
Abstract. The aim of this study was to investigate the protein
expression and methylation pattern of P21CIP1 and P27KIP1

genes. Patients and Methods: Twenty samples of gastric tumor
and non-tumoral tissues of patients from Pará state, Brazil were
collected. Methylation patterns were assessed by bisulfite
sequencing, and protein expression evaluated with
immunohistochemical analysis. Results: None of the analyzed
samples showed methylation in both genes. Immuno-
histochemistry analysis demonstrated mislocalization or
absence of expression of P21CIP1 and P27KIP1 in 7/20 and 6/20
of the studied samples, respectively. No correlations regarding
protein expression and clinicopathological characteristics were
observed; down-regulation of expression of P21CIP1 with low (I-
II) tumor stage (p=0.0777), and older age (>50 years old) with
negative or mislocalization of P27KIP1 (p=0.0922) were of
borderline the statistical significance. Conclusion: Our results
suggest that hypermethylation does not contribute to P21CIP1

and P27KIP1 silencing in gastric cancer, and that the role of
these genes in the gastric tumorigenesis pathways should be
studied further in the Pará state population.

The cell cycle comprises numerous events that can lead to
cell proliferation, senescence or apoptosis (1). Its progression
is regulated by the interactions of different cyclins with their
respective CDK (cyclin-dependent kinase) subunits (1, 2).

The CDK inhibitors (CDKIs) are a group of negative
regulators of cell cycle progression, especially in the
transition from the G1 to S phase. They regulate CDK
activity by physically blocking activation or substrate/ATP
access (3). Moreover, additional functions have been

postulated for CDKIs, suggesting they could be good
markers for carcinogenesis (4). This group is subdivided into
two: the INK4 family (comprising P16INK4a, P15INK4b,
P18INK4c and P19INK4d) and the CIP/KIP family, which
includes P21CIP1, P27KIP1 and P57KIP2 genes (2, 4).
CIP/KIP inhibitory proteins bind and inactivate multiple
cyclin D, E, A/CDK complexes during all phases of the cell
cycle, especially in the G1/S transition (5).

Few genetic alterations, such as mutations and gene
deletions, have been described for these genes, especially
P21CIP1 and P27KIP1, suggesting that other mechanisms,
such as epigenetic ones, regulate gene expression at
transcriptional, translational and post-translational levels (1,
6). Promoter hypermethylation may act as a possible
mechanism for molecular inactivation of P21CIP1 and
P27KIP1; however few studies have analyzed the influence of
this mechanism in P21CIP1 and P27KIP1 regulation. In this
work, we evaluated the protein expression and promoter
region of these two genes for the presence of
hypermethylation in tumor and normal samples in gastric
cancer patients from Pará state, from northern Brazil. 

Patients and Methods

Patients and DNA extraction. Samples of tumoral and non-tumoral
gastric tissues of 20 patients with no previous chemo- or radiotherapic
treatment were collected between 1999 and 2001 at Ofir Loiola and
João de Barros Barreto hospitals. Tumor cells were isolated through
microdissection and classified according to the Làuren criteria (7).
Genomic DNA was isolated using QIAamp DNA Mini Kit (Qiagen,
Mainz, Rheinland-Pfalz, Germany). All procedures were approved by
the Ethical Committee of the involved hospitals. 

DNA methylation analyses. For methylation analyses, DNA was
modified using sodium bisulfite (8). A fragment with 14 CpGs and
17 CpGs of the P21CIP1 and P27KIP1 promoter regions was
amplified by polymerase chain reaction (PCR), using the primers
described elsewhere (9) and sequenced using an ABI3130 automatic
sequencer (Applied Biosystems, Foster City, CA, USA). All
obtained sequences were aligned with BioEdit v7.0.5 (10), and
samples with more than 20% of CpG sites methylated were
considered hypermethylated. 

