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Effect of p53 Gene Transfer on the Cell Proliferation and Cell Cycle
Progression in a Human Oral Cancer Cell Line with p53 Mutation

Gene Lee, Hyun Jong Hong, Yong-Ouk You, Eun-Hee Bang, Joong-Ki Kook and Byung-Moo Min'
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To investigate the effect of p53 gene transfer on the cell proliferation and cell cycle progression in an oral
cancer cell line containing p53 mutation, we introduced a recombinant plasmid (pMSG-p53X) encoding wt
p53 into SCC-9 line. A stable clonal cell line, SCC-9-p53X, was derived that conditionally expressed wt p53
protein following exposure to dexamethasone. Induction of wt p53 expression may play an important role
in the suppression of tumorigenic phenotypes in cancer cells with p53 mutations by decreased expression
and/or activities of key G,-phase cell cycle regulatory proteins. To investigate this possibility, we
determined the change of tumorigenic phenotype, the cellular levels of key G,-phase cell cycle regulatory
proteins p21¥~V°* p16, p27, cyclins (D1 and E), cdks (cdk2, cdk4 and cdk6) and PCNA proteins, and the
activities of cdks in the SCC-9-p53X cells before and after exposure to dexamethasone. Dexamethasone
exposure in the SCC-9-p53X cells caused (i) a significant decrease in the cell proliferation, level of the DNA
replication protein, PCNA, and anchorage-independent growth, (ii) an inhibition in the activities of cdk2,
cdk4, and cdk6 kinases, and (iii) a decrease in the levels of cdk2 and cdk6é proteins. However,
dexamethasone failed to induce these changes in the nontransfected SCC-9 cells. These results
demonstrate that in human cancer cells containing p53 mutation, the levels of cdk proteins and their
kinase activities of the G, phase are notably reduced by expression of wt p53 gene thereby making them to
repress of tumorigenic phenotype.
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Introduction

The gene for the nuclear phosphoprotein p53
is the most commonly mutated gene known in
human cancers (Greenblatt et al., 1994; Lane,
1994). In fact, pb3 mutations are found
epithelial, mesenchymal, haemopoietic and
lymphoid neoplasms and in tumors of the central
nervous system (Stratton, 1996). Wild-type (wt) p53
acts as a transcription factor, but may perform
other biochemical functions as well and may
regulate multiple cellular processes, including cell
cycle progression. DNA repair, apoptosis, and
differentiation (Ko and Prives, 1996). Certain kinds
of cellular stress, such as DNA damage and
hypoxia, cause increased p53 protein levels
through protein stabilization and initiation of
p53-dependent biological response pathways.
pb53 orchestrates these responses by activating
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transcription of target genes containing specific
DNA binding sites for p53.

Eukaryotic cells have evolved to respond to a
large array of positive and negative signals with an
intracellular and extracellular origin. These signals
are eventually integrated by a conserved protein
engine consisting of holoenzymes with Kkinase
activity, which trigger crucial transitions during
the cell cycle. These kinase holoenzymes are
subject to a careful control through signaling
transduction pathways and feedback loops which
ensure that each event is performed correctly and
in proper sequence (Hartwell and Weinert, 1989).
A series of kinase holoenzymes are composed of a
regulatory subunit, called cyclin, and a catalytic
subunit, named cyclin-dependent kinase (cdk).
These protein complexes are formed and activated
at specific stages of the cell division cycle and their
activities are required for progression through S
phase and mitosis. Therefore perturbations of
some of these proteins may play a role in cancer
(Mori et al., 1994; Nobori et al., 1994; Bartkova
et al., 1995). In addition to positive regulation by



