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META-ANALYSIS OF OBSERV STUDIES IN EPIDEMIOLOGY

Correlation Between CASC8, SMAD?7 Polymorphisms and
the Susceptibility to Colorectal Cancer

An Updated Meta-Analysis Based on GWAS Results

Kunhou Yao, MD, Long Hua, MD, Lunshou Wei, MD, Jiming Meng, MD, and Junhong Hu, MD

Abstract: Genome-wide association studies (GWASs) and a number
of case—control studies have suggested that several single nucleotide
polymorphisms (SNPs), rs7837328, rs7014346, rs6983267, 1s10505477
on CASCS gene and rs4939827, rs4464148, rs12953717 on SMAD7
gene are significantly correlated with the susceptibility to colorectal
cancer (CRC). For the sake of clarifying the association, a meta-analysis
was conducted and population heterogeneity was considered in the
study.

A total of 34 articles including 90 studies (168,471 cases and
163,223 controls) that evaluated the relationship between the CASCS,
SMAD7 genes and the risk of CRC under the allelic model were
reviewed. Also subgroup analysis was performed by ethnicity (Cauca-
sian, Asian, and African) and all of the analyses were implemented in R
3.2.1 software.

Pooled data from the meta-analysis revealed that the A allele of
rs7837328, the A allele of rs7014346, the G allele of rs6983267, the A
allele of rs10505477, the T allele of rs4939827, the T of rs4464148, and
the T of rs12953717 were significantly associated with an increased risk
of CRC under the allelic model. Additionally, subgroup analyses of 6
SNPs by ethnicity (rs4464148 excepted) witnessed that the A allele of
rs7837328, the G allele of rs6983267, and the T of rs12953717 were
notably associated with an increased risk of CRC among Caucasian and
Asian. Furthermore, the A allele of rs7014346, the A allele of
rs10505477, and the T allele of rs4939827 were significantly related
with an elevated risk of CRC only among Caucasian.

Our study suggested that for CASCS gene, SNP of rs7837328 and
1rs6983267 are risk factors for CRC among both Caucasian and Asian
whereas rs7014346 and rs10505477 are risky gene polymorphisms only
among Caucasian. For SMAD7 gene, rs4939827 and rs4464148 are risk
factors for CRC among Caucasian whereas rs12953717 could elevate
the susceptibility to CRC in both Caucasian and Asian.
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Abbreviations: CASC8 = cancer susceptibility candidate 8, CRC =
colorectal cancer, GWAS = genome-wide association study,
LncRNA = long noncoding RNA, NOS = Newcastle-Ottawa
Scale, SNP = single nucleotide polymorphism.

INTRODUCTION

C olorectal cancer (CRC) is one of the most prevailing cancer

occurred in the digestive system,' and it ranked as the third
primary cancer-causing death in the world.> CRC is a multistep,
multifactorial disease that results from various factors. Previous
epidemiological studies have shown that lifestyle and dietary
factors (smoking, unhealthy dietary intake, occupational
exposures to chemicals, etc.) are common risk factors for the
development of CRC.>* Although the pathogenesis of CRC is
still unclear, molecular epidemiological studies have suggested
that single nucleotide polymorphisms (SNPs) in genes play a
vital role in CRC development and progression.>® Genome-
wide association studies (GWASs) have revealed that _genetic
factors accounted for 33% of CRC cases in the world.”*

Cancer susceptibility candidate 8 (CASCS) gene, a long
noncoding RNA (IncRNA), is located in the region of 8q24.21,
which is a nonprotein coding region.'” LncRNA is a new class
of transcripts, which transcribed pervasively in the genome and
regulates the expression of multiple genes.'' Studies have
shown that SNPs in IncRNAs may affect the biological process
of messenger RNA conformation, and result in the modification
of its interacting partners.'>'> In addition to protein coding
genes and microRNAs, the dysregulated expression of IncRNAs
is likely to be pervasive in human cancers and can regulate
tumorigenesis and predict tumor prognosis."* Various cancer
including prostate cancer,'> breast cancer, CRC, and gastric
cancer have been reported to be correlated with the CACSS
gene.'” Although some well-featured studies suggested the
association between CASCS8 gene SNP and the risk of CRC,
few of them provided evidence that multiple SNPs in genes
were correlated with the risk of CRC.

