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Abstract

AIM  We have previously reported that inducible
over-expression of Bak may prolong cell cycle
in G1 phase and lead to apoptosis in HCC-9204
cells. This study is to investigate whether p27KIP1

plays an important role in this process.
METHODS  In order to elucidate the exact
function of p27KIP1 in this process, a zinc inducible
p27KIP1 stable transfectant and transie nt p27KIP1

-GFP fusion transfectant were constructed. The
effects of inducible p27KIP1 on cell growth, cell
cycle arrest and apoptosis were  examined in
the mock, control pMD vector, and pMD-KIP1
transfected HCC-9204 cells.
RESULTS  This p27KIP1-GFP transfectant may
transiently express the fusion gene. The cell
growth was reduced by 35% at 48 h of
p27KIP1 induction with zinc treatment as
determined by trypan blue exclusion assay.
T hese differences remained the same after
72 h of p27KIP1 expression. p27KIP1 caused
cell cycle arrest after 24 h of induction, with
40% inc rease in G1 population. Prolonged
p27KIP1 expression in this cell line induced
apoptotic cell death reflected by TUNEL assay.
Fourty-eighth and 72 h of p27KIP1 expression
showed a characteristic DNA ladder on
agarose gelelec trophoresis.

CONCLUSION  Bak may induce cell cycle arrest
in G1 phase through upregul ating expression
of p27KIP1 and subsequently lead to apoptosis
in HCC -9204 cells. The p27KIP1-GFP fusion
protein can be transiently expr essed in HCC-
9204 cells. The inducible p27KIP1 expressing cell
line provides a model to assess p27KIP1 function.

INTRODUCTION
Cell cycle regulatory proteins play a critical role in both
normal cell growth and tumorigenesis. The cyclin
dependent kinases (CDKs) are the major regulators
o f cell cycle progression, and thus are important
candidates for therapeutic tumo r suppression[1]. The
CDKs, which are responsible for the phosphorylati
on of the retinoblastoma protein (pRb) and pRb related
proteins, are in turn reg ulated by changes in cyclin
levels, phoshphorylation and the presence of cyclin
kinase inhibitors (CKIs)[2-3]. Two classes of CKIs are
present within mammalian cells. One class, the INK4
(inhibitors of CDK4) family, is a group of ankyrin
repeat protein whose members p16INK4A, p15INK4b,
p18INK4c and p19INK4d are specific inhibitors of cyclin
D1/CDK4  or CDK6 complexes[4-6]. The second class
of CKIs, the p21 family, c onsists of p21CIP/WAF1,
p27KIP1 and p57KIP2 which are general inhibitors of
the G1/S CDKs[7-9]. Homology between the f amily
members is limited to a conserved amino-terminal 60-
residue domain respo nsible for kinase binding and
inhibition[10].
          p27KIP1 regulates cell cycle progression by
interacting with,and the reby inhibiting,various cyclin-
CDK complexes.Physiologically, p27K IP1 is believed
to act primarily to regulate progression of cells from
late G1 into S through its interaction with cyclin E-
CDK2 complexes[11]. p2 7KIP1 has been implicated
as a mediator of growth arrest due to TGF-β, cAMP,
and other extracellular factors[12]. Moreover,
elevated  expression of p27KIP1 leads to G1 arrest in
many ce l l  types  and  pro  motes  neurona l
differentiation in mouse neuroblastoma cells, while
inhibition of  p27KIP1 expression through use of
antisense technology prevents G1 arrest and/or
suppresses entry of fibroblasts into a state of
quiescence in resp onse to mitogen depletion[13-14]. The
phenotype of mice null for the p27KIP1 gene includes
increased body size, female sterility and a high  incidence
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of spontaneous pituitary tumors[15].
         We have previously shown that overexpression
of Bak might prolong cell cycle in G1 phase though this
new property of Bak had never been reported before.
We provided a hypothesis that Bak’s translocated
expression from the cytoplasm to the nuclei of HCC-
9204 cells may trigger the expression of certain cell cycle
regulators such as cyclins, CDKs, or CDK inhibitors
through DNA-protein or prote in-protein interaction.
Since p27KIP1 is one of major cyclin-CDK reg ulators in
G1 phase, we currently executed an investigation of
whether overexpression of Bak in HCC-9204 cells
upregulates the expression of p27KIP1 and whether
p27KIP1 itself may induce cell cycle arrest in G1 pha se
and even apoptosis in HCC-9204 cells.

