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Abstract p27¥™! is an inhibitor of multiple cyclin-dependent
kinases (cdk), and can arrest the cell-cycle progression by
inhibiting the phosphorylation of the retinoblastoma gene family
products. Tumor formation in p27%¥®! knockout mice clearly
shows that p27%¥™®! plays an important role in inhibiting tumor
formation and progression. To investigate the mechanism of
transcriptional p27%'P! gene expression, we isolated the genomic
DNA fragment of the 5’ flanking region of the human p27¥iP!
gene and characterized its promoter region, The human p27¥iP!
promoter is TATA-less, and the sequence is highly homologous
to the murine p27%iP! promoter sequence. In the promoter assay,
deletion from —774 to —435 relative to the initiating codon
resulted in a 15-20-fold reduction of the p27X®' promoter
activity, suggesting that the elements for basal promoter activity
exist in this highly conserved 340 bp region, where putative CTF
and ATF sites are conserved.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

In the eukaryotic cell cycle, several positive and negative
factors regulate the cell-cycle progression. Among the positive
factors, the key players are a family of protein kinases each of
which comprises a regulatory subunit, or cyclin, and a cata-
lytic subunit, termed a cyclin-dependent kinase (cdk). A num-
ber of reports suggest that cyclin D-cdk4, cyclin D-cdk6 and
cyclin E-cdk?2 play important roles in promoting the transition
from the Gl-phase to the S-phase by the phosphorylation of
the retinoblastoma protein (pRB). One further level of control
has recently become apparent, namely, the expression of cdk
inhibitors [1]. Two families of cdk inhibitors have already
been identified in mammalian cells, with different modes of
action. One group, comprised of related proteins known as
p219Pl  p275Pl and pS574P2 appears to function as broad spe-
cificity inhibitors of cyclin/edk complexes [2-5]. The second
family of cdk inhibitors is also called INK4 family proteins.
The four members of this family, designated pl5, pl6, pl8
and pl9, bind directly to cdk4 and cdk6é and are therefore
specific inhibitors of the cyclin D-dependent kinases [6-§].

Although the precise roles of p27¥%®! are far from clear, its
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level declines as cells are stimulated to enter the cycle, and
increases when cells are arrested by transforming growth fac-
tor or by contact inhibition [9]. p27¥®! was cloned as a bind-
ing protein with cyclin E-cdk?2 [3] or cyclin D-cdk4 [4]. p27%ip!
inhibits the activity of most cyclin—cdk complexes, and in
addition, is capable of inhibiting the phosphorylation of cy-
clin~cdk complexes by CAK (cdk-activating kinase) [10].
p27%Pl therefore functions as a negative regulator of G1/S
progression.

Tumor-specific mutations of the p27%®! gene are rare [11],
whereas several cell cycle regulators such as pl16, p53 and RB
are frequently mutated in several cancers and have been
shown to be tumor-suppressor genes. However, p27%P!-defi-
cient mice were observed to have increased body size, multiple
organ hyperplasia, retinal dysplasia, and the formation of the
pituitary tumors [12-14], which is in part similar to the case of
the RB heterozygous knockout mice [15]. In addition, cohort
studies of breast and colorectal carcinoma patients showed
that a lower expression of the p275%P! protein correlated
with poorer survival [16-18]. These results clearly indicate
that p27%P! plays an important role in inhibiting tumor for-
mation and tumor progression. The expression of p27%®! has
been shown to be controlled by a post-translational mecha-
nism [19,20]. However, recent reports showed that p27XP!
mRNA is induced by vitamin D3 in U937 cells [21] and by
neuronal differentiation [22], suggesting that transcriptional
regulation of the p27%¥P! gene might be also important in
cellular differentiation. In the present study, to investigate
the mechanism of the transcriptional regulation of the
p27%Pl gene, we cloned the 5’ flanking region of the human
p27XP! gene and analyzed its promoter region.

