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The Sin3-histone deacetylase (HDAC) corepressor complex is con-
served from yeast to humans. Mammals possess two highly related
Sin3 proteins, mSin3A and mSin3B, which serve as scaffolds teth-
ering HDAC enzymatic activity, and numerous sequence-specific
transcription factors to enable local chromatin regulation at spe-
cific gene targets. Despite broad overlapping expression of mSin3A
and mSin3B, mSin3A is cell-essential and vital for early embryonic
development. Here, genetic disruption of mSin3B reveals a very
different phenotype characterized by the survival of cultured cells
and lethality at late stages of embryonic development with defec-
tive differentiation of multiple lineages—phenotypes that are
strikingly reminiscent of those associated with loss of retinoblas-
toma family members or E2F transcriptional repressors. Addition-
ally, we observe that, whereas mSin3B�/� cells cycle normally
under standard growth conditions, they show an impaired ability
to exit the cell cycle with limiting growth factors. Correspondingly,
mSin3B interacts physically with the promoters of known E2F
target genes, and its deficiency is associated with derepression of
these gene targets in vivo. Together, these results reveal a critical
role for mSin3B in the control of cell cycle exit and terminal
differentiation in mammals and establish contrasting roles for the
mSin3 proteins in the growth and development of specific lin-
eages.

E2F � histone deacetylase � knockout � quiescence

The Sin3-histone deacetylase (HDAC) corepressor has been
physically and functionally linked to diverse transcriptional

complexes governing many physiological processes (1, 2). The
two highly related mammalian Sin3 proteins, mSin3A and
mSin3B, use their multiple interaction domains to direct chro-
matin-modifying activities to specific sites in the genome, most
typically via sequence-specific transcription factors and their
cognate binding elements. Class I HDACs, HDAC1 and
HDAC2, are the principal enzymatic activities of the mSin3
complex. In addition, there are several other mSin3-associated
proteins, including mSds3, p33ING1, and SAP30 (3–6).

mSin3A has been shown to be essential for early embryonic
development and for the growth and survival of cultured cells
that may relate to its requirement for the regulation of multiple
transcriptional programs (7). Of relevance to the current study,
mSin3B is expressed in cells deleted for mSin3A, suggesting that,
despite their structural relatedness, mSin3B is not functionally
equivalent to mSin3A. Both yeast and mammalian Sds3 are
required for the maintenance of Sin3-associated HDAC enzy-
matic activity (3, 8). Nullizygosity for mammalian Sds3 results in
early embryonic lethality and engenders marked chromosome
segregation defects due to a failure in pericentric heterochro-
matin formation (9). mSin3A-null fibroblasts exhibited normal
karyotypes (7).

In mammalian cell cycle, the G0/G1-to-S transition is a highly
regulated event whose disruption represents a prerequisite for
essentially all human cancers. This critical phase of the cell cycle
is controlled by the retinoblastoma (Rb) family of proteins, pRb,

p107, and p130, by virtue of their binding to and repression of the
E2F transcription factors (10, 11). In G0 (quiescence) and G1
(resting) phases of the cell cycle, the Rb proteins associate with
E2F and tether chromatin modifiers to actively repress E2F
target genes encoding key cell cycle progression factors. Pro-
gression into the S (DNA synthesis) phase is brought about by
CDK4/6-mediated phosphorylation of the Rb proteins, resulting
in their dissociation from E2F transcription factors. The molec-
ular basis of E2F-directed transcriptional repression in G0/G1
remains an area of active investigation, with current models
supporting a physical link between an E2F/p107/p130 complex
and mSin3B-HDAC1 that, upon docking to the promoters of
E2F target genes, leads to local histone deacetylation and
repression of transcription (12, 13). In this study, we generated
mSin3B deficiency mice and cells to understand its roles in
mammalian growth and development and to validate its specific
capacity to regulate E2F gene targets and their linked processes
in cell cycle and differentiation control.

