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Abstract pl6™%** an inhibitor of cyclin-dependent
kinase 4 and 6, has been proposed to play an important role
in cellular aging and in premature senescence. The
expression of the p/6™%** is primarily under transcrip-
tional control. Our previous data showed that a negative
regulation element lies in its promoter. In that element, a
MYB-binding site (MBS) was uncovered by transcription
analysis. Here, we report that MBS is a negative regulation
element and B-MYB binds to this site in vivo. In human
embryonic lung fibroblast cells, B-MYB downregulated
p16™5** expression, whereas knocking down of B-MYB
upregulated it. Evidence also showed that overexpression
of B-MYB in cells could increase the number of utmost
passage and decrease G1 block, whereas knocking down of
B-MYB could impair their replicative ability. This study
provides evidence of the capacity of B-MYB not only to
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regulate p16™5** expression but also the phenotypic con-
sequence on cellular senescence.
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Introduction

As one of the INK4 class of cell cycle inhibitors that inhibit
cyclin-dependent kinase 4 and cyclin-dependent kinase 6,
p16™%4* is considered to play an important role in cellular
aging, including stem cells [1]. p/6™%** expression sig-
nificantly increases in senescent human and mice
fibroblasts in vitro and in vivo [2, 3], which is considered
as a robust age-associated biomarker in mammals [4].
Overexpression of pl16™%** may cause premature senes-
cence, whereas expression of antisense p/6™%** delays the
onset of the cell senescence [5]. Despite the significant
function of p16INK4“ in cell senescence, immortalization
and tumorigenesis, the control of pl16™5** expression has
not been well understood at present. Understanding the
mechanisms of pl6™%** regulation may help us to find a
way to control its expression in normal cells or induce
senescence in cancer cells.

The expression of the p/ is thought to be primarily
under transcriptional control, as the RNAs of p/6™5** are
quite stable in cell cycles [6]. Our and other group’s data
showed that p16™%** promoter activity in senescent cells
is about tenfold of that in presenecent cells. We have
determined that the transcription regulatory elements
contributing to overexpression of p/6™*** in senescent
cells are located in the region of the p16™*** promoter from
—622 to —280 bp upstream of ATG [7]. The tandem GC
boxes of the pI6™5** promoter (from —466 to —451 bp)
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are positive transcription regulatory elements and the key
sites for Spl activity [8]. We also found a negative tran-
scription regulatory element (from —522 to —482 bp) lying
just adjacent to tandem GC boxes. In this report, we proved
that B-MYB could bind to that negative regulatory element
and suppress p6™%** promoter activity, and the decreased
expression of B-MYB in senescent cells contributes to the
increase of pl6™%** expression and the cellular aging
process.

Materials and methods
Cell culture and synchronization

Human embryonic lung diploid fibroblast 2BS cells
(obtained from the National Institute of Biological Prod-
ucts, Beijing, China) were previously isolated from female
fetal lung fibroblast tissue and have been fully character-
ized [5, 7, 9, 10]. The current expected life span is
approximately 60 population doublings (PD). 2BS cells are
considered to be young at PD30 or below and to be fully
senescent at PD55 or above. Cells were maintained in
Dulbecco’s modified Eagle’s medium (GIBCO BRL, USA)
supplemented with 10% fetal bovine serum (FBS), 100
units/ml penicillin, and 100 g/ml streptomycin at 37°C in
5% CO,.

For synchronization, 2BS cells were rendered quiescent
by serum deprivation for 48 h and then stimulated to
reenter the cell cycle by the addition of serum to a final
concentration of 10%. G1 phase cells were harvested at 8 h
after serum stimulation.

Computer analysis of the putative transcriptional
factor-binding sites in the p76™%** promoter

The whole DNA sequence of the pI6™V%** promoter
(GenBankTM accession numbers AF022809) was subjected
to computer analysis and screened for putative transcrip-
tional factor-binding sites using the software MatInspector
version 2.2 [11]. The computer analysis utilized matrices
derived from the published MBSs consensus sequence
[12—14], and results were expressed in matrix similarity,
where a value of 1 corresponds to complete homology.

