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Abstract
Background—Elevated incidence of lymphoma has been observed among carriers of rare high-
penetrance mutations in DNA repair genes (e.g., Nijmegen breakage syndrome, Ataxia-telangectasia
syndrome, etc.). Common gene variants in DNA repair genes may also influence lymphomagenesis.

Methods—Study subjects were pooled from three population-based case-control studies of non-
Hodgkin lymphoma (NHL) in the US and Australia. A total of 1,946 cases and 1,808 controls were
analyzed. A total of 319 tag single nucleotide polymorphisms (SNPs) in 27 DNA repair gene regions
were genotyped. Unconditional logistic regression models were used to estimate the relative risk of
NHL and NHL subtypes in relation to SNPs. Tail-strength statistics were used to test for the
association between DNA repair pathways and NHL or NHL subtypes. The statistical significance
of the smallest P-trend within each gene region was estimated by permutation-based resampling
methods.

Results—Overall, DNA repair genetic polymorphisms were associated with NHL (P = 0.005). Tests
for the double strand break repair (P = 0.02) and nucleotide excision repair (P = 0.04) pathways were
also significant. Four gene regions were significantly associated with NHL or NHL subtypes at the
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0.05 level: RAD50, BLM, RAD51/FAM82C, and ERCC3/MAP3K2. Specifically, BLM rs441399
(P trend = 0.004) and FAM82C rs2304583 (P trend = 0.001) were associated with follicular lymphoma,
and XRCC4 rs13178127 was associated with NHL overall (P trend = 0.006) significantly. In addition,
the ERCC3 rs4150506 was associated with reduced risk for marginal zone lymphoma (P trend =
0.002).

Conclusion—These results support the hypothesis that common genetic polymorphisms in human
DNA repair genes may modify the risk of NHL.

Keywords
non-Hodgkin lymphoma; DNA repair; single nucleotide polymorphism; pooled analysis

Introduction
DNA repair mechanisms are important in maintaining genomic stability and defects in DNA
repair can lead to the development of chromosomal aberrations, a hallmark of lymphoma
(Palitti, 2004). Several hereditary syndromes, including Ataxia telangiectasia (OMIM 208900),
Bloom syndrome (OMIM 210900), and Nijmegan breakage syndrome (OMIM 251260), are
characterized by defective DNA repair and high occurrence of lymphoma, indicating the
important role of DNA repair in the pathogenesis and development of NHL.

Recent studies have reported associations between certain DNA repair gene single-nucleotide
polymorphisms (SNP) and NHL risk (Shen et al, 2006;Shen et al, 2007;Hill et al, 2006). To
investigate this question in greater detail, we conducted a pooled investigation of genetic
variation in 27 gene regions involved in human DNA repair based on three case-control studies
in the US and Australia.

Subjects and methods
Study Populations

Study subjects were pooled from three population-based case-control studies of NHL: a study
conducted within the Surveillance Epidemiology and End Results (SEER) registry catchment
areas of Iowa, Detroit, Los Angeles and Seattle (NCI-SEER study) (Hill et al, 2006), a study
conducted among female residents of Connecticut (Shen et al, 2006), and a study conducted
among residents of New South Wales (NSW) and the Australian Capital Territory, Australia
(Shen et al, 2007).

The final analytic population consisted of 1,946 cases and 1,808 controls (NCI-SEER, 990 /
828; Connecticut, 436 / 515; NSW, 520 / 465) after a few samples were excluded with
completion rates <90% (NCI-SEER, N = 17; Connecticut, N = 2; NSW, N = 3).

The four most common NHL subtypes were also evaluated separately: diffuse large B-cell
lymphoma (DLBCL), follicular lymphoma (FL), marginal zone lymphoma (MZL), and chronic
lymphocytic leukemia / small lymphocytic lymphoma (CLL/SLL).

