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Abstract
AIM: To elucidate the effect of p27KIP1 on cell cycle and 
apoptosis regulation in gastric carcinoma cells.

METHODS: The whole length of p27KIP1 cDNA was 
transfected into human gastric cancer cell line SCG7901 
by lipofectamine. Expression of p27KIP1 protein or mRNA 
was analyzed by Western blot and RNA dot blotting, 
respectively. Effect of p27KIP1 on cell growth was observed 
by MTT assay and anchorage-independent growth in soft 
agar. Tumorigenicity in nude mice was used to assess 
the in vivo  biological effect of p27KIP1. Flow cytometry, 
TUNEL, and electron microscopy were used to assess the 
effect of p27KIP1 on cell cycle and apoptosis. 
 
RESULTS: Expression of p27KIP1 protein or mRNA 
increased evidently in SCG7901 cells transfected with 
p27KIP1. The cell growth was reduced by 31% at 48 h 
after induction with zinc determined by cell viability 
assay. The alteration of cell malignant phenotype was 
evidently indicated by the loss of anchorage-independent 
growth abil ity in soft agar. The tumorigenicity in 
nude mice was reduced evidently (0.55±0.14 cm vs 
1.36±0.13 cm, P<0.01). p27KIP1 overexpression caused 
cell arrest with 36% increase (from 33.7% to 69.3%, 
P<0.01) in G1 population. Prolonged p27KIP1 expression 
induced apoptotic cell death reflected by pre-G1 peak 
in the histogram of FACS, which was also confirmed by 
TUNEL assay and electron microscopy. 

CONCLUSION: p27KIP1 can prolong cell cycle in G1 
phase and lead to apoptosis. p27KIP1 may be a good 
candidate for cancer gene therapy.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
The number of  cells is regulated by a balance between 
proliferation, growth arrest and programmed cell death 
(apoptosis, PCD). Disorders of  the cell cycle and apoptosis 
are closely related to the progression and aggressiveness 
of  cancers[1]. p27KIP1, a member of  the Cip/Kip family 
of  cyclin-dependent kinase inhibitors (CDKI), was first 
identified as a negative cell cycle regulator in transforming 
growth factor β-treated cells and in G1 phase quiescent 
cells by cell contact inhibition[2,3]. p27KIP1 binds to a wide 
variety of  cyclin/CDK complexes including CDK2 and 
CDK4[4], inhibits kinase activity[5] and blocks cell cycle[6–8]. 
The overexpression of  p27KIP1 protein in mammalian 
cells induces G1 arrest of  the cell cycle and apoptosis[9,10]. 
Decreased p27KIP1, which is positively correlated with a 
deceased rate of  apoptosis, may be not only an indicator 
of  tumor aggressiveness, but also an important prognostic 
marker in gastric carcinoma[11].
     In this study, an inducible expression system was used 
to induce overexpression of  p27KIP1 in human gastric 
cancer cells. Then whether transfection of  SCG7901 with 
p27KIP1 gene could alter the cell and molecular biology as 
well as the spontaneous rate of  apoptosis was studied.

MATERIALS AND METHODS
Cell culture 
Human gastric cancer cell line SCG7901 was provided 
by the Department of  Pathology, Fourth Military 
Medical University (Xi'an, China). SCG7901 cells were 
cultured in Eagle’s medium containing phenol red 
supplemented with 50 mL/L fetal bovine serum (FBS) in 
a humidified atmosphere of  950 mL/L air and 50 mL/L 
CO2 at 37 ℃. All the media were supplemented with 
2 mmol/L L-glutamine, 100 mg/L penicillin and 100 kU/L 
streptomycin. Culture medium and supplements were 
obtained from Gibco BRL. 

Plasmid construction and DNA transfection 
pGEM T-Easy-KIP1 vector containing human full-length 
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cDNA of  p27KIP1 was used. Complementary DNA of  
p27KIP1 cleaved from the pGEM T-Easy-KIP1 plasmid by 
EcoRI was subcloned into the inducible vector neo-control 
pMD-neo vector to generate pMD-KIP1 containing 
0.6 kb p27KIP1 cDNA and controlled expression of  
protein upon addition of  100 mmol/L zinc as an external 
inducer. Clonfectin (Clontech, USA) was used to transfect 
p27 KIP1 inducible expression vectors into SGC7901 cells. 
Logarithmically growing cells were transfected with 1 μg 
of  plasmids and 2 μL of  clonfectin reagent according to 
the manufacturer’s instructions. For stable transfection, the 
transfected SGC7901 cells were selected in medium plus 
0.5 g/L G418 (Life Technologies, USA) for 2 wk, then 
the G418 concentration was reduced to 0.2 g/L. Stable 
SGC7901 cell line transfected with pMD-KIP1 vector was 
treated by continuous exposure to 100 mmol/L ZnSO4.

