
Opposing roles of pRB and p107 in
adipocyte differentiation
Marie Classon*, Brian K. Kennedy, Roseann Mulloy, and Ed Harlow

Massachusetts General Hospital Cancer Center, Laboratory of Molecular Oncology, Building 149, 13th Street, Charlestown, MA 02129

Contributed by Ed Harlow, July 21, 2000

The retinoblastoma (RB) family of proteins, pRB, p107, and p130,
have been postulated to be partially redundant in their ability to
regulate progression through the G1 phase of the cell cycle.
However, pRB appears to be unique in its capacity as a classical
tumor suppressor, possibly because of a specialized role in main-
taining the balance between proliferation and differentiation. A
variety of studies have in fact revealed an apparent role for pRB in
cellular differentiation and development. However, roles for p107
and p130 in differentiation have not yet been established, and
knockout mouse studies have indicated that they may be func-
tionally redundant during development, and possibly perform a
role in differentiation distinct from that of pRB. Using adipogenesis
as a model, we have indeed found distinct roles for the pRB family
proteins in regulating differentiation. 3T3 fibroblasts deficient in
p107 and p130 differentiate with high efficiency, whereas pRB2/2

3T3 cells exhibit defects in their differentiation potential. More-
over, over-expression of pRB in wild-type cells promotes differen-
tiation, whereas over-expression of p107 antagonizes differenti-
ation. The seemingly opposing roles of pRB family members in
adipocyte differentiation can be explained, at least in part, by a
requirement for pRB in maintaining cell cycle exit as well as
potentiating the activity of the differentiation-associated tran-
scription factor, CyEBPa. p107 does not affect CyEBPa-driven
transcription and is not required for cell cycle exit, but instead, loss
of p107 lowers the requirement for the differentiation factor
PPARg. These findings suggest contrasting biological roles for
individual members of the pRB family of proteins that may explain
why pRB, but not p107, is commonly mutated during human tumor
development.

Abnormal regulation of cell proliferation and differentiation
is a critical aspect of oncogenesis. During tumorigenesis, the

balance between differentiation and proliferation is disrupted, in
part, through the activation of oncogenes or the loss of tumor
suppressor genes. Numerous tumor suppressor genes have been
identified, and inheritance of germ-line mutations in these genes
strongly predisposes to cancer development. The first tumor
suppressor to be cloned was the retinoblastoma (Rb) gene (1, 2),
which is frequently mutated in human tumors. In addition, mice
heterozygous for Rb exhibit an increased predisposition for
pituitary and thyroid tumors, which are associated with a loss of
heterozygosity at the Rb locus (3, 4).

Mouse embryos lacking both alleles of Rb die between day
13.5 and 14.5 of gestation, and embryonic cells within the central
nervous system as well as erythrocytes were found to lose their
ability to commit to some aspects of terminal differentiation.
Neural precursor cells lacking pRB continue to divide at inap-
propriate times, and erythrocytes remain in their nucleated stage
before their final differentiation (for review see ref. 5). These
results suggest that pRB is required in some cell types for
terminal differentiation, a function that may be relevant for its
role as a tumor suppressor.

Two proteins highly related to pRB, p107 and p130, have also
been identified and disrupted in mice. There are, however, no
reports of a predisposition for tumor formation in mice deficient
in p107 or p130 (6), and germ-line mutations in the correspond-
ing human genes have not been identified in cancer patients.

Recently, it was reported that somatic loss of p130 occurs in a
variety of tumors, suggesting that it may also play a role in
tumorigenesis. Although p107 or p130 knockout mice do not
display obvious developmental phenotypes in a C57BL6–SV129
mixed genetic background, p1072/2yp1302/2 mice die shortly
after birth and exhibit defects in bone development (7), indi-
cating that they are partially redundant in function, and may also
play a role in differentiation.

