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Temporal Variation of c-Fos Proto-Oncogene 
Expression During Osteoblast Differentiation and 
Osteogenesis in Developing Rat Bone 
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Abstract To delineate the implication of c-fos protooncogenic in the osteogenie process, we have investigated 
the temporal pattern of c-fos mRNA expression in fetal and neonatal rat bone during intramembranous and endochon- 
dral bone formation. Northern blot analysis of mRNA extracted from calvaria and femur showed that expression of c-fos, 
Histone H4, and osteocalcin mRNAs followed a temporal sequence during bone development. The levels of histone H4 
mRNA, a marker of cell proliferation, were high at early stages of fetal development of calvaria and femur, and decreased 
until birth. In both the postnatal calvaria and femur, c-fos mRNA levels increased transiently at birth and preceded a rise 
in osteocalcin transcripts, a marker of the mature osteoblast phenotype. The immunohistochemical analysis showed 
that c-Fos protein was expressed in osteoprogenitor cells in the perichondrium and periosteum, and not in mature 
osteoblasts which expressed markers of differentiated osteoblasts such as type-l collagen, bone sialoprotein, and 
osteocalcin. Thus, the transient c-fos proto-oncogene expression during the postnatal life that precedes the osteocalcin 
expression may be involved in the transition from the precursor state to mature osteoblasts. These results suggest that 
c-fos proto-oncogene may play an important role in osteogenesis during rat postnatal life. 
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Bone formation during development is a com- 
plex process which differs with the type of bone 
considered, the site of bone formation, and the 
stage of development. Endosteal bone develop- 
ment involves a sequence of events character- 
ized initially by the formation of cartilage, the 
recruitment of osteoblasts, and the deposition of 
an extracellular bone matrix, whereas the intra- 
membranous bone formation involves the direct 
deposition of a bone matrix. The molecular basis 
of osteoblast recruitment and differentiation in 
the processes of endosteal and periosteal osteo- 
genesis is not fully understood. In vitro, the 
progression of osteogenesis is characterized by 
the sequential expression of genes related to the 
development of the osteoblast phenotype [Owen 
et al., 1990a; Turksen and Aubin, 1991; Poliard 
et al., 19931. The proliferation of osteoblast pre- 
cursors is associated with the transient expres- 
sion of genes associated with cell growth [Owen 
et al., 1990a; Stein and Lian, 19931. Differentiat- 
ing osteoblasts express alkaline phosphatase, 
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type-I collagen, and osteopontin genes, whereas 
the expression of osteocalcin and bone sialopro- 
tein appears to be restricted to more mature 
osteoblastic cells [Bianco et al., 1991; Turksen 
and Aubin, 1991; Rodan and Noda, 19911. In 
vivo, changes in extracellular matrix genes have 
been described during skeletal growth in rats 
moon et al., 1987; Shalhoub et al., 19911. How- 
ever it is not known whether the inverse relation- 
ship between osteoblast proliferation and differ- 
entiation described in vitro [Owen et al., 1990a; 
Stein and Lian, 19931 also occurs in vivo during 
the early fetal and postnatal normal bone devel- 
opment. 