Chromatin immunoprecipitation

Chromatin immunoprecipitation (ChIPs) was performed
using the Chromatin Immunoprecipitation Assay Kit
(Upstate, New York) according to the manufacturer’s
instruction. In brief, 1 x 10° cells were crosslinked by
adding formaldehyde directly to the cell culture media and
incubating for 10 min at 37°C. The cells were washed

twice with cold PBS and then scraped and resuspended in
200 pl of SDS lysis buffer. Chromatin was then sonicated
to an average length of 0.5 kb for ten 3-s pulses at maxi-
mum power in ice. Chromatin extracts were diluted tenfold
in dilution buffer and preincubated for 30 min at 4°C with
80 ul of Salmon Sperm DNA/protein A agarose. Then,
20 pl of diluted supernatant was kept for isolation of input
DNA and quantitation of the DNA in different samples.
After pelleting agarose by brief centrifugation, 2 pg of
anti-B-MYB antibody (Santa Cruz, sc-725) (test group) or
2 ng of f-actin antibody (Santa Cruz, sc-1616) (irrelevant
antibody control) was added to the supernatant fraction and
incubated overnight at 4°C with rotation. In addition, a
no antibody immunoprecipitation was performed by incu-
bating the supernatant fraction with Salmon Sperm
DNA/protein A Agarose was added for 1 h at 4°C. 60 pl of
Salmon Sperm DNA/protein A Agarose for 1 h at 4°C to
collect the antibody/antigen-DNA complex. The chromatin
bound to the protein A agarose beads was eluted in 500 pl
of freshly prepared elution buffer (1% SDS, 0.1 M
NaHCO3). After reversing crosslinks by incubation in 65°C
for 4 h, the samples were deproteinized and phenol—
chloroform extracted, then DNA was ethanol precipitated
using yeast tRNA as a carrier. Pellets were resuspended in
50 pl of TE buffer for PCR analysis.

Each PCR reaction mixture contained 5 pl of immuno-
precipitated chromatin in a final reaction volume of 20 pl.
PCR mixtures were amplified for 35 cycles of 94°C for
30 s, 55°C for 30 s (50°C for 30 s for control PCR reac-
tion), and 72°C for 30s. To amplify MBS-containing
regions of pl6™ ** promoter, sequences of the primers
used were as follows: forward primer: 5-CCCCGATTCA
ATTTGGCAGTTAGG-3'; reverse primer: 5-CAGCGTT
GGCAAGGAAGGAGGAC-3'. We also used a set of
Control PCR primers (about 2,000 bp downstream of
MYB-binding site) to verify the site-specific binding:
forward primer 5-GTTTCCTACTGCTGCTGTTAC-3';
reverse primer 5'-ACCCCAAGTGTTTTTATTAGAGG-3'.
All primers were synthesized at AuGCT Biotechnology
Co., Ltd (Beijing, China).

Western blotting

Cell extracts were prepared following standard procedures.
Briefly, three to five volumes of lysis buffer (50 mM Tris—
HCL, pH 7.4, 0.25 M NaCl, 0.1% Triton-X-100, 1 mM
EDTA, 50 mM NaF, 1 mM DTT, 0.1 mM PMSF, 1 pg/ml
leupeptin, 1 pg/ml aprotinin) were added to a cell pellet.
After incubation on ice for 30 min, the samples were
centrifuged at 14,000 rpm for 5 min at 4°C to recover the
supernatant. Protein concentration of each sample was
determined by BCA Protein Assay Reagent (Pierce, USA).
Then, 60—100 mg of proteins were electrophoresed on 15%
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(for p16™5**) or 8% (for B-MYB) SDS—polyacrylamide
gel and transferred to PVDF filters (Millipore, USA). The
filter was blocked and then incubated with the primary
antibody in 5% nonfat dry milk in TBST (10 mM Tris—Cl,
pH 7.5, 150 mM NacCl, 0.05% Tween 20) overnight at 4°C.
After washing, the blots were incubated with secondary
antibody conjugated to horseradish peroxidase at 1:40,000
in TBST for 1 h at room temperature. Proteins were visu-
alized with chemiluminescent substrate (Pierce) according
to the manufacturer’s instructions. Antibodies against
B-MYB (Santa Cruz, sc-725), pl6™ 4* (Upstate, 05-418)
and f-actin (Santa Cruz, sc-1616) were at 1 mg/ml
concentration.

