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Abstract
BACKGROUND: Aberrant DNA methylation has been recognized in human breast carcinogenesis as a common
molecular alteration associated with the loss of expression of a number of key regulatory genes. The present study
was undertaken to determine whether methylation and expression of p16 and FHIT genes would correlate with the
estrogen receptor (ER) and progesterone receptor (PR) status. METHODS: Methylation-specific polymerase chain
reaction, messenger RNA (mRNA) expression analysis, immunohistochemistry, and Western blot analysis were
performed to study the methylation of p16 and FHIT genes in 351 pairs of malignant/normal breast tissues. We
examined the expression of ER and PR in those specimens by immunohistochemistry. Mutations of p16 and FHIT
genes in tumors were detected by direct sequencing. RESULTS: The frequency of hypermethylation was 31.9%
and 36.8% in p16 and FHIT genes, respectively, and showed significant harmony in concordant hypermethylation
(P < .0001). In postmenopausal patients, methylation frequency in both genes is significantly higher in poorly and
moderately differentiated tumors. Loss of protein expression of p16 and FHIT in 77 and 74 tumors, respectively, is
associated with their methylation status in premenopausal women. CONCLUSION: We did not find any significant
differences in tumor-related gene methylation patterns relevant to both ER and PR status of breast tumors.
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Introduction
Breast cancer is the single most common cause of cancer-related mor-
tality in women worldwide, accounting for an annual prevalence of
more than 1 million new cases, representing nearly one fifth of all
malignancies among females [1]. The incidence of breast cancer is
increasing in many countries particularly in Asia, with more than
3% increase every year compared with just more than half a percent
in developed countries [2]. Breast cancer among younger women is
appearing as the leading cancer in India. These tumors are often es-
trogen receptor (ER)– and/or progesterone receptor (PR)–negative;
however, their mechanistic basis remains elusive [3]. Aberrant DNA



Translational Oncology Vol. 2, No. 4, 2009 Promoter Hypermethylation in p16 and FHIT Raish et al. 265
methylation has been increasingly recognized as a frequent molecu-
lar alteration in breast cancers. Hypermethylation of the CpG islands
is associated with delayed replication, condensed chromatin, inhibi-
tion of transcription initiation, and silencing of genes [4]. Genes in-
volved in cell cycle regulation (p16 ), cell adhesion (CDH1), DNA
repair (BRCA1), and cell signaling pathway (ER, RARβ2) have been
reported to undergo hypermethylation [5,6]. The product of INK4A
locus, p16, encodes a cyclin-dependent kinase (CDK) inhibitor that
functions as a negative regulator of cyclin/CDK complexes. It binds
preferentially to CDK4/6 and prevents their association with D-type
cyclins, thus inhibiting pRB phosphorylation and progression
through the cell cycle [7,8]. It plays an important role in maintaining
normal cellular properties, preventing both centrosome dysfunction
and genomic instability [9]. Inactivation of p16INK4A is an early
event in carcinogenesis [7,8], and loss of p16/Rb activity occurs
through different mechanism such as deletion, mutation, and/or hy-
permethylation of p16INK4A [8]. Inactivation of p16 seems a crucial
event in the development of several tumors [10]. The relevance of
this defect in mammary carcinogenesis remains unclear. However,
homozygous deletions of this gene are seen in half of the breast can-
cer cell lines and neither homozygous deletions nor point mutations
are frequently observed in primary breast cancers, suggesting that
these alterations might have been acquired in the cultures [11,12].
There are suggestions that aberrant hypermethylation may be a use-
ful biomarker, with implications for breast cancer etiology, diagnosis,
and management. FHIT is also found frequently inactivated in many
tumor types, including those of breast, cervix, esophagus, digestive
tract, lung, and bladder [13–17].
Prognostic factors considered negative for survival such as ad-

vanced diagnosis stage (enlarged tumor size, node involvement, and
sometimes more distant metastasis), early onset disease (<50 years
age), ER and PR status, poor differentiation of tumors and obesity
might play an important role in the etiology of this disease. The
aim of the present study was to evaluate the association between the
major clinicopathologic features of breast cancer and methylation sta-
tus of p16 and FHIT genes among primary breast cancer cases. We
also tried to delineate more precisely the association of p16 and FHIT
methylation and their expression using Northern and Western blot
analyses along with immunohistochemistry profile among breast can-
cer patients from northern India.
Materials and Methods