MATERIALS AND METHODS
Cell line and cell culture
HCC-9204 cell line derived from a human hepatocellular
carcinoma and establishe d in our laboratory was cultured
in Eagle’s medium containing phenol red, with  50 mL/L
fetal bovine serum (FBS) (HyClone Laboratories, USA)
in a humidified at mosphere of 950 mL/L air, 50 mL/L
CO2 at 37 [16]. All media were s upplemented with 2
mmol/L-L-glutamine, 100 mg/L penicillin and 100 kU/L
str epto mycin. Culture medium and supplements were
obtained from GIBCO BRL. Of the HCC- 9204 cell
line, p53 was mutated. Medium was changed every 3
days. Cells were  removed from culture flasks for
passage by washing once with Hank’s balanced salt
solution, followed by a 5 min incubation with 0.5 mmol/L
EDTA and 0.5g/L trypsin at pH 7.4, RT.

RT-PCR analysis
Total RNA was extracted from HCC-9204 cells using
an RNA extraction reagent, TR IZOL (Life
Technologies, USA), according to standard acid-
guanidium-phenol-ch loroform method[17]. About five µg
of total RNA were revers e tra nscribed at 42¡æ for 60
min in a total 20 µL reaction volume using  a first-Strand
cDNA synthesis kit (Boehringer Mannheim, Germany).
cDNA was inc ubated at 95  for 5 min to inactivate
the reverse transcriptase, and was serve d as template
DNA for 32 rounds of amplification using the GeneAmp
PCR System 2400 (Perkin-Elmer Applied Biosystems,
CA, USA). PCR was performed in a standard 50 µL
reaction mixture consisting of 10 mmol/L Tris-HCl, 50
mmol/L potassium chloride, 1.5 mmol/L magnesium
chloride (pH 8.3), 0.2 mmol/L dNTPs, 5 0 pmol of each
sense and antisense primer and 2.5 U of Taq DNA
polymerase (M BI, Canada). Amplification was
performed for 30 s at 94 , 45 s at 58  and 45 s at
72  after heat-start for 5 min. Finally, an additional
extension step wa s carried out for 7 min. As negative
control, the DNA template was omitted in th e reaction.
The amplification products were separated on 12 g/L
agarose gels and  visualized by ethidium bromide
staining. PCR primers for p27KIP1 were as follows:
forward primer, 5’-ggggtaccatgtcaaacgtgcgagt-3’; reverse

primer , 5’-gcgtcgacacgtttgacgtcttc-3’: according to the
p27KIP1 gene structure in Genebank. PCR product of
597 bp was obtained. Kpn-I and Sal-I sites were designed
in the 5’and 3’end of cDNA encoding p27KIP1 and the
terminal code for p27KIP1 was mutated so as to construct
a fu sion protein.

DNA sequencing
The PCR product was purified through Wizard Plus
Minipreps DNA Purification System (Promega, USA).
The pGEM-T Easy Vector Systems (Promega, USA)
was applie d for the cloning of the PCR product. Then
the recombinant plasmid DNA was trans formed into
E.coli and was sequenced by dideoxy-mediated chain-
termination method, using ABI PRISM-TM Dye
Terminator Cycle Sequencing Ready Reaction Kit
(Perkin Elmer, USA). This kit was developed
specifically for the preparation of samples for sequence
analysis on the ABI PRISM 377 DNA Sequencer. Cycle
sequ encing was performed on the GeneAmp PCR
systems 2400 (Perkin Elmer, USA) according to the
instructions.

