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Neurite-outgrowth assays

Twenty-four hours following siRNA transfection, trans-
fection media was removed from the NS-1 cells and 0,
12.5, or 100 nmol/L paclitaxel in NS-1 media (supple-
mented with 20 ng/mL NGF) was added to either the
siRfx2 or nontargeting control cells. After 24 hours in
the presence of paclitaxel, phase-contrast images (x10) of
the cells were taken using an Axiovert 200M inverted
widefield fluorescence microscope (Zeiss). At least 500
cells per treatment in 6 randomly chosen fields were
imaged and the longest neurite per cell was measured
using Image] (34) software. The entire experiment was
carried out in duplicate and mean neurite lengths were
normalized relative to the 0 nmol/L drug treatment for
each siRNA. Because tracing neurite lengths is somewhat
qualitative, 2 scientists independently measured neurite
lengths and the second scientist was blinded to siRNA/
drug treatment. The mean of each set of measurements
between the 2 scientists was assessed for significance by 2-
way ANOVA (factors: siRNA treatment and drug treat-
ment) to determine if the siRfx2 affected neurite length
upon paclitaxel treatment.

NS-1 cytotoxicity assays

Twenty-four hours after siRNA transfection, transfection
media was removed from the NS-1 cells and 0, 6.25, 12.5,
25, 50, or 100 nmol/L paclitaxel in NS-1 media (supple-
mented with 20 ng/mL NGF) in triplicate was added to
either the siRfx2 or nontargeting control cells. After 72 hours
of paclitaxel treatment, ATP levels were measured using the
CellTiter-Glo assay (Promega) and percentage survival
curves were generated. The entire experiment was done in
duplicate and 2-way ANOVA was used to determine if the
siRfx2 significantly affected overall cytotoxicity upon pacli-
taxel treatment.

Results

Enrichment of LCL cytotoxicity SNPs in patient sensory
peripheral neuropathy SNPs

We conducted a genome-wide meta-analysis (see Materi-
als and Methods) to test common SNPs for association with
paclitaxel-induced cytotoxicity in LCLs. We compared the
results from this analysis with those from clinical trial
CALGB 40101, a GWAS of paclitaxel-induced sensory
peripheral neuropathy in patients with breast cancer (3).
Neither study produced genome-wide significant results
(o0 < 0.05) nor did the very top SNPs match between the
2 studies (Fig. 1). However, through a permutation resam-
pling analysis of the CALGB patient data, we found
that the top sensory peripheral neuropathy-associated SNPs
(P < 0.05) are significantly enriched for SNPs associated
with paditaxel-induced cytotoxicity in LCLs (P < 0.001)
with consistent allelic directions of effect (Fig. 2; empirical
P = 0.007). The observed enrichment of 24 SNPs between
the LCL and patient studies is likely paclitaxel-specific, due
to the sensory peripheral neuropathy SNPs not being
enriched for either capecitabine- or carboplatin-induced
cytotoxicity SNPs, which were tested as negative controls
(Fig. 2). Positional information and effect sizes of all 24
overlap SNPs in the LCL and patient data can be found in
Supplementary Table S1. When the inclusion thresholds for
overlap SNPs were relaxed and when the LCL SNPs were
tested for enrichment of patient SNPs, the significant over-
lap was present at a range of P value thresholds from 0.001
to 0.1, showing the robustness of our findings (Supplemen-
tary Table S2).

Enrichment of eQTLs in LCL/patient overlap SNPs
We tested the top paclitaxel-induced LCL cytotoxicity

SNPs (P < 0.001) and the top paclitaxel-induced patient

sensory peripheral neuropathy SNPs (P < 0.05) for eQTL

Patients
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T

Figure 1. Comparison of individual
GWAS results. Left, paclitaxel-
induced cytotoxicity in LCLs.
Right, paclitaxel-induced sensory
peripheral neuropathy in patients.
White lines represent the overlap
thresholds used in the primary
enrichment analysis (P < 0.001 for
LCLs and P < 0.05 for patients) and
white triangles represent the 24
overlap SNPs at these thresholds.

