
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 

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, Pheterogeneity=0.218), 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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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 

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 22q12, 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 is an 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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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-

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 [22,32-34,36,38] investigated (GT)n repeat pol-
ymorphism, and 1 [39] investigated 413A>T poly-
morphism. Therefore, 8 articles [22,32-38] provid-

Figure 1. Flow diagram of study selection and specific reasons for exclusion in the meta-analysis.
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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 [32,36,37,39] involved Caucasians, another 4 
studies [22,34,35,38] involved Asians, and 1 study 
[33] involved mixed populations. Three genotyp-
ing methods were used: Taqman [33], sequencing 

[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 

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

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.
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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% CI: 
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 

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-

Table 3. Results of Egger’s test and Begg’s test

Polymorphisms Comparison
Egger’s test 95% CI Begg’s test

t P LCI UCI Z P

(GT)n repeat length L vs S 1.08 0.323 -2.114 5.443 1.11 0.266

LL vs SS 1.00 0.358 -2.312 5.484 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 5.485 -0.12 0.999

Recessive model 1.07 0.326 -1.752 4.476 0.62 0.536

413A>T T vs A -0.29 0.819 -37.138 35.466 <0.01 0.999

TT vs AA -0.41 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
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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 

Figure 4. Begg’s funnel plots with pseudo 95% CI for association between (GT)n repeat length polymorphism 
of HMOX-1 and cancer risk.

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

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 [23,36]. 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, Taqman, 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. 

Conclusion
Based on the available literature, the present 

study showed that the (GT)n repeat length polymor-
phism of HMOX-1 was associated with cancer risk in 
Asian populations. However, given the limitations 
of the studies included in the meta-analysis, larger 
well-designed case-control studies are necessary to 
draw comprehensive and true conclusions. 

Acknowledgments 
This study was funded by the Scientific and 

Technological Innovation Project of the Educa-
tional Commission of Guangdong Province (Grant 
No.2013KJCX0092) and the Guangdong Province 
Medical Research Foundation (Grant No. B2012280).

References 

1. Wilks A, Heinzl G. Heme oxygenation and the wid-
ening paradigm of heme degradation. Arch Biochem 
Biophys 2014;544:87-95.

2. Rivera M, Zeng Y. Heme oxygenase, steering dioxy-
gen activation toward heme hydroxylation. J Inorg 
Biochem 2005;99:337-354.

3. Shinohara T, Kaneko T, Nagashima Y et al. Adenovi-
rus-mediated transfer and overexpression of heme ox-
ygenase 1 cDNA in lungs attenuates elastase-induced 
pulmonary emphysema in mice. Hum Gene Ther 
2005:16:318-327.

4. Lee MY, Seo CS, Lee JA et al. Anti-asthmatic effects of 
Angelica dahurica against ovalbumin-induced airway 
inflammation via upregulation of heme oxygenase-1. 
Food Chem Toxicol 2011;49:829-837. 

5. Bao W, Song F, Li X et al. Plasma heme oxygenase-1 
concentration is elevated in individuals with type 2 
diabetes mellitus. PLoS One 2010;5:e12371. 

6. Zheng H, Ma HP, Wang J, Ma M. Preoperative HO-1 
levels as prognostic factor for adverse cardiac events 
in elder patients undergoing non-cardiac surgery. 
PLoS One 2013;8:e58567. 

7. Fang J, Akaike T, Maeda H. Antiapoptotic role of 
heme oxygenase (HO) and the potential of HO as a 
target in anticancer treatment. Apoptosis 2004;9:27-
35.

8. Was H, Dulak J, Jozkowicz A. A Heme oxygenase-1 
in tumor biology and therapy. Curr Drug Targets 
2010;11:1551-1570.

9. Lin CC, Yang WC, Lin SJ et al. Length polymorphism 
in heme oxygenase-1 is associated with arteriovenous 
fistula patency in hemodialysis patients. Kidney Int 
2006;69:165-172.

