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Abstract

Rubella virus causes a relatively benign disease in most cases, although infection during
pregnancy can result in serious birth defects. An effective vaccine has been available since the
early 1970s and outbreaks typically do not occur among highly vaccinated (=2 doses) populations.
Nevertheless, considerable inter-individual variation in immune response to rubella immunization
does exist, with single dose seroconversion rates ~95%. Understanding the mechanisms behind
this variability may provide important insights into rubella immunity. In the current study, we
examined associations between single nucleotide polymorphisms (SNPs) in selected cytokine,
cytokine receptor, and innate/antiviral genes and immune responses following rubella vaccination
in order to understand genetic influences on vaccine response. Our approach consisted of a
discovery cohort of 887 subjects ages 11-22 at the time of enrollment and a replication cohort of
542 older adolescents and young adults (ages 18-40). Our data indicate that SNPs near the
butyrophilin genes (BTN3A3/BTN2A1) and cytokine receptors (ILLORB/IFNAR1) are associated
with variations in IFNy secretion and that multiple SNPs in the PVR gene, as well as SNPs located
in the ADAR gene, exhibit significant associations with rubella virus-specific IL-6 secretion. This
information may be useful, not only in furthering our understanding immune responses to rubella
vaccine, but also in identifying key pathways for targeted adjuvant use to boost immunity in those
with weak or absent immunity following vaccination.
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Introduction

Methods

Rubella virus, a member of the Togaviridae family, typically causes a relatively benign
illness, although arthritis and arthralgia have been observed in adults. Less frequent
complications include both encephalitis and thrombocytopenia.(Reef and Plotkin 2013)
Infection during pregnancy, especially early in pregnancy, can cause congenital rubella
syndrome (CRS), leading to devastating fetal abnormalities. Since the advent of rubella
vaccines and their widespread use in the 1970s, the number of cases of both rubella and CRS
has dropped dramatically. Nevertheless, rubella remains a significant public health concern
due to inadequate vaccine coverage(Metcalf et al. 2012), which leads to yearly outbreaks
including a current nationwide outbreak in Japan with over 5,000 cases in 2013.

In the U.S., rubella vaccines are given as part of multi-component formulations that also
include measles and mumps (MMR) or measles, mumps, and varicella (MMRV).(Jacobsen
et al. 2009; Klein et al. 2010; Marin et al. 2010) These vaccines are highly effective,
eliciting protective immunity in >95% of recipients after a single dose, and in >99% of
recipients after two doses.(Reef and Plotkin 2013; Vesikari et al. 2012) Both humoral and
cellular immune responses are elicited following immunization with rubella-containing
vaccines and both contribute to protection against subsequent infection.(Dhiman et al.
2010b; Honeyman et al. 1974; Mitchell et al. 1999; Reef and Plotkin 2013; Vesikari and
Buimovici-Klein 1975) At the population level, there is considerable inter-individual
variation in immune responses to vaccines, including those containing rubella. We have
previously identified a number of genetic polymorphisms associated with variations in
rubella vaccine response.(Dhiman et al. 2010a; Haralambieva et al. 2010; Kennedy et al.
2010; Ovsyannikova et al. 2010a; Ovsyannikova et al. 2010b; Ovsyannikova et al. 2004,
2005; Ovsyannikova et al. 2009a; Ovsyannikova et al. 2009b; Ovsyannikova et al. 2010c)

Here we report a meta-analysis combining data from two independent cohorts in order to
identify genetic polymorphisms associated with rubella virus-specific cellular immune
responses.

Subject Recruitment and Demographics

The study set was a large sample of 1,429 healthy children, older adolescents, and healthy
adults (age 11 to 40 years), consisting of two independent cohorts: a Rochester cohort and a
San Diego cohort. The methods described herein are similar or identical to those published
for our previous studies.(Dhiman et al. 2010a; Haralambieva et al. 2010; Kennedy et al.
2010; Ovsyannikova et al. 2010a; Ovsyannikova et al. 2010b; Ovsyannikova et al. 2004,
2005; Ovsyannikova et al. 2009a; Ovsyannikova et al. 2009b; Ovsyannikova et al. 2010c)
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Similarly, clinical and demographic characteristics of these cohorts have been previously
reported. This study reports our findings among the Caucasian subset of each cohort.

