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Abstract. A polymorphism in an Spl site in the collagen of the disease are lacking in accuracy [5]. The availability of
lal (COLIAL) gene has recently been identified and the Ss genetic marker would therefore be a valuable supplement
and ss genotypes were shown to be potentially importanio the existing methods. Recently the relationship between
determinants of low bone mass in postmenopausal womeione density and polymorphisms within several possible
Additionally, in a Dutch population, the association of the osteoporosis candidate genes such as the vitamin D receptor
COLIA1 polymorphism with low bone mineral density gene and the estrogen receptor gene has been investigated
(BMD) was more pronounced with increasing age, suggesthut with conflicting results [6-9]. There are many explana-
ing a genotype effect on the rate of bone loss. We haveions for this including the fact that BMD is affected by a
investigated the relationship between the COLIAl Splmuyltitude of factors and that there might be differences in
polymorphism and the rate of bone loss in a longitudinalthe nature and frequency of a genetic polymorphism among
study with a total of 133 postmenopausal women followedine different populations [10]. This emphasizes the impor-
for 18 years. The frequencies of the genotypes were Sgnce of investigating the supposed effect of a genetic poly-

equilibrium. No association of the COLIAL genotype with  ~another likely candidate for a gene where a polymor-
rate of bone loss was detected and there was no differencg,ism might influence bone mass is type | collagen. Muta-
between the genotype groups with respect to BMD at thgjons in the prow, and proe, chains of this gene give rise

femoral neck or lumbar spine. Women with the Ss or S§, the disease osteogenesis imperfecta [11, 12] which is

genotypes, who have been postulated to have low BMDepgracterized by osteopenia associated with recurrent frac-

had even higher BMD at the lower forearm than Womerlt?.lre and skeletal deformity. The severity of the clinical
:

with the SS genotype. The levels of serum osteocalcin andyhression of the disease is extremely variable and ranges
urinary collagen type | degradation products were not foungrom stjllbirth to no symptoms [13]. More subtle mutations
to be associated with the COLIAL Spl polymorphism. Iniy ihe type | collagen gene might therefore be involved in
conclusion, this study does not support the hypothesis thahe efiglogy of osteoporosis. Recently, a-GT functional
the Ss COLIAL genotype predisposes women to increaseg\ymorphism in a binding site for the transcription factor
rate of bone loss or low BMD. However, because of a |0WSp1 in the collagen typexlL (COLIA1) gene was identified
absolute number of the ss genotype, it was not possible 141 The T allele could be detected by analysis of the DNA
reach a conclusion on this particular genotype with regard t¢y, ihe polymerase chain reaction with a mismatched primer
an association with low BMD or rate of bone loss. thereby generating a site for the restriction endonuclease
) Mscl. The G/T (Ss) and T/T (ss) genotypes [but not the
Key words: COLIA1 — Collagen — Spl — Polymor- /G homozygotes (SS)] were shown to be associated with
phism — Bone loss. low bone mass and were more prevalent in patients with
osteoporotic fractures in a Scottish and an English popula-
tion. The association with an increased risk of fractures has
. o ) ) since been confirmed in several other populations [15, 16].
OSteOporOSIS IS a deb|l|tat|ng bone d|Sease that IS eXpreSS%L1 Overrepresentation Of the Ss and sSS genotypes or the
clinically by fragility fractures of predominantly the distal ss genotype among postmenopausal osteoporotic patients
radius, the proximal femur, or the spine [1]. A major risk \ere described in a French and Danish study. Additionally,
factor is low bone mineral density (BMD) and studies of the 3 putch [17] cross-sectional study showed that women with
contribution of heredity to bone mass have shown a stronghe Ss and ss genotypes had lower BMD and that the
genetic component [2, 3]. Osteoporosis can, in most if Notisk of vertebral fractures was slightly increased in women
all cases, be prevented by hormone replacement therapy [4jith the Ss genotype. In the latter study, the association of
hOWeVer, the available methods for asseSSIng the future r|&}he S a”e'e with |0W BMD was Stronger with increasing
age, suggesting that the polymorphism at the Sp1 site in the
— COLIAL1 gene might be a marker for accelerated bone
Correspondence toA.-M. Heegaard loss in older women. In this study, we have therefore
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investigated the relationship between the COLIA1 SplTable 1. Characteristics of subjects at time of inclusion in relation
polymorphism and rate of bone loss in a longitudinal studyto COLIAL genotype (mean values and SDs)
with a follow-up period of 18 years.