Results
mSin3B Is Essential for Embryonic Development. Standard gene-
targeting technology was used to generate a germ-line condi-
tional knockout allele of mSin3B in which Cre-mediated recom-
bination of intronic LoxP sequences results in deletion of exon
2 and generation of a null allele [supporting information (SI) Fig.
5]. Two of the six independently generated mouse embryonic
stem cell clones harboring the desired mSin3B recombination
event were used to generate germ-line-transmitting chimeras as
documented by Southern blot and PCR assays (Fig. 1a). FLPe-
mediated deletion of the Frt-f lanked Neomycin-resistance cas-
sette generated an mSin3B-floxed allele (mSin3BL) that was
judged to be functionally wild type by virtue of normal mSin3B
expression and lack of gross phenotypes in mSin3BL/L mice and
derivative cells (data not shown; see below). Upon Cre expres-
sion, the mSin3B floxed allele was recombined, giving rise to a
functionally null mSin3B allele (Fig. 1b).

mSin3BL/� mice were mated to E2A-Cre transgenic mice to
generate mSin3B�/� mice, which were born at the expected ratio
and phenotypically indistinguishable from mSin3B�/� through
16 months of age (data not shown). mSin3B�/� intercrosses
failed to produce mSin3B�/� offspring that survived beyond
postnatal day 1 (Fig. 1c). Serial developmental analysis of these
mSin3B�/� intercrosses revealed all three genotypes in the
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expected ratios through embryonic day 15.5 (E15.5) (Fig. 1c and
data not shown), pointing to essential functions for mSin3B in
late gestation.

mSin3B Is Required for Differentiation of Multiple Lineages. By
E14.5, mSin3B�/� embryos displayed overt growth retardation
and pale color (Fig. 1d) and, by E17.5, mSin3B�/� embryos
weighed 40% less than mSin3B�/� and mSin3B�/� littermates
(Fig. 1e). Histological analysis of serial sections of E12.5, E14.5,
E16.5, and E18.5 mSin3B�/� embryos revealed no significant
dysmorphologies at the earlier stages, whereas at later embry-
onic stages, there was global retardation in size and notable
abnormality (data not shown). Specifically, the liver appeared
much paler in mSin3B�/� embryos compared with mSin3B�/� or
mSin3B�/� embryos after E14 (Fig. 1d; data not shown). With
regard to generalized impairment, the abnormal hematopoietic
picture in the liver and much paler appearance of mSin3B�/�

embryos prompted in-depth analysis of the hematopoietic com-
partment. Circulating blood smears from E18.5 mSin3B�/�

embryos revealed the presence of immature nucleated erythro-
cytes and numerous erythrocytes with nuclear fragments, so-

called Howell–Jolly bodies (Fig. 2a), a profile consistent with
impaired erythroid differentiation. Correspondingly, the num-
ber of circulating red blood cells (RBCs) and hemoglobin levels
were significantly lower in E18.5 Sin3B�/� embryos than
mSin3B�/� and mSin3B�/� littermates (Fig. 2b; 43% decrease in
RBC numbers, P � 0.01; 37% decrease in hemoglobin levels, P �
0.01). Furthermore, FACS-based analysis of lineage-specific
surface markers showed a strong decrease of mature granulo-
cytes (Gr-1�) in E18.5 mSin3B�/� bone marrows (SI Fig. 6).
These defects in erythrocytes and granulocytes of mSin3B�/�

embryos are reminiscent of those in E2F4 and Mad mutant mice
(14–16) and therefore establish a genetic link to these transcrip-
tional repressors in vivo. In addition, colony-forming assays on
fetal liver cells from Sin3B�/� embryos revealed a marked
increase in the abundance of erythroid progenitors (�2-fold
increase), and to a lesser extent, of granulocyte progenitors
(1.4-fold increase) (Fig. 2b). Thus, Sin3B enables the terminal
differentiation of multiple hematopoietic lineages.

The functional association of the Rb family and mSin3B-
HDAC1 (ref. 13 and this study) and the established role of p107
and p130 in endochondral bone development (17) also prompted
analysis of the developing skeletal system. The staining of E18.5
embryonic skeletons with dyes specific for cartilage (Alcian
blue) and bone (Alizarin red) revealed significant reduction in
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Fig. 1. mSin3B is essential for late embryonic development. (a) (Upper)
mSin3B targeted ES cell clones were identified by Southern blot analysis with
the probe shown in SI Fig. 5. (Lower) PCR genotyping of embryos harboring
the indicated alleles. (b) Western blot on total protein extracts from mSin3BL/�

