
Journal of Biomedical Research，2010，24(5):365-373

JBR
Research Paper

h t t p : / / e l s e v i e r . c o m / w p s /
f ind / journaldescr ipt ion.cws_
home/723905/description#description

Arg462Gln and Asp541Glu polymorphisms in ribonuclease L and 
prostate cancer risk: a meta-analysis

Yuanyuan Mia荭, Qianqian Yub荭, Zhichao Mina荭, Bin Xua, Lifeng Zhanga, Wei Zhanga, Ninghan Fenga*, 
Lixin Huaa*

aDepartment of Urology, the First Affiliated Hospital, Nanjing Medical University, Nanjing 210029, Jiangsu Province, China
bDepartment of Ophthalmology, Wuxi People's Hospital Affiliated with Nanjing Medical University, Wuxi 214023,

 Jiangsu Province, China 
Received 22 April 2010

☆ This study was supported by the program of key medical department 
of Jiangsu Province (No. XK17 200904).
荭 These authors contributed equally to this work
*Corresponding authors
E-mail address: Ninghan Feng: miniao1984@163.com; Lixin Hua: 
loveisislove@sina.com

Abstract  
Objective: The association between ribonuclease L (RNASEL) gene polymorphisms and prostate cancer risk 

has been widely reported, but the results of these studies remained controversial and underpowered. We performed 
a meta-analysis of 28 studies to evaluate the association between Arg462Gln and Asp541Glu polymorphisms in 
the RNASEL gene and prostate cancer risk. Methods: Odds ratios (ORs) with 95% confidence intervals (CIs) 
were estimated to assess the association between RNASEL polymorphisms and prostate cancer risk. Results: A 
significantly increased prostate cancer risk was found for the Arg462Gln polymorphism in Africans (Gln/Gln vs 
Arg/Arg: OR = 2.50, 95%CI = 1.28-4.87; Gln/Gln vs Gln/Arg + Arg/Arg: OR = 2.54, 95%CI = 1.30-4.95), but not 
in Europeans and Asians. Additionally, the Asp541Glu polymorphism was associated with increased total prostate 
cancer risk (Glu-allele vs Asp-allele: OR = 1.04, 95%CI = 1.01-1.07; Glu/Glu vs Asp/Asp: OR = 1.22, 95%CI = 
1.03-1.46; Glu/Glu vs Glu/Asp + Asp/Asp: OR = 1.09, 95%CI = 1.02-1.16). In the stratified analysis for the As-
p541Glu polymorphism, there was a significantly increased prostate cancer risk in Africans and Europeans, and 
in hospital-based prostate cancer cases. Conclusion: The meta-analysis results showed evidence that RNASEL 
Arg462Gln and Asp541Glu polymorphisms are associated with prostate cancer risk and could be low-penetrance 
prostate cancer susceptibility biomarkers.
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INTRODUCTION
Prostate cancer is the most common non-skin can-

cer and the second leading cause of cancer-related-
death of men in the USA, with an estimated 192,000 
new cases and 27,000 deaths annually[1]. The under-

lying etiology of prostate cancer remains poorly un-
derstood, with both genetic predisposition and envi-
ronmental factors likely to play a role. A recent study 
showed that prostate cancer patients with good and 
poor survival tend to aggregate in families, providing 
evidence of heritability in the prognosis of prostate 
cancer[2]. Despite this strong evidence for a genetic 
component in prostate cancer, little progress has been 
made in identifying a major gene or genes[3].

The ribonuclease L (RNASEL) gene locates on 
chromosome 1q24-25 and is comprised of 741 amino 
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acids. One of the candidate genes within the heredi-
tary prostate cancer gene region is the gene encod-
ing 2'-5'-oligoadenylate-dependent RNASEL (MIM 
601518 and 180435)[4-7], a constitutively expressed 
latent endonuclease that is involved in the antiviral 
and pro-apoptotic activities of the interferon-inducible 
2-5A system, cellular viral defense, single-stranded 
RNA cleavage and tumor suppressor activities as 
stress could cause apoptosis, cell proliferation and 
regulation of protein synthesis[8-13].

There are different polymorphism sites in the 
RNASEL gene. Sequence analysis of RNASEL identi-
fied two common missense mutations: Arg462Gln 
(rs486907) and Asp541Glu (rs627928). The Arg-
462Gln polymorphism reduces the ability of the cell 
to cause apoptosis in response to activation by 2-5 
(A) and the enzymatic activity is also three times less 
than normal[14], whereas the Asp541Glu variant has no 
known effects on RNASEL function[15]. Previously, Li 
et al.[16] performed a meta-analysis of the association 
of these two polymorphisms of RNASEL and prostate 
cancer risk, and found that the Asp541Glu polymor-
phism was associated with an increased risk of pros-
tate cancer in Caucasians. However, they failed to 
find a significant association between the Arg462Gln 
polymorphism and prostate cancer risk in Africans. 
The main reason to explain this conclusion may be 
that they did not include any case-control studies with 
the African population.

