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Abstract

Neuropeptide Y (NPY) is a physiological candidate gene for the regulation of body weight and has
more recently been implicated in regulating bone mass. The current study sought to test if
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inherited variation in NPY might influence BMD in a population of African-ancestry men who
have high bone mineral density (BMD). We genotyped 17 tagging single-nucleotide
polymorphisms (SNPs) across the NPY gene region in 1,113 randomly selected men of African
ancestry aged =40 years and tested for association with anthropometric characteristics and
proximal femur BMD. The homozygous rare genotype of four SNPs was associated with a 0.92—
1.59% decrease in stature (corrected £ < 0.05). No SNP was associated with body mass index or
body weight. Two SNPs in a 5-kb linkage disequilibrium block encompassing exons 3 and 4 were
associated with proximal femur BMD, adjusted for age, body weight, and height (corrected P<
0.05). These results suggest that genetic variation at the NPY locus may contribute to bone
density, independently of body weight.

Keywords
Neuropeptide Y; Bone mineral density; African; Polymorphism; Men

As with most common diseases, the pathogenesis of osteoporosis is due to a complex
interplay between genetic and environmental factors. As much as 50-85% of the variation in
adult bone mass is thought to be explained by genetic variation [1]. Identifying the genetic
variation associated with osteoporosis-related phenotypes such as bone mineral density
(BMD) may provide insight into the mechanisms underlying individual susceptibility to this
common skeletal disorder.

The ventromedial hypothalamus, long known to regulate body composition through control
of food intake and metabolism, has more recently been implicated as a neuroregulatory
center for bone remodeling [2]. Neuropeptide Y (NPY), a peptide transmitter expressed in
the arcuate nucleus of the hypothalamus, is a potent orexogen [3]. While NPY may act
indirectly on bone through changes in energy balance and body composition, germline
deletion of the Y2 receptor results in elevated bone mass and osteoblast activity in mice [4].
This phenotype is also observed with focal deletion of Y2 receptors in the arcuate, which
implicates NPY as a central neuroregulator of bone homeostasis [4]. Nerve terminals
containing NPY have also been identified in bone matrix, suggesting that NPY may also
have a direct role in regulating bone remodeling in the periphery [5]. In the current study, we
genotyped 17 tagging single-nucleotide polymorphisms (SNPs) across the NPY gene region
in 1,113 men of African ancestry and tested for association with anthropometric
characteristics and BMD.

Materials and Methods

Population Sample

Men were participants in the Tobago Bone Health Study, a study of 2,652 community-
dwelling men aged 40 years and older who reside on the Caribbean island of Tobago. The
majority of the population (94%) is of West African ancestry, with very little admixture
compared to African Americans, as determined by ancestry-informative genetic markers [6,
7]. Men who were ambulatory and not terminally ill and who had not undergone a bilateral
hip replacement were recruited between 1998 and 2004 by word-of-mouth and
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advertisements. Written informed consent was obtained from each participant using forms
and procedures approved by the University of Pittsburgh Institutional Review Board, the
U.S. Surgeon General’s Human Use Review Board, and the Tobago Division of Health and
Social Services’ Institutional Review Board. We selected a random subset of 1,113 men for
the current analysis who had four Afro-Caribbean grandparents, completed BMD
measurements, and provided samples for genomic DNA extraction.

Anthropometry and Bone Density

Body weight was measured in kilograms using a calibrated balance beam scale, and
participants wore indoor clothing with shoes removed. Standing height was measured in
centimeters with a wall-mounted stadiometer. The average of two measurements was used in
analysis. Body mass index (BMI) was calculated by dividing body weight (in kilograms) by
height (in meters squared).

Participants completed a dual-energy X-ray absorptiometry (DXA) scan at the proximal
femur on a QDR 4500W densitometer (Hologic, Bedford, MA). The same scanner was used
for all participants. DXA scans were completed using the array beam mode. Standardized
positioning and utilization of QDR software was based on the manufacturer’s recommended
protocol. Scans were analyzed with QDR software version 8.26a. Coefficients of variation
(CVs) were determined by repeating DXA measures on 12 participants; all CVs were
<1.16%.

