452.

[7] Chiara S, Nobile MT, Vincenti M, Lionetto R, 
Gozza A, Barzacchi MC, Sanguineti O, Repetto 
L and Rosso R. Advanced colorectal cancer in 
the elderly: results of consecutive trials wi- 
th 5-fluorouracil-based chemotherapy. Cancer 
Chemother Pharmacol 1998; 42: 336-340.

[8] Harley V and Lefebvre V. Twenty sox, twenty 
years. Int J Biochem Cell Biol 2010; 42: 376-
377.

[9] Hur W, Rhim H, Jung CK, Kim JD, Bae SH, Jang 
JW, Yang JM, Oh ST, Kim DG, Wang HJ, Lee SB 
and Yoon SK. SOX4 overexpression regulates 
the p53-mediated apoptosis in hepatocellular 
carcinoma: clinical implication and functional 
analysis in vitro. Carcinogenesis 2010; 31: 
1298-1307.

[10] Watanabe M, Ohnishi Y, Wato M, Tanaka A and 
Kakudo K. SOX4 expression is closely associ-
ated with differentiation and lymph node me-
tastasis in oral squamous cell carcinoma. Med 
Mol Morphol 2014; 47: 150-155.

[11] Fang CL, Hseu YC, Lin YF, Hung ST, Tai C, Uen 
YH and Lin KY. Clinical and prognostic associa-
tion of transcription factor SOX4 in gastric can-
cer. PLoS One 2012; 7: e52804.

[12] Vervoort SJ, van Boxtel R and Coffer PJ. The 
role of SRY-related HMG box transcription fac-
tor 4 (SOX4) in tumorigenesis and metastasis: 
friend or foe? Oncogene 2013; 32: 3397-
3409.

[13] Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time 
quantitative PCR and the 2(-Delta Delta C(T)) 
method. Methods 2001; 25: 402-408.

[14] Schmittgen TD and Livak KJ. Analyzing real-
time PCR data by the comparative C(T) meth-
od. Nat Protoc 2008; 3: 1101-1108.

[15] Sampath D, Rao VA and Plunkett W. Mecha-
nisms of apoptosis induction by nucleoside 
analogs. Oncogene 2003; 22: 9063-9074.

[16] Longley DB, Harkin DP and Johnston PG. 5-flu-
orouracil: mechanisms of action and clinical 
strategies. Nat Rev Cancer 2003; 3: 330-338.

[17] Yoon TM, Kim SA, Cho WS, Lee DH, Lee JK, 
Park YL, Lee KH, Lee JH, Kweon SS, Chung IJ, 
Lim SC and Joo YE. SOX4 expression is associ-
ated with treatment failure and chemoradiore-
sistance in oral squamous cell carcinoma. 
BMC Cancer 2015; 15: 888.

[18] Sun R, Jiang B, Qi H, Zhang X, Yang J, Duan J, Li 
Y and Li G. SOX4 contributes to the progres-
sion of cervical cancer and the resistance to 

mailto:shenzhen3201@sina.com


SOX4 induces 5-FU resistance in CRC

14376 Int J Clin Exp Med 2017;10(10):14368-14376

the chemotherapeutic drug through ABCG2. 
Cell Death Dis 2015; 6: e1990.

[19] Wang B, Li Y, Tan F and Xiao Z. Increased ex-
pression of SOX4 is associated with colorectal 
cancer progression. Tumour Biol 2016; 37: 
9131-9137.

[20] Andersen CL, Christensen LL, Thorsen K, Sche-
peler T, Sorensen FB, Verspaget HW, Simon R, 
Kruhoffer M, Aaltonen LA, Laurberg S and Orn-
toft TF. Dysregulation of the transcription fac-
tors SOX4, CBFB and SMARCC1 correlates 
with outcome of colorectal cancer. Br J Cancer 
2009; 100: 511-523.

[21] Cao Y, Chang S, Dong J, Zhu S, Zheng X, Li J, 
Long R, Zhou Y, Cui J and Zhang Y. Emodin 
ameliorates high-fat-diet induced insulin resis-
tance in rats by reducing lipid accumulation in 
skeletal muscle. Eur J Pharmacol 2016; 780: 
194-201.

[22] Vishnubalaji R, Hamam R, Yue S, Al-Obeed O, 
Kassem M, Liu FF, Aldahmash A and Alajez 
NM. MicroRNA-320 suppresses colorectal can-
cer by targeting SOX4, FOXM1, and FOXQ1. On-
cotarget 2016; 7: 35789-35802.

[23] Hammond WA, Swaika A and Mody K. Pharma-
cologic resistance in colorectal cancer: a re-
view. Ther Adv Med Oncol 2016; 8: 57-84.