L O L O B )

1T

Chr22

-log, (P value)

Clin Cancer Res; 19(2) January 15, 2013

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on February 21, 2013
Copyright © 2013 American Association for Cancer Research



Published OnlineFirst November 30, 2012; DOI:10.1158/1078-0432.CCR-12-2618

Paclitaxel Cell Line and Clinical Trial Enrichment

Paclitaxel
o
{1 —
2. ] P =0.007
x. v
5
2 8.
g~
w
24
o
r T b T 1
0 10 20 30 40
Capecitabine
o s
P -
N
> ‘g_ | P =0.231
(=4
g
g 84
I
(=
w
o
T T T T 1
0 10 20 30 40
Carboplatin
8. -
~N
3 P=0.503
w0
g 2
[
-
g 8.
'8
(=]
24
o5 { " T T 1
0 10 20 30 40
Patient and LCL overlap SNP count

Figure 2. Patient paclitaxel-induced sensory peripheral neuropathy SNPs
are enriched for SNPs associated with paclitaxel-induced cytotoxicity in
LCLs. Distribution of chemotherapeutic-induced cytotoxicity SNP (P <
0.001) count in 1,000 permutations of neuropathy phenotype-genotype
connections (P < 0.05). The dot is the observed SNP overlap at these
thresholds. Of the 3 drug studies tested (paclitaxel, capecitabine, and
carboplatin), only paclitaxel-induced cytotoxicity SNPs were significantly
enriched in the patient GWAS (empirical P = 0.007).

enrichment because these were the thresholds used in the
primary overlap analysis. We compared the observed num-
ber of eQTLs at these thresholds to the number of eQTLs in
10,000 randomly selected MAF-matched SNP sets (for
details, see Materials and Methods). Neither cytotoxicity-
associated SNPs nor neuropathy-associated SNPs alone
were enriched for eQTLs (Fig. 3). However, we found that

the 24 paclitaxel LCL/patient overlap SNPs at these thresh-
olds are enriched for eQTLs when compared with MAF-
matched SNP sets (empirical P = 0.0447), potentially
revealing an important role for this functional class in
paclitaxel toxicity.

Prioritization of LCL/patient overlap SNPs for
functional analysis

First, we determined that 11 of 24 overlap SNPs from the
enrichment analysis were located in or near (within 2 kb)
gene transcripts (Table 1). The relationship of these 11 SNPs
with paclitaxel-induced sensory peripheral neuropathy in
patients and LCL cytotoxicity is shown in Supplementary
Fig. S2. Next, we determined which of these 11 SNPs within
genes were also eQTLs (31). Of the 8 eQTLs, we determined
which had the most potential target genes at an arbitrary
threshold of P< 10™*. The SNP in REX2 had 18 target genes,
more than any other of the 8 eQTLs. In addition, we tested
the expression of the target genes for association with
paclitaxel-induced cytotoxicity adjusted for growth rate (see
Materials and Methods). We found that expression of 3 of
the RFX2 target genes associated with paclitaxel-induced
cytotoxicity (Table 1 and Supplementary Table S3); there-
fore, we pursued evaluating RFX2 in a model of neuropathy.

Functional validation of RFX2 in a paclitaxel-induced
peripheral neuropathy model

We used neuroscreen (NS-1) cells, a subclone of the rat
pheochromocytoma cell line PC-12 that has previously
been used as a research model for chemotherapy-induced
neuropathy (35, 36), to test Rfx2, the rat ortholog of RFX2, for
functional involvement in paclitaxel response. Using siRNA,
we decreased expression of Rfx2 resulting in increased sen-
sitivity of NS-1 cells to paclitaxel, as measured by reduced
neurite outgrowth and increased cytotoxicity (Fig. 4). The
3 RFX2 SNP target genes whose expression associated
with paclitaxel-induced cytotoxicity in LCLs are CYP51A1,
BACH1, and CBARA1 (Table 1; Fig. 5A-C; P < 0.05). We
measured the expression of these 3 potential Rfx2 target
genes upon knockdown of Rfx2 in NS-1 cells and found that
the expression of 1 of 3 genes, Cyp51 (rat ortholog of
CYP51A1), significantly decreased 24 hours posttransfection
(P < 0.05), which is the expected direction of effect based
on the LCL expression versus cytotoxicity data (Fig. 5D).