Hitherto, there have been 15 studies that investi-
gated the Arg462Gln polymorphism[17-27,29], and 13 
studies that investigated the Asp541Glu polymor-
phism and the risk of prostate cancer[17-20,23-29]. Taking 
into consideration the extensive evidence for a role 
of RNASEL in prostate cancer, we performed a meta-
analysis of all eligible case-control studies in order 
to derive a more precise estimation of the association 
of the Arg462Gln and Asp541Glu polymorphisms in 
RNASEL and prostate cancer risk.

MATERIALS AND METHODS

Publication search
We attempted to include all the case-control stud-

ies published to date on the association between RNA-
SEL gene polymorphisms and prostate cancer risk. 
Eligible studies were identified by searching the elec-
tronic literature in PubMed for relevant reports (the last 
search update was 7 May 2010, using the search terms 
"RNASEL", "polymorphism" and "prostate cancer"). A 
total of 64 articles were retrieved, of which 13 articles 
met the inclusion criteria for studies examining the 
association between the RNASEL Arg462Gln and/or 

Asp541Glu polymorphism and prostate cancer risk.

Inclusion and exclusion criteria
The following inclusion criteria were used for lit-

erature selection: 1) studies evaluating the RNASEL 
Arg462Gln and/or Asp541Glu polymorphism and 
prostate cancer risk; 2) case-control studies; 3) studies 
that contained information about available genotype 
frequency that could help evaluate the results in the 
papers; 4) studies that were published in English; 5) 
studies with full-text manuscripts. Major exclusion 
criteria were: 1) studies with no control population; 2) 
studies with no available data on genotype frequency; 
3) studies with a clear bias of accrual.

Data extraction
Data was extracted from each study by two inves-

tigators independently according to the prespecified 
inclusion criteria. Data extracted from these articles 
included: first author, year of publication, origin, eth-
nicity, source of cases (population-based and hospital-
based), sample size (case/control), frequency of 
genotype in cases and controls, and Hardy–Weinberg 
equilibrium of controls. Different ethnic descents were 
categorized as European, Asian and African.

Statistical analysis
Odds ratios (ORs) with 95% confidence intervals 

(CIs) were used to measure the strength of the associ-
ation between the RNASEL Arg462Gln or Asp541Glu 
polymorphism and prostate cancer risk based on the 
genotype frequencies in cases and controls. We ex-
plored the association between allele Gln of RNASEL 
Arg462Gln or allele Glu of Asp541Glu and prostate 
cancer risk, as well as the heterozygote comparison 
Gln/Arg vs Arg/Arg or Glu/Asp vs Asp/Asp, the ho-
mozygote comparison Gln/Gln vs Arg/Arg or Glu/Glu 
vs Asp/Asp and the risk of (Gln/Gln+Gln/Arg) vs Arg/
Arg or (Glu/Glu + Glu/Asp) vs Asp/Asp and Gln/Gln 
vs (Gln/Arg +Arg/Arg) or Glu/Glu vs (Glu/Asp + Asp/
Asp) in dominant and recessive models, respectively. 
Subgroup analysis was performed by ethnicity and 
source of cases (population-based and hospital-based) 
for the Arg462Gln or Asp541Glu polymorphism.

The fixed effects model and the random effects 
model were used to calculate the pooled OR. Hetero-
geneity assumption was evaluated with a chi-square-
based q test among the studies. A P value of more 
than 0.05 for the q-test indicated a lack of heterogene-
ity among the studies. A random effects model (Der-
Simonian and Laird method[30]) was used when the P 
value for the heterogeneity test was <0.05; otherwise, 
a fixed effects model (Mantel-Haenszel method[31]) 
was used. The departure of frequencies of RNASEL 
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polymorphisms from expectation under Hardy-Wein-
berg equilibrium was assessed by χ2 test in controls, 
and P < 0.05 was considered statistically significant. 
Publication bias was assessed with the Egger test[32], 
and P < 0.05 was considered statistically significant. 
All statistical tests for this meta-analysis were per-
formed with the Stata software (Version 10.0, Stata-
Corp LP, USA).

RESULTS

Eligible studies
Overall, 13 articles (28 studies, 13 different first 

authors) were identified for evaluating the association 
of the RNASEL Arg462Gln or Asp541Glu polymor-
phism with risk for prostate cancer. The character-
istics of the studies of the Arg462Gln or Asp541Glu 
polymorphism are summarized in Table 1 and 2, re-
spectively. According to the inclusion criteria, there 
were no genotypes of cases and controls in Wang et 
al.[26], but they were provided in the meta-analysis of 
Li et al.[16], so we included this case-control study in 
our meta-analysis. Breyer et al.[33] failed to provide 
the distribution of alleles. Therefore, there are 15 
eligible studies with 7,461 cases and 6,963 controls 

Table 1 Charateristics of studies of the RNASEL Arg462Gln polymorphism included in this meta-analysis

Beuten[17]

Robbins[18]

Shook[19]

Shook[19]

Shook[19]

Cybulski[20]

Daugherty[21]

Daugherty[21]

Nam[22]

Maiera[23]

Wiklunda[24]

Nakazatoa[25]

Wanga[26]

Rokmana[27]

Shea[29]

First author Year Origin Ethnicity Source
of cases

Sample size
(case/control)