10. Neubauer JA, Sunderram J. Heme oxygenase-1 
and chronic hypoxia. Respir Physiol Neurobiol 
2012;184:178-185. 

11. Li XL, Cao J, Fan L et al. Genetic polymorphisms of 
HO-1 and COX-1 are associated with aspirin resist-
ance defined by light transmittance aggregation in 
Chinese Han patients. Clin Appl Thromb Hemost 
2013;19:513-521. 

12. Maxwell L, Santesso N, Tugwell PS, Wells GA, Judd 
M, Buchbinder R. Method guidelines for Cochrane 
Musculoskeletal Group systematic reviews. J Rheu-
matol 2006;33:2304-2311. 

13. Wells GA, Shea B, O’Connell D et al. The Newcas-
tle-Ottawa Scale (NOS) for assessing the quality of 
nonrandomised studies in meta-analyses. Ottawa 
Health Research Institute Web site 2012. 

14. Luo HQ, Li HJ, Yao N, Hu LR, He TP. Association be-
tween 3801T>C polymorphism of CYP1A1 and idio-
pathic male infertility risk: a systematic review and 
meta-analysis. PLoS One 2014;9:e86649.

15. Wang J, Li C, Tao H et al. Statin use and risk of lung can-
cer: a meta-analysis of observational studies and ran-
domized controlled trials. PLoS One 2013;8:e77950.

16. Thakkinstian A, McElduff P, D’Este C, Duffy D, Attia J. 
A method for meta-analysis of molecular association 



Heme oxygenase-1 polymorphisms and cancer risk1152

JBUON 2015; 20(4): 1152

studies. Stat Med 2005;24:1291-1306.

17. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ 
2003;327:557-560.

18. Mantel N, Haenszel W. Statistical aspects of the anal-
ysis of data from retrospective studies of disease. J 
Natl Cancer Inst 1959;22:719-748.

19. Rohlfs RV, Weir BS. Distributions of Hardy-Weinberg 
Equilibrium Test Statistics. Genetics 2008;180:1609-
1616.

20. Egger M, Davey SG, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. 
BMJ 1997;315:629-634.

21. Lin SC, Liu CJ, Yeh WI, Lui MT, Chang KW, Chang 
CS. Functional polymorphism in NFKB1 promoter is 
related to the risks of oral squamous cell carcinoma 
occurring on older male areca (betel) chewers. Cancer 
Lett 2006;243:47-54. 

22. Chang KW, Lee TC, Yeh WI et al. Polymorphism in 
heme oxygenase-1 (HO-1) promoter is related to the 
risk of oral squamous cell carcinoma occurring on 
male areca chewers. Br J Cancer 2004;91:1551-1555.

23. Vashist YK, Uzunoglu G, Cataldegirmen G et al. Haeme 
oxygenase-1 promoter polymorphism is an independ-
ent prognostic marker of gastrointestinal stromal tu-
mour. Histopathology 2009;54:303-308. 

24. Vashist YK, Blessmann M, Trump F et al. Microsat-
ellite GTn-repeat polymorphism in the promoter of 
heme oxygenase-1 gene is an independent predictor 
of tumor recurrence in male oral squamous cell car-
cinoma patients. J Oral Pathol Med 2008;37:480-484. 

25. Vashist YK, Uzunoglu G, Deutsch L et al. Heme ox-
ygenase-1 promoter polymorphism is a predictor of 
disease relapse in pancreatic neuroendocrine tumors. 
J Surg Res 2011;166:e121-127.

26. Was H, Dulak J, Jozkowicz A. Heme oxygenase-1 
in tumor biology and therapy. Curr Drug Targets 
2010;11:1551-1570.

27. Jozkowicz A, Was H, Dulak J. Heme oxygenase-1 in 
tumors: is it a false friend? Antioxid Redox Signal 
2007;9:2099-2117.

