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Abstract The expression of receptors belonging to the epidermal growth factor receptor subfamily has been largely
studied these last years in epithelial cells mainly as involved in cell proliferation and malignant progression. Although
muchwork has focused on the role of these growth factor receptors in the differentiation of a variety of tissues, there is little
information in regards to normal stromal cells. We investigated erbB2 expression in the murine fibroblast cell line Swiss
3T3L1, which naturally or hormonally induced undergoes adipocyte differentiation. We found that the Swiss 3T3-L1
fibroblasts express erbB2, in addition to EGFR, and in a quantity comparable to or even greater than the breast cancer cell
line T47D. Proliferating cells increased erbB2 and EGFR levels when reaching confluence up to 4- and 10-fold,
respectively. This expression showed a significant decrease when growth-arrested cells were stimulated to differentiate
with dexamethasone and isobutyl-methylxanthine. Differentiated cells presented a decreased expression of both erbB2
and EGFR regardless of whether the cells were hormonally or spontaneously differentiated. EGF stimulation of serum-
starved cells increased erbB2 tyrosine phosphorylation and retarded erbB2 migration in SDS–PAGE, suggesting receptor
association and activation. Heregulin-a1 and -b1, two EGF related factors, had no effect on erbB2 or EGFR phos-
phorylation. Although 3T3-L1 cells expressed heregulin, its specific receptors, erbB3 and erbB4, were not found. This is
the first time in which erbB2 is reported to be expressed in an adipocytic cell line which does not depend on non EGF
family growth factors (thyroid hormone, growth hormone, etc.) to accomplish adipose differentiation. Since erbB2 and
EGFR expressionwere downmodulated as differentiation progressed it is conceivable that amechanism of switching from
a mitogenic to a differentiating signaling pathway may be involved, through regulation of the expression of these growth
factor receptors. J. Cell. Biochem. 90: 561–572, 2003. � 2003 Wiley-Liss, Inc.
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The epidermal growth factor receptor (EGFR,
erbB1) and erbB2 belong to a subfamily of
transmembrane receptors with intrinsic tyro-
sine kinase activity (type I TKR), which also
includes the related proteins erbB3 and erbB4.
They all share a similar structure: a glycosy-
lated extracellular binding domain, a single
transmembrane domain, and a cytoplasmic
tyrosine kinase domain. Binding of a specific
ligand to one of the erbB receptors triggers the
formation of specific receptor homo- and hetero-
dimers, being erbB2 the preferred signaling
partner [Graus-Porta et al., 1997]. Their role in
cell proliferation, differentiation, and survival
has been demonstrated in a large number of
normal and tumorigenic cell lines, but usually
in epithelial cells [Hynes and Stern, 1994;
Olayioye et al., 2000]. To our knowledge, there
are very few in vivo reports of erbB2 expression
in stromal cells: the gestational decidualized
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stromal cells and placenta in humans [Press
et al., 1990]; the postimplantation period in
mice [Lim et al., 1997]; and, to a limited extent,
the stromal mammary cells during pregnancy
[Schroeder and Lee, 1998; Darcy et al., 2000].
Regarding erbB2 expression in fibroblastic cell
lines, there are reports in Rat-1 and 3T3-F422A
fibroblasts [Stern and Kamps, 1988; Kim et al.,
1999].

The murine 3T3-L1 fibroblastic cell line
[Green and Kehinde, 1974] has been a useful
model system for studying mechanisms that
direct progenitor cells to terminally differenti-
ate into functional adipocytes. It has been
described that the spontaneous but long pro-
cess of differentiation can be accelerated
once confluence is reached by treating the cells
with isobutyl-methylxanthine (MIX) or any
other cAMP increasing agent, dexamethasone
(DEXA) and pharmacological concentrations of
insulin (INS) or physiological doses of insulin
like growth factor-1 (IGF-1) [Smith et al., 1988].
In a completely serum-free culture system, a
rate of adipose conversion similar to that ob-
tained with insulin is achieved with IGF-1 only
in combination with EGF [Schmidt et al., 1990].
EGF is by far themost potent serum component
in supporting the exponential growth phase
necessary to obtain confluency and in preser-
ving the ability of 3T3-L1 cells to undergo
adipose conversion [Schmidt et al., 1990]. EGF
has been described to have distinct and some-
times controversial effects on adipose differen-
tiation. EGF blocks maturation of adipocyte
precursor cells into mature adipocytes both
in vivo and in vitro [Serrero, 1987; Serrero and
Mills, 1991] but it enhances adipogenesis in the
alreadydifferentiatingadipocytes [Adachietal.,
1994]. This has been thought to be achieved by
differences in the postreceptor signaling since,
curiously, EGFR levels have been previously
described either to remain constant [Reed et al.,
1977; Adachi et al., 1994] or to decrease
throughout differentiation [Hardy et al., 1995;
Boney et al., 1998].

