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Abstract: Colorectal carcinoma (CRC) represents the most common malignancy of the intestine with a worldwide increasing incidence. Although the risk factors for CRC are well identified, the molecular mechanism for CRC was still
to be revealed. Evidence demonstrated that genetic factors were involved in colorectal carcinogenesis. Recently, the
functional polymorphism CD3G rs150376137 was reported to correlate with hepatocellular carcinoma risk. However, its role in CRC risk was not clear. In the current study, a hospital-based case-control study including 523 CRC
cases and 617 healthy controls was implemented to evaluate the association between rs150376137 and CRC risk.
As genotyping data showed, when compared with the reference (del/del), the heterozygote and homozygote ins/
ins of rs150376137 were associated with a significantly increased risk of CRC after controlling for other confounders such as age, sex, drinking status, smoking status and BMI (adjusted OR=1.33, 95% C.I. 1.01-1.72, P=0.049;
OR=1.69, 95% C.I.1.18-2.67, P=0.017, respectively). It had similar trends in other three genetic models. Moreover,
further stratification analysis showed that the differences between cases and controls were more salient in smokers
(P<0.05). Further luciferase-based transient transfection assays revealed that rs150376137 can affect promoter
activity of CD3G (P<0.01). Our data suggested that common genetic polymorphisms in CD3G may influence HCC
risk in Chinese population. The replication of our studies in other ethnicities and further functional studies are required for fully understanding the roles of CD3Gpolymorphisms in predisposition for CRC.
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Introduction
Colorectal carcinoma (CRC) represents the
most common primary malignancy of the intestine with a worldwide high incidence [1, 2].
Although present five-year survival rate showed
increase, CRC patients with distant metastases are still threaten by marked reduce in survival rate [3]. CRC carcinogenesis is widely recognized as a multistep and complex process,
numerous genes such as APC, c-myc, MDM2,
P53 played pivotal role in its incidence and progression [4]. However, the exact underlying
mechanisms of CRC remain elusive. As was

known to us, high-fat diet, obesity, smoking,
alcohol consumption and genetic factor
involved in the process of carcinogenesis of
CRC [4]. Increasing epidemiological investigations also provided evidences that genetic factor is one of important variants for modulating
CRC susceptibility in various populations [5-8].
From a decade ago, rapid progress has been
made in discovery of the genetic predisposition
to CRC, the implementation of genome wide
association studies (GWAS) which are currently
routinely applied to identification of causative
polymorphisms in the large population [9].
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Table 1. Demographic characteristics of study subjects

rs150376137 was associated with the risk of
CRC in a Chinese population and to assess the
possible functional significance of the
polymorphism.
Materials and methods
Study populations

The case-control study was performed on
genomic DNA extracted from peripheral blood
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DNA extraction and genotyping
A Chelex method was used for extracting
genomic DNA of human peripheral blood samples [13]. DNA fragments with the polymorphism rs150376137 were amplified under previously reported protocol [10]. The PCR
products were analyzed by 7% non-denaturing
polyacrylamide gel electrophoresis (PAGE) and
visualized by silver staining [14]. The allelic disInt J Clin Exp Pathol 2017;10(2):2077-2082
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Table 2. Associations between rs150376137 genotype and CRC susceptibility
Genetic Model
Co-dominant model

Dominant model
Recessive model
Additive model

b

Genotype
Del/Del
Del/Ins
Ins/Ins
Del/Del
Del/Ins + Ins/Ins
Del/Del + Del/Ins
Ins/Ins
Del Allele
Ins allele
Ptrend

Cases n (%)
129
24.7
272
52.0
122
23.3
129
24.7
394
75.3
401
76.7
122
23.3
530
50.7
516
49.3

Control n (%)
195
31.6
312
50.6
110
17.8
195
31.6
422
68.4
507
82.2
110
17.8
702
56.9
532
43.1

OR (95% c.i.)a
1.00 (Reference)
1.33 (1.01-1.72)
1.69 (1.18-2.67)
1.00 (Reference)
1.42(1.07-1.81)
1.00 (Reference)
1.41 (1.05-1.85)
1.00 (Reference)
1.29 (1.11-1.53)

P
0.049
0.017
0.009
0.022
0.003
0.003

Adjusted for proper confounders when appropriate. bAssuming an additive effect of the del allele.