or mSin3BL/� fibroblasts before (�) or after (�) retroviral-mediated Cre ex-
pression using an antibody against mSin3B. Equal amounts of proteins were
loaded. *, Cross-reactive band, used as a loading control. (c) Genotype distri-
bution of embryos and offspring from mSin3B heterozygotes intercrosses in a
mixed background (E, embryonic day; P, day after birth). *, Found dead. The
number of animals analyzed per genotype and time point are indicated in
parentheses. (d) Representative litters from mSin3B heterozygote inter-
crosses, at E14.5 (Upper) or E18.5 (Lower). For each litter, the two embryos on
the right are null for mSin3B. (e) Relative weight of mSin3B-null embryos
(black bars) compared with their wild-type or heterozygotes littermates
(white bars) at E13.5 (Left) or E17.5 (Right). Shown is the average from three
litters for each time point.
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Fig. 2. mSin3B is required for cellular differentiation during development.
(a) Representative smears from peripheral blood of E18.5 mSin3B�/� (Upper)
or mSin3B�/� (Lower) embryos, stained with Wright–Giemsa. Note the high
proportion of poorly differentiated erythrocytes in Sin3B-null blood, as evi-
denced by Howell–Jolly bodies (arrows) and nucleated cells. (b) (Upper) Anal-
ysis of peripheral blood defects in Sin3B-null mice. HCT, hematocrit; HGB,
hemoglobin. Shown is the average from at least three E18.5 embryos for each
genotype. The P values (P) calculated using a t test are indicated. (Lower) In
vitro differentiation of E14.5 mSin3B�/� or mSin3B�/� fetal liver cells in
CFU-GM or CFU-M. At least three animals were analyzed per genotype. The P
values (P) are indicated. (c) Skeletal preparations of E18.5. Sin3B�/� (Left) and
Sin3B�/� (Right) embryos stained with Alcian blue (cartilage) and Alizarin red
(bone). Note the diminished ossification of the long bones of the hind limb in
the mSin3B�/� embryo. Each graduation corresponds to 1 mm. (d) Quantifi-
cation of the ratio between bone and limb size in wild-type (white; n � 5) or
null (black; n � 6) embryos for Sin3B. The P values are indicated.
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bone deposition as reflected by decreased bone/cartilage ratios
in the hindlimbs of mSin3B�/� embryos relative to mSin3B�/�

controls (Fig. 2 c and d). Specifically, lower and upper hind-limb
ratios of mSin3B�/� embryos were 80% (P � 0.001) and 85%
(P � 0.01) of mSin3B�/� controls, establishing an essential role
for mSin3B in skeletal development. These skeletal and hema-
topoietic defects associated with mSin3B deficiency, and the
overlap with reported phenotypes of Rb/E2F mutant strains (17)
provides genetic support of a biological interaction between
mSin3B and the Rb-E2F network (see Discussion).

mSin3B Regulates Cell Cycle Exit. The intimate interrelationship of
cell cycle arrest and terminal differentiation in many cell lineages
and the importance of Rb-E2F in cell cycle control prompted
investigation of cell cycle kinetics and cell cycle exit control in
multiple independent preparations of mSin3B�/� and
mSin3B�/� mouse embryonic fibroblasts (MEFs). In contrast to
profound cell cycle arrest and death associated with deficiencies
of either mSds3 or mSin3A (7, 9, 18), loss of mSin3B function
exerted no significant impact on the cellular proliferation or the

BrdU-positive fraction upon passage under standard culture
conditions (Fig. 3 a and b, 10% serum). Western blot analysis
documented no change in mSin3A expression in relation to
mSin3B status (Fig. 3a). Upon passage in low serum conditions
(0.1% serum for 72 h), mSin3B�/� cells ceased to proliferate and
entered quiescence, whereas mSin3B�/� cells incorporated �3-
fold more BrdU relative to mSin3B�/� cells (Fig. 3b; P � 0.01).
Consistent with impaired G0 arrest upon serum deprivation in
the absence of mSin3B, mSin3B-null cells exhibit altered cell
cycle distribution under these conditions, as detected by BrdU–
propidium iodide incorporation. Specifically, a lower proportion
of mSin3B-null cells was in the G0/G1 phase, compared with their
heterozygote counterparts (SI Fig. 7a). However, mSin3B-null
cells are unable to proliferate in these conditions (SI Fig. 7c), in
agreement with the observed accumulation in the S and G2/M
phase of the cell cycle (SI Fig. 7a). Consistent with the lack of
cell cycle progression, mSin3B�/� and mSin3B�/� cells showed
a comparable inability to form colonies upon low-density seed-
ing (data not shown). Of note, upon serum stimulation,
mSin3B�/� and mSin3B�/� cells showed resumption of normal
cell cycle kinetics (SI Fig. 7b). These observations suggest that
mSin3B plays a role in controlling cell cycle exit under limiting
growth factor conditions, yet preserves additional cell cycle
checkpoints that prevent cellular proliferation under these con-
ditions. Together, these findings point to a specific role for of
mSin3B in G0/G1 control and agree well with accompanying
defects in cellular differentiation in mSin3B-null embryos.

