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Abstract Epigenetic mechanisms such as DNA methylation
are being increasingly recognized to play an important role in
cancer and may serve as a cancer biomarker. The aim of this
study was to evaluate the promoter methylation status of
MGMT (O6-methylguanine-DNA methyltransferase) and a
possible correlation with the expression of MGMT and stan-
dard clinicopathological parameters in invasive ductal breast
carcinoma patients (IDC) of Kashmir. Methylation-specific
PCR was carried out to investigate the promoter methylation
status of MGMT in breast tumors paired with the correspond-
ing normal tissue samples from 128 breast cancer patients.
The effect of promoter methylation on protein expression in
the primary breast cancer and adjacent normal tissues was

evaluated by immunohistochemistry (n=128) and western
blotting (n=30). The frequency of tumor hypermethylation
was 39.8 % and a significant difference in methylation fre-
quency among breast tumors were found (p<0.001) when
compared with the corresponding normal t issue.
Immunohistochemical analysis showed no detectable expres-
sion of MGMT in 68/128 (53.1 %) tumors. MGMT promoter
methylation mediated gene silencing was associated with loss
of its protein expression (rs=−0.285, p=0.001, OR=3.38,
95 % CI=1.59–7.17). A significant correlation was seen be-
tween loss of MGMT and lymph node involvement (p=
0.030), tumor grade (p<0.0001), loss of estrogen receptors
(ER; p=0.021) and progesterone receptors (PR) (p=0.016).
Also, MGMT methylation was found to be associated with
tumor grade (p=0.011), tumor stage (p=0.009), and loss of
ER (p=0.003) and PR receptors (p=0.009). To our knowl-
edge, our findings, for the first time, in Kashmiri population,
indicate that MGMT is aberrantly methylated in breast cancer
and promoter hypermethylation could be attributed to silenc-
ing of MGMT gene expression in breast cancer. Our data
suggests that MGMT promoter hypermethylation could have
a potential function as molecular biomarker of breast onco-
genesis. Also, based on their predictive value of response to
therapy, the immunohistochemical evaluation and interpreta-
tion of MGMTmay also help in future to establish therapeutic
strategies for patients with breast cancer.
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Introduction

Breast cancer is the most common form of malignant disease
in women worldwide and also the principal cause of death
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from cancer among women globally [1]. During the last de-
cade, breast cancer has been rising steadily, and now, breast
cancer is the most common cancer in women in India with an
estimated 144,937 incidences and 70,218 mortalities due to
breast cancer [1, 2]. Breast cancer is emerging as a major con-
cern in women populations of the Kashmir valley with its in-
cidence showing a rising trend in recent years [3]. In the year
2013, approximately 186 women were diagnosed with breast
cancer, accounting for 13.5 % of all adult female cancers [4].
There are well-understood genetic alterations associated with
breast tumorigenesis, including specific gene amplifications,
chromosome rearrangements, deletions, point mutations, and
aneuploidy. In addition to these highly characterized mutations
in oncogenes and tumor suppressor genes, epigenetic alter-
ations resulting in aberrant gene expression are key contributors
to breast tumorigenesis [5, 6]. Hypermethylation of the CpG
islands in promoter region is the best-studied epigenetic mod-
ification associated with condensed chromatin, delayed repli-
cation, inhibition of transcription initiation, and downregula-
tion of genes [7]. The delineation of specific DNAmethylation
markers in breast carcinogenesis could impact the development
of new approaches for diagnosis, clinical management and
therapeutics that target methylation.

O6-methyguanine-DNA methyltransferase (MGMT) lies
on chromosome 10, and the product of MGMT mediates
DNA repair by removing mutagenic and cytotoxic adducts
from the O6-guanine in DNA [8–10]. If not removed, O6-
alkylguanine mediates toxicity by forming interstrand cross-
links, which inhibit DNA replication and can cause the incor-
poration of incorrect base pairs, resulting in mutations. The
MGMT prevents cells from these lesions by transferring the
alkyl group from O6 position of guanine to an active-site cys-
teine residue in a stoichiometric, direct damage-reversal path-
way restoring guanine in the DNA [11]. Previous studies have
shown that loss of MGMT expression occurs rarely due to
mutation, deletion, or rearrangement of MGMT but is rather
associated with methylation of specific regions of MGMT
CpG island [12–14]. However, the occurrence ofMGMT epi-
genetic modifications has not been extensively investigated in
breast cancer patients.