On the other hand, SMAD7 gene, located in the region of
18q21, is one of the members of transforming growth factor-3
(TGF-B) family signaling pathway. It has been proved to
promote the antiinflammatory effects of TGF-f signaling via
binding to TAB2 and TAB3 and inhibiting TAK1.'!” Apart
from that, TGF- plays an important role in promoting metas-
tasis in many solid tumors.'® Studies have indicated that
SMAD?7 gene is related with breast cancer, "’ gastric cancer,?®
pancreatic cancer,?! CRC,?? and so on. Great efforts have been
made to investigate the association between SMAD7 gene
polymorphisms and the risk of CRC. Nevertheless, the func-
tional significance of these SNPs is still unclear.
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Several studies have evaluated the association between
parts of gene polymorphisms and the susceptibility to CRC risk,
but the associations suggested by different studies were incon-
sistent. Besides that, a single case—control study may fail to
discover the effects of gene polymorphisms on the susceptibility
to CRC due to various genotypes and the small sample size.
However, meta-analysis has the advantage of increased stat-
istical power and reduced random error which could generate
more accurate statistical results than that in individual studies.
As a result of this, a meta-analysis with eligible studies was
carried out to provide an integrated understanding of the impact
of CACS8 and SMAD7 gene polymorphisms on the suscepti-
bility to CRC. Subgroup analyses were performed in order to
explore potential sources of heterogeneity among individual
studies.

METHODS

Ethical approval was not necessary for the current meta-
analysis.

Search Strategy and Selection

A meta-analysis was carried out based on the guidelines
of PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement.® Using the following
MeSH searching terms: ““colorectal cancer,” ‘““polymorphism,”
“rs7837328,” “rs7014346,” “rs6983267,” “rs10505477,”
“rs4939827,” “‘rs4464148,” “rs12953717,” “case—control,”
and “meta-analysis,” articles were searched electronically in
PubMed, MEDLINE, and Embase without language restric-
tions. Additionally, the reference lists in each relevant article
were searched manually for other related publications.

Data Extraction

The following criteria were used as the inclusion criteria
for relevant studies: patients in the study were diagnosed with
CRC at any tumorigenesis stage; subjects in the control group
were healthy and free from cancer or neoplasm; availability of
genotype or allele of the case and control groups or minor allele
frequency (MAF) of the case and control group or related odds
ratio (OR) and confidence interval (95% CI) for the allelic
model of CRC; and genotype distributions complied with
Hardy—Weinberg equilibrium. The following criteria were set
as the primary exclusion criteria: CRC patients with other
cancer; no available data of genotype or allele frequencies or
MATF or related OR; abstracts and reviews; and duplicated
publications.

These studies were screened by 2 independent investi-
gators and relevant information was individually extracted from
all qualified publications. Disagreements between the 2 inves-
tigators were recorded and settled by a discussion with a third
investigator. Finally, the following information was collected
from each qualified study: author of surname, year of publi-
cation, ethnicity of subjects, sample sizes of the case and control
group, frequency distributions of genotype and allele, OR and
95% CI of the allelic model.

Statistical Analysis

A Chi-squared (x?) test was conducted to investigate the
heterogeneity among individual studies. The fixed-effects
model was used if there was no significant heterogeneity among
individual studies (I2 < 50%, P > 0.05), otherwise, the random-
effects model was applied in the meta-analysis. Pooled ORs
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were calculated for the allelic model to estimate the association
between CASCS, SMAD7 gene polymorphisms and CRC. More-
over, Z test was used to assess the statistical significance of the
pooled OR and Begg funnel plot was carried out to determine
whether or not there was significant publication bias. A value of
P <0.05 suggests that statistically significant bias was pre-
sented in the meta-analysis. All of the statistical analyses were
implemented using R 3.2.1 software and a 2-tailed P-value of
less than 0.05 was considered as the significant level.

RESULTS

Study Characteristics

As shown in Figure 1, 121 reports were selected initially
using the MeSH searching terms and 91 articles were excluded
after initial screening of titles and abstracts. Eventually, 34
articles met the inclusion criteria and 4 extra reference articles
were added using manual searching. Newcastle-Ottawa Scale
(NOS) was used for quality assessment, and all of the 34 studies
achieved moderately high quality with scores above 6 (Supple-
ment Figure S1). The main characteristics of included studies
were shown in Supplement Table S1. There were 34 articles
including 90 case—control studies in total and some of the
articles contained multiple studies as they investigated multiple
SNPs and different ethnicity. Furthermore, a total of 90 studies
were further classified by ethnicity (Asian, African, and Cau-
casian) for subgroup analysis. Among included studies, 4 studies
were conducted on rs7837328 (6167 cases and 5978 controls),
13 studies on rs7014346 (22,685 cases and 20,794 controls),
27 studies on rs6983267 (47,461 cases and 46,958 controls), 11
studies on rs10505477 (15,584 cases and 17,613 controls),
21 studies on rs4939827 (47,029 cases and 43,779 controls),
4 studies on rs4464148 (12,508 cases and 11,337 controls),
and 10 studies on rs12953717 (17,037 cases and 16,764
controls).