190 Gene Lee et al.

cyclins, cdk activity is regulated by phosphorylation
or dephosphorylation of cdk at specific residues,
as well as by association with inhibitory proteins
(Hunter, 1993). These inhibitor proteins bind to
and inactivate the cdks. Some inhibitor proteins
are absent from transformed cells (Xiong et al.,
1993; Kamb et al., 1994; Yeudall et al., 1994). One
of cdk inhibitors, p21"*/“*! negatively regulates the
related G, cyclin/cdk activities (Xiong et al., 1993)
and can also inhibit DNA polymerase directly (Waga
et al., 1994). Induction of p21**™/“*" may lead the
cells to G, arrest. Induction of p21™*"“" gene
expression has been initially implicated in p53-
mediated growth arrest and apoptosis (El-Deiry et
al., 1993) and senescence (Noda et al., 1994). Hence
the deregulation of p21"*""/“*! expression may allow
cell growth and division to become insensitive to
external cues. Transactivation of the p21%/“"
gene is to a large extent responsible for p53-induced
cell cycle arrest. The p2l1 protein causes G, cell
cycle arrest by binding and blocking the function of
cyclin D-cdk4/6 complexes (El-Deiry et al., 1993;
Sherr, 1996).

G, arrest is important in optimizing the extent of
DNA repair after exposure to DNA-damaging
agents by delaying the onset of DNA synthesis,
hence allowing more time for repair. This cell cycle
arrest permits the repair of damaged DNA through
unscheduled DNA synthesis prior to DNA
replication or cell mitosis (Weinert and Hartwell,
1988) or, if the damage is too great, p53 protein
can trigger apoptosis (Symonds et al., 1994).
Indeed, p53-knockout mice demonstrate increased
susceptibility to spontaneous tumors early in life
(Donehower et al., 1992) and embryo fibroblasts
from these mice transform spontaneously in vitro,
though is not required during embryogenesis.
Similarly, members of Li-Fraumeni syndrome-
families who have inherited one non-functional p53
allele develop a range of cancers analogous to
those found in knockout mice (Frebourg and
Friend, 1992). Therefore, p53 mutations can lead
to the genetic instability and uncontrolled cell
proliferation characteristic of human cancer
(Greenblatt et al., 1994). Therefore inactivation of
p53, and hence absence of G, arrest and reduction
of the opportunity to repair DNA, renders tumor
cells more prone to the acquisition of mutations in
the genome. Transactivation of the GADD45 gene,
the protein product of which binds PCNA and
inhibits S phase entry, may contribute to the p53-

dependent cell cycle arrest pathway (Smith et al., 1994).

Restoration of normal p53 function in cells with
p53 mutations by gene replacement leads to G,
cell cycle arrest or induction of apoptosis (Liu et al.,
1994) and suppression of the tumorigenic
potential and tumor growth inhibition (Kock et al.,
1996). Additionally, the wt p53 protein is effective
in the downregulation of the tumor phenotype of
human leukemia cells, though the mechanism by
which downregulation occurred remained
unknown. However, in some cases malignant cells
may eventually resume growth, some at the same
rate as untreated cells, after completion of gene
transfer (Wills et al., 1994; Eastham et al., 1995).

We previously reported that inactivation of the
p53 gene by either mutation or human papillomavirus
(HPV) infection was extremely frequent in human
oral squamous cell carcinoma cell lines (Min et al.,
1994). Thus induction of wit p53 expression by
gene replacement may play an important role in
the suppression of tumorigenic phenotypes in oral
cancer cells with p53 mutations by decreased
expression and/or activities of key G,-phase cell
cycle regulatory proteins. To investigate this
possibility, we determined the change of
tumorigenic phenotype, the cellular levels of key G-
phase cell cycle regulatory proteins, and the
activities of cdks in a human oral squamous cell
carcinoma cell line SCC-9 before and after
transfection with a recombinant plasmid (pMSG-
p53X) encoding wt p53.

Materials and Methods

Cell cultures

The human oral cancer cell line SCC-9 was
obtained from the American Type Culture
Collection (ATCC, Rockville, Maryland). This cell
line contained mutation in the highly conserved
open reading frames of the pb3 gene as follows:
the SCC-9 had a deletion of 32 base pairs between
codons 274 and 285 (Min et al., 1994). The cancer
cell line SCC-9 and transformant SCC-9-p53X
were cultured in Dulbecco,s modified minimum
essential medium (DMEM)/Ham,s F12 (GibcoBRL,
Gaithersburg, MD) supplemented with 10% fetal
bovine serum (FBS) and 0.4 pg/ml hydrocortisone
at 5% CO, in a humidified atmosphere at 37°C.

