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ABSTRACT

Rationale and objectives: Genetic factors play an important role in regulating
bone mineral density and in the development of osteoporosis. In order to identify
the gene(s) contributing to bone mineral density, we have performed a linkage ap-
proach in the largest primary osteoporosis family in the literature.

Methods: This family was tested for a linkage to eight candidate genes: Bone gam-
ma-carboxyglutamate protein, Chloride channel , Collagen type 1 alpha 1, Colla-
gen type 1 alpha 2, Estrogen receptor alpha, Insulin like growth factor 1/somatome-
din C, Low density lipoprotein receptor related protein 5 and Vitamine D receptor.
The computations were performed with SuperLink v1.3.

Results: The LOD score calculation and haplotype results of our study showed that
none of these genes are responsible for low bone mineral density in this family.

Conclusions: This study presents the largest primary osteoporosis family in the lit-
erature and suggests that Bone gamma-carboxyglutamate protein, Chloride chan-
nel 7, Collagen type 1 alpha 1, Collagen type 1 alpha 2, Estrogen receptor alpha, In-
sulin like growth factor 1/somatomedin C, Low density lipoprotein receptor related
protein 5 and Vitamine D receptor genes are not responsible for low bone mineral
density in this family.

Key Words: Bone Mineral Density, candidate genes, linkage analysis, osteopo-
rosis.

OZET

Amag: Genetik faktorlerin kemik mineral dansitesinin regiilasyonunda ve osteo-
poroz gelisiminde 6nemli rol oynadigi bilinmektedir. Calismamizda, literatiirde su
ana kadar tanimlanmis olan en biiyiik primer osteoporoz ailesinde kemik mineral
dansitesinden sorumlu oldugu diisiiniilen genler i¢in baglant1 analizi yapilmustir.

Yontemler: Calismamiz kapsamindaki aile sekiz aday gen i¢in baglant1 analizine
alinmistir. Bunlar; Kemik gama-karboksiglutamat protein, Klorid kanal 7, Kollajen
tip 1 alfa 1, Kollajen tip 1 alfa 2, Ostrojen reseptor alfa, Insiilin benzeri biiyiime
faktorii 1, Diistik dansiteli lipoprotein reseptdri ile iliskili protein 5 ve Vitamin
D reseptdr genleridir. Istatistiksel analizler SuperLink v1.3 yazilim programi ile
gerceklestirilmistir.

Bulgular: LOD skor hesaplamalar1 ve haplotip analizleri sonucunda aday genlerin
bu ailede diisiik kemik mineral dansitesinden sorumlu olmadig1 saptanmistir.

Sonug: Calismamiz kapsaminda, literatiirde su ana kadar rapor edilen en biiyiik
primer osteoporoz ailesinde, Kemik gama-karboksiglutamat protein, Klorid kanal
7, Kollajen tip 1 alfa 1, Kollajen tip 1 alfa 2, Ostrojen reseptdr alfa, Insiilin benzeri
biiytime faktori 1, Diisiik dansiteli lipoprotein reseptorii ile iliskili protein 5 ve Vi-
tamin D reseptor genlerinin ailedeki diisiik kemik mineral dansitesinden sorumlu
olmadigi sonucuna varilmigtir.

Anahtar Kelimeler: Kemik Mineral dansitesi, aday genler, baglant1 analizi, oste-
oporoz.
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Introduction

Osteoporosis is a common metabolic bone disease char-
acterized by reduced bone density and deterioration
of bone tissue that leads to bone fragility and increase
in fracture risk (1). It affects up to 40% of women and
12% of men at some point during life (2). Many factors
contribute to the pathogenesis of osteoporosis including
smoking, poor diet, lack of exercise and excessive al-
cohol intake. However, evidence from twin and family
studies suggests that genetic factors have a major role in
bone mineral density (BMD) and in the development of
osteoporosis (3,4).