Discussion

We conducted a GWAS of paclitaxel-induced cytotoxicity
in LCLs and showed significant enrichment of the top
cytotoxicity-associated SNPs in a clinical GWAS of paclitax-
el-induced sensory peripheral neuropathy in patients with
breast cancer. This robust enrichment shows that suscepti-
bilities to increased cytotoxicity in LCLs and sensory periph-
eral neuropathy in patients with breast cancer likely have
some genetic mechanisms in common and supports the
role of LCLs as a preclinical model for paclitaxel toxicity
studies. Furthermore, the top SNPs that overlap between the
2 studies were enriched for eQTLs. This eQTL enrichment
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Figure 4. Functional validation of
RFX2in paclitaxel response using a
peripheral neuropathy cell model.
A, representative micrographs
comparing neurite lengths of NS-1
cells upon siRNA knockdown of
Rfx2 and treatment with paclitaxel
(x10 phase-contrast). B, relative
gene expression 24 hours
posttransfection in the 2 neurite
length experiments. NTC,
nontargeting control. C, decreased
expression of Rfx2 causes
decreased neurite length of
differentiating NS-1 cells (P < 1079
24 hours post-paclitaxel treatment
(48 hours posttransfection). Error
bars represent the SEM of the
longest relative neurite length of at
least 500 cells in each of 2
independent experiments. D,
relative gene expression 24 to 96
hours posttransfection in the 2
cytotoxicity experiments. E,
decreased expression of Rfx2
causes decreased survival
(increased cytotoxicity, P < 10~ of
differentiating NS-1 cells measured
by CellTiter-Glo 72 hours post-
paclitaxel treatment (36 hours
posttransfection). Error bars
represent the SEM of survival in 2
independent experiments with 3
replicates each.
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Figure 5. Target genes of RFX2 eQTL rs7254081 in paclitaxel response.
Increased baseline expression of the rs7254081 target genes (A)
CYP51AT1, (B)BACHT1, and (C) CBARA1 associate with increased cellular
survival (adjusted for growth rate) of LCLs treated with 12.5 nmol/L
paclitaxel (P < 0.05). D, Rfx2 siRNA in NS-1 cells decreases the
expression of Rfx2 and Cyp51, but not Bach1 and Cbara, compared with
the nontargeting control (NTC) 24 hours posttransfection. *, P < 0.05.
Errorbars represent the SEM of relative gene expressionin 2 independent
experiments with 3 replicates each.

indicates that SNPs associated with paclitaxel-induced tox-
icity phenotypes may be functioning through gene regula-
tory mechanisms. Interestingly, neither GWAS alone was
enriched for eQTLs. Thus, our integration method may be
reducing noise and revealing important functional SNPs.
An enrichment of eQTLs has previously been shown in
SNPs associated with 6 other chemotherapeutic drugs,

which indicates that susceptibility to these drugs may
A depend on subtle gene expression differences across indi-
j viduals (31).
g ] The enrichment analyses were likely affected by the
g - different linkage disequilibrium patterns among the popu-
X+ lations studied. The LCL GWAS was a meta-analysis of
§ e . African, African American, and European populations,
L R T 45 Mg pn o whereas the patient GWAS was conducted in Europeans.
Adjusted survival Adjusted survival In the meta-analysis, SNPs that are associated with cyto-
toxicity in all populations are prioritized over those asso-
Cc D ciated in only one of the populations. We may have missed
% @ § EE identifying European-specific overlap alleles. However,
g3 ¢ because the population linkage disequilibrium patterns
38 - g e differ and because African populations have shorter linkage
g '; £ x X disequilibrium blocks, overlap SNPs are more likely to be
g~ § b functional SNPs rather than SNPs that simply tag a func-
Hz 118 120 124 NTC Ri2 CypSt Bachi Cbarat tional locus (37).
Adjusted survival RA&2 SIRNA We functionally assessed the involvement of one overlap
eQTL, RFX2, in the NS-1 neuropathy cell model. Paclitaxel