SS Ss, ss
Vital statistics n= 94 n=39 P-value
Materials and Methods Age (yr) 50.7+ 2.5 513+ 2.2 0.18
Subiect YSM 1.7+ 0.9 1.7+ 08 0.97
ubjects Height (cm) 1626+ 57 1621+ 6.0 0.63
In 1977, 315 healthy, early postmenopausal, Danish women ageﬁgeéggtt éfglzarche N 6?'4211 +1li16 65:'37; +12'195 0(')2:?3

45-54 were recruited through questionnaires for a 2-year follow-*
up study on the prevention of postmenopausal bone loss [18]. TheS\ = years since menopause
women had no diseases known to affect bone metabolism and hadS
not, at any time after the menopause, received drugs known to
affect bone metabolism, including hormone replacement therapy
(HRT). Twelve years later the women were invited to a follow-up ) )
examination. Two hundred and sixty-five turned up and a group oftble scanners as previously described [7]. In 1977-89, BMC and
182 women were found eligible for repeat measurements. Th8MD of the forearm were measured by single photon absorptiom-
exclusions were mainly due to HRT use [19]. In 1995, 18 yearsetry using iodine-125 (Bone Mineral Analyzer 1100; Mglsgaard
after the first visit, the'260 women from the ‘original population Medical A/S, Harsholm, Denmark) and in 1995 by single energy
that were still alive and living in the area were contacted with anX-ray absorptiometry (DTX100; Osteometer A/S, Denmark). The
invitation to participate in a study on the influence of the vitamin- correlation between the two techniques in measuring BMC at the
D-receptor polymorphism on the rate of bone loss [7]. Of thesedistal forearm is good (R= 0.99), with the measurement points
149 women turned up for examination and 13 were excluded belying along the line of equality. Furthermore, the same external
cause of diseases with a known influence on calcium metabolisntandard and calibration system has been used by the center since
This left a group of 136 women for repeat bone mass measurel977, thus making the results obtained at the different time points
ments, spinal radiography, and blood and urine sample collectiorfomparable. The BMDs of the lumbar spine and proximal femur
Of these, 133 were available for the present study. These womefyere measured by dual-energy X-ray absorptiometry (QDR 1000,
did not differ significantly from the 179 women who were not Hologic Inc., Waltham, Massachusetts, USA).
included in terms of weight, height, age, and years since meno-
pause at baseline.

‘The rate of bone loss was initially studied for a 2-year periOchzadiography of Spine and Fracture Diagnostics
using nine repeated measurements of bone mineral content (BMC)
at the lower forearm. Twelve and 18 years after inclusion, BMD
was measured at the spine, the hip, and the lower forearm. From
these measurements, the total bone loss in percent was calculal

for three periods: (1) early postmenopausal bone loss at the distal, graded by quantitative morphometry where the ratio of the
forearm over 2 years using simple linear regression on the 9 BMG e rior and posterior heights of each vertebral body was deter-

measurements; (2) late postmenopausal bone loss at the distal foi&;na4 A more than 25% reduction of vertebral height was graded
arm, at the proximal femur, and at the lumbar spine over 6 years,¢ 5 fracture.

(3) long-term postmenopausal bone loss over 18 years at the lower
forearm. Participants receiving HRT in period 1 and period 2 were
excluded from the calculation of the rate of bone loss. In period 3
those participants having received HRT totaling more than 3 year8iochemical Measurements
were excluded. This left a total of 107 subjects in the three time
periods. Urinary degradation products of thg-chain of the C-telopeptides
of type | collagen were determined by ELISA (CrossLaps, Oste-
ometer BioTech, Denmark) and normalized to urinary creatinine
DNA Analysis assessed by a standard colorimetric method. Serum osteocalcin
was measured by ELISA (Osteocalcin NMID, Osteometer Bio-
DNA was extracted from peripheral blood leukocytes using stan-Tech, Denmark), as previously described [20].
dard procedures, and 200 ng was amplified by the polymerase
chain reaction (PCR) in a 100l reaction volume containing 0.2
mM of each of the dNTPs, 1 mM Mggl50 mM KCI, 10 mM isti i
TRIS-HCI, 0.1% Triton X-100, 0.5.M of each of the two collagen Statistical Analysis
type lal primers (sequences as previously described [14]), and 2.
U Tag DNA polymerase. The reactions were performed on a Ge
neAmp® PCR system 9600 instrument with a cycling protocol of
one initial cycle at 94°C for 4 minutes, 60°C for 10 seconds, an sed for comparison between the COLIAL genotypes (SS versus

