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Background: Genome-wide association studies have identified rs6465657 polymorphism at 

chromosome 17q25.3 as a new prostate cancer (PCa) susceptibility locus in people of European 

descent. However, subsequent replication studies have yielded inconsistent results among 

different ethnicities. In this study, a comprehensive meta-analysis was conducted to systemati-

cally evaluate the relationship between rs6465657 polymorphism and PCa risk.

Methods: All the articles involved were identified from PubMed, EMBASE, Web of Science, 

EBSCO databases, and Google Scholar before December 2015. The odds ratios (ORs) with cor-

responding 95% confidence internals (95% CIs) were pooled under the allele model. Fourteen 

eligible articles with 19 studies were finally included.

Results: In the overall population, the 17q25.3-rs6465657C allele was found to be significantly 

associated with increased risk of PCa compared to the T allele (OR =1.097; 95% CI: 1.061–1.134; 

P0.001). In the subgroup analysis stratified by ethnicity, significantly increased risk was found 

in the Caucasian population (OR =1.120; 95% CI: 1.078–1.162; P0.001), while the difference 

of OR did not reach the statistical significance in the Asian or African-American population. The 

analyses of sensitivity indicated the robust stability of the results, and the Begg’s and Egger’s 

test indicated that no publication bias existed.

Conclusion: The current meta-analysis suggested that the 17q25.3-rs6465657 polymorphism 

could be associated with PCa susceptibility, especially in the Caucasians, while this association 

might be different in other ethnicities.
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Introduction
Prostate cancer (PCa) is the most common solid neoplasm among men in Western 

countries and is the sixth leading cause of cancer death in males around the world. It was 

reported that more than 14 million new cases of PCa and approximately 8.2 million 

cancer deaths due to PCa occurred in 2012 worldwide.1,2 The pathogenesis of PCa has 

not been elucidated yet, but it is generally considered to be caused by both environ-

mental and genetic factors.3 Family history is acknowledged to be one of the strong 

risk factors, and about a twofold increased risk for PCa incidence is observed among 

patients who have a first-degree relative with PCa.4 Lichtenstein et al5 reported that 

approximately 42% of variation underlying prostate cancer liability in a Nordic twin 

cohort could be explained by genetic factors. Despite this, family and twin studies 

have not identified reproducible susceptibility loci associated with PCa risk, suggesting 

that predisposition was likely mediated through a combination of multiple, common 

low-penetrance genetic variants.6
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To identify the common genetic variants of PCa, large-

scale genome-wide association studies (GWAS) have been 

conducted that reported a series of common PCa susceptibility 

genes in the Caucasian population, such as THADA, ITGA6, 

MDM4, MSMB, LMTK2, and KLK3.4,7,8 Among these, the 

expression level of LMTK2 (lemur tyrosine kinase 2L) mRNA 

in PCa tissue was found to be significantly lower than that in 

nonmalignant tissues. It has been suggested that the down-

regulation of LMTK2 might contribute to PCa formation.9  

A single-nucleotide polymorphism (SNP) rs6465657 TC in 

the intron 9 of LMTK2 at chromosome 7q21.3, which was ini-

tially identified by Eeles et al7 in a GWAS study, was reported 

to be associated with PCa risk. Although several subsequent 

replication studies have been performed to confirm this rela-

tionship, the results remain controversial. Lindstrom et al10 

and Lange et al11 identified strong evidence of the association 

between rs6465657C and PCa risk in the US population, and 

the study performed by Kote-Jarai et al12 in a multiethnic 

population supported this conclusion; however, the other 

studies reported weak or no statistically significant association 

between 17q25.3-rs6465657C and PCa susceptibility.7,13–22

To our knowledge, only one meta-analysis studied the 

relationship between rs6465657 polymorphism and PCa 

risk, and this showed no evidence of this association as it 

was restricted by a relatively small sample size.23 In addition, 

cumulative meta-analysis, Egger’s regression, and sensitivity 

analyses were not carried out in the previous meta-analysis. 

