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Nodular sclerosing Hodgkin lymphoma
(NSHL) is a distinct, highly heritable Hodg-
kin lymphoma subtype. We undertook a
genome-wide meta-analysis of 393 Euro-
pean-origin adolescent/young adult NSHL
patients and 3315 controls using the Illu-
mina Human610-Quad Beadchip and Af-
fymetrix Genome-Wide Human SNP Array
6.0. We identified 3 single nucleotide poly-
morphisms (SNPs) on chromosome 6p21.32
that were significantly associated with
NSHL risk: rs9268542 (P � 5.35 � 10�10),
rs204999 (P � 1.44 � 10�9), and rs2858870

(P � 1.69 � 10�8). We also confirmed a
previously reported association in the same
region, rs6903608 (P � 3.52 � 10�10).
rs204999 and rs2858870 were weakly cor-
related (r2 � 0.257), and the remaining pairs
of SNPs were not correlated (r2 < 0.1). In an
independent set of 113 NSHL cases and
214 controls, 2 SNPs were significantly
associated with NSHL and a third showed
a comparable odds ratio (OR). These SNPs
are found on 2 haplotypes associated
with NSHL risk (rs204999-rs9268528-
rs9268542-rs6903608-rs2858870; AGGCT,

OR � 1.7, P � 1.71 � 10�6; GAATC,
OR � 0.4, P � 1.16 � 10�4). All individu-
als with the GAATC haplotype also car-
ried the HLA class II DRB1*0701 allele. In
a separate analysis, the DRB1*0701 allele
was associated with a decreased risk of
NSHL (OR � 0.5, 95% confidence inter-
val � 0.4, 0.7). These data support the
importance of the HLA class II region in
NSHL etiology. (Blood. 2012;119(2):
469-475)

Introduction

Hodgkin lymphoma (HL) is a B-cell lymphoid malignancy defined
by the presence of the malignant Hodgkin/Reed-Sternberg cell. It is
composed of diverse etiologic and pathologic subtypes distin-
guished by histology, age at diagnosis, and EBV tumor status.
Since the World Health Organization Revised European-American
Lymphoma (REAL) classification was introduced in 2000, nodular
sclerosing Hodgkin lymphoma (NSHL) has often been combined
with mixed-cellularity Hodgkin lymphoma (MCHL) and other
subtypes as classic Hodgkin lymphoma (cHL).1 However, abun-
dant evidence suggests that NSHL is an etiologic entity distinct
from other subtypes. NSHL is the most common histologic subtype
among adolescents and young adults in industrialized countries.2

The risk of NSHL increases according to the level of economic
development and is associated with childhood isolation.2-4 This

suggests a strong childhood environmental influence, a pattern not
seen for MCHL.2-4 NSHL is not associated with a history of
infectious mononucleosis, whereas MCHL is strongly associ-
ated.5-6 Histologically, most NSHL tumors are EBV� and contain
wide bands of sclerotic tissue; accordingly, the mRNA gene-
expression pattern is reminiscent of wound healing and collagen
synthesis.7-8 In contrast, the majority of MCHL tumors are EBV�

and the gene-expression pattern of MCHL suggests inflammation.7-8

Therefore, NSHL has a morphologic and risk pattern that differs from
that of MCHL and should be considered a distinct etiologic entity.1

NSHL is also among the most heritable of neoplasms, with a
100-fold increased risk to identical twins.9-10 Specific HLA types
have consistently been associated with NSHL risk,10-12 but polymor-
phisms from candidate genes have shown inconsistent results.13-19
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A recent genome-wide association study (GWAS) confirmed the
previously observed association with the HLA class II region and
identified additional associated SNPs in proximity to the REL,
PVT1, and GATA3 genes.20 However, the GWAS discovery set
consisted of cHL, and therefore combined several distinct subtypes
of HL. To specifically address genetic susceptibilities unique to the
most heritable HL subtype, we undertook a GWAS to identify risk
loci for NSHL.

