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Abstract

PTEN (phosphatase and tensin homologue), as a tumor suppressor gene, plays a significant role in regulating
cell growth, proliferation, and apoptosis. Results from published studies for association between the PTEN I'VS4
I/D (rs3830675) polymorphism and cancer risk are inconsistent and inconclusive. We therefore conducted a
meta-analysis to evaluate the potential association between PTEN IVS4 I/D polymorphism and risk of cancer
in detail. We searched PubMed (Medline) and EMBASE web databases to cover all relevant studies published
until December 2013. The meta-analysis was carried out and pooled odds ratios (ORs) and 95% confidence
intervals (95% Cls) were used to appraise the strength of association. A total of 1,993 confirmed cancer cases
and 3,200 controls were included from six eligible case-control studies. Results from overall pooled analysis
suggested a significant effect of the PTEN IVS4 I/D polymorphism and cancer risk in all genetic models, i.e.,
allele (I vs D: OR=0.743, 95 % CI1=0.648 to 0.852, p=0.001), homozygous (II vs DD: OR=0.673, 95 % CI=0.555 to
0.816, p=0.001), heterozygous (ID vs DD: OR=0.641, 95 % CI=0.489 to 0.840, p=0.001), dominant (II+ID vs DD:
OR=0.626, 95% CI=0.489 to 0.802, p=0.001) and recessive (I vs DD+ID: OR=0.749, 95%CI=0.631 to 0.889,
p=0.001). Significant publication bias was detected during the analysis. The present meta-analysis suggests that
the PTEN IVS4 I/D polymorphism is significantly associated with reduced risk of cancer. However, future larger
studies with other groups of populations are warranted to clarify this association.
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Introduction

Cancer is a polygenic disease, which results from
complex interactions between environmental and genetic
factors (Pharoah et al., 2004). It remains a major global
health problem and leads to increase morbidity and
mortality worldwide (Jemal et al., 2011). The precise
etiology of this fatal disease is still unclear. Its increasing
incidence and mortality rate during the last two decades
has posed a big challenge to clinicians and scientists.
Epidemiological studies continue to indicate the significant
contribution of ‘single nucleotide polymorphisms (SNPs)’
to cancer susceptibility through interaction with various
environmental factors (Lichtenstein et al., 2000). Thus,
it can be anticipated that the discovery of genetic factors
of host for cancer risk would assist in the therapeutic
applications and overall control of this lethal disease.

The PTEN (Phosphatase and tensin homolog, also
known as MMACI1, MIM no. 601728) is a well studied
tumor suppressor gene mapped on human chromosome
10923 (Li et al., 1997). It encodes a 403 amino acid

protein homologous to some protein phosphatases, and
the protein has been shown to possess protein phosphatase
activity in-vitro (Steck et al., 1997) Genetic alternation
at PTEN locus has been described in various cancers
(Li et al., 1997). PTEN plays an important role in the
modulation of phosphatidylinositol 3-kinase pathway
(PI3K) that is involved in cell proliferation and survival
in colorectal cancer, gastric cancer, renal clear cell
carcinomas (RCCC) (Besson et al., 1999; Cheng et al,
2012; Pandurangan, 2013; Wen- Ting et al., 2014; Wu
et al., 1998). Abnormalities in the PI3K pathway are
involved in the pathogenesis of different type of cancers.
An early study showed that genetic variants in the PI3K/
PTEN/AKT/mTOR pathway may predict platinum-based
chemotherapy response in advanced Non-small Cell Lung
Cancers (NSCLC) patients in a Chinese population (Jia- Li
etal.,2012). Also, PTEN regulates cell cycle progression
and cell survival (Tamura et al., 1998; Tamura et al., 1999).
Mutation in PTEN gene revealed an increased growth rate
in embryonic stem cells and exhibited an advanced entry
in to S-phase of the cell cycle (Sun et al., 1999). Many
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SNPs have been reported in PTEN gene, among them
IVS4 (rs3830675) occurring with ACTAA insertion at
the 109bp downstream of exon 4 in intron 4 is one of the
common SNP in PTEN gene (Carroll et al., 1999).