The role of mSin3B in cell cycle control was also examined in
a setting other than growth factor regulation: p16INK4a induces
growth arrest in wild-type cells through its ability to inactivate G1
cyclin-dependent kinases 4 and 6 (19). As shown in Fig. 3 c–e,
retroviral transduction of p16INK4a into early passage mSin3B�/�

and mSin3B�/� MEFs resulted in decreased BrdU incorporation
and cell proliferation in mSin3B�/� cells, whereas mSin3B�/�

cells were refractory to p16INK4a-induced growth arrest. Because
E2F4 and E2F5, Rb, and at least one Rb-related protein are
required for p16INK4a-mediated growth arrest (20), these cell
culture findings, together with the in vivo phenotypes, reinforce
the functional link between mSin3B and the Rb-E2F pathway.

mSin3B Contributes to the Repression of E2F Gene Targets in Vivo. We
have demonstrated that mSin3B plays a central function in cell
cycle exit upon low-serum conditions. Quiescence corresponds
to a G0 state of the cell cycle, which is characterized on the
molecular level by E2F/p130-driven transcriptional repression of
key cell cycle regulatory genes, including E2F1 (21) by mSin3B
and E2F/p130 interactions on the promoter of E2F target genes
in quiescent cells (13). To substantiate the physiological rele-
vance of these cellular and biochemical observations, we deter-
mined the requirement for mSin3B in repressing the transcrip-
tion of E2F target genes in vivo. To this end, we somatically
deleted mSin3B via the IFN-inducible Mx-Cre transgenic system
whose expression can be strongly induced by i.p. injection of
polyinositic:polycytodylic acid (pIpC) that activates an endoge-
nous IFN response (22). Mx-directed Cre expression is partic-
ularly robust in the liver, as evidenced by complete conversion
of the Sin3BL allele to a Sin3B-null allele (Fig. 4a) and by total
or near-complete loss of mSin3B protein in liver extracts only in
mSin3BL/� Mx-Cre mice that were treated with pIpC (Fig. 4b).

We analyzed the abundance of transcripts corresponding to
several E2F4 target genes in livers taken from 4-week-old mice
injected with pIpC. All E2F4 targets examined were significantly
up-regulated from 1.5- to 5-fold in the mSin3B-deficient livers (Fig.
4c). To further strengthen the direct link between mSin3B and
transcriptional repression of E2F targets, chromatin-immunopre-
cipitation assays were performed to determine whether mSin3B
resides on the promoters of these E2F target genes in vivo. In
mSin3B�/� livers from 4-week-old mice, anti-mSin3B chromatin
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Fig. 3. mSin3B is dispensable for cellular proliferation but required for cell
cycle exit in vitro. (a) (Upper) Western blot analysis of mSin3B wild-type (lanes
1, 3, 5) and null (lanes 2, 4, 6) primary fibroblasts with the indicated antibodies.
(Lower) Growth curves from mSin3B wild-type (n � 3) and null (n � 3) primary
fibroblasts at passage 4. (b) BrdU incorporation after a 2-h pulse of 20 �M BrdU
by mSin3B wild-type (white bars) or null (black bars) early-passage primary
MEFs in 10% serum (Left) or 0.1% serum (Right). At least 200 cells were
counted per point. Error bars indicate standard deviations. (c) Western blot of
extracts from mSin3B wild-type or null MEFs infected or not with p16 using the
indicated antibodies. (d) Proliferation of mSin3B wild-type (n � 3) or null (n �
3) MEFs after p16 or vector (V) infection, assayed by BrdU incorporation. At
least 100 cells were counted for each point. (e) Growth curve of mSin3B
wild-type (Left) or null (Right) MEFs after p16 or vector infection.
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immunoprecipitates (ChIP) were significantly enriched for several
E2F target promoters relative to an irrelevant antibody and
GAPDH promoter controls (Fig. 4d). To ensure the mSin3B
specificity of the PCR signals, we documented lack of enrichment
of E2F target promoters above background in anti-mSin3B ChIP
derived from mSin3B-deficient livers (Fig. 4d). Finally, to investi-
gate the molecular mechanisms underlying mSin3B-driven repres-
sion of E2F targets, we investigated the impact of mSin3B inacti-
vation on the enrichment in E2F4 and HDAC1 at E2F target
promoters. As shown in Fig. 4e, E2F4 levels at the brd8 or cdc2a
promoters are not significantly affected by loss of mSin3B. By
contrast, HDAC1 recruitment at these promoters largely depends
on the presence of mSin3B, because mSin3B inactivation results in
a �5-fold reduction in HDAC1 levels by ChIP (Fig. 4e). Impor-
tantly, E2F4 and HDAC1 were not recruited at the GAPDH
promoter, a non-E2F target (data not shown). These observations
are consistent with the model that mSin3B is tethered to E2F target
promoters by E2F repressors and plays a central role in the
recruitment of chromatin modifiers at these loci. Together with