The Rochester cohort comprised 1,145 individuals enrolled into three age-stratified cohorts
of healthy, school-age children and young adults from all socioeconomic strata in Rochester,
MN. Specifically, between December 2001 and August 2002, we enrolled 346 healthy
children (age 12 to 18 years, cohort #1).(Ovsyannikova et al. 2004, 2005) Between
December 2006-August 2007, we enrolled 440 healthy children (age 11 to 18 years, cohort
#2), as previously published.(Haralambieva et al. 2010; Ovsyannikova et al. 2010a) In
November 2008-September 2009, we enrolled 388 healthy children, enriched with African-
American youth (age 11 to 22 years, cohort #3).(Ovsyannikova et al. 2011a; Ovsyannikova
et al. 2012b) Parental consent was obtained for all participants and each subject had written
records of having received two doses of measles-mumps-rubella (MMR, Merck) vaccine. Of
the 1,145 individuals recruited into these three studies, 1,039 (90.7%) had sufficient samples
and were successfully assayed for the measures of immune response. This cohort was
predominantly of Caucasian descent, and after removing non-Caucasian individuals, the
analysis set comprised 887 (85.4% of 1,039) participants.

In July 2005-September 2006, we enrolled an additional 1,076 healthy older adolescents and
healthy adults (age 18 to 40 years) from armed forces personnel in San Diego, CA.(Kennedy
et al. 2009; Ovsyannikova et al. 2011b) As members of the U.S. military, they represent a
cross section of the U.S. population with proven vaccine-induced immunity to MMR. Of the
1,076 subjects recruited into this study, 997 (92.7%) subjects had provided consent for use
of their samples and data in other studies, and had sufficient samples which were
successfully assayed for rubella neutralizing antibody levels. Of those subjects, 542 (54.4%)
were of Caucasian descent and were included in this study. The Institutional Review Boards
of the Mayo Clinic and the Naval Health Research Center (NHRC) approved the study, and
written informed consent was obtained from each subject, from the parents of all children
who participated in the study, as well as written assent from age-appropriate participants.

Rubella virus-specific cytokine secretion

The levels of secreted cytokines following stimulation of PBMCs with live rubella virus
were measured, as previously described by our group.(Dhiman et al. 2010b; Ovsyannikova
et al. 2009b) Briefly, 2 x 10° PBMCs were stimulated with the W-Therien strain of rubella
virus (a gift from Dr. Teryl Frey, Georgia State University, Atlanta, GA) with optimized
MOI and incubation times depending on the specific cytokine measured. For the
measurement of 1L-2, IL-6, and IFN-y, PBMCs were stimulated with an MOI of 5. The
levels of secreted TNF-a were determined after viral stimulation with an MOI of 0.05. The
supernatants were removed post stimulation at 24 hrs. for IL-6, 48 hrs. IFN-v, eight days for
IL-2 and TNF-a, and all samples were stored at =80 °C until assayed. Cytokine levels were
quantified using BD OptEIA™ Human ELISA Kkits, and absorbance levels were measured
using a Molecular Devices SpectraMax 340PC.
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SNP selection and candidate SNP genotyping methods

The SNP selection and genotyping methods described herein are similar or identical to those
published for our previous genetic association studies.(Haralambieva et al. 2010;
Ovsyannikova et al. 2010a; Ovsyannikova et al. 2010b) The replication effort included
follow-up on 299 previously identified (Rochester cohort) genetic associations (p<0.05)
between SNPs in immune response genes (cytokine and cytokine receptor genes, Toll-like
receptor genes, vitamin D and vitamin A receptor family genes, antiviral effector and other
innate genes) and immune measures after rubella vaccination. In addition, another 571
candidate tagSNPs selected from eight newly discovered viral receptor and attachment
factor genes (MOG, PVR, PVRL1, PVRL2, PVRL3, PVRL4, BTN2A1, BTN3A1) were
identified using the tagSNP selection approach(Carlson et al. 2004) based on linkage
disequilibrium (LD) and included on the genotyping panel. Genotypes for 102 of these SNPs
were already available for the replication (San Diego) cohort from a previously performed
genome-wide SNP genotyping using the Illumina Infinium HumanHap550 or
HumanHap650Y BeadChip arrays. All previously discovered significant SNPs not present
on the Illumina 550/650 arrays (n=197 SNPs) were genotyped using a custom Illumina
GoldenGate 768-plex genotyping assay. The selection criteria included: SNPs with
validation data; successful predictive genotyping scores for lllumina GoldenGate assays; a
minor allele frequency (MAF) >0.05; and a pairwise linkage disequilibrium (LD) threshold
of r2 > 0.90. SNP-specific deviation from Hardy-Weinberg Equilibrium (HWE) was tested
and we excluded any SNP that displayed violations of HWE (p<0.001). The SNP list was
further post-processed and refined using the SNPPicker program (Sicotte et al. 2011) in
order to accommodate a set of lllumina platform constraints and to pick tagSNPs optimally
across the multiple population groups. A total of 768 SNPs (including 197 replication SNPs
not previously genotyped in the San Diego cohort, and 571 SNPs selected from eight new
candidate genes) were selected based on this approach.