579

Correspondence to: Bárbara do Nascimento Borges, Laboratório de
Biologia Molecular ’Francisco Mauro Salzano‘, Instituto de
Ciências Biológicas, Universidade Federal do Pará, R. Augusto
Correa 01, 66075-110, Belém, Pará, Brazil. Tel/Fax: +55
9132017558, e-mail: bnborges@ufpa.br

Key Words: Methylation, P21CIP1, P27KIP1, immunohistochemistry,
gastric cancer, Brazil.

in vivo 24: 579-582 (2010)

Absence of CIP1/KIP1 Hypermethylation in
Gastric Cancer Patients from Northern Brazil

BÁRBARA DO NASCIMENTO BORGES1, 
ROMMEL MARIO RODRIGUEZ BURBANO2 and MARIA LÚCIA HARADA1

1Molecular Biology Laboratory, Institute of Biological Sciences, and 2Human Cytogenetics Laboratory, 
Institute of Biological Sciences, Federal University of Pará, Belém, Pará, Brazil

0258-851X/2010 $2.00+.40



Immunohistochemical staining. Deparaffinized tissue sections (4 μm)
were incubated with primary monoclonal antibody to P21CIP1 and
P27KIP1 (DO-7, dilution 1:50; DakoCytomation, CA, USA) and
secondary antibody followed by streptavidin-biotin-peroxidase
complex (DakoCytomation) as described previously (11). Slides were
visualized with diaminobenzidine-H2O2 and counterstained with
Harry’s hematoxylin. The results were interpreted using the criteria
of Ozturk et al. (12). Positive P21CIP1 and P27KIP1 expression was
defined as clear nuclear staining, whereas negative immunostaining
was considered when there were fewer than 25% weakly stained
tumor cells. A breast adenocarcinoma sample with known P21CIP1

and P27KIP1 immunoreactivity was used as positive control and
normal gastric mucosa as negative control. Two pathologists evaluated
the immunostaining results independently.

Statistical analyses. Associations among gene expression and
clinicopathological features were performed using Fisher’s exact
test, with a significance level (α) of 0.05. All statistical analyses
were calculated in BioEstat software, v5.0 (13). 

Results 

The mean age of the studied patients was 55.8 years (SE:
2.4372 years), ranging from 35 to 75 years. Seven samples
were of the intestinal type and 13 of the diffuse type of
gastric cancer (Table I), all of them were in advanced tumor
stage (T2-T4).

For P27KIP1 gene, only one CpG site in a tumor sample
was methylated. For the promoter region of P21CIP1 gene,
no samples showed any sign of methylation in any of the
CpG sites analyzed (Figure 1). 

Immunohistochemistry analysis demonstrated misloca-
lization (cytoplasmatic expression), or down-regulated
expression of P21CIP1 and P27KIP1 in 7/20 and 6/20 of the
studied samples (tumoral vs. non-tumoral comparison). One
patient had simultaneous mislocalization of P21CIP1 and
P27KIP1, however simultaneous absence of both proteins was
not observed (Table I).

Correlations between protein expression and age at
diagnosis, histological tumor type, nodal invasion and
microsatellite instability of P53 marker (D17S153) were
tested. P-values close to statistical significance were obtained
for down-regulation of P21CIP1 protein with low (I-II) tumor
stage (p=0.0777) and for older age (>50 years old) with
negative or mislocalization of P27KIP1 protein (p=0.0922). 

Discussion

The methylation status of P21CIP1 and P27KIP1 in gastric
cancer has to our knowledge only been evaluated in three
papers. Ying et al. (14), in the United Kingdom, studied
gastric cell lines and tumor samples checking the
methylation status of P21CIP1 using methylation-specific
PCR (MSP) and bisulfite sequencing, also reporting negative
results for promoter hypermethylation. 

Shin et al. (4), working with gastric cancer cell lines using
MSP, also reported negative results for promoter methylation
in both P21CIP1 and P27KIP1 genes, suggesting that other
epigenetic mechanisms, such as histone deacetylation, play
the major role in inactivation, especially in P21CIP1.
Regarding P27KIP1, no inactivating mechanism in gastric
cancer was proposed, as P27KIP1 was expressed in the studied
cell lines, and it seems to be essential for cell survival (4).
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Table I. Samples studied in the present work, with their respective
clinicopathological characteristics and P21CIP1 and P27KIP1 protein
expression. 