Keeping the significant role of PTEN in carcinogenesis
in view, several molecular epidemiological case-control
studies have been performed to examine the possible
association between the PTEN IVS4 I/D polymorphism
and human malignancy in different populations (Ozturk et
al.,2013; Canbay et al.,2013a; Canbay et al.,2013b; Ge et
al.,2008; Onay et al.,2006; George et al.,2001), but none
has been found conclusive. Inconsistency in the results of
these studies could possibly be attributed to ethnicity of
the population, sample size from individual studies that
have low power to evaluate the overall effect. Therefore,
it was necessary to quantify and summarize results from
all eligible studies with rigorous statistical methods for
precise conclusion. In the present study, we performed
meta-analysis to evaluate the overall association of IVS4
I/D polymorphism in risk/resistance to the development of
cancer. A meta-analysis employs quantitative approach to
combine the data from individual studies where individual
sample sizes are small with lower statistical power, and
gives precise conclusion (Cohn and Becker, 2003; Mandal
etal., 2013).

Materials and Methods

Identification and eligibility of relevant studies

We searched research literature from electronic data
bases, viz., PubMed (Medline) and EMBASE, last search
updated on December 2013 with the combination of
following keywords: ‘PTEN IVS4 I/D and/or (rs3830675)
(polymorphism OR mutation OR variant) AND cancer
susceptibility or risk. The search was focused on studies
that had been carried out in humans. All retrieved articles
were evaluated by reading the titles and abstracts, and
all published studies matching with the pre-set eligible
criteria were retrieved for this meta-analysis. We also did
manual search of reference list from the retrieved articles
for other eligible studies.

Inclusion and exclusion criteria

Articles included in the current meta-analysis had to
meet all the following criteria: i) must have evaluated
the association between PTEN IVS4 polymorphism and
cancer risk, ii) used a case-control design, iii) recruited
histologically confirmed cancer patients and healthy
controls, iv) have available genotype frequency in case
and control, v) must be published in the English language.
In addition to above, when the same patient population
was included in more than one publication, only the
most recent or complete study was included in this meta-
analysis. The most important reasons for study exclusion
were, overlapping of the data, case-only studies, review
articles, and genotype frequencies or number not reported.
The information regarding the selection of the studies is
provided as a flow diagram in Figure 1.

Data extraction and quality assessment
For each retrieved research article, the methodological
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quality assessment and data extraction were independently
abstracted in duplicate by two independent investigators
using a standard protocol. Standard data-collection form
was used to ensure the accuracy of the collected data
by strictly following the inclusion-exclusion criteria
mentioned above. The major characteristics abstracted
from the retrieved studies included the name of the first
author, year of publication, the country of origin, the
number of cases and controls, type of cancer, genotype
frequencies for cases and controls and source of
genotyping. Cases related with disagreement on any item
of the data from the collected studies were fully discussed
with the investigators to achieve a final consensus.

Statistical analysis

In order to determine the strength of the association
between PTEN IVS4 I/D polymorphism and cancer risk,
the pooled ORs and their corresponding 95%ClIs were
calculated (Woolf, 1995). Heterogeneity assumption
between studies across the eligible comparison was
done by the chi-square based Q-test (Wu and Li, 1999).
Heterogeneity was considered significant at p-value
< 0.05, to avoid underestimation of the presence of
heterogeneity. A fixed effect model (if p >0.05) (Mantel
and Haenszel, 1959) or a random effect model (if p
<0.05) (DerSimonian and Laird, 1986) were used for
pooling the results. Moreover, I? statistics was employed
to efficiently test the heterogeneity (Higgins et al., 2003).
Hardy-Weinberg equilibrium (HWE) in the controls was
measured via chi-square test. Funnel plot asymmetry
was estimated by Egger’s linear regression test (a type
of linear regression approach for the estimation of funnel
plot asymmetry on the natural logarithm scale of the OR).
The significance of the intercept was determined by the
t-test (p-value < 0.05 was considered as representation of
statistically significant publication bias level) (Egger et
al., 1997). The statistical analysis involved in this meta-
analysis was performed by Comprehensive Meta-Analysis

Relevant studies identified by PUBMED,
EMBASE web search

(N=59)

Studies excluded after reviewing title and
abstract (not case control study with
studied polymorphism, comment, review
articles, not in English literature

(N=50)

|

Studies screened for meta-analysis
(N=9)

Studies excluded
Expression studies-1
Not given genotype frequency-2

(N=3)

Studies included in the present meta-
analysis with PTEN IVS4 gene
polymorphism and cancer risk

(N=6)

Figure 1. Flow Chart Showing the Identification and
Selection (Inclusion/Exclusion Criteria) of the Studies
for the Present Meta-analysis
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(CMA) Version 2 software (Biostat Inc., NJ, USA). All
p-values were two sided and p-value <0.05 was considered
as statistical significance level.

