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Abstract

Purpose: UGT2B17 is a vital member of the UGT2 family and functions as a detoxification enzyme which catalyzes the
glucuronidation of lipophilic compounds. Accumulating evidences implicates that it may contribute to the susceptibility of
tumor risk. Identification of a UGT2B17 deletion polymorphism has attracted studies to evaluate the association between
the UGT2B17 deletion polymorphism and tumor risk in diverse populations. However, the available results are conflicting.

Methods: A meta-analysis based on 14 studies from 10 publications including 5,732 cases and 5,112 controls was
performed. Published literature from PubMed, EMBASE and Web of Science was pooled and the crude odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated to estimate the strength of the associations.

Results: Conclusively, our results indicate that individuals with a UGT2B17 deletion polymorphism were associated with
tumor risks (OR = 1.29, 95% CI = 1.03–1.63, P,0.001) in a recessive model. However, after excluding two studies for their
heterogeneity, the result then demonstrated that the UGT2B17 deletion polymorphism was not associated with tumor risks
(OR = 1.118, 95%CI = 0.938–1.332, P.0.1). A subgroup analysis based on tumor type, sex or race did not show significant
results.

Conclusion: These results suggest that the UGT2B17 deletion polymorphism is not associated with tumor risks.
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Introduction

Tumors are a multifactorial disease and have become a major

global public health burden in recent years. However, the

precise mechanism of carcinogenesis is complicated and still

remains to be identified. Studies have demonstrated that tumors

are a result of the intricate interactions between interior and

environmental factors [1], such as race, age, family history,

obesity, red and processed meat consumption, smoking and

steroid hormone levels [2]. It has been demonstrated that

enzymes may play an important role in the sensitivity to tumor

risk through their functions of detoxifying carcinogenic sub-

stances and DNA synthesis [3,4].

UDP-glucuronosyltransferases (UGTs) are a family of phase II

detoxification enzymes which catalyze the glucuronidation of

lipophilic compounds like drugs, dietary substances, tobacco toxins

and environmental xenobiotics [5–7]. Additionally, UGTs func-

tion to glucuronidate endogenous and exogenous estrogens and

androgens and then transfer them to less active compounds which

might reduce the risk of sex-related tumors, such as prostate and

breast tumor.

UGT2B17 is a vital member of the UGT2 family and it is

ubiquitously expressed in hepatic tissues as well as kidney, skin,

lung, breast, uterine, and prostate. Studies have showed that

UGT2B17 may contribute to the progress of chronic lymphatic

leukemia and has an impact on antineoplastic drug metabolism in

tumor cells [8]. The human UGT2B17 genes are clustered on

chromosome 4q13 and have a high level of cDNA and amino acid

sequence homology with other UGT2B enzymes [9,10]. Previous

studies have demonstrated a 150-kb deletion polymorphism that

spans the whole UGT2B17 gene [11,12]. This polymorphism was

found to significantly reduce the glucuronidation rates of several

endogenous compounds in human liver microsomes [13].

Recently, genetic data has shown that the deletion polymorphism

in UGT2B17 is involved in the etiology of various tumors. An

individuals’ susceptibility to breast, lung, or prostate tumors might
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be associated with the UGT2B17 null genotype, which does not

express protein [14].

A number of studies have been done to elucidate the possible

association between the UGT2B17 null genotype and risks for

different types of tumor in diverse populations, such as prostate

tumors [15–20], lung tumors [10,21], breast tumors [22], and

colorectal tumors [23]. However, the results are inconclusive. Due

to the imperative role of the UGT2B17 deletion polymorphism in

the carcinogenic process, we executed a meta-analysis on all

accessible case-control studies to estimate the overall tumor risk

associated with the polymorphism and to measure the potential

between-study heterogeneity.

Materials and Methods

Identification of Relevant Studies
A comprehensive search of PubMed, EMBASE and Web of

Science was conducted for relevant studies on the association

between the UGT2B17 null genotype and tumor susceptibility,

covering all the papers published through October 15th, 2013.