2. Materials and methods

2.1. Cell culture

The human osteosarcoma cell lines Saos2 and U20S (kind gifts
from Dr. R. Takahashi, Kyoto University and from Dr. E. Hara,
Kyoto Prefectural University, respectively) and the human cervical
carcinoma cell line C33A (purchased from the American Type Culture
Collection, Rockville, MD) were maintained in Dulbecco’s modified
Eagle’s medium with 10% fetal bovine serum and incubated at 37°C in
a humidified atmosphere of 5% COs in air. In the U20S cells, the p53
and RB genes are intact [23], and in the Saos2 [23,24] and C33A [25]
cells, both the p53 and RB genes are mutated.

2.2. Cloning of the human p27%" promoter fragment

A part of the human p27¥®" ¢cDNA containing exon 1 was ob-
tained from the human p27¥®! cDNA inserted in the plasmid pBlue-
script SK-p27FL (a kind gift of Dr. J. Massague, Memorial Sloan-
Kettering Cancer Center, USA) by digestion with EcoRI and Pstl,
and was used as a probe to screen a human leukocyte genomic library.
Using this probe, about 10° phage plaques of a human leukocyte
genomic library in the EMBL3 SP6/T7 phage vector (Clontech, Palo
Alto, CA) was screened to obtain the genomic DNA fragments con-
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CCACGGTGCTCAAGCCCACACTGAGAGAGAAATTTCCAGCTGCAAAAGGGAGAAGAGAAACG
-1600

CTGGAATACTAGTATCGGACGTTAGGACATGGTTGTGGTGTTTTAAAAATCATTTCATCATC

TGGAGTTTGACCCCGAGGGGAGTATTTTCACCCTTCAGCCCTCTGAAAGCATTCACTAGCAT

CTGAATATTG‘I‘TCTGAGTT’I‘GTTGGAGCAGTGAAATCTGGTGAGAGAGAAGGGTC;(;?:;G GAAG
%GAGCTGTTGTATTTGGCGGCTGGACTCAGGTAGAGGAAACTGCTACAATCCCGG&X%%
gAEQSCAGAAAAGTAGAAAGGGAC GAGTTCCCACACGCAGCCAATGTCCATGGCCTTAACTGTG
CTTGGGAAGGAAGATCCTGGGC CAGGGGTGTACéE?POé]GTg-S;‘TCAAAAACTAAACGI\;‘YETCTG
AGACAGCTAPSAA:;-\AGTTTATTAAGGGACTTGAGAGACTAGAGTTTTTTGTTTTTTTTTTTTAA

TCTTGAGTT(-:1C?I‘()‘I(’)TCTTA’I‘TTTCATTGAGGGAGAGCTTGAGTTCATGATAAGTGCCGC GTCT
ACTCCTGGCTAATTTCTAAAAGAAAGACGTTCGCTTTGGCTTCTTCC&11’1‘118(3GCCCCCAGCCT
CCCCAGGGATGGCAGAAACTTCTGGGTTAAGGCTGAGCGAACCATTGCCCACTGCCTCCACC
AGCCCCCAGCAAAGGCACGCCGGCS(?(E:')GOGGGCGCCCAGCCCCCCCAGCAAACGCTCCGCGGC

CTCCCCCGCAGACCACGAGGTGGGGGCCGCTGGGGAGGGC CGAGCTGGGGGCAGCTCGCCAC
AP2
CCCGGCTCCTAGCGAGCTGCCGGCGACCTTCGC GGTCCTCTGGTCCAGGTCCCGGCTTCCCG

GGAGAGGAGCGGGAGGGAGGTCGGGGCTTAGGCGCCGCTGCGAACCCGCCAACGCAGCGCCG
> p27Apa | AP2
GGCCCCGAACCTCAGGCCCCGCCCCAGGTTCCCGGCCGTTTGGCTAGTTTGTTTGTCTTAAT
-700 Sp1 AP2
TTTAATTTCTCCGAGGCCAGCCAGAGCAGGTTTGTTGGCAGCAGTACCCCTCCAGCAGTCAC