Plasmids

Expression plasmids of B-myb, pCEP,s/B-myb, were
kindly provided by Dr. Linda M. Boxer (Center for
Molecular Biology in Medicine, Veterans Affairs Palo Alto
Health Care System and the Department of Medicine,
Stanford University School of Medicine). The pCEP44
plasmid without an insert served as the control. The pGL3-
620 plasmid acted as the reporter reconstructions, into
which the 620 bp of the promoter of p/6™%** upstream of
ATG was inserted, was a gift from Wu Junfeng in our lab
[8]. Site-directed mutagenesis was conducted to make
MBS mutant pGL3-620 (pGL3-622mMBS), by using the
Quickchange™ Site-directed Mutagenesis Kit (Stratagene)
according to the manufacturer’s protocol. A pair of
nucleotides carrying mismatched bases (indicated by low-
ercase): 5'-CCCGATTCAATTTGGCAGcTgGGAAGGTT
GTATCGCGG-3', were used to mutagenize the MBS.

Small interfering RNAs (shRNAs) preparation

shRNAs corresponding to B-myb mRNAs were designed
according to pSilencer neo instruction manual (Ambion,
USA). In brief, the 21-nt potential sequences in the target
mRNAs that begin with an AA dinucleotide were found and
compared to the human genome database using BLAST
(www.ncbi.nlm.nih.gov/BLAST). Any target sequences
with more than 16—17 contiguous base pairs of homology to
other coding sequences were eliminated from consideration.
The shRNA template oligonucleotides were designed by a
Web-based insert design tool (www.ambion.com) and
chemically synthesized, with 5'- phosphate, 3’- hydroxyl,
and two base overhangs on each strand. Four gene-specific
sequences were used as selective study and the following
gene-specific sequence was proved having maximum inhi-
bition of B-MYB expression: 5'-AACTCATCATCGAG
GACGACA-3'. Then the shRNAs were inserted into the

BamH I and Hind III sites of pSilencer 2.1-U6 neo vector
(Ambion) and referred to as pSilencer-B-myb.

Transfection and luciferase activity assays

All plasmids were purified with Qiagen Plasmid Midi Kits
(Chatsworth, CA). For each transfection experiment, 2BS
cells were seeded in 12-well plates and grown for about
24 h until they were above 90% confluent, then transfected
with an equal amount of reporter plasmid (1.6 pug) and
0.32 pg of pRL-CMV (Promega) as internal control, using
Lipofectamine 2000 (Invitrogen) and following the manu-
facturer’s indications. Five hours later, serum-free DNA-
containing medium was replaced by flesh growth medium
and the cells were harvested 48 h after transfection.
Luciferase assays were performed as described (Dual-
Luciferase Reporter Assay System, Promega). The enzyme
activity was normalized for efficiency of transfection on
the basis of Renilla activity levels and reported as relative
light units (RLU). In co-transfection, all transfections were
carried out in triplicate, and all experiments were per-
formed twice for confirmation and standard errors are
denoted by bars in the figures.

Stable transfection and measurement of PDs

pCEP-B-myb, pCEP, pSilencer-B-myb and pSilencer NC
vector (negative control of pSilencer 2.1-U6 neo vector
that expresses a shRNA with limited homology to any
known sequences in the human, mouse, and rat genomes),
were transfected by Lipofectamine 2000 reagent (Life
Technologies, Inc.) into 4 x 10° early passage 2BS cells
(PD28) in 80-90% confluence. After 48 h, the cells were
selected by Hygromycin (200 pg/ml; Roche, Germany) or
G418 (300 pg/ml; Life Technologies). Colonies of stable
transfectants were isolated 3—4 weeks later and propagated
accordingly in complete medium containing 50 pg/ml
Hygromycin or G418. The resulted transfectants were
termed as 2BS/B-myb, 2BS/pCEP, 2BS/shB-myb, 2BS/pSil,
and 2BS/neo, respectively. The PD number of a clone
grown to about 10° cells (70-80% confluence of a 25-cm?
culture flask) is about 20. Therefore, the actual PD number
of the transfectants should be increased by 20 PDs when
compared to that of the untransfected cells. The PD
numbers of each group came from five independent
clones.