Owing to the fact that more studies have been conducted to 

verify the susceptibility of rs6465657C to PCa among dif-

ferent ethnic populations recently, there is a need to derive 

a more precise evaluation of this relationship. Therefore, 

we performed an updated comprehensive meta-analysis 

to reassess the association between the 7q21.3-rs6465657 

polymorphism and PCa susceptibility.

Materials and methods
Literature search strategy
To obtain all relevant articles that had investigated the asso-

ciation between the polymorphism of rs6465657 and PCa 

risk, we carried out a systematic search of publications using 

PubMed, EMBASE, EBSCO, and Web of Science databases 

and Google Scholar before April 2015, without language 

restriction. The search query combined the following terms 

of “17q25.3 or 17q25 or rs6465657 or LMTK2” and “prostate 

cancer* or PCa or prostatic cancer or prostatic carcinoma”. 

The references listed from the reviews and relevant studies 

were also scrutinized to find additional articles related to 

the topic under consideration. Two investigators retrieved 

studies in duplicate independently.

Inclusion and exclusion criteria
The inclusion criteria adopted for the current meta-analysis 

were as follows: 1) studies evaluating the association 

between the SNP rs6465657 TC and PCa risk; 2) case-

control or cohort studies; 3) humans studies; 4) studies 

with PCa diagnosis criteria based on histopathology; and 

5) studies providing sufficient published data to calculate 

odds ratios (ORs) and the corresponding 95% confidence 

intervals (95% CIs).

The major reasons for exclusion were the following: 

1) case-only studies; 2) family-based studies; 3) reviews, 

comments, meeting abstracts, meta-analyses; 4) duplicate 

studies, if more than one article with the same data was 

published, the study with the full-scale data was adopted in 

this meta-analysis; 5) studies of relationships between other 

susceptibility loci and PCa incidence; and 6) deviation from 

Hardy–Weinberg equilibrium in controls.

Assessment of study quality
The Newcastle–Ottawa scale (NOS) was adopted to evaluate the 

quality of the involved articles, which contained three criteria: 

selection, comparability, and exposure. The scores of NOS 

range from zero to nine. Studies with a score 5 are considered 

to be high quality.24 In case of any discrepancies, an agreement 

was reached by discussion among all investigators.

Data extraction
Two investigators (Xiao Jiang and Xiao-Yan Bai) reviewed 

and extracted data from all the eligible articles independently. 

For each study, the variables were gathered as follows: the 

first author, year of publication, country, ethnicity of the 

participants, genotyping method, source of controls, age, 

and number of cases and controls. If one article contained 

two or more case–control groups, they were considered as 

two or more independent studies.

Statistical analysis methods
The frequency of 17q25.3-rs6465657C allele was calcu-

lated in the control group of each study.25 The prevalence 

rates of the C allele obtained from the individual studies 

were pooled together in the overall population or in various 

ethnic populations using the random-effects model when 

heterogeneity existed.

The association between rs6465657 polymorphism and 

susceptibility to PCa was assessed by OR and the correspond-

ing 95% CI for each study. The significance of the pooled 

OR was examined by the Z-test. A P-value less than 0.05 was 

considered to be statistically significant. We also performed 

the subgroup analysis according to ethnicity.
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Heterogeneity of the eligible studies was evaluated by 

the Cochran’s Q statistical test, with significance set at the 

level of P0.1.26 The I2 index, expressed as a percentage, 

quantified the degree of heterogeneity: 0%–25%, no het-

erogeneity; 25%–50%, moderate heterogeneity; 50%–75%, 

large heterogeneity; and 75%–100%, extremely large 

heterogeneity. When the heterogeneity was negligible, 

the fixed-effects model was employed to pool the ORs of the 

involved studies (Mantel–Haenszel method);27 otherwise, 

the random-effects model (DerSimonian–Laird method)28 

was used. In case of heterogeneity, meta-regression analysis 

was performed to determine the source of heterogeneity. 

The year of publication, the ethnicity (Caucasian, Asian, or 

African-American), source of controls, genotyping method, 

and sample size (defined as sample size less than 500 cases, 

or more than 500 cases) were chosen as common variables 

which might be correlated to heterogeneity,25,29 assessed by 

meta regression, and P0.05 was considered to be statisti-

cal difference.

