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Abstract. We have previously reported that type I transforming growth factor beta (TGF-~1) is a potent stimulator 
of cell growth in articular chondrocytes. In this study, we examined the mechanism of TGF-~1 induced cellular 

proliferation by using cultured rat articular chondrocytes (CRAC). A time-course study of [3H]thymidine incor-
poration upon TGF-jl1 (1 ng/mL) or 10% fetal bovine serum stimulation revealed that TGF- j31 directly stimulates 
DNA synthesis in CRAG. Pretreatment with H7, an inhibitor for protein kinase C (PKC), completely blocks 
TGF-jll-induced proliferation. Since TGF-,O1 has been shown to transduce signals through MAP kinase cascades, we 
investigated the induction of several protooncogenes by Northern blotting. TGF-jl 1 addition causes an immediate 
and transient induction of c-fos but not myc or jun mRNA. Furthermore, this c-fos expression is not inhibited by 
cycloheximide, but is completely abolished by pretreatment with TPA, so that the c-fos gene is a direct target of 
TGF-jil signalling and PKC is involved in this c-fos induction. To refine our understanding of TGF-~1 regulation 
of the c-fos promoter region, we performed chloramphenicol acetyltransferase (CAT) assays. A serial deletion 
analysis of the c-fos promoter region reveals a TGF-~ 1 responsive element in a region between -403 and - 329 by 
upstream of the transcription initiation site. We attempted gel shift assays on this response element with CRAC 
nuclear extracts. Although this region contains a sis-inducible binding element, we fail to detect specific DNA-

protein complexes. Our results, however, suggest that TGF-9l acts as a primary mitogen in CRAC and this mito-
genic activity requires PKC activation. Finally, the subsequent induction of c-fos expression occurs through an as 
yet unidentified transactivation mechanism.
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TRANSFORMING growth factor beta (TGF-R) has 
multifunctional effects on cell growth, differentia-
tion, morphogenesis and production of extracellular 
matrix [1]. It is widely recognized that TGFQ in-
hibits the proliferation of epithelial and endothelial
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cells. Since disruption of growth inhibition by 
TGFR can lead to cancer development, the majority 
of previous studies have focused on identification of 
target molecules involved in signalling or cell cycle 
control. In contrast to epithelial and endothelial 
cells, TGF-~31 has been shown to act as a stimulator 
of cell growth in certain other cell types [2-8]. We 

previously reported that TGF-j91 potentiates DNA 
synthesis and differentiation of cultured rat articular 
chondrocytes (CRAC) [5, 6], but the mechanism of 
TGF-~31 growth stimulation remains a poorly under-

stood yet important aspect of TGF-j3 biology. 
 Current evidence indicates that TGF-jS1 receptor
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superfamily members transduce signals via members 
of the the growing family of Smad proteins [9, 10]. 
For example, Smad2 is phosphorylated by the type I 
receptor, TJ3RI. Phosphorylated Smad2 then forms 
a heterometric complex with Smad4, together they 
translocate into the nucleus, which results in activa-
tion of target gene transcription. Recall, however, 
that prior to the identification of Smads, a body of 
evidence implicated the MAP kinase cascade in 
TGF-j9 1 signalling [7, 11-17]. While the activation 
of the MAPK cascade is unlikely to be a common 
event in all cell types, TGF-jl1 can activate three 
different MAPK subfamilies: the classical Ras-Raf-
MEK-MAPK, MEKKs mediated JNKs and p38 
MAPK. Recently another MAPKKK family, TAK1, 
was also shown to play a role in TGF-jS 1 signalling 

[18]. These previous experiments implicating vari-
ous MAPK cascades have identified which MAPK 
was activated by TGF-jll, but no report has analyzed 
the regulation of direct target gene activation. 