DNA extraction and Genotyping
DNA was extracted from blood clots, buffy coats, or buccal cell samples. Genes were selected
based on experimental evidence of functional relevance and findings from previous association
studies of lymphoma, related malignancies, and other tumor sites. These genes are involved in
different DNA repair pathways (double strand break repair (DSBR), nucleotide excision repair
(NER), and base excision repair (BER)).
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Tag SNPs for each gene were selected from the designable set of common SNPs (minor allele
frequency ≥0.05) genotyped in the HapMap Project (Data Release 20/Phase II, NCBI B35
assembly, dbSNP b125). For each gene, SNPs within the region 20 kb 5′ of the ATG-translation
initiation codon and 10kb 3′ of the end of the last exon, which is called gene region, were
binned using a binning threshold of r2 > 0.80. Genotyping was performed at the National Cancer
Institute Core Genotyping Facility (Gaithersburg, MD) using the Illumina GoldenGate
platform. Data for an additional 28 SNPs that had been previously genotyped by TaqMan assay
in at least two of the studies and are located within one of the 27 investigated gene regions
were also included in the overall analysis. In total, 319 SNPs were analyzed in this report
(Supplementary Table 1).

All investigated SNPs had assay completion rates ≥ 98% except BLM rs441399, ERCC2
rs50872 and NBN rs7006322 (97% for each), and genotype concordance rates ≥ 99% except
BLM rs16944894 (96%) in quality control duplicates.

Statistical Methods
The relative risk of NHL and NHL subtypes in relation to SNPs were estimated by calculating
odds ratios (OR) and 95% confidence intervals (CI) using polytomous multivariate
unconditional logistic regression models, adjusting for age, race/ethnicity, sex and study center.
Tests for trend were conducted using an additive model by assigning the ordinal values 0, 1,
and 2 to homozygous wild type, heterozygous and homozygous variant genotypes respectively,
and by modeling these scores as a continuous variable.

Tail-strength statistics were used to test for the association between pathways and NHL or
NHL subtypes. The tail-strength method evaluates the univariate strength of a collection of
observed P values (e.g. from a particular pathway) and assesses its statistical significance using
a permutation procedure (10,000 permutations) (Taylor & Tibshirani, 2006).

We assessed the statistical significance of the smallest P-trend within each gene region by
permutation-based resampling methods (10,000 permutations) that automatically adjust for the
number of tag SNPs tested within that gene region and the underlying linkage disequilibrium
pattern (Chen et al, 2006). Finally, haplotype analysis was carried out among non-Hispanic
Caucasian subjects.

Results
Cases and controls were similar with respect to demographic characteristics including sex, age,
race, and ethnicity (Supplementary Table 2). Overall, DNA repair genetic polymorphisms were
associated with NHL (P = 0.005). Tests of the DSBR (P = 0.02) and NER (P = 0.04) pathways
were also statistically significant (Table 1).

Four gene regions were significantly associated with NHL subtypes at the 0.05 level: DLBCL
(RAD50), FL (BLM, RAD51/FAM82C), and MZL (ERCC3/MAP3K2) (Table 2).

Genotype frequencies for cases and controls, and main effects of SNPs are presented in
Supplementary Table 3. One or more SNPs in BLM, WRN, RAD50, FAM82C, RAD54L,
XRCC4, ERCC3, CCDC16, and IRGQ were associated with NHL or NHL subtypes risk at a
significance level of 0.005. Five SNPs (BLM rs441399, RAD50 rs2237060, FAM82C
rs2304583, ERCC3 rs4150506, and XRCC4 rs13178127) were particularly noteworthy because
their gene regions were significantly associated with NHL or NHL subtypes at the 0.05 level
or because of high level of statistical significance and consistent findings across the three
studies (Table 3) (Figure 1). Among them, BLM rs441399 (P trend = 0.004) and FAM82C
rs2304583 (P trend = 0.001) were associated with follicular lymphoma significantly, and
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XRCC4 rs13178127 was significantly associated with NHL overall (P trend = 0.006). Most of
the statistically significant findings were restricted to DLBCL or FL. However, the ERCC3
rs4150506 was associated with reduced risk for MZL (P trend = 0.002).