Our genotyping methods have been previously described.(Dhiman et al. 2007) Genomic
DNA was extracted from blood using the Puregene extraction kit (Gentra Systems Inc.,
Minneapolis, MN). DNA was quantified using the Picogreen method (Molecular Probes).
The 768 SNPs were genotyped using a custom-designed 768-plex Illumina GoldenGate™
assay (Illumina Inc., San Diego, CA) following the manufacturer’s instructions. The
BeadStudio 2 software was used to call genotypes. Corriel Trio DNA samples (Mother:
1347-02 NA11875, Father: 1347-01 NA10859, Daughter: 1347-08 NA11875) and two other
genomic DNA controls were used for quality control and to test for genotyping
reproducibility. All data were transferred electronically to SAS for further analysis. The
genotyping quality using the Illumina GoldenGate assay was high, with a total genotyping
success rate >99.7% in both cohorts and 96-100% reproducibility rate for controls and
replicate samples. For the Caucasian-only analyses, we used data on 555 SNPs from 887
Rochester subjects and 565 SNPs from 542 San Diego subjects.

Statistical Analyses

Subject demographics were summarized separately for the combined Rochester cohorts and
the San Diego cohort. Summaries comprised counts and percentages for categorical
variables and medians and 25™ and 75t percentiles for continuous variables. A principal

Hum Genet. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kennedy et al.

Results

Page 5

components analysis was performed to confirm racial groupings using data available from
prior genome-wide analyses. Because non-Caucasian samples comprised few individuals,
and genetic and phenotypic differences among racial groups can bias association studies, we
focused on the Caucasian participants in this analysis.

Linear mixed effects models were used to assess associations between the various cellular
immune response measures and SNP genotypes within the Rochester and San Diego cohorts.
Our assessments of the cellular immunity measures were measured in multiple wells, some
with and some without stimulation with rubella virus. We included the results from each
assay well in our analyses, and accounted for within-subject effects by modeling an
unstructured covariance matrix within the linear mixed effects regression models. In these
analyses, we assumed an additive genetic model and tested for differential SNP associations
on the stimulation effect through a per-SNP genotype variable representing the number of
minor alleles carried. In order to ensure that the cellular immune response measures
conformed to linear models assumptions, an inverse normal transformation was applied to
each phenotype prior to analysis. Individual SNP associations were tested for significance
after adjustment for potential differences due to gender, age at enrollment, immunization
age, and time from last immunization to enrollment. After testing for associations between
SNPs and phenotypes within the two cohorts, a fixed effects meta-analysis was performed
for each SNP and for each phenotype.(S and K 2008) Pooled estimates were obtained and
tested for significance, and tests for heterogeneity of effect between cohorts were obtained.
Q-values, which estimate the probability that a p-value reflects a false positive finding, were
computed separately for the p-values from the different phenotypes using the methods of
Storey et al. (Storey 2002, 2003) for SNPs that did not display evidence of significant
heterogeneity between cohorts (p>0.10). SNPs with meta-analysis p-values below 0.01 were
considered to be of potential interest, and SNPs with g-values below 0.1 were considered to
be significantly associated with the corresponding phenotype.

Because of the different mix of races in each cohort, and the effect of race on immune
outcome, we confined this report to the Caucasian subset of each cohort (Table 1), as this
was the largest racial subset available for each cohort. We initially tested secretion of four
cytokines (IL-2, IL-6, IFNy, TNFa) in response to in vitro rubella virus stimulation in our
immunized subjects. Both IL-2 and TNFa secretion were largely undetectable in San Diego
subjects and therefore were not included in this report. The Rochester cohort (n=887) had a
median I1L-6 response of 3,629.3 pg/ml (IQR= 3,083.5 — 4,002.4) and the San Diego cohort
(n=542) had a median IL-6 response of 4,128.9 pg/ml (IQR = 3,514.5 — 4,816.3). This
difference in IL-6 secretion was significant (p<0.0001). IFNy secretion had a median value
of 6.3 pg/ml (IQR= 1.7 — 19.7) in the Rochester cohort and a median value of —1.8 pg/ml
(IQR=-6.4 — -2.9) in the San Diego cohort. These negative values likely indicate that
rubella virus exerts a suppressive effect on basal IFNg levels in most of the San Diego
cohort subjects. The differential IFNy response was also significant (p< 0.0001).