previous genetic data, these biochemical assays establish a direct
and physiologically relevant link between mSin3B and the tran-
scriptional repression of E2F4 target genes in vivo via the capacity
of mSin3B to tether histone deacetylases to E2F4-regulated
promoters.

Discussion
In this study, we provide in vivo evidence of a role for mSin3B
cell cycle exit control and repression of E2F gene targets and in
the differentiation of erythrocytes and chondrocytes. The re-
ported phenotypes are consistent with an essential contribution
of mSin3B to E2F-mediated transcriptional repression. Finally,
despite highly related structures and overlapping expression
patterns of mSin3A and -B, their genetic inactivation in the
mouse results in strikingly different cellular and organismal
phenotypes, indicating functional dichotomy between the mSin3
proteins.

Our genetic and biochemical studies established a key role for
mSin3B in E2F-mediated gene repression and cell cycle exit.
Although these observations and overlapping differentiation
defects support clear links to the p107–p130 complex, it is worth
noting that p107–p130 double-null MEFs exhibit normal cell
cycle arrest in low serum conditions (23), suggesting that
mSin3B-driven repression extends beyond p107–p130 targets. It
is tempting to speculate that an mSin3B–Rb interaction under-
lies this difference, because MEFs triply null for all Rb family
members fail to arrest under low serum conditions (24, 25), and
mSin3B deficiency is associated with overexpression of p107–
p130 targets (b-myb, E2F1) and at least one Rb-specific target
(cyclin E) (ref. 23; this study). Together, these results suggest
that mSin3B plays a central role in repression driven by the entire
Rb-related family of proteins in vivo. However, although most
phenotypes reported in embryos inactivated for p107–p130 are
found in mSin3B�/� embryos, Rb�/� embryos die significantly
earlier than mSin3B�/� embryos. Specifically, Rb�/� embryos
die around E13.5 from defective erythropoiesis and massive
neuronal death (reviewed in ref. 26). Along with the decreased
rate of S-phase progression of Sin3B�/� fibroblasts compared
with Rb�/�;p107�/�;p130�/� fibroblasts in low serum conditions
(refs. 24 and 25; this study), this suggests that Rb is likely to have
mSin3B-independent functions in cell cycle exit and differenti-
ation. In connection with this hypothesis, Binne et al. (27)
recently demonstrated an E2F-independent mechanism for Rb-
mediated inhibition of G1-to-S progression, mediated by a direct
interaction between Rb and the APC/C complex. Alternatively,
mSin3A may partially compensate for the absence of Sin3B in
Rb-mediated cell cycle regulation, as suggested by the transcrip-
tional profile and pathway analysis of mSin3A-deficient cells (7).

We have demonstrated here that mSin3B inactivation results
in impaired cellular differentiation in multiple lineages, namely
chondrocytes, erythrocytes, and granulocytes. Although cell
cycle exit appears to be required for terminal differentiation of
many lineages, the molecular machinery that integrates these
interlocking events is not well understood. The opposite effects
of Myc and Mad family proteins on cell proliferation and cellular
differentiation, the impaired differentiation of granulocytes in
Mad1- or mSin3B-deficient mice, and the physical interactions
between mSin3B and Mad indicate that mSin3B plays an im-
portant role in executing Mad-directed processes in vivo. Simi-
larly, comparable embryonic and cellular phenotypes associated
with deficiencies in Rb family proteins, E2F4 and mSin3B,
indicate that the Rb-E2F network is a major point of mSin3B
action in vivo.

