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Aberrant methylation of Glutathione S-transferase P1 and
E-cadherin in invasive ductal breast carcinoma and fibroadenoma

Wings Tjing Yung Loo, Mary Ngan Bing Cheung, Louis Wing Cheong Chow

[Abstract] Objective To investigate the hypermethylation status of glutathione
transferase P1I(GSTP1) and E-cadherin (ECAD), TSGs (tumor suppressor genes) in
our breast cancer samples and explore their correlation with clinicopathological
features of corresponding cancer patients. Methods One hundred and thirty-six IDC
(invasive ductal carcinoma) patients were recruited for analysis and 16 fibroadenoma
patients acted as control. DNA extraction and methylation-specific PCR (MSP) were
subsequently performed preceded by pathological examination. Results The
percentage of hypermethylated GSTPI1 in carcinoma and fibroadenoma groups was
34.92% and 15. 79% respectively and the percentage of hypermethylated ECAD in
carcinomas and fibroadenomas was 18. 00% and 0. 00% respectively. Carcinoma had
the highest percentage of c-erbB2 overexpression being 54. 55% among the
clinicopathological parameters. Conclusion Hypermethylation patterns are frequent
in IDC and seem to relate to c-erbB2 overexpression, and such epigenetic change
should not be neglected in fibroadenoma. Tumor methylation status in cancer patients
can be determined at early stage and it may be a reference for better treatment
planning.

[Key words] DNA hypermethylation; Methylation-specific PCR; Glutathione

S-transferase P1 gene; E-cadherin; Breast invasive ductal carcinoma; Fibroadenoma

DNA methylation in the “CpG islands” of the promoter region of genes
is a common process controlling gene expression in mammalian cells
epigenetically and such process sometimes is necessary for normal growth
and development'). X chromosome inactivation in females and imprinted
genes are also examples of “CpG islands” methylation”. DNA methyl
transferase I, IIIA and IIIB catalyzes these reactions?*). DNA methyl
transferase I is mainly involved in the maintenance of methylation status of

genomes through DNA replication, whereas DNA methyl transferase II1IA
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and IIIB act principally for the de novo DNA methylation in the early stages
of development "V,

Neoplastic cells display a variety of genomic alterations, among which
those involving DNA methylation constitute the most spectacular epigenetic
change. Such aberrant methylation and silencing of multiple genes include
genes that regulate critical processes such as cell cycle control, DNA repair,
and angiogenesist®. The cause of aberrant promoter methylation in
neoplastic cells remains to be elucidated. In the case of cancer development,
aberrant hypermethylation of tumor suppressor genes (TSGs) would
transcriptionally silence their expression and increase the rate of genetic

[3-4]

mutation Such alteration in gene expression patterns causes the change

in many involved signaling pathways, and the patterns are different for

1 Regional DNA hypermethylation and silencing of

different tumor types
TSGs in cancer has been the focus of attention in the last decade™*!. The
biologic mechanisms implicated in the initiation and progression of human
breast carcinoma is still poorly understood.

Fibroadenoma (FA) is one of the most common benign lesions of the
breast and is considered a proliferative alteration of the epithelial and
stromal components. Although this lesion is generally considered benign,
several reports have demonstrated that a fibroadenoma increase the risk of
developing breast cancer'?'%,

Glutathione S-transferase P1 (GSTP1) is a member of the glutathione-
S-transferase (GST) superfamily that catalyses the conjugation of the
peptide glutathione with electrophilic compounds including carcinogens,
resulting in less toxic and more readily excreted metabolitest*?, Tts
corresponding gene, GSTP1, therefore is not considered as a DNA-repair

[15]

gene, but rather, a DNA damage prevention gene Because of its non-

specific detoxification function, epigenetic inactivation of GSTP1 might lead
to the accumulation of dangerous compounds that covalently bind to DNA,

forming apurinic stable adducts and perhaps mutations'’’. The pi-class GST

[16]

has been associated with preneoplastic and neoplastic changes-'*, it has also

been discovered that the loss of GSTP1 expression in breast carcinomas is

due to its promoter hypermethylation %%,



¢« 510 - thAEZL IR 2235 (R T 2010 48 10 3 45 4 % 45 5 # Chin J Breast Dis(Electronic Edition) . October 2010, Vol. 4,No. 5