Controls
QQ QR RR

Pb

2010
2008
2007
2007
2007
2006
2007
2007
2005
2005
2004
2003
2002
2002
2008

USA
USA
USA
USA
USA

Canada
USA
USA

Canada
Germany
Sweden
Japan
USA
USA
USA

European
African

European
European
African

European
European
African

European
European
European

Asian
European
European
African

HB
HB
HB
HB
HB
PB
PB
PB
PB
HB
PB
PB
HB
PB
PB

156/224
243/296
430/503
150/239
068/145
737/511

1,116/1,344
098/380

0 996/1,092
363/207

1,622/7960
101/105
918/493
233/176
230/452

17
5
60
16
10
116
148
2

110
59
247
0

102
39
2

64
55
183
62
13
376
505
23
409
171
778
32
427
106
41

75
183
187
72
45
245
463
73
477
133
597
69
389
88
187

7
5
57
7
3
82
188
5

112
37
115
8
67
23
2

91
66
225
96
31
252
602
98
459
97
384
26
233
84
88

126
225
221
136
111
177
554
277
521
73
297
71
193
69
362

0.048
0.950
0.981
0.093
0.633
0.625
0.235
0.261
0.464
0.629
0.611
0.085
0.802
0.745
0.168

Cases
QQ QR RR

a Studies were reported by Li et al; b Hardy-Weinberg equilibrium of controls.
RNASEL: Ribonuclease L; HB: Hospital-based; PB: Population-based; QQ: Gln/Gln; QR: Gln/Arg ; RR: Arg/Arg.

Table 2 Characteristics of studies of the RNASEL Asp541Glu polymorphism included in this meta-analysis

Beuten[17]

Robbins[18]

Shook[19]

Shook[19]

Shook[19]

Cybulski[20]

Rokmana[27]

Wanga[26]

Wiklunda[24]

Maiera[23]

Nakazatoa[25]

Noonan-Wheelera[28]

Shea[29]

First author Year Origin Ethnicity Source
of cases

Sample size
(case/control)

Controls
EE ED DD

Pb

2010
2008
2007
2007
2007
2006
2002
2002
2004
2005
2003
2006
2008

USA
USA
USA
USA
USA

Canada
USA
USA

Sweden
Germany

Japan
USA
USA

European
African

European
European
African

European
European
European
European
European

Asian
European
African

HB
HB
HB
HB
HB
PB
PB
HB
PB
HB
PB
HB
PB

156/227
243/296
430/484
150/242
068/146
737/511
233/176
929/508

1,563/7910
363/207
101/105
150/170
230/458

45
38
140
43
9

254
78
181
522
125
51
55
26

70
102
190
66
28
372
126
476
768
176
32
73
97

41
103
100
41
31
111
29
272
273
62
18
22
107

48
24
139
48
15
168
56
107
257
69
59
44
40

120
129
254
125
60
259
91
228
372
97
43
93
201

59
143
91
69
71
84
29
173
162
41
3
33
217

0.368
0.495
0.187
0.525
0.661
0.344
0.434
0.050
0.199
0.514
0.138
0.198
0.496

Cases
EE ED DD

a Studies were reported by Li et al; b Hardy-Weinberg equilibrium of controls.
RNASEL: ribonuclease L; HB: Hospital-based; PB: Population-based; EE: Glu/Glu; ED: Glu/Asp; DD: Asp/Asp.
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concerning the Arg462Gln polymorphism and 13 
studies with 5,353 cases and 4,321 controls concern-
ing the Asp541Glu polymorphism. For the Arg462Gln 
polymorphism, there were 10 studies of European 
population[17,19,20,22-24,26,27], 4 studies of African popu-
lation[18,19,21,29] and one study of Asian population[25]. 
Hospital-based cases were used in 7 studies. For the 
Asp541Glu polymorphism, there were nine studies of 
European population[17,19,20,23,24,26-28], 3 studies of Afri-
can population[18,19,29] and one study of Asian popula-
tion[25]. Hospital-based cases were used in 8 studies. 
With the exception of one study[17], the distribution 
of genotypes in the controls was consistent with the 
Hardy-Weinberg equilibrium.

The RNASEL Arg462Gln polymorphism
In the overall analysis, no association could be ob-

served between prostate cancer risk and the variant 
genotype of RNASEL Arg462Gln in different genetic 
models: in the comparison of the Gln allele vs the Arg 
allele (random-effects OR = 1.05, 95% CI = 0.97-
1.13, Pheterogeneity = 0.028), the heterozygote comparison 
(Fixed-effects OR = 1.00, 95% CI = 0.96-1.04, Phetero-

geneity = 0.997), the homozygote comparison (Random-
effects OR = 1.20, 95% CI = 0.96-1.50, Pheterogeneity = 
0.001), or the dominant models (fixed-effects OR = 
1.01, 95% CI = 0.98-1.04, Pheterogeneity = 0.740), or the 
recessive models (Random-effects OR = 1.18, 95% 
CI = 0.96-1.46, Pheterogeneity = 0.001). However, a sig-
nificant association between the Arg462Gln polymor-
phism and prostate cancer in African population was 
found in the stratified analysis by ethnicity, the ho-
mozygote comparison (Fixed-effects OR = 2.50, 95% 
CI = 1.28-4.87, P = 0.231 for heterogeneity; see Table 
3 and Fig. 1) and the recessive models (Fixed-effects 
OR = 2.54, 95% CI = 1.30-4.95, Pheterogeneity = 0.224). In 
the subgroup analysis of the source of cases, associa-
tion was found in hospital-based cases: the homozy-

gote comparison (Random-effects OR = 1.74, 95% 
CI = 1.00-3.03, Pheterogeneity = 0.000) and the recessive 
models (Random-effects OR = 1.69, 95% CI = 1.01-
2.83, Pheterogeneity = 0.000).