Plasmid construction
Plasmids were constructed using standard molecular
biology techniques[18]. In order to construct a hybrid DNA
encoding a chimerical p27KIP1- GFP fusion protein,
pGEM-T Easy KIP1 was digested with Kpn-I and Sal-
Ito yield a 0.6 kb fragment. The resulting fragment then
ligated to Kpn-I and Sal-I digested pGREEN
LANTERN-1 (Clontech, USA) containing the
humanized T hr65 GFP cDNA under the control of CMV
enhancer/promoter and the SV40 poly adenylation signal.
Correct reading framework of the fusion gene was
confirmed b y DNA sequencing. Human p27KIP1

(pBluescript SK-p27) was a gift f rom Dr. Polyak[19-20].
PCR primers for p27KIP1 were as foll ows: forward primer,
5’-ggggtaccatgtcaaacgtgcgagt-3’; reverse primer, T7
primer. PCR product of 1.0 kb was obtained and
subsequently ligated into pGEM-T E asy Vector System.
To construct pMD-KIP1, pGEM-T Easy KIP1 was
digested with EcoR-I and Xho-I to yield a 1.0 kb fragment.
T he resulting fragment then  ligated to EcoR-I and Xho-
I digested pMD-neo. Plasmids for transfection were
purified using a kit (Quiagen Inc., USA).

Transient and stable transfection
pKIP1-GFP and pMD-KIP1 were used for transient
and stable transfections respec tively. Clonfectin
(Clontech, USA) was used to transfect plasmids into
HCC-9204  cells. According to the instructions,
Clonfectin transfection reagent was an effective
liposome transfection reagent for many mammalian
cell types with high tr ansfection efficiencies and
required only 1-4 hour incubation for optimal resu lts,
especially effective transfections in serum-containing
media. Green fluore scence was detected 4, 24 and
48 h after transfection. For stable transfection, the
transfected HCC-9204 cells were grown for 2 weeks in a
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medium containing 0. 5 g/L G418 (Life Technologies,
Inc., USA), after which the G418 concentration wa s
reduced to 0.2 g/L. Stable cell line of HCC-9204
tranfected with pMD-KIP1 vector was treated by
continuous exposure to 100 µmol/L of ZnSO4.

Cell viability
Cells were seeded at 105 per dish. HCC-9204 cells
viability was determined by Nikon Eclipse TE200 inverted
microscopic examination of cells stained by 1 g/L trypan
blue (trypan blue exclusion), counting cells on a
hemocytometer at the ti me point indicated[21].

Apoptosis analyzed by TUNEL assay
Cells were harvested for TUNEL staining. The
proportion of cells showing DNA fra gmentation was
measured by incorporation of fluorescein isothiocyanate
(FITC)-1 2-dUTP into DNA by using terminal
deoxynucleotidyltransferase (TdT)[22]. Briefly, a kit from
Boehringer Mannheim (In Situ Cell Death Detection Kit,
F ITC) was used. After a 30 min (RT) incubation with
30 g/L BSA, 200 mL/L normal bovine serum in PBS, pH
7.4, slides were covered with the TUNEL mix (calf thy
mus TdT, FITC-12-dUTP and cobalt chloride in 1 ×
reaction buffer) for 1.2 h at 37 . The morphologic
features were visualized by fluorescence microscopy.
Routine HE staining was also conducted. Negative
control was performed by omitting TdT. We used
paraffin-embedded sections of HCC as a positive control
[23].

DNA laddering
Laddering of DNA in extracts from untransfected and
transfected cells was carried out. DNA was extracted
from 5 × 106 cells 24 h post-induction. DNA fragmenta
tion was assayed as described previously[24]. Briefly, 24
h following ad dition of 100 µmol/L ZnSO4, 5 × 106 cells
were lysed in buffer c ontaining 5 mmol/L Tris (pH 8.0),
20 mmol/L EDTA and 5 g/L Triton X-100 on ice for
30 min.  High molecular weight DNA was removed by
centrifugation at 14 000 r/min for 15 min at 4 , and the
supernatant was sequentially extracted with phenol:
chlorofo rm, and chloroform. The low molecular
weight DNA was recovered by ethanol precip
itation, resuspended in 30 µL of TE buffer, and treated
with RNase A for 3 h at 37  prior to electrophoresis on
12 g/L agarose gels.

