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Summary

Purpose: Observational studies have recently focused on
the association between heme oxygenase-1 (HMOX1) gene
promoter polymorphisms and cancer risk. However, conflict-
ing results have been obtained. To derive a precise estimate
of the association, a systematic review and meta-analysis
were conducted.

Methods: This study followed the guidelines for Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses. PubMed, Medline, Embase and Web of Knowledge
were systematically searched for relevant studies. Sum-
mary odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated for the allelic and genotypic com-
parisons according to the homozygous, heterozygous,
dominant, and recessive genetic models. Between-study
heterogeneity was quantified through I2 statistics, and
publication bias was appraised by using funnel plots.
Sensitivity analyses were conducted to evaluate the ro-
bustness of the meta-analysis findings.

Results: Meta-analysis of 9 studies involving 2491 cases

Introduction

Heme oxygenase (comprising three isoforms,
namely, HO-1, -2, and -3) was originally identified
as a rate-limiting enzyme in the degradation of
heme to biliverdin, which results in the genera-
tion of free iron and carbon monoxide [1,2]. Re-
cent studies have shown that HO-1 (also known
as HMOX-1) is highly induced by various forms of
oxidative stress and provides protection against

and 3380 controls did not reveal any significant associa-
tion of the HMOX-1 (GT)n and 413A>T polymorphisms
with cancer risk. Stratified analysis by ethnicity showed a
statistically significant association between (GT)n repeat
length variant and susceptibility to cancer for the heterozy-
gous genetic model among Asian populations (OR=1.42,
95% CI: 1.04-1.95, Pheterogeneity20-218)’ which is a robust
finding according to sensitivity analysis. Funnel plot in-
spection did not reveal any publication bias.

Conclusion: In conclusion, this study comprehensive-
ly examined the available literature on the association of
HMOX-1 (GT)n and 413A>T polymorphisms with cancer
risk. Meta-analysis results suggest (GT)n repeat length pol-
ymorphism as a potential susceptibility variant for cancer
in Asians. Additional large-scale and well-designed studies
are needed to confirm these results.
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oxidant-mediated chronic diseases, such as em-
physema [3], asthma [4], diabetes mellitus [5],
and cardiovascular diseases [6]. Accordingly, the
amount of emerging evidence has increased to
support the idea of HO-1 as an important protec-
tive antiapoptotic factor for malignant tumors [7].
Various studies have reported that HO-1 expres-
sion is associated with cellular proliferation and
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angiogenesis, which are both important for tumor
growth in vivo [8]. Moreover, several single-nucle-
otide polymorphisms, all of which are localized
on chromosome 22ql2, have been identified in
the promoter of the HO-1 gene [9]. Among these
polymorphisms, microsatellite polymorphism is
the most commonly studied and is characterized
by a varying number of (GT)n repeats ranging
from 15 to 40 in the promoter region of the HO-1
gene. The (GT)n variable length polymorphism
has been shown to be associated with the differ-
ential transcriptional activity of the gene. Short
fragments of repeats (S alleles) are related to high
transcription rates and increased transcriptional
upregulation of HO-1 in response to various ox-
idative stimuli, such as hydrogen peroxide and
reactive oxygen species (ROS), whereas long (GT)
n repeats (L alleles) are associated with low tran-
scription of the HO-1 gene [10]. Another common-
ly studied polymorphism is 413A>T, which isan A
to T transition at nucleotide -413 in the promoter
region that results in increased HO-1 promoter
activity involved in ROS scavenging [11]. There-
fore, HO-1 is a crucial enzyme responsible for the
metabolic deletion of oxidative stimuli and may
serve an important function in the pathogenesis
of various cancers.

To date, several studies have focused on the
association of the HO-1 polymorphisms with can-
cer risk. However, results of recent studies are
conflicting because of their limited sample size
or genuine heterogeneity. Until recently, neither
meta-analysis nor genome-wide association stud-
ies has been performed to assess the association
between the HO-1 polymorphisms and suscepti-
bility to cancer. Considering that a single study
is inadequate to detect the overall effects, a quan-
titative synthesis of accumulated data from dif-
ferent studies is important to provide evidence of
the association of this polymorphism with cancer
risk. Therefore, we performed this meta-analysis
on all published case-control studies to obtain a
more precise estimate of the overall effects, quan-
tify heterogeneity between the individual studies,
and investigate potential publication bias.