Western blot analysis of transgene expression  
Monolayers of  the cells were rinsed with PBS and lysed 
with SDS-PAGE loading buffer (50 mmol/L Tris-
HCl pH 6.8, 100 mmol/L dithiothreitol, 2 g/L SDS). 
Mock and pMD-neo transfected cells served as controls. 
Samples were analyzed by SDS-PAGE and transferred 
into Hybond-C super membranes. The membranes were 
blocked with 50 mL/L skim-milk and 1 g/L Tween-20, 
then probed with primary antibody overnight according 
to the manufacturer’s instructions, washed in PBS, 
2  g/L Tween-20 and then incubated with appropriate 
horseradish-peroxidase (HRP) conjugated second antibody. 
After being washed, the membranes were developed by 
DAB reagents according to the manufacturer’s guide (Dako 
Co., USA). p27KIP1 (Santa Cruz Biotechnology, USA) was 
detected after HRP-conjugated anti-rabbit IgG (Fc) was 
used. The level of  β-actin was used as a control for equal 
loading of  protein.

Total RNA extraction and RNA dot blotting  
Total RNA was extracted from SGC7901 cells using 
TRIzol (Life Technologies, USA) following a standard acid-
guanidium-phenolchloroform method. The digoxingenin-
labeled specific DNA probe was obtained as follows. The 
plasmid containing p27KIP1 cDNA was used as template, a 
pair of  primers (-5 ℃-ggggtaccatgtcaaacgtgcgagt-3 ℃and 
-5 ℃-gctcaacgtttgacgtcttc-3 ℃) was used to amplify the 
sequence. The PCR system containing Dig-11-dUTP and 
four normal dNTPs and Taq polymerase were used. After 
a standard PCR procedure (94 ℃ to 30 s, 60 ℃ for 30 s, 
72 ℃ for 1 min, 30 cycles), the PCR product was purified 
by 1% agarose electrophoresis and DNA extraction. The 
labeling efficiency was further determined by Dot blot of  
serially diluted plasmid. Finally, the digoxingenin-labeled 
DNA probe was used in the experiment. RNA Dot blot 
was performed according to the Dig system user’s guide 
for filter hybridization (Boehringer Mannheim, Germany). 
Brief ly, RNA sample was diluted in RNA dilution 
buffer (a mixture of  DEPC-treated H2O, 20×SSC, and 
formaldehyde at 5:3:2). The membrane was marked slightly 
with a pencil to identify each dilution before spotting. One 
microliter of  the RNA sample was spotted onto a dry 

nylon membrane using a micropipettor. Then the RNA 
was fixed to the membrane by baking in an oven at 120 ℃
for 30 min. Hybridization and the following procedures 
were similar to in situ hybridization. Hybridization mixture 
contained 5×SSC, 500 g/L deionized formamide, 1 g/L 
sodium-lauroyl sarcosine, 0.2 g/L SDS, 20 g/L blocking 
reagent and a 25 ng/mL DNA probe. The level of  
GADPH mRNA was used as a control for equal loading 
of  RNA.

MTT and colony assay 
SGC7901/KIP1 and SGC7901/pMD cells (1×104) were 
seeded in 96-well plates and continuously exposed to 
100 mmoL/L ZnSO4. After treatment, 50 μL of  5 g/L 
3-(4,4-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium 
bromide (MTT) in PBS was added to each well, incubated 
for 4 h at 37 ℃ and the formed formazan crystals were 
dissolved in 50 μL of  dimethyl sulfoxide. The absorbance 
was recorded at 490 nm on a microplate reader (BioRad). 
Cell proliferation was expressed as IC50 for cells. Soft 
agar was prepared with the 6 g/L bottom agar layer and 
the 4  g/L top agar layer. The number of  cells plated for 
each clone was 2 000. Plates were incubated at 37 ℃ with 
50 mL/L CO2 for 2 wk and the colonies were counted and 
photographed under a phase contrast microscope (Nikon, 
Tokyo, Japan). 

Tumorigenicity tests in nude mice  
p27KIP1-transfected SGC7901/KIP1 cells were injected into 
the right flank of  a nude mouse at 2.5×106. pMD-neo-
transfected SGC7901/pMD cells served as control. Each 
group had five nude mice. From the second day, each nude 
mouse received 100 mmol/L ZnSO4 at a dose of  0.2 mL 
daily by subcutaneous injection for over 4 wk. The time of  
tumorigenicity and the tumor volume were measured. 