 In this study, we first excluded the possibility that 
the mitogenic effect of TGF-fil on CRAC was due to 
newly synthesized growth factors other than TGF-j91. 
We also confirmed the involvement of PKC in this 
stimulatory effect of TGF-9 1. Further, we investi-

gated which protooncogene was activated by TGF-S1 
and found immediate and transient induction of c-
fos mRNA. Because there is no report investigating 
regulation of the transactivation of c-fos gene by 
TGF-~ 1, we focused on the identification of a TGF-

~1 responsive element in the c-fos promotor.

membrane, random prime labeling kit and Thermo 

Sequenase core sequencing kit were all purchased 

from Amersham (Tokyo). X-ray films were ob-

tained from Eastman Kodak (Rochester, NY). The 

RNA extraction kit Isogen, scintillant Scintisol EX-H 

and WST-1 cell counting kit which is a modified 

method of an MMT assay were purchased from 

Wako (Tokyo). All other reagents were obtained 

from Sigma Chemical Co. (St. Louis, MO) and 

Takara Shuzou Co. (Kyoto, Japan). The ex-

perimental protocol was approved by the Ethics 
Review Committee for Animal Experimentation at 

our institution.

Culture of articular chondrocytes

 Articular chondrocytes from 5-week-old male rats 
were prepared as described previously [5]. Briefly, 
sliced articular cartilage was digested with trypsin/ 
EDTA for 1 h and 0.2% collagenase for 4 h. The 
chondrocytes were cultured in a DMEM supple-
mented with 10% FBS, 100IU/mL penicillin and 
100 ng/mL streptomycin, in 5% CO2 environment 

and fed at three days of culture. Five days later, 
after reaching confluence, the cells were passaged 
with trypsin/EDTA and seeded in culture dishes. 
After reaching subconfluence again (approximately 3 
days of culture), the cell culture medium was replaced 
with serum-free medium for 24 h and the cultured 
cells were subjected to several treatments, unless 
otherwise stated.

Materials and Methods

 HJ Thymidine incorporation assay and cell 

proliferation assay

Materials

  Sprague-Dawley rats were purchased from Charles 
River Laboratories (Shizuoka, Japan). Fetal bovine 
serum (FBS) and Dulbecco's Modified Essential 
Medium (DMEM) were purchased from Gibco 
Oriental Co. (Tokyo, Japan). Cell culture plates 
were from Becton Dickinson Co. (Rutherford, NJ), 
Falcon (Lincoln Park, NY), Corning (Corning, NY), 

and Costar (Cambridge, MA). Human recombinant 
TGF-jl1 was purchased from King Jozo (Tokyo). 
Alpha-[32P]deoxy-CTP (3,000 Ci/nmol), [methyl-3H] 
thymidine (5 Ci/nmol), D-threo[dichloroacetyl-1-14C] 
chloramphenicol (50 nCi/nmol), Hybond-N nylon

 DNA synthesis in chondrocytes was evaluated by 

[3H]thymidine incorporation as described previously 
[5]. Briefly, monolayer chondrocytes seeded in a 
24-well plate at a density of 1 x 103 cells were cultured 
for 48 h with culture medium and then serum-starved 
for 48 h. The cells were then treated with TGF-j31, 
IGF-I or FBS in the presence of 1 pCi/mL [3H] 
thymidine. At the end of labeling, cells were rinsed 
three times with ice-cold PBS, fixed with 10% 
trichloroacetic acid (TCA), rinsed twice with 5% 
TCA, and lysed with 0.7 mL/well 3% SDS. The ly-
sate was added to 6 mL scintillant and incorporation 
of [3H]thymidine was measured in a liquid scintilla-
tion counter (Hewlett Packard). Cell proliferation
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was studied by the WST-1 method, which is a 
modified MTT assay. Isolated chondrocytes spread-
ed in 96-well plate were serum-starved for 24 h and 
then incubated with TPA or TGF-/3 1 in the presence 
or absence of H7 for 48 h. The cells were lysed with 
attached lysis buffer and absorbance at a wave length 
of 405 nm was measured.

harvested with PBS, suspended in 150 pL tris-HC1 

(pH 7.5), and disrupted by five freeze-thaw cycles 

prior to sonication. CAT assays were performed as 
described previously (19). Transfection efficiencies 

were normalized by co-transfected a-gal activities.