E-cadherin is one of the foci in the study of cancer progression and

[23-26]

metastasis It is a calcium-dependent transmembrane glycoprotein,

existing as dimmers, which mediates homophilic cell-cell adhesion and tissue

[27]

homeostasis in normal epithelia**”. Loss of E-cadherin expression is thought

[25-26]

to facilitate tumor cell detachment from primary tumor Reduction or

loss of expression of E-cadherin is associated with invasion, metastasis, and

[28-29]

poor prognosis in several types of human malignancies , including breast

[30-31]

cancer Loss of normal E-cadherin expression in invasive ductal

carcinomas (IDC) is usually due to epigenetic mechanisms rather than
genetic mutations %,

The hypermethylation status of GSTP1 and ECAD was quantitatively
assessed in this study using the methylation-specific PCR (MSP) method.
Hypermethylation patterns in IDC were obtained and their relationship with
clinicopathological features of the corresponding IDC patients was analysed.
MSP was also performed on fibroadenoma cases using GSTP1 and ECAD
methylated and unmethylated primers. Although studies regarding
GSTP1""' and ECAD™" %) hypermethylation in breast cancer samples have
been studied previously, a proper association between GSTP1 and ECAD
hypermethylation and clinicopathological variables has not been reported.

This study aims to determine whether an association exists between GSTP1 and
ECAD hypermethylated cases and the corresponding clinicopathological variables. If
there is, we can then make use of GSTP1 and ECAD hypermethylation status to
anticipate tumor characteristics in IDC. Furthermore, GSTP1 and ECAD
hypermethylation in breast FA has not yet been studied, thus data obtained
in this study can provide hints about the hypermethylation status of GSTP1

and ECAD in our pool of FA samples, and a comparison between the status
in IDC and FA.

1 Materials and methods
1.1 Patients and samples

One hundred and thirty-six patients with breast invasive ductal
carcinoma (IDC) and 16 patients with fibroadenoma (FA) were recruited for

this study. In accordance with Bloom and Richardson Classification, breast
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carcinomas of tumor differentiation grades I (n=23), Il (n=60) and III
(n=53) were analyzed. Written consent was obtained from all cancer
patients. The tissues were collected in sterilized bottle containing 0. 9%
normal saline from the Queen Mary Hospital, The University of Hong
Kong. Then the tissues were stored at —80 °C for further DNA extraction.

1.2 DNA extraction and methylation-specific PCR (MSP)

DNA was extracted by QLAamp DNA Mini Kit (QIAGEN, Canada).
The extracted DNA was modified by CpG DNA Modification Kit
(CHEMICON INTERNATIONAL, USA). Both the specific methylated
and unmethylated primers for each gene were used for PCR. The sense and
antisense primers for the methylated GSTP1 sequences were 5'-
TTCGGGGTGTAGCGGTCGTC-3" and 5'- GCCCCAATACTAAATCACG
ACG-3'. The sense and antisense primers for the unmethylated GSTPI
sequence were 5 -GATGTTTGGGGTGTAGTGGTTGTT-3" and 5'-CCA
CCCCAATACTAAATCACAACA -3'. The sense and antisense primers for
the methylated ECAD sequences were 5 -TTAGGTTAGAGGGTTATCG
CGT-3" and 5-TAACTAAAAATTCACCTACCGAC-3". The sense and
antisense primers for the unmethylated ECAD sequence were 5'- TAATTT
TAGGTTAGAGGGTTATTGT -3' and 5- CACAACCAATCAACAACACA-3'.

The PCR mixture consisted of 1 X PCR buffer [ 20 mmol/L Tris-HCI
(pH 8.4), 50 mmol/L KCl], 1.5 mmol/L MgCl,, 0. 2 mmol/L dNTPs,
40 pmol sense and antisense primers, and 0. 75 units of Taq DNA
polymerase. Initial denaturation at 94 C for 5 min was followed by
50 cycles of denaturation at 94 °C for 30 sec, annealing at 55 ‘C for both
methylated and unmethylated sequences for 30 sec and extension at 72 °C for
30 sec, and a final extension at 72 ‘C for 10 min. GSTPI1 product sizes of
methylation and unmethylation were 91 bp and 97 bp respectively. ECAD
product sizes of methylation and unmethylation were 115 bp and 97 bp
respectively. The PCR products were analyzed on 2% agarose gel stained
with ethidium bromide and they were electrophoresed against a 50bp ladder
(Invitrogen, USA). The images were captured under ultra-violet light.
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1.3 Immunocytochemical studies

