
• BASIC RESEARCH •

Effects of STI571 and p27 gene clone on proliferation and apoptosis

of K562 cells

Wei Wang, Li-Bo Yao, Xin-Ping Liu, Qi Feng, Zhen-Chuan Shang, Yun-Xin Cao, Bing-Zhong Sun

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(14):2130-2135

www.wjgnet.com                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Wei Wang, Qi Feng, Zhen-Chuan Shang, Bing-Zhong Sun,
Department of Hematology, Xijing Hospital, The Fourth Military
Medical University, Xi’an 710032, Shaanxi Province, China
Li-Bo Yao, Xin-Ping Liu, Department of Biochemistry and Molecular
Biology, The Fourth Military Medical University, Xi’an 710032,
Shaanxi Province, China
Yun-Xin Cao, Department of Immunology, The Fourth Military
Medical University, Xi’an 710032, Shaanxi Province, China
Supported by the National Natural Science Foundation of China,
No. 39770336
Correspondence to: Bing-Zhong Sun, Department of Hematology,
Xijing Hospital, The Fourth Military Medical University, Xi’an
710032, Shaanxi Province, China.  hematol@fmmu.edu.cn
Telephone: +86-29-83375615
Received: 2004-02-27    Accepted: 2004-04-20

Abstract
AIM: To investigate the combined effect of STI571 and
p27 gene clone on the regulation of proliferation, cell cycle
and apoptosis of K562 cell line.

METHODS: p27 gene was obtained by RT-PCR, and its
sequence was approved to be correct. Then p27-pcDNA3.1
vector was constructed and transfected into K562 cell line.
p27-pcDNA3.1-K562 cell clone was screened by G418 after
transfection, p27 protein was identified by Western blot.
MTT was used to detect the survival rate of the cell. Flow
cytometry was used to detect cell cycle and apoptosis index.

RESULTS: The expression of p27 protein could be detected
by Western blot in p27-pcDNA3.1-K562 cells. A strong
inhibition of cell proliferation was observed in p27-pcDNA3.1
-K562 cells as compared with that of the control (pcDNA3.1
-K562 cells). The cells at G0/G1 phase were significantly
increased, and cells at S phase were greatly declined.
The apoptosis index was increased greatly after p27-
pcDNA3.1-K562 cells were treated with STI571, and
survival rate of the cell was markedly declined (0.35-0.58,
P<0.05-0.048 vs STI571-K562 cell, 0.35-0.72, P<0.01-0.001
vs p27-K562 cell).

CONCLUSION: p27 and STI571 have a synergistic action
on inhibition of proliferation and induction of apoptosis on
K562 cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

STI571, a tyrosine kinase inhibitor used in clinic, can inhibit
the tyrosine kinase of P210 protein encoded by BCR-ABL
(Breakpoint cluster region and Abelson leukemia virus
oncogene) fusion gene with a high selectivity[1,2]. Only the
tyrosine kinase of platelet-derived growth factor[3,4] is inhibited
at a similarly low concentration. This activity is believed
essential for malignant transformation[5]. So it has an optimal
therapeutic action on K562 cell line and sets up an epoch
era in molecular targeted therapy. But multidrug resistance,
recurrence and poor curative effect to acute phase cells were
its major problems[6-8]. So combined therapy should be a
new direction for future therapeutic development. p27 is
an important member of the cyclin-dependent kinase
inhibitor family and has been reported as a tumor suppressor
gene[9,10], and its deletion, mutation or down-regulation play
an important role in tumorigenesis[11,12]. So combined treatment
of p27 and STI571 may exert an obvious therapeutic effect
on K562 cells.

MATERIALS AND METHODS

Materials
STI571 was kindly provided by Novartis Company (Basel,
Switzerland). A 1.0 mmol/L stock solution of STI571 in distilled
water was prepared, filtrated and sterilized. pcDNA3.1
eukaryote expression plasmid was purchased from Invitrogen
Company. E.coli JM109 cell strain was kindly provided by
Biochemistry and Molecular Biology Laboratory of  The
Fourth Military Medical University (Xi’an, China). Digestion
enzymes EcoRI and HindIII, Taq DNA, reverse transcriptase,
and T4 ligase were purchased from Santa Cruz or Sangon
Company. TRIzol RNA reagent and DNA purifying reagent
were from Invitrogen Company. Mouse monoclonal antibody
against p27 and goat anti-mouse antibody were purchased
from Santa Cruz Company.

Cell culture
K562 cells (containing BCR-ABL fusion gene, expressing
P210 protein[13]) were grown in RPMI1640 medium
supplemented with 10 mL/L fetal calf serum, penicillin,
streptomycin, and L-glutamine, at 37 ℃ in an incubator
containing 50 mL/L CO2.