Methods

Search strategy

This systematic review and meta-analysis fol-
lowed the guidelines for Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA). The
included studies were retrieved from electronic data-
bases, which included PubMed, Embase and Web of

Knowledge. Combinations of words were used for search
terms as follows: (“heme oxygenase-1” OR HMOX-1 OR
HO-1) AND (polymorphism OR allele OR variant OR
susceptibility OR mutation) AND (cancer OR tumor OR
neoplasm OR carcinoma). Additional studies were re-
trieved through manual search from references of the
original studies or review articles about this subject.
The last search was performed on April 20, 2014.

Identification of eligible studies

The studies were selected according to the follow-
ing inclusion criteria: (1) used a case-control design,
(2) contained an evaluation of the HMOX-1 polymor-
phism and cancer risk, (3) gave information on allelic/
genotypic frequencies of HMOX-1 in both cases and
corresponding controls, and (4) achieved Hardy-Wein-
berg equilibrium (HWE) in control groups. We ex-
cluded studies in which the genotypic frequencies in
controls exhibited significant deviation from the HWE.
When the study populations overlapped, we generally
retained only the study with the most extensive data
to avoid duplication in the meta-analysis. When the
eligible studies were without adequate reporting of
genotype frequency, we contacted the corresponding
authors for missing information, and if no response
by the time of analysis and writing had been received,
then these papers were ultimately excluded. Confer-
ence abstracts, case reports, editorials, review articles,
letters, and animal/basic science/clinical research were
also excluded. The study identification and data extrac-
tion process were independently conducted by two re-
searchers (N.Y. and L.H.), and any discrepancy was re-
solved through discussion and consensus.

Quality score evaluation

In this meta-analysis, quality assessment of the
case-control studies was performed using the Newcas-
tle Ottawa scale (NOS) recommended by the Cochrane
Non-randomized Study Methods Working Group
[12,13]. As described in detail previously [14], NOS
contains 8 items that are divided into 3 categories: se-
lection (4 items, 1 star each), comparability (1 item, up
to 2 stars), and exposure (3 items, 1 star each). A “star”
presents a “high quality” choice of an individual study.
Two independent reviewers (N.Y. and L.H.) discussed
their evaluations, and any disagreement was resolved
through discussion and consultation. Given the varia-
bility in quality of the case-control studies from our
initial literature search, we considered studies as high
quality if they met 6 or more of the NOS criteria [15].

Statistics

The pooled odds ratio (OR), including the corre-
sponding 95% confidence interval (CI), was used to
calculate and assess the association of HMOX-1 poly-
morphisms with cancer risk. The allelic and genotypic
comparisons of heterozygous, homozygous, dominant,
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365 records from database search updated on April 20, 2014
136 from Embase
100 from Pubmed
129 from Web of knowledge
{—— Pp| 266 duplicate records
excluded
v
99 potential eligible 80 records excluded after

records identified

title/abstract review

19 full-text articles
assessed for eligibility

9 studies included in
meta-analysis

10 articles excluded
1 duplicated publication
3 not case-control study
3 reviews

3 not provide sufficient data
for calculation of OR and
95% CI

Figure 1. Flow diagram of study selection and specific reasons for exclusion in the meta-analysis.

and recessive models were estimated [16]. The statisti-
cal significance of the summarized OR was determined
by the Z-test with p<0.05 indicating statistical signifi-
cance.

Heterogeneity assumption was examined using
the chi-square test based on a Q test [17]. The combined
OR estimation of each study was calculated using a
random-effects model (DerSimonian and Laird method)
when p<0.10, otherwise a fixed-effects model was used
(Mantel-Haenszel method) [18]. To determine the caus-
es of heterogeneity, subgroup analyses were performed
by grouping the studies with similar characteristics,
such as ethnicity, sample size, and genotyping method.
The ethnic subgroups were categorized into two eth-
nic groups: Caucasian and Asian. Sensitivity analysis
was also performed by omitting each individual study
to reflect the influence of the individual dataset on the
pooled OR by using the “metaninf” STATA command.
The appropriate chi-square goodness-of-fit test [19] was
performed using the “genhwcci” STATA command to
assess the deviation from HWE, but only in the control
groups. For the interpretation of the chi-square test,
statistical significance was defined as p<0.05.

As described in our previously published paper
[14], publication bias was evaluated by using Begg’s
and Egger’s Asymmetry tests [20] and through visual
inspection of the funnel plots, in which the standard
error was plotted against the log (OR) to form a simple
scatterplot. Statistical significance for the interpreta-
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tion of the Egger’s test was defined as p<0.10.

STATA version 11.0 (STATA Corporation, College
Station, Texas) was used for all statistical analyses. All
statistical tests were two-sided.