Sample P21 P27 Age Gender Histo- TNM Tumor Tumor 
(years) logical site stage

type

1N
1T N 59 M Intestinal T4N1Mx Antral IV
2N
2T 50 M Diffuse T3N0Mx Antral II
3N
3T N 65 M Diffuse T3N1Mx Non-antral IIIA
4N
4T N 52 F Diffuse T2N0 Antral IB
5N
5T 43 M Diffuse T3N1 Antral IIIA
6N
6T 54 M Diffuse T3N1Mx Non-antral IIIA
7N
7T 57 M Intestinal T3N1 Antral IIIA
8N
8T ML 55 M Intestinal T3N1 Antral IIIA
9N
9T 60 M Intestinal T3N2 Antral IIIB
10N
10T N 55 M Intestinal T3N1 Antral IIIA
11N
11T N 55 M Diffuse T3N2 Non-antral IIIB
12N
12T 35 F Diffuse T4N1Mx Non-antral IV
13N
13T ML 74 M Diffuse T3N2 Antral IIIB
14N
14T ML ML 75 M Intestinal T3N0 Non-antral II
15N
15T 42 M Diffuse T3N1 Antral IIIA
16N
16T ML 52 F Diffuse T2N1Mx Antral II
17N
17T ML 72 F Intestinal T3N2 Antral IIIB
18N
18T ML 48 F Diffuse T2N0 Antral IB
19N
19T 45 M Diffuse T3N0 Antral II
20N
20T ML 68 M Diffuse T4N2M0 Antral IV

N, Negative for protein expression; ML, mislocalization (cytoplasmatic)
of the studied proteins; M, male; F, female.



Other authors have suggested that the main mechanisms
responsible for P27KIP1 inactivation in primary tumors are at
transcriptional, translational and post-translational levels,
including protein stability, complex association and its
localization (6). Recently, Tahara et al. (15) reported
promoter methylation in one gastric cancer patient (1.1%),
suggesting that methylation may have a minor contribution
to P21CIP1 expression.

Despite the results of the studies cited above, the real
influence of methylation on P21CIP1 and P27KIP1 inactivation
has not been completely explained, as in some tumor types,
such as odontogenic, hepatocellular and adenoid cystic
carcinomas, these genes are frequently methylated (16-18). 

Low P21 and P27 expression has been reported in several
tumor types, including both types of gastric cancer,
commonly associated with a poorer prognosis (19, 20).

Immunostaining assays revealed high rate of low or
absence of P21CIP1 and P27KIP1 protein expression, varying
from 20 to 84% for P21CIP1, and from 32.7 to 73% for
P27KIP1, in Asians, Italians and another Brazilian population
(Ribeirão Preto, São Paulo) (21-23).

However, Mattioli et al. (24) in Italians and Kaye et al. (25)
studying P21CIP1 in South Africans found rates of
mislocalization and down-regulated protein expression of
27.7% and 25%, respectively, values similar to those we found. 

The small number of samples with low or absence of
expression obtained by us may be influenced by other
factors, such as ethnic contribution, Helicobacter pylori
infection, which alters P21CIP1 and P27KIP1 protein
expression, and disruption of other regulatory pathways,
including phosphoinositide 3-kinases/protein kinase
B/Mammalian target of rapamycin (PI3K/Akt/mTOR) and
deregulation of ubiquitin-proteasome degradation.

Our results are in accordance with other studies (25-30)
which did not find any correlation between clinicopathological

features and P21 and P27 immunoexpression, suggesting that
their role in diagnosis and prognosis are still controversial.

In conclusion, our results are in agreement with the
literature which suggests that promoter methylation is not the
major mechanism controlling the expression of P21CIP1 and
P27KIP1 genes in gastric cancer, and that the role of these
genes in the gastric tumorigenesis pathways should be
studied further in Pará state population.

Acknowledgements

The Authors would like to thank Conselho Nacional de
Desenvolvimento Científico e Tecnológico (CNPq) for the doctoral
fellowship to Bárbara do Nascimento Borges, Dr. Thiago da Silva
Paiva for reviewing language, and Fundação de Amparo à Pesquisa
do Estado do Pará (FAPESPA).

This study was supported by: Conselho Nacional de
Desenvolvimento Científico e Tecnológico (CNPq) and Fundação
de Amparo à Pesquisa do Estado do Pará (FAPESPA).

References

1 Abukhdeir AM and Park BH: P21 and P27: roles in
carcinogenesis and drug resistance. Expert Rev Mol Med 10:
e19, 2008. 

2 Fang JY and Lu YY: Effects of histone acetylation and DNA
methylation on p21 (WAF1) regulation. World J Gastroenterol
8: 400-405, 2002. 