Cell cycle analysis  
SGC7901 cells including adherent cells (with trypsin-
EDTA) and nonadherent cells were harvested. All cells 
were washed with PBS, resuspended and incubated 
in 700  mL/L ethanol for a t l eas t 12 h a t 4 ℃ to 
permeabilize the plasma membrane. Cells were centrifuged 
at 1 000 r/min, resuspended in 100 mg/L RNase and 
10 mg/L propidium iodide, incubated for 15 min at 25 ℃
in the dark. Single color fluorescent flow cytometry was 
performed with a FACScalibur flow cytometer (Becton 
Dickinson, USA). The histograms were analyzed with 
Multiplus Software П.

Electron microscopy  
SGC7901/pMD cells were gently washed with serum-
free medium and fixed with 25 g/L glutaraldehyde in 
0.1 mol/L sodium cacodylate buffer. These cells were 
scraped from the surface of  the dishes and pelleted by 
spinning for 5 min at 10 000 g. The cells were osmicated 
with 10 g/L osmium tetroxide. The block was stained, 
dehydrated in graded ethanol, infiltrated with propylene 
oxide, embedded with EMBED overnight and cured in 
a 60 ℃ oven for 48 h. Silver sections were cut with an 
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Ultracut E microtome, collected on a formvar and carbon-
coated grid, stained with uranyl acetate and Reynold’s 
lead citrate, and viewed under a JEOL 100 CX electron 
microscope.

Apoptosis analyzed by TUNEL assay  
SGC7901/KIP1 and SGC7901/pMD cells were harvested 
for TUNEL staining. The proportion of  cells showing 
DNA fragmentation was measured by incorporation of  
fluorescein (FITC)-12-dUTP into DNA using terminal de
oxynucleotidyltransferase (TdT). The kit was bought from 
Boehringer Mannheim (In Situ Cell Death Detection). Cells 
were fixed by 40 g/L paraformaldehyde in PBS overnight 
at 4 ℃. The samples were washed thrice with PBS and 
permeabilized by 2 g/L Triton X-100 in PBS for 15 min 
on ice. After being washed twice, cells were equilibrated at 
room temperature for 15-30 min in a equilibration buffer 
with 30 g/L BSA and 200 mL/L normal bovine serum 
in PBS at pH 7.4, then the slides were covered with the 
TUNEL mixture (calf  thymus TdT, FITC-12-dUTP, and 
cobalt chloride in 1×reaction buffer) for 1-2 h at 37 ℃
in the dark. The tailing reaction was terminated by 2×
standard saline citrate (SSC). The samples were washed 
thrice with PBS and analyzed by fluorescence microscopy. 
Routine HE staining was also conducted. Negative control 
was performed by omitting TdT. Quantitative analysis 
of  apoptosis was represented by apoptotic index (AI) as 
described previously. AI referred to percentages from at 
least 1 000 counts apoptotic and non-apoptotic cells. 

Statistical analysis  
Fisher’s exact test was performed. P<0.05 was considered 
statistically significant.

RESULTS
Inducible expression of p27KIP1 in SGC7901 cells    
Western blot analysis demonstrated p27KIP1 expression 
0, 4, 24, 48, and 72 h after the addition of  ZnSO4. Mock 
and pMD-neo vector-transfected cells as a control 
contained no detectable level of  p27KIP1 in the presence 
of  100 mmol/L ZnSO4. However, p27KIP1 expression was 
increased at 4 h and further increased to a steady level at 
24 h after the addition of  ZnSO4 as determined by the 
Western blot analysis (Figure 1). In RNA dot blotting 
survey of  the expression, p27KIP1 mRNA was very low in 
untransfected or noninduced SGC7901 cells. In contrast, 
mRNA for p27KIP1 was expressed at a high level 4 and 24 h 
after the addition of  ZnSO4 (Figure 2). This expression 
pattern was rather consistent with the expression of  
protein.