Results

Eligible studies

The study identification and selection process
is presented in Figure 1. A total of 365 citations
were identified during the initial search. Then
266 duplicate records were excluded. Of the 99
abstracts retrieved through the search criteria, 80
were irrelevant reasons for exclusion described in
Table S1. One study [21] had overlapping popula-
tions with an eligible study [22], 3 articles [23-25]
did not have a case-control design, 3 articles [26-
28] were reviews, and 3 articles [29-31] did not
report the relevant genotype frequencies. Overall,
9 articles [22,32-39] involving 2,491 cases and
3,380 controls were eligible for this meta-analy-
sis. Among the eligible articles, 2 [35,37] investi-
gated (GT)n repeats and 413A>T polymorphism,
6 [22,32-34,306,38] investigated (GT)n repeat pol-
ymorphism, and 1 [39] investigated 413A>T poly-
morphism. Therefore, 8 articles [22,32-38] provid-
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Study %
ID OR (95% Cl) Weight
Chang et al [22] —+—;— 0.94 (0.46, 1.92) 23.60
Lo et al [34] —°:— 1.20 (0.72, 2.02) 40.39
Hu et al [35] —é—’— 1.83 (1.10, 3.06) 33.95

' i
Murakami et al [38] i > 4.58 (0.84,25.11) 2.07
Overall (I-square = 32.4%, p = 0.218) @ 1.42 (1.04, 1.95) 100.00

.0398 1

25.1

Figure 2. Forest plot for subgroup analysis of association between (GT)n repeat length polymorphism of
HMOX-1 and cancer risk among Asians under the heterozygous model

Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Chang et al [22] \ © \
Lo et al [34] t ©
Hu et al [35] ©
Murakami et al [38] \ \
0.81 1.04 1.42 1.95 2.34

Figure 3. Effect of individual studies on pooled odds ratios for (GT)n repeat length polymorphism of HMOX-1
and cancer risk among Asians under the heterozygous model.

ed data on the association between (GT)n repeat
polymorphism and cancer risk, whereas 3 arti-
cles [35,37,39] provided data on 413A>T. Studies
were conducted covering 3 ethnicities. Four stud-
ies [32,306,37,39] involved Caucasians, another 4
studies [22,34,35,38] involved Asians, and 1 study
[33] involved mixed populations. Three genotyp-
ing methods were used: Tagman [33], sequencing

JBUON 2015; 20(4): 1146

[22,34,38], and polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP)
[32,35-37,39]. In 5 studies, controls were from hos-
pital-based subjects, whereas population-based
subjects were used in the other eligible studies. No
consensus on the optimum cutpoint for the (GT)n
repeat length polymorphism in the HMOX1 gene
promoter has been set. Thus, the harmonization of
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Table 3. Results of Egger’s test and Begg’s test

Egger’s test 95% CI Begg’s test
Polymorphisms Comparison
t P LCI UcCl Z P
(GT)n repeat length LvsS 1.08 0.323 -2.114 5.443 1.11 0.266
LL vs SS 1.00 0.358 -2.312 5484 1.11 0.266
LS vs SS 0.21 0.842 -4.068 4.825 -0.12 0.999
Dominant model 0.60 0.572 -3.331 5485 -0.12 0.999
Recessive model 1.07 0.326 -1.752 4476 0.62 0.536
413A>T Tvs A -0.29 0.819  -37.138 35466 <0.01 0.999
TT vs AA -041 0.752  -40.319 37.790 <0.01 0.999
AT vs AA -0.82 0.564  -37.005 32.523 <0.01 0.999
Dominant model -0.66 0.630 -39.825 35.913 <0.01 0.999
Recessive model 0.28 0.829 -20.587 21.499 <0.01 0.999

LCI: low confidence interval, UCL: upper confidence interval

points was considered. In the eligible studies, al-
lelic categories were defined as class S (short) for
<25 or <27 (GT)n repeats and class L (long) for =25
or =27 (GT)n repeats [40]. By examining the gen-
otype frequencies in the controls, no significant
deviation from HWE was found in all studies. The
studies were published between 2004 and 2012,
and all were of high quality with score =6. Table
1 shows a summary of the characteristics of the
included studies.