Plasmids
Wild-type p53 cDNA, cloned into pBR322, was
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Fig. 1. Schematic diagram for construction of wt p53-
expressing plasmid. A plasmid php53B consisting of wt
p53 cDNA cloned into pBR322 was digested with
BamHI and Xbal, and a 1.9-kb fragment, which
includes the entire protein-coding region, was recovered.
The fragment was cloned into the Nhel site of the
glucocorticoid-inducible eukaryotic expression vector
pMSG in the sense orientations, relative to the MMTV
promoter, to form plasmid pMSG-p53X. The plasmid
contains the E. coli gpt gene, which is expressed from the
SV40 early promoter and therefore provides a marker for
selecting stable transformants in eukaryotic cells.

Amp’

obtained from the plasmid php53B (ATCC 57254).
As seen in Fig. 1, we excised the 1.9-kb Xbal-Xbal
fragment containing the entire protein coding
region from the 2.2-kb BamHI-digested DNA
fragment of the plasmid php53B. The fragment
was ligated into the unique Nhel restriction site
downstream of the mouse mammary tumor virus
long terminal repeat (MMTV LTR) promoter in the
glucocorticoid-inducible eukaryotic expression
vector pMSG (Pharmacia Biotech, Uppsala,
Sweden). This expression vector also contained the
E. coli xanthine-guanine phosphoribosyltransferase
(gpt) gene, which was expressed from the SV40
early promoter and therefore provided a marker
for selecting stable transformants in eukaryotic
cells. The orientation of the p53 insert relative to
the MMTV promoter was ascertained by restriction
mapping with restriction enzyme Smal. Recombinant
plasmid that expressed wt pb3 gene was named
PMSG-p53X.

Transfection

Approximately 70% confluent monolayer cultures
grown in 35-mm Petri dishes were transfected with
pMSG-p53X by using the Lipofectamine™ reagent
(GibcoBRL). For each 35-mm Petri dish, a mixture
of 2 pug/100 pl of plasmid DNA and 8 pg/100 pl of
Lipofectamine™ reagent was added to the culture
medium. The cells were incubated for 24 h at 37°C.
The medium was then replaced with fresh culture
medium and the cultures were incubated for
additional 48 h. To select cells transfected with the
PMSG-pb3X plasmid, the cells were incubated in
gpt’ selection medium (culture medium containing
0.0015% hypoxanthine, 0.001% thymidine, 0.025%
xanthine, 0.0025% mycophenolic acid and 0.0002%
aminopterin) for 21 days before subculture. One
gpt'-resistent cell colony transfected with pMSG-p
53X was isolated, subcultured, and named SCC-9-p
53X. One uM of dexamethasone was then treated for
induction of wt p53 protein in all subsequent assays.

Dot blot hybridization analysis

To determine the presence of plasmid DNA in
the transfected cells, high-molecular-weight
cellular DNA was extracted from cells by phenol-
chloroform-isoamyl alcoho] (25:24:1) and ethanol
precipitation. The obtained DNAs (2 pg) were heat
denatured and spotted or Hybond-N (Amersham
Corp., Arlington Heights, 1) under vacuum. Probe
used for dot blot hybridization analysis was
synthesized using template (a 2.25-kbp fragment,
nucleotide 871-3121) representing the E. coli gpt
gene. Probe was labeled with [**PJdCTP (Amersham
Corp.) using megaprime lakeling system (Amersham
Corp.). Hybridization and washes were done as
recommended by the membrane manufacturer.

Growth characteristics

Confluent cell monolayers in 100-mm Petri dishes
were trypsinized and counted. The cells were
suspended in DMEM/Ham,s F12 supplemented
with 10% FBS and 0.4 pg/ral hydrocortisone, and 2.
5x 10" cells were plated onto 35-mm Petri dishes.
Media were changed every 2 days. The number of
viable cells after trypan blue exclusion was counted
after 2, 4, 6, 8, 10, and 12 days of incubation at
37°C. There were four cultures in each group at each
time.