has previously been shown to decrease neurite outgrowth in
the parent clone of the NS-1 cell line (36). Here, we showed
that decreased expression of Rfx2 sensitizes NS-1 cells to
paclitaxel by reducing neurite outgrowth and survival. This
result validates our approach by showing that patient neu-
ropathy and LCL cytotoxicity overlap analyses can reveal
genes mechanistically involved in paclitaxel response.
Although most previous work on RFX2 in mammalian cells
describes its role in spermatogenesis (38, 39), several stud-
ies point to a potential role for the protein in sensory
neurons. RFX2 and the related protein RFX1 have been
shown to directly bind and regulate the transcription of
ALMS1 (40). Mutations in ALMS1 cause the rare genetic
disorder Alstrém syndrome, which is characterized by neu-
rosensory degeneration, metabolic defects, and cardiomy-
opathy (40). In addition, the regulatory factor X

Table 1. Paclitaxel-induced LCL cytotoxicity (P < 0.001) and paclitaxel-induced patient sensory peripheral
neuropathy (P < 0.05) overlap SNPs located in genes
Patient sensory Target genes
LCL peripheral Number associated with
cytotoxicity neuropathy of target LCL paclitaxel-induced
SNP P value P value Gene eQTL genes cytotoxicity® (P < 0.05)
rs7254081 5.9E-04 4.8E-02 RFX2 yes 18 CYP51A1, BACH1, CBARA1
rs7642318 2.2E-04 3.9E-02 TMEMA44 yes 6
rs10933663 4.0E-04 2.1E-02 TMEMA44 yes 4
rs8002545 9.2E-04 3.1E-02 DIS3 yes 3
rs4782010 5.5E-04 3.5E-02 XYLT1 yes 2
rs11111539 7.9E-04 6.7E-03 C12orf42 yes 1
rs7306825 7.2E-04 9.3E-03 C12orf42 yes 1
rs8069856 1.1E-04 4.5E-02 RICH2 yes 1
rs4868011 8.2E-04 4.2E-02 KCNIP1
rs10778237 9.3E-04 1.3E-02 C12orf42
rs323285 5.1E-04 3.7E-02 KIAA1328
#Adjusted for growth rate.

www.aacrjournals.org Clin Cancer Res; 19(2) January 15, 2013

Downloaded from clincancerres.aacrjournals.org on February 21, 2013
Copyright © 2013 American Association for Cancer Research

497



498

Published OnlineFirst November 30, 2012; DOI:10.1158/1078-0432.CCR-12-2618

Wheeler et al.

transcription factors present in Caenorhabditis elegans and
Drosophila, which are called DAF-19 and RFX, respectively,
regulate ciliated sensory neuron differentiation (41, 42).

Upon knockdown of Rfx2 in NS-1 cells, the potential
target gene Cyp51 also decreased expression, which was the
expected direction of effect based on the preliminary gene
expression analysis in LCLs. However, CYP51A1 does not
contain an X-box RFX-binding domain (43) in the promot-
er region (2 kb upstream of the transcription start site),
which means it is unlikely a direct target of RFX2 and may
instead be further downstream in the pathway. Alternative-
ly, RFX2 could be regulating an enhancer of CYP51A1 that is
further outside the generegion. CYP51A1 is amember of the
cytochrome P450 superfamily of enzymes, which catalyze
many reactions involved in the metabolism of drugs and
endogenous compounds. Specifically, CYP51A1 is known
to participate in the synthesis of cholesterol (44). CYP51A1
has not been previously implicated in paclitaxel metabo-
lism (45).