Publications were identified using the following search terms:

‘‘Uridine diphosphoglucuronosyl transferases 2B17’’, ‘‘UGT2B17

polymorphism’’, ‘‘UGT2B17 deletion’’, ‘‘tumor’’ or ‘‘carcinoma’’.

Additional literature was collected from a hand search from the

references of original studies identified or review articles. No

language restrictions were imposed. Only the latest or more

comprehensive sample size was included if the studies had

overlapping subjects. Studies chosen had to meet the following

inclusion criteria: (1) a case-control design and (2) contain available

genotype frequency. The major exclusion criterion was duplicates

of previous publications.

Data extraction
Two reviewers independently extracted the data and reached

a consensus on all items. The following information was

obtained from each publication: author’s first name, publication

year, gender, tumor type, country of origin, ethnicity, number

of cases and controls, source of control groups (population-based

or hospital-based) and genotyping methods. The ethnic descents

were classified as European, African, Asian and mixed. In four

of the studies the data was presented as ‘‘Ins/Ins+ Ins/Del’’,

without the data for all three genotypes [15,17,19,22]. In

addition, the OR was calculated for the recessive model with

statistical analysis.

Statistical analysis
Hardy-Weinberg equilibrium (HWE) was evaluated using the

goodness-of-fit chi-square test and a p,0.05 was regarded to have

a significantly selective bias [24]. Odds ratios (ORs) with 95%

confidence intervals (CIs) were used to evaluate the strength of the

association between the UGT2B17 null genotype and tumor risk. A

significantly increased or reduced tumor risk was defined as having

a 95% CI without one for OR. The fixed-effects and random-

effects models are based on the Mantel-Haenszel method, and the

DerSimonian and Laird methods were respectively utilized to pool

the data [25]. However, the random-effects model is more

appropriate for one of the studies [19] that contains a much

larger sample size than others studies and there was significant

Figure 1. Flowchart of literature search and selection. A total of 14 studies from 10 published articles were identified in this meta-analysis.
doi:10.1371/journal.pone.0096812.g001
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heterogeneity (P,0.001). First, the risks of the Del/Del and Ins/

Del genotypes on tumors versus the wild-type Ins/Ins homozygote

and (Ins/Del+ Del/Del) versus Ins/Ins from the data acquired was

estimated. Next, the risks of the Del/Del versus (Ins/Ins+ Ins/Del)

from all the pooled studies was estimated, assuming recessive

effects of the UGT2B17 Del polymorphism. Stratified analyses

were performed in accordance with sex, tumor type and ethnicity.

Heterogeneity between the studies was calculated with the x2-

based Q test and P,0.05 was considered significant [26]. The

presence of publication bias was examined using Begg’s funnel plot

and the Egger’s linear regression test and P,0.05 was considered

significant [27]. All analyses were performed with Stata software

(version 11.0; StataCorp LP, College Station, TX) with two-sided

P values.

Results

Characteristics of accessible studies
The analysis included 14 studies from 10 publications on

UGT2B17 deletion polymorphism and tumor risk, including 5,732

cases and 5,112 controls, (Table 1). The flowchart of selection is

shown in Figure 1. All studies were case-control studies with the

following tumor type distribution: seven prostate tumor, four lung

tumor, two colorectal tumor and one breast tumor. Ten of the

studies were conducted in men and the reaming was conducted in

on women. Eleven studies investigated the risks in populations of

European descent and the other three studies investigated

populations of African, Asian and mixed descents. Two genotyp-

ing methods were used: PCR-RFLP and Taqman. The controls

used in eight of the studies were the healthy population, and

patients hospitalized for reasons other than tumor in six of the

studies. DNA was extracted from whole blood was used in thirteen

of the studies and one study used DNA extracted from both blood

and paraffin-embedded tissues. Tumors were confirmed histolog-

ically or pathologically in all studies. The distribution of the

genotypes in the controls in the studies was in agreement with the

HWE except for in five of the studies did not provide data for all

three genotypes [15,17,19,22].

