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Abstract

DNA methylation plays an important role in carcinogenesis through epigenetic silencing of tumor suppressor
genes. Aberrant methylation usualy results from changes in the activity of DNA methyltransferases
(DNMTs). Some studies show that the overexpression of the DNMTs may lead to aberrant methylation of
tumor suppressor genes. Also the overexpression of DNMTs may be related to methylation status of their
genes. Due to limited number of studies on DNMT3B promoter methylation, this study was performed to
guantitatively measure the methylation level of DNMT3B genein archival formalin fixed paraffin embedded
(FFPE) tissues from breast cancer patients. Using differential high resolution melting analysis (D-HRMA)
technology, the methylation level of DNMT3B gene promoter was quantified in 98 breast cancer FFPE
tissues and also 10 fresh frozen normal tissue samples. Statistical analyses used for analyzing the correlation
between the methylation and clinical variables. All the normal samples were found to be methylated at the
DNMT3B promoter (the average methylation level 3.34%). Patients were identified as hypo-methylated
(mean methylation level 0.8%), methylated (mean methylation level 2.48%) and hyper-methylated (mean
methylation level 10.5%). Statistical analysis showed a significant correlation between the methylation status
and the sample type, cancer type and tumor size. Also the methylation level was significantly associated with
histologic grade. It is concluded that quantification of DNMT3B promoter methylation might be used as a
reliable and sensitive diagnostic and prognostic tool in breast cancer. Also D-HRMA is demonstrated as a
rapid and cost effective method for quantitative evaluation of promoter methylation.
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INTRODUCTION

Methylation at 5-position of cytosine in
DNA is the most common epigenetic change
that plays a critical regulating role in
mammalian cells, including genomic imprinting,
X-chromosome inactivation, transposon silen-
cing, regulation of gene expression and
development (1,2). Alterations in methylation
pattern of DNA such as hypo- or hyper-
methylation of DNA have been found in many
human diseases, especially in cancers (1,3).
Cancer cells commonly represent global hypo-
methylation in the whole genome and

regional hyper-methylation in the promoter of
tumor suppressor and DNA repair genes (1,4).
These aberrant methylations are caused by
changes in the activity of DNA methyl-
transferases (DNMTYs) catalyzing the addition
of methyl groups to cytosine nucleotides at CpG
sites (1).

Among the DNMT enzyme family, the
DNMT3 subfamily with two important
members, DNMT3A and DNMT3B, are
responsible for de novo methylation. In contrast
DNMT1 performs maintenance methylation
following DNA replication (1,3). Severa
studies have demonstrated the increased
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expression of the DNMTs can result in hyper-
methylation of specific tumor suppressor
genes and poorer prognosis of cancer (5-7).
Although some other reports have shown that
there is no correlation between DNMT
expression and regional DNA hyper-methylation
(8). It seems that over-expression of DNMTs
in cancer may be related to hypo-methylation
of the promoter region of their genes. Asit has
been reported by Raendran and coworkers,
DNMT3B overexpression is accompanied by
DNMT3B promoter hypo-methylation in
glioma tumors. But overexpressed DNMTL1
revealed an unmethylated DNA at the
promoter region in tumor samples, similar to
that was detected in normal brain tissues (9).
However, Zhu and colleagues have claimed
that in both norma and neoplastic pituitary
samples, low methylation level at promoter
region of DNMT3B was detectable and no
significant difference was observed between
these groups (10). Another study that has been
performed by Drini and coworkers also showed
that there was no association between the
DNMTs promoter methylation and hyperplastic
polyposis syndrome. In other words the
DNMT genes in normal and diseased tissues
were similarly unmethylated (11). Therefore in
our study we decided to quantitatively determine
the promoter methylation of DNMT3B gene in
breast cancer and its relation with patients
clinical prognostic factors. To our knowledge,
till present no study has been performed
for quantitative anaysis of the promoter
methylation of DNMT3B gene in breast cancer
patients.