Sample Size
A total of 379 breast tumor and adjacent normal tissue biopsies

not infiltrated by tumors as confirmed by a pathologist were collected
directly from patients attending the Institute Rotary Cancer Hospital,
All India Institute of Medical Sciences, New Delhi. The samples were
from breast tumors and corresponding adjacent normal-appearing
tissues (from tissues located at least 3 cm away from the site at which
the tumor was sampled). However, data from only 351 (299 ductal
and 52 lobular) breast tumor biopsies have been analyzed owing
to either insufficient quantity and/or quality of DNA and RNA of
the other 28 tumor and/or adjacent tissue specimens. Biopsies were
collected directly into sterile collection vials containing chilled PBS
(pH 7.2) and were stored in liquid nitrogen or −80°C until further
analysis. The tissue materials were used for DNA and RNA extrac-
tion. The present study was approved by the university and institu-
tional review boards. The histologic type and grade of the tumors
were classified according to the World Health Organization’s criteria.
Prior consent from the patients was also taken before starting the
study. All breast specimens including tumor and normal adjacent tis-
sue were reviewed by two experienced pathologists at the hospital.
Slides prepared from these were subject to immunoperoxidase staining
for ER (clone 6F11) and PR (clone 1A6) as per the manufacturer’s
(Novocastra Laboratories Ltd, Benton Lane, UK) recommendations.
Cancers were considered receptor-positive if more than 10% of malig-
nant cells showed nuclear staining. Cancers were classified as ER- and/
or PR-positive.
Methylation-Specific Polymerase Chain Reaction
Methylation status of the promoter regions of p16 and FHIT

genes was determined by methylation-specific polymerase chain re-
action (MSP) as described previously [18]. Primer sequences and an-
nealing temperatures for the MSP were as described previously in the
literature [18,19]. Each reaction mixture contained 1× polymerase
chain reaction (PCR) buffer, 1.5 mM MgCl2, 1.25 mM each of
the dNTPs, primers (300 ng each/reaction), 1.5 U of Taq poly-
merase, and bisulfite-modified DNA (50 ng). Reactions were hot-
started at 95°C and carried out for 35 cycles, and each cycle consisted
of 45 seconds at 95°C, 75 seconds at 65°C and 60°C for p16 and
at 69°C and 67°C for FHIT, respectively, for methylated and un-
methylated specific PCR and 60 seconds at 72°C, followed by 7 min-
utes of final extension at 72°C. Each PCR product (15 μl each) was
run on 2.5% agarose gel, stained with ethidium bromide, and visu-
alized under UV illumination. DNA from peripheral blood lympho-
cytes of a healthy individual was treated with SssI methyltransferase
(New England Biolabs, Inc, Ipswich, MA) was used as a positive con-
trol. To confirm the methylation status by bisulfite sequencing, a
subset of the patients who show unmethylation and methylation in
p16 and FHIT was chosen, and we found that these results match
with the results obtained by MSP (data not shown). Appropriate
controls were set up in each reaction. Representative examples are
shown in Figure 1A.
Mutation Analysis in p16 and FHIT Genes
p16 (exon 2) and FHIT (exon 5-8) gene mutations analysis was

performed by single-strand conformation polymorphism. Mutations
were detected by direct sequencing of relevant genomic DNA frag-
ments showing an aberrant profile in the single-strand conformation
polymorphism analysis.
RNA Extraction and Northern Blot
RNA was extracted from the breast tumor tissues using guanidium-

isothiocyante method was electrophoresed in 3-[N -morpholino]-
propanesulfonic acid gel to ascertain the quantities of extracted RNA.
From each sample, 1 μg of RNA was resolved on 1% agarose-4-
morpholinepropanesulfonicacid/formaldehyde gel, transferred to a
nylon membrane, and hybridized for 16 to 18 hours to a radiolabeled
FHIT or p16 complementary DNA probe. After 16 to 18 hours of
hybridization, the membrane was washed three times with a washing
solution (2× SSC, 0.1% SDS) for 15 minutes each at 65°C, and the
membrane was exposed to a Kodak X-Omat X-ray film (Carestream
Health, Inc, Rochester, NY) in x-ray cassette with intensifying screen
at −20°C for 24 hours, and the autoradiogram was developed. Rep-
resentative examples are shown in Figure 1B.



Figure 1. (A) Methylation status of p16 and FHIT genes in normal
and tumor tissues from the same patient. (B) Northern blot analy-
sis showing mRNA expression profile of FHIT, p16, and β-actin in
different breast cancer patients. Lane marked N: normal breast
tissue, T: tumor tissue. (C) Western blot analysis in the same pa-
tients analyzed for Northern blot.
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Western Blot Analysis
Frozen tissue samples were homogenized in lysis buffer (20 mM