Haplotype analysis was conducted to examine different subsets in these gene regions. However,
it did not provide additional information for a given gene beyond those significant SNPs found
in individual SNP analysis. Subgroup analysis in non-Hispanic Caucasians showed similar
results (results not shown).

Discussion
We studied 319 SNPs in 27 DNA repair genes and found that a number of genetic
polymorphisms were significantly associated with altered risk of NHL or NHL subtypes.
Among them, genes repairing DNA double strand breaks are particularly notable. These results
support the hypothesis that common genetic polymorphisms in DNA repair genes may modify
the risk of NHL.

BLM, the Bloom syndrome gene product, is related to the RecQ subset of DNA helicases and
has both DNA-stimulated ATPase and ATP-dependent DNA helicase activities. Mutations in
the gene causes Bloom syndrome characteristic of high cancer predisposition including
lymphoma. BLM plays a role in both homogenous recombination and nonhomologous end
joining (NHEJ) manifested by its interaction with RAD51 and LIG4 (So et al, 2004). Two
nuclear localization signals (NLS) were found in the C-terminal domain, which is crucial in
targeting the BLM protein to the cell nucleus (Kaneko & Kondo, 2004). We found two
significant SNPs in this gene and the one in the C-terminal (rs441399) was significantly
associated with FL.

The gene region RAD51/FAM82C was associated with NHL overall and especially for
follicular lymphoma. FAM82C is a mitochondrial protein with apoptosis-inducing function
(Lv et al, 2006). RAD51 is involved in the homologous recombination and repair of DNA.
This protein also interacts with BRCA1 and BRCA2, which may be important for the cellular
response to DNA damage. RAD51 had been found involved in family breast cancer (Thacker,
2005). The gene FAM82C is located physically close to RAD51. So the association of
FAM82C with NHL may be due to functional loci in RAD51.

At the center of the NHEJ, XRCC4 forms a complex with the LIG4 (Sibanda et al, 2001), and
further interacts with the DNA-dependent protein kinase for rejoining breaks. The XRCC4/
p53 double knockout mice die early from pro-B cell lymphoma (Gao et al, 2000). NHEJ is
also critical in the process of V(D)J recombination that generates immunoglobulin and T cell
receptor diversity. Errors in the DNA repair genes responsible for ligating the V, D, and J
segments are implicated in characteristic chromosomal rearrangements found in some types
of NHL. Our findings suggest the XRCC4 and the NHEJ may play a role in the development
of NHL.

In summary, we found that variants in genes that play an important role in several DNA repair
pathways were associated with risk of NHL. These findings suggest that common genetic
polymorphisms in DNA repair genes may be important susceptibility factors for NHL.
Identification of the key DNA repair genes that play a role in lymphomagenesis may ultimately
help to identify particular exposures or general classes of exposures. Recent genome-wide scan
studies of lymphoma identified several loci that were associated with FL and CLL/SLL
(Skibola et al, 2009;Di Bernardo et al, 2008). Our findings need to be replicated in other studies.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

References
Chen BE, Sakoda LC, Hsing AW, Rosenberg PS. Resampling-based multiple hypothesis testing

procedures for genetic case-control association studies. Genet.Epidemiol 2006;30:495–507. [PubMed:
16755536]

Di Bernardo MC, Crowther-Swanepoel D, Broderick P, Webb E, Sellick G, Wild R, Sullivan K,
Vijayakrishnan J, Wang Y, Pittman AM, Sunter NJ, Hall AG, Dyer MJ, Matutes E, Dearden C,
Mainou-Fowler T, Jackson GH, Summerfield G, Harris RJ, Pettitt AR, Hillmen P, Allsup DJ, Bailey
JR, Pratt G, Pepper C, Fegan C, Allan JM, Catovsky D, Houlston RS. A genome-wide association
study identifies six susceptibility loci for chronic lymphocytic leukemia. Nat.Genet 2008;40:1204–
1210. [PubMed: 18758461]

