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Abstract
AIM: To confirm the role of sex-determining region 
Y-box 7 (Sox7) in aspirin-mediated growth inhibition of 
COX-independent human colorectal cancer cells.

METHODS: The cell survival percentage was exam-
ined by MTT (Moto-nuclear cell direc cytotoxicity) as-
say. SOX7 expression was assessed by using reverse 
transcription-polymerase chain reaction and Western 
blotting. SB203580 was used to inhibit the p38MAPK 
signal pathway. SOX7 promoter activity was detected by 
Luciferase reporter assay.

RESULTS: SOX7 was upregulated by aspirin and was 
involved in aspirin-mediated growth inhibition of SW480 
human colorectal cancer cells. The p38MAPK pathway 
played a role in aspirin-induced SOX7 expression, dur-

ing which the AP1 transcription factors c-Jun and c-Fos 
upregulated SOX7 promoter activities.

RESULTS: SOX7 is upregulated by aspirin and is in-
volved in aspirin-mediated growth inhibition of human 
colorectal cancer SW480 cells.
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INTRODUCTION
In Western Europe and the United States, colorectal can-
cer is the second most common fatal cancer next to lung 
cancer. Aspirin is believed to have a chemopreventive role 
in colorectal cancer based on considerable observational 
data, which show that the rates of  colorectal cancers and 
adenomas are 40%-50% lower in aspirin users[1,2]. Aspirin 
is a nonsteroidal anti-inflammatory drug (NSAID). There 
have been indications that use of  NSAIDs can lead to 
the regression of  colorectal adenomas[3]. In several rodent 
models of  colorectal cancer, the NSAIDs indometha-
cin, aspirin, sulindac and piroxicam were shown to be 
able to reduce tumor growth[4]. However, the molecular 
mechanisms underlying the cancer preventive effects of  
NSAIDs are not well understood, and this has been an 
active issue of  research interest.

Commonly, prevention of  cancer may be implemented 
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through several means, including cell cycle arrest, induc-
tion of  apoptosis and inhibition of  angiogenesis. One 
most widely accepted mechanism for the anticancer effect 
of  NSAIDs is the reduction of  prostaglandin synthesis by 
inhibiting COX activity[5-7]. However, the importance of  
COX inhibition for the anti-proliferative effects of  NSAIDs 
is controversial at the present time, since NSAIDs also 
manifest growth inhibitory effects against colon cancer cell 
lines that do not express COX-1 or COX-2 enzymes[8-11]. A 
common mechanism of  NSAID action appears to be the 
induction of  apoptosis, although several in vitro studies in 
CRC cells have proposed that different molecular pathways 
may be affected by distinct types of  NSAIDs[9,12-14]. To 
date, little is known about the COX-independent molecu-
lar targets of  NSAID action in cancer cells.

The mitogen-activated protein kinase (MAPK) super-
family, including the extracellular signal-regulated kinase 
(ERK), c-Jun N-terminal kinase (JNK), and p38 MAPK, 
is involved in mediating the processes of  cell growth and 
death[15,16]. JNK and p38 MAPK pathways are activated in 
response to chemicals and environmental stress[17], while 
the ERK cascade, activated by mitogenic stimuli, is critical 
for proliferation and survival[18]. Recent evidence indicates 
that the MAPK family proteins are important media-
tors of  apoptosis induced by stressful stimuli[18,19]. JNK 
and p38 MAPK are collectively termed stress-activated 
protein kinases because they are activated by a variety of  
stress-related stimuli and also activated by chemotherapy 
drugs[20,21]. Activation of  p38 MAPK distorts mitochondrial 
function via an increase in the ratio of  Bax and anti-apop-
totic (Bcl-2) members leading to an increased mitochon-
drial membrane permeability, the release of  cytochrome 
c, and the activation of  caspases[22]. Once activated, p38 
regulates multiple cellular processes, including transcrip-
tion, translation, cell cycle progression, and apoptosis. 
Schwenger et al[23] previously showed that sodium salicy-
late, the active component of  aspirin, activated p38 to 
induce apoptosis. Also, aspirin activates the p38MAPK 
pathway, leading to the degradation of  cyclin D1, nucleo-
lar translocation of  RelA, and apoptosis[24].