Electrophoretic mobility shift assay

RNA preparation and Northern blot analysis

  Total RNA was extracted from cultured rat ar-

ticular chondrocytes with an Isogen RNA extraction 
kit. A total of 25 tcg RNA was denatured by incu-
bation with 50% formamide at 65°C, and electro-

phoresed in 1.0% agarose gel containing formal-
dehyde. After electrophoresis, RNA was transferred 
to the Hybond-N nylon membrane. Northern blot 
analyses and cDNA labelings of human c-fos cDNA 

(2 kb fragment), v-myc cDNA (1.5 kb fragment), c-
jun cDNA (1.1 kb fragment) and cyclophilin were 
performed as described previously [5]. The mem-
branes were washed in 1 x SSC (0.15 M NaC1,15 mM 
sodium citrate, pH 7.0) containing 0.1% SDS at 
room temperature (2 x for 10 min) and in 0.1 x SSC 
-0 .1% SDS at 60°C (2 x for 20 min). Autoradio-

graphic results were obtained after exposing the film 
to intensifying screens at -70°C for 24 h.

c f os/CA T expression vectors

 After incubation for 24 h in serum-free medium, 
monolayer subconfluent chondrocytes were either 
stimulated with 5 ng/mL TGF- j31 or treated with 
equal volumes of the vehicle (5 mM HC1). After 30 
min, the cells were harvested and nuclear extracts 
were prepared by the method of Digman et al. [20]. 
A DNA fragment was isolated from c-fos UFR by 
digestion with EcoNI (position - 324) and SacII 

(position -403) and labeled with T4 polynucleotide 
kinase in the presence of [32P]-ATP. Gel mobility 
shift assays were performed as described previously 

[19]. Briefly, binding mixtures containing 25 it (10 
peg) of nuclear extract and 10 fmol of a 32P-labeled 
DNA fragment were incubated at 4°C for 60 min. 
These mixtures were then subjected to electrophoretic 
separation at 4°C on 6% nondenaturing poly-
acrylamide gels at 200 V for 1-3 h under TBE (0.05 M 
Tris base, 0.05 M borbic acid, and 1 mM EDTA-Na) 
buffer. After electrophoresis, the gels were dried and 
subjected to autoradiography.

 A fragment including the upstream flanking region 

(UFR) of the c-fos gene from position -727 to 

position + 10 was obtained from pc-fos (human)-
1 (ATCC 41042) by PCR and was subcloned into 

pCAT-Basic-Vector with KpnI and Bg1II sites 

(Promega, Madison, WI). A series of deletion 
mutants of human c-fos-CAT were constructed by 

digesting with unique restriction enzymes followed by 

fill-in with T4 DNA polymerase and ligation with T4 

DNA ligase. The sequences of these constructs were 

confirmed by direct sequencing (Hitachi 5Q5500).

DNA transfection and CAT assay

 By the lipofectin method, 3 ag of CAT plasmid 
and 1 pg of n-gal plasmid were transiently transfected 
into cultured rat articular chondrocytes. After 12 h 
of transfection, the cells were incubated with or with-
out 5 ng/mL of TGF-f1 for 36 h. The cells were then

Results

DNA synthesis and proliferation of rat articular 
chondrocytes

 To distinguish whether the mitogenic activity of 
TGF-~ 1 is direct or not, CRAC were serum-starved 
for 48 h and stimulated with TGF-R1 (1 ng/mL) or 
10% FBS, and incorporated [3H]thymidine was 
monitored every three hours until 36 h after stimula-
tion. IGF-I (25 ng/mL), another growth factor, was 
also used in parallel control experiments. If TGF-

pl-induced DNA synthesis is mediated through other 
newly synthesized factors, TGF-jl1-induced incor-

poration of [3H]thymidine should be delayed 
significantly compared to incorporation induced by 
FBS. The addition of FBS resulted in a rapid in-
crease in the [3H]thymidine uptake from 18 h and 
reached maximum levels after 27 h (Fig. 1). Simi-
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larly, stimulation by TGF-j3 1 also potentiated DNA 
synthesis dramatically from 21 h after stimulation, 
and uptake continued until 36 h. In contrast, IGF-I 
showed only a modest increase. These results sug-

gest that TGF-jS 1 stimulates DNA synthesis directly, 
without the requirement of secondary factors, 
although the effect of TGF-j3 1 treatment was delayed 
three hours compared with that of FBS. To confirm 
that the enhancement of DNA synthesis reflects ac-
tual cell proliferation, we evaluated the numbers of 
cells by a modified MTT assay. As expected, TGF-

j3 1 increased the number of cells to 2.3 times the 
control (Fig. 2). Since TGF-j91 transduces signals via 
the PKC pathway in some cells, we compared the 
effect of TPA with that of TGF-Q 1 on CRAC cell 

growth. We also used equivalent amounts of H7, an 
inhibitor of PKC, to distinguish whether the 
stimulatory effect of TGF-j3 1 is mediated by PKC. 
Incubation with TPA alone increased the number of 
cells to approximately twice the control, and prein-
cubation with H7 completely inhibited TPA-induced 
cell growth. Similarly, H7 also completely abolished 
TGF-jS1-stimulated cell growth. These results indi-
cate that TGF-j3 1 directly stimulates cell growth of 
chondrocytes, probably through PKC activation.