Gao Y, Ferguson DO, Xie W, Manis JP, Sekiguchi J, Frank KM, Chaudhuri J, Horner J, DePinho RA,
Alt FW. Interplay of p53 and DNA-repair protein XRCC4 in tumorigenesis, genomic stability and
development. Nature 2000;404:897–900. [PubMed: 10786799]

Hill DA, Wang SS, Cerhan JR, Davis S, Cozen W, Severson RK, Hartge P, Wacholder S, Yeager M,
Chanock SJ, Rothman N. Risk of non-Hodgkin lymphoma (NHL) in relation to germline variation in
DNA repair and related genes. Blood 2006;108:3161–3167. [PubMed: 16857995]

Kaneko H, Kondo N. Clinical features of Bloom syndrome and function of the causative gene, BLM
helicase. Expert.Rev.Mol.Diagn 2004;4:393–401. [PubMed: 15137905]

Lv BF, Yu CF, Chen YY, Lu Y, Guo JH, Song QS, Ma DL, Shi TP, Wang L. Protein tyrosine phosphatase
interacting protein 51 (PTPIP51) is a novel mitochondria protein with an N-terminal mitochondrial
targeting sequence and induces apoptosis. Apoptosis 2006;11:1489–1501. [PubMed: 16820967]

Palitti F. Mechanisms of formation of chromosomal aberrations: insights from studies with DNA repair-
deficient cells. Cytogenet.Genome Res 2004;104:95–99. [PubMed: 15162020]

Shen M, Purdue MP, Kricker A, Lan Q, Grulich AE, Vajdic CM, Turner J, Whitby D, Chanock S,
Rothman N, Armstrong BK. Polymorphisms in DNA repair genes and risk of non-Hodgkin's
lymphoma in New South Wales, Australia. Haematologica 2007;92:1180–1185. [PubMed: 17666372]

Shen M, Zheng T, Lan Q, Zhang Y, Zahm SH, Wang SS, Holford TR, Leaderer B, Yeager M, Welch R,
Kang D, Boyle P, Zhang B, Zou K, Zhu Y, Chanock S, Rothman N. Polymorphisms in DNA repair
genes and risk of non-Hodgkin lymphoma among women in Connecticut. Hum.Genet 2006;119:659–
668. [PubMed: 16738949]

Sibanda BL, Critchlow SE, Begun J, Pei XY, Jackson SP, Blundell TL, Pellegrini L. Crystal structure of
an Xrcc4-DNA ligase IV complex. Nat.Struct.Biol 2001;8:1015–1019. [PubMed: 11702069]

Skibola CF, Bracci PM, Halperin E, Conde L, Craig DW, Agana L, Iyadurai K, Becker N, Brooks-Wilson
A, Curry JD, Spinelli JJ, Holly EA, Riby J, Zhang L, Nieters A, Smith MT, Brown KM. Genetic
variants at 6p21.33 are associated with susceptibility to follicular lymphoma. Nat.Genet
2009;41:873–875. [PubMed: 19620980]

So S, Adachi N, Lieber MR, Koyama H. Genetic interactions between BLM and DNA ligase IV in human
cells. J.Biol.Chem 2004;279:55433–55442. [PubMed: 15509577]

Taylor J, Tibshirani R. A tail strength measure for assessing the overall univariate significance in a dataset.
Biostatistics 2006;7:167–181. [PubMed: 16332926]

Thacker J. The RAD51 gene family, genetic instability and cancer. Cancer Lett 2005;219:125–135.
[PubMed: 15723711]