28. Raval CM, Lee PJ. Heme oxygenase-1 in lung disease. 
Curr Drug Targets 2010;11:1532-1540. 

29. Kikuchi A, Yamaya M, Suzuki S et al. Association of 
susceptibility to the development of lung adenocar-
cinoma with the heme oxygenase-1 gene promoter 
polymorphism. Hum Genet 2005;116:354-360. 

30. Sawa T, Mounawar M, Tatemichi M, Gilibert I, Ka-
toh T, Ohshima H. Increased risk of gastric cancer in 
Japanese subjects is associated with microsatellite 
polymorphisms in the heme oxygenase-1 and the in-
ducible nitric oxide synthase gene promoters. Cancer 
Lett 2008;269:78-84. 

31. Li Y, Ambrosone CB, McCullough MJ et al. Oxida-
tive stress-related genotypes, fruit and vegetable 
consumption and breast cancer risk. Carcinogenesis 
2009;30:777-784. 

32. Okamoto I, Krogler J, Endler G et al. A microsatellite 
polymorphism in the heme oxygenase-1 gene pro-
moter is associated with risk for melanoma. Int J Can-

cer 2006;119:1312-1315. 

33. Hong C.C, Ambrosone C.B, Ahn J et al. Genetic var-
iability in iron-related oxidative stress pathways 
(Nrf2, NQ01, NOS3, and HO-1), iron intake, and risk 
of postmenopausal breast cancer. Cancer Epidemiol 
Biomarkers Prev 2007;16:1784-1794. 

34. Lo SS, Lin SC, Wu CW et al. Heme oxygenase-1 gene 
promoter polymorphism is associated with risk of 
gastric adenocarcinoma and lymphovascular tumor 
invasion. Ann Surg Oncol 2007;14:2250-2256.

35. Hu JL, Li ZY, Liu W et al. Polymorphism in heme ox-
ygenase-1 (HO-1) promoter and alcohol are related to 
the risk of esophageal squamous cell carcinoma on 
Chinese males. Neoplasma 2010;57:86-92. 

36. Vashist YK, Uzungolu G, Kutup A et al. Heme oxy-
genase-1 germ line GTn promoter polymorphism 
is an independent prognosticator of tumor recur-
rence and survival in pancreatic cancer. J Surg Oncol 
2011;104:305-311.

37. Jiraskova A, Novotny J, Novotny L et al. Association of 
serum bilirubin and promoter variations in HMOX1 
and UGT1A1 genes with sporadic colorectal cancer. 
Int J Cancer 2012;131:1549-1555.

38. Murakami A, Fujimori Y, Yoshikawa Y et al. Heme ox-
ygenase-1 promoter polymorphism is associated with 
risk of malignant mesothelioma. Lung 2012;190:333-
337. 

39. Andersen V, Christensen J, Overvad K, Tjonneland 
A, Vogel U. Heme oxygenase-1 polymorphism is 
not associated with risk of colorectal cancer: a Dan-
ish prospective study. Eur J Gastroenterol Hepatol 
2011;23:282-285.

40. Bao W, Song F, Li X et al. Association between heme 
oxygenase-1 gene promoter polymorphisms and type 
2 diabetes mellitus: a HuGE review and meta-analy-
sis. Am J Epidemiol 2010;172:631-636.

41. Maines MD. Heme oxygenase: function, multiplici-
ty, regulatory mechanisms, and clinical applications. 
FASEB J 1988;2:2557-2568.

42. Tulis DA, Durante W, Peyton KJ, Evans AJ, Schafer AI. 
Heme oxygenase-1 attenuates vascular remodeling 
following balloon injury in rat carotid arteries. Ather-
osclerosis 2001;15:113-122.

43. Tenhunen R, Marver HS, Schmid R. Microsomal heme 
oxygenase. Characterization of the enzyme. J Biol 
Chem 1969;244:6388-6394.

44. Silverman EK, Chapman HA, Drazen JM et al. Genetic 
epidemiology of severe, early-onset chronic obstruc-
tive pulmonary disease. Risk to relatives for airflow 
obstruction and chronic bronchitis. Am J Respir Crit 
Care Med 1998;157:1770-1778.