A role of pRB family members in cell cycle control has been
studied largely in cultured cells. In over-expression experiments,
pRB and p107 arrest some cell types in the G1 phase of the cell
cycle (8–10). The growth suppressive functions of these proteins
map to a domain shown to mediate interactions with several viral
oncoproteins as well as members of the E2F family of cellular
transcription factors (11–15). However, it is not clear that the
effects of over-expression of these proteins reflect their normal
physiological roles.

In addition to its ability to affect the activity of E2F, pRB has
also been shown to bind to and regulate the activity of a number
of other transcription factors, many of which bind to the same
region of pRB that is required for E2F association. For example,
pRB can cooperate with differentiation-specific transcription
factors, such as MyoD and CCAAT enhancer binding protein
(CyEBP), to activate genes involved in terminal differentiation
(16–19). Whether modification of differentiation-specific tran-
scriptional programs by pRB is direct or is a consequence of
pRB’s ability to repress E2F-regulated promoters and affect cell
cycle position is unknown. Moreover, it is unclear to what extent
differentiation-specific regulatory functions contribute to pRB’s
role as a tumor suppressor, or if p107 and p130 regulate
transcriptional programs that define the differentiated state.

Our goal was to establish a genetically defined cellular system
in which the role of pRB family members in the balance between
proliferation and differentiation can be studied. We had gener-
ated 3T3 fibroblast cell lines from mouse embryos lacking pRB,
p107, andyor p130 (20), and found that the duration of the cell
cycle in each of these lines is similar. Subsequently, we examined
the ability of these cells to differentiate, using adipogenesis as a
model (21, 22). Dramatic differences were observed in the ability
of the 3T3 cells lacking combinations of pRB family members to
undergo adipogenesis, and we conclude that in this system, p107
has an opposing, nonoverlapping function relative to that of
pRB. Furthermore, our experiments imply that pRB mediates
cell cycle withdrawal and differentiation by integrating contri-
butions from transcription factors important for proliferation
with those involved in cell fate determination.

Materials and Methods
Cell Culture, Differentiation, Stable Transfections, and Retroviral
Infections. The 3T3 cells were established as described in the
accompanying paper (20). Differentiation was performed as
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described earlier (23). Briefly, when cells reached confluence,
the media was replaced by a mixture consisting of 10% FBS, 10
mgyml insulin (GIBCOyBRL), 0.5 mM 3-isobutyl-1-methylxan-
thine (MIX; Sigma), and 1 mM dexamethasone (DEX, Sigma).
After 48 h, the medium was changed to DMEM containing 10%
FBS and insulin (10 mgyml). The medium was replenished at
2-day intervals, and the appearance of cytoplasmic triglycerides
was monitored by microscopy and confirmed by staining with oil
red O.

Transfection of the 3T3 cells was performed using calcium
phosphate. Vectors expressing pRB, p107, and p130 were co-
transfected with a puromycin-selectable marker (pBABE) and
selected in DMEMy10% calf serum (CS) containing 2 mgyml
puromycin, pooled, and used for differentiation and expression
studies. The retroviral constructs expressing peroxisome prolif-
erator-activated receptor (PPAR)g and CyEBPa were kindly
provided by B. M. Spiegelman (Dana–Farber Cancer Institute).
To generate retroviruses, the packaging line BOSC-23 (a gift
from W. S. Pear, Department of Pathology, University of
Pennsylvania) was seeded at 4 3 106 cells per 10-cm dish, and the
cells were transfected with the various retroviral constructs for
24 h. Two days after transfection, culture medium containing
virus was harvested and centrifuged at 1500 rpm for 5 min. The
viral supernatants were used to infect 3T3 cells in the presence
of 50 mgyml Polybrene (Sigma) for 18 h followed by selection in
puromycin (2 mgyml) -containing medium. After reaching con-
fluence, the infected cells were tested for their ability to differ-
entiate using the protocol described above.