Primer sequences to amplify p27 gene
Upstream primer (5’GTAAGCTTATGTCAAACGT-
GCGAGTGTCTA3’) and downstream primer (5’TGGAA-
TTCTTACGTTTGACGTCTTCTGAGG3’) were used to
amplify p27 gene. The sequences of upstream and downstream
primers contained restriction sites of HindIII and EcoRI
(restriction endonuclease) respectively in order to digest PCR
products or vectors. The PCR product of these primers was
about 600 bp in length.

RT-PCR
Total RNA was extracted from peripheral blood mononuclear
cells (PMC) with TRIzol reagent following the manufacturer’s
instructions. Then 2.0 g of total RNA was reverse transcribed
with M-Mulv reverse transcriptase and oligo(dT). PCR
reaction mixture (25 L) containing 0.2 g of cDNA, 0.5 L
of  10 mmol/L dNTP, 10 pmoL of  each primer and 1 U Taq
polymerase was subjected to 30 amplification cycles, each
cycle consisting of denaturation at 94 ℃ for 45 s, annealing
at 55 ℃ for 40 s, and extension at 72 ℃ for 1 min. An
additional extension at 72 ℃ for 30 min was performed.
PCR products were electrophoresed on 1% agarose gels
and stained with ethidium bromide (EB). Photographs of
EB-stained gels were taken.

Southern blot analysis
Total RNA was extracted from PMC and K562 cells
respectively, and reverse transcribed into cDNA, and
quantified by absorbance at 260 nm, then 20 g of cDNA
was electrophoresed on 0.8% alkalescence agarose gels.
DNA was transferred to Hybond-N membranes and
subjected to Southern blotting. DNA was fixed in Hybond-
N membranes by ultraviolet irradiation. Hybridized
membranes were wetted with 6× SSC, and then pre-hybridized
for 3 h at 68 ℃. Then denaturalized probes were joined
and hybridized with DNA overnight at 68 ℃. Hybridized
membranes were washed with 2× SSC/0.1% SDS and
0.2× SSC/0.1% SDS twice and reserved at -70 ℃ for 5-7 d.
p27 was detected by hybridization with its respective
full-length 32P-labeled PMC cDNA probes and imaged by
autoradiography[14].

Purification of PCR products from gel
After PCR products were separated by electrophoresis,
positive agarose gels were sliced, and then PCR products
were purified and call backed using a DNA purifying kit,
and deposited by ethanol.

T vector ligation and DNA sequence test
Reaction mixture contained 5 L of purified DNA, 1 L
of T vector, and 4 L of rapid ligation fluid. After being
incubated at 16 ℃ for 4 h, the mixture was transduced into
JM109 cell strain. The transduced cells were detected by staining
with 5-bromo-4 chloro-3 indolyl -D-galactopyranosides (X-
gal). A white positive clone was chosen and sent to Sagon
Company to test its sequence.

Construction of K562-p27-pcDNA3.1 cell line
pcDNA3.1 and T-p27 vectors were digested with HindIII
and EcoRI. Then pcDNA plasmid and p27 were ligated

with T4 ligase. After pcDNA-p27 vector was transduced
into JM109 strain, the positive clones were used to pick-up
plasmids, which were transfected into K562 cells with lipofectine
as previously described. After 48 h, the cells were cultured
in RPMI1640 medium containing G418 (500 mL/L) for
28 d to select the stably transfected positive clones[15]

(pcDNA3.1-p27-K562 cell clone).

Western blot analysis
Western blot extracts were prepared by lysing K562 cells with
lysis buffer[16] (20 mmol/L HEPES, pH 7.9, 150 mmol/L
NaCl, 1.0 mmol/L MgCl2, 5 mmol/L EDTA, pH 8, 0.1%
nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS,
50 mmol/L NaF, 5 mmol/L sodium orthovanadate) on ice
for 20 min. Fifty micrograms of lysate was separated by
SDS-polyacrylamide gel electrophoresis, transferred onto
nitrocellulose membranes, and specific proteins were recognized
by mouse moloclonal antibody against p27 and cyclin-E.
Membranes were incubated for 1 h at room temperature with
mouse moloclonal antibody against p27 and cyclin-E. After
three washes in TBS-T (Tris 10 mmol/L, NaCl 50 mmol/L,
Tween 0.005%, pH 8.0), membranes were incubated for
1 h at room temperature with goat anti-mouse IgG horseradish
peroxidase-linked at 1/3 000 final dilution. After three
washes in TBS-T, membranes were revealed with the enhanced
chemiluminescent detection system[17] (Pierce Biotech).

MTT assay
Cells (5×104/L) were put in each well of a 96-well plate,
and divided into p27 group, STI571 group, p27 and STI571
group. Each group had six different concentrations of cells,
and each concentration of cells was put in three wells to
calculate the average value. The cells were cultured for 5 d
and the cells were calculated everyday to determine the
growth inhibition and survival rate of  the cells.

