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The forkhead box (Fox) family of transcription factors share ho-
mology in the winged helixyforkhead DNA-binding domain and
play important roles in regulating cellular proliferation, differen-
tiation, longevity, and cellular transformation. Forkhead box M1B
(FoxM1B) is a ubiquitously expressed member of the Fox transcrip-
tion factor family whose expression is restricted to proliferating
cells and that mediates hepatocyte entry into DNA synthesis and
mitosis during liver regeneration. Recent cDNA microarray studies
indicated that age-related defects in cellular proliferation are
associated with diminished expression of the FoxM1B transcription
factor. Here, we show that increased levels of FoxM1B in regen-
erating liver of old transgenic mice restore the sharp peaks in
hepatocyte DNA replication and mitosis that are the hallmarks of
young regenerating mouse liver. Restoration of the young regen-
erating liver phenotype is associated with increased expression of
numerous cell cycle regulatory genes that include cyclin D1, cyclin
A2, cyclin F, cyclin B1, cyclin B2, Cdc25B, and p55cdc. Cotransfection
assays in the human hepatoma HepG2 cell line demonstrated that
FoxM1B protein stimulated expression of both the cyclin B1 and
cyclin D1 promoters, suggesting that these cyclin genes are a direct
FoxM1B transcriptional target. These results suggest that FoxM1B
controls the transcriptional network of genes that are essential for
cell division and exit from mitosis. Our results indicate that reduced
expression of the FoxM1B transcription factor contributes to the
decline in cellular proliferation observed in the aging process.

The mammalian liver is one of the few adult organs capable of
completely regenerating itself in response to injury through

the release of growth factors that stimulate reentry of terminally
differentiated hepatocytes into the cell cycle (1–3). Liver regen-
eration induced by a two-thirds partial hepatectomy (PHx)
results in synchronous induction of sharp peaks in hepatocyte
DNA replication (S phase) and mitosis (M phase), which re-
quires participation of the IL-6-signaling pathway (3–5). The
forkhead box (Fox) family of transcription factors (6) shares
homology in the winged-helix DNA-binding domain (7), and its
members play important roles in regulating transcription of
genes involved in cellular proliferation, differentiation, meta-
bolic homeostasis, longevity, and cellular transformation (8–18).
The mammalian (human) Fox family member FoxM1B (previ-
ously known as HFH-11B or trident) is a ubiquitously expressed
transcription factor restricted to proliferating cells of the mouse
embryo (including liver) and is essential for embryonic devel-
opment (19), but its expression diminishes during postnatal
cellular differentiation (20). In regenerating liver, FoxM1B
expression is reactivated before DNA replication (S phase) and
sustained throughout the period of hepatocyte proliferation
(20). Liver regeneration studies with transgenic mice, in which
the transthyretin (TTR) promoter functioned to prematurely
express FoxM1B (TTR-FoxM1B), revealed accelerated hepato-

cyte entry into S phase and mitosis, which was associated with
altered expression of cell cycle-promoting genes (21).

Analysis of cDNA microarrays shows that diminished prolif-
eration of fibroblasts from elderly patients is caused by defects
in the mitotic machinery, which ultimately result in chromosome
instability and mutations, leading to a variety of diseases found
in the elderly (22). Age-related defects in cellular proliferation
are associated with diminished expression of the FoxM1B
(HFH-11) transcription factor and numerous cell cycle regula-
tory genes (22). Because many of these diminished cell cycle
progression genes are regulated by the FoxM1B transcription
factor (21, 23), we proposed the hypothesis that reduced
FoxM1B expression contributes to the proliferation defects
observed in aging. In this study, we show that elevated levels of
FoxM1B in regenerating liver of old transgenic mice increase the
percentage of proliferative hepatocytes to levels similar to those
observed in young regenerating mouse liver. Elevated FoxM1B
levels in regenerating liver of old transgenic (tg) mice are
associated with increased expression of cell cycle regulatory
genes required for hepatocyte progression through DNA repli-
cation and mitosis. Our results indicate that reduced expression
of the FoxM1B transcription factor contributes to the decline in
cellular proliferation observed in the aging process.

