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Abstract

Objective: Caspase-8 (CASP8) plays a central role in the apoptotic pathway and aberrant regulation of this pathway may
cause cancers. Previous studies investigating the association between CASP8 -652 6N ins/del polymorphism and colorectal
cancer (CRQ) risk showed inconclusive results. We performed a meta-analysis of all available studies to investigate this
association.

Methods: All studies published up to October 2013 on the association between CASP8 -652 6N ins/del polymorphism and
CRC risk were identified by searching electronic databases PubMed, EMBASE, and Cochrane library. The association between
CASP8 -652 6N ins/del polymorphism and CRC risk was assessed by odds ratios (ORs) together with their 95% confidence
intervals (Cls).

Resullts: Six studies with 6,325 cases and 6,842 controls were included in the meta-analysis. We observed that the CASPS8 -
652 6N ins/del polymorphism was significantly correlated with CRC risk when all studies were pooled into the meta-analysis
(ins/del vs. ins/ins: OR=0.890, 95%CI| 0.821-0.964, P=0.004; del/del + ins/del vs. ins/ins: OR=0.899, 95%C| 0.833-0.970,
P=0.006). In stratified analyses by ethnicity, source of control, and quality score, significant association was observed in
Asians (ins/del vs. ins/ins: OR=0.862, 95%Cl 0.761-0.977, P=0.020; del/del + ins/del vs. ins/ins: OR =0.845, 95%Cl 0.749-
0.953, P=0.006), population-based studies (ins/del vs. ins/ins: OR=0.890, 95%Cl 0.813-0.975, P=0.012; del/del + ins/del vs.
ins/ins: OR=0.901, 95%CI 0.827-0.982, P=0.018), and high quality studies. However, in subgroup analysis according to
cancer location, no significant association was detected.

Conclusions: The present meta-analysis suggests that the CASP8 is a candidate gene for CRC susceptibility. The CASP8 -652
6N ins/del polymorphism may play a protective role in CRC development especially among Asians. Further large and well-
designed studies are needed to confirm this association.
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ultimate malignant transformation, is associated with progressive
mhibition of apoptosis. Genetic polymorphisms for genes control-
ling cell cycle or apoptosis have been found to modulate the risk
for human malignancies [4,5].

Caspase-8 (CASP8) is a key regulator of apoptosis. It is an apical
protease of the extrinsic apoptosis pathway that plays an important
role in defense mechanism against hyper-proliferation and

Introduction

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer with over 1.2 million new cases and 608,700
deaths in 2008 [1,2]. The highest incidence rate of CRC is found
in Australia, Europe, and North America. In addition, the
incidence rate of CRC is rapidly increasing in a number of

countries within Eastern Asia, such as China [2]. The develop-
ment and progression of CRC involves unregulated epithelial cell
proliferation due to a series of accumulated genetic alteration [3].
Evidence has shown that prolonged survival of such genetically
unstable colorectal epithelial cells, leading eventually to their
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tumorigenesis [6]. The human CASP8 gene, mapped to chromo-
some 2q33-34, is 30 kb in length and contains at least 11 exons
[7]. There were at least 474 single nucleotide polymorphisms in
the CASP8 gene according to the dbSNP database (http://www.
ncbi.nlm.nih.gov/SNP), including the most commonly occurring
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CASP8 —652 6N ins/del polymorphism (rs3834129). It was
reported that the CASP8 —652 6N ins/del promoter variant
destroy the binding element for stimulatory protein 1 and reduce
the expression of CASPS, thus resulting in a reduction in the
apoptosis reactivity of T' lymphocytes upon stimulation by cancer
cells [8]. Hence, it is biologically reasonable to hypothesize a
potential relationship between the CASP8 —652 6N ins/del
polymorphism and cancers.

Over the last two decades, several molecular epidemiological
studies have evaluated the association between CASP8 —652 6N
ins/del polymorphism and CRC risk, but the results remain
controversial and inconclusive. For genetic association case-
control studies that check candidate polymorphisms, sample size
is an important influencing factor for study accuracy. Small sample
size might have insufficient power to explore a true associations of
modest effect [9], especially for complex multifactorial disease such
as CRC. Combining data from all eligible studies by meta-analysis
has the advantage of increasing statistical power and reducing
random error and obtaining precise estimates for some potential
genetic associations. Therefore, in this study, we conducted a
quantitative meta-analysis including all eligible studies. This is, to
our knowledge, the first comprehensive meta-analysis of genetics
studies on the association between CASP8 —652 6N ins/del
polymorphism and CRGC risk.