Many different methods have been
developed for assaying the DNA methylation.
Previousy used methods were further
gualitative, but new quantitative methods for
evaluating DNA methylation level are
introduced. Differential high resolution melting
analysis (D-HRMA) is one of these quantitative
techniques that have been recently used for the
assessment of DNA methylation levels
(12-14). This method is based on resolving the
bisulfite treated DNA templates with different
methyl cytosine contents, by melting analysis,
according to their different melting points
(12,13). Also in comparison to other quanti-
tative methods, it is a relatively simple and
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cost effective technique for the measurement
of DNA methylation (13).

We aso used archiva formalin fixed
paraffin embedded (FFPE) tissues as a source
for extracting DNA. FFPE blocks represent a
considerable and enormous source for testing
and analyzing clinically important diseases. To
the best of our knowledge, till present not
many studies have been done on the
performance of D-HRMA in FFPE tissues,
because of the difficulties regarding the
extraction of DNA with high quality (13). The
present study was designed to quantitatively
determine the promoter methylation of
DNMT3B gene in archival FFPE tissues
from breast cancer patients using D-HRMA
method.

MATERIALSAND METHODS

Specimens and controls

Ninety eight breast cancer FFPE tissue
samples related to years 2005 to 2009 were
collected from the Department of Pathology of
Imam Khomeini and Shafa University
Hospitals, in Ahvaz, Iran. Samples were
identified as ductal carcinoma in situ (DCIS)
(n=8), invasive ducta carcinoma (IDC)
(n=65), invasive and in situ ductal carcinoma
(DCIS + IDC) (n=20), invasive lobular and
ductal carcinoma (ILC+IDC) (n=2) and
inflammatory carcinoma (n=3). Additionally
10 fresh frozen tissue samples from normal
marginal tissues of tumor in breast cancer
patients were prepared and analyzed. Ethical
guidelines were met for sample collection.

Epitect Controi DNA methylated and
bisulfite converted (Qiagen, Germany) and
epitect control dna unmethylated and bisulfite
converted (Qiagen, Germany) were used as
positive (fully methylated) and negative (fully
unmethylated) controls, respectively. Also
epitect controi DNA unmethylated and
unconverted (Qiagen, Germany) was used as
the control for bisulfite treatment.

A series of standard dilutions of methylated
DNA was prepared by diluting 100% or fully
methylated and bisulfite treated control DNA
in a background of unmethylated and bisulfite
treated control DNA at ratios of 50%, 5%
and 1%.



Genomic DNA extraction and bisulfite
treatment

The stained pathological dlides of each
patient were reviewed by pathologist and the
appropriate ones containing the maximum
percent of cancer cells were selected. The
corresponding paraffin blocks were dliced into
6 micron samples by the means of a microtome.
Genomic DNA of patient samples was
extracted from paraffin block slices using
QIAamp DNA FFPE Tissue Kit following the
manufacturer’s instructions (Qiagen, Germany).
Genomic DNA of fresh frozen normal tissues
was isolated by standard SDS-proteinase K
digestion and phenol-chloroform extraction
method.

After determining the DNA concentration
of samples by NanoDrop 2000 instrument
(Thermo  Scientific), the samples were
modified using Epitect Bisulfite Kit (Qiagen,
Germany), according the manufacturer's
protocol. Bisulfite treated DNA was resuspended
in 20 pl elution buffer and used for D-HRMA.
To control the bisulfite treatment method,
EpiTect control DNA unmethylated and
unconverted (Qiagen, Germany) was used as
the template for bisulfite modification.

Differential high resolution melting analysis

A Rotor-Gene ™ 6000 (Corbett Research,
Australia) was utilized for PCR amplification
and HRM analysis. A pair of primers were
designed by Methprimer software (Li Lab,
USA), amplifying a 95 bp product with 6 CpG
sites. The primer sequences for DNMT3B
(HUGO Gene Nomenclature Committee,
HGNC: 2979) were as follows:
meDNMT3BF95: 5'-AAAGTAGGATGA TA
GGTAGGGGTAT-3 and meDNMT3BRO5:
5-TATAATCACACAACACCAAAATCTC-3'.