Individually, the two cohorts are fairly small for genetic association studies and may have
lacked sufficient power to detect the small effects typically expected from individual SNPs.
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This is readily apparent in the San Diego cohort p-values (Tables 2 and 3). With this in
mind, we performed a meta-analysis using data from both cohorts. The genotyping panel
contained SNPs located within or near a variety of cytokine and cytokine receptor genes, as
well as innate and antiviral genes (Supplemental Table 1). We identified a number of SNPs
that are potentially associated with variations in IFNy secretion levels. While not meeting
thresholds set to control false discovery, the most significant SNPs (p< 0.01) are shown in
Table 2. These included: two intergenic SNPs located between the ILLORB and IFNAR1
genes; a SNP in TOP2A, encoding a DNA topoisomerase; and another intergenic SNP
located between two butyrophilin genes, BTN3A3 and BTN2AL.

Furthermore, we identified multiple significant SNP:IL-6 response associations. The most
significant SNP associations (p< 0.01) are shown in Table 3. All but one of these met our
false-positive threshold (g-value<0.10). These SNPs are located in the following genes:
ADAR, encoding the RNA-specific adenosine deaminase; IL10RB; IL6R; PVR, the
poliovirus receptor; PVRL1 and PVRLZ2, the poliovirus receptor-related proteins that also
mediate herpesvirus entry; and TNFRSF1B, encoding the p75 TNFa receptor. The list also
includes: five SNPs located in or near the PVR gene (Figure 1), which encodes the
poliovirus receptor; an intergenic SNP located in between BCAM, the basal cell adhesion
molecule gene and PVRL2; as well as a single SNP near the TLR4 and astrotactin 2 genes.

Discussion

Immune responses to antigenic stimuli, either infection or vaccination, are influenced, in
part, by host genetics. Our work has focused on the role of genetic polymorphisms on
immune responses to viral vaccines. We have previously identified a number of genetic
variants (mainly HLA alleles and SNPs) associated with variations in cellular and/or
humoral immunity to rubella vaccine. (Dhiman et al. 2010a; Dhiman et al. 2008;
Haralambieva et al. 2010; Jacobson et al. 2009; Kennedy et al. 2010; Ovsyannikova et al.
2010b; Ovsyannikova et al. 2004, 2005; Ovsyannikova et al. 2009a; Ovsyannikova et al.
2006; Ovsyannikova et al. 2009b; Ovsyannikova et al. 2010c; Pankratz et al. 2010) Our
current study design incorporates several important elements: the use of SNP data to define
race/ethnicity, and the inclusion of two separate cohorts for SNP discovery and replication.
Our study also has several limitations that include: the chance for rubella exposure and/or
disease in our San Diego cohort; relatively small cohort sizes (especially when compared to
cancer gene association studies with tens of thousands of subjects); and response outcomes
that reflect complex immunologic processes controlled by multiple genes and pathways,
where individual SNPs have minor contributions to the spectrum of immune response. These
limitations are especially evident in the San Diego cohort-specific data, as demonstrated by
the larger p-values observed for both the IFNy and IL-6 associations. Potential confounding
variables were the notable differences in age, time since vaccination, and gender
composition between our two cohorts, and these were accounted for in our statistical
analyses. In spite of these limitations, our meta-analysis did identify a number of statistically
significant genetic associations across two independent cohorts.

We identified four SNPs significantly associated with variations in IFNy response in both of
our cohorts. Three of the SNPs are intergenic and one is intronic; it is possible that they are
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not the causal variant, but are in close LD to the causal variant. However, most of the
variations found with each genotype are extremely small (1-2 pg/ml) and the majority of the
San Diego cohort had minimal to negative values (indicating that in vitro stimulation with
rubella virus suppressed IFNy secretion), making the biological relevance unclear. The one
exception is rs10484440 where, in the Rochester cohort, there was no IFNy response
(median IFNy = 0 pg/ml) for individuals homozygous for the G allele. Homozygous A and
heterozygous individuals had median IFNy secretion levels of ~ 6pg/ml. Two of the SNPs
were located near the IL1ORB gene and genetic polymorphisms in this region have also been
associated with chronic hepatitis B infection,(Romporn et al. 2013) cytokine responses to
smallpox vaccine,(Ovsyannikova et al. 2012a) HIV infection outcomes,(Shrestha et al.
2010) immune responses following MMR vaccination,(Dhiman et al. 2008) and malaria
susceptibility.(Khor et al. 2007)