Anchorage independence
Anchorage-independent growth was assayed for
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their ability to grow on semi-solid agar by the
modification method of Macpherson (1970). Two
ml of a mixture of 2X medium and 1.0% Noble
agar (Difco Laboratories, Detroit, MI) was poured
into 60-mm Petri dish and allowed to gel. The
basal layer was overlaid with 1,000 viable cells
suspended in equal volume of 2X medium
containing 40% FBS and 0.6% Noble agar. The
Petri dishes were then incubated at 37°C for 3
weeks. Colonies larger than 50 um in diameter
were examined and counted with the aid of an
inverted microscope.

Cell cycle analysis

Approximately 70% confluent monolayer cells
in 100-mm Petri dish were harvested by
trypsinization and washed with phosphate
buffered saline. Cells were then fixed in cold 70%
ethanol for 45 min at 4°C, pelleted, resuspended
in TSP solution (0.1% Triton X-100, 0.1% sodium
citrate and 0.005% propidium iodide) containing
1 ug/ml RNase A and incubated for 30 min at
room temperature. The state of the cell cycle was
then analyzed on FACScan flow -cytometer
(Beckton-Dickenson, San Jose, CA). There were
four cultures in each group.

Western analysis

Approximately 80% confluent cells were lysed,
and the cell extracts were processed for Western
analysis to determine the intracellular levels of
p53, p21"°™ p16, p27, cyclin D1, cyclin E, cdk2,
cdk4, and cdk6 proteins using Western-Light kit
(Tropix, Inc., Bedford, MA) as described previously
(Min et al., 1995). Monoclonal antibodies to p53
(PAb 1801), cyclin D1 (17A6-4), and cyclin E (HE
12) were obtained from Oncogene Sciences
(Uniondale, NY), and monoclonal antibody against
p21**°® (187) from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA). Polyclonal antibodies to p16
(C-20), p27 (C-19), cdk2 (M2), cdk4 (C-22), and
cdk6 (C-21) were also purchased from Santa Cruz
Biotechnology, Inc. After probing with the
respective antibodies, the membrane was stained
with 1X Ponceau S stain for 10 min to reveal total
protein amount that was loaded per lane.

Determination of cdk2, cdk4, and cdk6 kinase
activities

Cells were lysed with kinase-lysis buffer
containing 50 mM Tris-HCIl, pH 7.5, 150 mM NaCl,

20 mM EDTA, and 1% Triton X-100. Three
hundred ug proteins in the cell lysates were
incubated with the anti-human cdk2 (M2)
polyclonal antibody (Santa Cruz Biotechnology,
Inc.), anti-mouse cdk4 (C-22) polyclonal antibody
(Santa Cruz Biotechnology, Inc.) or anti-human
cdk6 (C-21) polyclonal antibody (Santa Cruz
Biotechnology, Inc.), and further incubated with
Protein G agarose (Oncogene Sciences). The
immunocomplexes were washed with RIPA buffer
and resuspended in 12 pl of RIPA buffer. The
kinase activities of cdk2, cdk4, and cdk6 were
determined using histone H1 (Calbiochem, San
Diego, CA), MEK-1 (FL; Santa Cruz Biotechnology,
Inc.), and MEK-1 (FL; Santa Cruz Biotechnology,
Inc.) as a substrate to quantitatively determine
cdk2, cdk4, and cdk6 activities, respectively. After
incubation at 37°C for 30 min, the reaction was
stopped by the addition of 2X SDS-PAGE sample
buffer to the incubation mixture. Proteins were
separated on a 15% polyacrylamide-SDS gel and
the gel was dried and band was detected by
exposing to Hyperfilm-MP (Amersham Corp.) at
-70°C. The bands were scanned and densitometric
values were obtained using Fuji Bio-Imaging
Analyzer (model, BAS 1500; Japan). The values of
each lane were subsequently divided by that of the
SCC-9 to determine the relative intensity of the
successive culture of SCC-9-p53X cells exposed to
dexamethasone for induction of wt p53.