Methods

Subjects

We performed a meta-analysis on 2 discovery sets: 1 from the University of
Southern California (USC) and 1 from the University of Chicago (UC).
Replication was performed on samples from the Mayo Clinic. This study
was approved by the institutional review boards of the Keck School of
Medicine of USC, UC, and the Mayo Clinic in accordance with the
Declaration of Helsinki. Signed informed consent was obtained from all
participants in this study.

USC set. Cases were 380 European-origin HL patients diagnosed
between the ages of 7 and 58; 99% (377) were diagnosed between ages
13 and 46. A total of 233 patients diagnosed between 2000 and 2008 were
recruited from the USC Cancer Surveillance Program and the Cancer
Prevention Institute of California (the Los Angeles County and Greater San
Francisco Bay Area Survey of Epidemiology and End Results registries,
respectively), and 147 patients diagnosed with HL from 1975 through 2006
were recruited from the population-based California Twin Program21 and
volunteer International Twin Study.22 If the HL-affected twin was unable to
provide a sample, the unaffected identical monozygotic twin’s DNA sample
was used; 255 (67%) were diagnosed as NSHL; 37 (10%) as MCHL;
12 (3%) as cHL; 50 (13%) as HL not otherwise specified; 11 (3%) as
lymphocyte-predominant HL; and 15 (4%) as other. Of the 157 specimens
tested for EBV, 90% of the NSHL specimens and 50% of the MCHL
specimens were EBV�. When an HL-affected twin was unable to provide a
sample, the unaffected monozygotic twin’s DNA sample was used.

Controls were 2299 European-origin individuals genotyped as part of
the Cancer Genetic Markers and Susceptibility Project (CGEMS).23-24 Of
these, 1142 female controls were from the CGEMS Breast Cancer GWAS
Stage 1 (with samples originally from the Nurse’s Health Study, ages 25-42
at enrollment) and 1157 male controls were from the CGEMS Prostate
Cancer GWAS Stage 1 (with samples originally from the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial, PLCO, ages 55-74 at
enrollment).

UC set. Cases consisted of 214 European-origin HL patients participat-
ing in the Childhood Cancer Survivor Study (CCSS), a retrospective study
of 14 358 survivors of childhood cancer diagnosed before 21 years of age
and surviving at least 5 years.25 Of these, 144 (67%) were diagnosed as
NSHL; 21 (10%) as MCHL; 38 (18%) as HL not otherwise specified;
8 (4%) as lymphocyte predominant; 3 (1%) as lymphocyte depleted or
other. Tumor EBV status was not available.

Controls were 1016 cancer-free individuals of European ancestry (466 males
and 550 females) from the GeneticAssociation Informative Network schizophre-
nia study cohort (phs000021.v1.p1).26 This dataset consists of 6 separate
case-control studies of attention deficit hyperactivity disorder, diabetic nephropa-
thy, psoriasis, major depression, schizophrenia, and bipolar disorder (the GAIN
collaborative research group), with ages ranging from 18-77 years at enrollment.
Permission was obtained for use of CGEMS and GAIN GWAS results from
dbGAP (http://dbgap.ncbi.nlm.nih.gov/aa/dbgap).

Mayo Clinic set. Cases were 113 adolescent/young adult (18-46 years
of age at diagnosis) European-origin patients seen at the Mayo clinic with
pathologically confirmed NSHL. Controls were 214 cancer-free patients
seen in the general internal medicine clinic at the Mayo Clinic (19-91 years
of age).