There are several lines of evidence suggesting 
that the c-fos proto-oncogene may play an impor- 
tant role in the control of bone cell proliferation 
and differentiation [Miiller, 1986; Verma and 
Graham, 1987; Curran, 19881. The c-fos proto- 
oncogene is the cellular homologue of the v-fos 
oncogene present in murine osteosarcoma vi- 
ruses [Finkel et al., 1966; Curran et al., 19821. 
C-fos is an immediate early gene involved in the 
proliferative response to growth factors in a 
variety of cells [Greenberg and Ziff, 19841, includ- 
ing osteoblastic cells [Merriman et al., 1990; 
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Okazaki et al., 1992; Matsumoto et al., 19931. 
The c-fos gene product (c-Fos protein) is a 
nuclear protein able to interact with members of 
the Jun family, forming the AP-1 transcription 
factor [Chiu et al., 1988; Curran and Franza, 
19881. The presence of functional AP-1 binding 
sites in the promoter of genes expressed by 
osteoblasts [Schule et al., 1990; Angel and Ka- 
rin, 19911, and the induction of c-fos expression 
by calciotropic hormones [Lian et al., 1991; Can- 
deliere et al., 1991; Lee et al., 19941 suggest that 
c-fos may be implicated in the regulation of the 
osteoblast function. High c-fos mRNA [Dony 
and Gruss, 1987; McMahon et al., 19901 and 
protein levels [Caubet and Bernaudin, 1988; 
DeTogni et al., 19881 were found in areas of 
active osteoblast proliferation and differentia- 
tion in developing bone in rodents, and in fetal 
human bone [Sandberg et al., 1988a,bl, suggest- 
ing that c-fos may have an important role in the 
development of osteogenesis. This is supported 
by the observation that overexpression of c-fos 
in transgenic mice induces new bone formation 
[Ruther et al., 1987, 1989; Wang et al., 19911. 
Other studies have shown that deregulated fos 
expression interferes with osteogenic differentia- 
tion [Goralczyk et al., 19901, and that osteo- 
blasts are target cells for transformation in c-fos 
transgenic mice [Grigoriadis et al., 19931. 

To delineate the role of c-fos in normal osteo- 
blast proliferation and differentiation during in- 
tramembranous and long bone osteogenesis, we 
have investigated the temporal pattern of c-fos 
mRNA expression in fetal and neonatal develop- 
ing rat bone. The results indicate that c-fos 
expression during normal postnatal rat bone 
osteogenesis is followed by the induction of genes 
characterizing osteoblastic cells differentiation. 

MATERIALS AND METHODS 
Bone Samples 

Femurs and calvarias were obtained from 
Sprague-Dawley fetal rats at 17,19, and 21 days 
of age, from newborn rats, and from 1, 3, and 6 
days old neonatal rats. The bones were removed 
and carefully dissected to remove mesenchymal 
connective tissues and to preserve the perios- 
teum. For histology and immunohistochemis- 
try, the bones were immediately fixed with 2% 
paraformaldehyde for 1 h, treated with 4% su- 
crose for 1 h, embedded in Tissue-Tek (Miles 
Inc., Elkhart, IN) and stored at -80°C until 
sectioning using a cryostat (Frigocut, Reichert- 
Jung, Heidelberg, Germany). The sections were 

collected on poly-L-lysine coated slides and stored 
at -80°C until they were stained using Mayer’s 
hematoxylin, or used for immunohistochemis- 
try. For RNA preparation, the calvaria and fe- 
murs were microdissected under sterile condi- 
tions. The femurs were separated into two 
portions consisting of the epiphyseal plate and 
the metaphysis plus the diaphysis. Calvaria 
samples and the different femur fractions ob- 
tained at the same site and from the same time 
point obtained from an average of 35 rats were 
pooled separately and stored at -80°C. Four 
series of similar independent experiments were 
performed. 

RNA Isolation and Northern Blot Analysis 

Total RNA was extracted from each pool of 
tissue using the guanidinium thiocyanate-phe- 
nol-chloroform method [Chomczynski and Sac- 
chi, 19871. Briefly, samples were homogeneized 
in a denaturing solution containing 4 M gua- 
nidinium thiocyanate, 25 mM sodium citrate 
(pH 7), 0.5% sarcosyl, 0.1 M P-mercaptoethanol, 
and 1 mM EDTA. RNA was extracted with wa- 
ter saturated phenol and purified by isopropanol 
precipitations. Aliquots containing 16 pg of to- 
tal RNA were fractionated by gel electrophoresis 
on 1% agarose gels as described [McMaster and 
Carmichael, 19771, blotted onto GeneScreen 
transfer membranes (New England Nuclear, 
Boston, MA), and hybridized under stringent 
conditions. After hybridization, the filters were 
washed and the bound probe was detected by 
autoradiography at -80°C using X-ray films 
(Amersham, Arlington Heights, IL) and intensi- 
fying screens. The filters were re-probed for 18s 
signal to take in account the variations in RNA 
loading. The autoradiograms obtained were 
scanned using a densitometer (Transidyne 2500, 
General Corp., Ann Arbor, MI) and the inte- 
grated area under the curve for each signal was 
standardized against the signal for 18s rRNA. 
Three series of similar independent experiments 
were performed. 