Sensitivity analysis was conducted to evaluate the stabil-

ity of the results by removing each individual study in turn 

and recalculating the ORs and corresponding 95% CIs.30 

Cumulative meta-analysis was then performed to estimate 

the trend of the pooled OR for rs6465657 polymorphism and 

PCa susceptibility sorted by sample size.

The Begg’s funnel plot31 and the Egger’s regression32 

were applied to evaluate publication bias among the involved 

articles, with P0.05 being considered as significant publi-

cation bias. STATA software, version 12.0 (Stata Corpora-

tion, College Station, TX, USA) was used to conduct all the 

statistical analyses.

Results
Characteristics of the included studies
A total of 136 articles were originally obtained from PubMed, 

EMBASE, EBSCO, Web of Science databases, and Google 

Scholar based on the keyword search, and two articles were 

also obtained from review articles.33,34 Eighty-three articles 

were left after removing the duplicates. After excluding 

reviews, comments, meta-analyses, and meeting abstracts, as 

well as the obviously irrelevant articles by scanning the titles 

and abstracts, 29 articles were retained, which potentially 

studied the association between rs6465657 polymorphism 

and PCa risk. However, nine articles that did not study 

this exact topic after reading the full text of the articles, 

three studies which did not provide ORs and corresponding 

95% CIs,33,35,36 together with two family-based studies37,38 

were also excluded. Finally, 14 eligible articles,7,10–21,22 

providing 19 case–control studies with 41,755 patients and 

78,967 controls were included in the current meta-analysis. 

The systematic search and selection process for the asso-

ciation between rs6465657C and susceptibility to PCa is 

displayed in Figure 1.

The sample size of the included studies varied from 221 

to 37,082. The related ethnicities of the study subjects were 

Caucasian (n=9), Asian (n=5), African-American (n=2), and 

multiethnicity (n=3). All the articles involved in the current 

meta-analysis were of high quality owing to the fact that the 

score of each article based on NOS assessment was higher 

than 5 points. The main characteristics of the included studies 

are summarized in Table 1, and the scores of NOS among 

the eligible articles are listed in Table 2.

Frequency of 17q25.3-rs6465657C allele 
in the controls
The C allele of rs6465657 was chosen as the putative risk 

allele, and its frequency varied widely in the controls among 

different ethnicities. In the overall control population, the 

frequency of C allele was 63.3% (95% CI: 56.1%–70.4%) 

with the random-effects model, and heterogeneity was 

obviously present (P0.001, I2=99.7%). For Caucasian 

controls, the frequency of C allele was 45.5% (95% CI: 

43.7%–47.2%), which was lower than that in Asian controls 

(87.9%; 95% CI: 85.9%–89.9%) and African-American 

controls (85.4%; 95% CI: 83.3%–87.7%). The heterogeneity 

was significant in Caucasian (P0.001, I2=93.0%) and Asian 

controls (P0.05, I2=62.1%), whereas no heterogeneity was 

detected in African-American controls (P0.05, I2=0.0%; 

Figure 2).

Association between 17q25.3-rs6465657 
polymorphism and PCa risk
The C variant of 17q25.3-rs6465657 was found to be a risk 

factor for PCa susceptibility compared to the T allele under 

the allele model according to the overall OR (OR =1.097; 

95% CI: 1.061–1.134; P=0.000) with the random-effects 

model due to significant heterogeneity among studies. 

Furthermore, in the subgroup analysis stratified by ethnicity, 

significant association between rs6465657 polymorphism 

and PCa risk was observed restricted to Caucasian popula-

tion (OR =1.120; 95% CI: 1.078–1.162; P=0.000), while 

no associations were found in Asian and African-American 

populations (P0.05; Figure 3). The main results of this 

pooled analysis are listed in Table 3.