Transcriptional Assays. Cells (at 75% density) were transfected
using calcium phosphate precipitation at a total concentration of
5 mg of plasmid in a total volume of 500 ml added to 3 ml of
medium in a six-well dish. After transfection, cells were kept in
the differentiation mixture media for 2 days before harvesting.
Luciferase assays (Promega), chloramphenicol acetyltransferase
(CAT) assays (Boehringer Mannheim), and b-galactosidase
assays (Promega) were performed according to the supplier.
Results were obtained using an ELISA reader from Molecular
Dynamics and a luminometer from EG & G Berthold (Wallac,
Gaithersburg, MD).

Flow Cytometric Analysis. Confluent cells, as well as cells main-
tained at confluence or in differentiation conditions for 6 days,
were split to 7 3 105 cells per 10-cm dish (Fig. 3) and labeled with
10 mM BrdUrd cell-labeling reagent (Amersham Pharmacia) for
30 min, harvested, and analyzed according to the manufacturer
(Becton Dickinson). In short, cells were fixed in 80% ethanol, the
DNA was denatured by treatment with 2 M HCly0.5% Triton
X-100 at room temperature for 30 min followed by a neutral-
ization step in 0.1 M Na2B4O7, pH 8.5. For immunofluorescence
staining, anti-BrdUrd antibodies (Becton Dickinson) and FITC-
conjugated horse anti-mouse antibodies (Vector Laboratories)
were used. The immunofluorescence step is followed by an
incubation in propidium iodide and RNase prior to two-
dimensional FACS analysis. The number of gated cells incor-
porating BrdUrd at the time of the analysis is presented as
percent cells in S phase.

Protein Analysis. Protein extracts from total cells were harvested
in RIPA buffer (0.15 mM NaCly0.05 mM TriszHCl, pH 7.2y1%
Triton X-100y1% sodium deoxycholatey0.1% SDS) at appro-
priate time points from cells during the differentiation process).
Aliquots of protein samples were separated by SDSy10% PAGE,
transferred to poly(vinylidene difluoride) membranes (Immo-
bilon-P, from Millipore), and probed with relevant antisera.
Polyclonal rabbit antiserum against CyEBPa was a kind gift from
P. Rorth and S. L. McKnight (University of Texas Southwestern
Medical School). The immunoreactive protein species were

visualized by an ECL detection kit (Amersham Pharmacia).
Immunolocalization was determined by staining cells with
monoclonal antibodies directed against pRB (G3-245; Phar-
Mingen) or p107 (SD15). Fluorescein-labeled secondary anti-
bodies were used to detect localization patterns. Cells were
treated first for 10 min at room temperature with 4% parafor-
maldehyde, washed, and then treated with 0.5% Triton X-100 for
10 min at room temperature all in 13 PBS to prepare them for
immunofluorescence. Primary and secondary antibodies were
sequentially added to cells for 1 h at 37°C. Optical sections were
obtained by using the CELLscan System (Scanalytics, Billerica,
MA) equipped with a charge-coupled device camera, piezoelec-
tric focus device, and computer-controlled excitation shutter.
Deconvolution images shown are single sections through the cell
nucleus for the images in Fig. 2C.

Results and Discussion
Increased Differentiation Potential of p107yp130-Deficient Cells. To
investigate the effects of loss of various pRB family members on
differentiation, we used adipogenesis as a model system. Adi-
pocyte differentiation is a well-defined system that can be
recapitulated in culture by the addition to fibroblasts of a mixture
of factors (Fig. 1A), and is marked by cell cycle exit and the
induction of a well characterized transcriptional cascade (21, 22,
24). During the differentiation process, members of the PPAR
and CyEBP families occupy central roles both in cell fate
determination and growth inhibition. Differentiation can be
measured at the physiological level by oil-red-O staining of lipid
accumulation in the cytoplasm, and at the molecular level by
observing the induction of specific markers, such as CyEBPa.
Although some sublines of 3T3 cells (for example 3T3-L1)
differentiate well upon stimulation (25), most 3T3 cells do not
differentiate unless coerced by exogenous expression of PPARg
and CyEBPa (26).