Shen et al. Page 5

Br J Haematol. Author manuscript; available in PMC 2010 November 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Study-specific associations between BLM rs441399, FAM82C rs2304583, and XRCC4
rs13178127 and the risk of NHL overall or follicular lymphoma
Figures of odds ratios (OR) for study-specific and pooled results for BLM rs441399,
FAM82C rs2304583, and XRCC4 rs13178127. Square symbols represent ORs; symbol size is
proportional to the number of cases. Horizontal lines represent 95% confidence intervals.
BLM rs441399 (P trend = 0.004) and FAM82C rs2304583 (P trend = 0.001) were associated with
follicular lymphoma; XRCC4 rs13178127 (P trend = 0.006) was associated with non-Hodgkin
lymphoma overall significantly.
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Table 1

P values of tail strength analysis for DNA repair pathways by NHL subtype.

NHL DLBCL FL MZL CLL/SLL

All genes 0.005 0.25 0.51 0.61 0.80

Double strand break repair1 0.02 0.28 0.50 0.58 0.76

Nucleotide excision repair2 0.04 0.29 0.55 0.25 0.82

Base excision repair3 0.16 0.78 0.13 0.23 0.05

1
Including BLM, WRN, BRCA1, FRY/BRCA2/CG018, MRE11A, NBN/DECR1, RAD50, RAD51/FAM82C, RAD54L, XRCC2, KNS2/XRCC3/

ZFYVE21, LIG4/C13ORF6, PRKDC/MCM4, RAG1/RAG2/LOC119710, and XRCC4.

2
Including ERCC2/PPP1R13L/CD3EAP/ERCC1, ERCC3/MAP3K2, BIVM/ERCC5/LOC121952, ERCC6, and LIG1/LOC374920.

3
Including CCDC16/LIG3/RFFL and ZNF575/XRCC1/IRGQ.

Br J Haematol. Author manuscript; available in PMC 2010 November 2.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shen et al. Page 8

Ta
bl

e 
2

P 
va

lu
es

 o
f g

en
e-

re
gi

on
-b

as
ed

 p
er

m
ut

at
io

n 
te

st
 b

y 
N

H
L 

ov
er

al
l a

nd
 N

H
L 

su
bt

yp
es

.

G
en

e 
re

gi
on

G
en

es
 in

cl
ud

ed
N

H
L

D
L

B
C

L
FL

M
Z

L
C

L
L

/S
L

L

D
ou

bl
e 

st
ra

nd
 b

re
ak

 re
pa

ir

   
BL

M
BL

M
0.

45
0.

29
0.

05
0.

48
0.

35

   
W

RN
W

RN
0.

26
0.

56
0.

68
0.

50
0.

61

   
BR

C
A1

BR
C

A1
0.

78
0.

91
0.

41
0.

87
0.

66

   
BR

C
A2

FR
Y/

BR
C

A2
/C

G
01

8
0.

43
0.

55
0.

82
0.

83
0.

78

   
M

RE
11

A
M

RE
11

A
0.

53
0.

42
0.

96
0.

45
0.

44

   
N

BN
N

BN
/D

EC
R1

0.
20

0.
26

0.
70

0.
92

0.
39

   
RA

D
50

RA
D

50
0.

43
0.

04
0.

86
0.

51
0.

50

   
RA

D
51

RA
D

51
/F

AM
82

C
0.

25
0.

80
0.

00
5

0.
57

0.
28

   
RA

D
54

L
RA

D
54

L
0.

08
0.

29
0.

82
0.

56
0.

18

   
XR

C
C

2
XR

C
C

2
0.

37
0.

14
0.

27
0.

18
0.

25

   
XR

C
C

3
K

N
S2

/X
RC

C
3/

ZF
YV

E2
1

0.
50

0.
37

0.
08

0.
37

0.
45

   
LI

G
4

LI
G

4/
C

13
O

RF
6

0.
10

0.
43

0.
21

0.
38

0.
53

   
PR

K
D

C
PR

K
D

C
/M

C
M

4
0.

39
0.

15
0.

62
0.

53
0.