SNP Selection

Genotyping

In order to maximize our coverage of common polymorphisms in the NPY gene region, we
used the International Haplotype Map Project Database (HapMap, www.hapmap.org, release
20) to identify validated SNPs from 5 kb upstream to 1 kb downstream of the NPY transcript
[8]. A reference SNP set was generated using genotypes from the Yoruban population from
Ibadan, Nigeria. Tagging SNPs were selected on the basis of linkage disequilibrium by a
pairwise correlation method [9]. We required that the subset of tagging SNPs have a minor
allele frequency =0.05 and predict the remaining SNPs with a minimum 72 of 0.80.

Genomic DNA samples were genotyped using TagMan SNP Genotyping Assays on the
7900 PCR system (Applied Biosystems, Foster City, CA). Two SNPs, rs16142 and
rs3025120, were unable to be genotyped by TagMan. A surrogate tag SNP (rs3025118) was
in high linkage disequilibrium with rs3025120 (/2 = 1) and was genotyped instead. No
surrogate existed for rs16142. As a quality-assurance measurement, approximately 5% of
the DNA samples were included as blind duplicates. Genotypes were assigned by two
independent callers, and only those samples assigned concordant calls were included in
statistical analyses. All SNPs in the analysis had call rates >95% and replication rates >98%
and conformed to the expectations of Hardy—\Weinberg equilibrium (P> 0.05). One SNP
(rs16122) failed to conform to any of these quality-control standards and was replaced with
rs16123, a surrogate tag SNP (/2 = 1) that conformed to quality-control standards. The 17
tagging SNPs included in the analysis captured 33 of the 34 common variants in the NPY
gene region (97%).
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Statistical Analysis

Results

Allele frequencies and Hardy—Weinberg equilibrium were assessed by gene counting and
chi-squared analysis, respectively. Anthropometric characteristics (height, body weight, and
BMI) and proximal femur BMD (total hip, femoral neck, trochanteric, and intertrochanteric)
were analyzed for association with the 17 NPY variants. We tested for an additive
association, using linear regression to test for association between the number of copies of
the less common allele and the phenotype. All analyses were initially adjusted for age. Body
weight was adjusted for age and height. BMD measurements were adjusted for age, body
weight, and height. Version 9.1 of SAS statistics software (SAS Institute, Inc., Cary, NC)
was used for all analyses.

Permutation testing was performed to account for testing multiple SNPs by regressing each
of the 17 SNPs in NPY against the phenotype and randomly permuting the phenotype 1,000
times. The minimum Pvalue across all NPY SNPs for each permutation was used to create
the new empirical distribution, and the value observed in the single SNP analysis was
corrected using this distribution (referred to as “corrected P’ throughout). Permutation
testing was conducted using the statistical package R (version 2.5.1, www.r-project.org).

The 1,113 men analyzed in this study were aged 55 + 11 years old, were 175 + 7 cm tall,
and had a mean BMI of 27 + 4 kg/m2. BMD of the total hip and femoral neck was 1.153
+0.140 and 0.994 + 0.140 g/cm?, respectively. The minor allele frequencies of the 17
tagging SNPs were comparable between our Afro-Caribbean cohort and the HapMap
Yoruban sample (Table 1).

Results from association tests for anthropometric phenotypes are summarized in Table 2.
Nine of the 17 SNPs showed association with height; four of these SNPs remained
significantly associated with height after correcting for multiple comparisons (Fig. 1). The
homozygous rare genotype in these four SNPs was associated with a 0.92-1.59% decrease
in height. The strongest SNP association was observed with rs16149, where men
homozygous for the minor allele had 1.6 cm lower height compared to those homozygous
for the major allele (corrected A= 0.018).

Since several SNPs were associated with height, body weight measurements were adjusted
for both age and height. None of the 17 NPY tagging SNPs was associated with BMI or
body weight in these models (Table 2).

Although neither body weight nor BMI was associated with the NPY tagging SNPs, we
adjusted BMD measurements for body weight, in addition to age and height, to minimize the
potential effects of even small genotype-related differences on BMD. Two SNPs were
associated with total-hip BMD (rs16135 and rs16123) after correction for multiple
comparison testing (corrected A= 0.017 and A= 0.0007) (Table 3). These two SNPs were
also associated with intertrochanteric and trochanteric BMD after correcting for multiple
comparisons. Presence of one copy of the rare allele in rs16135 or rs16123 was associated
with a 3.5% higher total-hip BMD compared with the homozygous major genotype. None of
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the SNPs in this study was associated with femoral neck cross-sectional area (data not
shown).