Genotyping

USC set. DNA was isolated from whole blood using QIAamp
96 DNA Blood Mini kits (QIAGEN/USC Genomics Core) or from saliva
using Oragene saliva self-collection kits (DNA Genotek). The Illumina
Human610-Quad Beadchip was used to obtain genotypes for all cases,
resulting in 599 011 successfully genotyped SNPs. Blinded replicate
samples (1%-2%) were genotyped to assess both reproducibility and
genotype concordance across stages. The Illumina HumanHap550 (v.1.1)
SNP Beadchip was used to obtain genotypes for the CGEMS breast cancer
controls, and the Illumina HumanHap250S (v1.0) and HumanHap300
(v1.1) Beadchips were used to obtain genotypes for the CGEMS prostate
cancer controls.

The PLINK software package (http://pngu.mgh.harvard.edu/�purcell/
plink) was used to calculate missingness, allele frequencies, and deviations
from Hardy-Weinberg Equilibrium for all analyses. Of the 255 NSHL cases,
4 failed quality control metrics, in which we required a genotyping call rate
of � 95%, an inbreeding coefficient of � 0.05, and a lack of cryptic
relatedness. Analysis of population substructure with Eigenstrat identified
2 outlier subjects, which were subsequently removed. SNPs with a call rate
of � 0.95, those with a minor allele frequency (MAF) of � 0.01, those that
strongly deviated from Hardy-Weinberg equilibrium (P � 1 � 10�5), and
those with genotypes that resulted from plate artifacts were removed. After
applying quality control, 423 144 SNPs were successfully genotyped in
249 NSHL cases (call rate � 99.87%). In addition, SNPs were using
IMPUTE2 (https://mathgen.stats.ox.ac.uk/impute/impute_v2.html) with the
HapMap phase 3 CEU population release 2 (www.hapmap.org) serving as
the reference. After imputation, SNPs with a certainty score � 0.8 and an MAF
� 0.05 were removed, leaving 923 203 SNPs available for analysis.

UC set. DNA was isolated from EBV-immortalized LCLs established
from nonmalignant peripheral blood lymphocytes using the PureGene DNA
extraction kit (Gentra Systems), from whole blood using the PureGene kit
(QIAGEN), or from saliva using the Oragene kit (DNA Genotek). We used
the Affymetrix Genome-Wide Human SNP Array 6.0 to obtain genotypes
for the NSHL cases and GAIN controls. SNPs with a call rate of � 0.95,
those with an MAF of � 0.01, those that strongly deviated from Hardy-
Weinberg equilibrium (P � 1 � 10�5), and those with genotypes that
resulted from plate artifacts were removed, leaving 741 279 SNPs (call
rate � 99.6%) for analysis.

To obtain genotypes for SNPs found on the Illumina Human610_Quad
array not present on the Affymetrix Genome-Wide Human SNP Array 6.0,
we imputed genotypes using the MACH software package (www.sph.umi-
ch.edu/csg/abecasis/MACH) with genotypes from the HapMap phase
3 CEU population serving as the reference. After imputation, we retained
only imputed SNPs with an MAF of � 0.05 and with imputation quality of
� 0.3, leaving 1 065 076 SNPs for analysis.

Two different software packages were used for imputation as a
consequence of the separate GWAS conducted at each institution, but this is
very unlikely to have affected the results.

Mayo Clinic set. DNA was extracted using an automated platform
(AutoGen FlexStar; QIAGEN). Genotyping of SNPs that surpassed the
threshold for genome-wide significance in the discovery phase was
performed using the Illumina Veracode Platform. Two SNPs in almost
perfect linkage disequilibrium (LD; rs9268542 and rs9268528, r2 � 0.981)
failed Illumina scoring and were replaced with a highly correlated tag SNP
(rs9268544, r2 � 1.0 for both SNPs).

Statistical analysis

A total of 705 591 SNPs were directly genotyped in at least 1 discovery set
and directly genotyped or confidently imputed in the other. The association
of each SNP with risk of NSHL for each set was calculated separately using
multivariable unconditional logistic regression after adjusting for sex and
the top 10 eigenvectors identified in a principal component analysis using
Eigenstrat27 to control for cryptic stratification. We performed a meta-
analysis to obtain combined estimates using an inverse variance weighting
of study-specific estimates. An association was considered significant if the
P value from the meta-analysis was � 5 � 10�8.
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For replication in the Mayo Clinic set, logistic regression, adjusting for
sex, was performed to estimate the effect of the SNPs on risk of NSHL.