Sox genes encode transcription factors that possess 
strong homology to the high-mobility group (HMG box), 
which are homologous to sex-determining region of  
Y-chromosome in the HMG box. There are at least 30 
Sox members expressed in many different cell types and 
tissues, and at multiple stages during development[25]. Sex-
determining region Y-box 7 (Sox7), together with Sox17 
and Sox18, belongs to the Sox group F subfamily. Sox7 
encodes an HMG box transcription factor and has been 
implicated in parietal endoderm differentiation[26]. Our 
previous study demonstrated that the expression of  SOX7 
mRNA was frequently down-regulated in human colorec-
tal cancer cell lines and in primary colorectal tumor tis-
sues, and restoration of  SOX7 induced colorectal cancer 
cell apoptosis, inhibited cell proliferation and colony for-
mation[27]. 

Despite these available data, the mechanistic function 
of  aspirin in inhibiting COX2 negative colorectal cancer 
cells awaits further investigation. In this study, we have 
examined the role of  SOX7 in aspirin-mediated growth 
inhibition of  COX2 negative SW480 cells, and we found 

that SOX7 is regulated by aspirin and the p38 MAPK 
pathway in SW480 cells. Our study has disclosed the 
involvement of  SOX7 in aspirin-mediated growth inhibi-
tion of  COX2 negative cancer cells, providing a new in-
sight into the mechanism by which aspirin inhibits COX2 
negative colorectal cancer.

MATERIALS AND METHODS
Cell lines and reagents
Human colorectal cancer cell line SW480 and human em-
bryonic kidney HEK-293T cells were cultured in appropri-
ate media with 10% FBS (fetal bovine serum), 100 U/mL 
penicillin and 100 μg/mL streptomycin, and kept in a 
humidified atmosphere of  20 mL/L CO2. Genomic DNA 
was extracted using the standard Proteinase-K method. 
Total RNA was extracted by using the Trizol reagent (TA-
KARA). 

Drug treatment
Aspirin (Sigma, St. Louis, MO) was dissolved in 1 mol/L 
Tris-HCl (pH 7.5) to a stock concentration of  1 mol/L 
and the pH adjusted to 7.2 with 4 mol/L HCl. SW480 cells 
were treated for 24, 48 and 72 h by adding various volumes 
of  stock to obtain final concentrations of  1, 2 and 5 mmol/
L of  aspirin. Control cells were treated with an equivalent 
volume of  Tris-HCl (pH 7.2).

The p38 inhibitor SB203580 (Sigma, St. Louis, MO) 
was dissolved in dimethyl sulfoxide (DMSO) to a stock 
concentration of  10 mmol/L. SW480 cells were treated 
with 10 μmol/L SB203580 for 30 h. Control cells were 
treated with an equivalent volume of  DMSO.
 
MTT assay
Cell proliferation was assessed by the MTT (Moto-nuclear 
cell direc cytotoxicity assay) [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazoliumbromide] assay. SW480 cells were 
plated at 1 × 103 cells/well on 96-well plates. After treat-
ment with aspirin or transfection, 20 μL of  MTT (5 mg/
mL) was added to each well; the samples were incubated 
for 4 h at 37 ℃ and then subcultured in the medium with 
100 μL DMSO. The absorbance of  each well was deter-
mined at 492 nm. Survival percentage (%) was calculated 
relative to the control.

Plasmid constructs and transfection
SOX7 gene promoter (GenBank accession NM_031439) 
was cloned by PCR from the genome derived from nor-
mal human colorectal tissue using the following prim-
ers: 5’-CCCAAGCTTCTGCCGACTTTCATTCAG-
TAGGTG-3’ (sense) and 5’-CCGCTCGAGGTAG-
GCTCCCAGCAGCGAAG-3’ (antisense). To generate 
SOX7 promoter-luciferase (pGL3-SOX7-luc) construct, the 
PCR production was subcloned into the pGL3 enhancer 
vector via HindⅢ and XholⅠ sites. Short interfering RNA 
(siRNA) targeting SOX7 sequence (ACGCCGAGCTGTC-
GGATGG) was synthesized[27]. An oligonucleotide that 
represents the siRNA was cloned into the pSliencer4.1-
CMV neo-vector (Ambion) between BamHⅠ and Hind
Ⅲ sites following the manufacturer’s instructions. c-Fos 
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and c-Jun were gifts from Dr. Shizuo Akira (Osaka Uni-
versity, Japan); p38α was a gift from Dr. Roger David 
(University of  Mass. Medical School); and SOX7 expres-
sion plasmid was previously constructed in this labora-
tory[27]. Plasmids were transfected using Lipofectamine™
2000 (Invitrogen) follow the manufacturer’s instructions. 