Decreased BMD, which is a major determinant of os-
teoporotic fracture risk is inherent in the definition of
osteoporosis and is the most important susceptibility
factor identified to date (5,6). Researchers are trying to
determine which genes contribute to regulation of bone
mass and how the effects of individual genes are medi-
ated. Previous studies demonstrated that BMD is asso-
ciated with several genes. They include genes that en-
codes cytokines, growth factors, calciotropic hormones
and receptors and bone matrix proteins (7). Among these
genes we have focused on Vitamin D receptor (VDR) (8),
Estrogen receptor- a (ESRA) (9), Collagen type | alpha
1 (COLIALI) (10), Collagen type 1 alpha 2 (COLIA2) (11),
Bone gamma-carboxyglutamate protein (BGLAP) (12),
Insulin-like growth factor 1 (IGF-1) (13), Low density
lipoprotein receptor related protein 5 (LRPS) (14) and
Chloride channel 7 (CLCN7) (15).

Vitamin D and its receptor plays an important role in
calcium homeostasis by regulating bone cell growth
and differentiation. A number of Restriction Fragment
Length Polymorphisms (RFLP) (Bsml, Apal, Tagl and
FoklI) in the VDR gene have been identified as related
to biological variations in bone mass and there is evi-
dence to suggest that these effects may be modified by
dietary calcium and vitamin D intake (8,16). Recently, a
novel binding site for transcription factor Cdx-2 in the
promoter region of VDR gene was also associated with
variation in BMD (17).

ESRA is another candidate for osteoporosis pheno-
type. Estrogens are important hormones for bone mass
regulation in both genders because C to T transition in
the coding region of the gene led to a partial estrogen
resistance with low BMD in a young man (18). Pvull
and Xbal polymorphisms in the first intron of the ESRA
gene have been associated with low BMD (19). In a simi-
lar study, an association has been reported between a TA
repeat polymorphism in the ESRA gene promoter and
bone mass in some populations (9).

COLIAl and COLIA2 genes which encodes collagen
types lal and Io2 are also important candidates for the
genetic regulation of reduced bone mass because muta-
tions that affect the coding regions of these genes have
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been shown to cause osteogenesis imperfecta (20,21).
Although a polymorphism at the first base of a binding
site for the transcription factor Spl in the first intron
of the COLIA1 gene was found to be associated with
reduced bone density and predisposes women to osteo-
porotic fractures (10), two polymorphisms have been
described in the promoter of COLIA1 gene that are in
LD with the Spl polymorphism and are also associated
with BMD (22).

BGLAP also known as Osteocalcin is an abundant, high-
ly conserved bone specific protein that is synthesized by
osteoblasts and determinant of bone formation. HindIII
polymorphism in the BGLAP gene which encodes for
BGP was found to be associated with reduced BMD and
predisposes women to osteoporosis at the femoral neck
(12). Raymond et al. suggests that genetic variation at
the osteocalcin locus impacts BMD levels in the post-
menopausal period and may predispose some women to
osteoporosis (23).

IGF-1 is an attractive candidate gene for low BMD, be-
cause IGF-1 has marked effects on bone cells (24) and has
been implicated in the pathogenesis of osteoporosis, also
low IGF-1 levels are associated with an increased risk of
osteoporotic fractures (25). The IGF-1 gene contains a
microsatellite repeat polymorphism in 5’-flanking pro-
moter region and investigators have found a higher prev-
alence of the 192/192 genotype of this polymorphism
among men with idiopathic osteoporosis compared to
controls (26). The presence of a 194bp allele has been
related to either higher BMD or to increased levels of
circulating IGF-1 (27).

LRP5 gene seems to be another candidate gene for re-
duced BMD and osteoporotic fractures. It encodes the
transmembrane-spanning protein named low density li-
poprotein receptor related protein 5, which has a role in
the Wnt signalling pathway. Nonsense or missense mu-
tations in the LRP5 gene caused autosomal recessive os-
teoporosis-pseudoglioma syndrome while heterozygous
substitution in exon 3 was found in autosomal dominant
high-bone-mass trait (14).

Also, CLCN7 gene which encodes an endosomal/lyso-
somal ion channel and highly expressed in the osteo-
clast ruffled border may be a candidate gene for BMD
regulation. Inactivating mutations in the CLCN7 gene
have been shown to cause severe infantile osteopetrosis,
whereas missense mutations of CLCN7 gene have been
found to cause a milder type of osteopetrosis, termed
autosomal dominant osteopetrosis type II, or Albers
Schonberg disease (15).