We estimated extended haplotypes using SNPs surpassing the threshold
for genome-wide significance in the discovery analysis for all cases and
controls and determined their association with NSHL, ORs, and 95%
confidence intervals (CIs) by logistic regression adjusted by sex and the top
10 eigenvectors.27

A 3-way meta-analysis combining the USC, UC, and Mayo datasets was
conducted to assess the significance of replicated SNPs and haplotypes.

We used data from the Hapmap CEU individuals to determine the link
between our SNP haplotypes and HLA-DRB1-HLA-DQB1 alleles. HLA-
DRB1-HLA-DQB1 haplotype frequencies were estimated using Esti-
haplo28 (Table 5). HLA alleles in USC and UC cases and controls were then
imputed from the GWAS data and the association between the putatively
associated HLA allele and NSHL risk was determined unconditional
logistic regression to obtain ORs, 95% CIs, and P values, combining the
estimates in a meta-analysis.

Results

Characteristics of the USC and UC discovery sets are shown in
Table 1. The median age at diagnosis was older in the USC set
compared with the UC set (29 vs 16 years, respectively); however,
88% of the patients in each group were in the adolescent/young
adult range typical of NSHL. The proportion of female patients was
higher in the UC set (74%) compared with the USC set (47%) as a
consequence of selection criteria for another study. Principal
component analysis using Eigenstrat27 revealed no evidence for
population stratification (supplemental Figure 1A-B, available on
the Blood Web site; see the Supplemental Materials link at the top
of the online article). A quantile-quantile plot for the combined set
revealed no overdispersion of significant P values (genomic control
� � 1.071; supplemental Figure 2).29 When limited to only geno-
typed SNPs, the overdispersion parameter for the USC set (�USC)
was 1.02 and for the UC set (�UC), it was 1.03.

Five SNPs on chromosome 6p21.32 achieved genome-wide
significance for association with NSHL in the meta-analysis:
rs6903608 (OR � 1.6, P � 3.52 � 10�10), which had been identi-
fied in an earlier GWAS of cHL,20 rs9268542 (OR � 1.6,
P � 5.35 � 10�10), rs204999 (OR � 0.5, P � 1.44 � 10�9),
rs9268528 (OR � 1.6, P � 1.19 � 10�9), and rs2858870
(OR � 0.4, P � 1.69 � 10�8; Figure 1 and Table 2). Genotyping
accuracy was confirmed in the USC set by genotyping the
5 variants surpassing the threshold for genome-wide significance in
all 249 cases using TaqMan. In the UC set, 15 samples were
sequenced for the 3 imputed SNPs to confirm the imputed
genotypes for rs9268528, rs6903608, and rs2858870 (5 samples

carrying each genotype). Because there were differences in the age
distribution between the 2 case samples, even within the adolescent/
young adult age range, we performed a sensitivity analysis limiting
the cases from each sample to � 21 years of age at diagnosis. The
effect measures for each SNP were nearly identical to the results
obtained when the entire patient sample was used, although the
P values were slightly larger because of the loss in sample size
(supplemental Table 1). We did not observe an interaction between
sex and any of the genome-wide significant SNPs on NHL risk
(data not shown).

rs9268542 and rs9268528 were in almost perfect LD
(r2 � 0.981), rs204999 and rs2858870 were in weak LD
(r2 � 0.257), and there was no notable LD between the remaining
pairs of SNPs (r2 � 0.10; supplemental Table 2). When adjusted
for rs6903608, rs9268542 and rs9268528 retained genome-wide
significance (rs9268542: P � 4.51 � 10�10 and rs9268528:
P � 2.81 � 10�9) and rs204999 and rs2858870 remained nomi-
nally significant (rs204999: P � 2.57 � 10�6 and rs2858870: P �
7.22 � 10�6; Table 3).