Western blot analysis of transgene expression
Monolayers were rinsed with PBS and lysed with SDS-
PAGE loading buffer (50 mmol /L Tris HCl pH 6.8, 100
mmol/L dithiothreitol, 20 g/L SDS). Mock and pMD-neo
tr ansfected cells served as a control. Samples were
analyzed by SDS-PAGE and tran sferred into Hybond-
C super membranes (Amersham, UK). The membranes
were blocke d with 50 mL/L skim milk, 1 g/L Tween-20
and then probed with primary antibody overnight according
to manufacturer’s instructions, washed in PBS, 2 g/L Tween-
20 and then incubated with the appropriate horseradish-

peroxidase (HRP) conju gated secondary antibody. After
washing, the membranes were developed by DAB det
ection reagents according to manufacturer’s guide (Dako
Co. USA). p27K IP1, rabbit polyclonal antibody (Santa
Cruz Biotechnology, USA) was detected f ollowed by
HRP-conjugated anti-rabbit IgG (Fc) was used. The level
of β-actin was used as a control for equal loading of
protein.

Immunohistochemistry analysis
HCC-9204 cells were harvested at different times
of induction with ZnSO4. Cel l preparations were
fixed with 700 mL/L ethanol for two hours, washed
in PBS, an d incubated with p27KIP1 antibody diluted
1 × 100 in PBS containing 10 mL/L bovine serum
albumin (BSA, Sigma, USA). Immunostaining was
performed using  LSAB1 kit (Dako, Peroxidase,
USA), according to the instructions of the manufac
turer.

Fluorescence microscopy and laser confocal
microscope
Nikon Eclipse TE200 inverted fluorescence microscope
was used to observe and pho tograph. Images were
collected on a laser confocal microscope, model MRC-
1024 ( BioRad, UK) with a Plan-Ne-ofluar 40 × 1.3
NA Apochromat objective (Zeiss, Ger many). The 488
nm line of a krypton/argon laser was used for
fluorescence excita tion of FITC. Images were
processed using Adobe Photoshop 5.0 software (Adobe
Sy stems Inc., USA)

RESULTS
RT-PCR for p27KIP1 in Bak transfected HCC 9204
cells
Bak transfected HCC-9204 cells were collected 0, 24
and 48 h post-induction as the previous study mentioned
and were used to extract total RNA by TRIZOL reagent.
The findings as shown in Figure 1 suggested that
overexpression of Bak const antly induced expression
of CDK inhibitor, p27KIP1, at mRNA level in H CC-9204
cell line.

Figure 1  RT-PCR results of human p27KIP1 RNA in Bak
transfected HCC- 9204 cell line. Predicted PCR product size is
about 600 bp. lane 1: Molecular we ight Marker (Takara, DL 2000);
lane 2: Bak (0 h); lane 3: Bak (24 h); lane 4: Bak (48 h)
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Sequencing of p27KIP1 and p27KIP1-GFP fusion
genes
The purified p27KIP1- PCR product was cloned into
pGEM T-Easy vector a nd sequenced. Comparison
of the sequences with published data in Genebank
indica ted only one base pair of disparity while
the amino acid residue encoded was the  same as
what the Genebank indicated (Figure 2). pGEM-
T Easy KIP1 was digested with Kpn-I and Sal-I
to yield a 0.6 kb fragment. The resulting fragment
then ligated to Kpn-I and Sal-I digested pGREE
N LANTERN-under  the  con t ro l  o f  CMV
enhancer/promoter and the SV40 polyadenylation
signal. Correct reading  framework of the fusion
gene was confirmed by restriction enzyme analysis
or DN A sequencing.

