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It is also well known that peak bone mass is primarily
Recognition of a major genetic component in bone under genetic control (1). Twin studies have shown

mass determination represented the basis for studies strong genetic effects on bone mineral density at both
aiming to the identification of underlying major and peripheral and axial bone sites. Using this model Po-
minor genes. Bone mineral density (BMD) represents cock et al. observed that genetic effects at the lumbarthe continuous trait to be quantified in order to evalu- spine and femoral neck explain up to 80% of the popula-ate segregation of candidate genes with risk of osteo-

tion variation in BMD (1). Because of the increasingporosis. Polymorphisms at the vitamin D receptor
evidence that genes are important in the determination(VDR), estrogen receptor, (ER), collagen type I, and
of peak bone mass, studies were undertaken in orderinterleukin 6 (IL6) gene loci have been correlated to
to test relationships between DNA polymorphisms ofBMD. However, in a polygenic disorder, such as osteo-
candidate genes and osteoporosis-related phenotypes.porosis, the number of genes expected to influence
Haplotype analysis based on 3-restriction fragmentBMD is very large. In the present study we examined
length polymorphisms at the VDR gene locus offeredthe presence of restriction fragment length polymor-
the possibility to discriminate individuals at high andphisms (RFLPs) for the calcitonin receptor (CTR) gene
very low risk of osteoporosis (2-4). Successive studies,in postmenopausal women. We identified a polymor-

phic (Tt) site at the CTR gene locus using the Taq I however, did not support these findings (5-8). Various
restriction fragment enzyme. Three genotypes were suggestions have been made to account for these dis-
observed, whose Tt was the most frequent in our popu- crepancies, such as racial and environmental differ-
lation (49.7%). In addition, Ancova analysis and Tu- ences, inadequate sample size and confounding factors.
key’s test showed that women with tt genotype had Discrepancy among studies can also be explained on
significantly lower lumbar BMD in comparison with the basis of the quantitative polygenic nature of this
Tt genotype (Tukey’s test: p Å 0.005). In conclusion, disorder, where the effect of a given gene can easily be
evidence of RFLPs at the CTR gene locus in Caucasian modified by epistatic and/or pleiotropic effects of other
postmenopausal women of Italian origin made it possi- genes. Indeed, the introduction of another variable, the
ble to identify the involvement of another gene, the ER genotype, in the analysis of the VDR genetic deter-
CTR gene, in the determination of bone mass. q 1998 mination of bone mineral density showed a clear inter-
Academic Press

action between the two loci in determining BMD (9).
Other polymorphic genes could similarly contribute to
bone mass determination via reciprocal interactions.

Osteoporosis is recognized to be one of the most im- One of the hormones involved in bone metabolism
portant disorders of aging. Increasing interest in osteo- is calcitonin (CT), a polypeptide hormone secreted by
porosis has called attention to many factors that in parafollicular cells of the thyroid gland (10), able to
aggregate speak to a disease of multifactorial etiology. inhibit osteoclastic bone resorption and to stimulate

urinary calcium excretion (11). The human CT receptor
(CTR) was cloned from an ovarian carcinoma cell line1 To whom correspondence should be sent: Maria Luisa Brandi
(BIN-67) (12) and recognized to be a prototypic memberMD, Ph.D., Endocrine Unit, Department of Clinical Physiopathology,

University of Florence, 50139 - Florence, Italy. Fax: 39-55-6503516. of a distinct family of G-protein-coupled receptors with
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of the population. Women were requested to give informed consentTABLE I
for genetic evaluation.Characteristics of the Population