To replicate our findings, we genotyped rs6903608, rs204999,
rs2858870,and rs9268544 in an independent set of 113 young adult
NSHL cases and 214 controls (supplemental Tables 3-4). rs6903608
(OR � 1.9, P � .000 24) and rs2858870 (OR � 0.6, P � .04077)
were significantly associated with NSHL, whereas rs204999 was
comparably, but not significantly, associated (OR � 0.7, P � .1426).
No association between NSHL and rs9268544 was seen in the
replication sample (OR � 1.1, P � .7155).

A meta-analysis combining the USC, UC, and Mayo Clinic
datasets yielded associations with increased statistical significance
for the replicated SNPs rs6903608 (OR � 1.6, P � 1.19 � 10�12)
and rs2858870 (OR � 0.4, P � 5.61 � 10�9), and an association
with slightly weaker significance for rs204999 (OR � 0.6,
P � 2.34 � 10�8). When conditioned on the previously reported
SNP rs6903608, replicated SNPs rs2858870 (P � 5.82 � 10�6)
and rs204999 (P � .001) remained significant in the 3-way
meta-analysis.

Our results suggest the presence of risk loci located in a
region of high LD that contains HLA class II genes as well as
other immune-response genes. A characteristic feature of the
HLA class II region is extensive LD. To determine whether the
extended haplotype containing these 5 SNP variants captured
more information about risk than individual SNPs, we estimated
haplotypes and determined their association with NSHL. We
found that the 5-variant haplotype model of risk resulted in the
strongest overall predictor of NSHL risk (P � 1.19 � 10�17).
Two distinct haplotypes were significantly associated with
NSHL risk (Table 4): one haplotype contained the risk alleles for
all 5 SNPs (Hap3: AGGCT) and was associated with a 70%
increased risk of NSHL (OR � 1.7, P � 1.71 � 10�6); the other
haplotype (Hap6: GAATC) contained the protective alleles for
all 5 SNPs and was associated with a 60% decreased risk
(OR � 0.4, P � 1.16 � 10�4). Similar associations (ORs) be-
tween NSHL risk and these 2 haplotypes were observed in the
replication set, although only the association with haplotype
3 was statistically significant (Table 4). When data from the
3 centers were combined in a meta-analysis, statistical signifi-
cance of the associations with haplotypes 3 (OR � 1.7,
P � 2.13 � 10�7) and 6 (OR � 0.4, P � 4.75 � 10�5) in-
creased and the global P decreased (P � 7.62 � 10�18).

Because HLA class II alleles have been previously associated
with NSHL,10-12 we used data from the HapMap CEU individuals

Table 1. Demographic and clinical information for
adolescent/young adult NSHL patients analyzed in each discovery
set

USC UC Combined

Total patients, n 249 144 393

Sex, n (%)

Male 133 (53) 37 (26) 170 (43)

Female 116 (47) 107 (74) 223 (57)

Median age at diagnosis, n 29 16 22

Age at diagnosis, range 7-46 4-21 4-46

5-9 1 (0) 6 (4) 7 (3)

10-19 38 (15) 125 (87) 163 (41)

20-29 93 (37) 13 (9) 106 (27)

30-39 88 (35) 0(0) 88 (22)

40-46 29 (12) 0(0) 29 (7)
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to determine whether our SNP haplotypes tagged specific HLA-
DRB1-HLA-DQB1 alleles28 (Table 5). Whereas individuals with
haplotype 3 (AGGCT) had multiple HLA-DRB1 alleles, all
individuals with haplotype 6 (GAATC) carried the DRB1*07:01
allele. In our combined USC and UC datasets, the HLA class II
allele DRB1*0701 was associated with a significant 50% decreased
risk of NSHL (OR � 0.5, 95% CI � 0.4-0.7).