Materials and Methods
Partial Hepatectomy Surgery, Immunohistochemical Staining, and
Western Blot Analysis. Generation of TTR-FoxM1B transgenic
CD-1 mice, which used the 23 kb TTR promoter to constitu-
tively express the FoxM1B transgene in hepatocytes, was de-
scribed previously (21). Twelve-month-old wild-type (wt), two-
month-old wt, and 12-month-old TTR-FoxM1B tg CD-1 mice
were subjected to PHx to induce liver regeneration as described
previously (21). Briefly, a midventral laparotomy was performed
on each mouse under anesthesia, two-thirds of the liver was
resected surgically (removal of left lateral, left median, and right
median liver lobes), and the surgical incision was sutured closed.
An i.p. injection of PBS containing 10 mgyml BrdUrd (Sigma; 50
mgyg body weight) was administered 2 h before harvesting the
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remnant regenerating liver. Three mice at each time point were
killed by using CO2 asphyxiation at the following intervals after
PHx: 24, 32, 36, 40, 44, and 48 h. The regenerating livers were
harvested and divided into three portions: One to isolate total
RNA (21), one to isolate total protein extract (24), and one used
for paraffin embedding. Determination of the number of hepa-
tocytes undergoing DNA synthesis was performed by mAb
detection of BrdUrd incorporation (Roche Molecular
Biochemicals) of regenerating liver (5-mm paraffin sections) by
using microwave retrieval to enhance antigenic activity as de-
scribed (21). In each regenerating liver, we counted the
number of BrdUrd-positive nuclei per 1,000 hepatocytes, and
the mean number of BrdUrd-positive cells and SD were
calculated for each time point by using three regenerating liver
samples as described (21).

For Western blot analysis, 50 mg of total liver protein (24) was
separated by SDSyPAGE and transferred to Protran membrane
(Schleicher & Schuell). The primary FoxM1B (HFH-11) anti-
body was amplified by biotin-conjugated anti-rabbit IgG (Bio-
Rad), and signals were developed with enhanced chemilumines-
cence (ECL; Amersham Pharmacia). Three regenerating liver
sections at 48 h after PHx were stained with hematoxylin and
eosin and examined for mitotic figures (mitosis). Hepatocyte
mitosis is expressed as the mean number of mitotic figures found
per 1,000 hepatocytes 6 SD as described (21).

RNase Protection and HepG2 Cell Cotransfection Assays. RNase
protection assays were performed by hybridizing 20–40 mg of
total regenerating liver RNA with [32P]UTP-labeled antisense
RNA probes (human FoxM1B transgene, mouse FoxM1B, and
mouse cyclophilin) followed by RNase 1 digestion, electrophore-
sis, and autoradiography as described (21, 23, 24). Expression of
the cyclin genes was determined by RNase protection, with RNA
isolated from regenerating liver, and RNA protection probes
were purchased from PharMingen and used as recommended by
the manufacturer. RNase protection assays to examine expres-
sion of Cdc25B and p55Cdc genes during liver regeneration also
were included (probes were derived from Atlas array and
purchased from CLONTECH). The BIOMAX 1D program (East-
man Kodak) was used for quantification of scanned x-ray films.
RNase protection assay gels also were exposed to phosphorim-
aging screens for 1 or 2 days and scanned with a Storm 860
phosphorimager (Amersham Pharmacia). The IMAGEQUANT
program (Amersham Pharmacia) was used for quantification of
phosphorimager scans. Expression levels were normalized to
either cyclophilin or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels. Mean mRNA levels 6 SD were
determined from three distinct regenerating livers.

Human hepatoma HepG2 cells were cultured in Ham’s F-12
supplemented with 7% FBS, 100 unitsyml penicillin, 100 mgyml
streptomycin, MEM amino acids (all from GIBCOyBRL), and
0.5 unitsyml human insulin (Humulin; Eli Lilly). HepG2 cells
were grown in six-well culture plates (35-mm wells), and DNA
constructs were transfected into cells with Fugene6 (Roche
Molecular Biochemicals). HepG2 cells were transfected with 200
ng of either cytomegalovirus (CMV)-FoxM1B cDNA (20) or
CMV only (control) expression vectors, and 1,500 ng of the
following cyclin promoters linked to luciferase reporter con-
structs: 21745 cyclin D1 (25), 21050 cyclin B1, and 2229 cyclin
B1 (26). Protein extracts were prepared from transfected HepG2
cells from 24 to 36 h after DNA transfection and used to measure
luciferase enzyme activity. Luciferase activity was detected by
using the Dual-Luciferase Assay System (Promega), which uses
the CMV-Renilla luciferase plasmid (20 ng) to normalize for
fluctuations in transfection efficiency. Results are presented as
mean 6 SD of seven separate experiments, with the control
(CMV only) set at 1.0.