Quantitative synthesis
When the eligible studies had data for all three genotypes,

they were pooled for the meta-analysis. The results showed

there was no association between the variant genotypes and

tumor risk in all three models (Ins/Ins versus Del/Del, Ins/Del

versus Del/Del and the dominant model) (Table 2). In addition,

the analysis failed to find any significant results on tumor risk

according to specific tumor type, gender, or different control

sources. Next, the effects of the recessive model was evaluated

and the data demonstrated that individuals with the Del/Del

genotype were associated with a statistically significant declined

tumor risk (OR = 1.29, 95% CI = 1.03–1.63, P,0.001 for

heterogeneity test). In a subgroup analysis on the source of

control material, there was a significantly decreased risk in the

hospital-based control group (OR = 1.46, 95% CI = 1.06–2.01,

P.0.1 for heterogeneity test) using the recessive model.

Nevertheless, the exclusion of two studies for their heterogeneity

[15,22] did not reveal an association between the UGT2B17

Figure 2. Forest plot of tumor risk for Del/Del versus Ins/Ins+Ins/Del. The squares and horizontal lines correspond to the study specific OR
and 95% CI. The area of the squares reflects the study specific weight (inverse of the variance). The diamond represents the summary OR and 95% CI.
OR, odds ratio; CI, confidence interval; I2, measure to quantify the degree of heterogeneity in the meta-analysis.
doi:10.1371/journal.pone.0096812.g002
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null genotype and tumor risk (OR = 1.12, 95% CI = 0.94–1.33,

P.0.1 for heterogeneity test) (Figure 2) (Table 3).

Test of heterogeneity
Heterogeneity between studies was observed in the overall

comparisons as well as in the subgroup analyses. There was

significant heterogeneity in recessive genetic model (P,0.001).

Meta-regression was utilized to evaluate the source of heteroge-

neity in the recessive model for gender (male or female) (P = 0.34),

tumor type (lung tumor, prostate tumor, colorectal tumor or breast

tumor) (P = 0.66), material (blood or mixed) (P = 0.02), control

source (population-based or hospital based) (P = 0.43) and

ethnicity (European, Asian, African and mixed) (P = 0.06). The

results show that the material used for DNA extraction and the

ethnicity did contribute to substantial altered heterogeneity. Next,

a Galbraith radial plot was performed to delineate which study

was the cause of the heterogeneity (Figure 3). After the elimination

of one study [22], the results interestingly exhibited that the source

of the control material prominently contributed to the heteroge-

neity of the present analysis (P = 0.01). Again, the Galbraith radial

plot was utilized to identify another heterogeneous study, the Park

et al. study, based on a European population, contributed to the

heterogeneity.

Sensitivity analysis
Sensitivity analysis was performed to distinguish each study’s

influence on the pooled OR by repeating the meta-analysis

while omitting each study one at a time [28]. The results

demonstrated that no individual study significantly affected the

pooled OR, indicating our results are reliable and robust

(Figure 4). Furthermore, when the studies that did not have

data for all three genotypes were excluded from the analysis, the

estimated pool OR still did not change significantly.

Publication bias
Begg’s funnel plot and Egger’s test were performed to assess the

publication bias and the results are shown in Figure 5. The results

of the funnel plots did not show any evidence of obvious

asymmetry (t = 1.07, P = 0.31 for recessive model).

Discussion

It has been suggested that glucuronidation is a major

detoxification pathway for compounds like bilirubin and steroid

hormones, as well as xenobiotics, including alcohol, and

environmental carcinogens. During tumorigenesis progression,

UGT2B17 acts as a catalyzer to transfer glucuronic acid from

UDPGA into endogenous and exogenous molecules. Altered

expression of the UGT2B17 protein is mediated by its gene

deletion polymorphism, and has been shown to be relevant to

carcinogenesis. Correlations between the UGT2B17 deletion

polymorphism and tumors have attracted the attention in the

research community. Park et al. [17] found that the UGT2B17

null polymorphisms may modify the risk of prostate tumor,

particularly among those who have a family history of the

disease. Interestingly, Carla et al. found significant differences in

women but not in men, especially susceptibility for lung

adenocarcinoma, which may be explained by its decreased

rates of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butano (NNAL)

glucuronidation in women. However, a study conducted by

Gallagher et al. demonstrated that there was no association

between the UGT2B17 deletion polymorphism and risk of

prostate tumor in Caucasian men.