Discussion

We performed a GWAS of NSHL and found significant associa-
tions between NSHL risk and SNPs at chromosome 6p21.32. While
this paper was in review, another study reported an association

Figure 1. Results of a meta-analysis of 2 GWAS on
393 cases and 3315 controls. (A) Manhattan plot of the
genome-wide results. P values were determined for each
SNP based on the meta-analysis of the UC and USC
samples. Five SNPs surpassed the genome-wide signifi-
cance threshold (P value � 5 � 10�8): rs9268542,
rs9268528, rs204999, rs2858870, and rs6903608 6p21.3.
(B) Regional plot of the 6p21.3 for the combined genome-
wide association results. The blue lines represent recom-
bination rates. The previously reported SNP rs6903608 is
designated by a diamond; all other SNPs are depicted by
circles. (C) Linkage disequilibrium map of the 6p21.3
region (red represents r2 � 0.9).
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between cHL and one SNP identified in our GWAS, rs6903608.20

We replicated this finding and also identified additional risk loci,
rs204999 and rs2858870, in the same region. When accounting for
rs6903608, we found that rs204999 and rs2858870 remained
nominally significant at the genome-wide level. Protective alleles
for these SNPs were also contained in haplotypes significantly
associated with NSHL risk, one of which appears to tag a protective
HLA-DRB1 allele. The highly correlated SNPs rs9268542 and
rs9268528 did retain genome-wide significance with rs6903608 in
the model, but could not be replicated in the small sample from
Mayo clinic.

The 6p21.32 region contains more than 200 genes with SNPs in
strong LD, the majority of which are expressed and involved in
immune function,30 including HLA-DRB1 and HLA-DQB1, which
code the corresponding HLA class II alleles. The HLA class
II region has been most strongly associated with autoimmune
disease30-31 and generally not with solid tumors. However, there is a
long-known association between HL, particularly NSHL, and
specific HLA class II alleles of DRB1, DQA1, DQB1, and
DPB1.10-12 A recent study reported associations between cHL and
multiple HLA-DR alleles, including a significant protective associa-
tion with HLA-DRB1*070132 similar in magnitude to the 50%
decreased risk we observed associated with this allele. Follicular
lymphoma risk has also been linked to a genetic signal in the HLA
class II region,33 and HLA alleles, including DRB1*0701, have
been associated with multiple myeloma risk.34 The importance of
the region suggests a role for immune response to antigen in the
etiology of B-cell diseases, including lymphoma and autoimmune
disease.35

Substantial evidence supports the hypothesis that NSHL results
from an atypical immune response to a virus4 or another biologic
trigger in the setting of a Th2-skewed immune response.6,13,15,16

Genetic variation in HLA class II genes may underlie this aberrant
response, because such variation results in structural alterations in
the HLA molecule-binding pockets, and therefore potentially in
binding capacity difference for specific antigens.36 In addition,
HLA class II alleles can influence CD4� T-cell polarization to
either the Th1 or Th2 subtype with subsequent alterations in

cytokine responses.37-38 NSHL tumors produce large amounts of
Th2 and inflammatory cytokines,39 and susceptibility is associated
with increased Th2 and decreased Th1 cytokine production.13,15-16

Therefore, our SNPs could code for HLA allele variation, which in
turn could affect antigen-binding capacity and CD4� cell polariza-
tion, thereby contributing to a protective or risk immunophenotype.

Some posit that EBV tumor status is a more important etiologic
marker than histology.40 Enciso-Moral et al examined GWAS
differences by EBV tumor status, but not histology, and found that
the rs6903608 SNP was associated more strongly with EBV� than
with EBV� disease.20 Age and EBV tumor status are highly
correlated7 and the majority of young adult HL patients in
economically developed countries have the NSHL subtype with
EBV� tumors. Because our study was restricted to adolescent/
young adult NSHL, the majority of which is EBV� (90% in our
study), we did not have sufficient power to examine effect
modification by EBV tumor status.