Results and Discussion
Increased FoxM1B Levels Restore Peaks in DNA Replication and
Mitosis During Liver Regeneration of Old tg Mice. To examine the
role of FoxM1B levels in proliferation during aging, we per-
formed liver regeneration studies with old-aged wt and TTR-
FoxM1B tg CD-1 mice, the latter of which constitutively express
the FoxM1B mRNA in hepatocytes (21). Twelve-month-old
(old-aged) wt and tg mice were subjected to PHx operations, and
their regenerating livers were harvested at different intervals
between 24 and 48 h after surgery (21). Hepatocyte DNA
synthesis was monitored by immunohistochemical staining of
BrdUrd incorporation into DNA as described (21). As a com-
parison, we included regenerating livers of 2-month-old (young)
CD-1 mice, which exhibited a sharp S phase peak at 40 h after
PHx (Fig. 1A, blue line) and corresponding induction of FoxM1B
mRNA and protein levels (Fig. 2 A and D). A significant
reduction in the 40-h S phase peak was observed in regenerating
livers from 12-month-old wt mice (Fig. 1 A, red line), and this was
associated with diminished induction of FoxM1B mRNA and
protein levels compared with young regenerating liver (Fig. 2 A,
B, and D). In contrast, regenerating livers of 12-month-old tg
mice exhibited a sharp peak in hepatocyte DNA replication at
40 h after PHx (Fig. 1 A, green line). This increase in BrdUrd
incorporation (Fig. 1 C and D) was associated with elevated
FoxM1B mRNA and protein levels that are comparable to
regenerating liver of young mice (Fig. 2 B–D). These results
suggest that restoring FoxM1B levels in the livers of old mice
alleviate the decline in hepatocyte entry into S phase associated
with aging in regenerating liver. Although previous studies
demonstrated that premature expression of FoxM1B in regen-
erating livers of young tg mice elicited earlier hepatocyte entry
into S phase, this earlier hepatocyte DNA replication was not
observed in regenerating livers of 12-month-old tg mice (21).
One potential explanation for this discrepancy is that we ob-
served delayed nuclear localization of FoxM1B protein in re-
generating liver of old tg mice (data not shown), and this may
contribute to preventing earlier onset of hepatocyte DNA
replication.

Progression into mitosis also was diminished significantly in
regenerating hepatocytes of old wt mice as evidenced by only a
few mitotic figures at 48 h after PHx (Fig. 1D). Increased hepatic
levels of FoxM1B restored tg hepatocyte progression into mitosis
at a rate similar to that found in young regenerating liver (Fig.
1D). Although we have used liver regeneration as a model system
to examine cellular replication, it is important to note that
expression of FoxM1B is induced during the proliferation of
many cell types, such as fibroblasts (20, 22, 27). Our data
therefore imply that restoring FoxM1B expression in a variety of
distinct cell types will ameliorate proliferation defects observed
during the aging process.

Increased FoxM1B Levels in Regenerating Liver of Old Transgenic Mice
Alter Expression of Genes That Stimulate S Phase and M Phase
Progression. To identify cell cycle regulatory genes whose ex-
pression is increased in regenerating liver of old tg mice, RNase
protection assays were performed in triplicate with potential
FoxM1B target gene probes and RNA isolated from regenerat-
ing liver (Fig. 3; representative duplicate lanes are shown).
Increased FoxM1B expression in old-aged regenerating tg liver
was associated with elevated expression of the S phase-
promoting cyclin D1 gene compared with either 12- or 2-month-
old wt mice (Figs. 3 and 4A). Cyclin D1ycyclin-dependent kinase
(cdk) 4y6 complexes are critical for S phase entry through
phosphorylation of retinoblastoma (RB) protein and activation
of the E2F transcription factor, which, in turn, activates its
proliferation-specific target genes (reviewed in ref. 28). Elevated
FoxM1B levels also restored increased expression of cyclin A2 in
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regenerating liver of old tg mice (Figs. 3 and 4B). The formation
of the cyclin A2ycdk2 complex has been implicated in main-
taining phosphorylation of RB during S phase, suggesting that
this complex is required for progression through DNA replica-
tion (28). Furthermore, the cyclin A2ycdk2 complex is essential
for progression into mitosis because it phosphorylates the cdh1
subunit of the ubiquitin-ligase anaphase-promoting complex
(APC), which prevents APC-mediated degradation of cyclin B
at the end of S phase and allows its accumulation to promote
entry into mitosis (28). Taken together, these data indicate that
restoring FoxM1B expression in regenerating liver of old mice
stimulates induction of S phase-promoting cyclin D1 and cyclin
A2, which serve to facilitate hepatocyte entry and progression
through S phase.