Discussion

An important and novel role for NPY signaling in the control of bone homeostasis has
recently emerged. Thus, a primary aim of our analysis was to test if inherited variation in
NPY might influence BMD in a population of African-ancestry men who have high BMD
[10]. To address this aim, we examined the association of 17 tagging SNPs across the NPY
gene region and proximal femur BMD but not bone area measurements. Our results suggest
that common polymorphisms in the NPY gene region may be associated with proximal
femur BMD in this population independently of anthropometric characteristics. Two
polymorphisms in a single linkage disequilibrium block spanning exons 3 and 4 of NPY
were associated with BMD, even after correcting for multiple comparisons. Although these
specific polymorphisms have not been previously associated with BMD, a study of 316
postmenopausal Finnish women identified an association of a Leu7Pro polymorphism in
NPY with femoral neck BMD [11]. This Leu7Pro polymorphism is not present in African-
ancestry populations (www.ncbi.nlm.nih.gov/snp) and, thus, was not genotyped in the
current study.

NPY may regulate bone remodeling through a central mechanism [12]. Both germline and
focal hypothalamic deletions of Y2 receptors yield increased bone mass in mice [4]. There is
also evidence that NPY may regulate bone remodeling through direct, peripheral
mechanisms [13]. Further, in vitro treatment of marrow stromal cells with NPY reduces their
proliferation, and NPY-mediated signaling may render stromal cells less pluripotent [14].
Additionally, Y1 receptors are expressed in stromal cells and osteoblasts, and deletion of
these receptors yields an anabolic bone phenotype [15]. The Y1 receptor has also emerged
as a potential drug target for prevention and treatment of bone loss [16].

We also observed significant associations between NPY polymorphisms and height after
controlling for multiple comparisons. The associated SNPs were located across the NPY
gene region in two distinct linkage disequilibrium blocks. We are unaware of other studies
demonstrating an association between NPY polymorphisms and height, including several
recent genomewide association studies conducted largely in Caucasians [17-19].
Nonetheless, this association is biologically plausible as NPY may participate in the
autofeedback regulation of growth hormone secretion [20]. None of the SNPs associated
with height was associated with BMD, raising the possibility that different mechanisms may
underlie these genetic associations.

We were unable to document an association between NPY SNPs and body weight or BMI.
Our results are consistent with a study of 26 tagging SNPs in the NPY gene region and BMI
among 2,800 Caucasians [21]. Our data, along with the data from the aforementioned study,
suggest that common SNPs in NPY are not likely to be associated with susceptibility to
obesity in the general population. However, we cannot exclude the possibility that rare
variation in NPY is associated with obesity phenotypes in our cohort.
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Our study examined the association of NPY variants and BMD in men of African ancestry.
Studies of African-ancestry populations are important for understanding the genetic basis for
complex disease. Although African-derived populations have higher levels of genetic
diversity and lower levels of linkage disequilibrium than non-African populations, they are
often underrepresented in population genetic studies [22]. Nonetheless, our results may not
be generalizable to populations of other ethnic backgrounds or to women. For example,
recent genomewide association studies have not documented an association between NPY
variants and BMD in Caucasians or Asians [23-27]. Replication of our results in other
African-ancestry populations will be needed to support the possible role of NPY variants in
BMD regulation in this population group. In addition, the physiological mechanisms by
which these SNPs are associated with height and BMD will need to be examined as the
SNPs identified in this study may be in linkage disequilibrium with the causative variants. In
particular, we only studied SNPs located 5 kb upstream of NPY and, thus, may have missed
more distant regulatory SNPs in our analysis.