Since no ligand has been identified yet for
erbB2, its activation depends on binding of
transforming growth factor-a (TGF-a), amphir-
egulin or EGF to the EGFR, or upon binding of
neuregulins/heregulins to erbB3 and/or erbB4
[Sliwkowski et al., 1994; reviewed in Olayioye
et al., 2000 and in Carraway and Burden, 1995
and references therein] and subsequent hetero-
dimerization. Given that EGF presents some

controversial effects on the differentiation pro-
cess of 3T3-L1 cells, some could be ascribed
to the formation of EGFR/erbB2 heterodimers.
There is growing evidence pointing towards
biologically relevant interactions between the
ErbB system and the IGF-1R [Roudabush et al.,
2000; Balaña et al., 2001], another type of
tyrosine kinase receptor, which is activated by
non EGF family related factors, such as IGF-1
and insulin andhas an important role inadipose
differentiation [Smith et al., 1988; Boney et al.,
1998]. This and the fact that IGF-1 mediates
transactivation of the EGF receptor in themito-
genic signaling pathway [Roudabush et al.,
2000], led us to think of a possible role for erbB2
in this preadipocyte cell line.

In this study, our aim was to investigate
erbB2 along with EGFR/erbB-1 expression and
modulation in the Swiss 3T3L1 cells during
proliferation and naturally or hormonally in-
duced differentiation.

MATERIALS AND METHODS

Cell Culture

Swiss 3T3-L1 preadipocytes (fibroblasts, em-
bryo, mouse, ATCC CCL 92.1) purchased from
the ABAC (Asociación Banco Argentino de
Células, Pergamino, Buenos Aires) were routi-
nely cultured in Dulbecco’s modified Eagle’s
medium (Hyclone) with 4 mM L-glutamine,
4.5g/L glucose, 10�6 M biotin, 0.11g/L sodium
pyruvate, and supplemented with 10% FBS
(Gen SA, Bs. As.) plus antibiotics (Gibco,
InvitrogenCorporation,Carlsbad,CA)and2days
after confluence, differentiation was induced by
the addition of dexamethasone (DEXA, 0.1 mM)
and3-isobutyl-1-methylxanthine (MIX,500mM).
After 48 h, the medium was removed and
replaced by DMEM containing insulin (INS,
2 mM). Experiments were usually finished after
5days of insulin treatment,when80–90%of the
culture was differentiated into adipocytes (re-
fractive droplets at conventional microscope).

Preparation of Cell Lysates for
Western Blotting

Cellmonolayerswerewashed and collected in
ice-cold PBS and centrifuged at 4,000 rpm
(1,500g) at 48C for 10 min. Pellets were solu-
bilized in Triple-detergent lysis buffer (50 mM
Tris-HCl [pH 8], 150 mM NaCl, 0.1% SDS, 1%
TritonX-100, 0.5%sodiumdeoxycholate, 20mM
NaF, 10 mg/ml of leupeptin, pepstatin, aproti-
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nin, spermin, spermidin, sodiummetavanadate
and 1mMAEBSF) for 20min on ice, followed by
sonication. The lysates were clarified by cen-
trifugation at 12,000 rpm (13,500g) at 48C for
15min. Proteins boiled in sample buffer (50mM
Tris-Cl [pH¼ 6.8], 2% SDS, 10% glycerol, 0.1%
bromophenol blue, 5% b-mercaptoethanol) were
subjected toa7%SDS–PAGEat100Vfor1.30h.
Protein transfer was done onto nitrocellulose
membranes (ProtranTM, Schleicher & Schuell)
and checked by Ponçeau Red staining. After
blocking with 5% milk in TTBS (10 mM Tris-
HCl [pH¼ 8], 150 mM NaCl, 0.05% Tween-20),
filters were probed with specific antibodies.
Proteins were visualized with peroxidase
coupled antibodies, using the ECL (Amersham
PharmaciaBiotech,Buckinghamshire,England)
detection system and stripping and reprobing of
blots were accomplished according to the man-
ufacturer’s suggestions. Densitometric analysis
was performed with the NIH Scion Image
program. One way ANOVA, followed by a post-
test (Student-Newman-Keuls or Tukey) was
usedwithstatisticalpurposeswherementioned.
For Figures 1 and 3, erbB2 and EGFR time

expression curves were determined as follows:
we prepared three gels for each experiment,
loadingduplicate samples fromtheproliferative
period in one gel, MIX-DEXA-treated samples
in another and non-treated samples in the last
one. The same amount of T47D was loaded in
eachone of the gels to allowcomparisonbetween
them, since T47D erbB2 and/or EGFR expres-
sion do not vary. We then performed densito-
metric analysis on each time-point and referred
it to the T47D value from its own gel and after
that, to the day 1 value (control). We finally
obtained the average between samples from the
same time-point and plotted all of them in a
time-curve.