Figure 2  The nucleotide sequences of p27KIP1. Only one nucleotide
is changed from c t at site No 524, while the sequences of amino
acids are the same

Transient expression of p27KIP1-GFP fusion proteins
in HCC-9204 cell  line
reen fluorescence was visible 8 h after transient
transfection with pKIP1-GFP fusion constructs.
The p27KIP1-GFP fusion proteins localized primarily
to cell nuclei, with some GFP presented in the
cytoplasm (Figure 3).  However,  24 h post
transfection, the green fluorescence disappeared.
Some cells exhibited typical active cell death
including condensed and rounded cells, cell
detachment under Nikon Eclipse TE200 inverted
microscope as shown in Figure 4.

Figure 3  Cell slides under Nikon Eclipse TE200 fluorescence
microscope using excitation light at either 488 nm to detect GFP
(emission filter 522 nm). Distribu tion of GFP p27KIP1 fusion
protein expressed in living HCC-9204 cel ls 8 after 100 µmol/L
ZnSO4 treatment, indicated by an arrow. × 200

Figure 4  Transient transfected HCC-9204 cells exhibiting typical
active cell death such as cell blebbing, condensed and rounded
cells as seen under, Nikon Ecli pse TE200 phase contrast microscope
indicated by an arrow. × 200

pMD vectors direct the inducible expression of
p27KIP1

Inducible pMD-KIP1 vectors were constructed to
express human cyclin kinase inhi bitors, p27KIP1, as
shown in Materials and Methods. Transgene
express i  on  was  under  the  contro l  of  the
metallothionein-II (MT-II) promoter and the BGH
polyadenylation signal. Previously it was found that
M T-II promoter gave higher expression levels in
HCC-9204 cells as c ompared with those obtained
with the HCMV promoter. To study the effects of
pMD -vector driven expression of p27KIP1, HCC-
9204 cells were left untre ated (mock), or were
transfected with control pMD-vector or pMD-KIP1,
at 4, 24  and 48 h, respectively after addition of
100 µmol/L ZnSO4. West ern blot analysis showed
a strong signal of Mr 27 000 protein appeared in H
CC-9204 24 h post induction. However no band was
detected in normal HCC-9204 cells as shown in
Figure 5. Immunohistochemistry of p27KIP1 as shown
in Figure 6 was consistent with Western blot
analysis. Nuclear staining signals were observed
in p27KIP1 stable transfectant 24 h post addition of
ZnSO 4.

Figure 5  The results of Western blots of lysates from transfected
HCC-9204 cell s, probed with antibodies against human p27KIP1.
Excellent p27 KIP1 expression was observed in HCC-9204 cells even
4 h after induction with zinc.



Figure 6  p27KIP1 detected by DAKO LABC kit in transfected
HCC-9204 ce lls after 24 h of addition of ZnSO4. p27KIP1 dark-
brown granules are present in the nuclei of p27KIP1 transfected
HCC-9204 cells, as in dicated by an arrow. × 200

Inhibition of tumor cell growth by exogenous
p27KIP1

p27KIP1 gave a very pronounced inhibition of growth.
HCC-9204 cells viability was determined by
microscopic examination of cells stained by 1 g/L
try pan blue (trypan blue exclusion) (Figure 7). Time
course effect of p27KI P1 on HCC-9204 cells growth
was observed under Nikon Eclipse TE200 inverted
mi croscopic (Figure 8). Within one day post-
induction, a block in cell growth was  observed in
HCC-9204 cells with a few cells staining positive
with Trypan blue, indicating that the exogenous
p27KIP1 was having a cytostatic effect  on growth.
More dramatic effects were observed 24 h after
addition of zinc. Moc k and control pMD vector
transfected cells grew until confluent (day 3) and
then entered a growth arrest following which
significant numbers of trypan blue-sta ining cells
were observed, indicative of cell death, accounting
for the decline in the cell number, which was
especially apparent in confluent HCC-9204 cells. By
3 days post-induction, cells staining positive with
trypan blue-staining cells were observed in the
cultures transfected with p27KIP1 even though the
monolayers were not confluent, and this cell death
accounted for the over- all reduction in cell number
that was observed during the remainder of the exper
iment. Cell death was greatest in HCC9204 cells
transfected with pMD-KIP1.
         From Figure 7, we could obviously figure out that
the cell growth was reduced by 35% after 48 h of
p27KIP1 induction with zinc treatment as determined  by
trypan blue exclusion assay. These differences
remained the same at 72 h , and even at 96 h post
addition of zinc.