Recent studies suggest that methylation profiles of cancers
depend on tumor type and are ethnicity specific [15–17].
There are several reports on methylation profile of MGMT in
breast cancer patients from different populations [14, 18–20]
and few studies on Indian population [12, 21]. However, to
our knowledge hypermethylation of genes in Kashmiri breast
cancer population, ethnically distinct from rest of India, is still
not well-studied. Taking all these things into consideration, we
found it rational to investigate the methylation status of
MGMT and correlate our findings with gene expression at
protein level. Finally, we aimed to analyze statistical correla-
tions of clinicopathological patient characteristics with
MGMT methylation and its expression data.

Methodology

Tissue specimens

A total of 128 newly diagnosed breast cancer patients
from Kashmiri ethnic population admitted to the Sher-I-
Kashmir Institute of Medical Sciences (SKIMS), Srinagar
during the period December 2011 to May 2013 were in-
cluded in the study. Tissue samples consisting of tumor
and adjacent matched normal breast tissues (taken 5–
10 cm away from the site of tumor) were taken from all
the breast cancer patients enrolled in the study from the
Department of General Surgery, SKIMS. All the patients
included in this study were diagnosed with invasive ductal
carcinoma and all were females. The tissue samples were
immediately shock-frozen after surgical resection and
stored at −80 °C in deep freezer until further analysis.
Each sample was histopathologically evaluated to ensure
the presence of at least 80 % of tumoral cells. Clinical and
pathological information was obtained from medical re-
cords and pathology reports. Disease staging was per-
formed according to the tumor–node–metastasis (TNM)
system of the American Joint Committee on Cancer/the
Union Internationale Contre le Cancer (AJCC/UICC).
Histopathological grading was carried out according to
the Scarff-Bloom-Richardson classification as GI, GII,
and GIII. All patients received a patient information sheet
and signed a written consent form, approved by the SKIM
S ethical committee.

DNA isolation

DNAwas extracted from breast tumor and normal tissue using
standard technique of digestion with proteinase K in the pres-
ence of SDS at 37 °C overnight, followed by phenol/
chloroform extraction or genomic DNA extraction kit
(Bioserve biotechnologies Pvt. Ltd., India). The quality and
integrity of the DNA were checked by electrophoresis on
0.8 % agarose gel, quantitated spectrophotometrically and
stored at −20 °C till further use.

Methylation-specific PCR (MSP)

The sensitive methylation-specific PCR (MSP) was used to
detect promoter methylation. Bisulphite modification of the
DNA (up to 2 μg) was carr ied out by EZ DNA
Methylation™ Kit (Zymo Research, USA) according to man-
ufactures protocol. Treatment of genomic DNA with sodium
bisulfite converts unmethylated cytosines (but not methylated
cytosines) to uracil, which are then converted to thymidine
during the subsequent PCR step, giving sequence differences
between methylated and unmethylated DNA. PCR primers
that distinguish between these methylated and unmethylated
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DNA sequences were then used. Primer sequences of MGMT
were as described previously in the literature [22] for the
unmethylated reaction 5′-TTT GTG TTT TGA TGT TTG
TAG GTT TTT GT-3′ (upper primer) and 5′-AAC TCC
ACA CTC TTC CAA AAA CAA AAC A+3′ (lower primer)
and for the methylated reaction 5′-TTT CGA CGT TCG TAG
GTT TTC GC-3′ (upper primer) and 5′-GCA CTC TTC CGA
AAACGAAACG-3′ (lower primer). The PCR amplification
was carried in a total volume of 25 μl containing 2 μl of
bisulfite-modified DNA, 1X PCR buffer, 2 mM MgCl2,
200 ng of each primer, 0.3 mM dNTPs (Fermentas life sci-
ences, Inc. USA), and 1U of Taq polymerase (Fermentas life
sciences, Inc. USA). Amplification was performed in Thermal
cycler (Mastercycle, Ependroff) with an initial denaturation
step at 95 °C for 5 min, followed by 35 cycles at 94 °C for
50 s, 59 °C for 50 s, and 72 °C for 50 s and a final extension at
72 °C for 10 min. Each PCR product was loaded onto a 3 %
agarose gel, stained with ethidium bromide and visualized
under UV illumination and photographed with Alpha Imager
1220 v5.5 Camera software. PCR generated a 91 bp product
both for methylated and 98 bp for unmethylated, as shown in
Fig. 1. The PCR for all samples demonstrating methylation
were repeated to confirm these results.

DNA from normal lymphocytes was used as negative con-
trol for methylated alleles of MGMT. Water with no DNA
template as a control for contamination were included in each
experiment. DNA from peripheral blood lymphocytes of
healthy volunteers treated with SssI methyltransferase (New
England Biolabs, Beverly, MA, USA) and then subjected to
bisulfite modification was used as positive controls for meth-
ylated alleles.