PCR amplification was carried out in 20 pl
volume containing: 1X Epitect HRM PCR
Master Mix (Qiagen, Germany), 750 nM of
each primer and 100 ng bisulfite treated DNA
template. The amplification condition was 5
min at 95°C, then 50 cycles including 10 sec at
95°C, 30 sec at 55°C, 10 sec at 72°C. An
optional denaturation and renaturation step
was performed for 30 sec at 95°C and 30 sec at
50°C, followed by an HRM step ramping from
60°C to 85°C rising 0.1°C per 2 sec.
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Using the software provided by Rotor-Gene
6000, the normalization of melting curves was
performed for two normalization regions
before and after the mgor fluorescence
decrease. This algorithm permits the direct
comparison of samples with different starting
fluorescence levels. The differential graph was
evaluated for each sample by comparing the
value of fluorescence at the melting point
against the value of fluorescence of the
negative (unmethylated) control. All samples
were analyzed in duplicate.

Statistical analysis

Samples were considered as hyper-
methylated when the measured methylation
level exceeded the mean methylation level of
norma samples by two times the standard
deviation of norma samples, and conversely,
as hypo-methylated when the methylation
level was less than the mean methylation level
of normal samples by two times the standard
deviation of norma samples. Correlations
between the methylation levels and samples
demographic and clinical variables were
anadyzed using Pearson, Kendal's tau-b
correlation tests. Also one way ANOVA was
used to compare the methylation levels. Chi-
squared and nonparametric Kruskal-Wallis test
were used to determine the relationship
between the methylation status and different
demographic and clinical factors. All
analyses were performed using Statistical
Package for Science Software (SPSS) version
16.0. P<0.05 was considered statistically
significant.

RESULTS

The standard curve for DNMT3B D-HRMA
To determine the amount of methylated
DNA in the unknown samples, the linearity of
the standard curve must be guaranteed for the
assay. Using a range of dilutions as described
in the materials and methods section, we tried
to meet this requirement. All dilutions showed
amplification plots with comparable C; values
(Fig. 1A). The normalized fluorescence
HRM graph showed different HRM profiles
for various amplicons indicating the
differences in their melting points (Fig. 1B).
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Fig. 1. DNMT3B D-HRMA graphs using seria dilutions of methylated DNA (from 100% to 0%). (A) The
amplification plots were obtained for all standard dilutions (from 100% to 0% methylated DNA) as the template, with
comparable C; values. (B) The normalized fluorescence HRM profiles of various amplicons amplified from each
standard diluted methylated DNA. (C) The differentia fluorescence plots were obtained by normalizing HRM profiles
against the unmethylated DNA. (D) The melting curve of the standard dilutions identified the specificity of the assay.

The differential fluorescence graph was
obtained by normalizing HRM profiles against
the unmethylated control DNA (Fig. 1C).
Also the melting curve of the standard
dilutions identified the specificity of the assay
(Fig. 1D). Due to differences in fluorescence
of the dilutions, differential analysis generated
peaks with various heights. The highest peak
corresponded to 100% methylated DNA. The
height of other peaks decreased proportional
tocorresponded to 100% methylated DNA.
The height of other peaks decreased
proportional to decreasing the percentage of
methylation in the diluted samples. The Rotor-
Gene 6000 software made it possible to obtain
the value of height for each differentia
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fluorescence peak (Fig. 2A). These values
were then plotted against the dilution factors to
produce a linear calibration curve (Fig. 2B).
Also unmethylated and unconverted control
DNA was used as the control for bisulfite
modification. The graphs related to the
unmethylated and bisulfite converted control
DNA and unmethylated control DNA
subjected to bisulfite treatment, fitted quite
well. Thus these results confirm the accuracy
of bisulfite treatment protocol.

