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Abstract: Objective: O5-methylguanine DNA methyl-transferase gene (MGMT) is a central DNA repair mechanism
with a significant role in removing DNA damage caused by alkylating agents and inhibiting human oncogenesis.
Two single polymorphisms in the MGMT gene, Leu84Phe and lle143Val, have been reported to affect DNA repair
capability and enzymic activity, thereby leading to formation of different cancers. In this work, we quantitatively
assess the associations between MGMT polymorphisms and risk of colorectal cancer (CRC), as previous studies
has implicated inconsistencies in their results. Methods: Analysis was performed on all usable data collected from
the eligible studies that were searched in multiple bibliographical databases (PubMed, SCOPUS, and Embase).
Results: We obtained studies on Leu84Phe and lle143Val, providing 6,154 and 7,371 samples, respectively. In the
analysis on Leu84Phe, the SNP presented no global association with CRC at both the genotypic and the allelic level,
but a trend towards an increased or decreased risk was shown in the models examined. Stratification by ethnicity
revealed a significant increase in risk of CRC related to the Phe/Phe genotype in Caucasian samples (homozygote
genetic model: OR=1.70, 95% CI=1.06-2.72; recessive genetic model: OR=1.80, 95% CI=1.12-2.87). Conclusions:
Based on the statistical data, our meta-analysis indicates that Leu84Phe polymorphism in the MGMT gene may
predispose Caucasians to CRC.
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Introduction

DNA repair pathway is a known defense mecha-
nism with a fundamental role in maintenance
of genomic integrity and resistance to human
carcinogenesis [1]. This defensive system func-
tions via reducing deleterious effects of DNA
damage, blocking undesired mutation in can-
cer-related genes, and enhancing replication
capability [2]. Replication of the DNA with
0%-methylguanine and O°%-pyridyloxobutylgua-
nine may stimulate GC to AT conversion muta-
tions, in a very similar fashion to p53 mutations
that have been associated with many cancers
[3].

The 0%-methylguanine DNA methyl-transferase
gene (MGMT), also named AGT, AGAT and

ATase, is critical for modulating the direct dam-
age reversal pathway, a central DNA repair
mechanism by which we can see minimized
DNA damage and inactivated oncogenesis. The
MGMT serves as a ubiquitous repair protein
that eliminates DNA alkyl adducts resulting
from alkylating exposures, including dietary
N-nitroso compounds and tobacco consump-
tion [4, 5]. Such unrepaired DNA breakage likely
leads to germline genetic variations and there-
by affects the enzymic effectiveness of DNA
repair genes against DNA damage, facilitating
formation of various types of cancer [6-8].
Characterized by irreversible inactivation due to
the inability to dealkylate itself, MGMT is
instead involved in the change of inactive gua-
nine to cysteine in alkyl groups [9, 10]. In human
colorectal cell lines, researchers have detected
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Figure 1. Flow diagram detailing procedures of selecting eligible studies.

mutagenic and cytotoxic adducts that are
reportedly caused by the combination of 0°-,
0*- alkylguanine and aforementioned alkylating
agents [11, 12].

An increasing body of evidence has shown that
MGMT inhibits mutagenesis and carcinogene-
sis, whereas it makes chemotherapy less effec-
tive in cancer patients harboring alkylating
agents [13, 14]. Currently, the role of MGMT
gene playing in the etiology of malignant human
cancers, such as colorectal cancer (CRC),
remains largely unexplained. A number of stud-
ies in recent years have examined the associa-
tions of MGMT gene single nucleotide polymor-
phisms (SNPs, Leu84Phe, lle143Val) and CRC,
with mixed findings generated [15-17]. A possi-
ble reason to explain the noted discrepancies
in results is the inadequate statistical power of
the individual studies where non-homogeneous
populations and ethnically different individuals
were included.

In this article, we performed a meta-analysis,
an analytic approach with maximum estimation
power, to quantitatively assess the associa-
tions between MGMT polymorphisms and risk
of CRC.
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review articles, meta-analy-
sis and the studies we finally
considered eligible. No res-
trictions were used throu-
ghout the search completed
on February, 2014.