Immunohistochemistry

Sections of formalin-fixed, paraffin-embedded breast were
obtained on polyl-lysine-coated slides. Sections were
deparaffinized in xylene, then rehydrated through a

graded alcohol series. Antigen retrieval was performed
by incubating slides in citrate buffer (pH 6.0) (10 mM)
at 95 °C for 20 min. Endogenous peroxidase activity was
blocked with 3 % H2O2 for 30 min. Thereafter, slides
were incubated with specific primary antibody, ERα (sc-
543, dilution 1:100; Santacruz Biotechnology Inc., USA),
PR (1:100 dilution, clone 1A6, Biocare Medical, USA),
Her2/neu (sc-08, dilution 1:100; Santacruz Biotechnology

Fig. 1 Methylation specific polymerase chain reaction (PCR) assay. PCR
product indicating a methylated O6-methylguaninemethyltransferase
(MGMT) promoter is shown by arrows. U, unmethylated MGMT pro-
moter; M, methylated MGMT promoter; L, 100-bp DNA marker ladder;
In vitro SssI methyltransferase-treated and untreated DNA from normal
lymphocytes were used as the positive controls (PC) for methylation and
nonmethylation (NC), respectively

Table 1 Clinical and pathological characteristics of the patient
population

Patients 128 (%)

Age (years), mean±SEM 51.85±1.061

≤50 56 (43.8)

>50 72 (56.2)

Menopausal status

Postmenopausal 78 (60.9)

Premenopausal 50 (39.1)

Nodal status

Negative 79 (61.7)

Positive 49 (38.3)

BMI, mean±SEM 23.64±0.206

≤24.9 67 (52.3)

25–29.9 37 (28.9)

≥30 24 (18.8)

Histological grade

I 29 (22.6)

II 79 (61.7)

III 20 (15.6)

Disease stage

I 49 (38.3)

II 40 (31.3)

III 30 (23.4)

IV 9 (7.0)

Dwelling

Rural 87 (68.0)

Urban 41 (32.0)

Tumor size

≤2.0 cm 22 (17.2)

2.1–4.9 cm 59 (46.1)

≥5 cm 47 (36.7)

ER-receptor

Positive 89 (69.5)

Negative 39 (30.5)

PR-receptor

Positive 85 (66.4)

Negative 43 (33.6)

Her-2-neu

Positive 32 (25)

Negative 96 (75)

SEM standard error of mean
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Inc., USA), MGMT (sc-28241, dilution 1:100; Santacruz
Biotechnology Inc., USA) for 16 h at 4 °C and washed
with Tris buffered saline (TBS). Next day, the slides were
washed three times in Tris buffers (pH 7.6) and bound
primary antibody was detected by MACH1 Universal
HRP-Polymer (Biocare medical, USA) for 30 min at room
temperature. After washing in Tris buffer, the immuno-
staining reaction product was developed using 3,3-diami-
nobenzidine (Betazoid DAB Plus substrate, Biocare
Medical, USA). After immunoreactivity, slides were
dipped in distilled water, counterstained with Harris he-
matoxylin and finally the sections were dehydrated in xy-
lene, mounted with DPX and coverslipped. In all cases,
adjacent normal surrounding tissue served as an internal
positive control. In negative controls, the primary anti-
body was replaced by non-immune mouse IgG of the
same isotype to ensure specificity.

In case of ERα, PR, and MGMT only nuclear staining
was considered as immunopositivity. The slides were
scored as follows: negative: <10 % tumor cells showing
immunoreactivity and tumors showing >10 % cells with
nuclear immunopositivity were considered as positive
[23–26]. For Her2/neu protein expression, membrane im-
munostaining was considered as positive. Briefly, the
scoring system was as follows: no staining or membrane
staining in fewer than 10 % of tumor cells, 0; faint, barely
perceptible membrane staining in more than 10 % of tu-
mor cells, the cells are stained only in part of the mem-
brane, 1+; weak to moderate complete membrane staining
observed in more than 10 % of tumor cells, 2+; and

strong, complete membrane staining in more than 10 %
of tumor cells, 3+ [27].