Results

Effect of wt p53 gene transfer on the levels of
p53 and PCNA proteins, and cell proliferation in
SCC-9-p53X cells before and after dexamethasone
treatment

To determine whether the transfectant SCC-9-
pb53X cells contained pMSG-p53X DNA, we
studied the presence of plasmid DNA by dot
hybridization analysis using the E. coli gpt gene-
specific probe. The SCC-9-p53X cells contained
pPMSG-p53X DNA (Fig. 2). The levels of p53 protein
in the SCC-9-pb3X cells after dexamethasone
treatment were notably higher than that of the
SCC-9-p53X cells before dexamethasone treatment.
However, the SCC-9 cells did not show an increase
in the pb53 protein level after dexamethasone
treatment (Fig. 7A).

To determine the effect of induction of wt p53
protein by gene transfer on proliferation of cancer
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A B C

Fig. 2. Dot blot hybridization analysis of high molecular
weight cellular DNA from the nontransfected and
transfected SCC-9 cells. A, nontransfected SCC-9 cells;
B. SCC-9-p53X cells before dexamethasone treatment; C,
SCC-9-p53X cells after 1 pM of dexamethasone
treatment for 5 days. Two pg of DNAs were spotted on a
nylon filter and hybridized to [*’Pl-labeled probe (a 2.25-
kbp fragment, nucleotide 871-3121) representing the E.
coli gpt gene.

cells with p53 mutation, we cultured the SCC-9 and
SCC-9-p53X cells before and after dexamethasone
treatment. As shown in Fig. 3A, induction of wt p53
protein expression by dexamethasone treatment in
SCC-9-p53X cells caused a significant decrease in
the cell proliferation compared to SCC-9 cells before
and after dexamethasone treatment. Furthermore,
levels of the DNA replication protein, PCNA, in the
SCC-9-p53X cells after dexamethasone treatment
were notably decreased compared to SCC-9 and
SCC-3-p53X cells before dexamethasone treatment.
However, the SCC-9 cells did not show a decrease
in the PCNA protein level after dexamethasone
treatment (Fig. 3B). These results indicate that
induction of wt p53 protein by gene transfer
represses proliferation of oral cancer cells with p53
mutation.

Effect of the induction of wt p53 protein on the
anchorage independence in SCC-9-p53X cells
before and after dexamethasone treatment

Nontransfected SCC-9 cells grew in the soft agar
with colony-forming efficiencies of 2.52%,
indicating the ability of anchorage independence of
these cells. The SCC-9-P53X cells produced fewer
numbers of anchorage-independent foci in soft
agar than that of nontransfected SCC-9 cells. This
effect was seen even in the absence of the inducing
agent dexamethasone but was significantly greater
in the presence of dexamethasone (Table 1).

Effect of the induction of wt p53 protein on the
cdk2, cdk4, and cdk6 kinase activities in SCC-9-p
53X ceils before and after dexamethasone
treatment
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Fig. 8. Effect of wt p53 protein expression by gene
transfer on the proliferation of SCC-9-p53X cells. (A)
Growth curves of nontransfected and transfected SCC-9
cells. Cells were plated at a density of 2.5x 10* cells in
35-mm Petri dishes. SCC-9 and SCC-9-p53X cells were
exposed to dexamethasone (1 pM) for indicated days.
The number of viable cells after trypan blue exclusion
was counted after 2, 4, 6, 8, 10, and 12 days of incubation.
There were four cultures in each group at each time.
Values represent averages from four experiments and
standard deviations. (B} Western blot analysis for the
intracellular PCNA levels in the SCC-9 and SCC-9-p53X
cells before and after dexamethasone treatment.

Table 1. Characteristics of the SCC-9 cells transfected
with recombinant plasmid encoding wt p53 (pMSG-p53X)

Soft agar colony

Cell lines Transfection Induction formation (%)*
SCC-9 - - 2.52+0.48**
SCC-9-pb3X + - 1.86+0.34
SCC-9-p53X + + 1.14+0.39

*Cell suspensions were plated on 0.3% soft agar medium
containing 20% fetal bovine serum, and colonies larger
than 50 um in diameter were counted after 21 days
incubation at 37°C from 60-mm Petri dishes receiving
1,000 cells each.