-600
GCGACCAGCCAATCTCCCGGCGGCGCTCGGGGAGGCGGCGCGCTCGGGAACGAGGGGAGGTG
CTF
GCGGAACCGCGCCGGGGCCACCTTAAGGCCGCGCTCGCCAGCCTCGGCGGGGCGGCTCCCGC
Sp1 Sp1
CGCCGCAACCAATGGATCTCCTCCTCTGTTTAAATAGACTCGCCGTGTCAATCATTTTCTTC
CTF = p27MB-435
TTCGTCAGCCTCCCTTCCACCGCCATATTGGGCCACTAAAAAAAGGGGGCTCGTCTTTTCGG
ATF_400
GGTGTTTTTCTCCCCCTCCCCTGTCCCCGCTTGCTCACGGCTCTGCGACTCCGACGCCGGCA
p278acIl .300
AGGTTTGGAGAGCGGCTGGGTTCGCGGGACCGCGGGCTTGCACCCGCCCAGACTCGGACGGG
PEBP2 AP2 Spt
CTTTGCCACCCTCTCCGCTTGCCTGGTCCCCTCTCCTCTCCGCCCTCCCGCTCGCCAGTCCA
Spi AP2 g p27BssH II
TTTGATCAGCGGAGAC‘I‘CGGCGGCCGGGCCGGGGCTTCCCCGCAGCCCCTGCGCGCTCCTAG
v NF« B
AGCTCGGGCCGTGGCTCGTCGGGGTCTGTGTCTTTTGGCTCCGAGGGCAGTCGCTGGGCTTC

CGAGAGGGGGTTCGGGCCGCGTAGGGGCGCTTTGTTTTGTTCGGTTTTGTTTTITITGAGAGT

1
GCGAGAGAGGCGGTCGTGCAGACCCGGCAGARAGATG]

Fig. 1. Nucleotide sequence of the 5’ flanking region of the human p27%' gene. The transcriptional start site of the human p27¥®! gene was
determined by primer extension and is indicated by the arrowhead (¥). The consensus sites of various transcriptional factors are indicated and
underlined. The nucleotide number was counted from the translational start site. The arrows indicate the 5’ end of the deletion mutants of

p27¥Pl promoters shown in Fig. 3.

taining the 5’ region of the human p27¥P! gene. Hybridization was
performed in a buffer containing 5XSSC, 50% formamide, 1% SDS,
5XDenhards solution, and 0.1 pg/ul denatured and sonicated fish
sperm DNA at 42°C for over 16 h. The positive phage plaques
were expanded and the DNA was purified. The genomic DNA frag-
ments were digested with the appropriate enzymes and analyzed by
Southern blotting.

2.3. Plasmid preparation

An approximately 4.8 kb Xhol fragment derived from the positive
phage DNA was subcloned into pBluescript SK+ (Stratagene, La
Jolla, CA). This construct was used for sequencing, and an approx-
imately 3.5 kb fragment between —3568 and —12 from the start site of
translation of the human p27¥®! gene was subcloned into the lucifer-

ase reporter plasmid pGVB2 (Nippon Gene, Tokyo, Japan). This
human p27%®l.luciferase fusion plasmid was termed p27PF. To gen-
erate the deletion mutants of p27PF, p27PF was digested separately
with Kpnl, Apal, Sacll and BssHIIL. These enzyme sites were blunted
with Klenow or T4 DNA polymerase and then self-ligated. These
plasmids were termed p27Kpnl, p27Apal, p27Sacll and p27BssHII,
respectively. Another deletion mutant termed p27MB-435 was gener-
ated using a Mungbeans—-Exonuclease III system, the Kilo-sequence
Deletion Kit (Takara, Tokyo, Japan). The series of all of the gener-
ated constructs were confirmed by sequencing.

2.4. DNA sequencing and primer extension analysis
The sequence was determined by the dideoxynucleotide chain ter-
mination method using a USB sequenase version 2.0 DNA sequencing
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kit (Amersham, Buckinghamshire, UK). The primers used for se-
quencing were T3, T7 and synthetic oligonucleotides derived from
the genomic DNA sequence. To determine the transcriptional start
site, two  20-bp  oligonucleotides, 0-128  (5'-CCCAGC-
GACTGCCCTCGGAG-3'), and 0-234 (5’-CCCTCTCGGAAGCC-
CAGCGA-3"), complementary to the regions from —120 to —101
and from —108 to —89, respectively, were end-labeled using
[y-*?P]JATP and T4 polynucleotide kinase (Toyobo, Osaka, Japan).
This extension primer was hybridized to 20 pg of total RNA isolated
from human osteosarcoma MG63 and Saos2 cells at 42°C. The an-
nealed primers were extended with 200 U of Superscript II reverse
transcriptase (Gibco BRL, Gaithersburg, MD) for 50 min at 42°C.
The resultant products were analyzed on a 6% polyacrylamide dena-
tured gel in parallel with a sequencing reaction generated with the
same extension primer.