Proliferating fibroblasts from elderly patients also display a
block in the G2yM phase transition of the cell cycle, which results
from diminished expression of genes required for progression
into mitosis (22). We also found that regenerating liver of
12-month-old wt mice displayed reduced hepatocyte entry into
mitosis (Fig. 1D), suggesting that they exhibited diminished
expression of genes required to progress into mitosis. We next
used RNase protection assays to demonstrate that increased
FoxM1B expression in regenerating liver of old tg mice displayed

increased expression of M phase-promoting genes (Figs. 3 and
4). At the peak of hepatocyte DNA replication, regenerating
liver from old tg mice displayed significant induction of cyclin B1
and cyclin B2 compared with either 2- or 12-month-old regen-
erating liver (Figs. 3 and 4 C and D). The cyclin B proteins
associate with cdc-2 (cdk1) to mediate cell cycle progression
from the G2 phase into mitosis (reviewed in ref. 29). Concom-
itant with induction of cyclin B levels, significant increases in
cyclin F levels were evident in regenerating liver of 2-month-old
wt and 12-month-old tg mice (Figs. 3 and 4E). Cyclin F is critical
for M phase progression because it associates with the cyclin B
complexes to facilitate their nuclear translocation (30). Elevated
FoxM1B levels in 2-month-old wt and 12-month-old tg mice also
elicited a more pronounced increase of Cdc25B mRNA levels
between 40- to 48-h time points after the PHx operation (Figs.
3 and 4F). Cdc25b regulates M phase progression by activating
the mitotic kinase cdk1ycyclin B by means of dephosphorylation
(31–33), and, therefore, its induced expression is essential to
promote entry into mitosis. Finally, regenerating liver of old tg
mice displayed induced expression of p55Cdc comparable to
young mice (Figs. 3 and 4G). The p55Cdc protein regulates
ubiquitin-ligase APC-mediated degradation of the cyclin pro-
teins, whose elimination is required for the completion of mitosis

Fig. 1. Increased FoxM1B expression in regenerating liver of old tg mice stimulates hepatocyte entry into DNA synthesis and mitosis. (A) Graphic representation
of hepatocyte BrdUrd incorporation during mouse liver regeneration. Graphically presented is the BrdUrd incorporation (DNA replication) at the indicated hours
after PHx with 12-month-old wt (red), 12-month-old TTR-HFH-11B tg (green), or 2-month-old wt (blue) CD-1 mice. Two hours before the regenerating livers were
harvested, the mice received an i.p. injection of BrdUrd and immunohistochemical staining was used to measure the BrdUrd-incorporation rate in regenerating
liver sections as described previously (21). The mean of the number of BrdUrd-positive nuclei per 1,000 hepatocytes and SD were calculated for each time point
as described in Materials and Methods. Shown is the BrdUrd immunostaining of liver sections at the S phase peak (40 h after PHx) from either 12-month-old wt
mice (B) or 12-month-old tg mice (C), demonstrating that restoring FoxM1B levels elicited increased BrdUrd incorporation in regenerating liver of old tg mice.
(D) Graphic representation of increased hepatocyte mitosis in regenerating livers of old tg mice at the peak of mitosis (48 h after PHx). In three regenerating
livers at 48 h after PHx, hepatocyte mitosis is expressed as the mean 6 SD of the number of mitotic figures found per 1,000 hepatocytes (21).
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(29). Consistent with the role of FoxM1B in regulating the G2yM
phase transition, Foxm1byHfh11yTrident-deficient (2y2) em-
bryos display an abnormal polyploid phenotype resulting from
endoreduplication in embryonic hepatocytes and cardiomyo-
cytes (day 13 post coitum), suggesting that FoxM1B functions to
regulate cell cycle progression into mitosis (19). It is tempting to
speculate that this aberrant endoreduplication in Foxm1b 2y2
embryos is a result of reduced expression of cyclin B, Cdc25B,
and p55Cdc genes, which are necessary for progression and
completion of mitosis. Taken together, our liver-regeneration
studies indicate that increased FoxM1B expression in old tg mice
increases expression of M phase-promoting cyclin B1, cyclin B2,

cyclin F, Cdc25B, and p55Cdc genes, which are required for M
phase progression and exit from mitosis.

