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BONE A N D  CARTILAGE RESPONSIVENESS TO SEX 
STEROID HORMONES 
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Smmaary---Gonadal steroids influence the skeletal growth and metabohsm both dunng the 
pubertal growth spurt and m adulthood with aging It is now generally agreed that sex steroid 
effect on skeletal tissues is due to md~rect and direct actions In th~s presentation, m vitro effects 
of sex steroids on cartilage cells are reported by comparison with those observed on bone cells 

INTRODUCTION 

The role of gonadal steroids on skeletal tissues 
is obwous from the remarkable increase of 
growth rate which occurs at the time of gonadal 
maturataon m both sexes[l] In adulthood, 
the relataonship between postmenopausal os- 
teoporosis and estrogen deficmncy whmh was 
first described by Albnght et  al. [2] is now well 
established The lack of estrogen ~s associated 
with increased bone remodehng rate, acceler- 
ated bone loss, and a negatwe calcium bal- 
ance[3-5] Estrogen replacement therapy is 
generally considered to maintain bone mass by 
preventing bone loss more than by restonng 
bone after it has been lost [6-11] but It has been 
also suggested that estrogen may have anabolic 
effects m osteoblasts[12] In a recent study, 
physiologmal concentrations of 17~estradml 
(E2) were adrmnistered to ovanectonuzed rats 
in wluch bone resorption has been almost com- 
pletely suppressed by blphosphonates The 
authors observed a significant increase m tra- 
becular bone volume m E2 treated animals [13] 

The role of  androgens in the prevention of 
osteoporosls is less clear, although male hypog- 
onadlsm is assocmted with osteoporosis [14, 15] 
Nevertheless, the mechamsm by which sex ster- 
oids interact with cartilage and bone cells re- 
mains poorly understood 

INDIRECT AND DIRECT EFFECTS OF SEX 
STEROIDS ON SKELETAL TISSUES 

It ~s now generally agreed that sex steroid 
effect on skeletal tissues ~s due to an redirect 
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action combined w~th a direct effect For many 
years attempts to demonstrate sex steroid effects 
on cartalage or bone cells m vi t ro  were unsuc- 
cessful, suggesting that the action of these hor- 
mones on skeletal tissues is indirect[16, 17] 
Indeed, the mdirect acUon of sex steroids on 
skeletal growth during puberty is well estab- 
hshed Both experimental and clinical evidence 
indicates that the increased steroid secretion at 
puberty Is assocmted w~th stimulation of GH 
secretion, wluch in turn stimulates insulin 
growth factor-1 (IGF 1), at least partly account- 
ing for the increase growth rate and bone matu- 
raUon [18, 19] 

However, recent m v w o  and m vi t ro  obser- 
vatmns suggest that sex steroids may have a 
direct effect on skeletal growth, Independent of 
GH and IGF1 Laron dwarfs, who suffer from 
a funcuonal defective GH receptor gene and 
have high circulating values of GH but no 
endocnne generation of IGF1, show a definite 
pubertal growth spurt in spite of their lack of 
circulating IGF1 [20] Other clinical data indi- 
cate that estrogens have a dual effect upon 
growth Doses of ethyml-estradlol as high as 
400-800ng/kg/day do not affect the bone 
growth rate of girls with Turner Syndrome, 
while the relatively low dose of 100 ng/kg/day of 
estrogens produces a mammal growth response, 
as evaluated by a doubhng of the base-hne ulnar 
growth rate, with no increase m the circulatmg 
IGF1 [21] 

In rats, ovarlectomy causes osteopenla and 
has been used as a model for postmenopausal 
bone loss [11] The local infusion of E2 dehvered 
directly into ovarlectonuzed rat femur trabecu- 
lar bone m v w o ,  restored the trabecular bone 
volume dose dependently [22] showing that es- 
trogen local treatment reverted the skeletal 
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changes produced by ovanectomy as was 
already demonstrated previously by systemi- 
cally E2 administration [10, 11] 

PRESENCE OF ESTROGEN RECEPTORS IN 
CARTILAGE AND BONE 

Recently, we have reported the presence of 
high affimty nuclear binding sites for E2 m 
rabb~t growth plate cartdage t~ssue and 
cells [23] A low concentration of  high affimty 
estrogen receptors has been also found m pri- 
mary cultures of  human [24] and rat [25] osteo- 
blast-hke cells, and m orteosarcoma-denved cell 
hnes These findings together w~th the failure to 
demonstrate E2 receptors m bone cells from 
osteoporotlc women [26] strongly argue for a 
&rect lnteract~on of  estrogens w~th skeletal tis- 
sues The low concentration of the estrogen 
receptors found in all skeletal Ussues stu&ed 
may explain the prevaous failures to find &rect 
effects of this hormone on bone or cartdage 
cells 

The evidence for androgen receptors m bone 
or cartdage is stdl less convincing despite recent 
reports of  specific androgen binding sites in 
postnatal rabbit cartdage cells [27] and m hu- 
man fetal cartilage [28] Whether or not andro- 
gens could act via the estrogen receptors 
remains questionable 

dependency Human cartilage cells taken from 
children up to 1-year-old did not respond It Is 
now well known that during this age period 
there ~s an increase in the c~rculatlng concen- 
trations of sex steroid hormones in both sexes 
This could perhaps saturate the sex steroid 
receptors, which are present m cartdage at much 
lower concentrations than in other classical 
target t~ssues 