(GT)n repeat length polymorphism

We conducted a meta-analysis of the (GT)n
repeat length polymorphism overall and in sub-
groups under various genetic models. Table 2
presents the pooled ORs, along with their 95%
CIs. Overall, no significant association was found
in allele (L vs S, OR=1.06, 95% CI: 0.90-1.25), ho-
mozygous (LL vs SS, OR=1.05, 95% CI: 0.74-1.49),
heterozygous (LS vs SS, OR=0.99, 95% CI: 0.70-
1.39), dominant (LS + LL vs SS, OR=1.02, 95% CTI:
0.74-1.41), and recessive models (LL vs LS + SS,
OR=1.08, 95% CI: 0.87-1.33). Further analysis was
performed on the data stratified by the genotyp-
ing method to determine the possible factors that
might have influenced the results. Table 2 shows
that no association was found in cancer patients
with (GT)n repeat length polymorphism among
all comparisons. Moreover, similar results in the
subgroup analyses by control source and sample
size were obtained on all genetic models because
the associations were not significant. However,
changes occurred in the pooled results after sub-
group analysis by ethnicity, and the risk in Asians

JBUON 2015; 20(4): 1148

significantly increased under LS vs SS comparison
(OR=1.42, 95% CI: 1.04-1.95). However, no associ-
ation was found for the other genetic comparisons
in Asians and all genetic comparisons in Cauca-
sians. Figure 2 shows the forest plot for subgroup
analysis of the association between the (GT)n re-
peat length polymorphism of HMOX-1 and cancer
risk under the heterozygous model.

We analyzed the heterogeneity of the se-
lected studies according to the p value for het-
erogeneity. Table 2 illustrates that significant
heterogeneity was found in all genetic models
(p<0.10). Therefore, a random-effects model was
used for all comparisons to calculate the pooled
OR estimates. After assessing the source of het-
erogeneity for all genetic models compared by
subgroup analysis based on ethnicity, control
source, genotyping method, or sample size, the
heterogeneity partially decreased or was re-
moved. Notably, the meta-analysis found a low
level of between-study heterogeneity (Pheteroge-
neity=0.218) for the heterozygous genetic model
in Asians. Sensitivity analysis demonstrated the
robustness of the heterozygous model result in
Asian populations, in which the exclusion of
any individual study did not significantly affect
the summarized effect estimate (Figure 3). Sim-
ilarly, no significant influence was found when
sensitivity analysis was conducted on the other
models.

Publication bias on the overall OR analysis
was not detected in any comparison. In addition,
neither Begg’s test nor Egger’s test provided any
evident indication of publication bias (Table 3,
p>0.10). A relatively symmetrical funnel plot indi-
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 4. Begg’s funnel plots with pseudo 95% CI for association between (GT)n repeat length polymorphism

of HMOX-1 and cancer risk.

Study %

ID OR (95% Cl) Weight
i

Hu et al [22] : 0.92 (0.69, 1.23) 12.79
i

Jiraskova et al [37] —_— 1.01 (0.89, 1.16) 56.34
1
i

Andersen et al [39] ' i 1.15(0.97, 1.37) 30.87

1
i

Overall (I-square = 5.6%, p = 0.347) < : 1.04 (0.94, 1.15) 100.00
i
1
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1

T : T
.69 1 1.45

Figure 5. Forest plot for association between 413A>T variant and cancer susceptibility under T vs A comparison.

cated lack of evident publication bias (see Figure
4 for the heterozygous model comparison). Our
results were statistically robust.

413A>T polymorphism

Table 2 presents in detail the pooled ORs, in-
cluding their 95% CIs. No significant association
of cancer with the 413A>T polymorphism was
found in all comparisons. Further subgroup analy-
sis by ethnicity, control source, genotyping meth-

od, and sample size was unnecessary because
only 3 studies were available. Figure 5 shows the
forest plot for the overall association between the
413A>T variant and cancer susceptibility under L
vs S comparison. We also analyzed the heteroge-
neity of the selected studies according to the p
value for heterogeneity. Table 2 shows that no sig-
nificant heterogeneity was found in all compar-
isons (all p values based on heterogeneity were
>0.10). Therefore, a fixed-effects model was used

JBUON 2015; 20(4):
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for all comparisons. No publication bias for the
overall analysis was observed in any comparison.
The results of Begg’s and Egger’s tests, which are
presented in detail in Table 3 (p>0.10), suggested
no publication bias.

Discussion

HO-1 not only functions as an enzyme-de-
grading heme, but also as a stress-responsive pro-
tein, which is an apparent novel protective factor
with potent anti-inflammatory, anti-oxidant, and
anti-proliferative effects [41-43]. Two function-
al polymorphisms in the promoter region of the
HO-1 gene have drawn the most attention from
researchers, namely, the HO-1(GT)n repeat poly-
morphism and the 413A>T polymorphism. HO-1
promoter polymorphisms have been linked to sev-
eral human diseases, such as pulmonary diseas-
es [44], cardiovascular diseases [45], renal trans-
plantation [46], obstetrics [47], and neurological
diseases [48]. Accordingly, high HO-1 expression
levels have been detected in malignant tumors in
several studies [49,50]. However, the relationship
between the HO-1 polymorphisms and cancer risk
is inconsistent. Considering the inconsistent re-
sults from previous studies, our meta-analysis
was conducted to obtain a precise evaluation of
the association between the HO-1 polymorphisms
and cancer risk.