Cell cycle analysis
Cells at 70-80% confluence were detached with 0.25%

trypsin, and fixed with 75% ethanol overnight. After
treatment with 100 mg/ml RNase A (Sigma, USA) at 37°C
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for 30 min, cells were resuspended in 0.5 ml PBS and
stained with propidium iodide in the dark for 30 min, and
the DNA contents were measured by fluorescence-acti-
vated cell sorting on a FACScan flow cytometry system
(Becton-Dickinson, San Jose, CA, USA) and the data were
analyzed with CellFiT software.

SA-f-galactosidase activity at pH 6.0

Cells were washed twice in PBS, fixed to plates using 3%
formaldehyde for 3-5 min, and washed with PBS again.
Then cells were incubated overnight at 37°C without CO,
in a freshly prepared staining buffer (1 mg/ml X-gal,
40 mM citric acid/sodium phosphate, pH 6.0, 5 mM
potassium ferrocyanide, 5 mM potassium ferricyanide,
150 mM NaCl, 2 mM MgCl,).

Cell proliferation assay

Cell proliferation was assayed using the MTT method.
Cells were plated at a density of 2 x 10° cells per well into
a 96-well plate and cultured for periods ranging from 1 to

Fig. 1 B-MYB binds to A
pI16™5* promoter. a MYB-
binding sequences in the human
and mouse p/ 6"NE# promoters |
(accession numbers AF022809

and U47018). The box indicates

=506

the potential binding site for -648
myb family. b Western-blot
analysis of B-MYB and
p16™%4* in presenescent (28 B
Pre

PDs) and senescent (58 PDs)

Fig. 2 B-MYB downregulates pI6™5** promoter. a Sequences of p

partial parental and mutant pl6™5** promoter. Mutated sites are
indicated. b 2BS cells were transfected with indicated amounts of
parental p16™%** promoter construct pGL3-622, or mutant constructs,
pGL3-622mMBS. pRL-CMV was also added in the co-transfection
and the Renilla luciferase activity was measured and used to
normalize for transfection efficiency. Results are expressed as the
relative promoter activity. ¢ The reporter construct pGL3-622 was co-
transfected with pCEP44-B-myb or control expression plasmid
pCEP4;. pRL-CMV was also added in the co-transfection and the
Renilla luciferase activity was measured and used to normalize for
transfection efficiency. Results are expressed as the relative promoter
activity. The mean activities == SD from three independent transfec-
tions are shown. d Western-blot analysis of B-MYB and pl6™K**
from 2BS cells transfected with B-myb expression vector or control
plasmid after 48 h transfection. f-actin lane serves as loading control.
pCEP,;: control expression plasmid pCEP,g; B-myb: the expression
vector of B-MYB, pCEP,4-B-myb. e The reporter construct pGL3-
622 was co-transfected with shB-myb or control expression plasmid
pSilencer 2.0-U6. pRL-CMV was also added in the co-transfection
and the Renilla luciferase activity was measured and used to
normalize for transfection efficiency. Results are expressed as the
relative promoter activity. The mean activities £ SD from three
independent transfections are shown. f Western-blot analysis of
B-MYB and p16™%** from 2BS cells transfected with shB-myb or
pSilencer 2.0-U6 after 48 h transfection. f-actin lane serves as
loading control. pSil control expression plasmid pSilencer 2.0-U6;
shB-myb the shRNA expression vector of B-myb, pSilencer-B-myb
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6 days. The medium was replaced at 24-h intervals. At
each time point, 10 pl MTT (10 mg/ml) was added to each
well. After 3 h of incubation at 37°C, cells were lysed
using 10% SDS/50% N,N-dimethylformamide, and the
absorbance at 490 nm was recorded using an ELISA plate
reader. Duplicate measurements were performed on three
independent wells at each time point.