Cotransfection Assays Demonstrate That FoxM1B Activates Cyclin D1
and Cyclin B1 Promoter Expression. Because the human cyclin D1
promoter (21095 to 21083) and the human cyclin B1 promoter
(2806 to 2817) contained potential binding sites for the
FoxM1B transcription factor (20, 34), we wanted to examine
whether FoxM1B could stimulate expression of these cyclin
promoters. We used human hepatoma HepG2 cells for cotrans-
fection assays with the CMV FoxM1B cDNA expression vector
and the cyclin promoters linked to luciferase reporter constructs:

Fig. 2. FoxM1B mRNA and protein levels in regenerating livers of old wt and tg mice. Time course of FoxM1B mRNA levels in regenerating liver of 2-month-old
(young) wt (A), 12-month-old wt (B), and 12-month-old tg (C) CD-1 mice. Total liver RNA was prepared at the indicated hours after PHx operation (numbers along
the top), and RNase protection assays were used to analyze for FoxM1B expression as described previously (21, 23). Expression of FoxM1B mRNA was normalized
to cyclophilin levels, and shown below each image is the fold induction compared with young wt 24-h time point. (D) Western blot analysis using affinity-purified
FoxM1B antibody (20, 21) was performed with total liver protein extracts (24) isolated from regenerating livers (at the indicated hours after PHx) of 12-month-old
(12 m) wt, 12-month-old tg, or 2-month-old (2 m) wt mice. Indicated on the Western blot is the FoxM1B protein band, which migrates more slowly on the gel
than a nonspecific (NS) band, which varies in intensity.

Fig. 3. Increased FoxM1B expression in regenerating liver of old tg mice stimulates expression of cell cycle-promotion genes. RNase protection assay
demonstrates increased expression of cell cycle-promotion genes in regenerating liver of old tg mice. Total RNA was prepared from regenerating livers from
2-month-old wt mice (A), 12-month-old tg mice (B), and 12-month-old wt mice (C) at indicated hours after PHx (numbers along the top). The liver RNA samples
were used for RNase protection assays (in triplicate) to determine expression of the indicated cyclin genes as well as the Cdc25B and p55Cdc genes as described
in Materials and Methods. Note that representative duplicate samples are shown.
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21745 cyclin D1 (25), 21050 cyclin B1, and 2229 cyclin B1 (26)
as described in Materials and Methods. Following normalization
with the CMV-Renilla luciferase control, the mean fold induc-
tion of cyclin promoters is presented graphically in Fig. 5, where
the CMV promoter vector cotransfection (control) was set at 1.0.
These cotransfection assays showed that the FoxM1B expression
vector provided a 3.7-fold induction in cyclin B1 promoter
activity and that retention of the FoxM1B-binding sequence in
the cyclin B1 promoter is required for transcriptional activation
(Fig. 5). Furthermore, FoxM1B provided a 2.8-fold induction in
cyclin D1 promoter expression in HepG2 cell cotransfection
assays (Fig. 5). These studies demonstrated that FoxM1B is able
to transcriptionally activate the cyclin B1 and cyclin D1 promot-
ers, suggesting that FoxM1B functions to directly regulate tran-
scription of these cyclin genes.

Elevated FoxM1B Levels Increased Expression of Cell Cycle Regulatory
Genes Associated with Age-Related Proliferation Defects. Analysis
of cDNA microarrays shows that diminished proliferation
exhibited by fibroblasts from either elderly patients or genet-
ically aged patients with Hutchinson—Gilford progeria is
associated with reduced expression of cell cycle genes as well
as a decline in FoxM1B levels (22). These studies indicate that
an underlying mechanism of the aging process involves defec-
tive induction of cell cycle-promotion genes and dysfunction of