Bone densitometry and X-ray examination. Lumbar BMD (L2-L4)
was measured by dual-energy X-ray absorptiometry (DEXA; HologicNormal Osteoporotic Total
QDR 1000/Walthom, MA) in all 201 women, with coefficients of varia-
tion of 0.5% in vitro and 0.9% in vivo. BMD at the upper femur (neck,Number 111 90 201
Ward’s triangle, greater trochanter) was measured by DEXA withAge (yrs) 58.3 { 0.5 59.1 { 0.3 58.7 { 0.4
coefficient of variation of 0.6 % in vitro and 1.0% in vivo. CrossYSM 10.1 { 0.5 12.3 { 0.3 11.2 { 0.7
calibration on the precision of measurements between the two Cen-Height (cm) 163 { 0.8 158.5 { 0.6 162.5 { 0.6
ters of Florence and Siena was previously performed (9) and a correc-Weight (Kg) 62.5 { 1.3 63.7 { 1.1 63.1 { 0.5
tion factor was not considered necessary.LS-BMD (g/cm2) 0.919 { 0.1 0.733 { 1.66 0.840 { 0.15

In addition, patients underwent a lateral lumbar spine X-ray ex-F. Neck BMD (g/cm2) 0.693 { 0.4 0.607 { 0.7 0.650 { 0.9
amination in order to be scored for spinal osteophytosis (SPO) ac-Ca-intake (mg/day) 565 { 133 578 { 140 571.5 { 103
cording to Orwoll (19) and for facet joint osteoarthritis (FOA) on aSPO score 0.67 { 0.03 0.65 { 0.05 0.66 { 0.04
four point scale (0Ånone, 1Åmild, 2Åmoderate, 3Åsevere). VascularFOA score 0.60 { 0.02 0.57 { 0.03 0.57 { 0.01
calcifications were not evaluated for their reported limited impact
on spinal density measurement (20).

Genotyping. Genomic DNA was isolated from EDTA blood sam-
ples by a standard phenol-chloroform extraction procedure and 8 mgseven spanning domains (13). Different isoforms of
of DNA were digested for 18 hrs in a volume of 50 ml using variousCTR resulting from alternative splicing of the gene
restriction endonucleases: Apa I, Msp I, Xba I, Pvu II, Bsm I, andhave been described in various animal species with dif- Taq I (Boehringer, Mannheim, Germany) at temperatures recom-

ferential tissue expression transcripts (14, 15) and dif- mended by the manufacturer. The digested DNA was fractionated
using 0.7-1% agarose gel eletrophoresis and transferred to nylon-ferent signaling properties (16). Two different isoforms
based filters (gene Screen Plus, NEN Research Products, Boston,have been described in human giant cell tumor of bone
MA) by standard technique (21). Filter membranes were prehybrid-(17). The first isoform, designed as GC-10, differs from
ized, then hybridized with the 32P-labelled probe for 18 h at 657C,

the previously described ovarian-human CTR gene (12) washed and autoradiographed for 24-48 h at 0807C. The probe used
in the 5*-region in that it lacks a 71-bp segment, while to identify RFLPs was a cDNA for the human ovarian CTR gener-

ously made available by A.H. Gorn (12). The probe was radiolabelledbeing almost identical in the 3 *-region (17). The second
with [a-32P] dCTP using a random priming labeling kit (Boehringhuman GCT-CTR cDNA variant, indicated as GC-2,
Mannheim, Germany).lacks this 71-bp 5* insert but also 48 nucleotides encod-

Statistical analysis. The frequency distribution of CTR genotypesing part of the first intracellular domain (17). It is likely
in normal and osteoporotic groups was compared using standardthat differential expression of CTR isoforms is a mecha-
Chi-squared test. Differences in anthropometric characteristics, spi-nism of regulation of biological responses to CT. Shift nal and femoral BMD among the different CTR genotypes were calcu-

in the predominant CTR isoform(s) could also explain lated using analysis of variance (ANOVA). Similar comparisons were
performed after adjusting mean BMD values for potential confound-the variable responsiveness to CT in patients with high
ing factors such as age, height, weight, and years since menopauseturnover metabolic bone diseases (17).
(YSM) using analysis of covariance (ANCOVA). Tukey’s test wasIn the present study we describe a previously unrec-
used to compare the genotypes. Data were expressed as mean

ognized RFLP for the human CTR gene and the distri- ({SEM), with põ 0.05 accepted as the value of significance. Statisti-
bution of its allelic variants in a population of Cauca- cal analysis was performed using STATISTICA program. The ex-

pected frequency for genotype for the CTR polymorphism was deter-sian postmenopausal women of Italian descent, in or-
mined using a method previously described by Li (22).der to evaluated the correlation of CTR genotypes with

lumbar and femoral neck BMD. Three major genotypes
were identified with different distribution in normal RESULTS
and osteoporotic subjects.