Results
B-MYB binds to p16™%** promoter
By using the computerized software Matlnspector version

2.2 [11], we analyzed the DNA sequence of the negative
transcription regulatory element of pl6™%** promoter
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(from —522 to —482 bp), and found a putative MYB family
transcription factors binding site (MBS), located between
positions —500 to —490 bp (ggcaGTTAgg), which displays
a high degree of homology with the published consensus
sequences [12—-14], whose core similarity is 1 and matrix
similarity is 0.995, where 1 corresponds to complete
homology. Although the p/6™*** promoter sequences are
not well conserved between human and mouse, both of
them include a potential binding site for MYB family
transcription factors (Fig. 1a), which indicates the impor-
tance of MYB proteins on pl6™5** regulation.

The myb gene family consists of three members: A-myb,
B-myb, and c-myb. The expression of c-myb and A-myb is
limited to immature hematopoietic cells and male germ
cells or breast epithelial cells, respectively. B-myb
expression is more ubiquitous and is present in virtually all
proliferating cells reviewed in Ref. [15].

Compared to presenescent (28 population doublings,
PDs) human embryonic lung fibroblast (2BS) cells,
B-MYB protein in senescent cells (56 PDs) decreases along
with the increase of pl6™X** expression (Fig. 1b). No
expression of c-myb and A-myb was found in 2BS cells by
Western blot (data not shown), although we cannot exclude
the possibility that a weak expression went undetected due
to the limits of this technique.

As a preliminary step to the functional assessment of
MBS, the occupation of B-MYB to the consensus site in
vivo was evaluated by chromatin immunoprecipitation
(ChIP) assays. The binding of B-MYB to MBS was
observed in presenescent human embryonic lung fibroblast
cells, compared to a weak amplification in senescent cells
(Fig. 1d). The irrelevant antibody control (f-actin), no
antibody control and nearby region (about 2,000 bp
downstream of MBS) PCR control had no amplification
products, which suggested the binding of MBS was spe-
cific. These results identified the binding of B-MYB to
p16™5** promoter in vivo.

B-MYB downregulates pl6™%** transcription

The selective regulation of transcriptional regulator relies
on the specific recognition and binding to its target DNA
sequence. By site directed mutation, we changed two base
pairs of MBS core sequence, which abolished the MYB-
specific binding (Fig. 2a). The mutation of MBS increased
p16™5** promoter activity more than three times (Fig. 2b),
which supported the hypothesis that MBS mediates nega-
tive regulation of p16™%** promoter.

To investigate the role of B-MYB in the regulation of
the p16™%** promoter, the full-length B-myb cDNA was
transfected into subconfluent 2BS cells. p16™5** promoter
activity decreased in B-myb-transfected fibroblasts and was
about one-third of that in vector-transfected cells (Fig. 2b).

As expected, p16™ 4 protein expression decreased after
B-myb’s overexpression (Fig. 2c).

To further confirm the effect of endogenous B-MYB on
p16™5** promoter, B-myb shRNA was designed and used
to knock down its expression. The shB-myb (pSilencer-
B-myb) or vector (pSilencer2.0-U6) were respectively
transfected into subconfluent 2BS cells. We observed about
a 50% decrease of B-MYB expression followed by shB-
myb transfection, which confirmed the efficiency of B-myb
RNAI (Fig. 2d). pI16™%** promoter activity increased more
than six times in siB-myb-transfected fibroblasts as that in
vector-transfected cells (Fig. 2e). As expected, pl6™K+
protein expression increased after B-myb RNAIi (Fig. 2f).
These results, taken together, suggest that endogenous
B-myb expression and ectopic B-myb overexpression in
2BS cells down-regulate p/6™%** promoter activity and
protein expression.