Rabbit[31] and human[30] cartilage Ussue 
has been shown to convert testosterone (T) to 
D H T and to a lesser extent, to E2 These data 
indicate that cartilage t~ssue m v t v o  contains 
both 5~t-reductase and aromatase actwmes The 
effect of androgens on cartdage may thus be 
partly mediated through their transformation 
into estrogens 

In bone, E2 was shown to increase alkahne 
phosphatase actwlty m the UMR-106 osteo- 
blast cell hne [32], to enhance replication and 
collagen mRNA level m rat calvarm cells tn 
w t r o  [33, 34], to stimulate thymldlne Incorpor- 
ation and creatme klnase actwlty in rat bone- 
derived cells m culture[35] and to decrease 
parathyroid hormone (PTH)-stlmulated adenyl- 
ate cyclase actlwty m the human osteosarcoma 
cell hne Saos-2 [36] These data are probably of 
physlolog~cal relevance, since the effects were 
observed at nanomolar concentrations of E2 as 
in cartdage cells [29, 30] 

DIRECT BIOLOGICAL EFFECTS OF SEX 
STEROIDS ON SKELETAL TISSUES 

In cartilage, a dose-dependent sUmulatmg 
effect of  &hydrotestosterone (DHT) and E2 
(10-11 to 10-9 M) was observed on 3sS incor- 
poration mto proteoglycans synthesized by rab- 
bit [29] as well as human [30] chondrocytes m 
primary culture The sUmulatmg effect of  both 
hormones was age-dependent Cartdage cells 
derived from ammals or young chddren in the 
early phase of puberty responded best than 
when cells were extracted from rabbits a few 
days after birth, or from chddren dunng the 
first year after b~rth It is unhkely that the 
age-dependency of the m m t r o  responslveness of 
cartdage cells to sex steroids could be due to a 
vanaUon of the number of sex steroid receptors 
m cartilage during postnatal growth since, at 
least m rabb~ts, the number of  E2 binding sites 
remmned stable m cartilage tissue from birth 
to puberty [23] The previous m v w o  exposure 
of  cartdage cells to circulating androgens or 
estrogens may well be responsible for this age- 

IGFI AS AN ESTROGEN MEDIATOR IN 
CARTILAGE AND BONE 

E2 appears to regulate IGF1 synthes~s m a 
selected number of target t~ssues such as the 
uterus [37], ovary [38] and mammary gland [39] 
without increasing IGF1 serum levels IGF1 is 
considered to be one of  the important local 
growth factors which regulate cartilage and 
bone cell rephcatlon and/or &fferentlatlon [40] 
There is a local production of IGF1 by cartdage 
cells m v w o  [41, 42] and m v z t r o  [43] and rela- 
twely large amounts of  IGF1 are stored m 
bone [44, 45] Whereas the relevance of IGF1 as 
a GH mediator has been strongly suggested m 
cartdage [46], the involvement of  IGF1 as a E2 
me&ator has been more documented in bone 
cells IGF1 was shown to be accumulated m 
condmoned medmm of the clonal osteoblast~c 
cell hne UMR-106 grown m the presence of 
E2 [47] E2 was shown to increase IGF1 mRNA 
levels m osteoblastlc cells from calvanae and 
long bone m v t t r o  [34] In general, serum levels 
of IGF1 dechne with age but do not &ffer in 
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pat ients  wtth pos tmenopausa l  osteoporosts 

f rom those m age-matched controls  [48] It  is 

thus possible that  E2 regulates IGF1  synthesis 

in bone  wi thout  mcreaslng IGF1  serum levels as 
already shown in other selected target tts- 

sues [37-39] 
As compared  with other  growth factors, 

IGF1  ~s remarkable  m that  it ts con tmuous ly  
produced and  accumula ted  in high concen- 
t rat ions m extracellular spaces under  normal  

con&tIons,  with the posslbdlty of  being biologi- 
cally acUve m an  a u t o c n n e - p a r a c r i n e  m a n n e r  
and /o r  subsequent ly  degraded [49] IGF1 bind- 
ing proteins ( IGFBP)  are also secreted with 
IGF1  in a tissue- and  cell-specific m a n n e r  in- 
cluding in osteoblasts [50], and  are proposed to 
either inhibi t  or enhance  the local effects of  
IGF1  [51-53] In  bone  cells, the synthesis of  
IGF1BPs  appears to be regulated by E2 and  
other hormones  [54] These a d d m o n a l  factors, 

as well as other locally produced growth factors 
such as t ransforming growth factor-fl [47] may 
modify  further the cellular response to E2 

CONCLUSION 

There is now a great deal of  evidence that  sex 
steroids have a direct metabolic  effect on carti- 
lage and  bone  cells Recent data  strongly 
suggest that  the sex steroids are part ly anabohc  
wa the local regulat ton of  IGF1  factors The 
age- and  sex-dependency of  the steroid effects ts 
still no t  explained One can suggest that  the 

specific na ture  of  certain subpopula t lons  of cells 
or their ma tu ra t ton  state (qmescent or prohfer- 

ative) may play an Impor tan t  role in the tissue 
responsiveness to the steroid hormones  

Al though  most  of  the recent data  were ob- 
served in v t t ro  on cultured cells, they underly  the 
effect of  sex steroids on skeletal tissues seen m 
VWO 
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