2.5. Transient transfection

C33A cells (5% 10° cells) and U20S cells (3 X 10° cells) were seeded
into 6-cm-diameter tissue culture dishes. After 24 h, 2 ug of p27PF
and 1 pg of RSVp-gal, containing the B-galactosidase gene under the
control of the Rous sarcoma virus promoter (for normalizing the
transfection efficiency) were co-transfected into cells using the calcium
phosphate co-precipitation method [26], and the luciferase activity was
measured after 48 h.

2.6. Luciferase assay

The luciferase activity of each cell lysate was measured as described
previously [27], and was normalized by B-galactosidase activities in the
cell lysates. All the transfection assays were carried out in triplicate.
Each experiment was repeated at least twice.

3. Results and discussion

3.1. Molecular cloning of human genomic DNA fragment
containing the p275®! promoter
To investigate the mechanism of the transcriptional regula-
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tion of the p27¥"P! gene, we cloned a genomic DNA fragment
containing the human p27¥®' promoter region. A part of the
human p27%P! ¢cDNA fragment containing exon 1 was ob-
tained by digestion with EcoRI and PstI from the human
p27%iPl cDNA-inserted plasmid SK-p27FL, and was used to
screen a human leukocyte genomic library. Using this probe,
about 10° phage plaques of a human leukocyte genomic li-
brary was screened to obtain the genomic DNA fragments
containing the 5’ flanking region of the human p27¥¥! gene.
One positive clone was identified and the phage DNA was
purified. The positive phage DNA was digested with several
restriction enzymes and analyzed by Southern blotting using
the same probe. This fragment contained the 5’ flanking re-
gion, exon 1 and intron 1 of the human p27%®! gene (data not
shown).

3.2. Sequence analysis of the human p27%®! promoter

A 4.8 kb fragment digested by Xhol was subcloned into
pBluescript SK+ and sequenced. This fragment contained
the 5’ flanking region, the first exon and the first intron.
The sequence of the 5’ untranslated region of the genomic
DNA fragment was identical to the sequence of the human
p27%iPl cDNA probe. The computer search using GENETYX
software (Software Development Co, Tokyo, Japan) for po-
tential regulatory elements in the promoter region revealed
that there could be multiple transcription factor binding sites
such as Spl, PEA3, CTF, Myb, PEBP2, AP2, NFxB and
ATF (Fig. 1) which might transcriptionally regulate p27%!
gene expression. Analysis of the region surrounding the tran-
scriptional start site failed to reveal the presence of a TATA
box.
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Fig. 2. Primer extension mapping of the human p27¥®! gene. Primer extension was performed as described in Section 2. Extension products
from primer O-128 are shown using total RNA from MG63 and Saos2 cells as the template. In this figure, the antisense sequence ladder is
shown. The arrow indicates the C-residue (G-residue in sense strand) as a putative transcriptional start site. S; sense strand, AS; antisense

strand.
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Fig. 3. Deletion mutants of the human p27¥iP! promoter-luciferase
constructs. The human full-size p27%®! promoter-luciferase con-
struct, p27PF, was generated by subcloning the DNA fragment
from the Xhol site (—3568) to Smal site (—12), in front of the luci-
ferase reporter gene in pGVB2. The 5’ deletion constructs were gen-
erated by using restriction enzyme sites or the Mungbeans—Exonu-
clease 1II system.

3.3. Transcriptional start site of the human p27%P! promoter
To identify the transcriptional start site, a primer extension
analysis was performed. We used two distinct primers anneal-
ing to the different sequence of the first exon. As templates,
two kinds of mRNA of human osteosarcoma MG63 and
Saos2 cells were used. The two primers extended to the
same G-residue at the position —153 from the translational
start site reproducibly in mRNA from these two cell lines
(Fig. 2), where we suspect the major transcriptional start
site is. In the upstream region, there could be two more tran-
scriptional start sites at —225 and —247 (data not shown).