Results

Literature search and meta-analysis databases

As per the pre-set selection (inclusion-exclusion)
criteria, a total number of six research articles were finally
included through literature search from the PubMed
(Medline) and EMBASE in this meta-analysis. All
retrieved articles were examined carefully by reading the
titles and abstracts, and the full texts for the potentially
pertinent publications were further checked for their
suitability for this meta-analysis. Studies either showing
PTEN polymorphism to predict survival in cancer patients
or considering PTEN variants as an indicators for response
to therapy were excluded straightaway. Similarly, research
articles investigating the levels of PTEN mRNA or protein
expression or relevant review articles were also excluded.
We included only case-control or cohort design studies
having frequency of all three genotype (Figure 1). Besides
the database search, the references listed in the retrieved
publications were also checked for other potential studies
(Table 1). Distributions of genotypes and minor allele

frequency (MAF) in the controls and cases have been
given in Table 2.

Publication bias

The Begg’s funnel plot and Egger’s test were
performed to examine the publication bias among the
included studies for this meta-analysis. The appearance
of the shape of funnel plots and the results of Egger’s
test have shown the evidence of publication bias in four
genetic models (Table 3). The trim and fill method was
employed to adjust the publication bias for recomputing
the effect size (Duval and Tweedie, 2000).

Evaluation of heterogeneity

In order to test heterogeneity among the selected studies,
Q-test and I? statistics were employed. Heterogeneity was
observed in three genetic models, i.e., allele (I vs D),
heterozygous (ID vs DD) and recessive (II+ID vs DD).
Thus, random effects model was applied to synthesize the
data for above three models (Table 3).

Association of PTEN 1VS4 polymorphism and overall
cancer susceptibility

We pooled all six studies together which resulted
into 1993 confirmed cancer cases and 3200 healthy

Table 1. Case-Control Studies Included in the Present Meta-analysis

First authors, publication ~ Country Types of cancer Study design  Genotyping method Controls Cases
year

Ozturk et al. 2013 Turkey Breast HB PCR-RFLP 128 118
Canbay et al. 2013 Turkey Colon HB PCR-RFLP 245 127
Canbay et al. 2013 Turkey Rectum HB PCR-RFLP 245 76
Canbay et al. 2013 Turkey Gastric HB PCR-RFLP 113 93
Ge et al. 2008 China Esophageal HB, PB PCR-RFLP 634 350
Ge et al. 2008 China Gastric HB, PB PCR-RFLP 634 257
Onay et al. 2006 Canada Breast HB, PB TagMan 398 372
George et al. 2001 USA Prostate PB PCR-RFLP 803 600

*HB: Hospital based; PB: Population based; PCR-RFLP: Polymerase chain reaction- Restriction fragment length polymorphism; TagMan: Realtime PCR chemistry

Table 2. Genotypic Distribution of PTEN IVS4 I/D Gene Polymorphism of All Eligible Studies Included in the

Present Meta-analysis

Authors and year Controls Cancer cases HWE
Genotype Minor allele Genotype Minor allele

DD D II MAF DD 1D I MAF p-value
Ozturk et al. 2013 41 79 8 0.37 57 55 6 0.28 0.0002
Canbay et al. 2013 86 144 15 0.35 74 47 6 0.23 <0.0001
Canbay et al. 2013 86 144 15 0.35 41 34 1 0.23 <0.0001
Canbay et al. 2013 43 60 10 0.35 57 29 7 0.23 0.08
Ge et al. 2008 138 329 167 0.52 94 183 73 0.47 0.31
Ge et al. 2008 138 329 167 0.52 63 146 48 0.47 0.31
Onay et al. 2006 171 180 47 0.34 196 138 38 0.28 0.97
George et al. 2001 346 367 90 0.34 262 281 57 0.32 0.62
*MAF: Minor Allele frequency; HWE: Hardy Weinberg equilibrium
Table 3. Statistics to Test Publication Bias and Heterogeneity in the Present Meta-analysis
Comparisons Egger’s regression analysis Heterogeneity analysis Model used for

Intercept  95% Confidence Interval p-value Q-value  Pheterogeneity  I* (%) the meta-analysis
IvsD -3.72 -5.19t0 -2.25 0.008 1552 0.03 54.92 Random
I vs DD -1.36 -2.34t0 -0.38 0.01 4.64 0.70 <0.0001 Fixed
ID vs DD -5.15 -8.25to -2.05 0.006 28.69 <0.0001 75.60 Random
II+ID vs DD -4.99 -7.51to -2.47 0.002 25.99 0.001 73.06 Random
I vs DD+ID -0.36 -1.57 10 0.84 0.49 297 0.88 <0.0001 Fixed
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1vs D
Study name