As expected, 3T3 cells derived from wild-type (wt) embryos
fail to differentiate when induced by the differentiation mixture,
as measured by lipid accumulation (Fig. 1 B and C, Upper Left).
Moreover, in agreement with previous studies of other 3T3 lines
(26), these cells can be induced to differentiate by retrovirus-
mediated expression of CyEBPa and PPARg (27), followed by
exposure to the differentiation mixture. Thus, the wt cells retain
the intrinsic ability to differentiate in culture, but require
exogenous gene expression (Fig. 1B, Upper).

In sharp contrast to the wt cells, cells deficient in both p107
and p130 display a very high differentiation potential (Fig. 1C,
Lower Right). In fact, the degree of lipid accumulation, as well
as the timing and level of CyEBPa induction in p1072/2yp1302/2

fibroblasts, closely resemble that seen in differentiating 3T3-L1
cells (Fig. 1D, and data not shown). Cell lines lacking p107 or
p130 individually exhibit an intermediate phenotype, each hav-
ing a somewhat increased propensity to differentiate relative to
wt cells (Fig. 1C, Left). As had been suggested by previous studies
in fibroblasts generated from lung buds of pRB-deficient em-
bryos (19), pRB2/2 cells do not differentiate when exposed to
the differentiation mixture (Fig. 1C, Top Right). Consistent with
their reduced differentiation potential, CyEBPa is not induced
in pRB2/2 cells (Fig. 1D). Cells deficient in p107 and pRB
differentiate to a low but detectable degree, which is greater than
wt and pRB2/2 cells but less than either p1072/2 or p130-
deficient cells. In addition, the low level of differentiation seen
in pRB2/2yp1072/2 cells also indicates that a pRB-negative
status is not completely incompatible with differentiation. This
was verified in experiments where exogenous expression of
CyEBPa and PPARg was found to induce differentiation in
pRB2/2 cells (Fig. 1B, Lower). Moreover, pRB2/2yp1302/2 cells
do not differentiate, even when coerced by CyEBP and PPAR
(data not shown). These studies revealed that p107 may have a
role directly opposed to that of pRB during adipocyte conversion
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of 3T3 cells. Significantly, p107 protein levels have been reported
to decrease during differentiation of 3T3-L1 cells (28).

To confirm that the observed differences in differentiation
potential result directly from the loss of pRB family members,
and are not due to other mutations that have occurred during the
establishment of these cell lines, we performed a rescue exper-
iment in which pRB, p107, or a vector control were reintroduced
into the various cell lines (Fig. 2). We determined that reintro-
duction of p107 substantially reduced the differentiation poten-
tial of the p107yp130-deficient cells (Fig. 2 A, Upper). Similar
results were observed when p130 was reintroduced into these
cells (data not shown). Thus, the genetic loss of p107 andyor
p130 is essential for the increased differentiation potential seen
in p1072/2yp1302/2 cells. In agreement with earlier studies (19),
exogenous expression of pRB results in increased differentiation
of pRB2/2 cells (Fig. 2 A, Middle), indicating a positive role for
pRB in adipogenesis. Adipogenic induction by pRB is more
dramatic in the pRB2/2yp1072/2 genetic background (Fig. 2 A,
Lower), again consistent with an inhibitory effect of p107 on
differentiation.

To verify the differentiation observed in the rescue experi-
ments, we examined the levels of endogenous CyEBPa at various
times after addition of differentiation mixture (Fig. 2B). Con-
sistent with their degree of differentiation, as scored by oil-red-O
staining, induction of CyEBPa expression is dramatically re-
duced in the p1072/2yp1302/2 cells after reintroduction of p107,

whereas CyEBPa induction is elevated in pRB2/2yp1072/2 cells
following expression of exogenous pRB. The expression and
localization of the reintroduced pRB and p107 proteins was
confirmed with indirect immunofluorescence (Fig. 2C), demon-
strating that both the subnuclear localization and levels of the
stably transfected proteins resemble those of the endogenous
proteins. Taken together, these observations indicate that the
genetic loss of pRB or p107yp130 results in a dramatically
different phenotypic outcome in this differentiation model.