A possible limitation of our study was the difference in length of
follow-up for the USC and UC subsets if survival is differentially
associated with etiological HL subtype. All of the patients analyzed
at UC (CCSS) and 88% of the patients analyzed at USC had
survived at least 5 years before participation. The remaining 12%
of the patients analyzed at USC were recruited from the Los
Angeles USC Cancer Surveillance Program (SEER registry) via
rapid case ascertainment within 6 months of diagnosis; all are still
living, although the follow-up period is less than 5 years. Given the
very high survival rate of young adult NSHL patients (� 92%), a
survival bias is unlikely. The age range of the control sets was
broad but skewed toward older ages, which is unlikely to bias our
results, because even the younger controls have an extremely
low probability of developing NSHL (peak age-specific inci-
dence � 4-6/100 000/y; see http://seer.cancer.gov/).

In conclusion, in the present study, we identified an association
between SNPs in the 6p21.32 region and NSHL risk, including a
previously reported SNP.20 The SNPs occur on 2 mirror haplotypes
that are significantly associated with NSHL risk, and at least 1 may
be linked to a reported protective HLA allele.32 Because of the
limitations of the association study design and the strong LD in the

Table 3. Association of SNPs surpassing the threshold for genome-wide significance in the adolescent/young adult NSHL meta-analysis
conditioned on rs6903608

USC UC Combined

OR (95% CI)* P OR (95% CI)* P OR (95% CI)* P

rs204999 0.6 (0.5-0.8) 1.12 � 10�4 0.6 (0.5-0.9) 7.08 � 10�3 0.6 (0.5-0.8) 2.57 � 10�6

rs9268542 1.6 (1.3-1.9) 5.75 � 10�6 1.7 (1.4-2.2) 1.51 � 10�5 1.6 (1.4-1.9) 4.51 � 10�10

rs9268528 1.5 (1.3-1.9) 1.31 � 10�5 1.7 (1.3-2.2) 4.49 � 10�5 1.6 (1.4-1.9) 2.81 � 10�9

rs2858870 0.5 (0.3-0.7) 2.59 � 10�4 0.5 (0.3-0.8) 8.94 � 10�3 0.5 (0.4-0.7) 7.22 � 10�6

*OR and 95% CI adjusted for rs6903608, sex, and top 10 eigenvectors.

Table 2. Chromosome 6 SNPs associated with adolescent/young adult NSHL

USC UC Combined

SNP BP*
Minor
allele

MAF
(Ca)

MAF
(Co)

OR
(95% CI)† P

MAF
(Ca)

MAF
(Co)

OR
(95% CI)† P

OR
(95% CI)† P

rs6903608‡ 32536263 C 0.48 0.33 1.7 (1.4-2.1) 4.50 � 10�8 0.40 0.32 1.5 (1.2-1.9) 1.43 � 10�3 1.6 (1.4-1.9) 3.52 � 10�10

rs9268542§ 32492699 G 0.51 0.38 1.6 (1.3-1.9) 1.37 � 10�5 0.53 0.39 1.8 (1.4-2.4) 5.76 � 10�6 1.6 (1.4-1.9) 5.35 � 10�10

rs9268528‡ 32491086 G 0.51 0.38 1.5 (1.3-1.9) 1.78 � 10�5 0.50 0.37 1.8 (1.4-2.3) 1.07 � 10�6 1.6 (1.4-1.9) 1.19 � 10�9

rs204999§ 32217957 G 0.16 0.27 0.5 (0.4-0.7) 1.78 � 10�7 0.21 0.28 0.6 (0.4-0.8) 1.60 � 10�3 0.5 (0.4-0.7) 1.44 � 10�9

rs2858870‡ 32680229 G 0.06 0.13 0.4 (0.3-0.6) 1.64 � 10�6 0.07 0.13 0.5 (0.3-0.8) 2.35 � 10�3 0.4 (0.3-0.6) 1.69 � 10�8