Ozturk et al., 2013
Canbay et al., 2013
Canbay et al., 2013
Canbay et al., 2013
Ge et al., 2008

Ge et al., 2008
Onay et al., 2006
George et al., 2001
Combined

ID vs DD
Study name

Ozturk et al.. 2013
Canbay et al., 2013
Canbay et al., 2013
Canbay et al.. 2013
Ge et al., 2008

Ge et al.. 2008
Onay et al.. 2006
George et al., 2001
Combined

Il vs DD
Study name

Ozturk et al.. 2013
Canbay et 2013
Canbay et 2013
Canbay et al., 2013
Ge et al., 2008

Ge et al.. 2008
Onay et al.. 2006
George et al., 2001
Combined

Statistics for each study

©Odds Lower Upper

ratio limit limit  Z-Value p-Value
0.672 0.459 0.982 -2.051 0.040
0.549 0.389 0.776 -3.401 0.001
0.564 0.371 0.855 -2.694 0.007
0.549 0.355 0.849 -2.694 0.007
0.809 0.673 0.974 -2.244 0.025
0.812 0.661 0.997 -1.990 0.047
0.769 0.620 0.955 -2.383 0.017
0.950 0.811 1.113 -0.634 0.526
0.743 0.648 0.852 -4.257 0.001

Statstics for each study

©Odds Lower Upper

ratio  limit limit  Z-Value p-Value
0.501 0.295 0.850 -2.564 0.010
0.379 0.241 0.597 -4.196 0.001
0.495 0.292 0.839 -2.612 0.009
0.365 0.201 0.661 -3.327 0.001
0.817 0.594 1.123 -1.247 0.212
0.972 0.681 1.388 -0.156 0.876
0.669 0.494 0.905 -2.609 0.009
1.011 0.809 1.264 0.097 0.923
0.641 0.489 0.840 -3.226 0.001

Statistics for each study

Odds Lower Upper

rato  limit limit  Z-value p-Value
0539 0.174 1.673 -1.069 0.285
0.465 0.172 1.259 -1.507 0.132
0.140 ©0.018 1.095 -1.873 0.061
0.528 0.186 1.500 -1.199 0.231
0.642 0.439 0.938 -2.288 0.022
0.630 0.406 0.976 -2.070 0.038
0.705 0.439 1.133 -1.442 0.149
0.836 0.579 1.209 -0.950 0.342
0.673 0.555 0.816 -4.027 0.001
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Figure 2. Forest Plot with ORs on Overall Cancer risk associated with PTEN IVS4 I/D gene polymorphism (I
vs D; ID vs DD; 11 vs DD)
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Statistics with study removed
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Figure 4. Sensitivity Analysis of PTEN IVS4 I/D Gene Polymorphism

1I+1D vs DD
Study name

Ozturk et al,, 2013
Canbay etal., 2013
Canbay etal, 2013
Canbay etal, 2013
Geetal,, 2008

Ge etal,, 2008
Onay et al., 2006
George et al.,, 2001
Combined

1l vs DD+ID
Study name

Ozturk etal,, 2013
Canbay et al., 2013
Canbay et al., 2013
Canbay et al., 2013
Ge etal., 2008

Ge etal., 2008
Onay et al., 2006
George et al., 2001
Combined

Odds
ratio
0.504
0.387
0.462
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0.857
0676
0977
0.626

Odds
ratio
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0.760
0.204
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Statistics for each study Qdds ratio and 95% CI
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Figure 3. Forest Plot with ORs on Overall Cancer Risk
Associated with PTEN IVS4 I/D Gene Polymorphism
(II+ID vs DD; II vs DD+ID)
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controls, and overall association between PTEN IVS4
I/D polymorphism and cancer risk was reviewed. The
pooled OR from overall studies suggested association
of decreased risk of cancer with PTEN IVS4 I/D
polymorphism in allelic (I vs D: OR=0.743,95%CI=0.648
to 0.852, p=0.001), homozygous (I vs DD: OR=0.673,
95%CI1=0.555 to 0.816, p=0.001), heterozygous (ID
vs DD: OR=0.641, 95%CI=0.489 to 0.840, p=0.001),
dominant (II+ID vs DD: OR=0.626, 95%CI=0.489 to
0.802, p=0.001) and recessive (II vs DD+ID: OR=0.749,
95%CI1=0.631 to 0.889, p=0.001) genetic comparison
models (Figure 2 and Figure 3).