3.4. Promoter activity and deletion analysis of the human
p27%®L promoter

To determine the core element for the human p27%®! pro-
moter activity, several deletion mutants were generated by
using restriction enzyme sites and also by the Mungbeans—
Exonuclease IIT system. A series of the 5’ deletion constructs
was subcloned into the luciferase reporter plasmid pGVB2
(Fig. 3) and transiently transfected into C33A and Saos2 cells.
The RSVB-galactosidase plasmid was used as an internal con-
trol. The promoter activities of the full-size human p27%iP
promoter construct, p27PF, and the deleted constructs of
p27Kpnl and p27Apal were not significantly different. How-
ever, the promoter activity of the p27MB-435 construct was
markedly decreased, by about 15-20-fold compared to that of
the p27Apal construct in the C33A and Saos2 cells (Fig. 4a,b)
and U20S cells (data not shown). This decrease in promoter
activity suggests that the essential transcriptional factor bind-
ing sites or enhancer sites for the human p27¥® promoter
activity could exist in this region.

3.5. Comparison of the human and mouse p27%"! promoter
sequences

The comparison of the human and murine p27%¥! pro-
moters by a computer analysis using GENETYX software
revealed that the sequence of the human p27%P! promoter is
highly homologous to the murine p27%P! promoter (Fig. 5)
[28]. The sequence of the region between —774 and —435,
which includes the region for basal promoter activity (Fig.
4a,b), matches the murine sequence by 85%, suggesting that
the consensus and essential transcription factors could act on
this region. Putative transcriptional factor binding sites in this
region are three consensus Spl sites, an AP2 site, two CTF
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Fig. 4. Basal promoter activities of the human p27¥¥! promoter
constructs. Transfection was performed as described in Section 2
with the various 5’-deleted human p27¥! promoter-luciferase con-
structs using C33A (a) and Saos2 cells (b). The luciferase activity
was normalized by B-galactosidase activity driven by co-transfected
RSV-gal.
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-811 CCTAGATC CCCGGG‘ICCCTGCCTGC%CGCCGCGCI‘GGCCCC TCCCCAGCTCTCCGGCCGT mo
* ko Kk o * ok kkkkkk kEAREK Kk KkKRkkkk
~789 AC-GCAGCGCCGGG—~m—m—mmmw—— C(EIbCGAACCTCAGGCCCCGCCCCAGGTTCCCGGCCGT hu

———————————— Spl AP2
-751 {_TTCGTGAGTTTGTTTGTCTTATTTTTAATTTCTCAGGGGCCAGCCAGAGCAGGTTTGTTG
LI TRk kdrhhhhdrkh dhkdddrddrrhrd & FAX A AAXNAAT AT A hA A A hdd

=739 : TTGGCTAGTTTGTTTGTCTTAATTTTAATTTCTCCGAGGCCAGCCAGAGCAGGTTTGTTG

-691 | ecaerearacace TCCGAGTAGTCACGCGACCAGCCAATGTCCTGGCGGCGCTACGGGGA

hokkk  kkAK khhkkk Kk Khkkkkkkhkhk Ak Ahkkhk Akk KhARFAARA hkkkkok

-679 | GCAGCAGTACCCCTCC-AGCAGTCACGCGACCAGCCAATCTCCCGGCGGCGCT-CGGGGA
| CTF

-631 | GGCGGC~-CGCTCGGGAGCCAGAGGCGGCGGCGG~~CC-———CGGGGCCACCTTAAGAGCG

kkhkkkhkk khkkkkhkkik %k X% *k Ak F*hkkhkx ** *hkkhkkdddkrxdrix * %

mo

hu

mo

hu

mo

-621 | GGCGGUGCGCTCGGGAACGAGGGGAGGTGGCGGAACCGCGCCGGEGCCACCTTARGGCCG hu
|
-578 | CG-TCG-CAGCCT----GGGGAGGCTCCCGGCACCGAGACCAATGGAGCTCCTCCTCTGT mo
I *k Khkk AhkAXKkKk*% *hhkk KEkIkhkFEIAX X Rk ok FrEAAAFAAX FAHIRXTXATAATNY
~561 | CGCTCGCCAGCCTCGECGEEECEECTCCCGCCGOCGCAACCAATGEATCTCCICCTCTG hu
Spl Spl CTF
-524 : TTTAAATAGACTTGCAGTGTCAATCATCTTCTTCTTCGTCAGCCTCCCTTCCACCGCCAT mo