Heterogeneity and sensitivity analyses
As shown previously, the rs6465657 polymorphism 

significantly associated with the increased risk of PCa in 
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the overall and Caucasian populations under the allele 

model. Meanwhile, significant heterogeneity also came into 

play. The values of Q were 33.33 (I2=46.0; P0.05) in the 

overall population, 16.41 (I2=51.3; P0.05) in Caucasians, 

3.49 (I2=0; P0.05) in Asians, and 3.25 (I2=69.3; P0.05) 

in African-Americans, respectively. We performed a meta-

regression to determine the source of the heterogeneity in 

common variables. However, the year of publication, the 

ethnicity (Caucasian, Asian, or African-American), source 

of controls, genotyping method, and sample size (defined 

as sample size less than 500 cases, or more than 500 cases) 

were not correlated with heterogeneity (P0.05) based on 

statistical difference by using the random-effects model.

Sensitivity analysis was conducted to estimate the stabil-

ity of the pooled ORs by omitting one study each time. The 

results confirmed that the significant association between 

the rs6465657 polymorphism and the PCa risk was stable in 

the overall (ORs ranged from 1.091 [95% CI: 1.063–1.119] 

to 1.106 [95% CI: 1.070–1.142]; Figure 4A) and Caucasian 

populations (ORs ranged from 1.103 [95% CI: 1.079–1.130] 

to 1.124 [95% CI: 1.079–1.170]; Figure 4B).

Cumulative meta-analysis
The cumulative meta-analysis revealed the trend of the asso-

ciation between rs6465657 polymorphism and PCa suscepti-

bility under the allele model. With the sample size increasing, 

the pooled results reached statistical significance and the 

95% CIs narrowed down. It has been suggested that the 

results tended to be stabilized and reliable in both the overall 

(Figure S1A) and Caucasian populations (Figure S1B).

Publication bias
Begg’s funnel plot and Egger’s regression were conducted to 

evaluate the publication bias of the literature included in this 

meta-analysis. The shape of the Begg’s test appeared sym-

metrical, indicating that no statistically significant evidence 

Figure 1 Flow diagram of meta-analysis for exclusion or inclusion of individual articles.

Total articles identified
(n=136)

Articles screened (n=83)

Articles selected based on
abstract and title (n=29)

Articles included in this
meta-analysis (n=14)

Duplicates removed (n=53)

Articles excluded by screening the titles
and abstracts (n=54), with reasons:
Meta-analysis (n=4)
Review (n=4)
Meeting abstracts (n=2)
Obviously irrelevant (n=44)

Full-text articles excluded (n=15), with reasons:
Not relevant to the rs6465657 Polymorphism
and Prostate Cancer Risk (n=10)
Did not provide odds ratios and corresponding
95% confidence intervals (n=3)
Family-based association study (n=2)

Articles identified through database
searching up to April 2015 (n=134)

Additional articles identified
through review articles (n=2)
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of publication bias was detected among the overall (z=1.15, 

P0.05; Figure S2A) or the Caucasian populations (z=0.21, 

P0.05; Figure S2B). Egger’s test provided consistent 

results in the overall (t=-1.48, P0.05; Figure S2C) and the 

Caucasian populations (t=0.34, P0.05; Figure S2D).

Discussion
PCa, the most commonly diagnosed cancer in males, is 

the second leading cause of cancer death among men in 

developed countries.2 Strong evidence from familial and 

epidemiologic studies supports the genetic predisposition to 

PCa,39 giving rise to the need for more studies to identify the 

full genetic profile of PCa. However, genetic predisposition 

to PCa rarely corresponds to a high-penetrance Mendelian 

pattern of inheritance.

Recent GWAS studies identified multiple common 

genetic variants associated with PCa risk. To date, 77 sus-

ceptibility loci for PCa have been verified, and most of the 

loci were found in people of European descent.4 Among these 

loci, a SNP, rs6465657 was first demonstrated to be related 

to the increased risk of PCa in a GWAS study.7 Since then, 

the association between the 17q25.3-rs6465657 polymor-

phism and PCa susceptibility was evaluated independently 

by replication studies in Caucasians and other ethnicities, 

but consistent results have not been obtained.

Only one meta-analysis studying the association between 

the rs6465657 polymorphism and PCa risk has been published 

so far.23 It was based on the analysis of six articles7,10,13,14,16,17 

involving 12 case–control studies. However, 14 articles pro-

viding 19 studies were obtained in the current meta-analysis, 

and the sample size increased from 66,901 to 120,722. 