Western blotting

Total protein extracts from 30 frozen breast cancer and
adjacent normal samples were prepared with lysis buffer
(50 mM Tris–HCl, 0.3 M NaCl, 1 mM EDTA and 1 mM
dithiothreitol) supplemented with a cocktail of protease
inhibitors (Sigma Aldrich, USA). Equal amounts
(100 μg) of protein extracts were resolved on SDS-
polyacrylamide gels and subsequently electrotransferred
onto nitrocellulose membranes (Invitrogen, USA).) in
trans-buffer (25 mM Tris; 129 mM glycine; 10 % metha-
nol; 0.05 % SDS). Membranes were blocked in 5 % non-
fat milk in 1 % TBST for 1 h at room temperature, and
incubated overnight at 4 °C with a rabbit anti-MGMT
monoclonal antibody (Santa Cruz Biotechology, USA) di-
luted in the same blocking buffer. After washing, mem-
branes were incubated with goat antirabbit (Abcam, USA)
antibodies conjugated to horseradish peroxidase. Blots
were developed with SuperSignal chemiluminescence re-
agent (Pierce). For loading control, membranes were
stripped and reprobed with a human-specific antibody
against β-actin (Sigma Aldrich, USA).

Statistical analysis

Comparisons ofMGMTmethylation and expression with clin-
icopathological characteristics were made using Pearson Chi-

Fig. 2 Immunohistochemical
staining pattern of the main
immunohistochemical markers
used. a Estrogen receptor; b
progesterone receptor; c HER2
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squared test. The logistic regression model was used to assess
univariate association between MGMT methylation (methyl-
ated vs. unmethylated) and MGMT expression (low vs. nor-
mal) with clinicopathological variables. The variables that
were significantly associated with MGMT expression in uni-
variate analysis were then simultaneously put in multivariate
logistic regression model to assess the association while
adjusting for other significantly associated variables. All p-
values are two-sided and considered statistically significant
at the 0.05 level. All statistical analyses were performed using
SPSS (version 16; USA).

Results

Clinicopathological findings

Relevant clinicopathological characteristics of the patients
included in this study are summarized in Table 1. A total
of 128 cases of IDC were included in this study. The
mean age of patients was 51.85±1.02 years, median age
was 53 (range 26–80). The mean body mass index (BMI)
was 23.64±0.21. Age was grouped into two categories
with 56.2 % of cases lying in the group >50 years of

Table 2 Univariate logistic regression for promoter methylation status—unmethylated (reference) versus methylated

Variable MGMT methylation OR (CI) p value (1) p value (2)

Presence N (%) Absence N (%)

Age

≤50 17 (30.4) 39 (69.6) 1 (reference) 0.053 0.053

>50 34 (47.2) 38 (52.8) 2.30 (0.99–4.28)

Menopausal status

Premenopausal 15 (30.0) 35 (70.0) 1 (reference) 0.069 0.069

Postmenopausal 36 (46.2) 42 (53.8) 2.00 (0.94–4.24)

Nodal status

Negative 31 (39.2) 48 (60.8) 1 0.860 0.860

Positive 20 (40.8) 29 (59.2) 1.06 (0.52–2.21)

BMI

≤24.9 22 (32.8) 45 (67.2) 1 – 0.231

25–29.9 18 (48.6) 19 (51.4) 1.94 (0.85–4.41) 0.115

≥30 11 (45.8) 13 (54.2) 1.73 (0.67–4.48) 0.258

Tumor stage

I 12 (24.5) 37 (75.5) 1 (reference) – 0.009

II 17 (42.5) 23 (57.5) 2.28 (0.92–5.63) 0.074

III& IV 22 (56.4) 17 (43.6) 3.99 (1.61–9.90) 0.003

Tumor grade

I 10 (34.5) 19 (65.5) 1 (reference) – 0.011

II 27 (34.2) 52 (65.8) 0.99 (0.40–2.42) 0.976

III 14 (70.0) 6 (30.0) 4.43 (1.30–15.10) 0.017

Dwelling

Urban 15 (36.6) 26 (63.4) 1 0.605 0.605

Rural 36 (41.4) 51 (58.6) 1.22 (0.57–2.63)

Estrogen receptor

Positive 28 (31.5) 61 (68.5) 1 0.003 0.003

Negative 23 (59.0) 16 (41.0) 3.13 (1.44–6.83)

Progesterone receptor

Positive 27 (31.8) 58 (68.2) 1 0.009 0.009

Negative 24 (55.8) 19 (44.2) 2.71 (1.27–5.78)

Her-2-neu

Positive 14 (43.8) 18 (56.2) 1 0.602 0.602

Negative 37 (38.5) 59 (61.5) 0.81 (0.36–1.81)

Bold values indicate statistical significance p<0.05, OR odds ratio calculated at 95 % confidence interval (95 % CI)

(1) Specific level p value, (2) overall variable p value, p value (two-sided) Pearson’s χ2 test
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age. Approximately 68.0 % were rural. The stage distri-
bution was typical with 38.3, 31.3, 23.4, and 7.0 % pre-
senting with stages I, II, III, and IV, respectively. Stages
III and IV were combined for all statistical analysis. Most
of the tumors were estrogen receptors (ER) positive
(69.5 %) and progesterone receptors (PR) positive
(66.4 %). Her-2-neu immunostaining was detected in only
25 % of breast tumors (Fig. 2).