a

crimination of rs150376137 was determined
by the numbers and the positions of the band
on the gels. The 4-bp deletion allele yielded a
132-bp band and the insertion allele yields a
136-bp band. To validate the genotyping method, we analyzed 30 randomly selected DNA
samples by both direct sequencing and PCR
method; the concurrence rate of these two
methods was 100%, suggesting that the PCR
method is reliable. Genotyping was performed
without knowledge of the case or control status. A 20% random sample was tested in duplicate by different researchers, and the reproducibility was 100%.
Construction of reporter plasmids and luciferase assays
The construction of reporter plasmids was
applied as previous report [10]. HCT116 and
LoVo cells were maintained in DMEM with high
glucose (Gibico) supplemented with 10% heatinactivated fetal bovine serum (Gibico) and 50
μg/mL streptomycin (Gibico) at a 37°C incubator supplemented with 5% CO2. Cells were
seeded at 1×105 cells per well in 24-well plates
(BD Biosciences). Sixteen hours after the plating, cells were transfected by Lipofectamine
2000 according to manufacturer’s suggestion.
In each well, 500 ng constructed pGL3-basic
vector and 50 ng pRL-TK vector (Promega) were
co-transfected into cells. The un-constructed
pGL3-basic vector was added as negative control. After transfection for 24 hours, cells were
harvested by the addition of 100 μl passive
lysis buffer. Firefly luciferase activities in cell
lysate were measured with the Dual Luciferase
assay system (Promega) in TD-20/20 luminom-
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eter (Turner Biosystems) and were normalized
with the Renilla luciferase activities. Six replicates for each group and the experiments were
repeated at least three times.
Statistical analysis
Hardy-Weinberg equilibrium was assessed
using a goodness-of-fit χ2 test for biallelic markers. The adjusted odds ratios (ORs) with their
95% confidence intervals (C.I.) of the association between polymorphism and CRC risk were
estimated by multiple logistic regression models after controlling for sex, age, smoking status, drinking status, tumor stage and BMI. In all
cases, homozygosis for the most common
allele (i.e. del/del) was used as the reference
category. Student’s t test was used to examine
the differences in luciferase reporter gene
expression. The statistical analyses were implemented in SPSS software (version 18.0).
P<0.05 was used as the criterion of statistical
significance.
Results
The statistical analysis of demographic characteristics of the 523 CRC patients and 617 controls were summarized in Table 1. There were
no statistically significant differences between
cases and controls in terms of the frequency
distribution of sex, age, smoking and drinking
status. Beyond expected, BMI was not shown
as a significant risk factor for CRC in recruited
subjects. Genotype distributions had no deviation from Hardy-Weinberg equilibrium in control
or case group (P=0.357 and P=0.458 respectively).
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the heterozygote and homozygote ins/ins of rs150376137
were associated with a significantly increased risk of CRC
after controlling for other
covariates such as age, sex,
drinking status, smoking status and BMI (adjusted OR=
Figure 1. Luciferase
1.65, 95% C.I. 1.10-2.46, P=
expression of two con0.02; OR=2.24, 95% C.I.1.38structs in HCT116 and
3.42, P=0.001, respectively).
LoVo cells co-transfected with pRL-TK to
Trends in other three genetic
standardize transfecmodels were similar with that
tion efficiency. *P<0.01
in codominant model. While in
compared with delenonsmokers, it had no signifition construct.
cant difference in any genetic
model (P>0.05). Other risk
factors including BMI, drinkOur results showed that rs150376137 was siging status and tumor stage had no statistically
nificantly associated with CRC susceptibility, at
difference (data not shown).
both the allele and genotype levels (Table 2). In
Discussion
the co-dominant model, compared with the reference (del/del), the heterozygote and homozyAs far as we knew, this was the first molecular
gote ins/ins of rs150376137 were associated
epidemiological study to investigate the assowith a significantly increased risk of CRC after
ciations of CD3G polymorphism with risk of
controlling for other covariates such as age,
CRC in Chinese Han ethnicity. The genotyping
sex, drinking status, smoking status and BMI
of 523 CRC patients and 617 healthy control
(adjusted OR=1.33, 95% C.I. 1.01-1.72, P=
individuals showed significant associations
0.049; OR=1.69, 95% C.I.1.18-2.67, P=0.017,
with the insertion/deletion variant within prorespectively). In the dominant model (ins/
moter of CD3G with CRC susceptibility. The difins+ins/del vs del/del), significant associations
ference was more salient between smokers
were also observed between cases and conand nonsmokers. Furthermore, in vitro analysis
trols (adjusted OR=1.42, 95% C.I. 1.07-1.81,
betrayed that the insertion variant allele signifiP=0.009). In the additive model, each additioncantly upregulated the transcription activity of
al copy of insertion allele was associated with a
the CD3G compared with the deletion allele.
29% increased risk of developing cancer
(OR=1.29, 95% C.I. 1.11-1.53, P=0.003).
CD3G formed T-cell receptor-CD3 complex
when together with other CD3 subunits, it was
To further investigate whether rs150376137
involved in human immune response activity
would potentially influence the transcriptional
[11]. Based on current investigation, the insert
activity of CD3G, two luciferase reporter gene
allele enhanced expression of CD3G, and furconstructs were generated by PCR, and they
therly enhanced immune surveillance. Epithelial
were used to transiently transfect CRC cell
cells of intestine suffered long-period fecal
lines. As shown in Figure 1, we found that CD3G
accumulation were apt to somatic mutation
promoter containing insertion allele drove a
when successful DNA repair after non-lethal
1.46~1.51 fold increased reporter expression
cellular DNA damage, while few somatic mutacompared with the deletion allele containing
tion cells could escape from enhanced immune
counterpart in HCT116 and LoVo cells.
surveillance, thus chronic inflammation occurrWe did additional stratified analysis based on
ed in intestine especially in colon and rectum.
risk factors, and found that only in smoking staAccumulating evidence has demonstrated that
tus it betrayed salient difference in cases and
patients with chronic inflammation in bowels
controls (shown in Table 3). In smokers’ part,
have an increased risk to develop CRC [15].
Data from primary in vitro analysis powerfully
when compared with the reference (del/del),
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Table 3. Stratified analysis on the association between rs150376137
genotype and CRC susceptibility based on smoking status
Comparison
Smokers
Codominant Model
Del/Del
Ins/Del
Ins/Ins
Dominant Model
Del/Del
Ins/Del+Ins/Ins
Recessive Model
Del/Del+Ins/Del
Ins/Ins
Additive Model
Del Allele
Ins Allele
Nonsmokers
Codominant Model
Del/Del
Ins/Del
Ins/Ins
Dominant Model
Del/Del
Ins/Del+Ins/Ins
Recessive Model
Del/Del+Ins/Del
Ins/Ins
Additive Model
Del Allele
Ins Allele