In the CALGB GWAS, one of the top SNPs that associated
with patient paclitaxel-induced sensory peripheral neuropa-
thy (110771973, P = 2.6 x 107°) is located in FGD4 (3).
Mutations in FGD4 can cause the congenital peripheral
neuropathy Charcot-Marie-Tooth disease type 4H, and thus
the gene s a plausible candidate for involvement in variation
in peripheral neuropathy induced by paclitaxel. This SNP
association was replicated in a second cohort of self-reported
White patients with breast cancer (n=154; P=0.013) and in
a cohort of self-reported African American patients with
breast cancer (n = 117, P = 6.7 x 10~>; ref. 3). However,
this SNP was not associated with paclitaxel-induced cytotox-
icity in LCLs (P = 0.65). FGD4 is not expressed in LCLs (21),
and thus the SNP is not expected to function in this model
system. While our integrative approach can reveal variants
and genes acting in paclitaxel response in both patients and
LCLs, it does not identify genes potentially acting in patients
that are not expressed in LCLs.

Effectively, LCLs have been used as an additional cohort
to study the pharmacogenomics of various chemotherapeu-
tics (16-19) because limited resources and in vivo confoun-
ders make obtaining large, homogeneous patient cohorts
difficult. Here, we saw greater SNP overlap than expected by
chance between SNPs associated with paclitaxel-induced
cytotoxicity in LCLs and SNPs associated with paclitaxel-
induced sensory peripheral neuropathy in patients at mul-
tiple P value thresholds, which confirms a role for the LCL
model in the analysis of at least a subset of genes involved in
patient neurotoxicity. This significant enrichment among a
relatively large number of top SNPs is consistent with an
underlying polygenic architecture for paclitaxel-induced
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Abstract

We conducted a genome-wide association (GWA) meta-analysis of 4,604 endometriosis cases and
9,393 controls of Japanese! and European? ancestry. We show that rs12700667 on chromosome
7p15.2, previously found in Europeans, replicates in Japanese (£= 3.6 x 10-3), and confirm
association of rs7521902 on 1p36.12 near WNT4. In addition, we establish association of
rs13394619 in GREB1 on 2p25.1 and identify a novel locus on 12q22 near VEZT (rs10859871).
Excluding European cases with minimal or unknown severity, we identified additional novel loci
on 2pl4 (rs4141819), 6p22.3 (rs7739264) and 9p21.3 (rs1537377). All seven SNP effects were
replicated in an independent cohort and produced P< 5 X 108 in a combined analysis. Finally, we
found a significant overlap in polygenic risk for endometriosis between the European and
Japanese GWA cohorts (P= 8.8 x 10~11), indicating that many weakly associated SNPs represent
true endometriosis risk loci and risk prediction and future targeted disease therapy may be
transferred across these populations.

Endometriosis (MIM131200) is a common gynecological disease associated with severe
pelvic pain, affecting 6-10% of women in their reproductive years># and 20-50% of women
with infertility”. Endometriosis risk is influenced by genetic factors and has an estimated
heritability of around 51%3.

Two large endometriosis GWA studies!2 have reported genome-wide significant
associations. The first, in a Japanese sample of 1,423 cases and 1,318 controls obtained from
the BioBank Japan (BBJ), with 484 cases and 3,974 controls for replication, implicated a
SNP (rs10965235) in the CDKN2BAS gene on chromosome 9p21.3 (overall odds ratio (OR)
=1.44,95% CI 1.30-1.59; P=5.57 x 10712)!. The second, by the International Endogene
Consortium (IEC) in a sample of European ancestry from Australia (2,270 cases and 1,870
controls) and the UK (924 cases and 5,190 controls), with 2,392 cases and 2,271 controls
from the US for replication, identified an intergenic SNP (rs12700667) on 7p15.2 (overall
OR =1.20,95% CI 1.13-1.27; P= 1.4 x 10~7)2. These two studies did not report replication
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of each other’s top locus, partly because rs10965235 is monomorphic in Caucasian
populations. The European study did find association with rs7521902 (OR = 1.16, 95% CI
1.08-1.25, P=9.0 x 1075) near the WNT4 gene on 1p36.12, that was reported to be
suggestively associated in the Japanese (OR = 1.20,95% CI 1.11-1.29, P=2.2 x 1079).

Encouraged by the WNT4 association and with accumulating evidence for many complex
traits that the number of discovered variants is strongly correlated with experimental sample
size®, we sought to increase the ratio of controls to cases in the Australian GWA cohort and
to perform a formal meta-analysis of the Australian (QIMR), UK (OX) and Japanese (BBJ)
GWA data.