29

   
RA

G
1/

RA
G

2
RA

G
1/

RA
G

2/
LO

C
11

97
10

0.
08

0.
45

0.
20

0.
17

0.
69

   
XR

C
C

4
XR

C
C

4
0.

11
0.

37
0.

48
0.

58
0.

69

N
uc

le
ot

id
e 

ex
ci

si
on

 re
pa

ir

   
ER

C
C

2/
ER

C
C

1
ER

C
C

2/
PP

P1
R1

3L
/C

D
3E

AP
/E

RC
C

1
0.

69
0.

32
0.

90
0.

50
0.

62

   
ER

C
C

3
ER

C
C

3/
M

AP
3K

2
0.

24
0.

46
0.

79
0.

00
8

0.
55

   
ER

C
C

5
BI

VM
/E

RC
C

5/
LO

C
12

19
52

0.
12

0.
50

0.
32

0.
24

0.
51

   
ER

C
C

6
ER

C
C

6
0.

37
0.

78
0.

74
0.

56
0.

85

   
LI

G
1

LI
G

1/
LO

C
37

49
20

0.
20

0.
25

0.
26

0.
71

0.
57

Br J Haematol. Author manuscript; available in PMC 2010 November 2.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shen et al. Page 9

Ta
bl

e 
3

O
dd

s r
at

io
s, 

95
%

 co
nf

id
en

ce
 in

te
rv

al
s a

nd
 P

 v
al

ue
 in

 ad
di

tiv
e a

nd
 d

om
in

an
t m

od
el

s f
or

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 S

N
Ps

 as
so

ci
at

ed
 w

ith
 N

H
L 

in
 p

oo
le

d 
an

al
ys

is
w

ith
 si

gn
ifi

ca
nt

 g
en

e 
re

gi
on

 te
st

s b
as

ed
 o

n 
th

e 
pe

rm
ut

at
io

n 
te

st
1

SN
P

C
T

R
L

A
ll 

N
H

L
D

L
B

C
L

Fo
lli

cu
la

r
M

Z
L

C
L

L
/S

L
L

P 
fo

r
he

te
ro

ge
ne

ity
2

N
H

L
O

R
95

%
 C

I
P

D
L

B
O

R
95

%
 C

I
P

FO
L

L
O

R
95

%
 C

I
P

M
G

Z
N

O
R

95
%

 C
I

P
C

L
L

O
R

95
%

 C
I

P

G
lo

ba
l r

ep
ai

r

BL
M

 rs
44

13
99

*7
71

2 
A

>G

A
A

43
0

52
5

1
13

8
1

16
7

1
45

1
43

1

A
G

88
8

92
6

0.
85

0.
73

–1
.0

0
0.

05
30

3
1.

05
0.

83
–1

.3
2

0.
69

24
3

0.
68

0.
54

–0
.8

6
0.

00
1

74
0.

80
0.

54
–1

.1
8

0.
26

69
0.

79
0.

53
–1

.1
9

0.
26

G
G

38
8

38
1

0.
83

0.
69

–1
.0

1
0.

07
12

5
1.

04
0.

79
–1

.3
8

0.
78

10
1

0.
68

0.
51

–0
.9

0
0.

00
8

30
0.

75
0.

46
–1

.2
3

0.
26

35
0.

94
0.

59
–1

.5
2

0.
81

A
G

/G
G

12
76

13
07

0.
85

0.
73

–0
.9

9
0.

03
42

8
1.

05
0.

84
–1

.3
1

0.
69

34
4

0.
68

0.
55

–0
.8

5
0.

00
1

10
4

0.
79

0.
54

–1
.1

4
0.

20
10

4
0.

84
0.

57
–1

.2
2

0.
35

0.
12

Tr
en

d
17

06
18

32
0.

91
0.

83
–1

.0
0

0.
05

56
6

1.
02

0.
89

–1
.1

7
0.

77
51

1
0.

81
0.