Cases N (%) Controls N (%)
235
294

P-value

OR (95% CI)a

54 (23.0)
120 (51.0)
61 (26.0)

103 (35.0)
139 (47.3)
52 (17.7)

1.00 (Reference)
1.65 (1.10-2.46) 0.02
2.24 (1.38-3.42) 0.001

54 (23.0)
181 (77.0)

103 (35.0)
191 (65.0)

1.00 (Reference)
1.81 (1.23-2.55) 0.002

174 (74.0)
61 (26.0)

242 (82.3)
52 (17.7)

1.00 (Reference)
1.63 (1.09-2.39)

228 (48.5)
242 (51.5)
288

345 (58.7)
243 (41.3)
323

1.00 (Reference)
1.51 (1.18-1.89) 0.001

0.02

risk in Chinese Han population.However,thisCRC-associated polymorphism showed none direct demonstration that rs150376137 is causative. Finally,
the replication of our studies in other populations
and further in vitro analysis are required for complete elucidation of the
roles of CD3G polymorphisms in predisposition
for CRC.
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and the underlying mechanism was to be
elucidated.
Taken together, our data suggested the polymorphism rs150376137 could influence CRC
2081

None.
Address correspondence to: Dr. Zhansheng Zhu,
Department of Pathology, Xuzhou Medical College, Xuzhou 221004, Jiangsu, China. Tel: +8618361261300; Fax: +86-18361261300; E-mail:
manofgreen@126.com

References
[1]

Siegel R, Desantis C and Jemal A. Colorectal
cancer statistics, 2014. CA Cancer J Clin 2014;
64: 104-117.