DNA Probes 

The following DNA probes were used: a PstI/ 
PvuII v-fos (FEU-MSV) cDNA fragment of 1 kbp 
(Clontech, Palo Alto, CA), a Xenopus Boralis 
histone H4 genomic Hind III-XbeI fragment of 
594 bp, a rat osteocalcin cDNA EcoRI insert of 
520 bp Boon et al., 19881, and a 1975 bp mouse 
SalI/EcoRI 18s cDNA fragment [Raynal et al., 
19841. The (32P)-dCTP-labelled cDNA probes 
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(specific activity: 2-4; los cpm/kg) were pre- 
pared by nick-translation (Boehringer, Mann- 
heim, Germany) or random-priming (Promega, 
Madison, WI) methods using the manufacturer 
procedures. 

lmmunohistochemistry 

Affinity-purified anti-Fos immunoglobulin 
(Oncogene Science, Uniondale, NY) used at 20 
kg/ml was employed to detect the Fos protein 
on 30 krn thick sections by indirect immunoflu- 
orescence. The sections were first incubated with 
2% BSA to remove the non-specific binding sites, 
permeabilized with 0.1% Triton X-100 for 30 
min at 4"C, and washed three times with PBS 
for 10 min. This step was repeated at the end of 
subsequent treatments. The sections were 
treated with 0.1% HzOz for 30 min to inactivate 
endogenous peroxidases and were exposed to 
the primary antibody overnight at 4°C. The sec- 
tions were then treated with the second anti- 
body (Amersham) coupled to horseradish peroxi- 
dase. To verify the specificity of the 
immunolabeling, control sections were treated 
with the same concentration of the anti-Fos 
antibody which has been pre-incubated with a 
10-fold excess of Fos peptide (Oncogene Sci- 
ence). 

Collagen and noncollagenous proteins were 
detected by immunochemistry as described pre- 
viously [Machwate et al., 19931. Fixed sections 
were washed in PBS with 0.01% Triton X-100, 
exposed to 0.1% HzOz for 30 min, treated with 
2% BSA for 30 min, washed in PBS/O.Ol% Tri- 
ton X-100, and exposed to one of the following 
antiserum diluted 11200: anti-rat osteocalcin 
raised in the rabbit [Modrowski et al., 19921, 
anti-human C-telopeptide (synthetic) of al(1)- 
collagen (LF-67) crossing to the rat protein, or 
anti-bone sialoprotein (BSP) (LF-87) crossing to 
rat [Fisher et al., 1983; Bianco et al., 19911. 
Control sections were treated with nonimmune 
serum instead of the primary antibody and di- 
luted at the same dilution. After exposure for 2 
h at room temperature, the sections were washed 
three times for 10 min in PBS/Triton-X 100, 
and exposed to a second donkey antibody linked 
to horseradish peroxidase (Boehringer) for 1 h. 
After washing in PBS, the specific antigen- 
antibody binding was revealed by exposing the 
cells to 1 mg/ml diaminobenzidin in 10 mM Tris 
buffer (pH 7.6) and 3 pl/ml of 3.0% H202. The 
immunohistochemical staining was visualized 
by light microscopy. 

RESULTS 
Expression of c-fos Proto-Oncogene During Fetal 

and Neonatal Osteogenesis 

The development of the rat calvaria is charac- 
terized by the progressive formation of a bone 
matrix in fetal life and by a marked increase in 
bone formation during the postnatal life. North- 
ern blot analysis (Fig. 1) and integration of 
signals after correction for RNA loading (Fig. 2) 
showed a temporal variation in the expression of 
c-fos, histone H4, and osteocalcin genes in the 
developing calvaria. C-fos mRNA levels progres- 
sively increased from 17 to 21 days of fetal life, 
rose abruptly at one day after birth and fell to 
undetectable levels at 3 and 6 days of postnatal 
life (Figs. 1,2A). The levels of histone H4 mRNA, 
which are indicative of cell proliferation, were 
high at 17 days of fetal life, decreased until 
birth, and increased slightly in the postnatal life 
(Figs. 1,2B). Osteocalcin mRNA levels, a marker 
of the late stage of osteoblast maturation, were 
low in the fetal life (Fig. 1) and increased progres- 
sively after birth (Fig. 1, 2C). These data indi- 