A Unique Role for pRB in Maintaining Exit from the Cell Cycle. To
further explore the basis for the differences in differentiation
potential of cells lacking various members of the pRB family, we
compared the requirement for pRB and p107yp130 in two
aspects of adipogenesis that seemed particularly relevant; the
cell cycle exit that is associated with differentiation and the
transcriptional potential of CyEBP and PPAR. As shown pre-
viously (20), independent of genotype, all of the cell lines arrest
at confluence, and remain arrested throughout the differentia-
tion protocol, with a mainly G1 DNA content, and virtually no
cells are found in S phase (Fig. 3A, and accompanying paper, ref.
20). Furthermore, the differentiated p107yp130-deficient cells
do not reenter S phase when replated at lower density, whereas
their contact-inhibited counterparts readily enter the cell cycle
(Fig. 3A, Middle). Even though wt cells, when exposed to the
differentiation mixture, do not display any indications of differ-

A

B

D

C

Fig. 1. Functional differences of pRB family members in adipocyte differentiation. (A) Differentiation protocol: cells are grown to confluence, treated with
a differentiation mixture consisting of 10% FBS, insulin (10 mgyml), dexamethasone (1 mM), and 3-isobutyl-1-methylxanthine (0.5 mM) for 2 days and then for
an additional 4 days the cells are kept in DMEM containing 10% FBS and insulin (10 mgyml). During this time, the cells exit the cell cycle and induce a regulatory
cascade that leads to a differentiated phenotype that can be visualized by oil-red-O staining and the appearance of adipogenic markers. (B) The wt and pRB2/2

3T3 cells require exogenous expression of PPARg and CyEBPa introduced by retroviral infection by using the viral vector as a control (pBabe) as indicated in the
figure. The infected cells were selected with puromycin, pools of cells were grown to confluence, induced to differentiate for 6 days and stained with oil red
O. (C) 3T3 lines of various genotypes were induced to differentiate for 6 days, stained with Oil-Red-O and representative fields of cells were photographed.
Genotypes are as marked in the figure: wt, pRB2/2, p1072/2, p1302/2, p1072/2yp1302/2, pRB2/2yp1072/2. (D) CyEBPa protein expression in 3T3-L1, pRB2/2 and
p1072/2yp1302/2 at confluence (day 0), day 2, and day 6 after treatment with the differentiation mixture.
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entiation, such as lipid accumulation or CyEBPa expression,
they exhibit a somewhat delayed reentry into S phase (Fig. 3A,
Left). In sharp contrast, pRB2/2 cells that were maintained in
differentiation mixture for 6 days re-enter the cell cycle with

kinetics similar to pRB2/2 cells maintained at confluence under
normal conditions (Fig. 3A, Right).

These results suggest that one important feature of adipogen-
esis to which pRB, but not p107 and p130, might contribute is by
affecting the establishment of a permanent exit from the cell
cycle. However, pRB cannot be absolutely required to maintain
cell cycle exit, because pRB2/2 cells can be induced to differ-
entiate by exogenous expression of CyEBPa and PPARg (Fig.
1B). It is interesting to note that these two factors have them-
selves been suggested to have a role in maintaining cell cycle
withdrawal during differentiation (29, 30) and might substitute
for pRB in maintaining cell cycle exit. Indeed, we have found
that expression of CyEBPa and PPARg in pRB2/2 cells bypasses
the requirement for pRB in cell cycle exit and differentiation
(Fig. 1B, and data not shown).