ErbB2/ EGFR Phosphorylation by EGF

Proliferating cells were serum starved by
incubation for 24 h with 0.1% [w/v] BSA. Cells
were treated with 10 nM EGF (Gibco, Life
Technologies) in the same medium, 10% (v/v)
FBS, EGFþFBS, or mock treated (0.1% BSA)
for 5 min at 378C (the same protocol was fol-
lowed, when indicated, for heregulin a1 and b1,
1 nM, NeoMarkers, Fremont, CA). Stimulation
was stopped by placing the cells on ice and
washing them twice with ice-cold PBS. Cells
lysates were obtained by scraping cells in PBS
plus protease and phosphatase inhibitors, cen-

Fig. 1. ErbB2 p185 expression and modulation in 3T3-L1 cells.
Cellswere cultured inDMEM–10%FBSandproteins fromwhole
detergent extracts (8 mg protein per well) were resolved by a 7%
SDS–PAGE and immunoblotted with an anti-erbB2 antibody
(Santa Cruz, Neu C-18, 1:1000). A reactive band (185 kDa) was
observed in extracts from: (A) Proliferating cells between day 1
and 6 after seeding; (B) Post-confluent undifferentiated 3T3-L1
cells,with orwithout INSondays 14 and16 after seeding; and (C)
Post-confluent 3T3-L1 cells, induced to differentiate 2 days after
confluencewas reached, withMIXþDEXA (MD) on days 8 and 9
after seeding, with or without INS on days 14 and 16.
Differentiation was followed by measuring the triglyceride
accumulation in replicate cultures (data not shown). T47Dbreast
cancer cell line was used as an internal control to allow
comparison between gels. The experiment shown here is
representative of three such experiments. D: The data in 1 (A),
(B), and (C)were subjected to densitometric analysis as described
under ‘‘Materials and Methods.’’ Briefly, band intensities were
quantified using the Scion Image software (NIH Image for
Windows) and, then, subjected to statistical analysis by one-way
ANOVA, followed by the Student-Newman-Keuls post test.
Values are expressedas fold increaseover day1and represent the
mean� SEM (n¼4). Statistical significance is not shown due to
its complexity but it is explained in the text.
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trifuging at low speed and resuspending with
50 mM Tris-HCl [pH 7.5], 150 mM NaCl, 0.1%
SDS, 1% Triton X-100, 0.5% sodium deoxycho-
late, 20 mM FNa, 5 mM EDTA, 5 mM EGTA,
10% glycerol, 1 mg/ml of leupeptin, pepstatin,
aprotinin, 2 mM orthovanadate, 1 mM AEBSF,
and 1 mM benzamidin. Extracts were kept at
�708C until use. For immunoprecipitations,
equal amount of protein (200 mg) were pre-
cleared with protein LA-agarose beads (Sigma)
and rabbit normal IgG for 30 min on ice with
continuous mixing. The precleared samples
were first incubated with the specific antibody
(erbB2 or EGFR) for 2 h and then with protein
LA-agarose beads for 1 h. Immune complexes
were collected by centrifugation at 1,500g,
washed three times with extraction buffer,
boiled for 5 min in sample buffer and subjected
to SDS–PAGE. Tyrosine phosphorylation was
determined by WB, using a specific anti-P-Tyr
antibody (SC PY99).

Antibodies

Policlonal anti-EGFR (SantaCruz1005 sc-03,
1:1,000 dilution); policlonal anti-erbB2 (Santa
CruzNeuC-18, 1:1,000);monoclonal anti-erbB3
(NeoMarkers, Ab-7 2C3, 1:200); policlonal anti-
erbB4 (Neo Markers, Ab-2, 1:200); monoclo-
nal anti-phosphotyrosine (Santa Cruz PY99,
1:500); policlonal anti-HRG (Santa Cruz C-20
SC-348, 1:200); goat anti-rabbit (Santa Cruz
sc-2054, 1:2000); anti-mouse (Amersham Life
Sciences RPN 2108, 1:2000).

RESULTS

ErbB2 Expression in 3T3-L1 Cells

To further understand potential functions of
the EGFR subfamily during adipocytic differ-
entiation, we used the EGF and IGF-1 respon-
sive 3T3-L1murine preadipocyte cell line. It has
been published that EGF, through its receptor,
produces a 2–3-fold stimulation in 3T3-L1
preadipocytes proliferation but is unable to
initiate adipocyte differentiation [Smith et al.,
1988], being somehow inhibitory, even though it
can promote adipogenesis of already differen-
tiating adipocytes [Adachi et al., 1994]. Since
erbB2 can heterodimerize with other ErbB
family members upon binding of their respec-
tive ligands [Graus-Porta et al., 1997] and the
IGF-1R can transactivate the EGFR [Rouda-
bush et al., 2000], it was interesting to find out
whether these preadipocytes express erbB2.