Fig. 1. Northern blot analysis showing the evolution of expres- 
sion of c-fos, histone H4, and osteocalcin (OC) compared to 
18s during fetal and neonatal development of the rat calvaria. 
The RNA was isolated from pooled calvarias obtained at 1 7, 19, 
and 21 days of fetal life, in newborn rats (N), and at 1, 3, and 6 
days of postnatal life, and 16 pg of RNA were analysed for 
expression of the different genes. The blot was reprobed with 
the different probes. This is  representative of four separate 
experiments. 
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Fig. 2. Temporal pattern of expression of c-fos (A), histone H4 
(B), and osteocalcin (C) in fetal and neonatal rat calvaria. The 
mRNA values were determined by northern blot analysis of total 
RNA obtained at 17, 19, and 21 days of fetal life, in newborn 
rats (N), and at 1, 3 ,  and 6 days of postnatal life, and are 
expressed as a percentage of maximum expression calculated 
from the densitometric units normalized to 18s ribosomal RNA. 
Note the peak of c-fos expression occurring at 1 day after birth 
which was followed by the elevation of osteocalcin mRNA 
levels in the postnatal calvaria. 

cate that the transient increase in the expres- 
sion of c-fos mRNA in the neonatal calvaria is 
followed by a rise in the expression of osteocal- 
cin, a marker of differentiated osteoblasts. 

The development of the femur is character- 
ized by a rapid bone growth from 17 to 21 days 

Fig. 3. Northern blot analysis showing the change in the 
expression of c-fos, histone H4, and osteocalcin (OC) com- 
pared to 18s during the development of the femur in the fetal 
and neonatal rat. The RNA was isolated from pooled femurs 
obtained at 1 7  and 21 days of fetal life, in newborn rats (N), and 
at 1, 3 ,  and 6 days of postnatal life, and 16 kg of RNA were 
analyzed for the expression of different genes. The blot was 
reprobed with the different probes. The signal for osteocalcin 
was low even on over exposed blots. This is representative of 
four separate experiments. 

and by a marked increase in bone formation and 
elongation after birth. The temporal sequence of 
gene expression was evaluated by northern blot 
analysis (Fig. 3) after integration and correction 
for the variations in RNA loading (Fig. 4). We 
found that c-fos mRNA levels were elevated at 
17 days of fetal life and decreased until birth. At 
1 day of life, c-fos mRNA increased transiently 
and declined thereafter at 3 and 6 days of postna- 
tal life (Figs. 3, 4A). Histone H4 mRNA levels 
were high at 17 days of fetal life, decreased until 
birth and increased again at 3 and 6 days after 
(Figs. 3, 4B). Osteocalcin mRNA levels in femur 
were low in fetal life. The levels were higher 
after birth and increased at 1-6 days of postna- 
tal life (Figs. 3,4C). The comparative analysis of 
gene expression in calvaria and femur indicates 
that the transient rise in c-fos expression at 
birth was followed by a rise in osteocalcin expres- 
sion during postnatal osteogenesis. 

Expression of the c-Fos Protein in the 
Developing Bone 

The cellular localization of the c-fos product 
during osteogenesis was evaluated by immuno- 



66 Machwate et a]. 

FEMUR 
120 4 c-fos I 

A 1 7 2 1  N 1 3  6 
120 

H4 1 

120 
~OSTEOCALCIN I 

100 - 

1 7 2 1  N 1 3  6 

C DAYS 

Fig. 4. Temporal pattern of expression of c-fos (A), histone H4 
(B), and osteocalcin (C) in fetal and neonatal femur during 
development. The mRNA values were determined by northern 
blot analysis of total RNA obtained at 17 and 21 days of fetal life, 
in newborn rats (N), and at 1 ,  3, and 6 days of postnatal life, and 
are expressed as a percentage of maximum expression calcu- 
lated from the densitometric units normalized to 18s ribosomal 
RNA. Note the peak of c-fos expression at one day after birth 
which was followed by the progressive increase in osteocalcin 
mRNA levels in the postnatal femur. 