Eligible studies and data abstraction
We selected eligible studies according to:

It must be an association study with a case-
control or cohort design.

SNPs (Leu84Phe and lle143Val) and inherited
susceptibility to CRC must be investigated.

Genotype data must be sufficiently offered,
such that we could estimate CRC risk [odds
ratios (OR) and 95% confidence intervals (95%
ChJ.

It must be a unique study without subsequent
update. If any, we considered the largest study.

The study that failed to comply with any of the
above conditions was eventually removed. For
each eligible publication, we collected major
authors, publication year, geographical location
of each study, ethnicity or racial descent, geno-
type counts between cases and controls, SNP
studied, source of controls and matching char-
acteristics, and method utilized to genotype the
two MGMT polymorphisms.
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Table 1. Basic information of the original articles included in this meta-analysis

First author-year Country-ethnicity Cases (lle143Val) Controls (lle143Val) Source of control

Genotyping method

SNP studied

Moreno Spain-Caucasian 272 (359) 299 (323) Hospital, age and sex matched
Tranah (NHS) USA-Caucasian 186 (190) 2137 (2151) Hospital, age and smoking matched
Tranah (PHS) USA-Caucasian 257 (260) 429 (431) Hospital, age matched

Stern Singapore-Asian 292 1166 Population, age matched
Hazra USA-Caucasian 358 357 Population, age matched
Khatami Iran-Caucasian 200 (200) 201 (200) Hospital, age and sex matched
Loh USA-Caucasian 273 2984 No related description

Arrayed primer extension
TagMan
TagMan
TagMan
Multiplexed GoldenGate assay
Pyrosequencing

Pyrosequencing

Leu84Phe, lle143Val
Leu84Phe, lle143Val
Leu84Phe, lle143Val
Leu84Phe
Leu84Phe
Leu84Phe, lle143Val
lle143Val

Table 2. Summary ORs of MGMT polymorphisms and CRC risk

Homozygote model Dominant model Recessive model Allele model Heterozygote model
Analysis Case/control
OR (95% Cl) Pt OR (95% Cl) Pt OR (95% CI) Pt OR (95% CI) Pt OR (95% CI) Pt
Leu84Phe
All 1565/4589 1.46(0.93,2.27) 0.371 0.89 (0.77,1.04) 0.087 1.54(0.99,2.40) 0.347 0.95(0.84,1.09) 0.352 0.87 (0.68, 1.10) 0.048
Ethnicity
Caucasian 1273/3423 1.70(1.06, 2.72) 0.691 0.93(0.78,1.10) 0.071 1.80(1.12,2.87) 0.660 1.00(0.87,1.15) 0.534 0.89 (0.66, 1.20) 0.027
Asian 292/1166 0.29 (0.04, 2.26) / 0.76 (0.53, 1.09) / 0.30(0.04, 2.34) / 0.74 (0.53, 1.05) / 0.79 (0.55, 1.14) /
lle143Val
All 1282/6089 1.07 (0.60,1.91) 0.171 1.00(0.71, 1.41) 0.002 1.10(0.61, 1.96) 0.188 1.00(0.73,1.38) 0.001 1.00 (0.73,1.37) 0.008
793 Int J Clin Exp Med 2015;8(1):791-799
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Figure 2. Fixed-effects meta-analysis on lung cancer risk and MGMT Leu84Phe polymorphism for the dominant model. Each box represents the OR point estimate,
and its area is proportional to the weight of the study. The diamond (and broken line) represents the overall summary estimate, with Cl representing its width.
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Figure 3. Fixed-effects meta-analysis on lung cancer risk and MGMT lle143Val polymorphism for the recessive model. Each box represents the OR point estimate,
and its area is proportional to the weight of the study. The diamond (and broken line) represents the overall summary estimate, with Cl representing its width.
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Statistical analysis

To estimate risk of CRC associated with MGMT
SNPs, we calculated OR and its 95% CI for
homozygote, dominant, recessive, allele fre-
quency, and heterozygote model. Z test was
used to test the significance of the pooled ORs,
with a P value below 0.05 indicating a statisti-
cal significance. Statistical heterogeneity was
detected using the Q-test and I? index [18].
There was significant heterogeneity in case of
Porest < 0:05 or I2 > 50%. The Mantel-Haenszel
method was used to combine the ORs in the
absence of heterogeneity [19]; otherwise, the
DerSimonian and Laird method was considered
[20]. Afunnel plot and Egger’s linear regression
test were utilized to examine the potential pub-
lication bias in this study [21, 22]. Sensitivity
analysis was performed to identify the studies
conferring disproportional influence on the
combined estimates.