Figure 1A, B, andC depicts the pattern of erbB2
expression (185 kDa) in proliferating and post-
confluent 3T3L1 cells, hormone-treated or
not, as detected by Western blotting. The den-
sitometric analysis (Fig. 1D) showed that, in
untreated cells (see closed diamonds), this
expression significantly increased throughout
proliferation (fromday 1 to day 6,P< 0.001) and
post confluence periods, peaking at day 8–9 to a
maximumof fourfold above confluence (day 6vs.
8 and 9,P< 0.001), and slightly decreasing after
14–16 days of culture. On the other hand, the
treatment of cells with the inducers dexametha-
sone (DEXA) and 3-isobutyl-1-methylxanthine
(MIX), for 48 h (see Fig. 1D, closed circles)
significantly reduced erbB2 expression as com-
pared with untreated cells (circles against
diamonds at days 8 and 9, P< 0.001). By the
end of the differentiation period, erbB2 levels
in differentiated cells were much lower than in
untreated cells (compare closed diamonds with
closed circles, P< 0.001 at day 14 and P< 0.01
at day 16) but similar to the ones reached at
confluence. It seems that inducers prevented
erbB2 levels to rise in the growth-arrested
period. In untreated cells (without the MIX/
DEXA addition) insulin usually enhanced
erbB2 expression (Fig. 1D, open diamonds at
day 16) but, in differentiated cells, it could not
counteract the inhibitory action of the inducers
(Fig. 1D, compare open with closed circles).

Since erbB2 modulation by hormones is
complex, we wanted to elucidate whether the
decrease in erbB2 expression, observed in dif-
ferentiated cells as compared to undifferen-
tiated ones, occurred to the same extent in
spontaneously differentiated cells. To analyze
this, we took samples from control cells at
confluence, hormonally differentiated cells,
undifferentiated control cells at the time when
treated cells accomplished their differentiation
and spontaneously differentiated cells (almost a
month in culture). Figure 2 shows that erbB2
expression is significantly decreased in differ-
entiated cells (P< 0.05), regardless of how they
were differentiated (see Fig. 2A, hormonal and
spontaneous differentiation vs. control).

EGFR Expression in 3T3-L1 Cells

It has been described that EGFR levels either
remain constant [Adachi et al., 1994; Reed et al.,
1977] or decrease through the differentiation of
3T3-L1 cells [Hardy et al., 1995; Boney et al.,
1998]. To confirm the EGFR modulation in
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these cells, throughout the complete cycle of
differentiation from fibroblast (preadipocytes)
to adipocytes, we analyzed it byWestern blot, as
we did for erbB2. We observed the expression of
two reactive bands for erbB-1 (Fig. 3A–C), one
with the expected molecular weight for the
typical EGFR (170 kDa), and the other possibly
corresponding to the type III variant (vIII) of
145 kDa. As observed for erbB2, there was an
increase in EGFR expression of approximately
10-fold over control (day 1 vs. day 6, P< 0.001)
during the proliferation period, reaching a
maximum at day 8 (i.e., 2 days after confluence,
day 6 vs. day 8,P< 0.01). As culture progressed,
by day 16 EGFR expression diminished reach-
ing pre-confluence levels (see Fig. 3D, closed
diamonds at day 16). In differentiated cells, it
was extremely downregulated by day 8–9 of the
cycle (in Fig. 3D, compare closed diamonds with
closed circles at day 8, P< 0.01) and, after that,
it remained quite constant even when insulin
was added to the medium. By day 14, there was
a significantdrop inEGFRexpression in treated
cells as compared with untreated ones (see
circles against diamonds, P< 0.01). However,
by day 16, there seemed to be no difference be-
tween differentiated or undifferentiated cells.
In order to clarify this, we performed an experi-
ment that allowed us to determine that EGFR
expression was significantly diminished in dif-
ferentiated cells compared to undifferentiated

or even confluency controls (see Fig. 2B). The
sameresultwasobserved inhormonal (P< 0.05)
andspontaneously (P< 0.01)differentiatedcells
thus justifying the apparently contradictory
result seen in Figure 2 by day 16. As for erbB2,
this can be explained through the fact that
spontaneous differentiation (untreated cells)
goes slowly to a loss of receptors, which hor-
monal induced cells achieve first, so as soon as
we move further in time (from day 14 to day 16,
for example) differences in receptor expression
get smaller.

Rapid Effects of MIX-Dexamethasone
on Receptor Expression

To better understand the cause for this drop
in the receptor expression, we performed a
series of experiments to determine whether
MIX/dexamethasone had any effect on this de-
crease or this was a consequence of differentia-
tion itself. By treating proliferating cells with
MIX/DEXA for 6, 12, 24, and 48 h (see Fig. 4), we
determined that after 24 h of treatment, MIX/
DEXA (P< 0.001) had an inhibitory action on
erbB2 expression.