Prevalence ofMGMT promoter genemethylation in breast
cancer

Representative results for MSP analysis are demonstrated
in Fig. 1. When the promoter methylation status of
MGMT in 128 invasive breast cancer tissues and corre-
sponding normal tissue from the same patient was ana-
lyzed, MSP products were obtained successfully in all

Fig. 3 Representative
immunohistochemical detection
of MGMT in mammary gland.
Positive staining was identified
by the presence of brown staining
in the nuclei and in the cytoplasm.
Nuclear MGMTwas observed in
normal breast (a), with variable
expression in IDCs ranging from
strong (b), weak (c), or
completely absent (d), negative
control (e) (original
magnification—×20)

Table 3 Correlation of MGMT methylation and MGMT expression in breast cancer tissue samples

Gene Loss of protein expression Protein expression OR CI (95 %) p value rs

MGMT unmethylated 32 (41.6) 45 (58.4) 1.0 (reference)

MGMT methylated 36 (70.6) 15 (29.4) 3.38 1.59–7.17 0.001 -0.285 (p=0.001)

OR odds ratio at 95 % confidence interval (95 % CI)

p value from χ2 test

rs Spearman’s co-efficient
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cases. MS-PCR results were interpreted data using appro-
priate statistical tests.

MGMT genemethylation was present in 39.8% (51 of 128)
of breast cancer tissues. Methylation profile of these genes in
normal adjacent tissues from the same patient was also inves-
tigated, and we found very low methylation (2.6 %). Patients
who showed methylation of this gene in normal tissue were
found to be methylated in tumor tissue as well.

Correlation between methylation of the MGMT promoter
and Clinicopathological Features using univariate
and multivariate analysis

Table 2 summarizes the various demographic, clinical,
and pathologic factors that were included in the univariate
statistical analysis to explore their relationship with
MGMT hypermethylation. We did not observe a relation-
ship between MGMT hypermethylation and clinical fac-
tors such as age, menopausal status, dwelling, nodal sta-
tus, and BMI. A significant association was observed be-
tween MGMT methylation and tumor grade (p (2)=0.011).
Univariate analysis for MGMT methylation between tu-
mor grade types demonstrated grade II tumors with an
OR=0.99 (CI 0.40–2.42, p=0.976) and tumor grade III
with an OR=4.43 (CI 1.30–15.09, p=0.017) compared
to grade I tumors. Similarly, there was a good correlation
between increase in MGMT methylation and tumor stage
(p (2)=0.009) with OR=2.28 (CI 0.92–5.65, p=0.074) for
stage II and OR=3.99 (CI 1.61–9.89, p=0.003) for stages
III and IV tumors compared to stage I tumors. We did not
find an association between MGMT promoter methylation
status and the tumor HER2 status. Estrogen-receptor neg-
ative tumors (OR=3.13, CI 1.44–6.83, p=0.003) and pro-
gesterone receptor negative tumors (OR=2.71, CI 1.27–
5.78, p=0.009) were associated with higher frequency of
MGMT methy la t ion compared to es t rogen and
progesterone-receptor positive tumors.

Immunohistochemical assessment of MGMT expression
and correlation with promoter methylation

To further explore the functional consequence of MGMT
promoter hypermethylation, MGMT expression was exam-
ined in primary breast tumors. Normal breast tissue exhib-
ited positive immunostaining for MGMT protein in ductal
epithelial cells. Loss or markedly reduced expression of
MGMT protein was observed in 68 of 128 IDC of breast
( F i g . 3 ) C o m p a r i s o n o f m e t h y l a t i o n a n d
Immunohistochemistry data revealed that out of the 51
tumors harboring promoter methylation, 36 (70.6 %)
showed loss or weak immunoreactivity for MGMT pro-
tein. Among the remaining cases, 15 of 51(29.4 %)
showed positive immunostaining and were interpreted as

immunohistochemistry-positive. In contrast, in the
unmethylated group, 45 of 77 (58.4 %) were heteroge-
neous or homogeneous immunohistochemistry-positive
for MGMT while 32 (41.6 %) showed reduced or loss of
expression. The inverse correlation between immunohis-
tochemistry reactivity for MGMT protein and methylation
status for MGMT gene was statistically significant.
Collectively, evidence from promoter methylation and
protein expression studies strongly suggest that MGMT
promoter hypermethylation correlates significantly with
reduction or loss of MGMT expression (rs=−0.285,
p<0.05; Table 3). Figure 4 gives the graphical represen-
tation of the correlation between MGMT promoter hyper-
methylation and MGMT expression.