3 Vidal A and Koff A: Cell-cycle inhibitors: three families united
by a common cause. Gene 247: 1-15, 2000. 

4 Shin JY, Kim HS, Park J, Park JB and Lee JY: Mechanism for
inactivation of the KIP family cyclin-dependent kinase inhibitor
genes in gastric cancer cells. Cancer Res 60: 262-265, 2000.

5 Maddika S, Ande SR, Panigrahi S, Paranjothy T, Weglarczyk K,
Zuse A, Eshraghi M, Manda KD, Wiechec E and Los M: Cell
survival, cell death and cell cycle pathways are interconnected:
implications for cancer therapy. Drug Resist Update 10: 13-29,
2007. 

Borges et al: Lack of CIP1/KIP1 Hypermethylation in Gastric Cancer

581

Figure 1. Chomatogram of bissulfite-modified tumoral tissues showing absence of methylation in the analyzed samples. A: P27KIP1 gene promoter;
B: P21CIP1 gene promoter.



6 Göpfert U, Kullmann M and Hengst L: Cell cycle-dependent
translation of P27 involves a responsive element in its 5’-UTR that
overlaps with a uORF. Hum Mol Genet 12: 1767-1779, 2003. 

7 Làuren P: The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. An attempt at a
histo-clinical classification. Acta Pathol Microbiol Scand 64: 31-
49, 1965. 

8 Herman JG, Graff JR, Myöhänen S, Nelkin BD and Baylin SB:
Methylation-specific PCR: a novel PCR assay for methylation
status of CpG islands. Proc Natl Acad Sci USA 93: 9821-9826,
1996. 

9 Kawamata N, Inagaki N, Mizumura S, Sugimoto KJ, Sakajiri S,
Ohyanagi-Hara M and Oshimi K: Methylation status analysis of
cell cycle regulatory genes (p16INK4A, p15INK4B, p21Waf1/Cip1,
p27Kip1 and p73) in natural killer cell disorders. Eur J Haematol
74: 424-429, 2005. 

10 Hall TA: BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucl Acids
Symp Ser 41: 95-98, 1999.

11 Guimarães AC, Lima EM, Khayat AS, Girão Faria MH, Barem
Rabenhorst SH, Pitombeira MV, Assumpção PP, de Oliveira
Bahia M, Lima de Lima PD, de Arruda Cardoso Smith M and
Burbano RR: Interrelationships among chromosome aneuploidy,
promoter hypermethylation, and protein expression of the
CDKN2A gene in individuals from northern Brazil with gastric
adenocarcinoma. Cancer Genet Cytogenet 179: 45-51, 2007. 

12 Ozturk Y, Ozer E, Lebe B, Bekem O and Buyukgebiz B:
Immunohistochemical evaluation of p53 expression and
proliferative activity in children with Helicobacter pylori-
associated gastritis. J Pediatr Gastroenterol Nutr 40: 467-470 2005.

13 Ayres M, Ayres-Jr M, Ayres DL and Santos AAS: BioEstat.
Aplicações Estatísticas nas Áreas das Ciências Biológicas e
Médicas. 5th ed. Belém, Instituto de Desenvolvimento
Sustentável Mamirauá/MCT/CNPq, 2007.

14 Ying J, Srivastava G, Gao Z, Zhang X, Murray P, Ambinder R
and Tao Q: Promoter hypermethylation of the cyclin-dependent
kinase inhibitor (CDKI) gene p21WAF1/CIP1/SDI1 is rare in various
lymphomas and carcinomas. Blood 103: 743-746, 2004.

15 Tahara T, Arisawa T, Shibata T, Wang FY, Nakamura M, Sakata
M, Nagasaka M, Takagi T, Kamiya Y, Fujita H, Nakamura M,
Hasegawa S, Iwata M, Takahama K, Watanabe M, Hirata I and
Nakano H: Risk prediction of gastric cancer by analysis of
aberrant DNA methylation in non-neoplastic gastric epithelium.
Digestion 75: 54-61, 2007.

16 Moreira PR, Guimarães MM, Gomes CC, Diniz MG, Brito JAR,
de Castro WH and Gomez RS: Methylation frequencies of cell-
cycle associated genes in epithelial odontogenic tumors. Arch
Oral Biol 54: 893-897, 2009.