To increase the power of the Australian GWA dataset we matched the existing QIMR cases
and controls? on ancestry to individuals from the Hunter Community Study (HCS)”. After
stringent quality control (QC), the combined QIMRHCS GWA cohort consisted of 2,262
endometriosis cases and 2,924 controls, increasing the number of controls by 1,054 and the
Australian effective sample size by 24%. We also performed more stringent QC
incorporating the OX dataset, resulting in a revised OX GWA cohort of 919 endometriosis
cases and 5,151 controls. All cases in the QIMRHCS and OX studies have surgically
confirmed endometriosis and disease stage from surgical records using the rAFS
classification system8, subjects are grouped into stage A (stage I or II disease or some
ovarian disease with a few adhesions; 7= 1,680, 52.8%) or stage B (stage III or IV disease;
n=1357,42.7%), or unknown (1= 144,4.5%). Details of the final GWA and independent
replication case-control cohorts are summarized in Table 1 and a schematic of our study
design is provided in Fig. 1.

Meta-analysis of all endometriosis 4,604 cases and 9,393 controls for the 407,632 SNPs
overlapping in the QIMRHCS, OX and BBJ GWA data, showed that the A allele of
1512700667 at the European 7p15.2 locus (OR = 1.22,95% CI 1.13-1.31, P="7.2 x 1078)
also replicates in the Japanese GWA data (OR = 1.22,95% CI 1.07-1.39, P=3.6 x 1073,
producing an overall OR of 1.22 (95% CI 1.14-1.30) and P= 9.3 x 10~10 in the GWA meta-
analysis; we also confirmed association with allele A of rs7521902 at the 1p36.12 WNT4
locus (OR = 1.18,95% CI 1.11-1.25, P= 4.6 x 1078) (Table 2).

The GWA meta-analysis identified a novel locus on 12q22 near the VEZT gene (allele C of
rs10859871 OR =1.18,95% CI 1.12-1.25, P=55x 10‘9). We also established association
with allele G of rs13394619 in the GREB/ gene on 2p25.1 (OR =1.12,95% CI 1.06-1.18,
P=2.1 x 1073, previously reported (OR = 1.35,95% CI 1.17-1.56, P=3.8 x 105) ina
small independent Japanese GWA study of 696 cases and 825 controls by Adachi et al
(2010)°. The G allele of rs13394619 approached conventional genome-wide significance (P
<5 % 1078) in combined analysis of the QIMRHCS, OX, BBJ, Adachi500K and Adachi6.0
GWA data (OR = 1.15,95% CI 1.09-1.20, P= 6.1 x 10~8) (Table 2). In addition to the three
genome-wide significant SNPs on chromosomes 1,7 and 12 (rs7521902, rs12700667,
rs10859871), the Manhattan plot of the all endometriosis GWA meta-analysis results
(Supplementary Fig. 1) showed 34 SNPs reached genome-wide suggestive association (P<
1079).

Given the substantially greater genetic loading of moderate to severe (Stage B)
endometriosis (rAFS stage IIT or IV disease) compared to minimal (Stage A) endometriosis
(rAFS stage I or II disease)?, a secondary analysis was performed for the SNPs reaching
genome-wide suggestive association, where the association results from QIMRHCS and OX
Stage B cases versus controls, were meta-analyzed with the BBJ association results (stage
information not available).
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After excluding endometriosis cases with minimal (rAFS stage I-II) or unknown severity in
the QIMRHCS and OX cohorts, GWA meta-analysis implicated novel loci on 2p14 (allele C
of rs4141819 OR = 1.22,95% CI 1.14-1.32, P=6.5 x 1078), 6p22.3 (allele T of rs7739264
OR =121,95% CI 1.13-1.30, P= 5.8 x 1078) and 9p21.3 (allele C of rs1537377 OR =
1.22,95% CI 1.14-1.30, P= 1.0 x 1078) (Table 2, Supplementary Fig. 2, Supplementary
Table 1-2 and Supplementary Note).