Materials and Methods

Search strategy

A literature search of Pubmed, Embase and Cochrane library
databases was conducted using the combined keywords: ‘CASP8’,
‘Caspase8’, ‘polymorphism’, ‘genetics’, ‘colon cancer’, ‘rectal
cancer’ and ‘colorectal cancer’. The latest search was done in
October 2013, without any language restriction. Additional
articles were identified through the references cited in the first
series of articles selected. Articles included in the meta-analysis
were in any language, with human subjects, published in the
primary literature and had no obvious overlap of subjects with
other studies. Among overlapping reports, only the studies with
more information on origin of cases/controls were retained. The
study was performed according to the proposal of Meta-analysis of
Observational Studies in Epidemiology group (MOOSE) [10].

Selection criteria

The following criteria were used to include published studies: (i)
Case—control studies which evaluated the association between
CASP8 —652 6N ins/del polymorphism and CRC risk; (i)
sufficient genotype data were presented to calculate the odds ratios
(ORs) and 95% confidence intervals (95% Cls); (iii) control
population did not contain malignant tumor patients. Major
reasons for exclusion of studies were (i) review, or meta-analysis, or
letter, or comment; (i) duplicated studies, or studies without raw
data we need; and (iii) studies that focused on HNPCC or FAP.
Family-based studies of pedigrees with several affected cases per
family were also excluded, because their analysis is based on
linkage considerations.

Data extraction

Two authors (Qiliu Peng and Xianjun Lao) independently
reviewed and extracted data from all eligible studies. To ensure the
accuracy of the extracted information, the two authors checked the
data extraction results and reached consensus on all of the data
extracted. If different results were generated, they would check the
data again and have a discussion to come to an agreement. If these
two authors could not reach a consensus, another author
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(Weizhong Tang) was consulted to resolve the dispute and a final
decision was made by the majority of the votes. Data extracted
from eligible studies included the first author, year of publication,
country of origin, ethnicity, genotyping method, matching criteria,
source of control, CRC diagnosis criteria, total numbers of cases
and controls and genotype frequencies of cases and controls.
Ethnic backgrounds were categorized as Caucasian, and Asian.
Cancer location was divided into colon cancer and rectum cancer
and was additionally recorded for the stratified analysis.

Quality score assessment

The quality of eligible studies was evaluated independently by
two authors (Qiliu Peng and Xianjun Lao) according to a set of
predefined criteria (Table 1) based on the scale of Thakkinstian et
al. [11]. The revised criteria cover the representativeness of cases,
source of controls, ascertainment of CRC, total sample size,
quality control of genotyping methods, and Hardy-Weinberg
equilibrium (HWE) in the control population. Disagreements were
resolved by consensus. Scores ranged from 0 (lowest) to 10
(highest). Articles with scores equal to or less than 6 were
considered “low-quality” studies, whereas those with scores higher
than 6 were considered “high-quality” studies.

Statistical analysis

The strength of the association between CASP8 —652 6N ins/
del polymorphism and CRC risk was assessed by odds ratios (ORs)
with 95% confidence intervals (CIs). The significance of the pooled
OR was determined by Z test and a p value of less than 0.05 was
considered significant. The association of CASP8 —652 6N ins/
del polymorphism and CRC risk was assessed using additive
models (del/del vs. ins/ins and ins/del vs. ins/ins), recessive model
(del/del vs. ins/del + ins/ins), and dominant model (del/del + ins/
del vs. ins/ins). Heterogeneity among studies was checked by a chi-
square-based Q-test [12]. A Py value less than 0.10 for the Q-test
indicates a presence of heterogeneity among studies, and so the
random-effects model (the DerSimonian and Laird method) was
used for the meta-analysis [13]. Otherwise, the fixed-effects model
(the Mantel-Haenszel method) was used [14]. To explore the
sources of heterogeneity among studies, we performed subgroup
analyses and Galbraith plots analysis. Subgroup analyses were
performed by ethnicity, cancer location, source of control, and
quality score. Sensitivity analysis was performed by sequential
omission of individual studies to assess the robustness of the results.
Publication bias was evaluated using a funnel plot and Egger’s
regression asymmetry test [15]. If publication bias existed, the
Duval and Tweedie non-parametric “trim and fill”’ method was
used to adjust for it [16]. The distribution of the genotypes in the
control population was tested for HWE using a goodness-of-fit
Chi-square test. All analyses were performed using Stata software,
version 12.0 (Stata Corp., College Station, TX). All p values were
two-sided. To ensure the reliability and the accuracy of the results,
two authors entered the data into the statistical software programs
independently with the same results.