The primary monoclonal antibodies (Dako Corporation, CA, USA) of
estrogen receptor (ER), progesterone receptor (PR) and c-erbB2 were
immunocytochemically tested on tissue samples. This was performed by
using a labeled streptavidin biotin (LSAB) complex kit (Dako Corporation,
CA, USA). The paraffin sections were de-waxed and treated with 3% H,O, in
methanol for 10 mins. Antigen retrieval was performed in 0.01 mol/L. citrate
buffer at pH 6. 0 and microwaved prior to being cooled down at room
temperature. The slides preceded by treatment with 10% horse serum for
30 minutes to block nonspecific antibody binding sites, then incubated with
primary antibodies in a ratio of 1 : 200 at 4 ‘C overnight. After incubation,
the sections were washed extensively with PBS and then treated with
biotinylated link and streptavidin-HRP. Staining was performed using 2%
DAB substrate-chromogen solution. Cells were counterstained with
hematoxylin and mounted in Permount.

The intensity of the stain was graded as negative (—), weak positive

[(+), less than 50%) ], or strong positive[ (+ +) to (+++), 50% or

above |, depending on the thickness and darkness of the DAB precipitate /.

1.4 Statistical analysis

Spearman correlation and Pearson Chi-square test were performed for
statistical analysis using SPSS 15. 0 (SPSS Inc. , USA). Percentages of the
patients’ clinicopathological parameters including high tumor grade (grade
I or above), lymph node (LN) and lymphovascular permeation (LVP)
positive, and the overexpression of estrogen receptor (ER), progesterone
receptor(PR) and c-erbB2 within both methylated and unmethylated groups
for GSTP1 and ECAD were calculated.

2 Results
2.1 Pathological results of patients

Patients’ tissues were stained for ER (45.16% overexpressed, (+ )
or above), PR (56. 77% overexpressed, (4 -+ ) or above) and c-erbB2
(52.26% overexpressed. (+-+) or above); the LN positive (57.42%) and
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LVP positive (62.58%), and the tumor grades (I: 35.48%, II: 36.13%,
III: 28.39%) were also identified. The correlation between LN and LVP is
significant (Spearman’s rho=0. 4682, P<C0. 0001).

2. 2 Correlation of methylation and immunohistochemical studies of
GSTP1 and ECAD

Figure 1 indicates the hypermethylation status of four MSP products of
GSTP1. Figure 2 indicates the hypermethylation status of three MSP
products of ECAD, two IDC cases and one fibroadenoma case. The rest of

the samples demonstrated similar results.

IDC1 IDC2 FA1 FA2
f 1 f 1 | | f 1
L U M U M

100 bp—
500 bp—

IDC: invasive ductal carcinoma; FA: fibroadenoma; L: DNA ladder (50 bp); M: methylated sequence; U: unmethylated
sequence.
Figure 1 Detection of GSTP1 hypermethylation by MSP in tumors of patients with

invasive ductal breast carcinoma or benign fibroadenoma.

Casel Case2 FA
[ 1 [ 1

L U M U M U M

100 bp—
500 bp—

IDC: invasive ductal carcinoma; FA: fibroadenoma; L.: DNA ladder (50 bp); M: methylated sequence; U: unmethylated

sequence.
Figure 2 Detection of E-cadherin gene hypermethylation by MSP in tumors of patients with

invasive ductal breast carcinoma or benign fibroadenoma.

Hypermethylated GSTP1 cases and the percentages of the patients’
clinicopathological parameters including lymph node (ILN) and lymphovascular
permeation (LVP) positive, and estrogen receptor (ER), progesterone receptor
(PR) and c-erbB2 overexpressed are detailed in Table 1. The percentages for
ECAD are detailed in Table 2. Only the percentages of positive and overexpressed

clinicopathological parameters are shown, the negative and under-expressed ones
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are omitted. Methylation frequency of GSTP1 in the breast cancer samples was
34.92% (Table 1), and 15. 79% for the fibroadenoma cases (data not shown).
Methylation frequency of ECAD in the breast cancer samples was 18. 00% (Table

2), and all the fibroadenoma samples were unmethylated.

Table 1 Comparison of hypermethylated and unmethylated GSTP1 of IDC cases with clinicohistopathological status (%)

Methylation status of GSTP1 High Grade LN(+) LVP(+) ER overexpression PR overexpression  c-erbB2 overexpression

M 34.92 45. 45 31.82 36. 36 40. 91 27.27 54. 55*
U 65.08 56. 10 34.15 26. 83 41. 46 36. 58 41. 46

M. hypermethylation; U. un-methylation; High grade: tumor differentiation grade II or above; Overexpression: (+-+) or above; LN(-+): lymph
node positive; LVP(-+); lymphovascular permeation positive;

a: P<C0. 05, Pearson Xz test shows the significant difference from the unmethylated, Odds ratio: 2.394 (95% CI. 1.348—4.253).