Therefore, all these genes may contribute to the de-
creased BMD phenotype. We have investigated the role
of these eight candidate genes in the control of BMD
by linkage analysis in a large consanguineous primary
osteoporosis family.
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Materials and Methods

Subjects

The study protocol was approved by the Ethical
Committee of Hacettepe University and a written
informed consent was obtained from all participants.

Our index patient (Figure 1, case V:1) was 66 years old
man who came to the clinic because of back pain. Medi-
cal history of him revealed that he had no known system-
ic illnesses. He was a non-smoker, and was not consum-
ing alcohol. Family history was positive for osteoporosis.
Physical examination showed scoliosis and lower back
tenderness. The remainder of the examination was nor-
mal. Laboratory studies disclosed that complete blood
count, liver and kidney function tests, calcium, phos-
phorus, fasting and postprandial glucose levels, thyroid
function tests, testosterone and intact parathyroid hor-
mone levels were all in normal limits. Radiograph of the
lumbar vertebrae showed a compression fracture at the
level of L3. T score of the lumbar vertebrae and total hip
were -4.32 and -2.32 respectively. Serum bone specific
alkaline phosphatase, osteocalcin, urinary calcium ex-
cretion rate and urinary deoxypyridinoline adjusted for
urinary creatinine were normal.

Because the patient had family history of osteoporosis,
his relatives were invited to be evaluated for osteopo-
rosis. The geneology of the family was questioned for
three generations. A total of 32 close relatives out of
more than 1000 individuals in our family had their BMD
of the spine (L,~L,) and the hip (total femur, femur neck
and trochanter) measured (18 DEXA-dual energy X-ray
absorptiometry (Hologic QDR-4500A), 33 calcaneal
QUS (Lunar Achilles express)) with an assessment of
their risk factors for osteoporosis. The pedigree of the
family is shown in Figure 1.

The patient’s three brothers (69, 71, 78 years) and an 54
years old premenopausal sister were osteoporotic at the
lumber spine and osteopenic at the total hip on BMD.
His wife was 64 years old. She was osteoporotic at the
lumber spine and osteopenic at the total hip on BMD.
The patient had eight children; because one son and one
daughter lived abroad we could studied three sons (32,
34, 41 years) and three daughters (31, 36, 46 years). Only
the 31 years old daughter (case VI:7) was osteopenic at
the lumber spine and normal at the total hip on BMD.
All the others were osteoporotic on BMD of the lum-
ber spine and osteopenic on BMD of the total hip. Later,
BMD measurement of the 33 years old daughter living
abroad was received. She was osteoporotic at the lumber
spine and osteopenic at the total hip on BMD.

Six nephews (age range 29-51 y), 5 nieces (22-48 y) and
3 children (3 boys 17-22 y) had their bone density mea-
sured. Only 1 nephew (Figure 1, case VI:17) and 2 chil-
dren (case VII:1 and VII:3) had normal BMD values.
Three nieces (33,36,38 y) were osteoporotic (case VI:13,
VI:15 and VI:16) and all the others were osteopenic. One
osteoporotic men was heavy smoker (>20 pack-years)
and drinker. One osteoporotic woman had congenital
dislocation of the hip and the others did not have risk
factors for osteoporosis.

Linkage Analysis

Linkage analysis was performed on 30 individuals in
this family (Figure 1). The genomic DNA from 23 af-
fected individuals (12 male, 11 female) with low BMD
and 7 unaffected individuals (3 male, 4 female) with
normal BMD was extracted from peripheral blood sam-
ples according to the standart protocols (after written in-
formed consent). A total of 24 microsatellite markers and
RFLPs located close to or within 8 candidate genes were
selected. Microsatellites and/or RFLPs selected for each

vV:5 v:6

*kt ** ‘* ‘* k(

VI2 VI3 Vii4 VIS5 V6 V7

Vi1

Vi1 vi:12

VI:13 V:i14 | VE15 VE16 V17 VIE18 VIS V20 Vi1

Vi3

Figure 1. A small part of primary osteoporosis family with analyzed individuals: (*)analyzed individuals, (?) no information about the level

of consanquinity)
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gene were: VDR (Fokl, Apal, Taqgl, D12S398), ESRA
(D6S440, D6S2436, D6S473), COLIA1 (D17S588, Rsal),
COLIA2 (COL1A2, Mspl), BGLAP (D1S303, Hin-
dIIl, D1S2624, D1S194), IGF-1 (D12S1074, D12S2023,
D12S1030), LRPS (D11S1337, D11S4178), CLCN7 (Smal,
intron 8 VNTR-50 bp. repeat, Msll, D16S3024). Chro-
mosomal localization of the selected genes and markers
are shown in Table 1.