Tris-HCl at pH 7.5, 1 mM EDTA, 1 mM EGTA, 150 mM sodium
chloride, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate,
1 mg/ml leupeptin, 1 M phenylmethylsulfonyl fluoride), and protein
content was quantified. A total of 25 μg of protein was run on a 12%
sodium dodecyl sulfate (SDS)–polyacrylamide gel, transferred on to
nitrocellulose membranes, probed either with an antihuman p16
(1:500; BD Pharmingen, San Jose, CA) or FHIT (1:2000; Zymed
Laboratories, San Francisco, CA) and electrotransferred to a nitrocel-
lulose membrane. The membrane was incubated in a blocking buffer
(1 g/L Tween-20 with 50 g/L nonfat dry milk in Tris-buffered saline)
for 2 hours. The membrane strip was then incubated with FHIT
antibody overnight at 4°C. The expressions of p16 and FHIT protein
were detected using routine methods. The same blots were reprobed
with antiactin monoclonal antibodies to assure equal loading in each
lane. Representative examples are shown in Figure 1C .
Immunohistochemistry for p16 and FHIT
Deparaffinized tissue sections in citrate buffer were heated in micro-

wave for 15 minutes for antigen retrieval for p16 and FHIT genes.
Tissue sections were incubated with 3% H2O2 (15 minutes) to block
endogenous peroxidase with 10% normal horse serum in phosphate-
buffered saline (10 minutes). Primary antibodies against p16 and
FHIT (1:200 dilutions; Zymed Laboratories) were applied at room
temperature for 1 hour followed by binding to secondary antibody
and streptavidin horseradish peroxidase conjugate (20 minutes;
Dako, Carpinteria, CA). Normal colonic epithelial cells served as
internal positive controls with membrane staining. Cytoplasmic, nu-
clear, and membrane expressions were recorded separately as no ex-
pression, weak expression, or moderate/strong expression. Positivity
in each compartment (cytoplasm, nucleus, or membrane) was de-
fined as moderate/strong expression in that compartment. We cal-
culated activation score as the sum of nuclear score (+2 = positive
expression; +1 = weak expression; 0 = no expression), cytoplasmic
score (+2 = positive expression; +1 = weak expression; 0 = no expres-
sion), and membrane score (0 = positive membrane expression; +1 =
negative membrane expression). Appropriate positive and negative
controls were included in each experiment. Coded slides were scored
by one of the investigators (M.R.). At least 25% slides were checked
independently by other investigator(s) to rule out any bias. Repre-
sentative examples are shown in Figure 2 (A to F ).

Statistical Analysis
The χ 2 test was used to compare the distributions of the methyl-

ation status of individual genes and various features of breast cancer.
Unconditional logistic regression was used to assess odds ratios (ORs)
and 95% confidence intervals (CIs). All models were adjusted for age
at diagnosis, smoking, and education level. Potential confounding ef-
fects from other demographic factors and known breast cancer risk
factors, including age at menarche, age at menopause, parity, family
history of breast cancer, and body mass index, were also examined,
and no appreciable confounding was observed. All statistical tests
were based on two-sided probability. Statistical analyses were con-
ducted using SPSS Version 14.0 (SAS Institute, Cary, NC). Differ-
ences were considered statistically significant for P < .05.
Results
Primary clinical and pathologic characteristics of patients are shown
in Table 1. The frequency of hypermethylation was 31.9% and
36.8% for p16 and FHIT genes, respectively. Promoter region CpG
hypermethylation for any of these two genes was identified in 165
(47%) of 351 primary tumors. Seventy-six patients (21.6%) showed
hypermethylation for both genes (Table 2). Methylation profile of
these genes in normal adjacent tissues from the same patient was
also investigated, and we found very low methylation (1.4% and
1.6% of p16 and FHIT, respectively). Patients who showed meth-
ylation in either of these genes in normal tissue were found to be
methylated in tumor tissue as well. Among premenopausal women,
hypermethylation of both p16 and FHIT is significantly higher (OR =
1.71, 95% CI = 1.1-2.89, P = .039 and OR = 1.79, 95% CI = 1.2-
2.98, P = .025, respectively, for p16 and FHIT; Table 3) compared
with postmenopausal women. The relationship between individual
gene hypermethylation status with clinical and pathologic features
of breast cancer was evaluated stratifying by the menopausal status
(Table 4). Associations varied somewhat by menopausal status. For
premenopausal women, there was a significant association of p16
hypermethylation with ER status, whereas FHIT hypermethylation
status is significantly associated with TNM stage (Table 4). In post-
menopausal women, p16 hypermethylation is significantly associated
with histologic grade of the tumors, whereas FHITmethylation is
associated with age at diagnosis of the disease. In postmenopausal
women, methylation of both p16 and FHIT is significantly associated
with the differentiation of the tumors (OR = 3.18, 95% CI = 1.53-
9.61 and OR = 3.09, 95% CI = 1.27-7.96 for p16; OR = 2.51,
95% CI = 1.15-6.65 and OR = 2.86, 95% CI = 1.07-7.42 for
FHIT gene, respectively; Table 5). Methylation of FHIT gene in pre-
menopausal women is significantly associated with stage of tumors