121 results were identified through database

26 excluded:
—>|1 reviews
25 not related to CRC and 5polymorphisms

A 4

95 abstracts retrieved for further evaluation

36 excluded:

5 combined with other diseases

—|9 tumorigenesis pathology

9 signaling pathway and regulatory system
13 repeated studies

A 4

59 full-test articles available for further assessment

29 excluded:
— |18 repeated case-control studies
11 not extractable data

<«—— |4 added from references

34 articles were included in the meta-analysis

FIGURE 1. Studies selection flowchart the meta-analysis.
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Forest plot for rs7837328 by Ethnicity

Experimental Control Odds Ratio
Study M Total M Total OR 95%-Cl  W(fixed) ~W(random)
Ethnicity = African
Sonia S. Kupfer 2010 USA 1034 1590 1241 1970 T 1.09 [0.95;1.25] 14.1% 22.9%
Fixed effect model 1590 1970 N 1.09 [0.95;1.25] 14.1% -
Random effects model h 1.09  [0.95; 1.25] - 22.9%
Heterogeneity: not applicable for a single study
Ethnicity = Asian
R Cui 2010 Japan 4466 12326 2938 8988 117 [1.10;1.24] 78.6% 61.5%
Fixed effect model 12326 8988 117 [1.10;1.24] 78.6% -
Random effects model 1.17  [1.10;1.24] - 61.5%
Heterogeneity: not applicable for a single study
Ethnicity = Caucasian
Sonia S. Kupfer 2010 USA 344 798 272 734 e 129  [1.05;1.58] 5.8% 11.9%
Baiyu Yang 2014 USA 91 180 105 264 —_ 1.55 [1.06;2.27] 1.5% 3.8%
Fixed effect model 978 998 T 134 [112;161] 74% -
Random effects model — 134 [1.12;1.61] - 15.7%
Heterogeneity: P=0%, tau?=0, P=0.4036
Fixed effect model 14894 11956 117 [1.11;1.23]  100% -
Random effects model 118  [1.09; 1.27] - 100%
Heterogeneity: ’=21.9%, tau?=0.0016, P=0.2791 §

T T

05 ¢ > 2
protect factor  risk factor

FIGURE 2. Forest plot for gene polymorphism of rs7837328 by ethnicity.

studies (Tau2:0, ?=0.0%, P=0.880; Tau’=0, I>=0.0%, associated with an elevated risk of CRC (OR=1.13, 95%

P=0.464). CI=1.08-1.17, P<0.001; OR=1.16, 95% CI=1.13-1.20,
As revealed in Table 1, the T allele of rs4939827 was P <0.001). However, the subgroup analysis of rs4464148 was
significantly related with an increase risk of CRC (OR =1.10, not applicable as no studies were found in the Asian and African

95% CI=1.05—-1.15, P <0.001). Subgroup analysis based on populations (Figure 7) Furthermore, the T allele of rs12953717
ethnicity indicated a similar correlation between SNP in was significantly associated with an increased the risk of CRC
rs4939827 and the susceptibility to CRC in the Caucasian group among Caucasian and Asian (OR =1.16, 95% CI =1.12-1.20;
whereas such a correlation was not presented in the Asian and OR =1.25, 95% CI=1.09-1.44), while such an association
African group (Figure 6). Furthermore, the T allele of was not presented in the African group (OR=1.10, 95%
rs4464148 and the T allele of rs12953717 were significantly CI=0.95-1.28) (Figure 8).

Forest plot for rs7014346 by Ethnicity

Experimental  Control

Study M Total M Total Odds Ratio OR 95%-Cl  W(fixed) W(random)
Ethnicity = African i
Sonia S. Kupfer 2010 USA 668 1590 768 1970 —:0— 113 [0.99;1.30] 4.2% 7.4%

i
Fixed effect model 1590 1970 — 1.13 [0.99; 1.30] 4.2% -
Random effects model [ 113 [0.99;1.30] - 74%

Heterogeneity: not applicable for a single study

Ethnicity = Asian

Albert Tenesa 2008 Japan 6478 8790 4888 6358 —H— 0.84 [0.78;0.91] 157%  8.8%
Albert Tenesa 2008 Israel 1329 3034 1218 2932 —— 110 [0.99;122] 7.3% 8.2%
Chih-Yung Yang 2014 Taiwan 456 1410 1200 3604 —_— 0.96 [0.84;1.09] 4.8% 7.5%
JW Ho 2011 China 487 1432 428 1428 —_— 1.20 [1.03;1.41] 3.0% 6.9%
Fixed effect model 14666 14322 <3 0.96 [0.91; 1.01] 30.9% -