Test of heterogeneity of the RNASEL Arg-
462Gln polymorphism

There was significant heterogeneity for the Gln al-
lele vs the Arg allele (Pheterogeneity = 0.028) in the ho-
mozygote comparison (Pheterogeneity =0.001) and the 
recessive models (Pheterogeneity = 0.001), but not in the 
heterozygote comparison (Pheterogeneity = 0.997) and the 
dominant models (Pheterogeneity = 0.740).

The RNASEL Asp541Glu polymorphism
In the overall analysis, the 541Glu allele was asso-

ciated with increased prostate cancer risk, as compared 
with the Asp541 allele (Fixed-effects OR = 1.04, 95% 
CI = 1.01-1.07, Pheterogeneity = 0.164; Table 4 and Fig. 
2), as well as in the homozygote comparison (random-
effects OR = 1.22, 95% CI = 1.03-1.46, Pheterogeneity = 
0.004) and the recessive models (Fixed-effects OR = 
1.09, 95% CI = 1.02-1.16, Pheterogeneity = 0.104), but not 
in the heterozygote comparison (Random-effects OR = 
1.03, 95% CI = 0.88-1.21, Pheterogeneity = 0.018) and the 
dominant models (Random-effects OR = 1.10, 95% 
CI = 0.96-1.26, Pheterogeneity = 0.016). Specifically, there 
was a significantly increased risk between prostate 
cancer and the RNASEL Asp541Glu polymorphism in 
ethnicity and source of cases, e.g. in the comparison 
of the Glu allele vs the Asp allele in African popula-
tion (Fixed-effects OR = 1.13, 95% CI = 1.01-1.26, 
Pheterogeneity = 0.458), European population (Fixed-
effects OR = 1.04, 95% CI = 1.01-1.07, Pheterogeneity = 
0.828) and among studies with hospital-based pros-
tate cancer cases (Fixed-effects OR = 1.06, 95% CI = 
1.02-1.11, Pheterogeneity = 0.401). The same results were 
also observed in the homozygote comparison and the 

Table 3 Stratified analyses of the RNASEL Arg462Gln polymorphism and prostate cancer risk

Total
Ethnicity
  African
  Asian
  European
Source of cases
  Population-based
  Hospital-based

Variables na Cases/
Controls

Q- vs R-allele QQ+QR vs RRQR vs RR QQ vs QR+RRQQ vs RR

15

4
1
10

8
7

7461/6963
　

639/1273
101/105

6721/5585
　

5133/4856
2328/2107

1.05(0.97-1.13)
　

1.10(0.92-1.32)
0.75(0.45-1.25)
1.01(0.98-1.05)
　

1.00(0.96-1.04)
1.18(0.97-1.44)

OR(95%CI) OR(95%CI)OR(95%CI) OR(95%CI)OR(95%CI)Pb PbPb PbPb

a Number of comparisons; b P value of q-test for heterogeneity test; c Random effects model was used when P for the heterogeneity test was <0.05; 
otherwise, fixed effects model was used.
RNASEL: ribonuclease L; 95% CI: 95% confidence interval; OR: odds ratio; QQ: Gln/Gln; QR: Gln/Arg; RR: Arg/Arg.

0.028 

0.056c

  -
0.061c

0.948c

0.001

1.20(0.96-1.50)
　

2.50(1.28-4.87) 
0.06(0.00-1.07)
1.13(0.92-1.38) 
　

1.02(0.92-1.12) 
1.74(1.00-3.03)

1.00(0.96-1.04) 
　

0.96(0.80-1.16)
1.27(0.69-2.34)
1.00(0.96-1.04)
　

1.00(0.96-1.04)
1.00(0.93-1.07)

0.001 

0.231c

  -
0.006

0.597c

0.000

1.18(0.96-1.46)
　

2.54(1.30-4.95)
0.06(0.00-0.99)
1.11(0.93-1.34)
　

1.01(0.91-1.13)
1.69(1.01-2.83)

1.01(0.98-1.04)
　

1.03(0.86-1.22)
0.97(0.54-1.74)
1.01(0.98-1.04)
　

1.00(0.97-1.04)
1.02(0.96-1.08)

0.997c 

0.959c

  -
0.978c

0.985c

0.902c

0.001

0.224c

  -
0.009

0.511c

0.000

0.740c

0.433c

   -
0.594c

0.999c

0.134c
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Fig 1 Forest plot of prostate cancer risk associated with the RNASEL Arg462Gln polymorphism (Gln/Gln vs Arg/
Arg) stratified by ethnicity. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the 
squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI.