Flow cytometry analysis
After p27-pcDNA vector was transfected into K562 cells,
the cells were treated with STI571. After 48 h, the cells were
collected by centrifugation, washed twice with phosphate-
buffered saline, and permeabilized in 70 mL/L ethanol
(-20 ℃). The permeabilized cells were incubated with
50 g/mL of propidium iodide, 0.1 g/mL of Rnase A,
0.1% Nonidet P-40, and 50 g/mL trisodium citrate for
30 min prior to analysis using a Becton Dickinson FACSort
analyzer.

Statistical analysis
One-way ANOVA was used to compare the data between
groups, and Dunnett’s t test was used to compare the data
within each group by using SPSS11.0 statistic software.

RESULTS

p27 gene amplified by RT-PCR
The complete cDNA sequence of p27 gene was amplified
from PMC by RT-PCR to construct p27-pcDNA3.1
recombinant vector, and RT-PCR products were electro-
phoresed in 1% agarose gels and stained with EB. The
amplified DNA fragments (about 600 bp) were completely
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consistent with p27 gene full-length cDNA. Meanwhile a
DNA fragment (about 600 bp) was amplified from K562
cells using the same primers (Figure 1).

Detection of p27 gene by Southern blot
p27 gene deletion in K562 cells was proved by Southern
blot (Figure 2).

Plasmid reconstruction
The complete cDNA sequence of p27 gene amplified from
PMC and pcDNA3.1 vector was digested with HindIII and
EcoRI, and ligated with T4 ligase, and the recombinant p27-
pcDNA3.1 vector was constructed. The recombinant vector
was digested with HindIII and EcoRI. The size of digested
DNA fragments was completely consistent with p27 gene
full-length cDNA (Figure 3).

p27 gene sequence analysis
p27 gene amplified from PMC was ligated with PUC18-T
vector to test p27 gene sequence, and the result proved
that its sequence was correct with the designed p27 gene
sequence (Figure 4A). Meanwhile the tested sequence of
DNA fragments amplified from K562 cells was absolutely
incorrect with p27 gene (Figure 4B). That means it was a
non-specific amplification. Thus p27 gene deletion in K562
cells was proved.

Establishment of K562-p27-pcDNA3.1 cell line expressing p27
protein
After p27-pcDNA3.1 recombinant vector was stably

transfected into K562 cells by using lipofectine for 2 wk, a
cell line stably expressing p27 protein was established. In
this cell line, p27 protein expression was proved by Western
blot, whereas cyclin-E protein expression was decreased.
Protein quantity analysis was performed by Lowry’s method,
and -actin was used as an internal control (Figure 5).

Cell cycle and apoptosis by flow cytometry
The number of S phase cells was increased in the control
K562 cells. The percentage of cells was 30.2% in G1 phase,
57.4% in S phase and 12.3% in G2/M phase. After p27-
pcDNA3.1 recombinant vector was transfected into K562
cells, the percentage of S phase cells was significantly
decreased, while the percentage of G1 phase cells was
increased apparently, indicating that p27 gene could inhibit
K562 cell proliferation and decrease S phase cells by cell
cycle arresting in G1 phase. When K562 cells were treated
with STI571 for 48 h (>0.5 mol/L), apoptosis apex could
be observed in flow cytometry map, and it increased with
the increase of STI571 concentration. STI571 could induce
apoptosis in a dose-dependent manner. In control K562 cells,
apoptosis apex was not observed when the concentration of
STI571 was 0.25 mol/L. But in K562-p27-pcDNA3.1
cells, apoptosis apex (32.4%) was observed when treated
with the same concentration of STI571 (0.25 mol/L) for
48 h, and the percentage of S phase cells was decreased
apparently, suggesting the synergistic action of  p27 and
STI571 on induction of apoptosis and inhibition of
proliferation of K562 cells (Figure 6).

Cell growth analysis
MTT assay showed that K562 cells proliferated rapidly and
the population doubling time was about 18-24 h. Little change
was found in growth rate when control pcDNA3.1 vector
was transfected into K562 cells, but the growth rate of K562
cells transfected with p27-pcDNA3.1 was apparently slower
than that of the control K562 cells, and the population
doubling time was about 48-60 h, indicating that p27 protein
could inhibit K562 cell proliferation. STI571 could also
apparently inhibit K562 cell proliferation, and the cell survival
rate declined in a time-dependent manner. When p27-
pcDNA3.1-K562 cells were treated with STI571, the cell
survival rate was markedly decreased compared to K562
cells treated with STI571 or p27-pcDNA3.1-K562 cells,
suggesting that p27 and STI571 had a synergistic action on
inhibiting K562 cell proliferation (Figure 7).