In general, the results depicting the association between the

UGT2B17 deletion polymorphism and tumor risk remains

conflicting and inconclusive. These conflicting findings may be

a result of the small effect of the UGT2B17 deletion

polymorphism on tumor risk, or the low statistical power in

the published studies. Therefore, the meta-analysis presented

Table 3. Summary OR of the UGT2B17 null genotype and tumor risk after the elimination of the two studies by Ebraham et al. and
Park et al.

Comparisons Cases/control Recessive model (Del/Del versus Ins/Ins+Ins/Del)a P*

Total 12 5203/4542 1.118(0.938–1.332) 0.136

Sex

Male 9 4626/3830 1.112(0.901–1.372) 0.092

Female 3 577/712 1.172(0.817–1.682) 0.324

Tumortype

Lung tumor 4 851/1146 1.191(0.864–1.640) 0.290

Prostate tumor 6 3746/2823 1.229(0.922–1.638) 0.082

Colorectal tumor 2 606/573 0.851(0.612–1.183) 0.800

Source of control

Hospital 5 1064/1151 1.367(0.933–2.002) 0.119

Population 7 4139/3391 1.019(0.875–1.186) 0.399

Ethnicity

European 10 4845/4154 1.057(0.883–1.265) 0.047

African 1 113/115 1.458(0.692–3.073)

Mixed 1 246/273 1.620(0.996–2.636)

Bold-faced values indicate significant difference.
*P value of Q test for heterogeneity.
aRandom-effects model was used when P value for heterogeneity test ,0.1; otherwise, fixed-effects model was used.
doi:10.1371/journal.pone.0096812.t003
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herein, including 5,733 cases and 5,112 controls from 14 case-

control studies, provides little evidence of an association

between the UG2B17 deletion polymorphism and tumor risk.

The findings of the meta-analysis are unclear; when all the

studies in the analysis, a small but significant decrease of tumor

risk were reported in the recessive model, but with great

heterogeneity. The other three models did not show positive

effects of tumor risk reduction. When stratified by the source of

control material, meaningful results were only observed in the

hospital-based controls with OR = 1.46, 95% = 1.06–2.01 and

P = 0.11. Recent studies indicate that men exhibited a 4-fold

higher UGT2B17 expression level than women, and these

findings are indicate that this increase gene expression may play

a greater role in reducing tumor risks in men than in women.

By contrast, our analysis found out that this polymorphism did

not have any gender-specific effects on tumor risks (P = 1.19,

95%CI = 0.95–1.48 for men and P = 1.53, 95%CI = 0.85–2.75

for women).

Although, the results did report some possible links in tumors,

the positive results were only slightly more significant than what

Figure 3. Galbraith radial plot for Del/Del versus Ins/Ins+Ins/Del. (A). The figure shows the contribution of individual studies to the
heterogeneity and a study by Ebraham et al was found to be the cause of the heterogeneity. (B). After the exclusion of the study by Ebraham et al,
the result of the contribution of individual studies to the heterogeneity.
doi:10.1371/journal.pone.0096812.g003
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would be found by chance. Several studies had merit and

deserve individual mention. Owing to the limitations of the

genotyping methods utilized in the early published studies, the

heterozygous (Del/Ins) and homozygous (Ins/Ins) UGT2B17

genotypes could not be distinguished [15,17,19,22]. Nonetheless,

these studies claim that a difference was observed when

comparing individuals with at least one UGT2B17 allele to

those with UGT2B17 homozygous deletions [13,29]. As a result,

the precise function of the UGT2B17 deletion polymorphism has

tumor risk could not be revealed using the recessive model.