histochemistry on frozen bone sections. At 17 
days of fetal life, a c-Fos signal was mainly 
located in the bone marrow cells (Fig. 5A). A 
specific signal for the c-Fos protein was found in 
the perichondrium and periosteum at all the 
subsequent stages of femur development. The 
specificity of immunostaining was checked out 
by using parallel sections incubated with a neu- 
tralized first antibody. The control sections 
showed no detectable staining (Fig. 5F). At 19 
(Fig. 5B, GI and 21 (Fig. 5C, H) days of fetal life, 
a strong specific signal for c-Fos protein was 
found in perichondrial cells. A specific signal for 
c-Fos protein was also found in both the peri- 
chondrium and periosteum at 3 (Fig. 5D, I) and 

6 (Fig. 5E) days of postnatal life. On the other 
hand, no signal for the c-Fos protein was found 
in cells covering the surface of the bone matrix 
(Figs. 5D, E and I) which were characterized as 
mature osteoblasts (see below). The c-Fos immu- 
nostaining in periosteal cells was found to de- 
crease in the postnatal life (Table I). A specific 
staining for the c-Fos protein was also found in 
few cells of the hypertrophic cartilage in the 
zone adjacent to the metaphyseal bone (Fig. 55). 
This staining occured until one day of life and 
declined thereafter (Table I), suggesting that 
c-fos proto-oncogene may be involved in endo- 
chondral bone formation. 

Similar results were found in calvaria (not 
shown) in which a specific signal for the c-Fos 
protein was found in the periosteal cells, whereas 
the more mature osteoblastic cells located along 
the bone surface were not labelled (Table I). As 
in the femur, c-Fos expression in these cells 
decreased after 1 day of age (Table I). 

Localization of Osteoblast Maturation Proteins 
During Osteogenesis 

To determine the maturity state of cells ex- 
pressing the c-Fos protein, we have studied the 
expression of three markers of osteoblast differ- 
entiation during osteogenesis. Figure 6 shows 
the immunostaining for collagen type-I, bone 
sialoprotein and osteocalcin in calvaria, and fe- 
mur at 3 days of age. Similar results were found 
at  earlier stages (data not shown). Only osteo- 
blastic cells localized along the bone matrix in 
the periosteal and endosteal sites of the calvaria 
and femur were found to  express type-I collagen, 
osteocalcin and bone sialoprotein, markers of 
the late stage of osteoblast differentiation (Fig. 
6, Table 11). These cells were not found to ex- 
press the c-Fos protein (Fig. 5D,I,E, Table I). 
These data indicate that, during calvarial and 
femur development, c-Fos protein is expressed 
mainly in osteoblast precursors, but not in the 
mature osteoblasts. 

DISCUSSION 

A functional relationship between cell prolif- 
eration and differentiation is believed to be a 
fundamental concept of development. During in 
vitro osteogenesis by rat calvaria cells, the prolif- 
erating osteoblastic cells express cell cycle (His- 
tone H4) and cell growth (fos, myc) regulated 
genes. Following the downregulation of the pro- 
liferative activity, several genes of the osteoblast 
phenotype are expressed in vitro [Owen et al., 
1990a; Lian et al., 1991; Stein et al., 19931. 
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Fig. 5. Localization of c-Fos protein in the developingfemur. Frozen sections of femurs at 17 (A, F), 19 (B, G ) ,  21 (C, 
H) days of fetal life, and at 3 (D, I )  and 6 (E, J) days of postnatal life were processed for immunohistochernistry and 
incubated with a specific c-Fos antibody (A-E, G-J), or with c-Fos antibody pre-incubated with a 10-fold excess of Fos 
peptide as controls (F). A specific signal for c-Fos protein was present in the marrow (A) and in pre-osteoblastic cells 
located in the perichondrium (B-D, G, H) and periosteum (D, E, I) (arrows). Only the outer layer of cells was stained 
(arrows), whereas the more mature cells covering the surface of the matrix were not stained (D, E, and I). c-Fos 
expression was also detected in some chondrocytes of the hypertrophic zone of the cartilaginous growth plate after 
birth (J).A-E, x125; F-J, x250. 