c fos gene expression

  From the above experiments, we speculated that 
the MAPK cascade acting downstream of PKC might 
be involved in TGF-j3 1-induced cell growth of 
CRAC. To investigate the involvement of the 
MAPK cascade, we studied the expression of several 

protooncogenes; c-fos, myc and jun, all of which 
could be target genes of the MAPK cascade. For this 

purpose, serum-deprived cells were treated with 
TGF-j31 and the mRNA expression of these target 

genes was assayed by Northern blotting. Interest-
ingly, expression of c-fos mRNA was induced start-
ing at 15 min post-stimulation and reached maximum 
levels after 30 min (Fig. 3). Subsequently, the ex-

pression decreased gradually and returned to basal 
levels after 4 h of stimulation. Expression of c-jun 
was also enhanced by TGF-j3 1 stimulation, but peak 
expression was observed after 2 h. In contrast, c-
myc expression decreased upon TGF-j3 1 addition 
with minimum levels at 1 h after ligand stimulation,

Fig. 1. Time course study of DNA synthesis induced by 
   TGF- jll, FBS and IGF-I in URAC. Subconfluent 

   URAC in 24-well plates was serum-starved for 48 h 
  and incubated with [3H]thymidine together with 
  TGF-al (1 ng/mL), FBS (10%) or IGF-I (25 ng/mL). 
   Incorporated [3H]thymidine was monitored every 
   three hours until 36 h after stimulation. The data 

   are the means ± SD of triplicates from a representa-
   tive experiment.

Fig. 2. Abolition of TPA- or TGF-jl1- induced cell growth 
   by H7. URAC serum starved for 24 h was cultured 
   for 48 h in the presence or absence of TPA (100 nM) 

   or TGF-jll (5 ng/mL) and the number of cells was 
   calculated by the WST-1 method after 48 h of 
   stimulation. In parallel, Some CRAC were incubat-

   ed with H7 (50 tiM) together with the above reagents. 
   Results are shown as means ± SD of triplicates from a 

   representative experiment. *significant at P <0.001.



TGF-/31 AND C-FOS IN ARTICULAR CHONDROCYTES 257

and returned to pre-stimulation levels at 4 h. These 
results indicate that unlike to c-myc or c-jun, c-fos is 
a direct target gene transactivated by TGF-j31. We 
then varied the conditions of TGF-j3 1 stimulation and 
studied the effects on c-fos mRNA expression. The 
expression of c-fos was induced from 0.01 ng/mL 
TGFJ9 and remained constant even with a high TGF-

j31 concentration (Fig. 4). To clarify the role of PKC 
in c-fos mRNA induction, CRAC were preteated 
with TPA for 30 min and then stimulated by TGF-j31 
for 30 min. Pretreatment with TPA completely 
abolished TGF-/31-induced expression of c-fos 
mRNA (Fig. 5). We also checked for the require-
ment of new protein synthesis for c-fos induction by 
employing cycloheximide (1 ng/mL), an inhibitor of 

protein synthesis. Preteatment with cycloheximide 
augmented TGF-fil-induced c-fos mRNA expression.

CAT activity by TGF j31

 To investigate the mechanism of c-fos induction 

by TGF-j31, we attempted to identify the TGF-j31 
responsive element in the 5" UFR of the c-fos gene by 
using standard CAT transactivation assays. A frag-

ment containing the 5" UFR of c-fos from position 
-727 to +10 was subcloned into pCAT -Basic-Vec-

tor. CRAC were transiently transfected with this 
reporter construct together with a J3GAL plasmid and

Fig. 3. Time-dependent expression of c-fos, myc and jun 
   mRNA in response to TGF-fi 1. URAC was serum 

   starved for 24 h and incubated with 5 ng/mL TGF-
   91. Total RNA was then extracted at the time indi-

   cated and Northern blotting was performed first with 
   c-fos probe followed by rehybridization with jun, 
  myc and cyclophilin.

