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Polymorphisms in the DUSP10 gene are associated with 
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Xianglong Duan1,2,3*, Ya Gao4*, Hua Yang2, Tian Feng3, Tianbo Jin2,3, Yanbin Long1, Chao Chen2,3

1Second Department of General Surgery, Shaanxi Province Hospital, Xi’an 710061, China; 2School of Life Sci-
ences, Northwest University, Xi’an 710069, China; 3National Engineering Research Center for Miniaturized Detec-
tion Systems, Xi’an 710069, China; 4School of Medicine, Xi’an Jiaotong University, Xi’an 710061, China. *Equal 
contributors.

Received November 30, 2014; Accepted January 28, 2015; Epub February 1, 2015; Published February 15, 2015 

Abstract: Aims and background: Colorectal cancer (CRC) is common, especially in developed countries. CRC is a 
multifactorial disease influenced by both environmental and genetic factors. In this study, we investigated the role 
of genetic polymorphisms in the dual specificity protein phosphatase 10 (DUSP10) gene especially in sex-specific. 
Methods: We selected nine DUSP10 tag single nucleotide polymorphisms (tSNPs) previously reported to be associ-
ated with colorectal cancer risk of in a case-control study from Xi’an city of China. Results: In females, three SNPs 
were associated with decreased CRC risk: rs11118838, rs12724393, and rs908858. However, in males, only one 
SNP, rs908858, was associated with decreased CRC risk. Using a log-additive model, the rs11118838 “C” allele 
and the rs12724393 “G” allele were associated with decreased CRC risk in females, while the rs908858 “G” allele 
was associated with decreased CRC risk in both females and males. In addition, haplotype analysis also found “CG” 
and “CCT” were associated with the decreased CRC risk in females. Conclusions: Our findings suggest that DUSP10 
polymorphisms influence the risk of developing CRC in Han Chinese and emphasize that sex should be considered 
in the design and analysis of health studies and biomedical research. 
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Introduction 

Colorectal cancer (CRC) is the third most com-
mon cancer and the fourth leading cause of 
cancer death worldwide [1]. The incidence of 
CRC has been increasing, especially in devel-
oped countries [2], and China is no exception 
[3]. Patients with advanced-stage CRC have a 
poor prognosis [1]. It has been shown that envi-
ronment and diet affect CRC risk [4]. However, 
the etiology of CRC is complex and much 
remains unknown. The disease aggregates in 
families, being two-to-three times more com-
mon among first degree-relatives of cases than 
in those of population-based controls [5]. This 
suggests genetics may play an important role 
in determining CRC risk. Previous analyses 
have indicated that dual specificity protein 
phosphatase 10 (DUSP10/MKP-5) is frequent-
ly dysregulated in CRC [6]. DUSP10 inactivates 
p38 and JNK and plays a significant role in 
mediating innate and adaptive immunity [7]. In 
this study, we investigated whether DUSP10 

polymorphisms were associated with CRC risk 
in the Han Chinese population. 

Materials and methods

Study participants

We recruited 203 individuals (80 females, 123 
males; median age 57 years) diagnosed with 
CRC at Shaanxi Province Hospital in Xi’an City, 
China. All subjects were newly diagnosed and at 
least 18 years old at the time of diagnosis, and 
CRC had been confirmed histologically. None of 
the subjects had been diagnosed with other 
cancers or undergone chemotherapy or radio-
therapy. We selected 296 unrelated healthy 
individuals (112 females, 184 males; median 
age 53 years) as a control group, according to 
standard recruitment and exclusion criteria. In 
general, all control subjects were healthy, with-
out chronic diseases or disorders related to 
vital organs. To ensure that controls were can-
cer-free, they were tested for the presence of 
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Table 1. Association between nine DUSP10 SNPs and colorectal cancer 