We, then, decided to study the effect on
growth-arrested cells, which are the ones to be
subjected to the differentiation program. We
cultured 3T3-L1 cells 2 days beyond confluence
and started MIX/DEXA treatment for 6, 12, 24,
and 48 h (see Fig. 5A). We observed that erbB2

Fig. 2. Decrease in receptor expression in differentiated cells.
Whole extracts (10 mg protein per well) from cells reaching
confluency, hormonally differentiated cells, undifferentiated
control cells (cells thatwere not subjected to hormonal treatment
but sample was taken at the same time when treated cells
accomplished their differentiation) and spontaneously differen-
tiated cells (almost a month in culture) were subjected to SDS–

PAGE and blotted against (A) erbB2 and (B) EGFR.Densitometric
analysis is shown for each receptor. Band intensities were
quantified using Scion Image software and, then, subjected to
statistical analysis by one-way ANOVA, followed by the Tukey
post-test. Values are expressed as fold increase over the 6 h
control and represent the mean� SEM (n¼2). *P< 0.05 and
**P<0.01.
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expressionwas diminished by this treatment by
12 h (P< 0.01) and on (P< 0.001). Also, EGFR
levels were lower at 24 h (P< 0.001, Fig. 5B).
Furthermore, cells exposed to inducers for up to
7 days showed an even stronger inhibition in
their receptor levels (data not shown).

EGF Induces Tyrosine Phosphorylation of
ErbB2 in 3T3-L1 Cells

Since it is known that tyrosine phosphoryla-
tion accounts for receptor activation, we tried

to evaluate whether there was any signal of it
on erbB2 in 3T3-L1 cells. In a preliminary
experiment, we found that one of the major
phosphotyrosine reactive bands correspond-
ed to a molecular weight of 185 kDa (data not
shown), the sameMWas for erbB2.However, no
significant differences were found in the tyr-
osine phosphorylation status of total cell extr-
acts neither when comparing spontaneous
against hormonally differentiated cells nor be-
tween any stage of differentiation. To rule out a
possible basal or serum-induced stimulation
that could prevent a further increase, prolifer-
ating cells were serum-starved and stimulated
with EGF, serum, both or none. ErbB2 was im-
munoprecipitated and its tyrosine phosphory-
lation determined through Western blotting.
Figure 6 shows that EGF (10 nM, 5 and 10 min)
increased erbB2 tyrosine phosphorylation by
2.5-fold in comparison with the non-stimulated
cells (BSA 0.1%), by sixfold over the serum-
stimulated cells and by fivefold over the un-
depleted cells (no serum starvation).

Fig. 3. EGFR expression and modulation in 3T3-L1 cells.
Aliquots (8 mg protein per well) from the same extracts as shown
in Figure 1were resolved by 7%SDS–PAGE and immunoblotted
with anti-EGFR antibody (Santa Cruz 1005 SC-03, 1:500). Two
bands were recognized in these extracts: the 170 kDa band,
indicates the expected molecular weight for the EGFR, and the
145 kDa band, presumably belonging to the vIII variant of EGFR.
A: Proliferating cells. B: Post confluent undifferentiated cells.
C: Post-confluent differentiated cells. D: Densitometric analysis
performed as described before under ‘‘Materials and Methods’’
and in Figure 1.

Fig. 4. Rapid effect of MIX-dexamethasone on erbB2 expres-
sion in proliferating cells. Proliferating cells were cultured on
6-well plates and treated as indicated, and protein extracts were
obtained at 6, 12, 24, and 48 h. Samples were loaded onto a 7%
SDS–PAGE (10 mg protein per well) and blotted against erbB2.
Densitometric analysis shows in black, proliferating control
3T3-L1 cells (C) and in pattern,MIX-dexamethasone treated cells
(MD). Statistical analysis was performed by one-way ANOVA,
followed by the Tukey post-test. Values are expressed as fold
increase over the 6 h control and represent the mean� SEM
(n¼3). *P< 0.05 and ***P<0.001.
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EGF but not Heregulin Promotes Tyrosine
Phosphorylation of ErbB2 and

EGFR in 3T3-L1 Cells

We, then, determined the effect of other type I
TKR ligands on the tyrosine phosphorylation
status of the receptors. In Figure 7, we demon-
strated that only EGF (10 nM) was capable of
inducing an increase in receptor tyrosine phos-
phorylation when compared with heregulin-a1
and -b1 (10 nM). It should also be pointed out
that the degree of erbB1 tyrosine phosphoryla-
tion induced by EGFwas higher than the one of
erbB2 (see Fig. 7A,B).

When performing the immunoblots to verify
an equal loading of the samples, we observed
that EGF caused a shift on the erbB2migration
in SDS–PAGE (see Fig. 7C).

Heregulin Expression in 3T3-L1 Cells

Since we could not find any effect of heregulin
on receptor phosphorylation and as a way to
elucidate whether this was a self-stimulated
system, we looked for the expression of here-
gulin, which is a direct ligand for erbB3 and
erbB4 but not for erbB2 or EGFR, although
it may allow a heterodimer formation with
them. As determined by Western blotting
we found that 3T3-L1 cells showed at least
two positive bands for heregulin, of 105 and
44 kDa each, which corresponded to the pre-
cursor and cleaved forms, respectively. We also
observed that, in 3T3-L1 cells, the precursor

Fig. 5. Rapid effect ofMIX-dexamethasone on erbB2 and EGFR
expression in growth arrested cells. Growth arrested cells (2 days
after reaching confluence) were cultured on 6-well plates and
treated as indicated, and protein extracts were obtained at 6, 12,
24, and 48 h. Samples were loaded onto a 7% SDS–PAGE (10 mg
protein per well) and blotted against erbB2 (A) and EGFR (B).