Random effects model p—— 1.01 [0.86; 1.19] - 31.4%

Heterogeneity: ’=88.4%, tau’=0.0241, P<0.0001

Ethnicity = Caucasian

Albert Tenesa 2008 Scotland 2498 5972 2290 6118 —— 1.20 [1.12;1.29] 13.9% 8.8%
Albert Tenesa 2008 Canada 948 2350 836 2366 —— 124 [1.10;1.39] 52% 7.8%
Albert Tenesa 2008 UK 1882 4466 1615 4496 —— 130 [1.19;1.41] 9.8% 8.6%
Albert Tenesa 2008 Spain 279 698 223 584 1.08 [0.86;1.35] 1.5% 5.3%
Albert Tenesa 2008 Germany 2757 6910 2611 7126 —_ 115 [1.07;1.23] 16.3% 8.9%
Albert Tenesa 2008 Scotland 700 1652 677 1754 —_— 1.17 [1.02;1.34] 4.0% 7.4%
Sonia S. Kupfer 2010 USA 303 798 242 734 1.24 [1.01;1.54] 1.6% 5.6%
Clemens Schafmayer 2008 Germany 2225 5426 2011 5436 A— 118  [1.10;1.28] 12.5% 8.8%
Fixed effect model 28272 28614 < 1.20 [1.16; 1.24] 64.9% -
Random effects model < 120 [1.16;1.24] - 61.2%
Heterogeneity: ’=0%, tau?=0, P=0.4854
Fixed effect model 44528 44906 e 112 [1.09; 1.15] 100% -
Random effects model <.> 113 [1.05;122] - 100%
Heterogeneity: ’=85.6%, tau’=0.0161, P<0.0001 1
T T
0.75 1 15
«— —>
protect factor risk factor

FIGURE 3. Forest plot for gene polymorphism of rs7014346 by ethnicity.
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Forest plot for rs6983267 by Ethnicity

Experimental Control

Study M Total M Total Odds Ratio OR 95%-Cl ~ W(fixed) W(random)
Ethnicity = African
Sonia S. Kupfer 2010 USA 1431 1590 1734 1970 122 [0.99;152] 08% 26%
Fixed effect model 1590 1970 " 1.22 [0.99;1.52] 0.8% -
Random effects model — 1.22  [0.99;1.52] - 2.6%
Heterogeneity: not applicable for a single study
Ethnicity = Asian
Lai Fun Thean 2012 Singapore 1220 2000 1120 2000 +— 123  [1.08;1.39] 21% 3.9%
Carolyn M Hutter 2010 Iran 2239 4124 2513 4836 [ 110  [1.01;1.19] 51% 4.6%
R Cui 2010 Japan 4694 12322 3085 8988 = 118  [1.11;1.25] 10.7% 5.0%
Keitaro Matsuo 2009 Japan 368 952 650 1922 o 123 [1.05;145] 1.3% 3.3%
Mian Li 2011 China 419 860 668 1572 +— 129  [1.09;152] 12% 3.2%
Fang Xiong 2010 China 1967 4248 1753 4248 - 123 [1.13;1.34] 4.6% 4.6%
A. Daraei 2012 Iran 143 220 116 240 —_— 1.99 [1.36;2.89] 0.2% 1.2%
Chih-Yung Yang 2014 Taiwan 784 1410 2062 3604 — 0.94 [0.83;1.06] 25% 3.9%
JW Ho 2011 China 659 1432 614 1428 —— 113  [0.98;1.31] 1.6% 3.6%
Sung Noh Hong 2013 Korea 179 396 296 656 -1 1.00 [0.78;1.29] 0.6% 22%
Fixed effect model 27964 29494 116 [1.12;1.20] 29.9% -
Random effects model T 1.16  [1.09; 1.25] - 35.6%
Heterogeneity: 1>=66.8%, tau?=0.0068, P=0.0013
Ethnicity = Caucasian
Sam Ghazi 2010 Sweden 558 1022 1128 2034 —] 097 [0.83;1.12] 17% 3.5%
Steven J. Lubbe 2011 UK 9944 17756 6294 12102 - 117 [1.12;1.23] 16.0% 5.1%
Anneke Middeldorp 2009 Dutch 1154 1990 1394 2680 —— 127 [1.13;1.43] 24% 4.1%
S von Holst 2010 Sweden 1790 3474 1926 3482 - 0.86 [0.78;0.94] 4.5% 4.5%
Sonia S.Kupfer 2009 USA 306 576 186 404 1.33  [1.03;1.71] 05% 2.1%
Karen Curtin 2009 UK 1200 2138 1092 2080 [~ 116 [1.03;1.31] 24% 4.0%
Jenny N. Poynter 2007 Europe 1465 2678 2342 4382 1+ 1.05 [0.96;1.16] 3.9% 4.4%
Clemens Schafmayer 2008 Germany 2977 5424 2710 5426 4 122 [1.13;1.31 59% 4.8%
lan Tomlinson 2007 UK 8944 15908 6385 12412 - 1.21 [1.16;1.27] 153% 5.1%
Sari Tuupanen 2008 Finland 1144 1992 1063 2024 - 122 [1.08;1.38] 22% 3.9%
Dominika Wokolorczyk 2008 Poland 757 1558 2003 3820 — | 0.86 [0.76;0.96] 2.9% 4.1%
Baiyu Yang 2014 USA 102 180 129 264 1.37  [0.93;2.00] 02% 1.2%
Hongmei Nan 2013 USA 881 1614 1620 3246 o 1.21 [1.07;1.36] 24% 4.0%
Sonia S. Kupfer 2010 USA 415 798 345 734 —— 122 [1.00;1.49] 0.8% 2.7%
AM Pittman 2008 UK 4028 7166 2653 5158 - 1.21 [1.13;1.30] 6.6% 4.8%
Li Li 2008 USA 478 1122 698 1442 — 079 [0.68;0.93] 1.7% 3.4%
Fixed effect model 65396 61690 114 [1.12;1.17] 693% -
Random effects model < 1.1 [1.04; 1.18] - 61.8%
Heterogeneity: 1’=86%, tau?=0.014, P<0.0001
Fixed effect model 94950 93154 115 [1.13;1.17] 100% -
Random effects model < 113 [1.08;1.19] - 100%
Heterogeneity: 1>=80.8%, tau?=0.0108, P<0.0001