PCR products of microsatellite markers were then seper-
ated by 6% Polyacrylamide Gel Electrophoresis (PAGE)
and stained with silver nitrate. The alleles of the indi-
viduals were numerated after comparison with CEPH
control DNA (1347-02) and evaluated together to form
the haplotypes.

Table 1. Chromosomal localization of the selected genes and markers

For each RFLP marker, genomic DNA were amplified
by PCR in a total volume 25 pl using specific primers
described by Morrision et al., 1994 (8) for the Apal and
Taql, by Gross et al., 1996 (16) for the Fokl, by Sokolov
et al., 1991 (28) for the Rsal, by Baker et al., 1991 (29)
for the Mspl and by Dohi et al., 1998 (12) for the HindIII.
Smal, MslI and 50 bp. repeat polymorphisms in the in
CLCN7 gene were amplified by using exonl, exonl5
and exon&/9 primers, respectively.

After sequence-specific digestion with 10 units of re-
striction enzymes (New England Biolabs), the samples
were electrophoresed through a 2% agarose gel contain-
ing ethidium bromide and scored for genotypes.

Marshfield Map .
GENE MARKER Chromosomal Position
(cM)
D1S303 161.05
BGLAP Hind 11 Inrtagenic (5'UTR-Exon 1)
Chr. 1
154449397 — 154479747 bp. D1S2624 162.57 154897940 - 154898142 bp.
D1S194 178.42 163703895 - 163704127 bp.
Small Intragenic (Exon 1)
CLCN7 50 bp repeat Intragenic (Intron 8)
Chr. 16 .
1435346-1465582 Msl | Intragenic (Exon 15)
D16S 3024 7.05 1594204 - 1594430 bp.
COL1A1 D17S588 45570495 - 45570653 bp.
Chr. 17
45616456 — 45633992 bp. Rsa | Intragenic (5'UTR)
COL1A2 Msp | Inrtagenic (3'UTR)
Chr. 7
93861809 — 93898480 bp. COL1A2 93854267 - 93854422 bp.
ESRA D6S440 154.80 152374791 - 152375061 bp.
Chr. 6 D652436 154.64
152170379 - 152466099 bp. D6S473 155.17 155287394 - 155287577 bp.
D1251074 101333066 - 101333234 bp.
IGF-1 Intragenic
Chr. 12 D1252023 (WI-YAC Map: Chr 12 / Position: 386 (ordi-
101313806 — 101398454 bp. nal))
D1251030 109.47 101448937 - 101449195 bp.
LRPS D11S1337 68.55 67888234 - 67888517 bp.
Chr. 11
67836711 — 67836711 bp. D11S4178 67.48 67945684 - 67945935 bp.
Fok | Intragenic (Exon 2)
VDR Apall Intragenic (Exon 9)
Chr. 12 .
46521587 — 46585081 bp. Taq| Intragenic (Exon 9)
D125398 68.16 51483354 - 51483480 bp.
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Lod-score calculations

LOD score calculations were carried out under the as-
sumptions of autosomal dominant inheritance, using a
software called SuperLink v1.3 that enables extended
two-point linkage analysis on large kindred in its en-
tirety (30). Based on some or all markers on a chromo-
some, computer programs such as SuperLink v1.3 can
compute this likelihood for any assumed position of the
disease locus. Pedfiles of the family members and their
alleles were submitted for calculation at the bioinformat-
ics site at the Technion, Haifa [http:/bioifo.cs.technion.
ac.il/pedtool].

The possible mode of inheritance (MOI) and the fre-
quency of the penetrance in this family were analyzed
by using the same software, comparing the hypothesis
“recessive inheritance” versus ‘“dominant inheritance”.
The likelihood of the data was computed without marker
information by taking into account only affection status
and family relationships for both dominant and reces-
sive inheritance models by using various penetrance
frequencies.