SNP ID Chromosome 
position

Minor 
allele

MAFb (Cases) MAF (Controls) HWE P-value OR (95% CI)a P-value
Females Males Females Males Females Males Females Males Females Males

rs11118838 221897346 C 0.233 0.229 0.344 0.266 0.349 0.985 0.58 (0.36-0.93) 0.82 (0.56-1.20) 0.022* 0.302
rs12036163 221897105 G 0.056 0.049 0.054 0.071 0.549 0.228 1.05 (0.43-2.56) 0.67 (0.33-1.36) 0.909 0.263
rs12044821 221898307 T 0.058 0.049 0.054 0.074 0.549 0.277 1.10 (0.45-2.70) 0.65 (0.32-1.31) 0.839 0.224
rs12724393 221896525 G 0.084 0.136 0.174 0.120 0.359 0.254 0.44 (0.23-0.85) 1.16 (0.72-1.89) 0.013* 0.541
rs17010629 221895393 C 0.260 0.254 0.341 0.264 0.449 0.935 0.69 (0.43-1.07) 0.95 (0.66-1.38) 0.094 0.793
rs6689705 221904615 T 0.162 0.240 0.241 0.231 0.800 0.451 0.61 (0.36-1.03) 1.05 (0.72-1.54) 0.064 0.804
rs12041033 221894890 G 0.099 0.074 0.067 0.077 0.448 0.044 1.53 (0.72-3.22) 0.97 (0.52-1.80) 0.265 0.923
rs6604668 221901624 T 0.384 0.363 0.428 0.377 0.607 0.996 0.83 (0.54-1.27) 0.94 (0.67-1.32) 0.397 0.733
rs908858 221883225 G 0.353 0.397 0.550 0.489 0.333 0.138 0.45 (0.29-0.68) 0.69 (0.49-0.95) 0.0001* 0.025*
*P ≤ 0.05; aOR: odds ratio; 95% CI: 95% confidence interval; HWE P ≤ 0.01 is excluded; bMAF: minor allele frequency.
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plasma carcinoembryonic antigen and alpha-
fetoprotein. All participants were Han Chinese, 
living in Xi’an City and its environs. 

Demographic and clinical data

Demographic and personal data were collected 
through an in-person interview using a stan-
dardized epidemiological questionnaire, which 
collected data on age, sex, ethnicity, residential 
region, diet, education status, family history of 
cancer, etc. For patients, related information 
was also collected through consultation with 
treating physicians or medical chart reviews. All 
participants signed informed consent forms, 
and then 5 ml peripheral blood was drawn from 
each subject. The study protocol was approved 
by the Clinical Research Ethics Committees of 
Shaanxi Province Hospital and Northwest 
University.

Single nucleotide polymorphism selection and 
genotyping

Based on previous research on DUSP10 and 
CRC, we selected nine tag single nucleotide 

polymorphisms (tSNPs) in DUSP10 with minor 
allele frequencies (MAFs) > 5% in the HapMap 
Han Chinese population from Beijing. Genomic 
DNA was extracted from whole blood using the 
GoldMag-Mini Whole Blood Genomic DNA 
Purification Kit (GoldMag Co. Ltd., Xi’an City, 
China). DNA concentration was measured using 
the NanoDrop 2000 (Thermo Scientific, Wal- 
tham, Massachusetts, USA). Sequenom Mass- 
ARRAY Assay Design 3.0 Software (Sequenom, 
San Diego, California, USA) was used to design 
a Multiplexed SNP MassEXTEND assay (Se- 
quenom) [8]. A Sequenom Typer 4.0 Software 
was used for data management and analysis 
[8, 9]. Laboratory personnel were blinded to 
genotyping results.

Statistical analysis

Microsoft Excel and the SPSS 16.0 statistical 
package (SPSS, Chicago, IL) were used to per-
form statistical analyses. All P values in this 
study were two-sided, and P ≤ 0.05 was consid-
ered the threshold for statistical significance. 
Each SNP’s frequency in controls was tested 

Table 2. Association between rs111188381 genotypes and colorectal cancer

Model Geno-
type

Females Males
Controls Cases OR (95% CI) P-value Controls Cases OR (95% CI) P-value

Co-dominant

A/A 46 (41.1%) 43 (57.3%) 1.00 0.036* 99 (53.8%) 72 (60.0%) 1.00 0.64

C/A 55 (49.1%) 29 (38.7%) 0.53 (0.28-0.99) 72 (39.1%) 41 (34.2%) 0.78 (0.47-1.30)

C/C 11 (9.8%) 3 (4.0%) 0.27 (0.07-1.04) 13 (7.1%) 7 (5.8%) 0.91 (0.32-2.61)

Dominant
A/A 46 (41.1%) 43 (57.3%) 1.00 0.018* 99 (53.8%) 72 (60.0%) 1.00 0.36

C/A-C/C 66 (58.9%) 32 (42.7%) 0.49 (0.27-0.89) 85 (46.2%) 48 (40.0%) 0.80 (0.49-1.30)