I I

0.5 1 2

«— —>

protect factor risk factor

FIGURE 4. Forest plot for gene polymorphism of rs6983267 by ethnicity.

Forest plot for rs10505477 by Ethnicity

Experimental Control

Study M Total M Total Odds Ratio OR 95%-Cl  W(fixed) W(random)
Ethnicity = Asian
Carolyn M Hutter 2010 Iran 2212 4178 2474 4886 x 1.10 [1.01;1.19] 12.7% 10.9%
Stephen B. Gruber 2007 Israel 2006 3720 1994 3872 110 [1.01;1.21] 10.7% 10.2%
Chih-Yung Yang 2014 Taiwan 782 1410 2068 3604 092 [0.82;1.05] 61% 7.7%
Fixed effect model 9308 12362 _— 1.06 [1.01;1.12] 295% -
Random effects model —_— 1.05 [0.95;1.16] - 28.8%
Heterogeneity: ’=66.7%, tau?=0.0049, p=0.0495
Ethnicity = Caucasian
Jenny N. Poynter 2007 Europe 1429 2682 2297 4386 1.04 [0.94;1.14] 9.7% 9.7%
Clemens Schafmayer 2008 Germany 2919 5426 2650 5436 — 122 [1.14;132] 145% 115%
Brent W Zanke 2007 Canada 471 890 386 732 1.01 [0.83;1.23] 24% 4.3%
Brent W Zanke 2007 USA 2048 3718 1887 3764 —— 122 [1.11;1.34] 10.0% 10.2%
Brent W Zanke 2007 Scotland 3082 5618 2954 5824 H—— 118 [1.10;1.27] 155% 11.7%
Brent W Zanke 2007 France 1486 2830 1610 3312 — 117 [1.06;1.29] 8.4% 9.4%
Brent W Zanke 2007 Europe 816 1522 755 1498 114 [0.99;1.31] 42% 65%
Karen Curtin 2009 UK 1152 2142 1065 2080 111 [0.98;1.25] 5.9% 7.9%
Fixed effect model 24828 27032 >3 116 [1.12;1.20] 70.5% -
Random effects model = 115 [1.10;1.21] - 71.2%
Heterogeneity: ’=37.3%, tau?=0.0015, P=0.1317
Fixed effect model 34136 39394 b d 113 [1.10;1.16] 100% -
Random effects model <.I> 112 [1.07;1.17] - 100%
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FIGURE 5. Forest plot for gene polymorphism of rs10505477 by ethnicity.
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Forest plot for rs4939827 by Ethnicity
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Study M Total M Total Odds Ratio OR  95%-Cl W(fixed)
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N
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Albert Tenesa 2008 Israel 1532 2704 1421 2672 —FI'— 1.15 [1.03;1.28] 3.2%
Chih-Yung Yang 2014 Taiwan 429 1410 1070 3604 1 1.04 [0.91;1.18] 2.2%
JW Ho 2011 China 544 1432 500 1425 T 1.13 [0.97;1.32] 1.6%
Fixed effect model 18972 18885 : 1.00 [0.95;1.05] 17.6%
Random effects model _ 1.02 [0.88; 1.18] -
Heterogeneity: 1>=87.4%, tau?=0.0269, P<0.0001 0