Table 2 Comparison of hypermethylated and unmethylated ECAD of IDC cases with clinicohistopathological status (%)

Methylation status of ECAD High Grade LN(+) LVP(+) ER overexpression PR overexpression  c-erbB2 overexpression
M 18.00 41,67 29.17 29.17 41,67 33.33 58.33
U 82.00 74.05 58.22 59. 04 50. 84 51. 66 54. 94

M. hypermethylation; U: un-methylation; High grade: tumor differentiation grade II or above; Overexpression: (++) or above; LN(-+): lymph

node positive; LVP(+) . lymphovascular permeation positive

Thirty percent (41/136) of IDC samples were positive for both ER and
PR and 14% (19/136) of carcinomas were positive for one of the receptors.
As much as 46 out of 136 (34%) breast carcinomas were positive for
c-erbB2 expression. The epigenetic alterations detected were not
significantly associated with the other prognostic factors, the histological

differentiation grade, hormone receptors and c-erbB2 expression.

3 Discussion

The growing number of tumor suppressor and other cancer genes
reported to be hypermethylated with associated transcriptional silencing
provides an opportunity for the examination of the pattern of epigenetic

alteration in breast cancer™™,

In an attempt to better understand the
epigenetic events that lead to breast cancer development and progression,
we have examined the methylation status of GSTP1 and ECAD in invasive
breast ductal carcinoma lesions. Methylation frequency of GSTP1 gene is

34.92% (Table 1), which is similar to former findings'**'*, although our
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results demonstrated a higher percentage-'™.

Hypermethylation as with other mechanisms of inactivation of suppressor
gens, deletion and point mutation, can be found in different types of cancer.

[16] [18]

GSTP1 is frequently hypermethylated in breast cancer''™ and prostate cancer

[6, 16]

but infrequently methylated in other cancer types As there are many

researchers claiming that GSTP1 hypermethylation could be a prognostic marker

[19-20]

for certain types of cancers including breast cancer , and provided that such

claim is getting more support from other studies'® * %

., the association between
hypermethylation of GSTP1 and clinicopathological parameters become necessary
to anticipate the future characteristics of the corresponding tumor type. This
optimizes future treatment planning by physicians.

Because our sample size was small, statistical significant correlation
between the methylated and unmethylated cases and the clinicopathological
parameters could not be found. Nonetheless, we calculated the percentages
of the positive or overexpressed parameters within the hypermethylated
cases, which were compared with the unmethylated ones (Table 1).

LVP positive and c-erbB2 overexpression were 36. 36% and 54. 55%
respectively in the GSTP1 methylated cases. Both figures were higher than
the unmethylated counterparts by at least 10% ., with the figure for c-erbB2
overexpression being the highest amongst the variables. These significant
contrasts have made LVP positive and c-erbB2 overexpression highly
suspicious to be related to GSTP1 methylation. Unfortunately, there has
not been any data published concerning such relationship, and the
mechanisms of the possible relationship are waiting to be elucidated by
further studies.

Both GSTP1 methylated and unmethylated cases have similar
percentages on ER overexpression, with methylated cases being 40. 91%.
ER overexpression is definitely ER positive, but in a previous study on
breast cancer cell lines, all the ER positive cell lines were
hypermethylated in GSTP1 whereas the unmethylated ones were all ER
negative. Our results, therefore, demonstrated a difference between real
human breast cancer tissue and breast cancer cell lines. This means that

GSTP1 hypermethylation would not always occur concurrently with ER
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overexpression in human IDC samples.
Studies had shown that women with fibroadenoma (FA) have a significant

[12-13]

higher risk of developing a breast cancer . GSTP1 hypermethylation was also

detected in some FA cases (15.79%) , proportionally smaller than that in the

'22] . Using candidate gene

IDC ones, which is consistent with a former study
approach in hypermethylation detection can further identify the risk of a
particular benign tumor-bearing patient. If most TSGs tested are
methylated in the FA samples, then the corresponding patients can be
regarded as of higher risk in developing cancer subsequently, so more
frequent check-ups can be provided for such patients.