pMD vector expression of p27KIP1 alters cell cycle
distribution profiles
To see if the p27KIP1 had an ability to induce G1 arrest, cell
cycle  analysis was performed on transfected HCC-9204
cells. At 24 h post-induction,  HC C-9204 cells expressing
exogenous p27KIP1 showed an accumulation of cells in G1

compared to mock and control pMD transfected cells,
consistent with p27K IP1 inhibiting tumor cell growth.
(Figure 9)

Figure 7  Time course of growth of cells transfected with pMD-
KIP1 expressing p27KIP1. HCC-9204 cells were induced by 100
µmol/L ZnSO4. HCC-9204 cells viability was determined by
microscopic examination of cells stained by 1 g/L trypan blue,
counting cells on a hemocytometer at the time point indicated.
Each treatment was triplicate.

Figure 8  Time course effect of p27KIP1-on HCC-9204 cells growth.
Cells  were seeded at 10\+5 per dish. HCC-9204 cells were induced
by 100 µmol/L ZnSO4 at the time indicated. Cells morphology
was observed under Nikon Eclipse TE 200 phase-contrast
microscopic at 0, 24 and 48 h post addition of zinc. “Uppe r-row”
represents pMD-neo transfected cells; “Lower-row” represents
pMD- Bak transfected cells. × 200

        FACS analysis showed that overexpression of
p27KIP1 resulted in an i ncrease of G1 population in
HCC-9204 cells from 35.21% to 76.31%. Together,
these data indicated that overexpression of p27KIP1

alone is sufficie nt to suppress the proliferation of
human tumor cells. We are currently investig ating
the role of p27KIP1 in mediating cellular responses
to a variety of external signals and the mechanism
of inhibition.

Li J, et al. p27kip1 induced cell cycle arrest in G1 phase and subsequent apoptosis           517



Figure 9  Result of flow cytometric analysis. Cells were stably
transfectd with p27KIP1 and induced by 100 µmol/L ZnSO4. The
percentage of each phase for each group (before or 24 h after addition
of zinc) is indicated in each panel.

Induction of apoptosis in cells transfected with
vectors expressing p27K IP1

Since by day 3, a significant proportion of HCC-9204
cells transfected with the vectors expressing p27KIP1

stained positive with trypan blue, indicat ive of cell death,
we attempted to ascertain whether p27KIP1 was induc
ing apoptosis. To confirm that over-expression of p27KIP1

induced cel l death was apoptotic, a variety of apoptosis
associated detection assays were a pplied. In stable
transfectants after addition of 100 µmol/L ZnSO4, cell
growth was significantly inhibited according to FACS
analysis as shown i n Figure 9. TUNEL analysis (Figure
10) and DNA laddering (Figure 11) confirmed that part
of cells underwent apoptosis 48 h or 72 h after addition
of 100 µmol/L ZnSO4.

Figure 10  TUNEL assay demonstrating obvious apoptotic changes
in HCC-9204/p 27KIP1 24 h after addition of zinc under laser
confocal microscope as in dicated by an arrow. (Bar represents 10
µm)

        Taken together, p27KIP1 overexpression induced
rapid morphological changes in HCC-9204 cells. p27KIP1

overexpression inhibited prolifera tion of HCC-9204 cells
and subsequently induced apoptosis.

Figure 11  Analysis of DNA ladder formation at 0 (lane 1), 4 h
(lane2), 24 h (lane 3), 48 h  (lane 4), 72 h (lane 5) post addition of
zinc in HCC-9204 cell line. Eac h lane was loaded with 10 µg DNA.