Among the SNPs associated with IL-6 secretion after rubella virus stimulation, one was
located within the TNFRSF1B gene, three SNPs were located in the ADAR gene, and five
SNPs were located in or near the PVR gene. Each of the genetic associations demonstrated
stronger signals in the Rochester cohort than in the San Diego cohort. Several factors may
contribute to this: better vaccination dates in the Rochester cohort medical records, which
allowed us to more accurately capture time since last vaccination; the smaller size of the San
Diego cohort; and the potential impact of undocumented, chance rubella exposure or
additional vaccinations in the San Diego cohort. This is especially apparent with rs474247 in
TNFRSF1B, with a Rochester cohort p-value of 4.2 x 1076 and a San Diego cohort p-value
of 0.2771. In a previous study, we reported cytokine and cytokine receptor SNPs associated
with rubella-specific cytokine secretion in a subset (n=738) of the Rochester cohort. In that
study, we identified multiple TNFRSF1B SNPs associated with variations in IL-6 secretion.
(Dhiman et al. 2010a) In the meta-analysis, the A allele of rs474247, an intronic SNP in
TNFRSF1B, was associated with an allele-dose dependent increase in IL-6 secretion.
Binding of TNFa to TNFR1 and TNFR2 leads to activation of NF-kB and pro-inflammatory
responses, including IL-6 production. Polymorphisms affecting TNFRSF1B expression
and/or function can lead to variations in TNFR pathway activation, leading to alterations in
pro-inflammatory cytokine secretion.(Till et al. 2005)

ADAR encodes an RNA-specific adenosine deaminase involved in pre-mRNA splicing,
RNA stability and other RNA structure-related activities. The two ADAR-specific SNPs
associated with IL-6 response were among the most significant SNPs in the Rochester
cohort and were the only SNPs with strong evidence of association in the San Diego cohort.
ADAR has been shown to exert antiviral properties by RNA editing of a number of viral
RNA genomes including: vesicular stomatitis virus, measles virus, hepatitis C virus,
hepatitis delta virus, and HIV. Two of these three SNPs (rs2229857, rs1127317) were also
associated with variations in cytokine secretion after measles stimulation.(Haralambieva et
al. 2011) The non-synonymous SNP, rs2229857 encoding a K>R change, is also associated
with sustained response to IFN therapy for chronic HCV infection.(Hwang et al. 2006;
Welzel et al. 2009)

The second genetic region with multiple significant SNP associations was found on
chromosome 19 near the PVR and PVRL2 genes (Figure 1). PVR encodes for CD155, a
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transmembrane glycoprotein that mediates NK cell adhesion and effector function.(Sakisaka
and Takai 2004) Multiple T cell and NK cell receptors (TIGIT, DNAM-1, CD96) interact
with PVR and its related proteins and these interactions modulate T and NK cell activity.
(Bottino et al. 2003; Fuchs et al. 2004; Yu et al. 2009) In fact, PVR and related proteins
interact with a wide variety of ligands and participate in multiple immunologic functions and
serve as cellular receptors for poliovirus, rhinovirus, and reovirus.(Xu and Jin 2010) SNPs
rs3852861 and rs1466435 are located in or near the neighboring PVRL2 gene that encodes
for a component of adherens junctions and serves as a cellular receptor for herpes simplex
virus and pseudorabies virus. As illustrated in Figure 1, multiple SNPs located within these
genetic regions were associated with differential IL-6 production. The presence of so many
SNPs associated with immune response makes the TNFRSF1B and PVR regions excellent
candidates for a fine mapping effort to assess correlations between these and other regional
SNPs. This effort will be necessary to narrow down the possible causal variants. For
example, rs203709 (Table 2) is in close LD (r2 = 0.959) with another PVR SNP (rs7255066)
exhibiting moderately significant associations with multiple sclerosis in a large collaborative
GWAS involving over 9,000 European individuals with multiple sclerosis.(Sawcer et al.
2011)

The differential evidence for genotype-phenotype associations between the two cohorts
emphasizes the need to examine multiple populations in order to identify genetic regions
expected to influence immune response. Furthermore, it highlights the importance of fine
mapping studies that inform the selection of likely causal SNPs for targeted experiments
designed to discover the underlying biology behind the variation in immune response. Our
data so far highlight the importance of genetic association studies focused on vaccine
response and suggest that genetic control of rubella vaccine-induced immunity may be
mediated, in part, by novel genes and gene families such as PVR and butyrophilin genes.
These findings, when combined with detailed studies elucidating the mechanisms behind
identified genotype-phenotype associations, can then pave the way for potentially novel
immunostimulatory therapies to improve viral vaccine efficacy and treat viral infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Locus-zoom plot of selected region of Chromosome 19
A genetic region encompassing the PVR and CEACAM19 genes contained multiple SNPs

significantly associated with rubella-specific IL-6 secretion following vaccination (Table 3).
P-value is depicted on the left Y-axis. Each SNP is marked by the solid diamonds and LD
(with respect to rs72604S2) is indicated by the grey color of the diamond (There are no
SNPs with r2 between 0.6 — 0.8 or between 0.2 — 0.4). The recombination rate is mapped as
the grey line at the bottom of the plot and on the right Y-axis. Underneath the plot each gene
and its chromosomal position is indicated. Thick segments of each gene indicate exons,
while the arrows indicate the direction of transcription.
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Table 1

Subject Demographics

| Rochester Cohort (n=887) | San Diego Cohort (n=542)

Median agein yearsat enrollment | 15 (13 -17) | 23(22-27)
Median agein yearsat most recent vaccination | 10(5-12) | 19 (18-21)
Y ear s since most recent vaccination | 6.4 (4.6 -8.5) | 3.0(2.2-3.9)
Gender
Male 487 (55%) 394 (73%)
Female 400 (45%) 148 (27%)

Hum Genet. Author manuscript; available in PMC 2015 November 01.