Sustained B-myb overexpression inhibited p16™<**
expression and extended the lifespan of 2BS cells,
whereas silencing of the B-myb gene by RNA
interference (RNAi) induced irreversible cell growth
arrest and premature senescence

As p16™5%* plays an important role in cellular aging, we
argued whether B-MYB also plays a role in cellular aging
by regulating pl6™%** expression. Normal human
embryonic lung fibroblast cells enter a senescence state at
about 55-60 PDs. This state is characterized by irre-
versible growth arrest, morphologically enlarged and
flattened cells with prominent lipofuscin granules. To
determine the effects of the B-myb overexpression on cell
senescence, the clones of transfected cells were obtained
by sustained selection with Hygromycin after transfection
of early passage of cells (28 PDs) with pCEP-B-myb and
pCEP vector. Colonies of stable transfectants were iso-
lated and propagated separately and the lifespans of
individual clone were calculated independently. We also
used the pSilencer vector system to stably suppress the
expression of B-myb gene to determine its effects on the
cellular aging process.

The proliferative capacity of B-myb-transfected cells
(60 PDs) was between that of untransfected presenescent
and senescent cells, whereas vector-transfected cells
(60 PDs) show similar growth rate with the same batch of
senescent cells without transfection (Fig. 3b). As for the
cell cycle profile, in contrast to the irreversible G1 arrest in
senescent cells, B-myb-transfected cells have much higher S
and G2/M phase than NC cells, which proved that B-MYB
postponed the irreversible growth arrest (Fig. 3c). shB-
myb-transfected cells’ proliferation was nearly completely
inhibited to the point that not enough cells could be
obtained for the growth curves and cell cycle profile assay.
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Fig. 3 Effects of sustained B-myb overexpression or knocking down
on 2BS cells aging process. a Western-blot analysis of B-myb and
p16™%4* protein in pCEP,4-B-myb and pCEP,s-transfected cells
compared to untransfected cells. Control: Untransfected 2BS cells
(48 PDs); NC: 2BS cells transfected with pCEP,g (48 PDs); B-myb:
2BS cells transfected with pCEP,4-B-myb (48 PDs). b The replication
characteristics of B-myb-transfected and control cells. Growth curves
of 2BS cells transfected with pCEP,4-B-myb (60 PDs) and pCEP,;
(60 PDs) compared to untransfected presenescence (28 PDs) and
senescence (60 PDs) 2BS cells. 2,000 cells per well were plated into
96-well plates. At the indicated time points, cells were stained with

The lifespan of B-myb-transfected cells (65-70 PDs)
was about 10-15 PDs greater than the NC control and
normal cells (55-60 PDs) (Table 1). In contrast, shB-myb-
transfected cells ceased cell division of 13—15 PDs earlier

MTT and cell number was obtained from OD at 490 nm. Each
experiment was performed at least twice. ¢ Flow cytometry analysis
of B-myb-transfected and NC cells (both at 55 PDs) compared with
young (28 PDs) and senescent (58 PDs) 2BS cells. Each experiment
was performed at least three times. The representative data and graph-
depicted data (d) from three independent experiments (means £
SEM) are shown. e Morphology and SA-f-gal staining for B-myb (60
PDs), shB-myb (46 PDs), NC-transfected cells, and untransfected
young (28 PDs), and senescent (58 PDs) 2BS cells (photographs are
magnified 100x)

than the control cells, keeping in the sub-confluent stage
even after 2 months culturing under normal conditions. SA-
f-Gal staining, a common marker for cellular senescence,
was also checked. B-myb-transfected cells at higher PDs
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Table 1 Cumulative population doublings of B-myb, shRNA-trans-
fected, and untransfected cells

Cells Cumulative
population
doublings

Transfected with pCEP4-B-myb 65-70

Transfected with pCEP4 (void vector) 58-59

Transfected with shB-myb (RNAi vector) <48

Transfected with NC (RNAi void vector) 56-58

Untransfected 2BS cells 58-60

(60 PDs) retained a refractive cytoplasm with thin and long
projections, and have fewer dispersed cells SA-f-Gal-
stained than vector-transfected control cells. Nearly all of
the shB-myb-transfected cells were strongly stained blue,
with gross enlargement and flattened morphology as the
senescent cells (Fig. 3d).