Inhibition of tumor cell growth by exogenous p27KIP1  
Exogenous p27KIP1 inhibited cell growth significantly. 
SGC7901 cell viability was determined by MTT assay 
(Figure 3). The cell viability rate decreased from 88% 
to 57% 48 h after p27KIP1 induction with zinc treatment 
(P<0.01). Another biological feature of  malignant cells 
was anchorage-independent growth capability. The neo-

control SGC7901/pMD and SGC7901 cells formed large 
colonies in each well after 2 wk, and the rate of  colony 
formation was increased by 80% and 60%, respectively. 
SGC7901/KIP1 cells showed markedly lower ability to 
form colony with a rate of  30% (P<0.01). Moreover, 
tumors were generated in nude mice on the 7th d from 
SGC7901/pMD cells, but SGC7901/KIP1 cells generated 
tumor on the 12th d and grew slowly. The tumor diameter 
generated from SGC7901/KIP1 cells was smaller than that 
from SGC7901/pMD cells (0.55±0.14 vs 1.36±0.13 cm, 
P<0.01, Figure 4). These data indicated that the exogenous 
p27KIP1 had a cytostatic effect on cell growth. 

Overexpression of p27KIP1 prolonged cell cycle in G1 phase  
p27KIP1 was identified as a negative cell cycle regulator 
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Figure 1 Induction of p27KIP1 expression by Western blotting analysis.
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Figure 2 Expression of p27KIP1 in mRNA level by RNA dot blot analysis.
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in transforming growth factor β-treated cells and in 

A

B

Figure 4 Tumorigenicity in nude mice. A: SGC7901/KIP1 group; B: SGC7901 
group.

G1 phase quiescent cells by cell contact inhibition. The 
overexpression of  p27KIP1 protein in mammalian cells 
induced G1 arrest of  the cell cycle. In order to investigate 
whether p27KIP1 had the ability to induce G1 arrest in 
SGC7901 cells, cell cycle analysis was performed on 
transfected SGC7901 cells. Flow cytometry analysis 
showed that overexpress ion of  p27KIP1 increased 
remarkably the proportion of  SGC7901 cells with G1 
phase DNA content increased from 33.7% to 69.3% 
(P = 0.000) and decreased with S phase DNA content at 
48 h after induction (Figure 5). There was no significant 
change in the proportion of  cells with G2/M phase DNA 
content. 

Overexpression of p27KIP1-induced apoptosis in SGC7901 
cells  
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Figure 5 Flow cytometric analysis of SGC7901 cells at 0 h (A) and 48 h (B).

Mor phological changes SGC7901/KIP1 ce l l s -
transfected p27KIP1 altered their morphology and induced 
DNA strand breaks in a manner consistent with apoptosis. 
The changes were indeed induced by apoptosis rather than 
necrosis, which was confirmed by electron microscopy. 
SGC7901/KIP1 cel ls showed compacted nuclear 
chromatin with fine granular masses marginated against the 
nuclear-enveloped and condensed cytoplasm, the nuclear 
outline was convoluted and the organelles were preserved 
(Figure 6).

TUNEL assay To determine whether overexpression 
of  p27KIP1 was able to induce apoptosis in SGC7901 
cells, TUNEL assay was performed. Compared to the 
pMD-neo-transfected SGC7901/pMD cells, p27KIP1-

Figure 6 Ultrastructural changes associated with apoptosis in SGC7901/KIP1 cells 
(TEM×7 500).

overexpressed SGC7901/KIP1 cells showed obvious 
morphological changes. Some apoptotic cells appeared 
round and condensed cytoplasm as well as highly 
fragmented chromatin. TUNEL-positive cells were found 
with Kelly or green fluorescence in nucleoli. Cells without 
apoptosis observed by fluorescence microscopy had no 
fluorescence. Apoptotic index significantly increased in 
p27KIP1-transfected SGC7901/KIP1 cells 24 and 48 h after 
being exposed to 100 mmol/L ZnSO4 (3.0 vs 21.2, 3.6 vs 
26.3, P<0.05).
Flow cytometry In order to determine the effect of  
p27KIP1 overexpression on apoptosis in SGC7901 cells, 
cells were exposed to 100 mmol/L ZnSO4 for 48 h and 
apoptotic damage of  DNA was detected according to 
the sub-G1 peak on a flow cytometer. Overexpression 
of  p27KIP1 showed significantly higher apoptotic peak 
than normal control as the sub-G1 peak indicated. The 
apoptotic cells accounted for about 14.7% (Figure 5).
    Taken together, p27KIP1 overexpression could inhibit 
proliferation of  SGC7901 cells and subsequently induce 
apoptosis.