FhhkhhkhhkhkhkIkk khk KRXXIAXRXKkhhk*x XAX I XXX FTFFAXXAAAX TR A A A A A AT ARk hodh®

~502 : TTTAAATAGACTCGCCGTGTCAATCATTTTCTTCTTCGTCAGCCTCCCTTCCACCGCCAT hu
ATF
-464 | ATTGGGCAACTAAAAAAGEAGGGGGACTGCTTT-TGGGTGT TITCCCCCTCGTCCCTTGT Mo

l *kkkk kK h******** * kkk * * %k AERIKKEH Ak Kk * K% * dhkkk Kwk

-442 | ATTGGGCAACTAAAAAAAGGGGGCTCGTCTTTTCGGGGTGTTTTTCTCCCCCTCCCCTGT
=" AP2

-405 -CCCACTCACTCGCGGCTCCGAGACT-GGGCGGCGGCAAGGTTTGGAGAGGGGCT-GGTT mo
*kk kK kokhk KARIFIE k KAKK * hkE AKARFRAIAAAAKRAAANRK Ahkh% dhkd
-382 CCCCGCTTGCTCACGGCTCTGCGACTCCGACGCCGGCAAGGTTTGGAGAGCGGCTGGGTT hu
-348 CGCGGGA-CACACGCTCGCCCCAGCCTACGCTCCGAC-—~TGTTTGCCA-CCT--CCTCCT mo
khkkkhkk * * kKX kk kk kkk K KKEx *xK khkkkkkhk kik *Kk Kk K
—-322 CGCGGGACCGCGGGCTTGCACCCGCCCAGACTCGGACGGGCTTTIGCCACCCTCTCCGCTT hu
PEBPZ AP2 Spl
-294 GCCTCCTCCCCTCCCTTCCCCGCCCTCCAGTACACTTGATCACTGAAGCCTCGAGCTGCG mo
* Kk kk Kk kkhkdkk K kAR khkhkhkkkhih & L2 3 * *k % * * **x % *
-262 GCCTGGTCCCCTCTCCTCTCCGCCCTCCCGCTCGCCAGTCCATTTGATCAGCG—GAGACT hu
TSp1 AP2
-234 CGGCGGCTGGGGTGTCCCTGCGCCTCTCTTCCCCAGACCTGCGCGCTACTGCGGCTCGGG mo
*RKkKAEK hkhkk * * k% k% % * * R R EL LR S B S * Kk Kk hkkk
-203 CGGCGGLCCGGGCLGa——m— GGGCTTCCCCGCAGC- -CCCTGCGCGCTCCTAGAGCTCRGG hu
NFk B
~174 CGGTCGCTCGCCTGGCTCTGCTCCATTTGACTGTCTGTGTGCAGTCGCAGAACTTCGAAG mo
K hkk Khkxkkhk * khk KERK *k kkk¥x K *E K K Khkkkhkhkk % * %k kK w* ek
-150 CCGTGGCTCGTCGGGETCTGTGTCTTTTGGC~~TCCGAGGGCAGTCGCTGGGCTTCCGAG hu
=114 AGGGTTTTGCGCTCCATCCGTGGCG-TTTCGCTTTTGTTCGGTTTTGTTGTTTATTTC-A ma
* kR Kk *x * * *  hkdok % vk kd J kg
-92 AGGGGGETTCGGGCCGLCGTAGGGGECEC———— e TTTGTTTTGTTCGG hu
-56 TTTTTTTTTTTCCGGAGAGAG-GCGAGGCGGTGGTCCACACCCGCCCGAGGAGGAAGATG! mo
khkk KkkKkkkk hkkk k Kk k kkkhkxkkhkk kk kk *khkkkk *kk khAkkk
-52  TPTTGTTTTTTTGAGAGTGCGAGAGAGGCGGTCGTGCAGACCCG~ === GGAGAAAGATG! hu