a
Ethnicity = Caucasian Nl
Steven J. Lubbe 2011 UK 9944 17756 6294 12102 '—-— 117 [1.12;1.23] 17.0%
S von Holst 2010 Sweden 1888 3564 1700 3358 —— 1.10 [1.00;1.21] 4.3%
Karen Curtin 2009 UK 1168 2130 1086 2082 T 1.11 [0.99;1.26] 2.6%
Alan M. Pittman 2009 UK 2820 5064 2750 5212 - 1.13 [1.04;1.22] 6.2%
Martha L. Slattery 2010 USA 1687 3180 1998 3974 —a— 1.12 [1.02;1.23] 4.3%
Peter Broderick 2007 UK 8772 15724 7128 13654 B 1.16 [1.10;1.21] 17.4%
Albert Tenesa 2008 Scotland 3373 5970 3198 6118 HE- 1.19 [1.10;1.27] 7.1%
Albert Tenesa 2008 Canada 1303 2346 1220 2364 —— 1.17 [1.04;1.31] 2.8%
Albert Tenesa 2008 UK 2508 4464 2282 4500 i 1.25 [1.15;1.35] 5.1%
Albert Tenesa 2008 Spain 418 698 333 590 e 1.15 [0.92;1.44] 0.7%
Albert Tenesa 2008 Germany 3830 6936 3537 7136 = 1.25 [1.17;1.34] 8.1%
Albert Tenesa 2008 Scotland 928 1660 1022 1846 —*—:— 1.02 [0.89;1.17] 2.2%
Sonia S. Kupfer 2010 USA 423 798 382 734 — T 1.04 [0.85;127] 1.0%
Cheryl L.Thompson 2009 USA 583 1108 748 1418 — 0.99 [0.85;1.16] 1.6%
Fixed effect model 71398 65088 :<> 1.16 [1.14;1.19] 80.4%
Random effects model R 1.15 [1.12;1.19] -
Heterogeneity: 1°=35.4%, tau?=0.001, P=0.0921 0

i
Fixed effect model 91960 85943 K3 [1.11;1.15]  100%
Random effects model <> [1.05; 1.15] -
Heterogeneity: 1°=79.2%, tau®=0.0082, P<0.0001 I
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FIGURE 6. Forest plot for gene polymorphism of rs4939827 by ethnicity.
DISCUSSION

Publication Bias

As suggested in Table 1 and Supplement Figure S2a—g, no
significant asymmetry could be observed in the funnel plots and
results from Begg funnel plot suggested that there was no
significant publication bias presented in the study (P =0.433
for rs7837328, P=0.776 for rs7014346, P—=0.518 for

Recently, a lot of attention has been paid to gene poly-
morphisms involved in tumorigenesis due to the fast growing
interests in cancer research. GWASs have contributed substan-
tially to the identification of common genetic variants related to

human cancer. Several studies evidenced that genetics Play a
24726 and

rs6983267, P=0.083 for 1510505477, P=0.087 for critical role in CRC development and progression,
rs4939827, P=0.071 for rs4464148, and P =0.540 for GWASs have suggested that various genes were associated
rs12953717). with the susceptibility to CRC.?” Moreover, recent evidence
Forest plot for rs4464148 by Ethnicity
Experimental Control
Study M Total M Total Odds Ratio OR  95%-Cl  W(fixed) W(random)
Ethnicity = Caucasian
Alan M. Pittman 2009 UK 1634 5064 1564 5214 —— 141 [102121] 224% 223%
Cheryl L.Thompson 2009 USA 353 1122 430 1438 108 [091;127] 55%  54%
Peter Broderick 2007 UK 5164 15900 4040 13626 - 114 [1.09;120] 63.0% 63.4%
Karen Curtin 2009 UK 662 2140 601 2094 vi 111 [0.98;127] 9.0% 8.9%
Fixed effect model 24226 22372 <> 1.13  [1.08;1.17] 100.0% -
Random effects model <> 1.13  [1.08; 1.17] - 100.0%
Heterogeneity: ’=0%, tau?=0, P=0.8803 I
Fixed effect model 24226 22372 [1.08117] 100% -
Random effects model [1.08; 1.17] - 100%
Heterogeneity: I’=0%, tau?=0, P=0.8803
T T
0.8 1 > 1.25
protect factor  risk factor

FIGURE 7. Forest plot for gene polymorphism of rs4464148 by ethnicity.