All tests were two-sided, and statistical data
were analyzed using STATA software (version
12.0, StataCorp, College Station, TX, USA). A
significance level of 0.05 was set for the an-
alyses.

Results
Study selection

As detailed in Figure 1, we identified 451 rele-
vant records through the bibliographical data-
base search. An initial exclusion of 403 records
was carried out after title and abstract evalua-
tion. We then screened the whole texts of the
remainder, and further excluded 43 publica-
tions not in compliance with the inclusion crite-
ria. These exclusions resulted in five eligible
publications [16, 17, 23-25]. Moreover, the
manual search yielded an additional article
(Tranah et al.), in which two subpopulations
were investigated [15]. We thus had a total of
seven case-control studies in this analysis.

Study characteristics

Among the seven studies, there were six stud-
ieson SNP Leu84Phe and five on SNP lle143Val,
as shown in Table 1. For SNP Leu84Phe, both
Caucasian and Asian data were involved, while
only Caucasian samples were included for SNP
lle143Val. Other characteristics, such as geno-
typed cases and controls, source of controls,
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matching properties, and genotyping methods
are all presented in Table 1.

Major findings
Effects of SNP Leu84Phe on CRC

We pooled all data in the analysis of 6,154
samples (1,565 cases and 4,589 controls), as
shown in Table 2. Although the SNP Leu84Phe
presented no global association with CRC at
both the genotypic and the allelic level, the
homozygote (OR=1.46, 95% CI=0.93-2.27) and
recessive model (OR=1.54, 95% Cl=0.99-2.40)
showed a potential increase in risk of CRC, and
the dominant (OR=0.89, 95% CI=0.77-1.04)
(Figure 2), allele frequency (OR=0.95, 95%
Cl=0.84-1.09) and heterozygote model (OR=
0.87, 95% CI=0.68-1.10) revealed a possibly
decreased risk.

Stratifying the data according to ethnicity
revealed a 70% increased risk associated with
the Phe/Phe genotype in homozygote genetic
model (OR=1.70, 95% CI=1.06-2.72), and a
80% increased risk in relation to the same gen-
otype in recessive genetic model (OR=1.80,
95% CI=1.12-2.87), only in Caucasian sam-
ples.

Effects of SNP lle143Val on CRC

Analysis of 7,371 samples (1,282 cases and
6,089 controls) using several genetic models
showed that SNP lle143Val was not significant-
ly associated with CRC risk. All summary ORs
are listed in Table 2. Figure 3 shows the forest
plots for recessive model.

Heterogeneity test and sensitivity analysis

We found moderate between-study heteroge-
neity for both SNPs. Using sensitivity analysis,
we identified the Iranian and NHS4 studies rep-
resenting major heterogeneity sources of SNP
Leu84Phe and SNP lle143Val, respectively.
Absence of heterogeneity was seen when these
studies were excluded (data not shown). In-
terestingly, meta-analysis of the homozygous
studies on SNP Leu84Phe showed a substan-
tially altered OR (OR=0.77, 95% CI=0.65-0.91).

Publication bias

Both the funnel plots and Egger’s test revealed
no evidence of significant publication bias in
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this analysis (SNP Leu84Phe: P=0.099; SNP
lle143Val: P=0.279; model: homozygote genet-
ic model).