To determine whether the initiation of adipogenic differen-
tiation requires the repression of E2F target genes by pRB, we

C

B

A

Fig. 2. Opposing roles of pRB and p107 in adipocyte differentiation. (A)
Differentiation of p1072/2yp1302/2, pRB2/2yp1072/2, and pRB2/2 cells stably
transfected with pCMV, pCMV-p107, or pCMV-Rb, as indicated. Pools of cells
were differentiated for 6 days and stained with oil red O followed by pho-
tography of the plates. (B) CyEBPa expression during the course of differen-
tiation as marked in the figure, p1072/2yp1302/2 cells transfected with pCMV
or pCMV-p107 and pRB2/2yp1072/2 cells transfected with pCMV or pCMV-Rb.
At the end of each panel is the corresponding microscope view of the same
cells. (C) Indirect immunofluorescence and deconvolution microscopy for pRB
and p107. pRB (Upper) and p107 (Lower) were incubated with anti-pRB and
anti-p107 antibodies followed by a fluorescein-labeled secondary antibody.
The following cell lines were used: 3T3-L1 cell lines (wt); pRB2/2 transfected
with pCMV or pCMV-pRb, and p1072/2yp1302/2 cells transfected with pCMV
or pCMV-p107. Several cells were imaged with similar results.

B

A

Fig. 3. pRB plays a role in permanent cell cycle exit. (A) wt, p1072/2yp1302/2,
and pRB2/2 cells were grown to confluence in DMEM containing 10% CS and
thereafter maintained in either DMEM 1 10% CS or differentiation mixture
before they were split into subconfluent conditions in DMEM 1 10% CS for
24 h. The percentage of cells in S phase was judged by BrdUrd incorporation
and two-dimensional FACS analysis. A 5 asynchronous, C 5 confluent for 6
days in 10% CS, CR 5 split into subconfluent conditions from C, D 5 differ-
entiation mixture added to cells for 6 days (as described in Fig. 2A), DR 5 split
into subconfluent conditions from D. Shown is a representative experiment
because the rate at which the cells reenter the cycle varies slightly from
experiment to experiment but the differences between the different cell lines
remain the same. (B) TsA blocks differentiation of p1072/2yp1302/2 cells if
added before the differentiation mixture as indicated in the figure.
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used the histone deacetylase inhibitor trichostatin A (TsA),
which has previously been shown to result in derepression of
pRB target genes (31–33). Confluent p1072/2yp1302/2 cells,
where pRB-mediated repression is still intact, were treated with
TsA, and then subjected to the differentiation protocol. Differ-
entiation is blocked if TsA is added before the addition of
differentiation inducing agents but not if the differentiation
protocol has already been initiated (Fig. 3B). This experiment
further supports the notion that pRB repression of E2F tran-
scription is required early in the differentiation program.

pRB and p107 Have Opposing Effects on Differentiation-Specific
Transcription Factors. Adipocyte-specific gene expression is con-
trolled by a transcriptional regulatory cascade in which CyEBPa

and PPARg play key roles. pRB has been previously reported to
promote the activity of differentiation-associated transcription
factors, such as MyoD and CyEBP (16, 17, 19, 34). In some cases,
pRB-mediated activation of these factors appears to occur
through direct mechanisms. For example, previous studies have
suggested that pRB can bind to CyEBP family members (19).
Moreover, we found that pRB and p107 partially colocalize with
CyEBP and PPAR in differentiating 3T3 L1 cells (data not
shown). However, the mechanism by which pRB stimulates
transcription remains unclear. Therefore, we examined the
ability of pRB and p107 to regulate the transcriptional activities
of CyEBP and PPAR. First, we analyzed the effect of expressing
pRB and p107 on CyEBPa-mediated transcription in cells
lacking both proteins. As previously reported members (19), we
observed that CyEBPa-induced transcription is stimulated by
pRB (Fig. 4A, Left). The pRB-dependent increase in CyEBP-
mediated transcription requires an intact CyEBP binding site
(data not shown). In contrast, p107 has no effect on CyEBPa-
mediated transcription even at concentrations where repression
of E2F transcription is dramatic (Fig. 3A, Right). These exper-
iments suggest that a special role for pRB in stimulating differ-
entiation is because of its ability to activate CyEBPa-mediated
transcription, a property that is not shared by p107.