Discussion

The results presented here are of interest for several rea-
sons. Firstly, they show that the B-MYB-binding site in the
pl16™K** promoter is indeed functional, and B-MYB
mediated negative regulation mechanism plays an impor-
tant role in pl6™%** expression control.

It is now clear that the transcription of pl is
subject to multiple levels of control, as illustrated in Fig. 4.
In the locus control level, Bmi-1, a transcriptional repressor
belonging to the Polycomb group gene family, represses
INK4a locus, which encodes the p161NK4“ and p14ARF , and
overcomes the p16™**-dependent senescence [16, 17].

In the promoter regulation level, in spite of its frequent
promoter methylation in cancer cells, p/6™%** has no
promoter methylation in the aging process of human
fibroblasts [18]. Human pl/ 6'NKd> promoter lacks both
TATA and Inr elements but instead contains multiple
transcription initiation sites (lies between —320 and
—240 bp [6]), higher G/C content and multiple binding
sites for the ubiquitous mammalian transcription factor
Spl. Usually, on such promoters, Spl directs the formation

6INK4oc

4o

Locus Control Region

-¢ll1l1

of preinitiation complexes to a region 40 to 100 bp
downstream of its binding sites [19]. We have reported that
the tandem GC boxes (from —464 to —452 bp) are the key
sites of action for Spl induced p16™5** expression [8].
These findings support the hypothesis that Spl directs the
formation of preinitiation complexes to —464 to —452 bp
region of p16™%** promoter. Interestingly, the MBS (—522
to —482 bp) is very close to the tandem GC boxes, about
25 bases between them. We suppose that the binding of
B-MYB to MBS competitively interferes with Spl’s
binding, or the site-directed binding gives B-MYB a
chance to interact with Sp1, which results in the masking of
Spl’s function. Further research on the interaction of
B-myb and Spl may tell us more about their roles in
p16™5** promoter regulation.

Ets and E47 bind to and activate p]6INK4°‘ promoter,
which could be compromised by Id1 [20, 21]. PPARy can
also bind to the pl6™5** promoter and induce its tran-
scription [22]. JunB binds to and activates mice pl6™K**
promoter [23]. Although human pl6™%** promoter also
has putative JunB-binding site, its activity on humans still
needs to be proved. Other proteins have been proved to
regulate pl6™%** transcription by indirect manner. For
example, Ras could upregulate p/6™%** promoter through
Ras-Raf-MEK signaling pathway [20], whereas SIRT1 [24]
and Rb [25] could downregulate p/6™%** expression.

Summarily, in human somatic cells, Sp1 directs the for-
mation of preinitiation complexes to —470 bp to —355 bp
region of p16™%** promoter, regulation factors such as Ets,
E47, RHA, and JunB, or B-MYB, could respectively ben-
efit or demolish the stability of the preinitiation complexes.
The elevation of pl6™%** promoter activity in the cell-
aging process is the integrated result of the loss of
repressors and gain of activators. However, it is important
to establish the hierarchy and interplay of these regulators.

It is well established that B-MYB plays an important
role in the cell cycle and proliferation [15, 26]. Overex-
pression of B-myb in many cell lines could increase cell
proliferation, whereas the decrease of B-MYB by antisense
oligonucleotides could decrease cell proliferation. Our
finding that p/6™%** is a direct target of B-MYB further
suggests that the spectrum of genes of which the expression

Translation
Initiation Site

Transcription Initiation
Sites (-240~320) ’

-3'00

Promoter Region

0

Fig. 4 Summary of transcriptional regulation of p]6”VK4°c gene. Red symbols indicate corresponding factors that have positive effects on

p 1 61NK40<

expression, whereas blue symbols indicate negative effects. Red arrows show the transcription and translation initiation sites
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is controlled by B-MYB proteins extends beyond those
involved in cell proliferation and differentiation and
includes genes associated with the cell-aging process.
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