72°C with ramp for 1.4 minutes and hold for 15 seconds. This wa ; ; P 0
followed by 38 cycles of 94°C for 50 seconds, 60°C for 10 sec-SSS and ss combined), employing a significance level of 5%.

onds, and 72°C with ramp for 1.4 minutes and hold for 15 seconds.
Finally, 1 cycle of 94°C for 50 seconds, 60°C for 10 seconds, and

72°C for 5 minutes. Tep.l of the PCR reaction was digested with Results
the restriction endonuclease Mscl at 25°C and resolved by elec-
trophoresis on a 3% agarose gel. To confirm the accuracy of th
genotyping, a subset of samples was reanalyzed by another lab
ratory. No discrepancies were found.

teral radiography of the thoracic and lumbar spine was per-
rmed standing, using standard X-ray equipment. Vertebral de-
mities (from T4 to L4) were assessed by an expert radiologist

gimple and multiple linear regression analyses were carried out to
determine the relationship among BMD, age, weight, height, years
ince menopause, and COLIA1 genotype. Standdedts were

he frequencies of the SS, Ss, and ss genotypes were
0.7%, 27.8% and 1.5%, respectively, and were in Hardy-
Weinberg equilibrium¥? = 0.593). The Ss and ss groups
were analyzed together because of the low absolute number
Bone Mass Measurements of the ss genotype (&= 2). The clinical characteristics of
the SS and Ss/ss groups at baseline are shown in Table 1. No
Bone mass measurements were performed on commercially avaisignificant differences were found between the two geno-
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Fig. 1. Postmenopausal bone loss and COLIA1 Spl genotife.Early postmenopausal bone loss for a 2-year per{@).Late
postmenopausal bone loss for a 6-year per{@).Long-term postmenopausal bone loss over 18 years.

type groups with respect to age, years since menopausgenotypes. In that paper, Uitterlinden et al. [17] found no
height, weight, and age at menarche. significant genotype-related difference in BMD for women
Bone loss was calculated for three different periods:55-69 years of age, however, among older women, the
early postmenopausal loss at the lower forearm (a 2-yeaBMDs in the Ss and ss groups were significantly lower than
follow-up); late postmenopausal loss at the lower forearmfor the SS group both at the femoral neck and the lumbar
lumbar spine, and femoral neck (a 6-year follow-up); andspine indicating that the s allele might be a marker for
long-term postmenopausal loss at the lower forearm (a@ccelerated bone loss. This hypothesis has been tested in the
18-year follow-up). No association of the COLIAL geno- present study which is the first longitudinal study to inves-
types with rate of bone loss was found for any of the thregjgate a possible association of the Sp1 COLIA1 polymor-
periods (Fig. 1). In addition, BMD at the lumbar spine or phism with postmenopausal bone loss. No association of the
femoral neck at age 69 did not significantly differ betweens alele with bone loss was found at either the lumbar spine,
the two genotype groups (Table 2). However, at the lowekemoral neck, or lower forearm. If anything, a tendency
forearm, women with the genotype SS had significantlytowards slower long-term bone loss for the Ss, ss population
lower BMC at baselineR = 0.01) and significantly lower \y55 found.
BMD after 18 yearsk = 0.01) (Table 2). A multivariate e study had a power of 90% (at the 5% significance
analysis of variance showed that the rate of bone 10SS ige|) to detect a 0.5% per year difference in bone loss
significantly related to height, weight, and biochemical porveen the SS and Ss groups. However, if a smaller, but
markers of bone turnover, but not to COLIAL alleles. Ad- oo cjinically relevant effect of the Ss genotype on bone
justments for height, weight, and biochemical markers dli?ss should be detected, a larger sample size would be re-
g%l_clg\in%ﬁetlre]i roensuilﬁse ?Q?etg?rgo"r\]’gsl Os;gl nFoO;afg‘ﬁé:t é’;ﬂg‘ uired. A small effect of the s allele on rate of bone loss can
: therefore not be entirely excluded, but it seems unlikely

values from 1995 and the values for BMC for the lower _. . -
forearm for 1977, in addition to the above-mentioned fac-SInce the results showed an opposite trend. A possible ex-