Page 14



Page 15

Kennedy et al.

NIH-PA Author Manuscript

‘U01198S SPOYIBIA B} Ul PagLIdSap oue:

IS JO UOIR[JUI SB ||9M SB S3]qRLIA [221U1]9 pue d1ydelBowsp 1oy paisnipe a1am sanjea-

“30UBO1IIUBIS Yyoral Jou PIP S1sel A11auaBoislay 8soym SNS Loy sanfea-d Jo uonNguUIsIp 8y} Wodj e 18 A3101S Jo spoyraw ay Buisn paindwod senfeA-0

y

dp

‘sasayjuated ur umoys si (4O1) abuel ajirenbiaiul ay | “jwy/bd se passaidxa synsay ‘dnoib adAloush yoes Jo) JusWaINSEaW SWOIIN0 URIPSIA

3
‘adA1ouab uanib e yum syoalgns Jo EgE:zm

Aouanbai4 aja|vy BC__\,_U

‘dN'S pareatpul ayp Burureluod uoifial onaush 1o aua9

‘uo1eI0| _mEOmoEoEon

*1agWINU UoREIIIUBP! dNS sk,

(8-"'vv-)Sz- § 99 (e5'90-) 00 £ 99
(52'99-) LT~ 11T 3\ (991'6'T) 6'S 202 ov
0590 1600°0 650°0 (82'g9-)z- /IS¢ vV €0€T  TL00 (812,799 19 VvV 00€T  owasbial  TVZNLF/EVENLE 9 OrP8r0Ts)
(zv'sor-)9C & 29 (9ee'62) 88 02 99
(e€'s9-)0c- L¥T ov (Tzed 1L see ov
0590 69000 £50°0 (Z'e9-)6T- It vV 2887 €500 (8T'9T)9 195 vV ST'8T  owasbiaul  THVNS/GHOTTl T2 TELYETSSI
(zv'sor-)9C oI vV (6'5€'6'2) 88 2 v
(ze's9-)z- vt VO (L1290 99 18T V9
STE0 87000 00’0 (2'e9-)6T- 0TE 99 0987 1100 (9°21'9T)6'S 9SS 99 Gy /T owebsmel  TYYNA/EHOT T2 1€68.2/8!
WTTLS) LT- LT Vv (TeTT10S 1€ Vv
(@T'vL-) Le- T Vo (Z81'sT) 09 LlC Vo
1€2°0 10000 2000 (ze'rs-)e1-  60€ 99 €T6T  0ST0 (8'02'6T)99 TZS 99 8T0¢ uouj VvZdol LT Z69T.L1S!
enerb  genen-d  enpea-d JH0)  gN  adAoues  pdvN enead [0 ogN  adAoweD 4V uoIeOOT PO gD edldNs
Hoyoo uelps N Hoyoo uelps
eR N 1104oD obeiq ues 11040 leseyooy
e||agny 01 asuodsal ANH| Ul SUOITRLIBA UIIM Pa]RIJ0SSE SNS
Z?9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hum Genet. Author manuscript; available in PMC 2015 November 01.



Page 16

Kennedy et al.