TABLE I. Spatial and Temporal Expression of Fos Protein During Rat Calvaria 
and Femur Development* 

Developmental Calvaria Femur 
stage Precursor Mature Cartilaginous Perichondrial/ Mature 

(days pre- or postnatal) cells osteoblasts cells periosteal cells osteoblasts Chondrocvtes 
19 
0 
1 
3 

+a 
+a 

++ 
++ 
++ 
-c 

- ++ 
++ 
++ 
c 

- 
- 
- 

*+ +, A strong and specific immunostaining for the Fos protein using a specific antibody; +, a weak immunostaining for the Fos 
protein; +a, immunostaining of a fraction of the cartilaginous cells closed to the bone matrix; and -, absence of immunostain- 
ing for the protein. 

These in vitro studies indicate that the osteo- 
blast proliferation and differentiation activities 
involve the expression of distinct genes. In addi- 
tion there is some evidence that the c-fos proto- 
oncogene expression suppresses the osteoblastic 
phenotype and may be involved in osteoblastic 
cell proliferation in vitro [Lian et al., 19911. In 
the present in vivo study, we have found that 
there is a temporal variation in histone H4 and 
osteocalcin mRNA levels during early osteogen- 
esis in the calvaria and the femur. The de- 

creased histone mRNA levels, used as a marker 
of cell proliferation, during the late stages of 
fetal life preceded the increase of the osteocalcin 
mRNA levels in both the calvaria and femur. 
This is consistent with the pattern of gene ex- 
pression observed during in vitro osteogenesis 
indicating that there is a reciprocal relationship 
between the decline in proliferation and the 
initiation of expression of the osteoblast pheno- 
type [Lian et al., 1991; Stein et al., 19931. Inter- 
estingly, we found that the expression of c-fos 
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TABLE 11. Expression of Osteoblast 
Differentiation Proteins in 3 Days Postnatal 

Rat Calvaria and Femur* 

Mature 
Periosteali endosteal 

perichondrial and Cartila- 
precursor periosteal ginous 

cells osteoblasts cells 
~ 

Calvaria 
Collagen type I - 
Osteocalcin - 

BSP 
Femur 

Osteocalcin - 
BSP - 

- ++ 
++ 
++ 

- 

- - 

- Collagen type I + ++ 
- ++ 

+ - 

*++, A strong and specific immunostaining; +, a weak 
immunostaining; and -, absence of immunostaining for the 
corresponding protein. 

Fig. 6. Localization of osteoblast differentiation proteins in the 
calvaria and femur. Frozen sections of calvaria (A-C) and femur 
(D-F) at 3 days of age were immunostained for osteocalcin (A, 
D), collagen type-] (B, €1, and bone sialoprotein (C, F). Only 
mature osteoblasts lining the bone matrix expressed collagen 
type-I, osteocalcin and bone sialoprotein, markers of the differ- 
entiated osteoblasts, whereas the layers of pre-osteoblastic 
cells located at distance of the bone did not express these 
proteins. Similar results were obtained at other time-point 
during development. 