E-cadherin plays a role in maintaining the normal differentiated state of

31350 Loss of its expression has been

the mammary gland epithelium
repeatedly associated with increased invasive and metastatic potential, and
decreased patient survival™®*!, ECAD repression in IDC has proven to be
attributable to epigenetic mechanisms rather than mutations'® **!, ECAD
hypermethylation frequency was 18% (24/136) in this study, quite similar
to our former finding, 26.1% (6/23)F7,

Lymphovascular permeation is a predictor of lymphogenous spread and

58] Tumor cells may penetrate to

metastases in regional lymph nodes
adjacent lymphatics that form concomitantly with blood capillaries or,
hypothetically, malignant cells may pass from blood stream into the
[39-40]

lymphatic via lymphaticovenous junctions LLoss of E-cadherin proper

function is thought to facilitate tumor cell detachment from primary

129261 which makes it a tumor suppressor that attenuates malignant

tumor
behavior'”**'!.  But interestingly, lymphovascular permeation positive
(LVP-positive) and lymph node positive ( LN-positive) patients both
exhibited high-intensity expression of E-cadherin in LN and LVP sites by
immunohistochemical studies, and E-cadherin has proven to play an
important role in tumor development and growth within the lymphaticst*?.
In our findings, 29. 17% hypermethylated ECAD cases were LN-positive,
same as the figure obtained for LVP-positive (Table 2). Our data also
showed strong correlation between LN and LVP, but ECAD did not seem to

be associated with either of them. This illustrates that a much greater
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proportion of LN and LVP positive cases were expressing ECAD (ECAD
unmethylated) in the primary site of the tumor (breast). Loss of E-cadherin
expression due to promoter hypermethylation has long been claimed for

tumor metastasis/?*°!

» but the migration of cancer cells from the primary
site (breast) to lymph node seems not to be related to loss of E-cadherin
expression. Such observation needs to be followed by further studies due to
the lack of investigation of the relationship among LN, LVP and E-cadherin.

A previous study by D’ souza et al'** had shown transcriptionally by
nuclear run-on assays that overexpression of c-erbB2 down-regulates E-
cadherin expression. Their analysis of E-cadherin expression in the c-erbB2
transfectants by Western blotting also showed a clear decrease in E-cadherin
protein levels. Acting as an epigenetic follow-up to the above study, we
checked our hypermethylated ECAD cases in relation to c-erbB2
overexpression. The results showed that in those cases where ECAD
protein is expressed, there is a percentage up to 58. 33% of c-erbB2
overexpression (Table 2). From the above interpretation, hypermethylation
of ECAD maybe related to the overexpression of c-erbB2 either directly or
indirectly. Currently, there are only a few investigations involved in the
initiation of hypermethylation mechanisms of tumor suppressor genes,
hence further molecular follow-up maybe required to answer the above
question. Such research may yield significant implications to a deeper
understanding of DNA regional hypermethylation.

Breast fibroadenoma is considered a lesion of biphasic origin, showing
proliferative defects without evidences of malignant evolution"'?"],
Therefore, the molecular comparison of benign and malignant lesions might
provide important information on the role of ECAD in breast cancer. In our
pool of benign fibroadenoma (FA) samples, none of them showed ECAD
hypermethylation, it is quite a contrast to the IDC cases (18% methylated).
Some degree of TSGs hypermethylation (p16 and GSTP1) has been shown

[44,17]

in breast benign lesions in previous studies In protein expression

studies, there were only slight disturbances in the expression of E-cadherin

[45]

in the luminal epithelium of hyperplastic tissues"*”, comparing to 11 out of

14 of the breast carcinoma cases. Although TSGs hypermethylation is



¢« 518 thAEZL IR 2235 (R T 2010 48 10 3 45 4 % 45 5 # Chin J Breast Dis(Electronic Edition) . October 2010, Vol. 4,No. 5

thought to play a part in the transformation from FA to carcinomas, ECAD
hypermethylation seemed not to be the case in our observation. Perhaps it is due
to its correlation with the later stage of tumor development (metastasis), making
the promoter hypermethylation of ECAD less significant in FA.

The association of GSTP1 and ECAD methylation with lymphovascular
permeation positive and c-erbB2 receptor overexpression may enable us to further
understand the relationship between GSTP1 and ECAD hypermethylation and
IDC tumor characteristics. Such information can act as a direction guide to
future studies on the mechanistic level, which may, in turn, enable
physicians to make a better treatment combination plan. Furthermore, we
observed that the hypermethylation of GSTP1 and ECAD in FA was much
less significant when compared to IDC. If tumors’ methylation status is
determined in early stages, it may potentially be a reference to the planning

of neoadjuvant treatment.
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