Fig. 4, c-fos mRNA expression induced by different concen-
   trations of TGF-al. URAC was serum freed for 

   24h and stimulated with the indicated concentrations 
   of TGF-/31 for 30 min. Expressions of c-fos and 
   cyclophilin were analyzed by Northern blotting.

Fig. 5. Effect of pretreatment with TPA or cycloheximide on 
   c-fos gene expression. Serum-starved URAC was 

  pretreated with TPA (100 nM) or cycloheximide 
   (1 ng/mL) for 1 h and then incubated with TGF-jll 
  (5 ng/mL) or TPA (100 nM) for 30 min. Expressions 

   of c-fos and cyclophilin were visualized by Northern 

  blotting.
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cultured with or without TGF-/31. We first examined 
CAT activity due to incubation with various concen-
trations of TGF-j31. Consistent with the result of c-
fos mRNA induction, CAT activity was stimulated 
by TGF-~31 from concentrations as low as 0.01 
ng/mL and showed a stable doubling of the control 
even at higher doses. This indicates the presence of 
a TGF-j31 responsive element in this region of the 

promotor (Fig. 6). To further localize the TGF-j31-
responsive element, we examined six different dele-
tion constructs between - 727 and - 70. Deletion 
from the 5' end to -403 resulted in a decrease of the 
basal level transactivation, but these mutants main-
tained TGF-j91 responsiveness (Fig. 7). Deletion 
constructs further to - 329 of this promotor, 
however, lost responsiveness to TGF-~31. To confirm 
the necessity of the region between -403 and -329 
for TGF-~31-induced activation, we further studied 
several internal deletion mutants and found a TGF-

~31 responsive sis-element present between -403 and 
-329 .

Gel mobility shift assay

 Based on the results of the c-fos/CAT assay, we 

postulated the formation of some ligand-dependent 
complex formation involving transactivators and 

the - 403 to - 329 TGF-j31 response element. We 

therefore performed gel shift assays by using this

Fig. 6. c-fos (-727 to + 10)/CAT activity with different 
   concentrations of TGF-~1 in CRAC. c-fos(-727)/ 

   CAT, containing UFR of c-fos gene extending from 

   position -727 to + 10, was transiently transfected by 
   the liposome method. After 12 h of transfection, the 

   cells were treated with the indicated concentrations of 
  TGF-jl1 for a further 36 h, and then CAT activity 

   was measured as described in Materials and Methods. 
   CAT activity was normalized to j3-galactosidase and 
   was expressed as a percentage of the control without 
   TGF-,l 1-treatment and represents the means ± SD of 

   three experiments.

Fig. 7. Mapping of TGFJI responsive element on c-fos promotor by CAT assay. To map TGF~3-responsive element on the c-fos 

   gene, six mutants that deleted from 5' until - 70 and internal deletion mutants between - 403 and - 88 were made as 
   shown in the left panel. These constructs were transiently transfected with J3GAL plasmid and incubated with or without 

   5 ng/mL of TGF-jl1. CAT activity was normalized to ~3-galactosidase and was expressed as a percentage of control 

   (-727 to -10) without TGF-j31-treatment and represents the means ±SD of five experiments.
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promotor region, but we could not detect any pro-
tein-DNA complexes despite many trials with a vari-

ety of conditions (data not shown).

Discussion

  In the present study we examined the molecular 
mechanism of the mitogenic effect of TGF-p l by us-
ing cultured rat articular chondrocytes. We demon-
strated that the mitogenic effect of TGF-j31 is direct 
and we excluded the possibility that secondarily 

produced growth factors are required to stimulate 
cell growth. It has been demonstrated, in an em-
bryo-derived cell line, that TGF-~31 induces mRNA 
and protein expression of PDGF. This PDGF in-
duction causes cell growth by autocrine and/or 

paracrine mechanisms [8], so that the mitogenicity of 
TGF-,D 1 in this cell line is delayed relative to stimu-
lation with serum or other growth factors. Our 
results indicate that there is a minor lag in time-de-

pendent uptake of [3H]thymidine between TGF and 
FBS. This suggests that there is no involvement of 
secondary growth factors. 
  The PKC activation by TGF-~3l has been demon-
strated in a variety of cells including chondrocytes 