Luciferase reporter assay 
Reporter gene assays were done as previously described[27]. 
Briefly, 5 × 104 cells were seeded in 24-well tissue culture 
plates 24 h before transfection. The pGL3-SOX7-luc re-
porter vector was transfected at 500 ng/well and the Renilla 
luciferase control plasmid pREP7-RLuc was cotransfected 
at 50 ng/well as an internal control reporter. After treat-
ment with indicated doses of  aspirin or cotransfection with 
c-Fos and c-Jun expression vectors for 24 h, cells were 
washed and lysed in passive lysis buffer (Promega) and the 
transfection efficiency was normalized to the paired Renilla 
luciferase activity by using the Dual Luciferase Reporter 
Assay System (Promega) according to the manufacturer’s 
instructions.

Reverse transcription-polymerase chain reaction
For cDNA synthesis, 1 μg of  total RNA was reverse tran-
scribed using the RT-Systems supplied by Promega. Quan-
titative real-time reverse transcription-polymerase chain 
reaction (RT-PCR) was carried out on an ABI Prism 7000 
Sequence Detection System (Applied Biosystems), and 
SYBR Green (TOYOBO) was used as a double-stranded 
DNA-specific fluorescent dye. The PCR primer sequences 
were as follows: SOX7: 5’-ACCAACGGGTCCCACA-
GA-3’(sense) and 5’-CCACTCAAGGCACAAGAAGG-3’
(antisense)[27]; β-actin: 5’-TCGTGCGTGACATTAAGG 
AG-3’ (sense) and 5’-ATGCCAGGGTACATGGTGGT-3’ 
(antisense)[28]. 

Western blotting assay
Western blotting was performed as described previous-
ly[29]. The primary antibodies used were the mouse anti-
SOX7 (1:1 000, R&D system) and mouse anti-β-actin 
(1:10 000, Sigma).

RESULTS
Aspirin and SOX7 inhibit the growth of SW480 human 
colorectal cancer cells
We first demonstrated that aspirin treatment results in a 
profound concentration- and time-dependent reduction 
in the proliferation rate of  SW480 cells (Figure 1A). Our 
previous experiments showed that SOX7 was frequently 
down-regulated in human colorectal cancer cell lines in-
cluding SW480[27]. In order to investigate the relationship 
between SOX7 and aspirin, we tested the effect of  SOX7 
on the growth of  SW480 cells, and we found that restora-
tion of  SOX7 inhibits SW480 cell proliferation (Figure 1B 
and C).

SOX7 is induced by aspirin in SW480 colorectal cancer 
cells
Since both aspirin and SOX7 were able to inhibit the growth 
of  SW480 cells, we sought to examine whether SOX7 can 
be induced by aspirin in SW480 cells. Our reporter gene 
experiments demonstrated that aspirin upregulated the ac-
tivities of  SOX7 promoter, and a dose of  1 mmol/L aspi-
rin was sufficient to induce SOX7 promoter activity (Fig-
ure 2A). This dose was then used in the later experiments 
throughout the study. RT-PCR and Western blot assays 
showed that the mRNA (Figure 2B) and protein (Figure 
2C) levels of  SOX7 were both upregulated by 1 mmol/L  
aspirin. These data indicate that the SOX7 expression is 
induced by aspirin in SW480 cells.

SOX7 is involved in aspirin-mediated growth inhibition 
of human colorectal cancer cells
The above data indicate that both aspirin and SOX7 in-
hibit the growth of  SW480 cells, and aspirin upregulates 
the expression of  SOX7 in SW480 cells. We next intend-
ed to determine whether SOX7 played a role in aspirin-
inhibited growth of  SW480 cells. First, we constructed 
a SOX7 siRNA plasmid and tested the interference ef-
ficiency of  this plasmid. As shown in Figure 3A, transfec-
tion of  SW480 cells with SOX7 siRNA plasmid resulted 

1.2

1.0

0.8

0.6

0.4

0.2

0.0

ASA 1 mmol/L
ASA 2 mmol/L
ASA 3 mmol/L

24                         48                       72

Su
rv

iv
al

 p
er

ce
nt

ag
e

A

t /h

Su
rv

iv
al

 p
er

ce
nt

ag
e

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4
24                         48                       72

B

t /h

SOX7-GFP

β-actin

SOX7 -            24 h          48 h          72 h

C

Figure 1  Aspirin and SOX7 inhibit the growth of SW480 cells. A: Dose- and 
time-dependent effects of aspirin on the growth rates of SW480 human colon 
cancer cells. SW480 cells were treated for 24, 48 or 72 h in aspirin-containing 
culture medium; 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT) assay was used to estimate the survival percentage compared with 
untreated cells; B: Effect of SOX7 expression on cell proliferation. MTT assay 
was used to estimate the proliferation at different time points after transfection of 
SOX7 expression vector; C: Western blotting was used to verify the expression 
of SOX7 after transfection of SOX7 expression vector at indicated time points. 
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide. ASA: Aspirin.
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in a significant reduction in the SOX7 protein expression 
induced by aspirin, confirming the effective interference 
of  this SOX7-siRNA. We then transfected SOX7 siRNA 
plasmid into SW480 cells, and we found that interference 
of  SOX7 expression restored the growth rate of  the aspi-
rin-inhibited SW480 cells (Figure 3B). This indicated that 
SOX7 is involved in aspirin-mediated growth inhibition 
of  human colorectal cancer SW480 cells.