A previously unrecognized RFLP at the human CTR
gene was detected by the restriction endonuclease TaqSUBJECTS AND METHODS
I. No variant bands were recognized with MspI, Bsm
I, Apa I, Pvu II, and Xba I enzymes. Digestion withSubjects. Patients were postmenopausal women (n Å 201) with
Taq I generated 10 bands: 2 variant bands (respectivelyan age range of 47-76 years and a mean ({SEM) age of 58.7 { 0.4

years. Patients were selected at the metabolic bone diseases outpa- of 7 and 5 kb) and 8 invariant bands. The different
tient Clinics in Florence and Siena among 1,500 women who under- alleles were recognized and designated Tt (heterozy-
went clinical examination for osteoporotic risk evaluation in 1995 gous), TT and tt, where uppercase letter (T) indicates(9). Women known to be affect by metabolic bone diseases other

the absence and lowercase letter (t) the presence ofthan primary osteoporosis, such as primary hyperparathyroidism,
the Taq I restriction site. The Southern blot-bandinghyperthyroidism, diabetes, cirrhosis, and kidney failure were ex-

cluded. According to WHO criteria (18) women were divided in osteo- pattern for this enzyme is shown in Fig. 1. The Mende-
porotic (n Å 90) and normal (n Å 111). For all women, a detailed lian nature of the RFLPs was verified by family studies
medical history was obtained and dietary calcium intake was as- (data not shown). Three genotypes could be recognizedsessed by a sequential self-questionnaire including foods that ac-

by Taq I enzyme digestion (Fig. 1). Subjects in the threecount for the majority of calcium in the diet. A large database has
been completed for these women. Table I depicts the general features genotypes resulted well matched for age, height and
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TABLE III

Distribution of the Three Genotypes in the Population

Total Normal Osteoporotic
Genotype number (%) number (%) number (%)

TT 22 (10.9) 9 (8.1) 13 (14.4)
Tta 100 (49.7) 64 (57.6)b 36 (40)
Tt 79 (39.3) 38 (34.2) 41 (45.5)c

Total 201 111 90

Note. x2 Test Å 6.5; p Å 0.03.
a Tt was recognized as the major genotype in the total population.
b Tt genotype was the most frequent in normal women (bold).
c tt genotype was the most frequent in osteoporotic women (bold).

79 (39.3%) had tt genotype and 22 (10.9%) had TT geno-
type. Applying the standard Chi-squared test we ob-
served significant differences in the distribution of the
genotypes in our population, as the Tt genotype was
more represented in normal women in comparison with
ostoporotic women, with a frequency of 57.8% vs.40%.
Conversely, the tt genotype was more represented in
osteoporotic women with a frequency of 45.5% vs.
34.2% (x2 testÅ6.5 pÅ0.03). When we applied the vari-
ance test (ANOVA) to evaluate lumbar and femoral
neck BMD differences among the three genotypes sig-
nificant differences could be observed in mean BMD at
lumbar spine (pÅ0.005) but not at the upper femur
(pÅ0.07). Similar results were obtained applying anal-
ysis of covariance (ANCOVA) used to adjust mean BMD
values for potential confounding factors such as age,
height, weight, years since menopause (YSM), FOA,
and SPO. We observed that in our population YSM,
age, height and weight, were not determinant for bone