Recessive
A/A-C/A 101 (90.2%) 72 (96%) 1.00 0.11 171 (92.9%) 113 (94.2%) 1.00 1,00

C/C 11 (9.8%) 3 (4.0%) 0.37 (0.10-1.36) 13 (7.1%) 7 (5.8%) 1.00 (0.36-2.83)

Over-dominant
A/A-C/C 57 (50.9%) 46 (61.3%) 1.00 0.13 112 (60.9%) 79 (65.8%) 1.00 0.35

C/A 55 (49.1%) 29 (38.7%) 0.63 (0.34-1.14) 72 (39.1%) 41 (34.2%) 0.79 (0.47-1.30)

Log-additive - - - 0.52 (0.32-0.87) 0.01* - - 0.86 (0.57-1.29) 0.46
*P ≤ 0.05.

Table 3. Association between rs12724393 genotypes and colorectal cancer 

Model Geno-
type

Females Males
Controls Cases OR (95% CI) P-value Controls Cases OR (95% CI) P-value

Co-dominant

C/C 75 (67.0%) 64 (83.1%) 1.00 0.018* 141 (76.6%) 91 (75.2%) 1.00 0.64

C/G 35 (31.2%) 13 (16.9%) 0.42 (0.20-0.87) 42 (22.8%) 27 (22.3%) 0.95 (0.53-1.70)

G/G 2 (1.8%) 0 (0.0%) 0.00 (0.00-NA) 1 (0.5%) 3 (2.5%) 5.64 (0.47-67.99)

Dominant
C/C 75 (67.0%) 64 (83.1%) 1.00 0.0091* 141 (76.6%) 91 (75.2%) 1.00 0.36

C/G-G/G 37 (33.0%) 13 (16.9%) 0.40 (0.19-0.82) 43 (23.4%) 30 (24.8%) 1.03 (0.59-1.82)

Recessive
C/C-C/G 110 (98.2%) 77 (100%) 1.00 0.14 183 (99.5%) 118 (97.5%) 1.00 1.00

G/G 2 (1.8%) 0 (0.0%) 0.00 (0.00-NA) 1 (0.5%) 3 (2.5%) 5.71 (0.47-68.55)

Over-dominant
C/C-G/G 77 (68.8%) 64 (83.1%) 1.00 0.019* 142 (77.2%) 94 (77.7%) 1.00 0.35

C/G 35 (31.2%) 13 (16.9%) 0.43 (0.21-0.89) 42 (22.8%) 27 (22.3%) 0.93 (0.52-1.65)

Log-additive - - - 0.40 (0.20-0.80) 0.0062* - - 1.13 (0.67–1.90) 0.66
*P ≤ 0.05.
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for departure from Hardy-Weinberg Equilibrium 
(HWE) using Fisher’s exact test. We tested for 
differences in tSNP genotype distribution 
between cases and controls using the χ2 test 
[10]. Odds ratios (ORs) and 95% confidence 
intervals (CIs), adjusted for age, were calculat-
ed using unconditional logistic-regression mod-
els [11]. We also investigated the association 
between genotype and CRC risk under different 
genetic models (co-dominant, dominant, reces-
sive, over-dominant, and log-additive) using 
software available at the SNPStats website: 
http://bioinfo.iconcologia.net/snpstats/start.
htm [12]. We then stratified by sex and ana-
lyzed the association between genotype and 
CRC risk using each of these models. The 
Haploview software package (version 4.2) and 
SHEsis software platform (http://www.nhgg.
org/analysis/) were used to assess linkage dis-
equilibrium, haplotype construction, and the 
genetic association between polymorphisms, 
with a D’ > 0.8 indicating that related tSNPs 
formed a single block [13, 14].

Results

Table 1 shows the MAF of all nine SNPs geno-
typed; the rs12041033 SNP deviated from 
HWE in male controls. Using the χ2 test, we 
identified three susceptibility tSNPs in females 
and one in males that were significantly associ-
ated with CRC risk. The SNPs rs11118838 (OR 
= 0.58; 95% CI: 0.36-0.93; P = 0.022), 
rs12724393 (OR = 0.44; 95% CI: 0.23-0.85; P 
= 0.013), and rs908858 (OR = 0.45; 95% CI: 
0.29-0.68; P = 0.0001) were all associated 
with decreased CRC risk in females. In males, 
rs908858 (OR = 0.69; 95% CI: 0.49-0.95; P = 

0.025) was associated with decreased CRC 
risk. 