In addition, the relationship between rs6465657C and PCa 

risk did not reach statistical significance in the previous 

analysis due to the restriction of the sample size. Therefore, 

it was necessary for us to conduct an updated meta-analysis 

to reassess this association with more studies and subjects. 

In the present analysis, sensitivity analysis, Egger’s test, and 

cumulative meta-analysis were also carried out to estimate the 

stability of the results. These aforementioned methods were 

not taken into consideration in the previous meta-analysis.23

In the analysis of the prevalence of C allele, the risk 

allele frequencies of controls varied wildly in different 

ethnicities; it was 45.6% in Caucasians, 87.9% in Asians, 

and 85.7% in African-Americans, respectively. This could 

be explained by the limited number of studies in Asians and 

African-Americans, which might not reflect the facticity 

about the prevalence rate of the risk allele. Furthermore, 

some important environmental factors such as lifestyle and T
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diet might have an impact on the risk allele prevalence among 

different populations.

The current meta-analysis is the most comprehensive 

one evaluating the association between 17q25.3-rs6465657 

polymorphism and PCa susceptibility. The overall analysis 

suggested that the C allele of rs6465657 significantly associ-

ated with the increased risk of PCa. In the subgroup analysis 

stratified by ethnicity, the rs6465657C showed a positive 

association with PCa risk in Caucasians, whereas the asso-

ciation in Asian and African-American populations did not 

reach statistical significance. Some possible reasons may be 

responsible for the results. First, due to the limited sample 

size in people of Asian and African-American descents, the 

eligible studies did not have sufficient statistical power to 

detect a slight effect of the risk allele on the susceptibility of 

PCa. Second, if the C allele is an extremely common genetic 

variant in Asians and Africans, it is implied that the variation 

in this locus might not be a risk factor, but a universal SNP 

that exists in these two ethnicities. Third, both the genetic 

background and the environmental factors may contribute to 

the different effects of the risk allele on the occurrence of PCa 

among different populations, which may explain the opposite 

results observed between Caucasians and other populations 

to some extent. Given these potential reasons described, we 

thought that the rs6465657C was probably associated with 

occurrence of PCa, especially in Caucasians, while this 

association varies in other ethnic populations.

Cumulative analysis showed that the 95% CI narrowed 

down with the increase of the sample size, which demon-

strated that the effect of rs6465657C allele on PCa risk was 

more potent when the number of study subjects was increased 

in this meta-analysis. In addition, sensitivity analysis and 

publication bias analysis indicated the robust stability of 

our results.

The rs6465657 polymorphism at chromosome 7q21.3 is 

found in 9 intron of LMTK2. The protein encoded by LMTK2 

Figure 2 Frequencies of the C risk allele of 17q25.3-rs6465657 among controls stratified by ethnicity.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; RAF, risk allele frequency.
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gene is a tyrosine kinase belonging to the lemur membrane 

associated kinase family40 and is reported to be involved in 

PCa.41 Recently, a study conducted by Harries et al9 suggested 

a 68% reduction in the expression of the LMTK2 gene in 

PCa tissue in contrast to nonmalignant samples. Puri et al42 

have revealed that LMTK2 may interact with myosin IV,  

and this protein has been identified to regulate prostate 

specific antigen (PSA) and vascular endothelial growth factor 

(VEGF) which are related to tumorigenesis. It has also been  

Figure 3 Forest plot for association of 17q25.3-rs6465657 polymorphism and PCa risk.
Note: Weights are from random-effects analysis.
Abbreviations: OR, odds ratio; CI, confidence interval; PCa, prostate cancer.