DNMT3B methylation D-HRMA in breast
cancer

After the preliminary assessment of the
linearity of D-HRMA in quantifying the



A
Per centage of Mean differential
methylated DNA fluor escence
100 76.26
50 62.85
5 14.70
1 1.63
0 0
B

100 ~

10 4

Differential Fluorescence {Delta)
-

R?=0.9483

1 10 100

Percentage of Methylated DNA

Fig. 2. Differential fluorescence values and the standard
curve of the serial dilutions of methylated DNA (from
100% to 0%). (A) Differential fluorescence values
obtained at the melting point of each standard dilution.
(B) The standard curve generated by plotting
differential fluorescence values against the percentage
of methylation. All the dilutions were tested in
duplicate.

methylation levels of DNMT3B promoter
region, we determined the percentage of
methylation in DNA extracted from 98 breast
cancer FFPE tissues and 10 normal breast
tissues. The DNA was subjected to amplification
and HRM, and the resulting plots were used to
calculate the methylation levels. Both the
methylation status and level were analyzed
against demographic and clinicopathological
variables. Table 1 summarizes the samples
information and results obtained by statistical
analysis. The results showed that the mean
methylation level of the normal samples was
3.34% with the standard deviation of 0.97%.

About 48% of patients had the mean
methylation level of 0.8 + 0.36% and therefore
were classified as hypo-methylated. 37.8% of
patients were methylated with the average
methylation level of 248 + 0.92%. Also
14.3% of the patients had the mean
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methylation level of 10.5 + 9.51% and were
classified as hyper-methylated. Statistical
analysis showed a significant correlation
between the sample type and the methylation
status (P=0.001), athough no significant
correlation was observed between the sample
type and the mean methylation level (P=0.737).

Also satistical analyses represented a
significant correlation between the DNMT3B
promoter methylation status and the cancer
type (P=0.006). One way ANOVA test
showed a significant association between the
methylation level and cancer type (P<0.001).
Tukey and Bonferroni post hoc tests further
demonstrated that the DNMT3B promoter
methylation level was significantly higher in
patients with mixed invasive lobular and
ductal carcinoma (ILC+IDC) compared to
other types of breast cancer (P<0.001). Also
there was a significant correlation between the
methylation level and histologic grade
(P=0.016). No significant correlation was
observed between the methylation status and
grade (P=0.136). However about 54.3% of
high grade tumors (grade I11 + V) and 42.3%
of low grade tumors were hypo-methylated,
compared to the normal samples (P=0.001).

The methylation status was significantly
correlated with tumor size (P=0.038) and
gender (P=0.032), dthough there was no
significant association between the methylation
level and tumor size (P=0.671) or gender
(P=0.352). Fig. 3 shows the association
between DNMT3B methylation level and
cancer type, histologic grade and tumor size.
Also no significant correlation was shown
between the methylation status or level and
patients age or other cancer progression
hallmarks such as nodal involvement, distant
metastasis and clinical staging.

Furthermore, in comparison with all normal
samples which had the methylation level
between 1-5%, in 45 out of the 98 breast
cancer patients (45.9%), the DNMT3B
methylation was detected below 1%. In the
DNA from 42 of the 98 patients (42.9%), the
methylation level was between 1 and 5%. Also
9 samples (9.2%) had methylation level
between 5 and 10% and for the remaining 2
samples (2%) the methylation was in the range
of 10-50% (Table 2).
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Table 1. Clinical characteristics of the analyzed samples and analysis of DNMT3B promoter methylation according to
variables.