We hypothesized that harboring the minor 
allele of each SNP was a risk factor, as com-
pared to possessing the wild-type allele. The 
results of the various genetic models are dis-
played in Tables 2-4. Using a co-dominant 
model, we established that the “CA” genotype 
(OR = 0.53; 95% CI: 0.28-0.99; P = 0.036) for 
rs11118838 (Table 2) and the “CG” genotype 
(OR = 0.42; 95% CI: 0.20-0.87; P = 0.018) for 
rs12724393 (Table 3) were associated with 
decreased CRC risk in females. In females, the 
“AG” (OR = 0.41; 95% CI: 0.21-0.83; P = 4e-04) 
and “GG” (OR = 0.17; 95% CI: 0.06-0.44; P = 
4e-04) genotypes for rs908858 were also 
associated with decreased CRC risk in a co-
dominant model, while in males, the “GG” gen-
otype (OR = 0.45; 95% CI: 0.21-0.96; P = 0.11) 
was associated with decreased risk. Using a 
dominant model, the “CA” and “CC” genotypes 
for rs11118838 (OR = 0.49; 95% CI: 0.27-0.89; 
P = 0.018), the “CG” and “GG” genotypes for 
rs12724393 (OR = 0.40; 95% CI: 0.19-0.82; P 
= 0.0091), and the “AG” and “GG” genotypes 
for rs908858 (OR = 0.17; 95% CI: 0.06-0.44; P 
= 9e-04) were associated with decreased CRC 
risk in females (Tables 2-4). In the recessive 
model, the “GG” genotype for rs908858 was 
associated with decreased CRC risk (OR = 
0.30; 95% CI: 0.13-0.69; P = 0.0025; Table 4); 
in the log-additive model, the “C” allele of 
rs11118838 (OR = 0.52; 95% CI: 0.32-0.87; P 
= 0.01) and the “G” allele of rs12724393 (OR = 
0.43; 95% CI: 0.21-0.89; P = 0.019) were asso-
ciated with decreased CRC risk in females 
(Tables 2 and 3). The “G” allele of rs908858 
(Table 4) was associated with decreased CRC 

Table 4. Association between rs908858 genotypes and colorectal cancer

Model Geno-
type

Females Males
Controls Cases OR (95% CI) P-value Controls Cases OR (95% CI) P-value

Co-dominant

A/A 20 (18.0%) 31 (39.7%) 1.00 4e-04* 43(23.4%) 42 (34.7%) 1.00 0.11*

A/G 60 (54.0%) 39 (50.0%) 0.41 (0.21-0.83) 102(55.4%) 62 (51.2%) 0.72 (0.41-1.26)

G/G 31 (27.9%) 8 (10.3%) 0.17 (0.06-0.44) 39 (21.2%) 17 (14.1%) 0.45 (0.21-0.96)

Dominant
A/A 20 (18.0%) 31 (39.7%) 1.00 9e-04* 43 (23.4%) 42 (34.7%) 1.00 0.1

A/G-G/G 91 (82.0%) 47 (60.3%)  0.33 (0.17-0.64) 141 (76.6%) 79 (65.3%) 0.64 (0.37-1.09)

Recessive
A/A-A/G 80 (72.1%) 70 (89.7%) 1.00 0.0025* 145 (78.8%) 104 (86%) 1.00 0.077

G/G 31 (27.9%) 8 (10.3%) 0.30 (0.13-0.69) 39 (21.2%) 17 (14.1%) 0.56 (0.29-1.08)

Over-dominant
A/A-G/G 51 (46.0%) 39 (50.0%) 1.00 0.55 82 (44.6%) 59 (48.8%) 1.00 0.91

A/G 60 (54.0%) 39 (50.0%) 0.84 (0.47-1.50) 102 (55.4%) 62 (51.2%) 0.97 (0.60-1.58)

Log-additive - - - 0.41 (0.26-0.65) 1e-04* - - 0.68 (0.47-0.98) 0.036*
*P ≤ 0.05.
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Figure 1. Haplotype block map for the nine DUSP10 tSNPs genotyped in this study. Block 1 includes rs17010629 
and rs12724393; Block 2 includes rs12044821, rs6604668, and rs6689705.

risk in both females (OR = 0.41; 95% CI: 0.26-
0.65; P = 1e-04) and males (OR = 0.68; 95% CI: 
0.47-0.98; P = 0.036).