Figure 1  p27 gene amplified from PMC and K562 by RT-PCR. Lane1:
DGL2000 DNA marker, Lane2: P27 gene amplified from peripheral-
blood mononuclear cells (about 750 bp), and lane3: P27 gene am-
plified from K562 cells.

Figure 3  Digestion pattern of P27-pcDNA3.1 vector with EcoRI and
HindIII. Lane1: Digestion pattern of P21-K562-pcDNA3.1 vector
(about 600 bp); Lane2: Digestion pattern of P21-PMC-pcDNA3.1
vector (about 600 bp); and lane3: DGL2000 DNA marker.
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Figure 2  p27 gene deletion in K562 cells proved by Southern blot.
Lane1: Positive (P27 gene probe hybridized with PMC), lane2: Nega-
tive (P27 gene probe hybridized with K562 cells), and lane3: Posi-
tive  (P27 gene probe hybridized with stomach tissue).

1 2 3



DISCUSSION
p27 gene is a member of CDK-interacting protein/kinase
inhibitor protein family, and could combine with cyclin-E/
CDK2 or cyclin-D/CDK4 to inhibit its kinase activity[18,19].
We constituted a p27-pcDNA3.1 vector and transfected it
into K562 cell line and found that the growth rate of p27-
pcDNA3.1-K562 cells was apparently lower than that of
control K562 cells. Cell cycle analysis indicated that transfected
cells were arrested in G0/G1 phase, Western blot analysis
showed that cyclin-E protein expression was decreased,
suggesting that p27 gene mainly inhibits cyclin-E/CDK2

activity leading to the arrest of K562 cells in G0/G1 phase.
Cells could not get across the G1/S checkpoint[20] to enter
S phase. As replication of DNA is in S phase, so the decrease

Figure 4  Gene sequences in p27-PMC-pcDNA3.1 vector (A) p27-K562-pcDNA3.1 vector (B).

Figure 5  Expressions of p27 and cyclin-E protein observed by West-
ern blot 1: positive control of -actin; 2: control of -actin in K562
cells; 3: -actin in p27-pcDNA3.1-K562 cells; 4: Positive control of
p27; 5: positive expression of p27 in P27-pcDNA3.1-K562 cells; 6:
positive expression of cyclin-E in K562 cells; 7: decrease of cyclin-E
in P27-pcDNA3.1-K562 cells.

Figure 6  Cell cycle and apoptosis of K562 affected by STI571 and
P27 1: Cell cycle of control K562 cells; 2: Cell cycle of K562 cells
affected by P27; 3: Cell cycle of K562 cell affected by 0.25 mol/L
STI571; and 4: Cell cycle and apoptosis of K562 cells affected by
STI571 and P27.
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of DNA replication inhibited cell growth. p27 and STI571
showed a synergistic action on inhibition of cell proliferation,
and the mechanism might be associated with the cell cycle
regulating function of STI571. Deininger[21] and Jonuleit[22]

discovered that STI571 could down-regulate cyclin-E and
cyclin-D and make over-expression of S phase cells return
to normal level.

Our experiments demonstrated that p27 combined with
STI571 had a synergistic action on induction of apoptosis
of K562 cells. There are different opinions on the apoptosis
induction by p27. Eymin[23] found that p27 could inhibit
apoptosis induced by drugs because leukemia cells could
induce hydrolysis of p27 and the hydrolytic products, p23
and p15 had an inhibition function on apoptosis. Barata[24]

found that over-expression of p27 could inhibit Bcl-2 expression
induced by IL-7, thereby inducing apoptosis of leukemia
cells. Patel[25] found that adenovirus-mediated p27 transfection
could induce apoptosis of many cancer cell lines, and the
results of Schreiber[26] and Craig[27] were similar. So whether
p27 promotes or inhibits apoptosis depends on its hydrolytic
state, cell types and states. The maladjusted relation of BCR-
ABL and p27 plays an important role in the progress of K562
cells. Parada[28] found that BCR-ABL could downregulate
p27 protein expression and mRNA level, mainly by inhibiting
the phosphatidylinostiol-3-kinase (PI3K) signal pathway and
by decreasing the degradation of p27. STI571 could inhibit
the expression of some cyclins such as cyclin-D, cyclin-A,
cyclin-E, which could relieve the inhibition function of cyclins
to p27[29]. So p27 gene transfected into K562 cells not only
could reconstruct the regulation of cell cycle pathways, but
also strengthen the apoptosis-inducing function of p27 after
combining with STI571, suggesting that p27 and STI571
has a synergistic action on apoptosis induction.

p27 gene clone combined with STI571 can not only
inhibit cell proliferation and induce apoptosis, but also induce
cell differentiation as shown by Fang[30] and Caslini[31]

independently. STI571 and p27 gene used in combination
may have an important therapeutic significance.
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