FIG. 1. RFLPs of CTR gene identified by Taq I enzyme. Blot mass both at the femoral neck and lumbar sites andbanding pattern for Taq I enzyme is shown. Two variant bands were
did not change the results of variance analysis (dataindividuated and indicated as T(7 Kd), t (5 Kd). The three identified
not shown). Similarly, FOA and SPO did not changegenotypes are indicated on the top.
the results both at the femural and lumbar spine (data
not shown). Using Tukey’s test we could detect that
women with tt genotype had significant lower lumbarweight. The allelic distribution of the CTR polymor-
BMD in comparison with Tt (pÅ0.005) genotype (Fig.2).phism is shown in Table II. In the present population

ANOVA and ANCOVA analysis did not reveal anythe relative distribution of CTR genotypes followed the
statistically significant difference among genotypes forHardy-Weinberg equilibrium (22).
femoral neck BMD.The frequency expressed in percent of these RFLPs

in our population and the differences in the distribution
DISCUSSIONof the three genotypes are shown in Table III. Of the

201 analyzed women 100 (49.7%) had the Tt genotype,
It is well known that genetic factors contribute to

the achievement and maintenance of bone mass and
that being osteoporosis a polygenic disorder more thanTABLE II
one gene will have a role in determining peak boneAllelic Distribution of the T/t Polymorphism at the CTR
mass and/or bone mass loss.Gene in the Italian Population

In the search for potential candidate genes a logical
choice was the evaluation of genes encoding for calcio-Allele Total (n Å 201)
tropic hormone receptors, bone matrix proteins and lo-

TT 0.38 cal regulators of bone metabolism. Indeed, several poly-
tt 0.62 morphic genes, such as those encoding for VDR, ER,
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FIG. 2. Lumbar spine BMD values according to CTR genotypes. tt genotypes showed significantly lower lumbar-BMD in comparison
with Tt (pÅ0.005) genotypes. The significance of difference between groups was calculates by Tukey’s test.

collagen type I and IL6 have been linked to variation fied in the French population but no association be-
tween the polymorphism recovered and developmentin BMD (1-9, 23-25). Studies on collagen type I have

suggested that structural abnormalities in the genes of osteoporosis was found (29). In addition Nakamura
et al. (30) have described an Alu I RFLP at the CTRcontrolling the structure and synthesis of procollagen

type I, may be important in the pathophysiology of os- gene locus in the Japanese population. We recently ob-
served significant differences on LS-BMD among vari-teoporosis (26), as recently supported by the evidence

of association between BMD and a polymorphic Sp1 ous Alu I CTR allelic variants (31). In the present paper
we described the presence of a previously unrecognizedsite in the collagen type I gene (24). In agreement with

the genetic relationship between the VDR gene locus RFLP for the CTR gene by Taq I enzymatic digestion
and Southern blotting using the cDNA probe encodingand BMD (1-9), a significant association between frac-

tional strontium absorption and VDR genotypes has the full-length hormone CTR (12). This enzyme is able
to detect a restriction site that we have indicated asrecently been found (27). In addition, the association

between BMD and polymorphisms of the ERa gene has T/t. This is characterized by a 7 kd (T) and a 5 kd (t)
variant bands. In the present study, we found thatbeen described (23) and more recently Mizunuma et al.

(28) suggested that ERa gene is involved in accretion genotype Tt was the most frequently represented in
both osteoporotic and normal women. Women with ttof BMD during young adulthood, but the effect is lost

during menstrual transition. Finally, a variable num- genotype showed a 10.76% lower spinal BMD in com-
parison with those the Tt genotype. The magnitudeber tandem repeat polymorphism in the 3 * flank of the

IL-6 gene has been found to be associated with bone of this effect was approximately of 0.096 gr/cm2. No
difference statistically significant were observed withmass (25).