Results

Study characteristics

Based on the search criteria, eight studies relevant to the role of
CASP8 —652 6N ins/del polymorphism on CRC susceptibility
were identified. Two of these articles were excluded: one was a
letter [17], one did not present sufficient data for calculating OR
and 95% CI [18]. Manual search of references cited in the
published studies did not reveal any additional articles. As a result,
a total of six relevant studies containing 6,325 cases and 6,842
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controls were included in the meta-analysis [8,19,20,21,22,23]
(Figure S1). Table 2 lists the main characteristics of these studies.
Among these publications, two were conducted in Caucasian
descent [20,21], and four were conducted in Asian descent
[8,19,22,23]. Three were population—based studies [8,21,22] and
three were hospital-based studies [19,20,23]. Two of these studies
[19,22] presented CASP8 —652 6N ins/del polymorphism
genotype distributions according to cancer location (colon cancer
and rectal cancer). The cases were histologically or pathologically
confirmed as CRC in four studies [19,20,22,23]. Controls were
mainly healthy or hospital-based populations and matched with
age and gender. The genotype distributions in the controls of all
studies were in agreement with HWE.

Meta-analysis

As shown in Table 3, We found that the CASP8 —652 6N ins/
del polymorphism was significantly correlated with decreased
CRC risk when all studies were pooled into the meta-analysis (ins/
del vs. ins/ins: OR =0.890, 95%CI 0.821-0.964, P=0.004; del/
del + ins/del vs. ins/ins: OR =0.899, 95%CI 0.833-0.970,
P=0.006). In subgroup analysis by ethnicity, significant decreased
CRC risk was found in Asian populations (ins/del vs. ins/ins:
OR =0.862, 95%CI 0.761-0.977, P=0.020, Figure 1; del/del +
ins/del vs. ins/ins: OR =0.845, 95%CI 0.749-0.953, P=0.006,
Figure 2), but not in Caucasian populations. In stratified analysis
according to source of control, significant decreased CRC risk was
found in population-based studies (ins/del vs. ins/ins: OR =0.890,
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Table 1. Scale for Quality Assessment.
Criteria Score
Representativeness of cases
Selected from cancer registry or multiple cancer center sites 2
Selected from oncology department or cancer institute 1
Selected without clearly defined sampling frame or with extensive inclusion/exclusion criteria 0
Source of controls
Population or community based 2
Both population-based and hospital-based/healthy volunteers/blood donors 15
Hospital-based controls without colorectal cancer 1
Cancer-free controls without total description 0.5
Not described 0
Ascertainment of colorectal cancer
Histological or pathological confirmation 2
Diagnosis of colorectal cancer by patient medical record 1
Not described 0
Sample size
>1000 2
200-1000 1
<200 0
Quiality control of genotyping methods
Clearly described a different genotyping assay to confirm the data 1
Not described 0
Hardy-Weinberg equilibrium
Hardy-Weinberg equilibrium in controls 1
Hardy-Weinberg disequilibrium in controls 0.5
No checking for Hardy-Weinberg disequilibrium 0
doi:10.1371/journal.pone.0087925.t001

95%CI 0.813-0.975, P=0.012; del/del + ins/del vs. ins/ins:
OR =0.901, 95%CI 0.827-0.982, P=0.018), but not in hospital-
based studies. In subgroup analysis by quality score, significant
decreased CRC risk was observed in high quality studies (ins/del
vs. ins/ins: OR=0.877, 95%CI 0.805-0.956, P=0.003; del/del +
ins/del vs. ins/ins: OR =0.886, 95%CI 0.817-0.961, P=0.004),
but not in low quality studies. However, in subgroup analysis by
cancer location, statistical significant association was not detected
in both colon cancer patients and rectum cancer subjects.

Heterogeneity analysis

Statistical significant heterogeneity among studies was observed
when all eligible studies were pooled into the meta-analysis (del/
del vs. ins/ins: Pp=0.026; del/del vs. ins/del + ins/ins:
Pp=0.028). To explore the sources of heterogeneity, we first
performed subgroup analyses. Subgroup analyses stratified by
ethnicity, source of control, and quality score showed that the
heterogeneity was still significant in Asian populations, population-
based studies, and high quality studies (Table 3). Subsequently, we
performed Galbraith plots analysis to further identify the source of
heterogeneity. Galbraith plots analysis indicated that the study
Sun et al. [8] was the outlier contributing to the heterogeneity in
additive model del/del vs. ins/ins and recessive model del/del vs.
ins/del + ins/ins in the overall populations (Figure 3). When
excluding the study by Sun et al. [8], the heterogeneity decreased
obviously and Pj, values were greater than 0.10 in the overall
populations (del/del vs. ins/ins: Py=0.414; del/del vs. ins/del +

