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DNA methylation analysis at distal and proximal
promoter regions of the oestrogen receptor gene in
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Summary Oestrogen receptor a (ER-0) gene has two specific promoters, distal (P0O) and proximal (P1), which induce almost identical
transcripts in size due to different splicing. We examined the methylation at both promoter regions of the ER-a gene using Hpall, a
methylation-sensitive restriction enzyme, prior to polymerase chain reaction (PCR) amplification. To confirm the results of PCR-based
methylation analysis, Southern hybridization was also performed. Twenty of 29 patients with ER-a-positive tumours and five of 27 with
ER-a-negative tumours were unmethylated at the P1 promoter region of the ER-a gene. The incidence of methylation was highly negatively
correlated with ER-a expression (P = 0.0002). A similarly negative correlation was observed at the PO promoter region of the ER-a gene
(P =0.0154). Additionally, the tumours with the ER-o gene hypermethylated at both promoter regions had definitely negative ER-a values. It
was suggested that this epigenetic change might control ER-a expression, and might play an important role in the loss of hormone-
dependence in breast cancer.
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Human breast cancer is a typical hormone-dependent tumour, aetlal, 1990). In particular, previous studies correlated the lack of
various endocrine treatments have been employed in advanced BRR-a gene expression in ER-negative breast tumour cells with
recurrent cases. These treatments have also been performed dg/permethylation of a CpG island in therBgion of the ERx
part of post-operative adjuvant therapy. The measurement afene (Ottaviano et al, 1994; Ferguson et al, 1995). Thus, DNA
oestrogen receptar (ER-0) in cancer tissues is now an important methylation may be an additional molecular measure of the
procedure in order to discriminate between hormone-dependegenetic heterogeneity in breast cancer.
and -independent tumours. Although about 60% of patients with ER-0 has two specific promoters, distal (P0) and proximal (P1),
ER-a in their cancer tissues responded to endocrine therapieghich induce almost identical transcripts in size due to different
fewer than 10% of patients without ER-also responded splicing, and the only difference between the two transcripts is the
(McGuire et al, 1991). Furthermore, ERRegative tumours are most 5 untranslated 164 and 120 bases, which are unique for each
associated with poorer histological differentiation, higher growthtranscript (Grandien et al, 1995). Hayashi et al (1997) reported that
fraction and a somewhat poorer clinical outcome (McGuire et athe enhancement of the ERmMRNA expression from the distal
1991). Hormone resistance could partly result from the loss of theromoter played an essential role in the mechanisms of over-
ER-0 protein, or might be due to the presence of mutant/varianéxpressing ER¥ protein in human mammary tumours, implying
ER-a in breast cancer (McGuire et al, 1991; Katzenellenbogerthat a tumour-specific regulation of ERexpression involved use
et al, 1997). However, no significant alterations such as insertionsf the distal promoter. However, Grandien et al (1995) reported
deletions, rearrangements, or point mutations within thea ER- that both promoters were active in MCF-7 cancer cells, and that
gene have been reported (Karnik et al, 1994; Roodi et al, 1995nly the P1 promoter was transcribed in ZR-75-1 breast cancer
Thus, genetic alterations of the EBRgene at the DNA level might cells.
account for only a portion of ER-expression. In this paper we examined alterations in DNA methylation at
DNA methylation is known to be involved in eukaryotic gene the distal and proximal promoter regions of the &Bene using
control, and can effect development and tumorigenesis (Falette pblymerase chain reaction (PCR)-based methylation assay and
al, 1990). The ERx gene was found to be methylated in placentalSouthern blot assay in breast cancers. We also discuss the clinical
tissues, but normal breast tissues exhibit a different methylatiosignificance of this epigenetic change.
pattern, as assessedHpall and Mspl restriction enzyme-digests
(Falette et al, 1990). In addition, specific sites in the hormone-
binding domain of the ER-gene were observed to be differenty MATERIALS AND METHODS

methylated in different human breast tumour specimens (Falette
Patients and DNA extraction
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Figure 1 CpG density and restriction sites of the ER gene and its upstream region. The ER-a has two specific promoters, distal (PO) and proximal (P1), that are
almost identical in size due to different splicing. Methylation was examined using PCR-based assay. PCR product (292 bp) at the PO promoter region included
one CCGG site (open circle, 2°65C), and that (294 bp) at the P1 promoter region included two CCGG sites (*°C and “C). Notl site (closed circle, “*C) is near
the CCGG site at the P1 promoter region. Arrows show the primers for PCRs