All these gene could play a positive or a negative role TT genotype.
No significant variations of BMD among the geno-in modulating bone mass and in the development of

osteoporosis. Allelic variants for a given gene could be types were observed in the femoral neck BMD. This
observation is in agreement with a stronger geneticanalyzed alone or in combination with those of other

genes recognized to modulate bone remodeling. In our influence on bone mass at sites with higher proportions
of trabecular bone and with a genetic specificity forexperience the combined analysis of two genes encod-

ing for steroid hormone receptors, the VDR and the anatomical sites (32). In addition, several studies have
demonstrated that after administration of calcitoninERa, made possible to recognize their interactions in

BMD determination (9). the most significant improvements in BMD values oc-
curred at the spine with no effects at the appendicularIn the present study the gene encoding for a peptide

hormone receptor, the CTR, has been evaluated for its skeleton (33). It is also likely that environmental fac-
tors (i.e. calcium intake and vitamin D metabolism)potential role in BMD determination in a population

of postmenopausal women. Recently, using SSCP anal- could play a more relevant role modifying femoral neck
than lumbar BMD (29). Moreover, other quantitativeysis two alleles of human CTR gene have been identi-
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traits still not finely measurable, such as bone ACKNOWLEDGMENT
strength, bone quality and bone architecture appear to

We are grateful to Dr. Anna Maria Morelli who generously sup-have a prominent role in determining fracture risk at
ported our work with her knowledge and expertise.appendicular sites (34).

The questions which follow these observations are:
REFERENCEScan the association of allelic variants of the human

CTR and lumbar BMD be casual? Can, therefore, differ-
1. Pocock, N. A., Elsman, J. A., Hopper, J. L., Yates, M. G., Sam-ent CTR genotypes influence the response to the hor-

brook, P. N., and Ebert, S. (1987) J. Clin. Invest. 80, 706–710.
mone? A constitutive activation of CTRs with enhanced

2. Morrison, N. A., Yeoman, R., Kelly, P. S., and Eisman, J. A.
production of cAMP and induction of a cAMP-respon- (1992) Proc. Natl. Acad. Sci. 89, 6665–6669.
sive reporter gene in the absence of the agonist appear 3. Morrison, N. A., Tokita, A., Cheng, Q. J., and Eisman, J. A.
characterize the osteocalstic cells (34). Only few G-pro- (1995) Bone 16(S1):105S. [Abstract 81]
tein coupled receptor (GPCPs) have been identified 4. Morrison, N. A., Cheng, Q. J., Tokita, A., Sambrook, P., Kelly,

P., and Eisman, J. A. (1995) Bone 16(S1):83S. [Abstract 14]with agonist indipendent activity form and these find-
5. Melhus, H., Kindwork, A., Amer, S., Wilen, B., Lindh, E., anding has led to a modification of the traditional receptor

Ljunghall, S. (1994) Lancet 344, 949–950.theory (36). It is now thought that receptors can exhibit
6. Garnero, P., Borel, O., Sornay-Rendu, E., and Delmas, P. D.at least two conformations, an inactive conformation

(1995) J. Bone Miner. Res. 10, 1283–1288.(R), and an active conformation (R*) and that an equi-
7. Hystmayer, F. G., Peacock, M., Hui, S., Johnston, C. C., andlibrium exists between these two states (29). It is, Christian, J. (1994) J. Clin. Invest. 94, 2130–2134.

therefore, possible that constitutive activation of CTR, 8. Kroger, H., Mahonen, A., Ryhanen, S., Turunen, A-M., Alhava,
not dependent on the presence of CT in the environ- E., and Maenapa, P. (1995) Lancet 345, 1238.
ment, could be important in maintaining a basal CT 9. Gennari, L., Becherini, L., Masi, L., Mansani, R., Gonnelli, S.,
activity. Allelic variability of CTR gene could modulate Cepollaro, C., Martini, S., Montagnani, A., Lentini, G., Becorpi,

A. M., and Brandi, M. L. (1998) J. Clin. Endocr. Metab. 83, 939–the activity of the constitutive CTRs influencing both
944.the basal activity of the receptors and their response

10. Bussolati, G., and Pearse, A. G. E. (1967) J. Endocrinol. 37, 205–to the hormone. This would eventually lead to a lower
209.