The most likely combination of parameters for two-point
LOD score analysis of these eight candidate genes were:
a dominant inheritance model using a penetrance of
g=0.8, p=1 and a mutant allele frequency of 0.01.

Results

According to the WHO criteria (World Health Organisa-
tion, 1994) this family was diagnosed as the first primary
osteoporosis family with ~3000 individuals, who live in
the Samandagi-Hatay, Turkey. A total of 30 patients in
this large and ethnically isolated family were recruited
for our study (Figure 1). We were not able to analyse
other family members due to the conservative nature of
the family. 23 affected (13 osteoporotic [T score is -2.5
or lower] / 10 osteopenic [T score is between -1.0 and
-2.5]) individuals (12 male, 11 female) with a frequency
of 76.6% had low BMD and 7 unaffected individuals (3
male,4 female) with a frequency of 23.3% had a BMD T
score >-1.0. Also, we should clearly indicate that most of
the affected individuals were young (either young men
or premenopausal women) meaning that their Z scores
are pretty much the same with their T scores.

Segregation analysis rejected a recessive model of in-
heritance and supported a dominant inheritance model
in this family (data not shown). As such, LOD score cal-
culation was carried out under the assumptions of auto-
somal dominant inheritance for all of the polymorphic
markers located close to or within candidate genes.

For the 7 candidate genes (IGF-1, ESRA, COLIA1, CO-
LIA2, BGLAP, LRP5, CLCN7) we found no evidence
for a linkage (Table 2). The maximum two-point LOD
score of 0.90 (8= 0) was calculated for Apal polymorp-
hism in the VDR gene but three point analysis using
markers FokI and Taql did not support linkage to VDR
(data not shown).
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Discussion

Genetic factors play an important role in determining
BMD and may also influence its treatment (3). Low
BMD is a major risk factor for the development of os-
teoporosis (5,6). Although BMD and other osteoporosis-
related phenotypes are usually determined by the effects
of several genes, occasionally osteoporosis or high bone
mass may occur as a result of mutation in a single gene
such as osteoporosis-pseudoglioma syndrome (31). Most
work in the field of osteoporosis and low BMD genetics
has focused on responsible gene studies in populations
including linkage studies, candidate gene studies, gene
association studies, family studies, genome scans in sib-
ling pairs and family-based association studies (32-34).
Family based studies that use linkage analysis such as
pedigree studies are generally more informative than as-
sociation studies. The limited heterogenity within fami-
lies, combined with detailed knowledge of pedigree is a
key factor (35).

In order to identify potential genetic determinants of low
BMD we have investigated the role of 8 candidate genes
by linkage approach in the large osteoporosis family. To
the best of our knowledge, this family is the largest fam-
ily in the literature which is diagnosed as primary osteo-
porosis. Segragation analysis rejected recessive mode
of inheritance and as such the mode of inheritance in
this family is likely to be autosomal dominant. Using
the software SuperLink v1.3 that is suitable for lod score
calculation of families with complex relationship, we
were able to calculate lod score for each suspected gene/
loci inspite of the limited number of individuals that
could have been studied due to the conservative nature
of the family. The results of our preliminary study sug-
gested that VDR, ESRA, COLIA1, COLIA2, BGLAP,
LRPS5, IGF1 and CLCN7 genes are not responsible for
low BMD in this family. No evidence of linkage was ob-
served between low BMD and these 8 candidate genes
according to the two-point linkage analysis. Although
our results suggest that neither of these potentially genes
are responsible for low BMD in this family, our prelimi-
nary findings and this large primary osteoporosis family
will be the initiator of our subsequent studies. Further
work will be required to screen other potential candi-
date genes and to identify responsible locus / loci by ge-
nome-wide scan using single nucleotide polymorphism
(SNP) arrays in this family. Consanguinity in this family
will allow homozygosity mapping to detect responsible
genes. Also, gene-gene and gene-environment interac-
tions could have a potential role in the development of
clinical phenotype in this family which should be ad-
dressed in future studies. The identification of the genes
which are responsible for low BMD may represent a ma-
jor advance in understanding of pathways that regulate
bone density.
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