February 2014 | Volume 9 | Issue 2 | 87925



A
B
38
Oan | © ©
o
3
we | o < o
=> |- o =
Q= = =
I=o|oc o (=}
<
o
2
©
€
S
E
c
S
5
vl 8
|2 & <
U |la T =z
=
-]
o=
g5
3 c
Q0 0 | [aa)
wou | I o
c
0
o
8 19
b
gl 3 3
- ©
S s ~
gl o 2
k)
£ =
=
5 ® ©
" |loe v [}
o O =)
2 |< < <
w
T
-]
£
-
]
£
o
£
Q| o
2z 8
O [y o Cr
511:: %))
O U <
O |a & U
. <
2 o
n w
L
> ]
g o
] N _
) * ey
© = ©
— V= [~ O ~
7] 29 |m @ @
2 e |2 Y 8
— o
v 8O0 |n o 2
2 wo | s < o
=1
£
el
()
©
=
v}
> c c
£ £ 8 8
] @ ]
(%] -
ho} s'ﬁm ©
5 w | < v (V]
i
“—
(o]
wv
= >
=1
a2 Ela O
5 3|2 9
f‘_), 0 | ¢ X
9] VU |lLU U =)
S
o
2 8
b 5 2 B
o < a o
] 9 I
5 «mn 2
2 sc |5 8 0§
1
K 85 (5 82 E
4 E) = £
r— c o X
| rZ |2 £R &

0.116

NA

Age and gender PB

PCR-RFLP
PCR-RFLP
PCR-PAGE

918/890
370/838
305/342

China Asian

Sun 2007
Liu 2010

85

0.538

Histo-

Age, gender, smoking and drinking PB

Asian

China

0.905

Histopatho-

HB

Age and gender

China Asian

Xiao 2013

CRC, Colorectal cancer; Histopatho-, Histopathologically confirmed; Histo-, Histologically confirmed; Patho-, Pathologically confirmed; NA, Not available; PB, Population-based; HB, Hospital-based; HWE, Hardy-Weinberg

equilibrium in control population; PCR-RFLP, Polymerase chain reaction-restriction fragment length polymorphism; PCR-SSCP, Polymerase chain reaction-single strand conformation polymorphism; CAS-PCR, Competitive allele-

specific PCR; PCR-PAGE, Polymerase chain reaction-polyacrylamide gel electrophoresis

doi:10.1371/journal.pone.0087925.t002
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ins/ins: Pp=0.454), Asians (del/del vs. ins/ins: Pp=0.153; del/del
vs. ins/del + ins/ins: Py = 0.182), population-based studies (del/del
vs. ins/ins: Pp=0.170; del/del vs. ins/del + ins/ins: Pp=0.212),
and high quality studies (del/del vs. ins/ins: Py = 0.168; del/del vs.
ins/del + ins/ins: Pp=0.219). However, the significance of the
summary ORs for CASP8 —652 6N ins/del polymorphism in
different comparison models in the overall population and
subgroup analyses were not influenced by omitting this study [8].

Sensitivity analysis

Sensitivity analysis was performed by sequential omission of
individual studies. For analyses of pooling more than three
individual studies, the significance of ORs was not influenced
excessively by omitting any single study (data not shown),
indicating that our results were statistically robust.

Publication bias

Begg’s funnel plot and Egger’s test were performed to assess the
publication bias of literatures in all comparison models. The shape
of the funnel plot did not reveal any evidence of obvious
asymmetry (Figure 4). Then, the Egger’s test was used to provide
statistical evidence of funnel plot symmetry. All the p values of
Egger’s tests were more than 0.05 (P=0.561 for del/del vs. ins/
ins; P=0.929 for ins/del vs. ins/ins; P =0.476 for recessive model
del/del vs. ins/del + ins/ins; and P=0.912 for dominant model
del/del + ins/del vs. ins/ins), providing statistical evidence of the
funnel plots’ symmetry. The results suggested that publication bias
was not evident in this meta-analysis.

Discussion

Programmed cell death, or apoptosis, is a normally protective
process that enables the body to eliminate harmful cells. Impaired
apoptotic mechanisms can lead to uncontrolled cell proliferation
and result in the pathogenesis of human cancer [24]. Caspase-8,
which was encoded by the CASP8 gene, plays a central role in the
apoptotic pathways [25] and changes in the genetically deter-
mined structure of this enzyme can influence the rate of apoptosis.
More specifically, a six-nucleotide deletion polymorphism (—652
6N del) has been identified in the promoter region of the CASP8
gene and is associated with decreased RNA expression in
lymphocytes due to the altering of an Spl binding site [8]. This
variant has been found to decrease CASP8 activity and apoptotic
reactivity of T lymphocytes through the cancer cell ex vivo model
[8], and the decreased CASP8 activity may lead to an alteration of
normal programmed cell death and result in tumor susceptibility.
This hypothesis was confirmed by our meta-analysis.