To the best of our knowledge, this is the first
study employing a meta-analysis to assess the as-
sociation of HO-1 polymorphisms, including the
(GT)n repeat polymorphism and the 413A>T pol-
ymorphism, with cancer risk systematically and
comprehensively. The primary results showed
that the (GT)n repeat and 413A>T polymorphisms
were not associated with cancer risk in allelic and
genotypic comparisons, following the homozy-
gous, heterozygous, dominant, and recessive ge-
netic models. However, the stratified analysis by
ethnicity showed a statistically significant asso-
ciation between (GT)n repeat length variant and
cancer risk for the heterozygous genetic model
among Asian populations. In addition, Begg’s test,
Egger’s test, and funnel plots did not indicate pub-
lication bias and confirmed the conclusions. Thus,
our findings indicated that the (GT)n repeat length
polymorphism of HO-1 might increase cancer risk
in Asian populations.

Previous studies have reported that the induc-
ible subtypes of HO-1 polymorphisms are associ-
ated with the development of tumors in humans
and experimental animal models [51-53]. In sever-
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al studies, the (GT)n repeat length polymorphism
was highly expressed in solid tumors among Asian
populations. Therefore, Asian populations with
(GT)n repeat length polymorphism might have in-
creased tumor risk [35,54], which agrees with the
results of the current meta-analysis. In addition,
several studies also showed that the administra-
tion of an HO-1 inhibitor to an experimental mod-
el of solid tumor suppressed the tumor growth to
a substantial extent [55,56]. Inhibition of HO-1
induced apoptosis of cancer cells and suppressed
tumor growth. HO-1 might be an important target
of cancer treatment. In the subtypes of HO-1 poly-
morphisms, a long (GT)n repeat polymorphism is
associated with low transcription and expression
of HO-1. A study has revealed that construction
with lengths of <25 repeats increased the HO-1
basal promoter activity compared with >25 re-
peats [57]. A number of studies recently demon-
strated that long (GT)n repeat polymorphism is
associated with the development of tumors, which
include lung cancer [58] and oral carcinogenesis
[59], whereas short (GT)n repeat polymorphism is
significantly associated with metastatic disease,
high tumor recurrence rate, and low survival in
gastrointestinal stromal tumors (GIST) and pan-
creatic cancer [23,306]. The mechanism may be ex-
plained by the hypothesis that long (GT)n repeats
may alter the cytoprotective function through the
inhibition of HO-1 expression [60]. A low M/M
genotype frequency has been found in gastric
cancer patients, and patients with moderate (GT)
n repeat polymorphism showed a low frequency
of lymphovascular invasion and nodal metastasis
[34]. The result agrees with the hypothesis stating
that a long (GT)n repeat may alter the cytopro-
tective function through the inhibition of HO-1
expression. Therefore, HO-1 polymorphism is an
excellent potential prognostic marker for recur-
rence of cancer and patient survival.

Despite the conclusive results of the present
meta-analysis, we should consider several lim-
itations of this study. First, the relationship be-
tween 2 polymorphisms, including the (GT)n re-
peats and the 413A>T polymorphisms, and cancer
risk was not simultaneously investigated in the
9 eligible articles included in our meta-analysis.
The association of the (GT)n repeats with cancer
risk was investigated by 8 articles, and the rela-
tionship between the 413A>T polymorphism and
cancer risk was examined by 3 studies. As only 3
studies investigated the 413A>T polymorphism,
further subgroup analysis in our study was not
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performed. Second, eligible studies included in
our meta-analysis with common tumors were
reported, however not all tumors were incorpo-
rated. Although the relationship between HO-1
polymorphisms and cancer risk has been recent-
ly studied, only a few works actually investigat-
ed their relationship. Third, the major ethnicities
included in our study were only Caucasians and
Asians. Fourth, the studies that were included in
the meta-analysis used 3 genotyping methods,
namely, Tagman, sequencing, and PCR-RFLP. Mul-
tiple genotyping methods could have confounded
the results. Fifth, the differences in the definitions
of class S and class L (GT)n repeats may slightly
affect the relationship between the (GT)n repeat
polymorphism and cancer risk.
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