Risk ratio
(95% Cl)                               Weight(%)

1.22(0.36-4.16)                              0.6

6.91(1.98-24.10)                              0.3

1.50(0.30-7.60)                              0.3

1.93(0.27-13.56)                             0.2

2.50(1.28-4.87)                              1.3

0.07(0.00-1.14)                              1.0

0.07(0.00-1.14)                               1.0

3.51(1.52-8.13)                              0.7

1.18(0.86-1.63)                              7.0

3.71(1.59-8.67)                              0.7

1.01(0.80-1.28)                            12.4

0.96(0.79-1.15)                            22.0

1.06(0.83-1.34)                            14.0

0.91(0.65-1.28)                             6 .1

1.05(0.87-1.26)                            20.0

0.81(0.62-1.06)                            11.4

1.23(0.79-1.91)                              3 .5

1.04(0.96-1.14)                            97.7

1.05(0.96-1.14)                          100.0

Study

African

   Robbins[18]

   Shook[19]

   Daugherty[21]

   Shea[29]

Subtotal

Asian

   Nakzato[25]

Subtotal

European

   Beuten[17]

   Shook[19]

   Shook[19]

   Cybulski[20]

   Daugherty[21]

   Nam[22]

   Maier[23]

   Wiklund[24]

   Wang[26]

   Rokman[27]

Subtotal

Overall

003951

Risk ratio

253.091

Table 4 Stratified analyses of the RNASEL Asp541Glu polymorphism and prostate cancer risk

Total
Ethnicity
  African
  Asian
  European
Source of cases
  Population-based
  Hospital-based

Variables na Cases/
Controls

E- vs D-allele EE+ED vs DDED vs DD EE vs ED+DDEE vs DD

13

3
1
9

5
8

5353/4321
　

541/900
101/105

4711/3316
　

2864/2041
2489/2280

1.04(1.01-1.07)
　

1.13(1.01-1.26)
0.60(0.39-0.92)
1.04(1.01-1.07)
　

1.02(0.99-1.06)
1.06(1.02-1.11)

OR(95%CI) OR(95%CI)OR(95%CI) OR(95%CI)OR(95%CI)Pb PbPb PbPb

a Number of comparisons; b P value of q-test for heterogeneity test; c Random effects model was used when P for the heterogeneity test was <0.05; 
otherwise, fixed effects model was used.
RNASEL: ribonuclease L; 95% CI: 95% confidence interval; OR: odds ratio; E: Glu; D: Asp; EE: Glu/Glu; ED: Glu/Asp; DD: Asp/Asp.

0.164c 

0.458c

  -
0.828c

0.106c

0.401c

1.22(1.03-1.46)
　

1.49(1.11-2.00) 
0.14(0.04-0.52)
1.07(1.01-1.13) 
　

1.09(0.76-1.54) 
1.11(1.02-1.21)

1.03(0.88-1.21) 
　

1.02(0.90-1.15)
0.12(0.03-0.46)
1.03(0.99-1.07)
　

1.02(0.74-1.41)
1.02(0.96-1.07)

0.004 

0.433c

  -
0.742c

0.027c

0.150c

1.09(1.02-1.16)
　

1.53(1.13-2.08)
0.80(0.46-1.38)
1.07(1.00-1.15)
　

1.04(0.95-1.13)
1.16(1.05-1.28)

1.10(0.96-1.26)
　

1.06(0.96-1.17)
0.14(0.04-0.48)
1.03(1.00-1.05)
　

1.05(0.77-1.42)
1.03(0.99-1.07)

0.018 

0.897c

  -
0.113c

0.013
0.125c

0.104c

0.457c

  -
0.246c

0.718c

0.065c

0.016

0.699c

   -
0.396c

0.015
0.253c
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recessive models. Furthermore, there was significant 
association between the Asp541Glu polymorphism 
and hospital-based prostate cancer in the homozygote 
comparison and recessive models (data not shown).

Test of heterogeneity of the RN ASEL As-
p541Glu polymorphism

There was significant heterogeneity in the homozy-
gote comparison (Pheterogeneity = 0.004), the heterozygote 
comparison (Pheterogeneity = 0.018) and the dominant 
models (Pheterogeneity = 0.016), but not in the Glu-allele 
vs the Asp-allele (Pheterogeneity = 0.164) and the recessive 
models (Pheterogeneity = 0.104).

Sensitivity analysis
Sensitivity analysis was used to determine whether 

modification of the inclusion criteria of the meta-
analysis affected the final results. These were carried 
out by limiting the meta-analysis to the studies con-
forming to Hardy-Weinburg equilibrium and altering 
corresponding statistical variables and analysis mod-
els. Moreover, no other single study influenced the 
summary OR qualitatively as indicated by sensitivity 
analysis.

Bias diagnosis
The Begg's funnel plot and Egger's test were per-

formed to assess the publication bias of the literature. 
The shape of the funnel plots did not reveal any evi-
dence of obvious asymmetry in the homozygote com-
parison of the Arg462Gln and the Glu-allele vs the 

Fig 2 Forest plot of prostate cancer risk associated with the RNASEL Asp541Glu polymorphism (the Glu-allele 
vs the Asp-allele) stratified by ethnicity. The squares and horizontal lines correspond to the study-specific OR and 95% CI. 
The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI. 