[7]. By using H7, an inhibitor of PKC activity, we 
demonstrated that the mitogenic effect of TGF-p l is 
mediated, at least in part, through the activation of 
PKC. H7 is known to preferentially inhibit the PKC 
activity at low concentrations but when used at 
higher concentrations this reagent inhibits PKA 
activity in addition to PKC [21]. We therefore used 
H7 only at lower concentrations, consistent with 
amounts used in other experiments aimed at blocking 
only PKC activity. That cell growth is completely 
inhibited by H7 does not provide direct evidence of 
the involvement of PKC in TGF-91 signalling. 
However, together with our c-fos induction data, 
these results strongly support the theory of the direct 
involvement of PKC in TGF-j31 mitogenicity in rat 
articular chondrocytes. 
  Previous experiments have demonstrated that 
TGF-j31 induces the expression of several protoon-
cogenes [2-4, 22]. In some cell types, expression of 
c-fos, myc or Jun family members is induced im-
mediately in response to TGF-j31. We demonstrated 
that among these protooncogenes, only c-fos is in-
duced immediately after TGF-j31 treatment. TGF-/31

also induces c-jun, but this activation was delayed, 
suggesting an indirect induction perhaps by seconda-
ry growth factors. In our experiments with cyclo-
heximide, we also demonstrated that c-fos induction 
does not require new protein synthesis. Further-
more, induction of the c-fos gene appears to be 
mediated through PKC activation. Taken together, 
these results indicate that induction of c-fos mRNA 
expression is due to direct signalling from TGF-j31 
receptors and requires PKC activity. Similarly, im-
mediate and transient induction of c-fos expression 

by TGF-j31 has been demonstrated in rat osteoblasts 
and EL2 cells [3, 4] . Specifically, in experiments 
with anti c-fos antisense oligonucleotides, c-fos ex-

pression appeared to be essential for osteoblast cell 
growth [4], but the precise mechanism of induction 
has not yet been elucidated. We therefore focused 
on promotor analysis of the c-fos gene to clarify the 
mechanism of TGF-~31 mitogenicity in chondro-
cyctes. The expression of c-fos is regulated by 
several regulatory elements in the 5' flanking region, 
including SRE, SIE and AP-1 binding sites, CAMP, 
estrogen and vitamin D response elements [23-28]. 
Also, MAPK, PKC, signal transducer and activators 
of transcription (STATs), phospholipase C and 
nuclear receptor super-families are known to trans-
activate through these elements. From a serial anal-

ysis of deletion mutants of c-fos/CAT assay, we 
demonstrated that the - 403 to - 329 region of 
the c-fos promotor contains a TGF-~31 responsive 
element, but we could not detect any DNA-protein 
complexes in gel mobility shift assays even though we 
used a 70 by responsive fragment as a probe. Our 

gel mobility shift assays were likely performed cor-
rectly as separate experiments with other regions for 

probes were able to show complex formation under 
identical conditions. 

 The -403 to -329 region contains SIE elements 
which are direct targets of STAT family members. 
Despite the involvement of PKC in TGF-j31 signalling 
in CRAG, this region does not contain either AP-1 
binding sites or SREs. This finding is difficult to in-
terrupt, but we think that transcriptional activation 
of the c-fos gene by TGF-j31 may be regulated by 
other unknown pathways besides STAT or the clas-
sical PKC-MAPK pathway. Indeed, recent evidence 
indicates that TGF-j31 receptor-regulated Smad3 and 
the common Smad, Smad4 bind DNA directly [29]. 
Since DNA binding motifs of Smad3 and Smad4
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seem to be not conserved [29], it is possible that some 
Smads activated by TGF-Q 1 signalling are involved in 
c-fos gene activation. These Smads may bind the 

promotor region which we identified, but these 
DNA-protein complexes may be transient and un-
stable. Further study is required to clarify this 
signalling mechanism. 
 Our results demonstrate that TGF-jS 1 stimulates 

DNA synthesis and cell growth in cultured articular 
chondrocytes, and rapidly augments c-fos mRNA

levels. Furthermore, the 5" promotor of c-fos gene 
might contain a novel TGF-jS 1-specific stimulatory 
response element, which is mediated by PKC activa-
tion but independent of the involvement of SRE. A 
direct link between TGF-R 1 action on the one hand 
and c-fos gene induction and growth of articular 
chondrocytes on the other, should broaden our un-
derstanding of the physiology and pathophysiology 
of articular chondrocytes.
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