**The values represent the average standard deviation of
the values obtained from 5 separate experiments.
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To investigate whether induction of wt p53
protein by gene transfer affected the activities of
key cell cycle regulatory proteins in oral cancer
cells with p53 mutation, we studied the activities
of cdk2, cdk4, and cdk6 kinases by
immunoprecipitating cell lysates with their
antibodies before and after exposing SCC-9 and
SCC-9-p53X cells to dexamethasone as described
in “Materials and Methods”. The cdk2 kinase
activity was notably inhibited in SCC-9-p53X cells
after dexamethasone treatment for more than 3
days (Fig. 4C and F). These results are consistent
with our results that p53 protein is induced
significantly in SCC-9-p53X cells after exposure to
1 uM dexamethasone for 3 days and the increased
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level was persisted through experimental periods.
Similarly, cdk4 and cdké kinase activities in SCC-9-
p53X cells after dexamethasone treatment was
also inhibited (Fig. 4A, B, D and E). However, the
SCC-9 cells did not show an inhibition in the cdk2,
cdk4 and cdk6 kinase activities after dexamethasone
treatment for 4 days. These results indicate that
the cdk2, cdk4 and cdk6 kinase activities are
notably inhibited in the SCC-9-p53X cells
expressing wt p53 protein by gene transfer.

Effect of the induction of wt p53 protein on the
levels of cdk2, cdk4, cdk6, cyclin D1, and cyclin
E in SCC-9-p53X cells before and after
dexamethasone treatment

We determined the levels of cdk2, cdk4, cdk6,
cyclin D1, and cyclin E proteins by Western
analysis in the SCC-9-p53X cells to find whether
changes in the levels of these proteins after
dexamethasone {ireatment occur to cause a
reduction in cdk activities. Fig. 5A and Figure 6
show that the levels of cdk4 and G, cyclins (cyclin
D1 and cyclin E) did not alter after dexamethasone
treatment in the SCC-9 and SCC-9-p53X cells,
respectively. The cdk6 and cdk2 protein levels
showed a slight decrease in the SCC-9-p53X cells
after dexamethasone treatment compared to that
of the SCC-9-p53X cells after dexamethasone
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Fig. 4. Effect of wt p53 protein expression by gene transfer on the activities of cdk4 (A), cdk6 (B), and cdk2 (C) kinases
in the SCC-9 and SCC-9-p53X cells and its histogram representation of the cdk4 (D), cdk6 (E) and cdk2 (F} kinase
activities after densitometric analysis. Autoradiogram of the MEK-1, MEK-1, and histone Hl proteins incubated with
anti-cdk4, anti-cdk6, and anti-cdk2 immunoprecipitates, respectively. The phosphorylated proteins are marked with
arrows. Activities of cdks in cell lysates were determined as described in “Materials and Methods” . Quantification of the
signals for cdk activities was performed by densitometry. Kinase activity is represented as the percentage of activity
detectable in the SCC-9 cells before dexamethasone treatment as 100%.
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Fig. 5. Western blot analysis for the intracellular cdk4
(a), cdk6 (B} and cdk2 (C) protein levels in the SCC-9
and SCC-9-p53X cells before and after dexamethasone
treatment. The membrane was stained with Ponceau S
stain to reveal the total protein loaded per each lane. A
structural protein stained with Ponceau S serves as the
internal control to account for the loading error (lower
panel). SCC-9-p53X cells were exposed to
dexamethasone (1 uM) for indicated days to induce wt
pb3 protein expression and SCC-9 cells also exposed to
dexamethasone for 4 days.

treatment. The SCC-9 cells did not show
significant decrease in the cdk6 and cdk2 protein
levels after dexamethasone treatment for 4 days
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«cyclin D1
(34 kDa)

«cyclin E
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Fig. 6. Western blot analysis for the intracellular cyclin
D1 {A) and cyclin E (B) protein levels in the SCC-9 and
SCC-9-p53X cells before and after dexamethasone
treatment. The membrane was stained with Ponceau S
stain to reveal the total protein loaded per each lane. A
structural protein stained with Ponceau S serves as the
internal control to account for the loading error (lower
panel}. SCC-9-p53X cells were exposed to
dexamethasone (1 pM) for indicated days to induce wt
P53 protein expression and SCC-9 cells also exposed to
dexamethasone for 4 days.