DNMT 3B methylation status DNMT3B methylation level
Clinical Hypo- methylated Methylated Hyper- methylated P-value Mean + SD P-value
Variables N (%) N (%) N (%) (%)
Age 0.499° 0.287¢
Sampletype 0.001° 0.737%
Patient 47(48%) 37(37.8%) 14(14.3%) 2.82+4.79
Normal 0 10(100%) 0 3.34+0.97
Agegroup 0.837 0.823
=< 30 3(60%) 1(20%) 1(20%) 2.21+2.29
31-40 7(41.2%) 9(52.9%) 1(5.9%) 2.26+1.64
41-50 18(45%) 16(40%) 6(15%) 2.67+2.96
>50 19(41.3) 21(45.7) 6(13%) 3.33+6.35
Gender 0.032 0.352
Female 43(41.3%) 47(45.2%) 14(13.5%) 2.95+4.64
Mae 4(100%) 0 0 0.77+0.18
Cancer type 0.006 <0.001
DCIS 3(37.5%) 4(50%) 1(12.5%) 2.66+2.28
IDC 34(52.3%) 21(32.3%) 10(15.4%) 2.43+2.68
DCIS+IDC 8(40%) 10(50%) 2(10%) 2414272
ILC+IDC 0 1(50%) 1(50%) 22.35+28.48
Inflammatory 2(66.7%) 1(33.3%) 0 1.33+0.84
C 0 10(100%) 0 3.34+0.97
Normal
Histologic
grade 0.136° 0.016°
0 0 10(100%) 0 3.34+0.97
| 2(33.3%) 3(50%) 1(16.7%) 2.50+2.49
I 20((43.5%) 18(39.1%) 8(17.4%) 3.49+6.44
I 25(54.3%) 16(34.3%) 5(10.9%) 2.18+2.56
Tumor size 0.038 0.671
TO 0 10(100%) 0 3.34+0.97
T1 2(33.3%) 3(50%) 1(16.7%) 2.59+2.49
T2 27(54%) 16(32%) 7(14%) 2.54+3.04
T3 18(47.4%) 16(42.1%) 4(10.5%) 3.0+6.79
T4 0 2(50%) 2(50%) 494424
Nodal 0.154 0.836
involvement
NO 8(28.6%) 17(60.7%) 3(10.7%) 2.91+2.74
N1 15(50%) 10(33.3%) 5(16.7%) 2.56+3.05
N2 19((54.3%) 14(40%) 2(5.7%) 1.92+1.44
N3 5(33.3%) 6(40%) 4(26.7%) 5.62+10.52
Metastasis 0.522 0.445
MO 37(44.6%) 34(41%) 12(14.4%) 2.68£2.72
M1 10(40%) 13(52%) 2(8%) 3.48+8.22
Clinical stage 0.419 0.196
0 0 10 (100%) 0 3.34+0.97
[ 2(40%) 2(40%) 1(20%) 2.72+2.76
I 13(48.1%) 10(37%) 4(14.8%) 2.62+2.97
I 22(51.2%) 14(32.6%) 7(16.3%) 2.56+2.83
v 10(43.5%) 11(47.8%) 2(8.7%) 3.5+8.58

*P obtained from:  One way ANOVA, ° Chi-squared test, © Kruskal-Wallis, @ Pearson, ¢ Kendall’s tau-b. P<0.05 was
considered as statistically significant.
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Fig. 3. Association between DNMT3B methylation level and cancer type (A), histologic grade (B,) and tumor size (C).

Table 2. Screening the samples using DNMT3B D-
HRMA in breast cancer and normal tissues.

Methylation ~ Number of breast  Number of normal

(%) cancer samples(n=98) samples(n=10)

<1% 45(45.9%) 0
1-5% 42 (42.9%) 10 (100%)
5-10% 9 (9.2%) 0
10-50% 2 (2%) 0
50- 0 0
DISCUSSION
The role of aberrant methylation in