NIH-PA Author Manuscript

(€T8'7—€05'€) TST'Y €8T ov (Ly0'7—¥10'e) 2.5’ 00€ ov oluabisiug
G200 80000  TE€SO0 (S06'7—€€S'€) ¥9T'y 292 vv 9 85000 (v66'€-0€T'€) 0S9'c 0¥ vv TvZ  0TLLYTOOT/UNd 6T  6EE0GZ/S!
(z8z'v—SLT'e) 869'E  GE 1L (188'€-0TT'E) 8G¥'E 1§ 1L
(L¥8'7—8vS'e) 8.T'Y 86T 1v (€90'7-0T0'¢) ¥S5'c  L0€ 1v uoau|
1200 650000  SO¥T'0  (098'7—€0G'€) ST’V  OFZ vV 6'82 2000  (/66'c-L2T'€) €99°€  +9¥ vV §'sZ UAd 6T 602£028!
(z82'7—S.T'e) 869'E  GE 99 (v/8'€-S0T'€) 8G¥'€ 95 299
(L¥8'v—8vS'e) v.T'y 16T ov (€90'7—¥20'¢) 195’  L0€ ov uoau|
6T0°0 970000  29¥T0 (828'%—60G'E) EET'Y T2 vvY 8'8¢ 61000  (666'c—22T°c) G99'E  S9¥ A% €6 dAd 6T  TS90TYOTS!
(088'7—0€5'e) L2T'Y  €F Vv (826'€-186'7) 2¥9'c 69 Vv
(€08'7-9.€€) 200'Y  S8T V1 (r96'e-G90°€) G09‘'€  9z€ V1 din
6T0°0 80000  €0000 (828'v—¥.G'€) 86TV G2 11 9'82 10000  (VEO'V—SET'E) ¥S9'€  62F 11 £'82 dvav T 979681
(TT9'7-TvS'e) 9207 6% vv (526'€-660'€) vvL'e 8L vv
(r16'7-€€5E) 2927 68T v (L20'r-02T'e) ¥€9'€  80€ 5) Buipod
9100 920000  €0000 (€8L'v-8FY'€) TEO'Y GET 99 708 €0000  (€00'V-T80€) LT9'C  Zh¥ 99 782 dvav T 158622¢s!
(z82'v-G1T'e) 869°€  GE 20 (188'¢-660'€) 8SY'E€  GS 20
(928'7—8vS'€) 18T'Y  S6T o)/ (250'7—G20'¢) L¥S'e  €1€ v oluabiaiug
¥10°0 L0000  LT.T0  (¥28'%—€0S'€) ST’y  OFC vV 8'82 ¥0000  (L66'€-TET'E) G99'E  2S¥ vV 86z OTLLPTOOT/YAd 6T 287092/
(<) 0 20 () 0 20
(z0L'v—695'¢) 628'c  ¥T o)/ (L6L'€-166'7) 697'E 92 o)/ oluabisiu|
¥10°0 ¥70000 90800 (0Z8'v-T6V'E) T¥I'v  6SY vv ST 80000 (800'7—260'€) ¥€9'c €08 vv 9T TVZNLE/TVINLEG 9 Gz/e6E6SI
(STL'-TTP'E) 960'y 82 Vv (g86'c—G20'e) ¥69'c 1€ vV
(29'7—¥9€'€) 050'y 29T V9 (696'€-02T') L£9'E 852 '5) uoau|
T000 9-0Tx6F7 T./Z0 (606'v—6€S'E) ¢ST'Y 8.Z 29 T€ 90TxZ¥  (TYO'v—660'€) GTI'C  6ES 99 G'6T gT4SH4NL T LYTrLys)
yenerb  genea-d  enpead S0 gN  adAweD VI anfea-d J0)  gN  adAweD v uoie0T  qlud edl dNS
epyy Houod ueIp N Hoyod ueips N PO

1Ioyo) oBs1q Ues

TIOU0D BEILp0Y

€9lqel

NIH-PA Author Manuscript

"B||agNny 01 8su0dsal 9-| Ul SUOITRLIBA UIIM PaleIdosse SANS

NIH-PA Author Manuscript

Hum Genet. Author manuscript; available in PMC 2015 November 01.



Page 17

Kennedy et al.