Correlation between MGMT expression status
and clinicopathological features

The relationships between the expression levels ofMGMTand
clinicopathological parameters were assessed to determine
their clinical significance (Table 4). The relationships between
the expression level ofMGMT and clinicopatholigical charac-
teristics were almost comparable to those observed in tumors
withMGMTmethylation which again strengthens our finding
that promoter methylation and expression ofMGMT are high-
ly correlated with each other. A very significant correla-
tion was observed between MGMT expression and tumor
grade with MGMT expression reduced in 8 (27.6 %) of 29
grade I, 43 (54.4 %) of 79 grade II tumors, and 17 (85 %)
of 60 grade III tumors (p (2)=<0.0001). Univariate anal-
ysis for MGMT expression between tumor grades demon-
strated grade II with an OR=3.14 (CI 1.24–7.92, p=
0.016) and grade III with an OR=14.88 (CI 3.41–64.88,
p<0.0001) in comparison to grade I tumors. Low MGMT
expression was also found to be associated with lymph

F i g . 4 Re l a t i o n s h i p b e twee n me t h y l a t i o n s t a t u s a nd
immunohistochemical expression analysis of MGMT in IDCs of breast
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node involvement (OR=2.25, CI 1.08–4.70, p=0.03).
However, no significance was found with tumor stage
and other demographic or pathologic features. Estrogen-
receptor- and progesterone-receptor negative tumors were
associated with low MGMT expression compared to
estrogen-receptor-positive (OR=3.12, CI 1.38–7.03, p=
0.005) and progesterone-receptor positive (OR=2.44, CI
1.13–5.26, p=0.021) tumors, respectively. In the multivar-
iate analysis (Table 5), low MGMT expression was found
associated with ER negativity (p=0.015), PR negativity
(p=0.007) and advanced tumor grade (p=0.004) only
and not nodal involvement.

Expression of MGMT in breast tissues using western
blotting

We examined MGMT protein expression by Western blot
analysis in 30 tumor tissues and 30 adjacent normal tissues
to confirm the results obtained by immunohistochemistry
showing association between promoter methylation and its
impaired synthesis. Among the 30 tumor tissues 12 were
methylated and 18 were unmethylated whereas all the adja-
cent normal tissues were without any promoter methylation.
Loss or marked reduction of MGMTexpression was observed
in 8 of the 12 hypermethylated tumors whereas the remaining

Table 4 Univariate logistic regression for MGMT expression—loss of protein expression versus protein expression (reference)

Variable Protein expression Loss of protein expression OR (95 % CI) p value (1) p value (2)

Age

≤50 31 (55.4) 25 (44.6) 1 (reference) 0.090 0.090

>50 29 (40.3) 43 (59.7) 1.84 (0.91–3.72)

Menopausal status

Premenopausal 26 (52.0) 24 (48.0) 1 (reference) 0.352 0.352

Postmenopausal 34 (43.6) 44 (56.4) 1.41 (0.69–2.86)

Nodal status

Negative 43 (54.4) 36 (45.6) 1 0.030 0.030

Positive 17 (34.7) 32 (65.3) 2.25 (1.08–4.70)

BMI

≤24.9 38 (56.7) 29 (43.3) 1 0.037 0.064

25–29.9 13 (35.1) 24 (64.9) 2.42 (1.06–5.55) 0.110

≥30 9 (37.5) 15 (62.5) 2.19 (0.84–5.69)

Tumor stage

I 26 (53.1) 23 (46.9) 1 (reference) – 0.127

II 21 (52.5) 19 (47.5) 1.02 (0.44–2.36) 0.958

III and IV 13 (33.3) 26 (66.7) 2.26 (0.95–5.40) 0.066

Tumor grade

I 21 (72.4) 8 (27.6) 1 (reference) – <0.0001

II 36 (45.6) 43 (54.4) 3.14 (1.24–7.92) 0.016

III 3 (15.0) 17 (85.0) 14.88 (3.41–64.88) <0.0001

Dwelling

Urban 18 (43.9) 23 (56.1) 1 0.644 0.644

Rural 42 (48.3) 45 (51.7) 0.84 (0.40–1.77c)

Estrogen receptor

Positive 49 (55.1) 40 (44.9) 1 0.005 0.005

Negative 11 (28.2) 28 (71.8) 3.12 (1.38–7.03)