the mitotic machinery, which causes accumulation of prolif-
erating cells blocked in the G2yM phase transition of the cell
cycle. These proliferation defects ultimately result in chromo-
some instability and mutations, leading to a variety of diseases
found in the elderly population. Our current study demon-
strates that diminished expression of FoxM1B mRNA and
protein is also found in regenerating livers of 12-month-old
mice. Although the mechanism for this decline in FoxM1B
expression remains uncharacterized, it is possible that age-
related decreases in hepatic expression of insulin-like growth
factor 1 (IGF-1) contribute to the decline in FoxM1B levels in
regenerating liver of old mice (35). Nevertheless, our liver-
regeneration studies determine that restoring hepatic expres-
sion of FoxM1B alone in old tg mice is sufficient to restore
hepatocyte progression into DNA synthesis and mitosis to
levels similar to those found in young regenerating mouse liver.
Furthermore, stimulation of hepatocyte proliferation in re-
sponse to elevated FoxM1B levels was associated with in-
creased expression of numerous cell cycle-promoting genes.
Restoring FoxM1B levels increased expression of S phase-
promoting cyclin D1 and cyclin A2 and stimulated expression
of M phase-promoting cyclin F, cyclin B1, cyclin B2, and
Cdc25B as well as p55Cdc, which is required for exit from
mitosis. Because all young, proliferating cells display elevated
FoxM1B levels (20, 27, 34), our data imply that increased
FoxM1B expression alone in numerous distinct cell types of the
elderly is sufficient to potentiate transcription of the cell
cycle-promotion genes and alleviate age-related proliferation
defects. Furthermore, cotransfection assays demonstrate that
FoxM1B activates transcription of cyclin B1 and cyclin D1
promoters, suggesting that these cyclin genes are a direct target
of the FoxM1B transcription factor. Taken together, our
studies demonstrate that FoxM1B controls the transcriptional
network of genes that regulate cell cycle progression.

Although hepatocyte expression of the c-myc transcription
factor in transgenic mice stimulates hepatocyte replication dur-
ing liver regeneration, its constitutive expression causes aberrant
hepatocyte proliferation without liver injury because c-myc
localizes to the nucleus in the absence of proliferative signals
(36). Unlike the c-myc transcription factor, overexpression of the

Fig. 4. Graphic presentation of normalized mean mRNA levels (6SD) of cell
cycle regulatory genes. Shown are mean mRNA levels of cyclin D1 (A), cyclin A2
(B), cyclin B1 (C), cyclin B2 (D), cyclin F (E), Cdc25B (F), and p55cdc (G) at various
intervals in regenerating liver (in triplicate). The regenerating liver was ob-
tained from 2-month-old wt mice (blue), 12-month-old tg mice (green), or
12-month-old wt mice (red). Expression levels of cell cycle regulatory genes
were normalized to the GAPDH mRNA levels. The expression level of the
2-month-old regenerating mouse liver at 24 h after PHx was set at 1.0.

Fig. 5. FoxM1B directly activates transcription of the cyclin D1 and cyclin B1
promoter in cotransfection assays. HepG2 cells were cotransfected with either
the CMV-FoxM1B cDNA expression vector or CMV empty vector and the cyclin
promoters linked to luciferase reporter constructs: 21745 cyclinD1 (25), 21050
cyclin B1, and 2229 cyclin B1 (26). Cell protein extracts were prepared and
assayed for luciferase enzyme activity as described in Materials and Methods.
The CMV-Renilla luciferase vector was included as a normalization control for
transfection efficiency. Normalized fold induction of cyclin B1 and cyclin D1
promoter expression in response to FoxM1B cDNA cotransfection is presented
graphically, with CMV-empty vector control set at 1.0. Seven distinct trans-
fection experiments were performed and used to determine mean fold in-
duction 6 SD.
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FoxM1B (HFH-11B) transcription factor alone is insufficient to
induce differentiated cells to enter the cell cycle because its
nuclear localization requires proliferation-specific signals, and,
therefore, FoxM1B transgene protein remains in the cytoplasm
of quiescent hepatocytes (21). This feature makes the FoxM1B
transcription factor a likely candidate for therapeutic interven-
tion to ameliorate defective proliferation observed in the elderly
population because its aberrant expression in quiescent cells will
not induce unwanted cellular proliferation. Future transgenic
mouse studies in which FoxM1B is expressed ubiquitously would

allow determination of whether sustaining FoxM1B expression
during the aging process leads to an increase in longevity.
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