- - planation for the lack of a relationship between bone loss
tors, age was also a contributory factor. However, adjust nd COLIAL may have been the age of the patients. In the

ment for these factors did not in any way change our result%u,[Ch study, the increased divergence of BMD values in

data not shown). . Al
( Spinal radiogZaphy was performed and markers of bon&atients with different COLIA1 genotypes was most marked
over the age of 70, whereas here, the average age of the

turnover were measured at the 18-year follow-up visit. Thir--"= .
teen percent of the women had vertebral fractures. The fre2atients with 18-year follow-up was 68. On the other hand,

quencies of the COLIAL genotypes were the same in thd is possible that the differences observed in the Dutch
group of women with spinal fractures compared with theStudy were due to a cohort effect.

entire study population (Table 2). No differences were., LOW BMD at the lumbar spine has, in several studies
found for the levels of serum osteocalcin or urinary collageri%: 16, 17, 21], been associated with the Ss and ss COLIAL

; enotypes, whereas only one large study [17] has been able
?I/_%eblledze)g.]radatlon products among the COLIAL genotype o detect a significant relation at the femoral neck, and a

Swedish group found no correlation to BMD at either of
these two sites [22]. In the current study we also did not find
. . any association of the COLIA1 genotypes with BMD at
Discussion either the lumbar spine or femoral neck. At the lower fore-
arm, however, women with the Ss genotype had even higher
The purpose of this study was to investigate whether postbone mass than the women with the SS genotype. This was
menopausal women with the Ss or ss COLIA1 genotypesurprising and has, to our knowledge, not been described
loose bone faster than women with the SS genotype. Thibefore.
was based on a recent paper which, in a cross-sectional Taken together, this indicates that there may be both
study, showed that increasing postmenopausal age resultside-dependent, age-dependent, and population-dependent
in an increased difference in BMD among the COLIAL [23] variations in the effect of the Sp1 COLIA1 genotype on
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Table 2. Bone mass, biochemical markers of bone turnover, and frequencies of vertebral

fractures in relation to COLIALl genotype. Bone mineral density (BMD) measurements at

mean age 69 at the lower forearm, hip and spine and BMC at the lower forearm at mean age

51. Mean values and the standard error of the mean are shown

SS Ss, ss P-value

Numbe? 75194 33/39
Spine BMD (g/cnf) Age 69 0.855+ 0.017 0.871+0.134 0.6
Hip BMD (g/cm?) Age 69 0.753+ 0.015 0.776 £0.020 0.4
Lower forearm BMD (g/crf) Age 69 0.339+ 0.007 0.373+0.009 0.01
Lower forearm BMC (g) Age 51 3.233+ 0.056 3.477+£0.065 0.01
Collagen degradation products

(rg/mmol Cr) 346.1 +14.1 3379 +6.9 0.8
Osteocalcin (ng/ml) 28.7 =157 276 3.2 0.5
Vertebral fractures 13% (12/94) 13% (5/39) —

#Number of individuals that had determined BMD, biochemistry/BMC, fracture evaluation

BMD and that the most consistent evidence of an associa-
tion of the s allele with bone disease is the relation to ver-
tebral fractures. This has been reported for British, French,?-
Danish, and Dutch populations [14-17] where, in all cases,
an increased frequency of the s allele was found in patients
with osteoporosis. In this present study we did not find any
difference in genotype distribution in the group with verte-
bral fractures (Table 2), however, the number of women
with moderate or severe vertebral fractures was too small (n
= 17) to allow any conclusions to be drawn regarding this
issue. 9.
In conclusion, in a longitudinal study with a maximum

of 18 years follow-up, we did not detect any association of
the COLIALl Spl genotype with rate of bone loss. This,
together with the reports of only a weak correlation of the
COLIAL genotype with BMD, but a more consistent rela-
tion to vertebral fracture, support the hypothesis that the
COLIAL genotype might be more associated with bone
quality than with bone mass. Despite the increased researctt”
efforts to discover genes involved in the pathology of os-
teoporosis, most have yet to be described and it will be

interesting to see how the COLIA1 Spl1 polymorphism inqo

combination with other genetic markers could contribute to
the prediction of osteoporosis and fracture risk.
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