Int J Clin Exp Pathol 2017;10(2):2077-2082

Polymorphism in CD3G promoter and CRC risk
[2]
[3]

[4]
[5]

[6]

[7]

[8]

[9]

Siegel R, Ma J, Zou Z and Jemal A. Cancer statistics, 2014. CA Cancer J Clin 2014; 64: 9-29.
O’Connell JB, Maggard MA and Ko CY. Colon
cancer survival rates with the new American
Joint Committee on Cancer sixth edition staging. Natl Cancer Inst 2004; 96: 1420-5.
Midgley R and Kerr D. Colorectal cancer. Lancet 1999; 353: 391-399.
Chen C, Liu J, Zhou F, Sun J, Li L, Jin C, Shao J,
Jiang H, Zhao N, Zheng S, Lin B. Next-generation sequencing of colorectal cancers in Chinese: identification of a recurrent frame-shift
and gain-of-function indel mutation in the
TFDP1 gene. OMICS 2014; 18: 625-635.
Gao X, Zhang S and Zhu Z. Genetic variation of
ErbB4 confers risk of colorectal cancer in a
Chinese Han population. Cancer Biomarkers
2014; 14: 435-439.
Mohd Suzairi MS, Tan SC, Ahmad Aizat AA,
Mohd AM, Siti Nurfatimah MS, Andee ZD and
Ankathil R. The functional -94 insertion/deletion ATTG polymorphism in the promoter region
of NFKB1 gene increases the risk of sporadic
colorectal cancer. Cancer Epidemiol 2013; 37:
634-638.
Sun T, Gao Y, Tan W, Ma S, Shi Y, Yao J, Guo Y,
Yang M, Zhang X, Zhang Q, Zeng C, Lin D. A sixnucleotide insertion-deletion polymorphism in
the CASP8 promoter is associated with susceptibility to multiple cancers. Nat Genet 2007;
39: 605-613.
Tomlinson I, Webb E, Carvajal-Carmona L,
Broderick P, Kemp Z, Spain S, Penegar S,
Chandler I, Gorman M, Wood W, Barclay E, Lubbe S, Martin L, Sellick G, Jaeger E, Hubner R,
Wild R, Rowan A, Fielding S, Howarth K; CORGI
Consortium, Silver A, Atkin W, Muir K, Logan R,
Kerr D, Johnstone E, Sieber O, Gray R, Thomas
H, Peto J, Cazier JB, Houlston R. A genomewide association scan of tag SNPs identifies a
susceptibility variant for colorectal cancer at
8q24.21. Nat Genet 2007; 39: 984-988.

2082

[10] Jiang L, Xu J, Ni J, Gao X, Zhu Z, Dong D, Wang
X, Shi C, Tao X, Dong W, Gao Y. A functional insertion/deletion polymorphism in the proximal
promoter of CD3G is associated with susceptibility for hepatocellular carcinoma in Chinese
population. DNA Cell Biol 2012; 31: 14801485.
[11] Birnbaum ME, Berry R, Hsiao YS, Chen Z, Shingu-Vazquez MA, Yu X, Waghray D, Fischer S,
McCluskey J, Rossjohn J, Walz T, Garcia KC.
Molecular architecture of the αβ T cell receptor-CD3 complex. Proc Natl Acad Sci U S A
2014; 111: 17576-17581.
[12] Gokturk B, Keles S, Kirac M, Artac H, Tokgoz H,
Guner SN, Caliskan U, Caliskaner Z, van der
Burg M, van Dongen J, Morgan NV, Reisli I.
CD3G gene defects in familial autoimmune
thyroiditis. Scand J Immunol 2014; 80: 354361.
[13] Walsh PS, Metzger DA and Higuchi R. Chelex
100 as a medium for simple extraction of DNA
for PCR-based typing from forensic material.
Biotechniques 1991; 10: 506-513.
[14] RC A, Graves G and Budowle B. Polymerase
chain reaction amplification products separated on rehydratable polyacrylamide gels and
stained with silver. Biotechniques 1989; 7:
736-744.
[15] Itzkowitz SH and Yio X. Inflammation and cancer IV. Colorectal cancer in inflammatory bowel
disease: the role of inflammation. Am J Physiol
Gastrointest Liver Physiol 2004; 287: G7-G17.
[16] Mehta H, Nazzal K and Sadikot RT. Cigarette
smoking and innate immunity. Inflamm Res
2008; 57: 497-503.
[17] Liang PS, Chen TY and Giovannucci E. Cigarette smoking and colorectal cancer incidence
and mortality: systematic review and metaanalysis. Int J Cancer 2009; 124: 2406-2415.

Int J Clin Exp Pathol 2017;10(2):2077-2082