Study

African

   Robbins[18]

   Shook[19]
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Asp-allele of Asp541Glu. Then, Egger's test was used 
to provide statistical evidence of funnel plot sym-
metry. The results still did not reveal any evidence of 

publication bias (Gln/Gln vs Arg/Arg, t = 1.91, P = 
0.079; the Glu-allele vs the Asp-allele, t = 1.08, P = 
0.305. Fig. 3).

Fig 3 Funnel plot analysis for publication bias. Each point represents a separate study for the indicated association. A: a fun-
nel plot for allele contrast (Gln/Gln vs Arg/Arg) of the Arg462Gln polymorphism in overall analysis. B: a funnel plot for allele con-
trast (the Glu-allele vs the Asp-allele) of the Asp541Glu polymorphism in overall analysis.
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DISCUSSION
RNASEL encodes the RNASEL protein, a constitu-

tively expressed latent endoribonclease that mediates 
the IFN-inducible 2–5A system. The protein functions 
partly as a tumor suppressor, acting to induce apop-
tosis of cancer cells, is associated with the activity of 
interferons. Casey et al.[14] and Xiang et al.[15] found 
that deficiency in the Arg462Gln variant is correlated 
with a decrease in enzyme dimerization to the active 
form and a reduction in the ability to cause apopto-
sis. However, the Asp541Glu variant has no effect 
on RNASEL function. The rapid growth of RNASEL 
genetic studies provides numerous opportunities for 
studiny disease association. The present meta-analysis 
involved 7,461 cases and 6,963 controls concerning 
the Arg462Gln polymorphism in the protein kinase 
region of RNASEL, and 5,353 cases and 4,321 con-
trols concerning the Asp541Glu polymorphism in the 
ribonuclease domain of RNASEL. We then explored 
the association between these two potentially func-
tional polymorphisms of RNASEL and prostate cancer 
risk. 

Previously, Li et al.[16] performed a meta-analysis 
of the association of these two variants in RNASEL 
and prostate cancer risk, which included 11 case-
control studies (each study contains the frequency of 
genotypes), and suggested that the Asp541Glu poly-
morphism was associated with an increased risk of 
prostate cancer in Caucasians. In this article, the au-
thors divided prostate cancer into familial/hereditary 
prostate cancer and familial/sporadic prostate cancer. 

In our meta-analysis, novel case-control studies in the 
last 4 y were included, and the familial/hereditary and 
familial/sporadic prostate cancer subjects were used 
together. The only Asian study[29] found decreased 
familial prostate cancer risk in Japanese with the 
genotype Gln/Gln. Larger studies involving a wider 
spectrum of Asian populations are needed for a more 
definitive evaluation of the relationship between the 
Arg462Gln polymorphism and prostate cancer risk in 
Asians.

The true role of the RNASEL Arg462Gln and As-
p541Glu polymorphism and their influence on prostate 
cancer risk are similarly controversial. Genotype fre-
quency of various polymorphic loci may exhibit racial 
differences. For our purposes, we divided the world's 
population into three broad racial groups, Asian, Afri-
can and European[33]. 

The RNASEL Arg462Gln polymorphism was im-
plicated in up to 13% of prostate cancer cases, with the 
resultant enzyme 3 times less active than the wildtype 
enzyme, and an association was found among Euro-
peans and Africans between the RNASEL Arg462Gln 
polymorphism and sporadic prostate cancer risk[14]. 
Our results suggested that the RNASEL Arg462Gln 
polymorphism was associated with prostate cancer 
risk in the African population rather than in European 
and Asian population, which confirmed the hypothesis 
described above. Moreover, our analysis suggested 
that the Asp541Glu polymorphism was associated 
with increased prostate cancer risk among Europeans 
and Africans but not among Asians in all genetic mod-
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els, although Asp541Glu produced similar levels of 
RNASEL activity to those of the wildtype enzyme[15]. 
It may be a reflection of the differences in genetic 
backgrounds and gene-environment interactions in the 
etiology. Other factors such as time-lag bias and pub-
lication bias may also have played a role. In time-lag 
bias, studies with 'negative' results take longer time to 
be published, whereas studies with 'positive' results 
are published much more quickly[34]. In publication 
bias, small studies with 'negative' results are never 
published, whereas equally small studies with similar 
quality but 'positive' results would appear in the liter-
ature[35-36]. We examined these possibilities and found 
that 'positive' studies were reported more in 462Gln 
and 541Glu allele carriers' studies (especially in the 
European and African studies).

In the source of cases, interestingly, we also found 
evidence for the association between the Arg462Gln 
polymorphism and prostate cancer risk using hospital-
based cases, the same as the Asp541Glu polymor-
phism.