carcinogenesis and cancer biology is well
characterized. The aberrant methylation often
results from alterations in the activity of
DNMT enzymes (1-3). Also it seems that
overexpression of DNMTSs in cancer, may be
caused by hypo-methylation of the promoter
region of their genes, asit has been claimed by
Rajendran and coworkers for DNMT3B (9).
However some reports do not confirm this
hypothesis (10,11). In this study we quan-
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titatively evaluated the promoter methylation
of DNMT3B genein breast cancer patients.
We used D-HRMA as a sensitive and
reliable method for the assessment of DNA
methylation in 98 breast cancer FFPE tissues
and also 10 normal samples. Both the patients
and norma samples showed a low average
methylation level with little difference
between them. The low methylation level at
promoter region of DNMT3B in pituitary cell,
with little difference between norma and
tumor samples has previously been reported
(20). Another study also showed that DNMTs
genes in normal and polyp tissues were
similarly unmethylated (11). Meanwhile, there
was a sdgignificant difference between the
methylation levels of patients. According to
the mean methylation level of normal samples,
the patients could be classified as hypo-
methylated, methylated and hyper-methylated.
it has aso been shown that DNMT3B
promoter in glioma tumors is found to be
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hypo-methylated. Also it has been claimed
that the overexpresson of DNMT3B in
glioma tumors may have resulted from its
promoter hypo-methylation, although the
overexpression of DNMTL1 in tumor samples
has not revealed any association with its
promoter methylation status (9). In genera the
molecular mechanisms affecting the epigenetic
regulation of DNMTs are still not well
characterized. Association of overexpression of
both DNMT1 and DNMT3B proteins in lung
cancer with hypermethylation of multiple
tumor suppressor genes and thus poorer
prognosis have been reported (5,6). However,
the DNMT protein and mRNA levels are
not simply associated with hyper-methylation
in cancer (8,15). On the other hand the
study performed by Lopez and coworkers
revealed that the increased expression of
DNMT3B protein in colorectal cancer is due
to the stabilization of DNMT3B mRNA by
HuR proteins upon promoter methylation (1).
In our study, we have detected that DNMT3B
promoter might be hypo-methylated in
breast cancer. However further analysis should
be peformed on the relation between
DNMT3B mRNA and protein levels and its
methylation status.

We detected that the mean level of
DNMT3B methylation was approximately
lower in advanced grades of breast cancer
suggesting that the DNMT3B hypo-
methylation might be used as a marker for
cancer progression. In other words, the lower
the DNMT3B methylation level is, the more
the expression of DNMT3B, thus the more
hyper-methylation of tumor suppressor genes
and the more progression of cancer. Of course
there was an unexpected high methylation
level in grade Il of cancer. A differential
methylation pattern of DNMT3B in gliomas,
i.e., a hypo-methylation in tumor samples and
a hyper-methylation in normal ones have
reported by researchers. Also afew of the high
grade tumors (especially grade 1V) displayed
aberrant methylation. Their study also showed
DNMT1 promoter in norma and tumor
samples was similarly unmethylated (9).
Gomori and coworker also have reported
DNMT1 promoter hyper-methylation is not
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observed in low grades of gliomas but it
mainly occurs in secondary gliobastomas (16).

We found that patients with mixed ILC and
IDC had the highest percentage of promoter
methylation. Meanwhile patients with DCIS,
IDC, DCISt+ IDC and inflammatory carcinoma
respectively had lower percentage of
methylations rather than normal samples,
indicating that DNMT3B methylation level
might be related to the type of cancer. To our
knowledge, there have been no reports of
guantification of DNMT3B methylation in
breast cancer patients. However further
analysis may be necessary to examine this
hypothesis.

Also we found that methylation status
correlated with tumor size, i.e., by increasing
the tumor size, the percentage of hypo-
methylated samples is increased. However
tumors with sizes above 2 displayed an
aberrant high methylation level. Thisisanovel
finding since there have been no reports of any
significant correlation between DNMT3B
methylation status and tumor size. The
previous studies show no link between the
DNMT3B expression status and tumor size in
breast cancer (17).

CONCLUSION

In summary, our study presents substantial
information related to methylation status of
DNMT3B promoter. Also it demonstrates the
applicability of D-HRMA as a fast, reliable
and cost effective technique in quantification
of promoter methylation, especially in FFPE
tissues. In addition methylation sensitive D-
HRMA can be used as a promising tool for the
detection of new biomarkers in cancers,
helping us for early diagnosis, prognosis and
treatment of the disease.
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