45. Ono K, Mannami T, Iwai N. Association of a promoter 
variant of the haeme oxygenase-1 gene with hyper-
tension in women. J Hypertens 2003;21:1497-1503.

46. Baan C, Peeters A, Lemos F et al. Fundamental role for 
HO-1 in the self-protection of renal allografts. Am J 
Transplant 2004;4:811-818.

47. Denschlag D, Marculescu R, Unfried G et al. The size 
of a microsatellite polymorphism of the haeme oxy-
genase 1 gene is associated with idiopathic recurrent 



Heme oxygenase-1 polymorphisms and cancer risk 1153

JBUON 2015; 20(4):

miscarriage. Mol Hm Reprod 2004;10:211-214.

48. Kimpara T, Takeda A, Watanabe K et al. Microsatellite 
polymorphism in the human heme oxygenase-1 gene 
promoter and its application in association studies 
with Alzheimer and Parkinson disease. Hum Genet 
1997;100:145-147.

49. Maines MD, Abrahamsson PA. Expression of heme oxy-
genase-1 (HSP32) in human prostate: normal, hyperplastic, 
and tumor tissue distribution. Urology 1996;47:727-733.

50. Goodman AI, Choudhury M, da Silva JL, Schwartz-
man ML, Abraham NG. Overexpression of the heme 
oxygenase gene in renal cell carcinoma. Proc Soc Exp 
Biol Med 1997;214:54-61.

51. Gandini NA, Fermento ME, Salomón DG et al. Nuclear 
localization of heme oxygenase-1 is associated with 
tumor progression of head and neck squamous cell 
carcinomas. Exp Mol Pathol 2012;93:237-245.

52. Degese MS, Mendizabal JE, Gandini NA et al. Ex-
pression of heme oxygenase-1 in non-small cell lung 
cancer (NSCLC) and its correlation with clinical data. 
Lung Cancer 2012;77:168-175.

53. Nuhn P, Künzli BM, Hennig R et al. Heme oxygen-
ase-1 and its metabolites affect pancreatic tumor 
growth in vivo. Mol Cancer 2009;8:37.

54. Kang KA, Maeng YH, Zhang R et al. Involvement of 
heme oxygenase-1 in Korean colon cancer. Tumor 

Biol 2012;33:1031-1038.

55. Fang J, Sawa T, Akaike T et al. In vivo antitumor ac-
tivity of pegylated zinc protoporphyrin: targeted inhi-
bition of heme oxygenase in solid tumor. Cancer Res 
2003;63:3567-3574.

56. Deng R, Wang SM, Yin T et al. Inhibition of tumor 
growth and alteration of associated macrophage cell 
type by an HO-1 inhibitor in breast carcinoma-bear-
ing mice. Oncol Res 2013;20:473-482.

57. Kaneda H, Ohno M, Taguchi J et al. Heme oxygen-
ase-1 gene promoter polymorphism is associated 
with coronary artery disease in Japanese patients 
with coronary risk factors. Arterioscler Thromb Vasc 
Biol 2002;22:1680-1685.

58. Kikuchi A, Yamaya M, Suzuki S et al. Association of 
susceptibility to the development of lung adenocar-
cinoma with the heme oxygenase-1 gene promoter 
polymorphism. Hum Genet., 2005;116:354-360.

59. Chang KW, Lee TC, Yeh WI et al. Polymorphism in 
heme oxygenase-1 (HO-1) promoter is related to the 
risk of oral squamous cell carcinoma occurring on 
male areca chewers. Br J Cancer 2004;91:1551-1555.

60. Yamada N, Yamaya M, Okinaga S et al. Microsatellite 
polymorphism in the heme oxygenase-1 gene pro-
moter is associated with susceptibility to emphyse-
ma. Am J Hum Genet 2000;66:187-195.