6 | www.md-journal.com

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



Medicine * Volume 94, Number 46, November 2015

CASC8 and SMAD7 Polymorphisms and Colorectal Cancer

Forest plot for rs12953717 by Ethnicity

Experimental ~ Control
Study M Total M Total Odds Ratio OR 95%-Cl  W(fixed) W(random)
Ethnicity = African
Sonia S. Kupfer 2010 USA 461 1590 532 1970 1.10 [0.95;1.28] 4.5% 4.4%
Fixed effect model 1590 1970 T 110 [0.95;1.28] 4.5% -
Random effects model T 110 [0.95;1.28] - 4.4%
Heterogeneity: not applicable for a single study
Ethnicity = Asian
XinLi 2011 China 91 284 89 332 129 [091;1.82] 0.7% 0.8%
JW Ho 2011 China 544 1432 471 1428 124 [1.07;145] 3.9% 4.0%
Fixed effect model 1716 1760 e 125 [1.09; 1.44] 46% -
Random effects model R e— 125 [1.09;1.44] - 4.8%
Heterogeneity: ’=0%, tau?=0, P=0.8622
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Martha L. Slattery 2010 USA 1418 3178 1582 3862 —— 1.16  [1.06;1.28] 10.5% 10.5%
Peter Broderick 2007 UK 7460 15962 5902 13746 - 117 [1.11;1.22] 45.0% 451%
Sonia S. Kupfer 2010 USA 359 798 316 734 1.08 [0.88;1.32] 24% 2.3%
Cheryl L.Thompson 2009 USA 480 1120 628 1438 0.97 [0.83;1.13] 4.2% 3.8%
Fixed effect model 30252 29756 ¢ 1.16  [1.12;1.20] 90.9% -
Random effects model < 116 [1.11;1.20] - 90.8%
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FIGURE 8. Forest plot for gene polymorphism of rs12953717 by ethnicity.

suggested that CASCS and SMAD?7 gene polymorphisms both
play important roles in different cancers including prostate
cancer’®?® and breast cancer.'”>® Furthermore, there seems
to exist strong associations between gene polymorphisms in
CASC8 (rs7837328, 157014346, rs6983267, rs10505477),
SMAD7 (rs4939827, rs4464148, rs12953717), and an increased
risk of CRC.%!731737 However, the correlation between these
gene polymorphisms and the susceptibility to CRC is still
unclear due to various conclusions drawn by individual studies.

For the purpose of providing a comprehensive and con-
sistent conclusion, a meta-analysis of 90 independent case—
control studies was carried out and how SNP rs10505477,
rs7837328, rs7014346, and rs6983267 located on CASCS in
the 8q24 region and SNP rs4939827, rs4464148, rs12953717 in
the SMAD?7 region affect CRC tumorigenesis was investigated.
Researchers have shown that CASCS and SMAD7 genes are
highly correlated with CRC development and progression.>®4°
Subgroup analyses by ethnicity indicated that SNPs of
rs7014346, rs10505477, and rs4939827 were significantly
associated with an increased risk of CRC in the Caucasian
group, whereas SNPs of 157837328, rs6983267, and rs12953717
were considered as significant risk factors for CRC in both of
the Caucasian and Asian group. Besides that, rs4464148 is a risk
factor for CRC development and progression in the Caucasian
group and the association between rs4464148 SNP and the
susceptibility to CRC was unknown in the Asian and African
groups due to the lack of relevant studies.

Despite the fact that well-established biological pathways
contribute to the majority of CRC risk variants, the functions of
some reported loci are still abstruse. The association between
multiple SNPs in the chromosome region 8q24 and the
increased risk of several solid tumor malignancies, including
CRC, has been reported by various independent stu-
dies.'®3!4142 Recent GWASs have suggested that SNP of
1s7837328 is significantly correlated with the risk of
CRC.®* As a result of this, it has been hypothesized that