Densitometric analysis shows in black, proliferating control 3T3-
L1 cells (C) and in pattern, MIX-dexamethasone treated cells
(MD). As for Figure 4, statistical analysis was performed by one-
way ANOVA, followed by the Tukey post-test. Values are
expressed as fold increase over the 6 h control and represent the
mean� SEM [n¼ 3]. *P<0.05, **P<0.01 and ***P< 0.001.

Fig. 6. EGF induces tyrosine phosphorylation of erbB2 in 3T3-
L1 cells. 3T3-L1 cells were serum-starved for 24 h in DMEM–
0.1% BSA (one 100� 20-mm dish per condition) and then, they
were treated as indicated in the figure:DMEM–0.1%BSA, 10 nM
EGF, 10% FBS, 10 nM EGFþ10% FBS for 5 and 10 min (as a
control, a sample that was not serum deprived, named ‘‘no SS,’’
was loaded in the last lane). Detergent extracts (200 mg protein)
were immunoprecipitated with anti-erbB-2 and eluates were
resolved by 7% SDS–PAGE and immunoblotted sequentially
with (A) anti-phosphotyrosine (Santa Cruz., PY99, 1:500) and (B)
anti-erbB2 antibodies. C: Densitometric analysis performed as
indicated under ‘‘Materials and Methods.’’
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formseemed tobedownmodulated inadipocytes
(Fig. 8).

ErbB3 and ErbB4 Expression in 3T3-L1 Cells

Given that exogenously administered here-
gulin had no effect on receptor tyrosine phos-
phorylation (neither on cell proliferation, data
not shown), we needed to verify the presence of
the other members of the EGFR family, erbB3
and erbB4, since they are the true receptors
for it. We did not find the classic receptor forms
(of the correct molecular mass), by performing
Western blotting of whole extracts and immu-
noprecipitated protein samples. Nevertheless,
in Figure 9, it can be noticed the presence of
several specific erbB3 and erbB4 reactive bands
in 3T3-L1 cells, that were also present in the
control cell line T47D.

DISCUSSION

In this work, we demonstrated for the first
time that the normal murine fibroblast preadi-
pocytic cell line, Swiss 3T3-L1, expresses erbB2,
a member of the type I tyrosine kinase receptor
subfamily, largely described to be involved
in many different cellular outputs ranging
from proliferation, differentiation and embryo-
genesis to apoptosis, transformation, and car-
cinogenesis. 3T3-L1 cells expressed erbB2 in a
quantity comparable to or even greater than
the breast cancer cell line T47D, suggesting
some relevance in this system. We found that
the expression of erbB2 increased 10-fold dur-
ing the proliferative stage. The addition of the

Fig. 7. EGF but not heregulin promotes tyrosine phosphoryla-
tion andmigration of erbB2 in 3T3-L1 cells. As for Figure 6, cells
were serum-starved (SS) and then treated for 5 min with the
following factors: none (DMEM–0.1% BSA), 10% FBS, 10 nM
EGF, 10 nM heregulin a1 and b1. First lane shows no starvation
(no SS). Detergent extracts (200 mg protein) were immunopreci-
pitated with anti-erbB2 (A) and anti-EGFR (B) antibodies and
eluates were resolved by 7% SDS–PAGE and immunoblotted
against an anti-phosphotyrosine antibody.C: Control of an equal
loading for the samples immunoprecipitated in (A). ErbB-2
blotting shows that EGF but not heregulin neither serum can
induce a shift in the migration of erbB2.

Fig. 8. Heregulin expression in the 3T3-L1 cell line. Whole
extracts from 3T3-L1 cells reaching confluency, hormonally
differentiated, undifferentiated control (cells that were not
subjected to hormonal treatment but processed at the same time
as the differentiated cells) and spontaneously differentiated

(almost a month in culture) were subjected to SDS–PAGE and
blotted against a polyclonal anti-heregulin antibody (Santa Cruz
C-20 SC-348, 1:200). At least two positive bands were observed
for heregulin, of 105 and 44 kDa each, corresponding to the
precursor and cleaved forms, respectively.
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differentiation inducers (MIX and dexametha-
sone) kept erbB2 in that level during the growth
arrest period. Otherwise it would have in-
creased even higher, up to fourfold over the
confluency level. The hormonal induction of the
adipocytic differentiation led to a faster loss of
receptors than in spontaneously differentiated
cells. Nevertheless, regardless of how theywere
differentiated, erbB2 was downmodulated as
differentiation progressed. We found it difficult
to establish a clear modulation by insulin. It is
possible that its non consistent effects depended
on the differentiation status of the cells at the
very moment when the sample was taken, as
well as on a balance between its effects as a
growth factor, mainly acting through the IGF-1
receptor, andas a lipogenic hormone, promoting
the glucose and amino acid uptake that leads to
lipid droplets accumulation.
We found that the treatment with MIX and