In conclusion, NPY signaling has emerged as having a potentially important regulatory role
in skeletal homeostasis. Our results suggest that common genetic variation at the NPY locus
may contribute in part to height and proximal femur bone density independently of
anthropometric characteristics among men of African ancestry.
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Fig. 1.

ngotyped SNPs, pairwise linkage disequilibrium, and genotype—phenotype association test
results for NPY polymorphisms. a The —logyq of the uncorrected Pvalue for the SNP
associations with height and total-hip BMD is plotted above the gene region (x height, o
total-hip BMD). Threshold lines corresponding to the corrected —log19(0.05) for height and
total-hip BMD are included. Association tests for height were adjusted for age. Association
tests for BMD were adjusted for age, weight, and height. b The 17 tagging SNPs that were
genotyped are represented by vertical lines and are plotted relative to their position on
chromosome 7 in the NPY gene region. ¢ Linkage disequilibrium structure was determined
using Haploview [28] and is presented below the gene region for all HapMap Yoruban SNPs
with MAF > 0.05. Linkage disequilibrium values are shown as D’. & Uncorrected Pvalue. P

Calcif Tissue Int. Author manuscript; available in PMC 2016 June 13.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goodrich et al.

Page 10

Adjusted for age. ¢ Adjusted for age, weight, and height. 4 —logy(~ = 0.0056); corresponds
to corrected logyo(0.05) for height.  —log;o(P = 0.00322); corresponds to corrected
log1(0.05) for total-hip BMD
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Characteristics of the 17 tagging SNPs in the NPY gene

Table 1

SNP Base Change  Position in NPY  Minor allele frequency
Afro-Caribbeans HapMap YRI&

rs10951003 G—A Upstream 0.087 0.083
1s12700524 T—C Upstream 0.100 0.117
rs3905497 C—G Upstream 0.129 0.142
rs16479 A—G Upstream 0.063 0.067
1s16149 G—A Upstream 0.340 0.322
rs16148 C—T Upstream 0.453 0.474
rs3025123 C—-G Intron 1 0.060 0.086
rs16143 C—T Intron 1 0.399 0.333
rs3025118 G—T Intron 2 0.063 0.068
rs16477 G—A Intron 2 0.164 0.167
rs16135 A—G Intron 2 0.055 0.075
rs16131 T—C Intron 3 0.073 0.042
rs16130 C—T Intron 3 0.164 0.150
rs16476 T—G Intron 3 0.370 0.397
rs5576 A—G ¥ UTR 0.051 0.050
rs2189495  A—G Downstream 0.427 0.492
rs16123 A—G Downstream 0.056 0.060

AR indicates HapMap Yoruba sample from Ibadan, Nigeria
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Table 2

NPY tagging SNPs significantly associated with height (cm)

SNP Adjusted® mean + SE P (corrected Pb)

171 1/2 212

rs16149 176.02+0.29 174.79+0.30 174.39+0.56  0.001 (0.018)
rs16143 176.03+0.31 175.19+0.28 174.02+0.46 0.0003 (0.038)
rs16477 175.65+0.23 174.73+0.37 172.96+1.12  0.003 (0.038)
rs16130 175.61+0.23 174.72+0.36 172.83+1.14  0.003 (0.038)

aAdjusted for age. Z major allele, 2minor allele

b . .
Corrected for multiple comparisons
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Table 3

NPY tagging SNPs significantly associated with proximal femur BMD (g/cm?)

SNP Adjusted® mean * SE (unadjusted mean) P (corrected Pb)
11 1/2 2/2
rs16135
Total hip 1.15+0.004 1.19+0.01 1.21+0.09 0.001(0.017)
(1.15) (1.19) (1.21) .005
Trochanteric 0.89+0.004 0.92+0.01 0.90+0.08 0.003 (0.042)
(0.89) (0.92) (0.92) 0.011
Intertrochanteric  1.33+0.005 1.38+0.01 1.43+0.11 0.001 (0.010)
(1.33) (1.37) (1.43) 0.005
rs16123
Total hip 1.15+0.004 1.19+0.01 1.31+0.13 0.0004 (0.0007)
(1.15) (1.19) (1.18) 0.003
Trochanteric 0.89+0.004 0.93+0.01 1.08+0.12 0.0003(0.042)
(0.89) (0.93) (0.94) 0.005
Intertrochanteric  1.33+0.005 1.38+0.01 1.49+0.15 0.001(0.010)
(1.33) (1.38) (1.34) 0.003

aAdjusted for age, weight, and height. Z major allele, 2minor allele

b . .
Corrected for multiple comparisons
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