DISCUSSION
Gastr ic cancer is the second most common fata l 
malignancy in the world[12-14] and is still the leading cause 
of  cancer-related deaths in China. The development of  
gastric cancer is a multi-factorial process[15]. A balance 
between proliferation and apoptosis of  tumor cells is 
important for tumor growth. In gastric cancer, proliferative 
activity and apoptosis of  cancer cells are associated with 
tumor growth[16]. Cyclins, cyclin-dependent kinase (CDK) 
and their inhibitors regulate cell growth, differentiation, 
survival and death. Cell cycle which progresses sequentially 
through G1, DNA synthesis (S), G2, and mitosis (M) 
phases, regulates DNA replication and chromosomal 
segregation into the daughter cells. Gene abnormalities and 
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aberrant expression of  cell cycle regulators play a pivotal 
role in the pathogenesis of  gastrointestinal tumors[17], of  
which CDKIs are major regulators. 
    p27KIP1 is a member of  the Cip/Kip family of  CDKIs 
that regulate cell cycle progression, thus inhibiting various 
cycle-CDK complexes. Physiologically, p27KIP1 is believed 
to primarily regulate progression of  cells from late G1 into 
S phase by interacting with cyclin E-CDK2 complexes[9]. 
p27KIP1 has been implicated as a mediator of  growth arrest 
due to TGF-β, cAMP and other extracellular factors. 
Moreover, elevated expression of  p27KIP1 protein leads 
to G1 arrest in many cell types and promotes neuronal 
differentiation in mouse neuroblastoma cells, while 
inhibition of  p27KIP1 expression through the use of  
antisense technology prevents G1 arrest and/or suppresses 
entry of  fibroblasts into a state of  quiescence in response 
to mitogen depletion. 
    Interestingly, in many types of  tumors such as 
gastric[18,19], prostate[20,21] and breast carcinoma, the 
expression of  p27KIP1 gene is downregulated[22,23]. Loss of  
p27KIP1 expression may result in tumor development and/
or progression. However, this loss of  expression does not 
appear from the result of  gene mutations. It is believed 
that the aberrant expression of  p27KIP1 plays a pivotal role 
in the pathogenesis of  carcinoma. Malignant human renal 
tumor cell transfection with p27KIP1 gene leads to inhibition 
of  proliferation and cell cycle arrest in G1

[24]. Ectopic 
overexpression of  p27KIP1 is associated with a striking 
decrease in aneuploid cells, loss of  anchorage-independent 
g rowth in soft agar and fa i lure to induce tumor 
development in a xenograft model[25]. In this report, we 
have also demonstrated that p27KIP1 overexpression could 
inhibit proliferation of  SGC7901 cells. The cell growth 
was reduced by 31% at 48 h, after the induction with zinc 
as determined by cell viability assay. The alteration of  cell 
malignant phenotype was evidently indicated by the loss 
of  anchorage-independent growth ability in soft agar. 
The tumorigenicity in nude mice was reduced evidently 
(P<0.01). p27KIP1 overexpression increased cell arrest from 
33.7% to 69.3% (P<0.01) in G1 population. 
    Recent evidence demonstrated that high levels of  
p27KIP1 protein induced by adenovirus vector leads to 
growth arrest as well as enhancement of  apoptosis in 
several cell lines from different species and tissues of  
various origins[11,25]. Decreased p27KIP1, which is positively 
correlated with a decreased rate of  apoptosis, may be 
not only an indicator of  tumor aggressiveness, but also 
an important prognostic marker in gastric carcinoma[16]. 
In this study, we have demonstrated that overexpression 
of  p27KIP1 not only prolonged cell cycle in G1 phase of  
SGC7901 cells but also subsequently induced apoptosis 
as reflected by pre-G1 peak in the histogram of  FACS, 
TUNEL assay and electron microscopy. This is the first 
report in which a significant correlation between p27KIP1 
expression and cell cycle arrest and apoptosis has been 
demonstrated in SGC7901 cell line. 
   Mice lacking p27KIP1 are abnor mal ly large and 
display multiple organ hyperplasia indicative of  tissue 
overgrowth[26,27]. Thus, it is possible that p27KIP1 plays 

an important role in maintaining organ size through the 
induction of  apoptosis. However, the mechanism of  
tumor growth suppression appears to include p27KIP1 but 
also various other properties such as p53. p53 serves as a 
major G1 checkpoint regulator through the induction of  
p21 but not of  p27KIP1 and p57, while it induces apoptosis. 
The p53-mediated CDK inhibitor p21 does not lead to 
significant apoptosis though both p21 and p27KIP1 induce 
G1 arrest through their potential abilities to inhibit CDK 
activity. 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 p21 function is that p27KIP1 may 
have other functions in addition to its notable function as 
a CDKI. It can also be speculated that p27KIP1, which has 
the potential to induce growth arrest and apoptosis, may 
play a more important role in tumor growth suppression 
than p53-mediated p21. Further understanding of  
the mechanism involved in this process can improve 
chemotherapeutic strategies aimed at achieving high level 
p27KIP1 expression and gene therapy.
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