Some limitations of this meta-analysis should be 
mentioned. First of all, the number of published stud-
ies included in our meta-analysis was not sufficiently 
large for a comprehensive analysis, particularly for the 
Asian population. Further studies should be carried 
out to confirm such an effect in Asians. Second, pub-
lication bias might have occurred, and our Egger's test 
results may have a substantial risk of being affected 
by such a bias. Third, the interactions between gene–
gene, gene-environment and even different polymor-
phic loci of the same gene may modulate prostate 
cancer risk. Fourth, in some RNASEL polymorphism 
studies, a small number of cases and controls were 
included. Fifth, in some original studies, the authors 
divided the prostate cancer into two groups: familial/
hereditary prostate and familial/sporadic prostate can-
cer, whereas, in our meta-analysis, we grouped them 
together, which may have influenced the results. Sixth, 
our meta-analysis was based on unadjusted estimates. 
A more precise analysis should be conducted if indi-
vidual information, including other covariates, such 
as age, gender and prostate cancer stage, becomes 
available. In spite of these issues, our meta-analysis 
also had two advantages. First, substantial numbers of 
cases and controls were pooled from different studies, 
which significantly increased the statistical power of 
the analysis. Second, the quality of case–control stud-
ies included in the current meta-analysis was satisfac-
tory based on our selection criteria.

In summary, the present meta-analysis found novel 
evidence that the RNASEL Arg462Gln polymorphism 
is associated with increased prostate cancer risk in 

Africans; moreover, the RNASEL Asp541Glu poly-
morphism is associated with prostate cancer risk in 
Europeans and Africans, confirming the results of 
previous meta-analyses. These two polymorphisms 
may be low-penetrance susceptibility biomarkers for 
prostate cancer. Further prospective studies with a 
larger population of participants worldwide are ex-
pected to examine associations between these two 
polymorphisms in RNASEL and prostate cancer.
References

[1] Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. 
Cancer statistics, 2009. CA Cancer J Clin 2009;59:225-
49.

[2] Hemminki K, Ji J, Försti A, Sundquist J, Lenner P. Con-
cordance of survival in family members with prostate 
cancer. J Clin Oncol 2008;26:1705-09.

[3] Ostrander EA, Stanford JL. Genetics of prostate can-
cer: too many loci, too few genes. Am J Hum Genet 
2000;67:1367-75.

[4] Naik S, Paranjape JM, Silverman RH. RNase L dimeri-
zation in a mammalian two-hybrid system in response to 
2',5'-oligoadenylates. Nucleic Acids Res 1998;26:1522-
7.

[5] Smith JR, Freije D, Carpten JD, Grönberg H, Xu J, 
Isaacs SD, et al. Major susceptibility locus for prostate 
cancer on chromosome 1 suggested by a genome-wide 
search. Science 1996;274:1371-4.

[6] Grönberg H, Xu J, Smith JR, Carpten JD, Isaacs SD, 
Freije D, et al. Early age at diagnosis in families pro-
viding evidence of linkage to the hereditary prostate 
cancer locus (HPC1) on chromosome 1. Cancer Res 
1997;57:4707-9.

[7] Xu J, Zheng SL, Chang B, Smith JR, Carpten JD, Stine 
OC, et al. Linkage of prostate cancer susceptibility loci 
to chromosome 1. Hum Genet 2001;108:335-45.

[8] Castelli J, Wood KA, Youle RJ. The 2-5A system in 
viral infection and apoptosis. Biomed Pharmacother 
1998;52:386-90.

[9] Le Roy F, Salehzada T, Bisbal C, Dougherty JP, Peltz 
SW. A newly discovered function for RNase L in regu-
lating translation termination. Nat Struct Mol Biol 2005; 
12:505-12.

[10] Hassel BA, Zhou A, Sotomayor C, Maran A, Silverman 
RH. A dominant negative mutant of 2-5A-dependent 
RNase suppresses antiproliferative and antiviral effects 
of interferon. EMBO J 1993;12:3297-304.

[11] Zhou A, Hassel BA, Silverman RH. Expression cloning 
of 2-5A-dependent RNAase: a uniquely regulated me-
diator of interferon action. Cell 1993;72:753-65.

[12] Xiang Y, Wang Z, Murakami J, Plummer S, Klein EA, 
Carpten JD, et al. Effects of RNase L mutations as-
sociated with prostate cancer on apoptosis induced by 
2',5'-oligoadenylates. Cancer Res 2003;63:6795-801.

[13] Rusch L, Zhou A, Silverman RH. Caspase-dependent 
apoptosis by 2',5'-oligoadenylate activation of RNase 
L is enhanced by IFN-beta. J Interferon Cytokine Res 



Mi.YY et al. / Journal of Biomedical Research, 2010, 24(5): 365-373 373　

2000; 20: 1091-100.
[14] Casey G, Neville PJ, Plummer SJ, Xiang Y, Krumroy 

LM, Klein EA, et al. RNASEL Arg462Gln variant is 
implicated in up to 13% of prostate cancer cases. Nat 
Genet 2002;32:581-3.

[15] Xiang Y, Wang Z, Murakami J, Plummer S, Klein EA, 
Carpten JD, et al. Effects of RNase L mutations as-
sociated with prostate cancer on apoptosis induced by 
2',5'-oligoadenylates. Cancer Res 2003;63:6795-801.

[16] Li H, Tai BC. RNASEL gene polymorphisms and the 
risk of prostate cancer: a meta-analysis. Clin Cancer Res 
2006;12:5713-9.