dexamethasone had rapid effects on erbB2
expression in 3T3-L1 cells, since it was signifi-
cantly diminished after 24 h in proliferating
cells and after 12 h in growth-arrested cells. So,
a genomic effect on the erbB2 promoter cannot
be discarded, although it should be oppositely
different fromprevious reports in the literature.
It was described that cAMP, as well as con-
fluence, as different ways to arrest cell growth,
increased promoter activity, mRNA and protein
levels in breast cancer cell lines [revised by De
Bortoli and Dati, 1997]. Dexamethasone also

increased both erbB2 mRNA and protein levels
in endometrial and ovarian carcinoma cells
[Karlan et al., 1994; Markogiannakis et al.,
1997]. As differentiating agents, dexametha-
sone is frequentlyusedbecause it stimulates the
production of prostacyclin (a cAMP elevating
andCa2þmobilizing agent) [revised byAilhaud,
1997], and MIX because upon inhibiting the
phosphodiesterase, it increases even further the
cAMP levels, which initiates a cascade of
trancriptional events leading to the expression
of many proteins mediating adipocyte function.
Some authors have demonstrated that undiffer-
entiated preadipocytes expressmany inhibitory
proteins that must be repressed to allow
differentiation to proceed. This could be the
case for erbB2 since its promoter has binding
sites for the transcription factors AP-2a and
SP-1, which transcriptional activity repression
is necessary for PPARg and C/EBPa gene ex-
pression, transcription factors that, both, play
key roles in the differentiation process [review-
ed by Morrison and Farmer, 2000]. In other
systems, such as the well-known neuronal cell
line PC12, cAMP or nerve growth factor can
induce differentiation through the sustained
activation of the extracellular signal-regulated
kinase (ERK) while EGF alone can not, because
it induces only a transient activation, thus re-
sulting in proliferation [Yao et al., 1998]. Being
erbB2 thepreferredheterodimerizationpartner
forEGFR, andgiven that it is a potentmitogenic

Fig. 9. ErbB3 and erbB4 reactive bands in 3T3-L1 cells. Whole
extracts from 3T3-L1 cells were subjected to SDS–PAGE and
blotted against (A) anti-erbB3 (Neo Markers, monoclonal, Ab-7
2C3, 1:200) and (B) anti-erbB4 (Neo Markers, policlonal, Ab-2,
1:200).Lanes1and3: 50mgproteinperwell; lanes2and4: 100mg

protein perwell. It can be noticed the presence of several specific
reactive bands in 3T3-L1 cells for erbB3 and erbB4, as compared
with the control cell line T47D, although none being the classic
forms (180 kDa).
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signaling receptor, it would be reasonable to
think that the proliferation signal mediated by
growth factors receptors should be ‘‘turned off’’
in order to ‘‘turn on’’ the differentiation process.

We detected two specific bands for EGFR in
3T3-L1 cells, the classical receptor (170 kDa)
and probably the variant type III (EGFRvIII,
145kDa). We found that, as for erbB2, also
EGFR diminished in adipocytes as compared
with preadipocytes. Thiswas in agreementwith
Hardy et al. [1995] who observed a decrease in
3T3-L1 EGFR levels from 10,000 binding sites/
cell inpreadipocytes to less than5,000 inmature
adipocytes. Some other authors, have found,
however, through Scatchard analysis [Reed
et al., 1977] and through RT-PCR [Adachi et al.,
1994] two classes of EGF receptors (between
25,000and40,000 sites per cell) that are present
in both undifferentiated and differentiated 3T3-
L1 cells but at similar abundance. It is not clear
what the function of this secondary receptor
could be, since it is ligand independent.

We found that the treatment with MIX and
dexamethasone had downmodulating effects
on EGFR expression, the same feature as for
erbB2. Even though these factors are agents
that usually upmodulate EGFR transcription
(2–3-fold stimulation) [reviewed by Bates and
Hurst, 1997], other factors also present in the
serum, such as retinoic acid or thyroid hormone,
could influence negatively on it. In some tissues,
cAMP can induce phosphorylation on serine
residues of theEGFR, thus decreasing its signal
transduction and promoting receptor down-
regulation [Barbier et al., 1999]. Dexametha-
sone, by glucocorticoid receptor occupation, has
been described to cause a rapid inhibition of
signaling proteins recruitment to EGFR, thus
leading to decrease its mitogenic signal [Crox-
tall et al., 2000].

Although a decrease in erbB2 and EGFR
expression was observed after the MIX-DEXA
treatment, we cannot conclude that this de-
crease results in the induction of differentiation
or it is a consequence of it.