BMD in tt subjects with reduced basal activity and/or
11. Bijovet, O. L. M., Van der Sluys Veer, J., De Vries, H. R., and

decreased responsiveness to CT therapy. Van Koppen, A. T. J. (1971) N. Engl. J. Med. 284, 681–688.
Finally, it is known that CT increases 1-25 (OH)2 D3 12. Gorn, A. H., Lin, H. Y., Yamin, M., Auron, P. E., Flannery, M. R.,

production in vivo in humans (37) and that 24-hydroxy- Tapp, D. R., Manning, C. A., Lodish, H. F., Krane, S. F., and
Goldring, S. R. (1992) J. Clin. Invest. 90, 1726–1735.lase activity is reduced after CT administration in rats

13. Segre, G. V., and Goldring, S. R. (1993) Trends Endocrinol.(38). Conversely, the vitamin D status modulates the
Metab. 4, 309–314.response of renal tubular cells to CT (39). The VDR and

14. Moore, E. E., Kuestner, R. E., Stroop, S. D., Grant, F. J.,the CTR genes could, therefore, interact in modulating
Matthewes, L., Brady, C. L., Sexton, P. M., and Fidlay, D. M.BMD like recently shown for the VDR and the ERa (1995) Molecular Endocrinol. 9(8), 959–968.

genes (9). Similarly we know that the CT reserve de- 15. Kuestner, R. E., Elrod, R. D., Grant, F. J., Hagen, F. S., Kuijper,
creases progressively with age in both sexes (40) and J. L., Matthewes, S. L., O’Hara, P. J., Shepperad, P. O., Stropp,

S. D., Thompson, D. L., Whitmore, T. E., Findlay, D. M., Hous-that reduced estrogen levels at menopause can further
sami, S., Sexton, P. M., and Moore, E. E. (1994) Mol. Pharmacol.contribute to decline of calcitonin secretion in females
46, 246–255.(41). In addition, estrogens are able to regulate calcito-

16. Nussenzveig, D. R., Thaw, C. N., and Gershengorn, M. C. (1994)nin expression in vivo and ERs are expressed by C-cells
J. Biol. Chem. 269, 28123–28129.

but not by thyroid follicular cells (42). It is, therefore,
17. Gorn, A. H., Rudolph, S. M., Flannery, M. R., Morton, C. C.,

possible that VDR and ER act in combination with the Weremowicz, S., Wang, J. T., Krane, S. M., and Goldring, S. R.
CTR gene in modulating bone mass. (1995) J. Clin. Invest. 95, 2680–2691.

The CTR gene becomes a new actor in the scenario 18. Kanis, J. A., Melton, L. J., Christiansen, C., Johnston, C. C., and
Khaltaev, N. (1994) J. Bone Min. Res. 9, 1137–1141.of genes influencing BMD determination. As for other

19. Orwoll, E. S., Oviatt, S. K., and Mann, T. (1990) J. Clin. Endocri-described genetic influences the history if just at the
nol. Metab. 70, 1202–1207.beginning and it is prudent to remain cautious about

20. Pouilles, J. M., Tremollieres, F., Louvet, J. P., Fournie, B., Mor-the significance of this correlation. These findings war-
lock, G., and Ribot, C. (1988) Calcif. Tissue Int. 43, 329–334.rant further study of the Taq I CTR polymorphisms in

21. Southern, E. M. (1975) J. Mol. Biol. 98, 503.larger populations and in other ethnic groups. Ques-
22. Li, C. C. (1976) First Course in Population Genetics, pp. 1–13,tions like causality and interactions with other genetic The Boxwood Press, Pacific Grove, California.

determinants need to be answered before such findings 23. Kobayashi, S., Inoue, S., Hosoi, T., Ouchi, Y., Shiraki, M., and
become useful in diagnosis of subjects at risk for osteo- Orimo, H. (1996) J. Bone Miner. Res. 11, 306–311.
porosis and/or in the approach to the prevention and 24. Grant, S. F. A., Reid, D. M., Blake, G., Herd, R., Fogelman, I.,

and Ralston, S. H. (1996) Nat. Genetics 14, 203–205.treatment of osteoporosis.