70
–0

.9
3

0.
00

4
14

9
0.

86
0.

68
–1

.1
0

0.
24

14
7

0.
96

0.
75

–1
.2

3
0.

75

RA
D

50
 rs

22
37

06
0

IV
S2

1-
19

22
 T

>G

TT
66

6
70

7
1

22
9

1
18

1
1

56
1

64
1

G
T

81
3

91
3

0.
99

0.
86

–1
.1

5
0.

89
28

5
0.

93
0.

76
–1

.1
5

0.
50

26
7

1.
09

0.
87

–1
.3

6
0.

45
72

1.
05

0.
72

–1
.5

3
0.

79
70

0.
86

0.
60

–1
.2

4
0.

42

G
G

31
0

30
1

0.
86

0.
71

–1
.0

5
0.

14
76

0.
65

0.
48

–0
.8

8
0.

00
5

91
0.

96
0.

71
–1

.2
8

0.
77

31
1.

21
0.

75
–1

.9
4

0.
43

25
0.

83
0.

51
–1

.3
6

0.
47

G
T/

G
G

11
23

12
14

0.
96

0.
83

–1
.1

0
0.

52
36

1
0.

86
0.

70
–1

.0
4

0.
12

35
8

1.
05

0.
85

–1
.3

0
0.

63
10

3
1.

09
0.

77
–1

.5
5

0.
62

95
0.

85
0.

61
–1

.2
0

0.
36

0.
14

Tr
en

d
17

89
19

21
0.

94
0.

85
–1

.0
3

0.
19

59
0

0.
83

0.
73

–0
.9

6
0.

01
53

9
1.

00
0.

86
–1

.1
5

0.
95

15
9

1.
10

0.
86

–1
.3

9
0.

45
15

9
0.

90
0.

71
–1

.1
4

0.
39

FA
M

82
C

 rs
23

04
58

3
IV

S7
+1

93
 A

>G

A
A

86
0

88
5

1
28

3
1

22
4

1
78

1
74

1

A
G

77
4

81
2

0.
99

0.
86

–1
.1

3
0.

86
24

5
0.

92
0.

75
–1

.1
2

0.
42

22
7

1.
07

0.
87

–1
.3

3
0.

51
64

0.
90

0.
63

–1
.2

8
0.

56
62

0.
92

0.
64

–1
.3

1
0.

64

G
G

15
3

22
2

1.
35

1.
07

–1
.7

0
0.

01
63

1.
16

0.
84

–1
.6

1
0.

36
81

1.
87

1.
37

–2
.5

6
8×

10
^-

5
17

1.
22

0.
70

–2
.1

3
0.

49
22

1.
64

0.
98

–2
.7

5
0.

06

A
G

/G
G

92
7

10
34

1.
05

0.
92

–1
.1

9
0.

49
30

8
0.

96
0.

79
–1

.1
6

0.
67

30
8

1.
21

0.
99

–1
.4

8
0.

07
81

0.
95

0.
68

–1
.3

3
0.

77
84

1.
04

0.
74

–1
.4

4
0.

84
0.

16
Tr

en
d

17
87

19
19

1.
10

0.
99

–1
.2

1
0.

07
59

1
1.

02
0.

88
–1

.1
7

0.
83

53
2

1.
27

1.
10

–1
.4

7
0.

00
1

15
9

1.
02

0.
80

–1
.3

2
0.

86
15

8
1.

15
0.

90
–1

.4
8

0.
26

XR
C

C
4 

rs
13

17
81

27
IV

S7
+3

49
36

 A
>G

A
A

16
06

17
74

1
55

0
1

49
1

1
14

9
1

14
6

1

A
G

19
7

16
7

0.
73

0.
59

–0
.9

1
0.

00
5

48
0.

67
0.

48
–0

.9
4

0.
02

47
0.

70
0.

50
–0

.9
9

0.
04

11
0.

57
0.