Since the auto or heterologous phosphoryla-
tion of ErbBs members is a main event in their
signaling pathways, it was important to study
this event on these cells. We stimulated pre-
viously serum-starved cells with EGF and
immunoprecipitated erbB2 and found a signifi-
cant increase in erbB2 tyrosinephosphorylation
in response to EGF that was attenuated in
the presence of serum. This was an important

finding since it indicated that EGF was able to
activate erbB2 in 3T3-L1 cells and that, at least
part of its effects, could be explained through an
EGFR–erbB2 heterodimer. We chose EGF and
not TGF-a for example, because EGF plays
an important role as a mitogenic agent when
administered to preadipocytes, where it stimu-
lates cell divisionwith a 2–3-fold increase in cell
number [Smith et al., 1988] although it can not
initiate adipocyte differentiation. In a serum-
free culture system, it is by far the most potent
serumcomponent in supporting the exponential
growth phase necessary to reach confluency
which, in time, triggersdifferentiation [Schmidt
et al., 1990]. It is noteworthy that in the absence
of serum it preserves the ability of 3T3-L1 cells
to undergo adipose conversion and, in combina-
tion with IGF-1, brings the cells to a maximal
differentiation rate comparable to that obtained
withhigh insulin concentrations [Schmidt etal.,
1990]. Other investigators have found thatEGF
exerted a sustained MAPK activity stimulation
in proliferating 3T3-L1 cells that did not de-
crease substantially in differentiating cells,
somehow contributing to its description as a
potent mitogenic and antiadipogenic agent
[Boney et al., 1998]. It seems likely that the
mitogenic effect fades away as differentiation
program begins. A similar situation, with a
cAMP-activatedMAPKpathway, canbe observ-
ed in PC12 neuronal cells, where EGF alone
cannot induce differentiation while EGF plus
cAMP produce the same effect as NDF [Yao
et al., 1995]. The possibility of different signal-
ing mediated by EGF through EGFR/erbB2
dimers remains to be clarified.

It could be hypothesized that there could be a
cross-talk between erbB2–EGFR and the IGF-
1R in the 3T3-L1 cells, as it was observed for the
EGF-dependent mitogenic signaling through
erbB2 phosphorylation modulated by GH in
3T3-F442A fibroblasts, which also leads to
adipocyte differentiation in these cells [Kim
et al., 1999], since it is well known that a func-
tional IGF-1R is required for the mitogenic
activity of the EGFR [Coppola et al., 1994]. IGF-
1 is able to transactivate EGFR through a
metalloproteinase-mediated cleavage of he-
parin binding-EGF (HB-EGF) in COS-7 cells
[Roudabush et al., 2000] and lately, it was
described to increaseHB-EGFmRNA in 3T3-L1
cells as well [Mulligan et al., 2002]. In addition,
we have previously described that 3T3-L1 cells
IGF-1 production increases whereas IGF-1R
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decreases with differentiation [Zizola et al.,
2002]. It is encouraging that the differentiation
signal transduced by IGF-1R shares some fea-
tures with the one by erbB2 (PI3-K, Akt, etc.).
We could see that EGF induced a shift in

erbB2 migration on SDS–PAGE that neither
HRG anor bwere able to do. This could be due to
changes in phosphorylation, as seen by others
[Kim et al., 1999], who described that GH in-
duces retardation on SDS–PAGE migration of
erbB2 in3T3-F442Afibroblasts due to increased
serine/threonine phosphorylation (via PKA),
whiledecreasestyrosinephosphorylation,acom-
mon feature to downregulate receptor activity.
Heregulin, the human homologue of NDF

(neudifferentiation factor), can stimulate erbB2
tyrosine phosphorylation through heterodimer
formation with erbB3 and erbB4 and cause
differentiation of many human breast cancer
cells [Peles et al., 1992]. As we did not find any
increase in erbB2 or EGFR tyrosine phosphory-
lation when heregulin was added to the med-
ium, we conclude that the direct receptors were
present, if so, at very low levels in these cells to
provide a significant number of binding sites to
transduce a differential signal through them, or
the system provided a ligand that acted by an
autocrine way.
To further test this issue, we checked for

the presence of heregulin in 3T3-L1 cells andwe
found both the precursor as well as the mature
forms. This could be the reason why no further
increase in tyrosine phosphorylation was ob-
served when adding HRG to the medium, being
the systemalreadyactivated.Typical erbB3and
erbB4 isoforms were not observed in 3T3-L1
cells as compared with the control cell line
T47D, although several isoforms for each of
them have been described [Lee and Maihle,
1998; Junttila et al., 2000; Srivinisan et al.,
2001].
All these results, taken together, point

towards an involvement of EGF and its family
of receptors, in the changes that take place
during adipose differentiation. Although no
cause–effect relationship could be drawn from
the results presented herein, nevertheless the
changes in receptor abundance and the possibi-
lity of aheterodimeric signaling throughEGFor
another erbB ligand, observed along prolifera-
tion and/or differentiation are worth pursuing.
Further experiments will deal with the intra-
cellular pathways put into motion when those
changes take place.

To our knowledge, this is one of the very few
reports on erbB2 expression in non-malignant,
non-transformed, non-epithelial, differentiat-
ing cells.
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