Progesterone receptor

Positive 46 (54.1) 39 (45.9) 1 0.021 0.021

Negative 14 (32.6) 29 (67.4) 2.44 (1.13–5.26)

Her-2-neu

Positive 16 (50.0) 16 (50.0) 1

Negative 44 (45.8) 52 (54.2) 1.18 (0.53–2.63) 0.683 0.683

Bold values indicate statistical significance p<0.05, OR odds ratio calculated at 95 % confidence interval (95 % CI)

(1) Specific level p value, (2) overall variable p value, p value (two-sided) Pearson’s χ2 test
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4 tissues showed normalMGMTexpression. In contrast, 15 of
the 18 unmethylated tumors expressed almost normal
amounts of MGMT whereas only three unmethylated tumor
tissues showed loss of expression of MGMT. Representative
results are shown in Fig. 5, methylated tumor tissues (lane 6
and 8) showed loss of expression ofMGMTcompared to their
adjacent normal tissues (lane 5 and 7). These results con-
firmed that hypermethylation of the CpG islands located in
the promoter region of theMGMT gene is associated with loss
of MGMT expression of protein in breast cancer tissues.

Discussion

Methylation is the main epigenetic event in humans involved
in cancer initiation and progression. Early detection is critical
for the successful treatment of numerous types of cancer, in-
cluding breast cancer. As aberrant methylation is frequently
observed during early tumorigenesis even before cancer

development, their profiling can be exploited for the detection
of potentially premalignant disease and prediction of human
malignancies [28–32].

The main aim of this study was to determine the methyla-
tion level in the promoter region of MGMT gene in breast
cancer patients and to investigate the association between
the methylation status of the examined gene promoter and
the available demographic, clinicopathological characteristics,
i.e., age, tumor grade, lymph node status, stage, ER/PR and
Her-2-neu status in primary breast tumors from 128 patients.
Aberrant promoter DNAmethylation has been examined with
a variety of methodologies having different sensitivities, in-
cluding SSCP, COBRA, MSP, and sequencing [33]. MSP is
currently the most commonly used method due to its claimed
efficiency in heterogeneous cancer cell populations [34]. In
the present study, we used MSP approach in order to deter-
mine methylation status ofMGMT, a DNA repair gene. From
each patient, a breast cancer sample and the adjacent normal
breast tissue were evaluated. With this design, pair of cancer
and normal samples was available for each case. In our cohort
MGMT promoter methylation was found in 39.8 % of the
cases as against 2.6 % of the corresponding normal breast
samples. In accordance with our findings, many earlier studies
have found that the frequency of MGMT methylation fluctu-
ates between 22 and 32% [12, 18, 19]. Our data, however, are
at variance with the findings of Fumagalli et al. who reported a
very high frequency of MGMT methylation [20] and several
other studies reporting either rare or total absence of methyl-
ation ofMGMT gene in breast cancer [21, 24, 30]. The reason
for this discrepancy remains unknown, but may be due to
sample size differences in individual studies, differences in
ethnic origins of patients, well-known heterogeneity of breast
tumors and analytical methods used to determine methylation
status.

In this article, we reported the identification ofMGMT gene
as an epigenetic target in breast cancer patients of Kashmir. A
significant correlation was observed between aberrantMGMT
methylation and its gene silencing, suggesting that DNA
methylation may be the possible mechanism involved in loss
of MGMT expression in breast tumors. However, negative
immunostaining in 41.6 % of unmethylated cases could be
due to histone modifications—binding of methyl-CpG bind-
ing proteins, demethylation of histone H3 lysine 9 and MBD,
which have also been identified to be the regulators ofMGMT
expression in breast cancer in other populations [12].

Several studies have found that mean MGMT activity are
higher in tumors as compared to their normal tissue counter-
parts [35–40]. For example, Silber et al. assessed levels of
MGMT in histologically normal brain tissue adjacent to pri-
mary brain tumors and demonstrated absence of detectable
MGMT activity in normal brain [41]. However, we identified
reduced expression of MGMT in 53 % of the breast cancer
tumors. Our results are in agreement with others, which

Table 5 Multivariable logistic regression for MGMTexpression—loss
of protein expression versus protein expression (reference)

Variable OR (CI 95 %) p value

Tumor grade

I 1 0.004

II 2.56 (0.94–6.97)

III 14.29 (2.99–68.16)

Nodal status

Negative 1 0.053

Positive 2.33 (0.99–5.49)

Estrogen receptor

Positive 1 0.015

Negative 3.09 (1.251–7.64)