(Fig. 5B and C). We speculate that the altered
levels of the cdk6 and cdk2 proteins seen after
dexamethasone treatment in the SCC-9-p53X cells
might, in part, contribute to the reduced cdk6 and
cdk2 kinase activities that was observed in the
SCC-9-p53X cells after dexamethasone treatment.

Effect of the induction of wt p53 protein on the
levels of p21™*V"", p16, and p27 in SCC-9-p53X
cells before and after dexamethasone treatment
It has been shown that the p21¥*V“™ is a
universal inhibitor of kinase activity of cdks and
regulates the kinase activity by directly binding to
the cdk-cyclin protein complex (Dulic et al., 1994;
Peter and Herskowitz, 1994). Since we noted a
reduction in the kinase activities of cdks in the
SCC-9-p53X cells after dexamethasone treatment,
we determined the levels of cell cycle inhibitory
proteins. The SCC-9-p53X cells did not show an
increase in the pl6 and p21™V"' levels after
dexamethasone {treatment (Fig. 7B and C).
Particularly, the level of p27 protein in these cells
after dexamethasone treatment was somewhat
lower than that in untreated cells. However, the
SCC-9 cells showed a similar level of p27 protein
after dexamethasone treatment (Fig. 7D). These
results indicate that the induction of wt p53
protein by gene-transfer in oral cancer cells with
P53 mutations do not affect the levels of cell cycle
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Fig. 7. Western blot analysis for the intracellular p53
(A), p21™¥SF1 B}, p16 (C), and p27 (D) protein levels in
the SCC-9 and SCC-9-p53X cells before and after
dexamethasone treatment. The membrane was stained
with Ponceau S stain to reveal the total protein loaded
per each lane. A structural protein stained with Ponceau
S serves as the internal control to account for the
loading error {lower panel). SCC-9-p53X cells were
exposed to dexamethasone (1 pM) for indicated days to
induce wt p53 protein expression and SCC-9 cells also
exposed to dexamethasone for 4 days.
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Fig. 8. Cell cycle progression in nontransfected and transfected SCC-9 cells. Actively proliferating cells were labeled with
propidium iodide and processed as described in “Materials and Methods”. A, nontransfected SCC-9 cells; B, SCC-9-
p53X cells before dexamethasone treatment; C, SCC-9-p53X cells after 1 uM of dexamethasone treatment for 5 days; D,
quantitative analysis of cell cycle progression in these cells. The number of SCC-9-p53X cells in G,, and in S phases was
significantly enhanced and decreased by dexamethasone treatment for 4 days, respectively.

inhibitory proteins.

Effect of the induction of wt p53 protein on cell
cycle progression in SCC-9-p53X cells before and
after dexamethasone treatment

To establish a cause and effect relationship
between induction of wt pb53 protein and the
ability of a cell to arrest in G, actively proliferating
(about 70% confluency) SCC-9-p53X cells before
and after dexamethasone treatment processed for
FACScan analysis as described in “Materials and
Methods”. Fig. 8 showed that significant arrest of
cell cycle at G, phase occurred in the SCC-9-p53X
cells after dexamethasone treatment. Though the
arrest of cell cycle at G; phase was less
pronounced, an increase in the number of cells
arresting G, phase in the absence of the inducing
agent was noted in this transfectant relative to
parental SCC-9 cells (Fig. 8). These results clearly
show that progression of cell cycle is altered
differently in the SCC-9 cells after wt pb3
expression.

Discussion

We established and characterized a cell line
derived from SCC-9 cells with p53 mutation, SCC-
9-p53X, that contained wt p53-expressing plasmid
by transfection. To establish a cause and effect
relationship between expression of wt p53 and the
ability of cells to proliferate, we transfected the
SCC-9 cells with selectable expression vectors
containing wt p53 cDNA. Unfortunately, there are
no absolutely regulated promoters yet available in
mammalian cell systems. Nevertheless, we utilized
a hormone-inducible MMTV promoter to drive
the transcription of p53 so that its constitutive
expression could be minimized (Sardet et al.,
1989).