Aspirin induces SOX7 expression through the p38MAPK 
pathway in SW480 colorectal cancer cells
We and others have shown that the p38 MAPK pathway 
can be activated by aspirin (data not shown)[24]. We thus 
sought to examine whether the p38 MAPK pathway is 
involved in aspirin-induced SOX7 expression. We demon-
strated that SOX7 mRNA is significantly upregulated upon 
the overexpression of  p38α in SW480 cells (Figure 4A).  
In contrast, in HEK-293T cells that express relatively high 
levels of  SOX7, inhibition of  p38 by SB203580 reduced 
the mRNA level of  SOX7 (Figure 4B). We further exam-
ined the effects of  the p38 inhibitor SB203580 on aspirin-
induced SOX7 expression, and we discovered that chemi-
cal inhibition of  p38 substantially abrogates the aspirin-
induced upregulation of  SOX7. We also found that upon 
the inhibition of  the p38 MAPK pathway by SB203580, 
the upregulation of  SOX7 by aspirin is counteracted at 

both mRNA and protein levels (Figure 4C and D). In ad-
dition, our data show that the AP1 transcription factors 
c-Jun and c-Fos upregulate SOX7 promoter activities in 
SW480 cells (Figure 4E).

DISCUSSION
The primary purpose of  this study was to shed insights 
into the complex mechanistic action of  aspirin in colorec-
tal cancer inhibition and prevention. The results of  the 
study show that SOX7 is upregulated by aspirin, and that 
SOX7 is involved in aspirin-mediated growth inhibition 
of  human colorectal cancer SW480 cells. Moreover, we 
provided evidence that aspirin induces SOX7 expression 
through the p38 MAPK pathway.

Recently, aspirin and related NSAIDs have attracted 
considerable research attention as the compounds that 
might be of  potential benefit in the chemoprevention of  
cancer[2]. However, the molecular mechanisms by which 
aspirin and related NSAIDs inhibit tumor formation and 
growth have largely remained unsolved; and hence the uti-
lization of  these compounds in cancer therapeutics is still 
a substantially disputed issue. One potential mechanism 
underlying the action of  NSAIDs involves the inhibi-
tion of  COX activity[5]; but there is evidence that in COX 
negative colorectal cancer SW480 cells, aspirin is also able 
to inhibit the growth of  the cells[8]. Goel et al[30] reported 
that aspirin could act through COX-independent mecha-
nisms that resulted in an increased expression of  DNA 
mismatch repair proteins and subsequent apoptosis in 
SW480 cells. Our previous data suggested that the SOX7 
gene may play a crucial role in colorectal cancer develop-
ment as a tumor suppressor[27]. The data from the present 
study show that SOX7 is upregulated by aspirin in SW480 
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Figure 2  Aspirin upregulates SOX7 expression in SW480 cells. A: SW480 
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cells and that it is involved in aspirin-mediated growth 
inhibition of  SW480 cells (Figures 2 and 3), implying that 
SOX7 may be a target for aspirin in COX-independent 
cancer cells.

The p38 MAPK pathway plays pivotal roles in regula-
tion of  inflammation, proliferation, and cell death. Acti-
vation of  the p38 pathway is generally mediated by condi-

tions of  cell stress and culminates in phosphorylation of  
p38 on a conserved regulatory domain by the upstream 
kinases MKK3 and MKK6[31]. In COX negative colorectal 
cancer SW480 cells, aspirin can activate the p38 MAPK 
pathway[24]. However, the mechanisms that are involved 
in this process need to be future investigated. Moreover, 
in the process of  mouse preimplantation development, 
inhibition of  the p38 MAP kinase pathway resulted in the 
suppression of  SOX7 expression, implying that SOX7 
may be a target gene of  the p38 MAPK pathway[32]. Our 
experiments in this study indeed prove that the chemical 
inhibition of  p38 substantially abrogates the upregulation 
of  SOX7 upon aspirin treatment (Figure 4). These results 
indicate that SOX7 is regulated by aspirin and the p38 
MAPK pathway in COX negative colorectal cancer cells.