Progesterone receptor

Positive 1 0.007

Negative 3.39 (1.39–8.25)

p value from χ2 test, bold values indicate statistical significance p<0.05

OR odds ratio at 95 % confidence interval (95 % CI)

Fig. 5 The representative western blot shows the expression of MGMT
protein using the MGMTantibody and corresponding loading control (β-
actin). Lane 1: empty vector (pB513B1) transfected HEK cell lysate
(25 μg), lane 2: pB513B1-MGMT transfected HEK cell lysate (10 μg),
lane 3: pB513B1-MGMTtransfected HEK cell lysate (40 μg), lane
4:pB513B1-MGMT transfected HEK cell lysate (60 μg), lane 5: (N1)
normal breast tissue lysate (25 μg), lane 6: (T1) breast tumor tissue lysate
(25 μg), lane 7: (N2) normal breast tissue lysate (25 μg), lane 8: (T2)
breast tumor tissue lysate (25 μg)
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demonstrate significantly lower amounts ofMGMT in tumors
ranging from 19 to 93.3 % [14, 19, 42, 43].

We also investigated the association of promoter hyperme-
thylation and loss of expression with various clinicopatholog-
ical parameters of breast cancer. The prevalence of MGMT
methylation was essentially dependent on tumor histological
stage and grade, thus indicating that this event occurs at a later
stage. In the present study, loss of expression of MGMT also
tended to be associated with higher malignant nuclear grade of
cancer cells which suggests that expression ofMGMTmay be
a sign of low biologic aggressiveness. Therefore, our finding,
in agreement with an earlier studies [14, 18, 42], supports the
hypothesis that loss of MGMT function may be related to a
more aggressive phenotype with a higher risk of metastatic
disease. Our study also demonstrated the association of loss
of MGMT expression with lymph node metastasis in breast
cancer suggesting that the breast tumors with reduced expres-
sion of MGMT may possess a biologically aggressive pheno-
type or we can say that MGMT may have a metastasis sup-
pressing function. Recently reported data also has indicated
significantly higher MGMT protein expression in the tumors
with no lymph node metastasis compared with the tumors
positive for lymph nodemetastasis [44]. However, our finding
is inconsistent with the earlier studies who did not find any
association between loss of MGMT expression and nodal sta-
tus in breast cancer [12, 14, 26, 43]. While lymph node in-
volvement appeared to positively trend with loss of MGMT
expression in univariate analysis, this association could not be
confirmed on the multivariate analysis and may require a larg-
er dataset to evaluate this.

In addition, we compared the methylation status and ex-
pression of MGMT with the standard Immunohistochemical
parameters (Her-2, ER, and PR, Fig. 2). Both the promoter
hypermethylation and the loss ofMGMT expression were sig-
nificantly correlated with negative ER and PR status
supporting the hypothesis that disruption of the maintenance
mechanisms of the genomic methylation pattern in cells could
result in discrete expression profiles of primary breast cancer
because all three genes are known to be epigenetically si-
lenced [45, 46]. Similar to our findings, early studies have also
demonstrated simultaneous loss of all the three proteins [14,
43]. Our data is also in agreement with the observations of
Neto JC et al., who found significantly greaterMGMT protein
levels in luminal-type compared with basal-like tumors [42].
However, correlations with any other clinicopathological fea-
tures were not attained, apart from a marginal correlation of
MGMT methylation with age.

The reduced expression ofMGMT in tumors than in normal
tissue is a remarkable finding. Tumors that express little or no
MGMT are more likely to show better response to alkylating
agents; conversely, tumors with high MGMT levels are more
likely to be drug-resistant [36]. The strong correlation of pro-
moter methylation in MGMTwith the lack of its expression, a

favorable prognosis, and sensitiveness to alkylating drugs has
been described in nervous system-related tumors. The pres-
ence of methylation onMGMT is currently used as an indica-
tor of the susceptibility to the chemotherapeutic alkylating
drugs in these tumors [47]. Our results indicate that immuno-
histochemical evaluation ofMGMT could offer a new adjunct
in predicting tumor response to alkylating drugs in breast
cancer.

Conclusion

In conclusion, we found MGMT methylation frequently in
invasive ductal carcinoma of breast and thatMGMTmethyla-
tion is associated with the loss of MGMT protein expression.
Moreover, based on our results, we hypothesize that the im-
munohistochemical assessment of this marker predicts tumor
progression and could be extended in future to provide mo-
lecular staging, and predictive information with regards to
response to therapy. The clinical significance of our prelimi-
nary findings should be further confirmed in large cohorts that
will undoubtedly lead to a greater understanding of breast
cancer progression and may help in future to establish thera-
peutic strategies for patients with breast cancer.
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