Since the expression of pb3 protein is closely
associated with the cell cycle progression, we
investigated the correlation of p53 expression by
gene transfer with change of tumorigenic phenotype,
and intracellular levels and/or activities of key cell
cycle regulators in the nontransfected SCC-9 and
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SCC-9-pb3X cells. Inasmuch as growth of the
nontransfected SCC-9 cells was not affected by
exposure to 1 uM dexamethasone (Fig. 2), we used 1
uM dexamethasone as the inducer for the
expression of wt p53 gene from the transfected line
of SCC-9 cells, SCC-9-p53X. Our data showed that
the level of p53 protein notably increased when the
SCC-9-p53X cells were treated with inducing agent
dexamethasone for more than 3 days compared to
those in the dexamethasone-treated SCC-9 and
SCC-9-p53X cells before dexamethasone treatment,
and that the cell proliferation and anchorage
independence significantly inhibited in this cell line.
Also, the activities of cdks in the SCC-9-p53X cells
after dexamethasone treatment was notably
decreased compared to the dexamethasone-treated
SCC-9 and SCC-9-p53X cells before dexamethasone
treatment. These results indicate that induction of
wt pb3 protein expression by gene transfer causes
the cells to inhibit proliferation of the oral cancer
cells with p53 mutation by decreasing the activities
of cdks. These results are in agreement with
previous reports which showed that the restoration
of normal p53 function by gene replacement in cells
with p53 mutation inhibits the growth of human
cancer cells (Mercer et al., 1990; Kock et al., 1996).
However, it is possible that the different effects can
arise from due to different tumor cell types with
p53 mutations and multiple defects in tumor
suppressor genes.

The signaling pathways that regulates cell cycle
progression seem to be primarily associated with
the G, phase of the cell cycle (Pardee, 1989).
Several cellular proteins, namely p53, Rb, cdk2,
cdk4, cdk6, cyclin D, cyclin E, p21"*™"“", and the
PCNA have been reported to play important role in
the regulation of G, phase of cell cycle (Goodrich et
al., 1991; Koff et al., 1992; Kuerbitz et al., 1992;
Sherr, 1993). Detailed function of p53 protein in
the normal regulation of G, phase of the cell cycle
has been investigated, but their regulatory
functions are not completely known. Since the cell
cycle phases in dividing mammalian cells are
finely regulated by the sequential assembly and
activation of key cell cycle regulators namely the
cyclins and cdks (Hartwell and Kastan, 1994;
Peter and Herskowitz, 1994), the decrease of cdk
activities in oral cancer cells expressing wt p53
protein by gene transfer can result in a growth
inhibitory effect.

The cyclin-cdk complexes are formed and

activated at specific stages of the cell division cycle
and their activities are required for progression
through S phase and mitosis. Therefore, we
determined the levels of cdks and cyclins in the
SCC-9 and SCC-9-p53X cells. As expected,
expression of cdk2 and cdk6 proteins notably
reduced when the SCC-9-p53X cells were treated
with dexamethasone for more than 3 days
compared to those in the dexamethasone-treated
SCC-9 and SCC-9-p53X cells before dexamethasone
treatment, consistent with our results demonstrating
induction of pb53 protein after dexamethasone
treatment for more than 3 days. However, the
levels of G, phase cyclins (cyclin D1 and cyclin E)
of the tested cells were similar to each other. Since
cdk activity is regulated by association with
inhibitory proteins as well as by phosphorylation
or dephosphorylation of cdk at specific residues
(Hunter, 1993), we also investigated the levels of
key cell cycle regulatory proteins. The p21"™"/<",
whose expression is induced by wt p53 protein (El-
Deiry et al., 1993; 1994), plays a major role in
arresting cell cycle progression beyond G, phase
by inhibiting the activities of cdks (Dulic et al.,
1994; El-Deiry et al., 1993; Kuerbitz et al., 1992).
The levels of inhibitory proteins of the tested cells,
however, were similar to each other. These results
indicate that in human cancer cells containing p53
mutation, the levels of cdk proteins and their
kinase activities of the G, phase are notably
reduced by induction of wt p53 gene expression
thereby making them to repress of tumorigenic
phenotype. The mechanism by which the
transformed phenotype was inhibited by the wt p53
gene transfer is largely unknown but the
transformed characteristics of SCC-9 cells may be
closely associated with the continuous expression
of functions of wt p53 protein.
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