17 Zhang C, Guo X, Jiang G, Zhang L, Yang Y, Shen F, Wu M and
Wei L: CpG island methylator phenotype association with up-
regulated telomerase activity in hepatocellular carcinoma. Int J
Cancer 123: 998-1004, 2008.

18 Daa T, Kashima K, Kondo Y, Yada N, Suzuki M and Yokoyama
S: Aberrant methylation in promoter regions of cyclin-dependent
kinase inhibitor genes in adenoid cystic carcinoma of the
salivary gland. APMIS 116: 21-26, 2008.

19 Kim SS, Meitner P, Konkin TA, Cho YS, Resnick MB and Moss
SF: Altered expression of Skp2, c-Myc and p27 proteins but not
mRNA after H. pylori eradication in chronic gastritis. Mod
Pathol 19: 49-58, 2006.

20 Kouraklis G, Katsoulis IE, Theocharis S, Tsourouflis G,
Xipolitas N, Glinavou A, Sioka C and Kostakis A: Does the
expression of cyclin E, pRb, and p21 correlate with prognosis in
gastric adenocarcinoma? Dig Dis Sci 54: 1015-1020, 2009.

21 Espinoza LA, Tone LG, Neto JB, Costa RS, Wang QJ and
Ballejo G: Enhanced TGFalpha-EGFR expression and P53 gene
alterations contribute to gastric tumors aggressiveness. Cancer
Lett 212: 33-41, 2004.

22 Nitti D, Belluco C, Mammano E, Marchet A, Ambrosi A,
Mencarelli R, Segato P and Lise M: Low level of p27 (Kip1)
protein expression in gastric adenocarcinoma is associated with
disease progression and poor outcome. J Surg Oncol 81: 167-
176, 2002.

23 Lee KH, Lee HE, Cho SJ, Cho YJ, Lee HS, Kim JH, Nam SY,
Chang MS, Kim WH and Lee BL: Immunohistochemical
analysis of cell cycle-related molecules in gastric carcinoma:
prognostic significance, correlation with clinicopathological
parameters, proliferation and apoptosis. Pathobiology 75: 364-
372, 2008.

24 Mattioli E, Vogiatzi P, Sun A, Abbadessa G, Angeloni G, D'Ugo
D, Trani D, Gaughan JP, Vecchio FM, Cevenini G, Persiani R,
Giordano A and Claudio PP: Immunohistochemical analysis of
pRb2/p130, VEGF, EZH2, p53, p16(INK4A), p27(KIP1),
p21(WAF1), Ki-67 expression patterns in gastric cancer. J Cell
Physiol 210: 183-191, 2007.

25 Kaye PV, Radebold K, Isaacs S and Dent DM: Expression of
p53 and p21waf1/cip1 in gastric carcinoma: lack of inter-
relationship or correlation with prognosis. Eur J Surg Oncol 26:
39-43, 2000.

26 Wiksten JP, Lundin J, Nordling S, Kokkola A, von Boguslawski
K and Haglund C: The prognostic value of p27 in gastric cancer.
Oncology 63: 180-184, 2002.

27 Feakins RM, Mulcahy HE, Quaglia A, Jawhari A, Zhang Z and
Patchett SE: p27Kip1 loss does not predict survival in patients
with advanced gastric carcinoma. Cancer 89: 1684-1691, 2000.

28 Müller W, Grabsch H, Takeno S, Noguchi T, Hommel G and
Gabbert HE: Prognostic value of cyclin-depedent kinase
inhibitor p27Kip1 in gastric cancer. Anticancer Res 20: 1787-
1792, 2000.

29 Seta T, Imazeki F, Yokosuka O, Saisho H, Suzuki T, Koide Y and
Isono K: Expression of p53 and p21WAF1/CIP1 proteins in gastric
and esophageal cancers: comparison with mutations of the p53
gene. Dig Dis Sci 43: 279-289, 1998.

30 Müller W, Noguchi T, Wirtz HC, Hommel G and Gabbert HE:
Expression of cell-cycle regulatory proteins cyclin D1, cyclin E,
and their inhibitor p21WAF1/CIP1 in gastric cancer. J Pathol 189:
186-193, 1999.

Received October 2, 2009
Revised April 12, 2010

Accepted May 13, 2010

in vivo 24: 579-582 (2010)

582