A potential explanation for the inhibitory effect of p107 on
differentiation was revealed when we examined the effects of
exogenous expression of CyEBPa and PPARg on differentiation
potential (Figs. 1B and 4B, and data not shown). In these
experiments, we consistently observed a lower requirement for
PPARg in cells deficient for p107. For example, exogenous
expression of CyEBPa alone is sufficient to induce differentia-
tion of pRB2/2yp1072/2 cells (Fig. 4B), whereas pRB2/2 cells
require exogenous expression of both CyEBPa and PPARg to
achieve a highly differentiated phenotype (Figs. 1B and 4B). One
possible explanation for this finding is that p107 inhibits PPARg
activity. Therefore, we examined PPARg activity in pRB2/2 and
pRB2/2yp1072/2 cells that have similar endogenous levels of
PPARg protein. PPAR transcriptional activity is significantly
increased in the pRByp107-deficient cells as compared with
pRB2/2 cells (Fig. 4C). These results suggest that the distinct
roles for pRB family members in differentiation are due, at least
in part, to differences in their abilities to regulate the activities
of differentiation-associated transcription factors.

To explain our overall observations, we suggest a dual role for
pRB in cell cycle withdrawal and differentiation, and an inhib-
itory effect of p107 on transcriptional regulators involved in the
differentiation process (Fig. 5). Although pRB and p107 exhibit
opposing functions in adipocyte differentiation, the role of p130
is less clear. We observed that loss of p130 in a pRB-deficient cell
results in a decreased differentiation potential, whereas loss of

Fig. 4. pRB and p107 differentially affect CyEBP and PPAR activities. (A)
Stimulation of CyEBPa activity (■) by pRB, but not p107, at concentrations
where they both repress E2F-mediated transcription (h). Cells deficient in pRB
and p107 (pRB2/2yp1072/2) were transfected with 100 ng of a CyEBPa reporter
driving luciferase (aP2-luciferase) and 100 ng of an E2F reporter driving the
expression of chloramphenicol acetyltransferase [(E2F)4-CAT]. Transcriptional
activity of these two reporters was measured using 200 ng of pBabe-CyEBPa

and increasing concentrations of pCMV-Rb or pCMV-p107 as shown in the
figure. All values were corrected to a b-actin-b-galactosidase internal control
and the result of multiple experiments is presented as average fold induction
as compared with vector alone. (B) CyEBPa is sufficient to induce differenti-
ation of pRB2/2yp1072/2 cells but not pRB2/2 cells as indicated in the figure.
The experiment was carried out as previously described in Fig. 2B. (C) The
transcriptional activity from a PPAR reporter driving luciferase (DR-1 lucif-
erase) is higher in pRB2/2 cells that lack p107 as shown in the bar graphs bellow
the differentiated phenotypes. Increasing amounts of reporter were trans-
fected into pRB2/2 and pRB2/2yp1072/2 cells and luciferase values were cor-
rected to a b-actin–b-galactosidase internal control. A representative example
of many experiments is shown.

Fig. 5. Model.
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p130 in p107-deficient cells significantly increases their differ-
entiation potential (Fig. 1C, and data not shown). Such context-
specific activity of p130 further supports the notion that com-
binatorial roles for the pRB family members can significantly
influence cellular properties, and that it may not be possible to
establish their complete spectrum of functions when studied in
isolation.

Given the results described in this report, it is necessary to
broaden our definition of the functions of pRB family members.
Although their ability to control the timing of G1 remains
undisputed, it is becoming increasingly clear that they play
additional cellular roles. Although cell culture experiments have
potential drawbacks, our results demonstrate that the combined
use of mutant 3T3 cell lines and phenotypic rescue by gene
re-introduction provides an important setting in which to com-

pare and contrast the functions of these proteins and their
upstream and downstream targets.
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