Fig. 5. Sequence homology between the human and mouse p27%®! promoters. A comparison of DNA sequence using GENETYX software
was performed between the human (indicated as ‘hu’) and mouse (indicated as ‘mo’) promoters of the p27XP! gene. The putative basal activity
area from —774 to —435 is surrounded by the dotted line. The transcriptional start sites of the human (a) and the mouse (v) p27¥P! genes
are shown by the arrowheads. The consensus sites for various transcriptional factors are indicated and underlined.

sites, and an ATF site (Fig. 5). Among these, two CTF and
ATF sites are conserved, but other unknown conserved sites
might be also important for the basal p27¥®! promoter activ-

1ty.

3.6. Future aspects of transcriptional regulation of p27¥%! gene

p275iPl gene is known to be controlled by a post-transla-
tional mechanism such as ubiquitination [20] and by binding
to E1A oncoprotein [29]. However, several reports showed an
increase of p27%¥P! mRNA induced by vitamin D3 in U937
cells [21] and by neuronal differentiation [22], and decrease in
p275%Pl MRNA by anti-CD3 in T-lymphocytes [28], suggesting
that the p27%¥iP! gene is also transcriptionally regulated in
some cases. In addition, recent studies have shown the impor-
tance of the p27%iP! gene in the point of sensitization of tumor

cells to an anti-cancer agent or cancer prognosis factor [30,18—
20]. Therefore, transcriptionally regulated agents of the
p27%P! gene may contribute to new strategies for the preven-
tion or therapy of malignancies which we have termed ‘gene-
regulating chemoprevention or chemotherapy’ [31]. Our study
of the human p27¥¥*! promoter may provide information use-
ful for these strategies.

Acknowledgements: We thank Dr. J. Massague for his generous gift
of human p27%P! cDNA plasmid. We are very grateful to Dr. M.
Yamamoto and to Dr. A. Tsujimura for his technical advice on ge-
nomic cloning of the human p27%®! promoter fragment, and to Dr. E.
Hara for technical advice and discussion. We also thank Dr. H. Nish-
ino for the use of a luminometer and T. Fujii for assistance. This
work was supported in part by the Ministry of Education, Science,



6

and Culture of Japan and the Smoking Research Foundation Grant
for Biomedical Research.

References

[1] Sherr, C.J. and Roberts, J.M. (1995) Genes Dev. 9, 1149-1163.

[2] Harper, J.W., Adami, G.R., Wei, N., Keyomarsi, K. and Elledge,
S.J. (1993) Cell 75, 805-816.

[3] Polyak, K., Lee, M.-H., Erdjument-Bromage, H., Koff, A., Rob-
erts, J.M., Tempst, P. and Massague, J. (1994) Cell 78, 59-66.

[4] Toyoshima, H. and Hunter, T. (1994) Cell 78, 67-74.

[5] Matsuoka, S., Edwards, M.C., Bai, C., Parker, S., Zhang, P.,
Baldini, A., Harper, J.W. and Elledge, S.J. (1995) Genes Dev.
9, 650-662.

[6] Hannon, G.J. and Beach, D. (1994) Nature 371, 257-261.

[7] Serrano, M., Hannon, G.J. and Beach, D. (1993) Nature 366,
704-707.

[8] Hirai, H., Roussel, M.F., Kato, J., Ashmun, R.A. and Sherr, C.J.
(1995) Mol. Cell. Biol. 15, 2672-2681.

[9] Polyak, K., Kato, J., Solomon, M.J., Sherr, C.J., Massague, J.,
Roberts, J.M. and Koff, A. (1994) Genes Dev. 8, 9-22.

[10] Kato, J., Matsuoka, M., Polyak, K., Massague, J. and Sherr,
C.J. (1994) Cell 79, 487-496.

[11] Ponce-Castaneda, M.V., Lee, M.-H., Latres, E., Polyak, K., La-
combe, L., Montgomery, K., Mathew, S., Krauter, K., Sheinfeld,
J., Massague, J. and Cordon-Cardo, C. (1995) Cancer Res. 55,
1211-1214.