NIH-PA Author Manuscript

(€89'7—22S'e) #ST'y 90T 20 (688'€-5'060'€) OVS'€  GET 20
(L26'7-6€5'€) 89T'Y 00T o)/ (200'7—8v0'e) T19'E  ¥ev v uoau|
00T°0 €9000 8898°0 (0Z.'v—Sz¥'€) ¢v0'y  G9T vV (44 €2000  (250'v—€8T'c) €89'c  1S¢ vV ey gyoT 14 6582965/
(€89'7—GG¥'e) 65Ty GL vv (186'c—12T'e) ¥65'€ 92T Vv
(028'7-6£5'€) 602'7  0£2 V0 (€00'7-820°¢) ¥S5'c  80% VO uoau|
0600 €500°0 2090 (828'%—Sev'e) 086'c /9T 20 Loy ev000  (0£0'v-S¥Z'c) 189'c  S62 20 7'6€ ZTAAd 6T  T982G8ES!
(929'7—99€'¢) 900'F  ¥8 20 (266'€-590'¢) 029'c  TTT 20
(888'7-09%'€) 920'v  TT2 v (€20'7-990°¢) 629'€  ¥6€ v Buipod
1100 €Y00'0  Z6T€0 (L¥8'v—P.S'€) 66Ty  8LT vV 8'6¢ 69000  (666'c-02T'c) TI9'E  €2€ vV G'le ¥ T  SbTI8zzes!
(T08'7—922'c) 6S8'€  9€ 99 (TeT'v—20'e) 0vY9's 65 99
(TL2'7-¥85'€) 9.0 29T oV (v00'7—6€0°€) G29'€  Zve ov a1uabiaiu]
690°0 Ge00'0  888T0  (0£8'v—0SK'E) T6T'Y 0L vV 82 ¥6000  (T00'V-GET'E) ve9'e  L2b vV 112 PH1L/ZNLSY 6  0ST0.LZS
) 0 29 () 0 29
(ev0's—8T¥'e) GST'Y 12 ov (e96'c—Lv2'e) L€9'e ¥ 3\ uoau|
6£0°0 61000  28.6°0 (0T8'v—00S'€) 62T  ¢S¥ vV (4 90000  (v00'v—620'c) TE9'E  88L vV 4 TTI4Ad TT  29SKOT/S!
(TT9'P-T¥S'€) 9.0'v  L¥ 20 (G16'e-120'e) ¥69'€ L. 20
(v16'7-€€5'€) 9/2'y /8T o)/ (€T0'7—S2T'e) ¥€9'  90€ o)/ din
6€0°0 8T000  6S6€0 (TTL'V—8v¥'E) TVO'Y  8€2 vv 8'62 12000 (T20'7—780°¢) G29'c 9w vv 612 dvav T LT€/2TT8d
(6Sz'7—14T'e) €€9' 82 Vv (168'c—€90'¢) ¥9e'c 8% vV
(€T8'7—€0S'€) TST'Y €8T V9 (190'7-520'¢) 9/5'c 662 '5) uoau|
L€0°0 GT00'0  TES00  (S06'v—€E€S'E) ¥9T'y 292 29 79z €0TO0  (666'c-LCT'E) 8S9'E  Z8F 29 8'€Z UAd 6T  6E0£8Y8ZS!
O] 0 99 (ve8'e-2L0'¢) €5E'E S 99
(150's-TvS'e) 662'y € 90 (686'c—¥2T'e) 029'c 9. 90 oluabisiu|
L£0°0 ¥10000  T99T'0 (L8L'V-L6V'E) LIT'V  Th¥ 20 4 ¥00'0  (900'7-260°€) €€9'€  8Y. 20 A ZTHIADINYOSL 6T  SEY99VTSI
(6Sz'7—2ST'e) €€9' 82 99 (006'€-850°¢) 96€'c LY 99
Peneab  genea-d  enpea-d (401) N adhloves  pdVIN anfen-d (401) N adhloves  HdVIN uoIrea0  ¢Iyd eI dNS
s p 4 p q
epiy  HOUOD ueIp N Houo3 ueipa PO

1040 0Bs1q Ues

TI0U0) BIaypoy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hum Genet. Author manuscript; available in PMC 2015 November 01.



Page 18

Kennedy et al.

NIH-PA Author Manuscript

"80uedIIUBIS Yoeal 10U pIp S1sa) Allauabolalay asoym SdNS Wolj sanjea-d Jo uonNqgLIsIp ayl Wwody e 18 A8101S Jo spoyraw ayy Buisn paindwod mw:_m?oc

“U01198S SPOYIBIAl U} Ul PaqLIdsap 80URdLHIUBIS JO UOIR[IUI SB [|9M SB S3|qRLIEA [ed1Ul]d pue o1ydelBouwap 1oy paisnipe atam sanjen-dg

‘sasaypuated ur umoys si (4O1) abuel ajirenbiaiul ay | “jwy/bd se passaidxa synsay ‘dnoib adAlousab Yyoes Jo) JusWaINSEaW SWOIIN0 URIPSIA

3
‘adA1ouab uanib e yum syoalgns Jo BQE:zm

Aouanbai4 a8 _o:__\,_u
‘dNS parealpul ay} Buiurejuod uoibal onsuab Jo o
‘uoeoo| _mEomoEoEog

*19qWINU UOREIIUBPI INS sk

) 0 29 () 0 29
(¥80'G-9.¥'€) 8G¢'y  0C ov (ze6'e-T2C'e) VLG5 vV ov uoau|
oT0 100 61580 (L08'v-L6Y'€) LZT'V  €Sv vV 2 €9000  (v00'v-T80'€) T€9'E  G8. vV 8T TTdAd TT  T069THZTS!
yeneab - genpea-d  anpea-d Jd0N)  oN edAlowD 4y enfen-d Jd0)  oN edAioweD VI uoie0T qlud  dIdNS
epiy  HOUOD ueipe N Houo3 ueipa PO
1I0yoD obaiqg ues 110U0) BRayd0y

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hum Genet. Author manuscript; available in PMC 2015 November 01.