proto-oncogene during the late stages of fetal 
life differs in the calvaria and femur. This may 
be explained by the presence of different cell 
types in the two bones. Femur extract contains 
mRNAs that belong to heterogeneous cell popu- 
lations, including hematopoietic cells that are 
known to express the c-fos proto-oncogene in 
vivo [Muller et al., 19841. Thus, the expression 
of this proto-oncogene in the femur during the 
last stages of fetal life may be related to the 
growth of marrow cells. Unlike the femur, the 
calvaria extract contains mRNAs that mainly 
belong to cells of the osteoblast lineage. The 
histone H4 mRNA expression in the calvaria 
therefore predominantly denotes the osteoblas- 
tic cell proliferation activity. We found that, 
unlike in the in vitro osteogenesis model [Owen 
et al., 1990a1, the high levels of histone tran- 
scripts in the calvaria during the prenatal life 
were not paralleled with an increased c-fos proto- 
oncogene expression. One possible explanation 
is that c-fos expression was higher at earlier 
stages of fetal calvaria development. Alterna- 
tively, the growth factors that are involved in 
the control of osteoblastic cell proliferation dur- 
ing the fetal life in the calvaria may not require 
c-fos proto-oncogene expression for their effect. 
This is in accordance with the fact that osteogen- 
esis in transgenic mice lacking c-fos is normal 
during the fetal and the first days of postnatal 
lives [Johnson et al., 1992; Wang et al., 19921. 
The osteopetrosis and the decreased osteoblast 
recruitment described in these mice only appear 
one to 2 weeks after birth. These findings taken 
together suggest that c-fos proto-oncogene ex- 
pression is more likely involved in postnatal 
than in prenatal osteogenesis in rodents. 

Both in calvaria and femur, the growth rate 
and osteogenesis are markedly stimulated dur- 
ing the postnatal life. The increase in osteocal- 
cin transcript levels during this early postnatal 
period denotes an increased maturation of bone 
forming cells. We found that this increased osteo- 
calcin expression was preceded by a transient 
expression of c-fos proto-oncogene. This postna- 
tal transient expression of c-fos could not be 
attributed to mechanical stress that may occur 
during newborn delivery or tissue dissection. 
Indeed, we found that the c-fos expression 
peaked at  1 day of postnatal life, whereas the 
transient expression induced by mechanical 
stress is a more rapid phenomenon [Verrier et 
al., 1986; Closs et al., 19901. The transient ex- 
pression of c-fos proto-oncogene found in rat 
calvaria and femur was also reported in new- 
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born mice [Kasik et al., 1987; Grigoriadis et al., 
19931, suggesting a role of this proto-oncogene 
in postnatal osteogenesis. 

The immunohistochemical analysis showed 
that the c-Fos protein is only present in precur- 
sor cells but not in mature osteoblasts. These 
results are consistent with previous in vivo stud- 
ies showing by in situ hybridization [Dony and 
Gruss, 1987; Sandberg et al., 1988a; McMahon 
et al., 19901 and immunohistochemistry [Caubet 
and Bernardin, 19881 that c-fos is expressed in 
the perichondrial growth region of fetal bone 
[Sandberg et al., 1988bl. Thus, the transient 
c-fos proto-oncogene expression during the post- 
natal life that preceded the osteocalcin expres- 
sion may be involved in the transition from the 
precursor state to mature osteoblasts. These 
results are consistent with in vitro findings show- 
ing that the decline in c-fos proto-oncogene ex- 
pression precedes the expression of osteoblast 
specific genes [Owen et al., 1990b; Lian et al., 
19911. Several genes of the osteoblast pheno- 
type, including osteocalcin, are known to be 
regulated by Fos proteins. The osteocalcin pro- 
moter contains consensus sequences that bind 
the FoslJun complex [Demay et al., 1990; Ozono 
et al., 19901. The binding of the FoslJun com- 
plex to these sequences suppresses the basal and 
induced osteocalcin gene expression, whereas 
the down-regulation of Fosl Jun complex in more 
mature osteoblasts allows the transcription of 
this gene [Owen et al., 1990b; Schule et al., 
1990; Lian and Stein, 19921. 

The causative factors responsible for the tran- 
sient change in c-fos mRNA levels at birth are 
unknown. The change in c-fos expression may 
be related to  the induction by systemic or local 
growth factors that remain to be determined. 
Interestingly, a recent study showed that the 
subcutaneous administration of PTH (1-84) in- 
duced a sequential c-fos mRNA expression in rat 
long bone cells [Lee et al., 19941. The present 
data indicating that the expression of c-fos proto- 
oncogene is followed by induction of osteogenic 
differentiation in vivo, suggest a physiological 
role of c-Fos during normal postnatal rat bone 
development. 
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