[12] Fero, M.L., Rivkin, M., Tasch, M., Porter, P., Carow, C.E.,
Firpo, E., Polyak, K., Tsai, L.-H., Broudy, V., Perlmutter,
R.M., Kaushansky, K. and Roberts, J.M. (1996) Cell 85, 733~
744.

[13] Kiyokawa, H., Kineman, R.D., Manova-Todorova, K.O.,
Soares, V.C., Hoffman, E.S., Ono, M., Khanam, D., Hayday,
A.C., Frohman, L.A. and Koff, A. (1996) Cell 85, 721-732.

[14] Nakayama, K., Ishida, N., Shirane, M., Inomata, A., Inoue, T.,
Shishido, N., Horii, I., Loh, D.Y. and Nakayama, K. (1996) Cell
85, 707-720.

[15] Hu, N., Gutsmann, A., Herbert, D.C., Bradley, A., Lee, W.-H.
and Lee, E.Y.-H.P. (1994) Oncogene 9, 1021-1027.

S. Minami et al.IFEBS Letters 411 (1997) 1-6

[16] Porter, P.L., Malone, K.E., Heagerty, P.J., Alexander, G.M.,
Gatti, L.A., Firpo, E.J., Daling, J.R. and Roberts, J.M. (1997)
Nat. Med. 3, 222-225.

[17] Catzavelos, C., Bhattacharya, N., Ung, Y.C., Wilson, J.A., Ron-
cari, L., Sandhu, C., Shaw, P., Yeger, H., Morava-Protzner, L,
Kapsuta, L., Franssen, E., Pritchard, K.I. and Slingerland, J.M.
(1997) Nat. Med. 3, 227-230.

[18] Loda, M., Cukor, B., Tam, S.W., Lavin, P., Fiorentino, M.,
Draetta, G.F., Jessup, J.M. and Pagano, M. (1997) Nat. Med.
3, 231-234.

[19] Hengst, L. and Reed, S.I. (1996) Science 271, 1861-1864.

[20] Pagano, M., Tam, S.W., Theodoras, A.M., Beer-Romero, P., Sal,
G.D., Chau, V., Yew, P.R., Draetta, G.F. and Rolfe, M. (1995)
Science 269, 682-685.

[21] Liu, M., Lee, M.-H., Cohen, M., Bommakanti, M. and Freed-
man, L.P. (1996) Genes Dev. 10, 142-153.

[22] Poluha, W., Poluha, D.K., Chang, B., Crosbie, N.E., Schonhoff,
C.M,, Kilpatrick, D.L. and Ross, A.H. (1996) Mol. Cell. Biol. 16,
1335-1341.

[23] Huang, H.-1.S., Yee, J.-K., Shew, J.-Y., Chen, P.-L., Bookstein,
R., Friedmann, T., Lee, E.Y.-H.P. and Lee, W.-H. (1988) Science
242, 1563-1566.

[24] Chen, P.-L., Chen, Y., Bookstein, R. and Lee, W.-H. (1990)
Science 250, 1576-1580.

[25] Scheftner, M., Munger, K., Byrne, J.C. and Howley, P.M. (1991)
Proc. Natl. Acad. Sci. USA. 88, 5523-5527.

[26] J. Sambrook, E.F. Fritsch, T. Maniatis, Molecular Cloning: a
Laboratory Manual, 2nd edn., Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY, 1989.

[27] Brasier, A.R., Tate, J.E. and Habener, J.F. (1989) Biotechniques
7, 1116-1122.

[28] Kwon, T.K., Nagel, J.E., Buchholz, M.A. and Nordin, A A.
(1996) Gene 180, 113-120.

[29] Mal, A., Poon, R.Y.C., Howe, P.H., Toyoshima, H., Hunter, T.
and Harter, M.L. (1996) Nature 380, 262-265.

[30] Croix, B.S., Florenes, V.A., Rak, J.W., Flanagan, M., Bhatta-
charya, N., Slingerland, J.M. and Kerbel, R.S. (1996) Nat. Med.
2, 1204-1210.

[31] Sakai, T. (1996) Jpn J. Hyg. 50, 1036-1046.