30
–1

.0
8

0.
09

15
0.

84
0.

48
–1

.4
7

0.
54

G
G

4
4

0.
87

0.
22

–3
.5

0
0.

84
2

1.
32

0.
24

–7
.2

6
0.

75
1

A
G

/G
G

20
1

17
1

0.
73

0.
59

–0
.9

1
0.

00
5

50
0.

68
0.

49
–0

.9
5

0.
02

48
0.

70
0.

50
–0

.9
8

0.
04

11
0.

56
0.

30
–1

.0
6

0.
08

15
0.

82
0.

47
–1

.4
4

0.
50

0.
86

Tr
en

d
18

07
19

45
0.

75
0.

61
–0

.9
2

0.
00

6
60

0
0.

71
0.

52
–0

.9
7

0.
03

53
9

0.
71

0.
52

–0
.9

9
0.

04
16

0
0.

56
0.

30
–1

.0
6

0.
07

16
1

0.
81

0.
47

–1
.4

0
0.

46

N
uc

le
ot

id
e 

ex
ci

si
on

 re
pa

ir

ER
C

C
3 

rs
41

50
50

6
IV

S1
2-

16
24

 G
>ABr J Haematol. Author manuscript; available in PMC 2010 November 2.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shen et al. Page 10

SN
P

C
T

R
L

A
ll 

N
H

L
D

L
B

C
L

Fo
lli

cu
la

r
M

Z
L

C
L

L
/S

L
L

P 
fo

r
he

te
ro

ge
ne

ity
2

N
H

L
O

R
95

%
 C

I
P

D
L

B
O

R
95

%
 C

I
P

FO
L

L
O

R
95

%
 C

I
P

M
G

Z
N

O
R

95
%

 C
I

P
C

L
L

O
R

95
%

 C
I

P

G
G

11
11

12
57

1
37

9
1

33
4

1
11

9
1

10
6

1

A
G

62
5

60
1

0.
83

0.
72

–0
.9

5
0.

00
8

18
8

0.
85

0.
70

–1
.0

4
0.

12
18

2
0.

93
0.

75
–1

.1
4

0.
48

36
0.

52
0.

35
–0

.7
6

0.
00

1
46

0.
79

0.
55

–1
.1

4
0.

20

A
A

72
86

1.
05

0.
75

–1
.4

5
0.

79
32

1.
28

0.
83

–1
.9

8
0.

26
24

1.
06

0.
65

–1
.7

2
0.

83
5

0.
63

0.
25

–1
.5

9
0.

33
9

1.
40

0.
67

–2
.9

0
0.

37

A
G

/A
A

69
7

68
7

0.
85

0.
74

–0
.9

7
0.

02
22

0
0.

89
0.

74
–1

.0
9

0.
26

20
6

0.
94

0.
77

–1
.1

5
0.

55
41

0.
53

0.
36

–0
.7

6
0.

00
1

55
0.

85
0.

60
–1

.2
0

0.
36

0.
06

Tr
en

d
18

08
19

44
0.

90
0.

81
–1

.0
1

0.
08

59
9

0.
96

0.
82

–1
.1

3
0.

65
54

0
0.

97
0.

82
–1

.1
5

0.
70

16
0

0.
60

0.
43

–0
.8

3
0.

00
2

16
1

0.
94

0.
71

–1
.2

6
0.

70

1 O
R

 a
nd

 9
5%

 C
I w

er
e 

ad
ju

st
ed

 fo
r a

ge
, r

ac
e/

et
hn

ic
ity

, s
ex

 a
nd

 st
ud

y 
ce

nt
er

 in
 lo

gi
st

ic
 re

gr
es

si
on

 m
od

el
s;

2 P 
va

lu
e 

fo
r t

es
t o

f h
et

er
og

en
ei

ty
 b

et
w

ee
n 

N
H

L 
su

bt
yp

es
.

Br J Haematol. Author manuscript; available in PMC 2010 November 2.