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

rs7837328 may function through its long-range linkage with
causal variants contained in other oncogenes or tumor suppres-
sor genes. Additionally, others have speculated that SNP of
rs7837328 may influence the gene expression through long-
range cis-regulatory elements.*® The association between
r$6983267 and CRC was firstly proposed in 2007 by 3
GWAS,**7 and further investigated by several case—control
studies. Tuupanen et al*® reported that rs6983267 might
enhance Wnt signaling via affecting binding to T-cell factor-
4 (TCF4). Apart from that, the G allele of 16983267 has been
conferred to increase the risk of CRC by interacting with the
promoter of MYC oncogenes,*>° which was an aberrant
expression in numerous tumors, including gastric cancer.”!
Moreover, a relationship between SNP of rs7014346 and
CRC susceptibility was discovered in a GWAS** and previous
study has also suggested that the GA genotype of rs7014346
was significantly associated with a decreased risk of breast
cancer. The rs10505477 SNPs, also located in the chr.8q24
region, were significantly associated with the risk of
CRC**2 and breast cancer.”>>* Ma et al'® hypothesized that
rs10505477 in LncRNA CASCS was involved in gastric cancer
progression and it might serve as a potential prognosis marker in
the Chinese population.

GWAS have identified several genomic regions associated
with the risk of CRC and these genomic regions include genes in
the TGF-B signaling pathway such as SMAD7**%
BMP2,%63%:56 BpIP4,2%°6 and GREM 1.2%%7 Phipps et al®® found
that rs4939827, located in SMAD7 intron 4, was significantly
associated with poorer overall survival status of patients and
disease-specific survival status. Rs4939827, encoding an intra-
cellular antagonist of the TGF-B pathway frequently, was
revealed to be inactivated in CRC*+3-°75! and it explains
approximately 1% of the familial relative risk of CRC in East
Asian.** Another study revealed the association between SNP
of 154939827 and the risk of CRC in the Croatian population.*®
Rs4464148, located in intron 3 of SMAD7 gene, has also been
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discovered to be correlated with the risk of CRC in European-
ancestry populations.®® Besides that, Rs4464148 variant geno-
type of SMAD7 has been GEroved to be associated with an
increased cancer incidence.”” Meanwhile, rs4464148 has been
used for delimiting new groups with high-risk CRC in clinical
practice, especially in Poland, Estonia, and Lithuania.®® Dai
et al®* discovered that the homozygous variant genotype of
rs4464148 was significantly associated with better survival
status in CRC stage III patients, as compared with patients
having the homozygous wild-type and heterozygous genotypes.
Additionally, the rs12953717 of SMAD7, which was reported in
2 GWAS studies,**>* may be valuable markers for predicting
the risk of tumor formation. Empirical evidence suggested that
rs12953717 was a common risk marker of lung, colorectal, and
gastric cancer in the Chinese Han population.”” Li et al®
discovered that rs12953717 confers a strong association with
the above 3 cancer in the Chinese Han population. More
importantly, rs12953717 has been discovered to be significantly
associated with an increased risk of CRC.'7%¢

Subgroup analyses revealed that rs7837328, rs12953717,
and rs6983267 polymorphisms were significantly associated
with an increased risk of CRC in both Asian and Caucasian,
while rs7014346, rs4939827, and rs10505477 polymorphisms
were significantly associated with an increased risk of CRC in
Caucasian. Due to the lack of studies among Asian and African,
subgroup analyses were not implemented for rs4464148 which
was found to be significantly associated with an increased risk
of CRC in Caucasian. The difference in the association among
different ethnicities may result from other factors such as
socioeconomic environment and race.

Although some inconsistent conclusions on the association
between SNPs and the susceptibility to CRC have been clarified
inthe meta-analysis, some limitations of the meta-analysis should
be taken into account. First of all, the limited amount of data did
not enable us to determine how the interaction between various
gene polymorphisms affects the susceptibility to CRC. Similarly,
potential interactions between genetic and nongenetic factors
could not be evaluated due to the lack of data. As a result of this,
results from the meta-analysis might be affected by various
confounding factors and effect modification might be presented
in the statistical analysis. To the best of our knowledge, this is the
most comprehensive meta-analysis which individually examined
the correlation between seven gene polymorphisms and the
susceptibility to CRC. Overall, the meta-analysis revealed that
all of the 7 SNPs (rs7837328, rs7014346, 156983267, 1510505477,
rs4939827, rs4464148, rs12953717) were significantly associ-
ated with the risk of CRC. As a result of this, all of the 7 gene
polymorphisms could be considered as potential risk markers for
detecting and diagnosing CRC and it may play an important role
in the early prophylaxis and control measures to reduce the
incidence of CRC. However, race and ethnicity might have
significant impact on the detection and diagnose using gene
polymorphisms as subgroup analysis indicated that the associ-
ation between the 7 SNP and the risk of CRC varied significantly
in different ethnicities. It is significantly recommended that well-
design studies which incorporate different ethnicities together
with genetic and nongenetic factors should be carried out in order
to assess the interaction between different gene polymorphisms
which might be considered as the next benchmark for
detecting CRC.
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