DISCUSSION
Since its introduction into cell biological research,
the green fluorescent protein (GFP) of the jellyfish-
Aequorea victoria has become a versatile tool for
the analysis of protein function and dynamics at
the cellular level[25] . GFP, which consists of 238
amino acids, has been used as a tag for localizatio
n of a broad range of proteins in a wide variety of
eukaryotic cells[26]. A mutant of GFP, S65T with
an excitation peak of 489 nm and an emission peak
o f  511 nm,  emits  four  to  s ix  t imes  more
fluorescence energy compared with wild-type
GFP. GFP may be fused generically to a target
protein,  and the fluorophore of GFP forms
spontaneously in the presence of oxygen, thus
rendering it an ideal probe for in vivo applications.
The in vivo  expression of GFP obviates t he
f ixa t ion  and permeabl iza t ion  of  ce l l s  for
immunofluorescence or the microinj ection of
labeled proteins[27].
         GFP fusion proteins constitute a major advance in
the study of the dynamics of  intracellular processes
in living cells[28-32]. A major concern in the application
of GFP as a fluorescent tag relates to whether the
distribution of GFP fluorescence is identical to that
of the protein to which it is fused. We have
constructed GFP p27KIP1 fusion gene and transfected
into HCC-920 4 cells. The results indicated that the
fusion protein was still express in the nuclei of HCC-
9204 cells.
        Previous studies indicated that cell survival
following transfection with pGRE EN LANTERN-1
was similar to transfection with pCMV SPORT-
βgal. No  trypan blue-stained cells were seen to
fluoresce green, and the fluorescence intensity of
green fluorescent cells treated with trypan blue
remained the same when judged by microscopic
observation indicating that fluorescent cells were
viable cells[33]. A comparative study has been performed to
determine wheth er apoptotic cells still can express GFP. A
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GFP positive clone was chosen and co unterstained with
PI. The cells which had a property of apoptosis were
stained with PI and no longer expressed GFP. We used
PI counter-staining to show that the cells appearing
as red fluorescence were not viable and only viable
cells had a potential to express GFP. The fluorescence
green vanished as soon as the cells  become unviable
(Figure 12). Therefore, transient expression of KIP1 -
GFP fusion protein was disrupted when these cells
underwent apoptosis.
         The cell cycle progression is controlled by a family
of cyclins and their spec ific catalytic partners, cyclin-
dependent kinases (CDKs). D-type cyclins g over n the
G1/S transition in association with their proper
physiological partners, CDK4 or CDK6, and CDK2,
respectively[34-35]. For cells to complete the G1/S
transition, the activities of both D-type cyclins and cyclin
E are  essential. CDK inhibitors stop the cell cycle
progression by negatively and stoichi ometrically
regulating cyclin/CDK activities and are the targets of
various extr acellular growth-modifiers. These inhibitors
have similar N-terminal regio ns which are responsible
for the blockade of CDK kinases. They can inhibit any
G1 cyclin/CDK activity. The CDK inhibitors also served
as the common mediators of various biological processes
including DNA-damages, cell differentiation, cell to cell
contact inhibition and cell senescence[36]. Recent studies
indicate that oncogene signals converge to cyclin/CDK
and CDK inhibitors[37].We have reported that
overexpression of Bak may prolong cell cycle in G1 phase
in HCC-9204 cells. We postulated that translocated
expression of Bak in this process transferred signals to
the cell cycle regulators in the nulcei, and thus induced
cell cycle arrest in G1 phase.
        p27KIP1, as a member of CDKIs, is constitutively
expressed in many ce lls, and the level of this protein
is elevated in G0 phase and declines as cells in culture
enter the cell cycle[38-40]. p27KIP1 may play an
important role in governing the growth factor
restriction point by ensuring that CDK activity is
suppressed during G0 and early G1 phase[41]. Int
erestingly, in many types of tumors including breast,
colon, prostate and ovaria n carcinomas, the expression
of p27KIP1 gene was down-regulated[ 42-43]. From the
sequencing analysis, we could figure out that in some
types of tumor, p27KIP1 gene was null or mutated, while
in other types it was still intact. HCC-9204 cells, as a
target cell line, has intact p27KI P1 which was confirmed
by fluorescence in situ hybridization (FISH) as shown
in Figure 13 and DNA sequencing. Researchers are
attempting to discover the mech anism of controlling
the expression of p27KIP1 and cyclin-CDK activat ion
in these malignant cells.
        The correct timing of cyclin-CDK activation is
regulated at several levels, in cluding the control of cyclin-
encoding gene expression, cyclin stability and cellular
localization, as well as CDK subunit phosphorylation and
dephosphorylatio n[44-46]. Another level of regulation is
provided by the CDKIs which consist of two families. The