Using haplotype analysis, two blocks were 
detected among the DUSP10 SNPs (Figure 1). 
Block 1 contains rs17010629 and rs12724393, 
and Block 2 contains rs12044821, rs6604668, 
and rs6689705. The associations between the 
DUSP10 block haplotypes and CRC risk are 
listed in Table 5. In females, the ‘‘CG’’ haplo-
type for Block 1 was associated with a 
decreased risk of CRC (OR = 0.39; 95% CI: 
0.19-0.80; P = 0.01). In Block 2, the ‘‘CCT’’ hap-

lotype was also associated with decreased 
CRC risk (OR = 0.51; 95% CI: 0.26-0.99; P = 
0.047) in females. 

Discussion

In this study, we found that polymorphisms at 
rs11118838 and rs12724393 are associated 
with CRC risk in females, and rs908858 poly-
morphisms are associated with CRC risk in 
both sexes. Several previous studies have dem-
onstrated that rs6691170 and rs66867758 
polymorphisms in DUSP10 are associated with 
CRC risk. To date, a number of studies have 
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also suggested that the incidence of colorectal 
cancer varies considerably according to age, 
gender, and race [15-17].

DUSP10 is a member of the dual-specificity 
protein phosphatase (DUSP) family. More spe-
cifically, it is a member of the dual kinase phos-
phatase family, which is associated with cellu-
lar proliferation and differentiation; its members 
have been shown to act as tumor suppressors 
[18]. DUSPs inactivate their target kinases by 
dephosphorylating both phosphoserine/threo-
nine and phosphotyrosine residues [18]. They 
regulate at multiple levels, playing a role in fine-
tuning signaling cascades. They negatively reg-
ulate members of the mitogen-activated pro-
tein kinase (MAPK) superfamily [19]. MAPKs 
are implicated in cell proliferation, survival, and 
migration, activities that are often dysregulated 
in cancer. MAPKs are also involved in tumor cell 
response to anti-cancer treatments, and many 
studies have demonstrated that abnormal 
MAPK signaling has important consequences 
for the development and progression of human 
cancer [19]. DUSPs have already have been 
implicated as major modulators of critical sig-
naling pathways dysregulated in various dis-
eases [18]. For example, DUSP1/MKP-1 is over-
expressed in the early phases of cancer and 
diminishes during tumor progression [6]. 
Similarly, altered DUSP2/PAC-1 and DUSP7/
MKP-X expression is associated with acute leu-
kemia [20-22]. Finally, studies on lung cancer 
suggest that DUSP6/MKP-3 may be involved in 
human cancer pathogenesis [23].

There is abundant evidence that DUSP10, in 
particular, may play an important role in tumori-
genesis. It inactivates p38 and JNK in vitro 
[24], and it is frequently upregulated in CRC 
[25]. The JNK protein is activated by the protein 

kinase G (PKG)/MEKK1/SEK1/JNK cascade, 
and this pathway is important for cell prolifera-
tion and inducing apoptosis [26]. Recent work 
has also implicated p38 in the promotion of cel-
lular senescence as a means of evading onco-
gene-induced transformation; it participates in 
cell cycle regulation, functioning as a suppres-
sor of cell proliferation and tumorigenesis [27]. 
Thus, the evidence suggests that DUSP10 may 
have an important role in cancer induction and 
progression. For this reason, we predicted that 
changes in the DUSP10 gene could lead to 
altered CRC risk. Just as MAPKs are regulated 
by MKPs, MAPK activity impinges on many of 
the processes involved in the initiation and 
genesis of cancer. Abnormal MAPK signaling 
plays an important role in processes critical to 
the development and progression of CRC. 
MAPK signaling also plays a key role in deter-
mining the response of tumor cells to conven-
tional cancer therapies, and MAPK signaling 
pathways have been implicated in a wide range 
of human malignancies. 

In summary, in this study of a Han Chinese 
sample, we identified three novel DUSP10 
tSNPs associated with CRC susceptibility in 
females and one in males. The loci we identi-
fied are likely to provide new insights into the 
etiology of CRC, especially differences in risk 
according to sex. Further studies are required 
to determine the functional consequences of 
these polymorphisms in tumorigenesis and the 
biological mechanism underlying the sex differ-
ences in CRC risk that we identified.
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