The AP1 transcription complex consists of  homodi-
mers and heterodimers of  the members from the fos (c-
fos, fosB, fra-1 and fra-2) and jun (c-jun, junB and junD) 
families, and the complex activates target genes by bind-
ing with high affinity to particular DNA cis-elements, 
i.e., the 12-O-tetradecanoylphorbol-13-acetate (TPA) re-
sponse elements (TRE)[33]. The AP1 activity is regulated at 
the transcriptional and post-translational levels by several 
external stimuli, mainly involving MAPK cascades[34]. Our 
Luciferase reporter assays showed that SOX7 promoter 
activity was moderately upregulated upon the overexpres-
sion of  c-fos or c-jun, but markedly upregulated upon 
the simultaneous overexpression of  both c-fos and c-jun 
(Figure 4E), indicating that c-fos and c-jun may form a di-
mer to regulate SOX7 promoter, though the details need 
to be further studied.

In summary, the experimental data presented in this 
report demonstrate that SOX7 is upregulated by aspirin 
and is involved in aspirin-mediated growth inhibition of  
human colorectal cancer SW480 cells. The regulation of  
SOX7 by aspirin is implemented through the p38MAPK 
pathway. Overall, this study will help to advance our un-
derstanding of  the mechanisms of  action of  aspirin in 
inhibiting COX-independent colorectal cancer cells.

COMMENTS
Background
Colorectal cancer (CRC) is one of the most prevalent cancers worldwide. Aspirin 
has been implicated to prevent CRC. The p38MAPK pathway is activated in 
aspirin-mediated apoptosis in a number of cancer cells. The sex-determining 
region Y-box 7 (Sox7) is a member of the high mobility group (HMG) transcription 
factor family, essential for embryonic development and endoderm differentiation.
Research frontiers
Aspirin is a nonsteroidal anti-inflammatory drug (NSAID), which has been im-
plicated in preventing human colorectal cancer (CRC). However, the molecular 
mechanisms underlying the cancer preventive effects of NSAIDs are not well 
understood, and this has been an active issue of research interest. One most 
widely accepted mechanism for the anticancer effect of NSAIDs is the reduction 
of prostaglandin synthesis by inhibiting COX activity. To date, little is known about 
the COX-independent molecular targets of NSAID action in cancer cells.
Innovations and breakthroughs
The experimental data presented in this report demonstrate that SOX7 is up-
regulated by aspirin and is involved in aspirin-mediated growth inhibition of COX-
independent human colorectal cancer SW480 cells. The regulation of SOX7 by 
aspirin is implemented through the p38MAPK pathway. Overall, this study will 
help to advance our understanding towards the mechanisms of action of aspirin 
in inhibiting COX-independent colorectal cancer cells.
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Figure 4  Role of the p38MAPK pathway in aspirin-induced SOX7 expres-
sion. A: HEK 293T cells were transfected with p38α expression vector; reverse 
transcription-polymerase chain reaction (RT-PCR) was used to detect SOX7 
mRNA level 30 h after transfection; B: SW480 cells were treated with 10 μmol/L 
SB203580 for 30 h and SOX7 mRNA level was measured by RT-PCR; C: SW480 
cells were treated with aspirin or aspirin combined with SB203580 for 30 h  
and SOX7 mRNA level was measured by RT-PCR; D: Cells were treated as in 
Figure 4 and SOX7 protein level was detected by Western blot; E: SW480 cells 
were transfected with pGL3-SOX7-luc plasmid and various expression vectors 
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Applications
By understanding how SOX7 is involved in aspirin-mediated growth inhibition 
of COX-independent human colorectal cancer cells, this study may represent a 
future gene target strategy for patients with COX-independent colorectal cancer.
Terminology
SOX7 is an HMG box transcription factor and has been implicated in parietal en-
doderm differentiation; recent reports have referred to the role of SOX7 in tumor 
suppression. mitogen-activated protein kinase (MAPK) is the mitogen-activated 
protein kinase superfamily, which includes the extracellular signal-regulated 
kinase, c-Jun N-terminal kinase, and p38 MAPK, and is involved in mediating the 
processes of cell growth and death. Recent evidence indicates that the MAPK 
family proteins are important mediators of apoptosis induced by stressful stimuli.
Peer review
The authors examined the role of SOX7 in aspirin-mediated growth inhibition of 
COX2 negative SW480 cells, and found that SOX7 was regulated by aspirin and 
the p38 MAPK pathway in SW480 cells. The present results disclose the involve-
ment of SOX7 in aspirin-mediated growth inhibition of COX2 negative cancer 
cells, providing a new insight to the mechanism as to how aspirin inhibits COX2 
negative colorectal cancer.
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