Annotated plots showing evidence for association in the combined QIMRHCS, OX and BBJ
GWA data of genotyped SNPs across the seven implicated loci from the analysis of all cases
and of stage B cases only are provided in Supplementary Figs. 3-9. Imputation up to the
1000 Genomes reference panel produced more significant Pvalues and helped resolve the
associated region at the 1p36.12 (rs56318008, Py = 1.3 x 10710), 2p25.1 (rs77294520,
FitageB = 8.6 X 1078), 2p14 (152861694, Pstage = 7.9 X 107%), 6p22.3 (rs6901079, Py = 1.9
x 1078),9p21.3 (rs7041895, PyageB = 5.1 % 10719) and 12422 (rs11107968, Py = 3.9 x
109 loci (Fig. 2 and Supplementary Figs. 10-16). Of particular note, the most significant
imputed SNPs on 1p36.12, rs56318008 and rs3820282 (P = 1.6 x 10719), are located 22 bp
5" and within the WNT4 gene, respectively.

Interestingly, the most associated genotyped SNP at 9p21.3 (rs1537377) is 55 kb
centromeric to the genome-wide significant SNP reported in the original BB] GWA!
(rs10965235) located in the CDKN2BAS gene, and 49 kb 3” to the transcription end site of
CDKNZ2BAS. SNP rs10965235 is monomorphic in Caucasian populations and we
investigated the independence of rs10965235 and rs1537377 in the BBJ GWA data. Firstly,
in the BBJ GWA data, alleles of rs10965235 and rs1537377 are very weakly correlated,
with linkage disequilibrium (LD) metrics of 72 = 0.028 and D = 0.461. Secondly, the allelic
association Pvalues for rs10965235 and rs1537377 are P=1.6 x 10~*and P=1.8 x 1072,
respectively. After conditioning on rs10965235, weak residual association remains at
1s1537377 (P= 9.0 x 1072). Consequently, the data suggest there may be two independent
genetic risk factors near the CDKN2BAS locus on 9p21.3. CDKN2BAS is a long non-
coding RNA adjacent to and transcribed from the opposite strand to CDKN2B (p15),
CDKNZ2A (p16) and ARF (p14). Loss of heterozygosity of CDKNZ2A and hypermethylation
of the CDKN2A promoter have been reported in endometriosis!®!1.

To further validate the seven SNPs implicated by the meta-analysis, we carried out a
replication study using a cohort of 1,044 cases and 4,017 controls obtained from the
BioBank Japan independent of the BBJ GWA cohort. As shown in the forest plots of risk
allele effects estimated using all cases versus controls (Fig. 3), the effects (ORs) were in the
same direction for all seven implicated SNPs across the GWA and replication cohorts. With
the exception of rs12700667, which was previously replicated (P= 1.2 x 1073) in 2,392
cases and 2,271 controls from the US2, and rs4141819 (with a marginal P=5.1x 10‘2), all
SNPs were replicated at the nominal P< 0.05 threshold (Table 2). All seven SNPs surpass
the conventional genome-wide significant threshold of P< 5 x 1078 after combined analysis
of the GWA and replication cases and controls (Table 2). A conservative adjustment of the
154141819 total Pvalues (P = 8.5 x 1075, FiageB = 4.1 X 1078) for performing two
independent GWA studies (all and stage B endometriosis cases versus controls) would
produce P> 5 x 1078 (Pajadjusted = 1.7 X 1077; PigageB-adjusted = 8-2 x 1078). However, the
accurately imputed (Rsq > 0.95) SNP rs2861694 (Fytagep = 7.9 X 1079), in strong LD with
154141819 (= 0981, D' = 1.0; and 2= 0.867, D' = 1.0, in the 379 European and 286
Asian 1000 Genomes reference samples, respectively), would remain genome-wide
significant (PyageB-adjusted = 1.6 X 1075).

The Q-Q plots for the QIMRHCS, OX and BBJ GWA data (Supplementary Fig. 17a-c)
reflect our stringent quality control, while the GWA meta-analysis Q-Q plot (Supplementary

Nat Genet. Author manuscript; available in PMC 2012 December 20.