potential role of p27KIP1 in control of the hepatocyte
cell cycle is suggested by the implication of
mitogens and anti-mit ogens known to control
p27KIP1 levels in the regulation of liver cell
proliferation[47]. The discovery of p27KIP1 has
facilitated the elucidation of these mechanisms.
In addition, in all organs including the liver, p27/,
but not p21/mice show an increased cell density
withou t any obvious alteration in liver cells
differentiation or structure[48] .

Figure 12  Comparative study of whether apoptotic cells can still
express GFP. A  GFP positive clone was chosen and counterstained
with PI. Apoptotic cells were stained with PI and no longer
expressed GFP. HCC-9204 cells were observed under Nikon Eclipse
TE200 fluorescent phase-contrast microscopic. × 200

Figure 13  In situ fluorescence hybridization with FITC labelled
p27KIP1 probe. Two signals were observed in the chromosome under
laser confocal micro scopy. (Bar represents 5 µm)

          Most studies examining the function of p27KIP1

had been performed in tissue culture systems using
transformed cel l  l ines or  embryonic cel ls .
P rev ious   s t ud i e s  sugges t ed  t ha t  p27 K I P 1

overexpression causes cell cycle arrest in G1

phase and/or apoptotic death of mammalian cells and
supported the potential utility of gene therapeutic
approaches aimed at elevating p27KIP1 expression for
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treatment of human cancers and inhibition of
tumorigenicity[49]. Recent evidences demonstrated that
high levels of p27KIP1 protein, induced by adenovirus
vector, led to growth arrest as well as enhancement of
apoptosis in several cell lines from different species and
tissues of various origins[50]. However, as far as we know,
no study has been conducted  previously to examine the
expression of p27KIP1 in human hepatocelluar carcinoma
tissue in relation to apoptosis. We obtained p27KIP1 gene
fragment in Bak transfected HCC-9204 cells and
constructed a transient or stable transfectant. The
purpose of the study was to examine the potential role
of p27KIP1 during Bak overexpression in HCC-9204 cells.
The results suggest that overexpression of Bak may
induce expression of p27KIP1 at least in mRNA level.
p27KIP1 may exert its effect on G1 phase elongatio n
induced by Bak and p27KIP1 itself may play an important
role in the regulation of cell cycle during this process.To
our knowledge, this is the firs t time that a significant
correlation between p27KIP1 expression and cell cycle
arrest and apoptosis has been demonstrated in HCC-
9204 cell line.
       However, the mechanism of tumor growth
suppression appears to include not only  p27KIP1 but also
various other proteins, such as p53 etc. As weknow,
p53 is mutated in HCC-9204 cell line and is often null in
other cell lines[51-53]. Therefore, how these cell types
undergo cell death is of co ncern since the p53-dependent
apoptosis pathway has been abolished. p53  serves as a
major G1 checkpoint regulator of the induction of p21-
CIP1 but not of p27KIP1 and p57KIP2, while it induces
apoptosi s[54]. The p53-mediated CDK inhibitor p21CIP1

does not le ad to significant apoptosis, though both p21CIP1

and p27KIP1  induce G1 arrest through their potential
abilities to inhibit CDK activity[55-56]. These findings
suggest that the inhibition of CDK activity may not be
sufficient to induce apoptotic cell death. A possible
explanation of these differences between p27KIP1 and
p53-mediated p21CIP1ªª functions is that p27KIP1 may
have other functions in addition to its notable function as
a CDK inhibitor. It can also be speculated that p27 KIP1,
which has the potential to induce growth arrest and
apoptosis, may play a more important role in tumor
growth suppression than p53-mediated p21 CIP1.
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