*Chromosome location based on National Center for Biotechnology Information Human Genome Build 36 coordinates.
†OR (95% CI) adjusted for gender and top 10 eigenvectors.
‡Directly genotyped in cases and controls analyzed at USC; imputed in cases and controls analyzed at UC using the MACH program.
§Directly genotyped in all case and control samples.
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region, we cannot determine whether the newly identified SNPs
(rs204999 and rs2858870) are independent of the previously
reported SNP or whether they simply provide additional informa-
tion by extending the known region. Larger studies will be required
to determine whether these loci are actually a single associated
region, if they are indeed independent, or if they show evidence for
epistasis. This study supports a possible role for HLA-DRB1
polymorphisms in NSHL susceptibility.
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Table 4. The association of 6p21.32 haplotypes with young adult NSHL risk

Structure (SNP)*

USC† UC‡ Combined§ Replication¶

Freq OR (95% CI)6 P Freq OR (95% CI)# P OR (95% CI)# P Freq OR (95% CI)# P

Hap1 A-A-A-T-T 0.23 1 0.21 1 1 0.22 1

Hap2 A-G-G-T-T 0.17 1.0 (0.7-1.4) 0.851 0.17 1.8 (1.2-2.8) 0.004 1.3 (1.0-1.7) 0.066 0.19 0.9 (0.5-1.7) 0.855

Hap3 A-G-G-C-T 0.17 1.7 (1.2-2.2) 6.37 � 10�4 0.16 1.9 (1.3-2.67) 0.001 1.7 (1.4-2.4) 1.71 � 10�6 0.16 1.7 (1.0-3.0) 0.045

Hap4 A-A-A-C-T 0.16 1.0 (0.7-1.5) 0.881 0.15 1.4 (0.9-2.1) 0.161 1.2 (0.8-1.6) 0.294 0.18 1.8 (1.0-3.3) 0.063

Hap5 G-A-A-T-T 0.12 0.6 (0.4-1.0) 0.028 0.13 1.0 (0.6-1.6) 0.949 0.8 (0.6-1.1) 0.119 0.11 1.1 (0.6-2.3) 0.71

Hap6 G-A-A-T-C 0.08 0.3 (0.1-0.5) 5.72 � 10�5 0.08 0.6 (0.4-1.1) 0.121 0.4 (0.3-0.7) 1.16 � 10�4 0.08 0.5 (0.2-1.3) 0.162

Others 0.08 0.09 (0.5-1.3) 0.476 0.09 1.3 (0.8-2.1) 0.241 1.1 (0.8-1.5) 0.733 0.06 1.3 (0.5-3.5) 0.53

*rs204999-rs9268528-rs9268542-rs6903608-rs2858870.
†Global P � 4.21 � 10�13.
‡Global P � 6.44 � 10�7.
§Combined global P � 1.19 � 10�17.
¶Replication with 113 European origin adolescent/young adult NSHL patients and 214 controls: global P � 0.055; rs968544 substituted for rs9268528 and rs9268542.
#OR (95% CI) adjusted for gender and top 10 eigenvectors.

Table 5. SNP-HLA haplotype frequencies in the HapMap CEU dataset

rs204999-rs9268528-rs9268542-rs6903608-rs2858870 HLA-DRB1-HLA-DQB1
HLA haplotype

frequency Distribution of HLA haplotypes by SNP haplotype

A-G-G-C-T 1101-0301 2.99% 31%

A-G-G-C-T 1401-0503 2.99% 31%

A-G-G-C-T 1301-0603 1.49% 14%

A-G-G-C-T 0301-0201 0.77% 8%

A-G-G-C-T 1404-0503 0.75% 8%

A-G-G-C-T 1305-0301 0.75% 8%

G-A-A-T-C 0701-0303 5.22% 50%

G-A-A-T-C 0701-0201 5.21% 50%
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