194

AID BBRC 8880 / 6957$$$361 06-23-98 19:05:23 bbrcg AP: BBRC



Vol. 248, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

25. Murray, R. E., McGuigan, F., Grant, S. F. A., Reid, D. M., and 34. Eisman, J. A., Kelly, P., and Morrison, N. A., et al. (1992) Genetic
and environmental interaction on bone mass. in Calcium Regu-Ralson, S. H. (1997) Bone 21, 89–92.
lating Hormones (Cohn, D. V., Gennari, C., and Tashijan, A. H.,26. Spotila, L. D., Constantinou, C. D., Sereda, L., Ganguly, A.,
Eds.), pp. 376–383, Elsevier Science Publisher.Riggs, B. L., and Prockop, D. J. (1991) Proc. Natl. Acad. Sci. 88,

5423–5427. 35. Cohen, D. P., Thaw, C. N., Varma, A., Gershengorn, M. C., and
Nussenzveig, D. R. (1997) Endocrinology 138(4), 1400–1405.27. Gennari, L., Becherini, L., Masi, L., Gonnelli, S., Cepollaro, C.,

Martini, S., Mansani, R., and Brandi, M. L. (1997) Calcif. Tissue 36. Samama, P., Cotecchia, S., Costa, T., and Lefkowits, R. J. (1993)
J. Biol. Chem. 268, 4625–4636.Int. 61, 460–463.

28. Mizunuma, H., Hosoi, T., Okano, H., Soda, H., Tokizawa, T., 37. Melsen, K., Mosekilde, L., Lund, B., Lung, B. J., Sorensen, O. H.,
Nielsen, H. E., Solling, H., and Hansen, H. H. (1981) Metabol.Kagami, I., Miyamoto, S., Ibuki, Y., Inque, S., Shiraki, M., and

Ouchi, Y. (1997) Bone 21(S), 379–383. Bone Dis. Rel. Res. 4, 17–23.
38. Goff, M. J., Reinhardt, T. A., Beitz, D. C., and Horst, R. L. (1994)29. Taboultet, J., Frendoc, J. L., Delage-Mourroux, R., Pichaud, F.,

and de Vernejoul, M. C. (1996) J. Bone Min. Res. 11(S1), S456. Endocrinology 135, 1951–1955.
39. Su, K. W., Matsumoto, T., Takamashi, H., Yamamoto, M., and30. Nakamura, M., Zhang, Z., Shan, L., Hisa, T., Sasaki, M., Tsu-

kino, R., Yokoi, T., Kaname, A., and Kakudo, K. (1997) Hum. Ogata, E. (1988) Miner. Electrolyte Metab. 14, 229–234.
Genet. 99, 38–41. 40. Defots, L. J., Weisman, M. H., Williams, G. W., Karff, D. B., Fru-

mar, A. M., Davidson, B. J., Parthermore, J. G., and Judd, H. L.31. Masi, L., Becherini, L., Gennari, L., Colli, E., Mansani, R., Cepol-
laro, C., Gonnelli, S., Tanini, A., and Brandi, M. L. (1998) Bioch. (1980) N. Engl. J. Med. 302, 1351–1353.
Bioph. Res. Commun., in press. 41. Stevenson, J. C., Hillyard, C. J., Abeyasekera, G., Guek Phang,

K., and MacIntyre, I. (1981) The Lancet 28, 693–695.32. Hansen, M. A., Hassager, C., Jensen, S. B., and Christiansen, C.
(1992) J. Bone Min. Res. 7(9), 1037–1043. 42. Silver, J., and Navem-Many, T. (1993) Horm. Metab. Res. 25,

470–472.33. Avioli, L. V. (1997) Trends Endocrinol Metab. 8(3), 89–92.

195

AID BBRC 8880 / 6957$$$361 06-23-98 19:05:23 bbrcg AP: BBRC