Our meta-analysis results showed that the CASP8 —652 6N
ins/del polymorphism was associated with a reduced risk of CRC
among the Asian population. However, no significant association
was detected among the Caucasian population. In addition, our
data also showed a decreased CRC risk under the additive model
(ins/del vs. ins/ins) and dominant model (del/del + ins/del vs. ins/
ins) in the overall populations. When we excluded the study of Sun
et al. [8], which was shown as an outlier in Galbraith plots
analysis, a statistically significant decreased CRC risk was also
found in Asian population but not in Caucasians under the
additive model and dominant model. Actually, it might not be
uncommon for the same polymorphism play different roles in
cancer susceptibility among different ethnic populations. In
Caucasians, the differences in genetic backgrounds and the
environment they lived in may influence the association between
the CASP8 —652 6N ins/del polymorphism and CRC risk. In
addition, the limited number of studies also makes the results from
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Figure 1. Forest plot of the CASP8 —652 6N del polymorphism and CRC risk using a fixed-effect model (additive model ins/del vs.
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Figure 3. Galbraith plots analysis of CASP8 —652 6N del polymorphism and CRC risk. A The study of Sun et al. was spotted as outlier in
additive model ins/del vs. ins/ins. B The study of Sun et al. was spotted as outlier in recessive model del/del vs. ins/del + ins/ins.

doi:10.1371/journal.pone.0087925.g003

subgroup analysis by ethnicity less reliable. Thus, our results
should be interpreted with caution.

In subgroup analysis according to the source of control,
statistically significant decreased CRC risk was found in the
population-based studies but not in hospital-based studies. The
reason may be that the hospital-based studies have a high risk of
producing unreliable results because hospital-based controls may
not always be truly representative of the general population. When
stratified according to the quality score of the articles, statistically
significant decreased CRC risk was observed in high quality
studies but not in low quality studies. The possible reason for the
discrepancy may be that the existence of selection bias and recall
bias in the studies of lower quality. In addition, genotyping
methods without quality control in studies of low quality should be
also considered when deciphering these inconsistent results.

Begg's funnel plot with pseudo 95% confidence limits

Therefore, a methodologically preferable design, such as using a
proper and representative population-based high quality study, is
of great value in case—control studies.

Heterogeneity is a potential problem when interpreting the
results of a meta-analysis, and finding the sources of heterogeneity
is one of the most important goals of meta-analysis [26]. In the
present study, significant between-study heterogeneity in the
pooled analyses of total eligible studies was observed in additive
model del/del vs. ins/ins (Pg = 0.026) and recessive model del/del
vs. ins/del + ins/ins (Py=0.028). To explore the sources of
heterogeneity, we performed subgroup analyses and Galbraith
plots analysis. Subgroup analyses stratified by ethnicity, source of
control, and quality score showed that the heterogeneity was still
significant in Asian populations, population-based studies, and
high quality studies. Galbraith plots analysis showed that the study

logor
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Figure 4. Funnel plots for publication bias of CASP8 —652 6N del polymorphism and CRC risk in the overall populations (dominant

model del/del + ins/del vs. ins/ins).
doi:10.1371/journal.pone.0087925.9g004
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Sun et al. [8] was the outlier in the two genetic models in the
overall populations. When excluding the study Sun et al. [8], the
heterogeneity decreased obviously and all P; values were greater
than 0.10 in the two genetic comparison models in the overall
populations, Asians, population-based studies, and high quality
studies. However, the summary ORs in additive model del/del vs.
ins/ins (Py = 0.026) and recessive model del/del vs. ins/del + ins/
ins (Pp = 0.028) in the overall population, Asians, population-based
studies, and high quality studies were not material changed by
omitting this study, indicating that our results were robust and
reliable. The results indicated that the study Sun et al. [8] was the
major source of the heterogeneity in the meta-analysis.

Some limitations of this meta-analysis should be addressed.
First, in subgroup analysis by ethnicity, the included studies
regarded only Asians and Caucasians. Data concerning other
ethnicities such as Africans were not found. Thus, additional
studies are warranted to evaluate the effect of this functional
polymorphism on CRC risk in different ethnicities, especially in
Africans. Second, our results were based on unadjusted estimates.
We did not perform analysis adjusted for other covariates such as
smoking, drinking, obesity, red meat consumption, and so on,
because of the unavailable original data of the eligible studies.
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