[17] Beuten J, Gelfond JA, Franke JL, Shook S, Johnson-Pais 
TL, Thompson IM, et al. Single and multivariate asso-
ciations of MSR1, ELAC2, and RNASEL with prostate 
cancer in an ethnic diverse cohort of men. Cancer Epi-
demiol Biomarkers Prev 2010;19:588-99.

[18] Robbins CM, Hernandez W, Ahaghotu C, Bennett J, 
Hoke G, Mason T, et al. Association of HPC2/ELAC2 
and RNASEL non-synonymous variants with prostate 
cancer risk in African American familial and sporadic 
cases. Prostate 2008;68:1790-7.

[19] Shook SJ, Beuten J, Torkko KC, Johnson-Pais TL, 
Troyer DA, Thompson IM, et al. Association of RNA-
SEL variants with prostate cancer risk in Hispanic Cau-
casians and African Americans. Clin Cancer Res 2007; 
13:5959-64.

[20] Cybulski C, Wokołorczyk D, Jakubowska A, Gliniewicz 
B, Sikorski A, Huzarski T, et al. A variation in MSR1, 
RNASEL and E-cadherin genes and prostate cancer in 
Poland. Urol Int 2007;79:44-9.

[21] Daugherty SE, Hayes RB, Yeager M, Andriole GL, 
Chatterjee N, Huang WY, et al. RNASEL Arg462Gln 
polymorphism and prostate cancer in PLCO. Prostate 
2007;67:849-54.

[22] Nam RK, Zhang WW, Jewett MA, Trachtenberg J, Klotz 
LH, Emami M, et al. The use of genetic markers to de-
termine risk for prostate cancer at prostate biopsy. Clin 
Cancer Res 2005;11:8391-7.

[23] Maier C, Haeusler J, Herkommer K, Vesovic Z, Hoegel J, 
Vogel W, et al. Mutation screening and association study 
of RNASEL as a prostate cancer susceptibility gene. Br 
J Cancer 2005;92:1159-64.

[24] Wiklund F, Jonsson BA, Brookes AJ, Strömqvist L, 
Adolfsson J, Emanuelsson M, et al. Genetic analysis of 
the RNASEL gene in hereditary, familial, and sporadic 
prostate cancer. Clin Cancer Res 2004;10:7150-6.

[25] Nakazato H, Suzuki K, Matsui H, Ohtake N, Nakata 

S, Yamanaka H. Role of genetic polymorphisms of the 
RNASEL gene on familial prostate cancer risk in a Jap-
anese population. Br J Cancer 2003;89:691-6.

[26] Wang L, McDonnell SK, Elkins DA, Slager SL, Chris-
tensen E, Marks AF, et al. Analysis of the RNASEL 
gene in familial and sporadic prostate cancer. Am J Hum 
Genet 2002;71:116-23.

[27] Rökman A, Ikonen T, Seppälä EH, Nupponen N, Autio 
V, Mononen N, et al. Germline alterations of the RNA-
SEL gene, a candidate HPC1 gene at 1q25, in patients 
and families with prostate cancer. Am J Hum Genet 
2002;70:1299-304.

[28] Noonan-Wheeler FC, Wu W, Roehl KA, Klim A, Hau-
gen J, Suarez BK, et al. Association of hereditary pros-
tate cancer gene polymorphic variants with sporadic ag-
gressive prostate carcinoma. Prostate 2006;66:49-56.

[29] Shea PR, Ishwad CS, Bunker CH, Patrick AL, Kuller 
LH, Ferrell RE. RNASEL and RNASEL-inhibitor vari-
ation and prostate cancer risk in Afro-Caribbeans. Pros-
tate 2008;68:354-9.

[30] DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials 1986;7:177-88.

[31] Mantel N, Haenszel W. Statistical aspects of the analy-
sis of data from retrospective studies of disease. J Natl 
Cancer Inst 1959;22:719-48.

[32] Egger M, Davey Smith G, Schneider M, Minder C. Bias 
in metaanalysis detected by a simple, graphical test. BMJ 
1997;315:629-34.

[33] Breyer JP, McReynolds KM, Yaspan BL, Bradley KM, 
Dupont WD, Smith JR. Genetic variants and prostate 
cancer risk: candidate replication and exploration of vi-
ral restriction genes. Cancer Epidemiol Biomarkers Prev 
2009;18:2137-44.

[34] Nei M, Roychoudhury AK. Genic variation within and 
between the three major races of man, Caucasoids, Ne-
groids, and Mongoloids. Am J Hum Genet 1974;26:421-
43.

[35] Ioannidis JP. Effect of the statistical significance of re-
sults on the time to completion and publication of rand-
omized efficacy trials. JAMA 1998;279:281-6.

[36] Dickersin K, Min YI, Meinert CL. Factors influencing 
publication of research results. Follow-up of applica-
tions submitted to two institutional review boards. JAMA 
1992;267:374-8. 

[37] Easterbrook PJ, Berlin JA, Gopalan R, Matthews DR. 
Publication bias in clinical research. Lancet 1991;337: 
867-72.