I2 values were used to demonstrate heterogeneity and great

heterogeneity was observed with the recessive model

(I2 = 67.3%), which indicates that our meta-analysis may be

inaccurate. The heterogeneity may emanate from various

factors, such as population characteristic diversities, DNA

extraction materials used and differences in controls. Tumor

cells typically lose heterozygosity [30], and it has been

hypothesized that they regularly affect the proline allele in

squamous cell carcinomas [31]. Likewise, loss of heterozygosity

has also been found in exfoliated cells [32]. Accordingly, DNA

extracted from whole blood cells should be used for detecting

genetic polymorphisms rather than tumor issue. One study that

extracted DNA both from blood and paraffin-embedded tissue

specimens showed an association between the UGT2B17 null

genotype and breast tumors [22]. Moreover, we conducted a

meta-regression (Pmaterial = 0.02) and Galbraith radial plots

(Figure 3A) to discover the source of heterogeneity. The results

show that this study is a key spring of the analysis’s

heterogeneity. Thus, we excluded this research and the I2 value

was measured again. The results remained the same with

I2 = 44% and the Psource of control = 0.084 when meta-regression was

conducted, which meant heterogeneity still existed.

To sort out the possible causes of heterogeneity, the control

selection procedures in the pooled studies were taken into

consideration. The results show that the source of control will

affect the meta-analysis [33]. Different control sources may

impact the conclusion of our study through the case-control

comparison procedure [34]. Some of the pooled studies utilized

a healthy population as the reference group, while others used

hospitalized patients. Hospital-based controls may not correlate

well with the general population, especially when the explored

genotypes were involved in the disease conditions [35].

Therefore, we performed a subgroup analysis by control sources

to eliminate the interference from this factor. When all the

studies were used in the analysis, we found positive results in

the hospital-based controls but not among the population-based

controls (P = 1.46, 95%CI = 0.85–2.75). Following exclusion of

the breast tumor study [22] and one heterogeneous study [15],

a large heterogeneity was noted among the hospital-based

controls (Figure 3B). A possible explanation for this result is that

Figure 4. Influence analysis for the recessive model in the overall meta-analysis. The figure shows the influence of individual studies on
the summary OR.
doi:10.1371/journal.pone.0096812.g004

Figure 5. Begg’s funnel plot of publication bias test. Each point
represents an isolated study for the indicated association. Log (OR):
natural logarithm of OR. Horizontal line mean effect size.
doi:10.1371/journal.pone.0096812.g005
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the UGT2B17 polymorphism may influence the susceptibility to

non-tumor diseases, so its genotype frequency possibly differed

between the hospital-based and population-based controls.

Proper population-based control subjects may reduce the biases

in the genetic association studies rather than the hospital

controls which could be relatively easier and more economical

to recruit. The results presented herein are more reliable when

two studies were excluded for homogeneity [15,22]. In

conclusion, our meta-analysis did not demonstrate a significant

role of the UGT2B17 deletion polymorphism and tumor

susceptibility (OR = 1.118, 95%CI = 0.938–1.332, P.0.1).

To the best of our knowledge this is the first meta-analysis

that did a comprehensive assessment of the relationship between

the UGT2B17 deletion polymorphism and the risk of tumor.

Neither a total analysis, nor a stratified investigation, demon-

strated a significant association with susceptibility to tumor;

which means the UGT2B17 deletion polymorphism may have

no role in tumor vulnerability. However, because of the

relatively small sample sizes and the inadequate numbers of

studies, the results need to be further validated and confirmed.

Our analysis had other limitations.: First, our results were based

on an unadjusted estimated, a more precise analysis would have

been conducted if more detailed individual data were available

which could have been adjusted for age or gender Second, only

studies with full text from English databases were selected, and

this may have led to publication. Third, the majority studies

used were investigations in Europeans. However, our meta-

analysis also had some merits. When two studies were excluded

from the analysis, the homogeneity of pooled studies was

maintained, which guaranteed reliability of our analysis.

Additionally, no differences in tumor susceptibility between

men and women have been discovered and it might be worth

to note that sex hormones may contribute to the tumor in other

ways.

Conclusion

This study reveals no significant association between the

UGT2B17 deletion polymorphism and tumor risk. Moreover, it

would be interesting to extend the investigation to a wider range of

human populations which may result in a better, comprehensive

understanding of the association.
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