Table 3 Results of meta-analysis for 17q25.3-rs6465657 polymorphism with PCa risk

Total and  
subgroups

Number  
of studies

Sample sizes Test of heterogeneity Test of association

Patients Controls Q P-value I2 (%) OR 95% CI Z P-value

Total 19 41,755 78,967 33.33 0.02 46.0 1.097 1.061–1.134 5.44 0.000
Ethnicity

Caucasian 9 30,088 68,286 16.41 0.04 51.3 1.120 1.078–1.162 5.91 0.000
Asian 5 2,268 3,382 3.49 0.48 0.0 1.036 0.922–1.165 0.6 0.550
African-American 2 1,314 876 3.25 0.07 69.3 1.072 0.752–1.529 0.38 0.701

Note: A P-value0.05 was considered to be statistically significant.
Abbreviations: PCa, prostate cancer; OR, odds ratio; CI, confidence interval.

demonstrated that loss of LMTK2 leads to an increase in cell 

proliferation and tumor-forming capacity in prostate adeno-

carcinoma cell lines (LNCaP cells).43 Given that LMTK2 

gene has substantial influence on PCa and that the rs6465657 

polymorphism in intron 9 of LMTK2 has been identified, 

the association with PCa risk in a GWAS study, the precise 

mechanism of the underlying relationship between LMTK2 

and rs6465657 polymorphism should be further evaluated. 

It is suggested that the rs6465657C allele might contribute 
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Limitations
Some limitations of this meta-analysis should also be 

acknowledged. First, significant heterogeneity was 

detected in the overall and the subgroup analysis. Although 

meta-regression was conducted to look into the source of 

Figure 4 Sensitivity analysis in the overall population (A) and Caucasian population (B) using the random-effects model.
Notes: This was done to evaluate the influence of each study on the stability of pooled OR by removing one study in turn and recalculating the ORs and 95% CIs. The 
vertical axis in the middle of the figure represents the pooled OR and the two vertical axes located on either side represent the corresponding 95% CI. Meanwhile, the closed 
circles are representative of the values of pooled ORs with the study mentioned on the left side of the figure being omitted. The two ends of each dotted line represent its 
corresponding 95% CI.
Abbreviations: CI, confidence interval; OR, odds ratio.

to a loss of function which may affect LMTK2 half-life or 

other functions.9 Further studies are needed to investigate 

the possible mechanism by which rs6465657 polymorphism 

regulates the LMTK2 gene and the mechanism by which 

LMTK2 contributes to PCa development.
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heterogeneity in common variables, the year of publication, 

ethnicity, sample size, genotyping method, and source of 

controls were not correlated to heterogeneity (P0.05). 

Second, the recessive, dominant, heterozygous, and homozy-

gous models were not mentioned in our meta-analysis due to 

the lack of original data in GWAS and replication studies. 

Third, the inherent confounding factors in the included 

studies could not be solved by meta-analysis. Although the 

evaluations from all the eligible studies were adjusted for 

some possible risk factors leading to PCa susceptibility, there 

might be other unknown confounders in the controls that 

could not be excluded, which might contribute to the bias 

observed in the results. Finally, the background frequency 

of rs6465657C varies wildly among different populations. 

In particular, the suspected risk allele was extremely common 

in African-American and Asian populations. This meant that 

there would be insufficient statistical power to find a small 

effect of rs6465657C on PCa risk with the high prevalence 

rate of risk allele in Asian or African-American controls and 

that the rs6465657C allele might not be the risk factor to PCa 

in Asians and African-Americans.

Conclusion
Our meta-analysis provided a comprehensive evaluation 

of the association between 17q25.3-rs6465657 polymor-

phism and PCa risk. Our results suggested that rs6465657C 

allele contributed to the susceptibility to PCa, especially in 

Caucasians. Well-designed studies with larger sample size 

and more ethnic groups are required to validate the risk in 

the future, and biological mechanisms contributing to this 

association also need to be focused on.
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Supplementary materials

Figure S1 Cumulative meta-analysis of the association between 17q25.3-rs6465657C and susceptibility to PCa in the overall (A) and Caucasian population (B) sorted by 
sample size.
Abbreviations: PCa, Prostate cancer; OR, odds ratio; CI, confidence interval.
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Figure S2 Begg’s funnel plot applied for evaluating publication bias in the overall population and Caucasian population (A, B). Egger’s regression was also performed (C, D).
Abbreviations: OR, odds ratio; SE, standard error.
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