Sensitivity analysis

We have performed sensitivity analysis by sequentially
excluding individual study to evaluate the impact of
single study included in the present study and to assess
the stability of the present meta-analysis. The results of
sensitivity analysis indicated that pooled OR before and
after exclusion of each study were similar (Figure 4 and
Figure 5). Hence, the results of the present meta-analysis
are relatively stable and convincing.

Discussion

It has been widely accepted that genetic factors play
an important role in the etiology of cancer and several low
penetrance genes are involved in the progression of cancer.
Therefore, genetic marker based risk assessment might
offer some advantage to better predict the risk of cancer
and early detection of the disease. PTEN participates in
regulation of chromosomal integrity, acetylation of p53,
DNA-damage response and the induction of apoptosis
(Salmena et al.,2008), and variations in PTEN expression
play an important role in the regulation of cell proliferation
and tumor invasion (Zhou et al., 2003). Recently, a
moderate decrease in PTEN expression to 80% of the
normal level has been revealed to increase susceptibility
to develop cancer in mice (Alimonti et al., 2010).

Considering the significance of PTEN gene in
carcinogenesis, it is rational to speculate that host genomic
polymorphism of PTEN gene may affect the tumor
development (Mahdi et al, 2013). In last few years, the
genetic variants of the PTEN including IVS4 I/D and its
possible role in the etiology of several cancers have been
studied extensively, but the results are inconsistent and
inconclusive. It is well recognized that the individual
studies with a small sample size may have not enough
statistical power to detect a small risk factor. In the present
study, our main focus was to estimate the more precise
results to understand the contribution of PTEN IVS4 I/D
gene polymorphism in overall cancer risk. Therefore, we
performed the current meta-analysis to assess whether
PTENIVS4 1/D gene polymorphism could have an impact
on the susceptibility to overall cancer.

To the best of our knowledge, our meta-analysis
represents the first pooled data study investigating the
association between PTEN IVS4 I/D gene polymorphism
and overall cancer risk. The associations for the allele
contrast, dominant and recessive model were examined
in the meta-analysis. Statistical analysis revealed that
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the PTEN IVS4 I/D polymorphism is associated with a
significantly decreased susceptibility to overall cancer.
PTEN IVS4 polymorphism and susceptibility to cancer
is diverged and previous studies demonstrated that DD
genotype of PTEN IVS4 was found to be associated
with early onset of breast cancer and male cases of
esophageal and gastric cardia cancer (Carroll et al., 2000;
Ge et al.,2008). On the other hand, it was correlated with
reducing incidence of high grade/stage of prostate cancer
among cases younger than 69 years old (George et al.,
2001). Genetically complex diseases differ from simple
Mendelian diseases and cancer etiology is polygenic, a
single genetic variant is usually inadequate to predict
the risk of this deadly disease that has a complex disease
phenotype. It is well established that gene polymorphisms
are complicated and fluctuating, which is mainly attributed
to different ethnicities. The relationship between cancer
susceptibility and variant genotypes of PTEN IVS4 might
be affected by the tumor sites.

Though, we interpreted our findings with full caution,
but, this meta-analysis still had some limitations.
Heterogeneity is an important issue while interpreting the
results of meta-analysis, although, it can be minimized by
applying random-effects model (Munafo et al., 2004). In
the present study we detected inter-study heterogeneity
in three genetic models. The source of heterogeneity may
arise possibly due to, region of study, the sample size,
the case and the control group, clinical characteristics of
different tumors, and the genotyping method. Due to the
limited number of published studies, subgroup analysis
was not performed and the current meta-analysis was
based on unadjusted estimates, while a more precise
analysis could be performed if individual data were
available. In spite of this, we used explicit criteria for
a study’s inclusion and performed strict data extraction
and analysis to make satisfactory and reliable conclusion.

In conclusion, the results of this meta-analysis
indicated that the PTEN IVS4 I/D gene polymorphism is
associated with decreased risk of cancer. In the present
study, we only analyzed the IVS4 I/D variant without
considering the interaction between several other SNPs
and in our future study we will try to explore the other
pertinent interactions to facilitate the discovery of the
pathogenesis of cancer. Our study also warrants for
well-designed large-scale studies with consideration of
gene-gene and gene-environment interactions to further
evaluate this possible association..
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