Discussion

The first investigation looking at the associa-
tion between MGMT polymorphisms and CRC
susceptibility was carried out in a group of
Spanish population [23]. In this work, neither of
the SNPs being examined was validated as pre-
disposing risk factors of CRC. In an effort to
replicate the initial finding, Tranah and co-work-
ers employed two large independent American
populations and the 143Val allele was found to
be protective against CRC in the female popula-
tion (NHS), while both of the Leu84Phe and
lle143Val did not show any significant associa-
tion with CRC in the male population (PHS) [15].
This finding, however, appears to contradict
that suggested in a subsequent Singaporean
study, where the researchers found reduced
CRC risk attributed to the Leu/Phe or Phe/Phe
genotypes of Leu84Phe [16]. A most recent
replication concerning lle143Val only demon-
strated that this SNP conferred either increased
or decreased susceptibility to the patients in
the USA [25]. The likely reasons for these incon-
sistencies in observations include ethnic differ-
ences and lack of detection power due to the
limited number of subjects included in each of
the independent studies.

Meta-analysis is thought of as a powerful quan-
titative tool that can provide a precise estima-
tion of the association between SNPs and com-
mon diseases by combining all single studies.
In the overall analysis on Leu84Phe, we obse-
rved very interesting results. A trend towards
an increased risk of CRC was seen in Phe/Phe
genotypes compared with Leu/Leu or com-
bined Leu/Leu and Leu/Phe genotypes. In con-
trast, the combined Phe/Phe and Leu/Phe,
Leu/Phe and Phe allele showed a reduced risk
relative to the Leu/Leu, and Leu allele, respec-
tively. As the associations are not statistically
significant, further larger investigations are
necessary to validate these findings. Stratifi-
cation according to ethnicity revealed a signifi-
cant association in Caucasian populations. For
lle143Val, none of the genetic models tested
showed an increase or decrease in the risk of
CRC, a finding that is inconsistent with a previ-
ous study [25]. A plausible explanation is that
the individual study has reached a false posi-
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tive conclusion as a result of the small sample
size.

Previous meta-analyses examining the associa-
tion of MGMT polymorphisms and susceptibility
towards CRC have presented inconsistent find-
ings. The earliest meta-analysis published in
2010 reported protective effects of Leu84Phe
polymorphism in CRC [26]. This finding was rep-
licated in two recent analyses [27, 28]. The
inclusion of a single polymorphism, pooling in-
correct data or failure to collect all usable data
may lead to underestimated associations as
suggested in the aforementioned studies. We
excluded the non-CRC study [29] and included
two additional populations [17, 24], which mini-
mizes the possibility of biased results and max-
imizes the reliability of the combined estimates.
The very differing effects of Leu84Phe on the
development of CRC found in our analysis high-
lighted the importance of a large-scale study in
future.

Epidemiological data have demonstrated that
MGMT gene polymorphisms may affect the
enzyme activity, resulting in reduced capability
in response to DNA repair and increased the
likelihood of developing cancer [30]. lle143Val
has been shown to modulate the biological
function of the protein, as in the active site of
MGMT there is an alkyl receptor at codon 145,
very close to residue 143 [31-33]. Several lines
of evidence have described affected MGMT
function, suppressed estrogen receptor cell
proliferation and reduced DNA repair capability
in relation to Leu84Phe [15, 17]. These data
point to a conclusion that the MGMT may be a
possible CRC susceptibility locus, supporting
the findings in our study.

Similar to many meta-analyses, our study has
some limitations. First, we noted that there was
substantial heterogeneity in the analysis of
Leu84Phe and lle143Val. Most importantly,
exclusion of the influence study has changed
the primary pooled effects of Leu84Phe on
CRC. The true association therefore requires
further investigations. Second, publication bias
can be minimized if small studies are excluded
and unpublished data are incorporated. The
failure to satisfy the two conditions makes pub-
lication bias possible in this analysis. Third, it is
possible that the effects of a susceptibility
gene on the development of a common disease
are confounded by environmentally carcinogen-
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ic exposures and other disease-related genes
via gene-to-environment or gene-to-gene inter-
actions. Investigation into the role of the con-
founding factors in CRC seems practical if the
sample is sufficiently large.

In conclusion, we found evidence that MGMT
gene Leu84Phe, but not the llel43Val, was a
susceptibility risk factor of CRC in Caucasian
populations. Considering the limited sample,
further larger studies are necessary to clarity
whether the two polymorphisms play a major
role in the development of CRC.
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