Methods
Generation of an mSin3B Conditional Null Allele. A conditional mSin3B target-
ing construct was generated by flanking the second exon of mSin3B gene with
a 5� LoxP-Frt-pgk-neomycin cassette and a 3� LoxP site (7, 9). After electropo-
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Fig. 4. mSin3B directly represses E2F target genes transcription in vivo. (a)
(Upper) PCR for mSin3B alleles on DNA from tail (before pIpC injection) or liver
(10 days after pIpC injection) from Sin3B/Mx-Cre transgenic animals. (b) West-
ern blot with the indicated antibodies from liver extracts 10 days after pIpC
injection from mSin3BL/�Mx-Cre� mice (�/�) or mSin3BL/�Mx-Cre� mice
(�/�). *, Nonspecific band. (c) qPCR analysis of mRNA abundance in mSin3B�/�

or mSin3B�/� livers as generated in a. Shown is the average abundance of
cDNAs after RT-PCR corresponding to the indicated transcripts, normalized to
�-2-microglobulin. Three animals for each genotype were used. (d) ChIP assay
on the promoter of the indicated E2F target genes and GAPDH, using liver
extracts from mSin3BL/�Mx-Cre� mice (�/�) or mSin3BL/�Mx-Cre� mice (�/�)
with control antibody (IgG, white bars) or anti-mSin3B antibody (black bars).
Shown is the average of two independent experiments performed in dupli-
cate. (e) Fold changes of the ChIP signal with E2F4 and HDAC1 antibodies on
the promoter of cdc2a and brd8, in liver extracts from mSin3BL/�;Mx-Cre� mice
(�/�) compared with liver extracts from mSin3BL/�;Mx-Cre� mice (�/�). The
results are normalized to the corresponding H3 abundance. Shown is a rep-
resentative experiment.
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ration in 129/SvOla embryonic stem cells, stable recombinant clones were
selected with neomycin and amplified. Correct homologous recombination
was verified by Southern blot analysis using 3� and 5� probes, external to the
targeting constructs. Targeted ES cell clones were injected into C57BL/6 blas-
tocysts. Excision of the pgk-neo cassette was obtained upon breeding of the
germ-line-targeted mice to CAGG-Flpe transgenic mice (28). Recombination
of the two LoxP sites was obtained in vivo upon breeding with EIIACre
transgenic mice (29). mSin3B�/� and mSinBL/L animals were maintained in a
mixed C57BL/6-FVB background.

Analysis of Hematopoietic Defects. mSin3B�/� mice were intercrossed, and
embryos were collected at different time points. For circulating blood analy-
ses, E18.5 embryos were collected, and circulating blood smears were stained
by using the Hema 3 Stain system (Fisher) and analyzed by light microscopy.
Complete blood counts from circulating blood were obtained by using a
Cell-Dyn 4000 counter (Abbott).

In vitro hematopoietic progenitor assays were performed by using fetal
liver cells from E15.5 embryos. Single-cell suspensions were plated on the
appropriate methylcellulose medium (MethoCult M3334 for CFU-E and M3534
for CFU-GM, Stem Cell Technology) according to the manufacturer’s instruc-
tions. The colonies were counted 3 (CFU-E) or 5 days (CFU-GM) after plating.

Skeletal Preparations. E18.5 embryos were collected and treated with NaCl (1
M) overnight. Skin and internal organs were removed, and embryos were then
fixed in 95% EtOH overnight. Cartilage was stained with Alcian blue (Sigma)
for 24 h. Soft tissues were dissolved in 2% KOH overnight, and bones were
stained with Alizarin red S (Sigma). Skeletons were destained for 4 days in 20%
glycerol and 1% KOH and analyzed by light microscopy.

Cellular Analysis. MEFs were generated from E13.5 embryos and grown in
DMEM plus 10% FCS and penicillin/streptomycin. Retroviral infections were
performed as described in ref. 9 with the appropriate retroviral constructs.
Growth curves, BrdU incorporation, cell cycle distribution, and protein analysis
were conducted as described in refs. 7 and 9.

Molecular Analyses of Sin3B-Deleted Hepatocytes. Expression of the Cre re-
combinase was achieved upon three i.p. injections of 100 �g of pIpC over a
4-day period in 4-week-old Mx-Cre transgenic animals. Ten days after the first
injection, mice were killed and livers collected. Proteins, DNA, and RNA were
isolated from these livers by using standard procedures. To investigate tran-
script abundance, reverse transcription was performed by using MuMLV
polymerase and oligo(dT) primers, followed by real-time PCR analysis using
primers specific for E2F targets (primer sequences available on request).
Results were reported as relative to the abundance of �-2-microglobulin
transcripts. Chromatin immunoprecipitation on liver was performed follow-
ing a protocol provided by the Barton laboratory (30) and followed by
real-time PCR analysis using primers specific for E2F target promoters (se-
quences available on request).
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