20 were papillo-tubular carcinomas, eight were solid-tubularSouthern hybridization
carcinomas, 25 were scirrhous carcinomas and three were invasiye

lobular carcinomas. Patient ages at the operation ranged from i
to 86 years (median 52). Genomic DNA from the breast cance|5
specimens was extracted by standard techniques.

confirm the results of PCR-based methylation analysis,
outhern hybridization was performed. Ten micrograms of genetic
NA were digested with 100 units dfotl overnight, and subse-
quently digested with 100 units BEdRI. After electrophoresis on

a 1.2% agarose gel, samples were transferred to Hybongldh
Oestrogen and progesterone receptor determinations membrane (Amersham Corp., Buckinghampshire, UK). Filters
were hybridized with a pOR3 probe, which was generously

Cytosolic ERer and progesterone receptor (PR) levels were . )
measured using enzyme immunoassay (ER- and PgR-EIl ,r(_)wded by Pr_of(_essorPC_hamb_on, and labelled \mtﬁFf]dC'_l'P
using a Multiprime-labelling kit (Amersham), as previously

Abbott Laboratories, Chicago, IL, USA). A positive ERand PR described
status was defined as more than 15 fmotimuptein. escnbed.

PCR-based methylation assay

We examined the methylation status at PO and P1 promoter regian‘sEsm'.rs

of the_ERe( gene (Figure 1). A PCR-based assay was perfprmed BNA methylation at PO, P1 promoter regions of the
described previously (Gonzalez-Zuluenta et al, 1995), with somgo o gene in breast cancers

modification. One microgram of genomic DNA was digested
overnight with 10 units of the methylation-sensitive restrictionWe investigated 56 breast cancers for methylation at the PO and P1
enzymeHpall under conditions specified by the manufacturer promoter regions of the ER-gene with a PCR-based assay.
(Takara, Kyoto, Japan). Fifty nanograms of the digested DNAJnmethylation at the PO and P1 promoter regions was observed in
were amplified by PCR. The primer sequences dr@C3- 15 (26.8%) and 25 (44.6%) of 56 breast cancers using PCR-basec
CCCCTCACTCCCCACTGC-3 5-GAAATCAAAACAAGCC- assay respectively (Figure 2A, B and Table 1). To confirm the
TACCC-3 for the PO promoter region, '-BGCAG- results of the PCR-based methylation assay, we also performed
CAAGCCCGCCGTGTACAAC-3 (368-391) and 'SCTCGCG-  genomic Southern hybridization. In unmethylated samples, double
CACCGTGTAGCCGCTGGG-3(638-661) for the P1 promoter digestion withEcoRl and Notl yielded 1.9 kb and 1.2 kb frag-
region. Conditions were as follows: @5 for 5 min, 25 cycles of ments. If samples were methylated, 3.1 kb bands would be
94°C for 1 min, annealing temperature {60for PO and 58 for detected. We studied ten samples that showed abnormal methyla:
P1) for 1 min and 7 for 1 min, followed by incubation at 7@ tion in PCR-based assay. As shown in Figure 2B, four breast
for 5 min. PCR conditions were determined by cycle curve andancers showed methylation of théotl sites in Southern
DNA concentration curve. To rule out the possibility of false posi-hybridization assay, and one breast cancer showed unmethylation
tives due to incomplete digestion and overcycling of the PCR'he agreement between the two methods was nine of ten (90%).
amplifications, the digestions of each sample and PCR amplifica®n the other hand, frequency of unmethylation at the P1 promoter
tion were performed at least twice in independent experimentsegion was higher than that at PO promoter region. The methyla-
Undigested DNA antsp digested DNA samples were amplified tion at the P1 region correlated with that at the PO region (Table 2).
as positive and negative controls respectively. PCR products werdglditionally, the tumours with the ER-gene hypermethylated at
resolved on 1.5% agarose gels. Loss or reduction of the PCR pradeth promoter regions had a definitely negative dERrotein

ucts following digestion b¥pall was assessed as unmethylation. value (Figure 3).
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) Figure 3 ER-a value and methylation status at the PO and P1 promoter
oM regions of the ER gene. The boxes represent the mean and the 70%

confidential interval; bars s.d. Group 1, unmethylation at both promoter
regions, had higher ER-a values than other groups (1 vs 2; P = 0.0057,
1vs 3; P=0.0132, 1 vs 4; P < 0.001, statistical analysis by Fisher’s
protected least significant difference)

Figure 2 Examples of methylation analysis. (A) Examples of PCR-based
methylation assay at the P1 promoter region of the ER-a gene. U,
undigested; H, digested by Hpall; M, digested by Mspl. Cases 1, 3 and 5 are
shown as methylation. Cases 2 and 4 are assessed as unmethylation.

(B) Examples of PCR-based methylation assay at the PO region of the ER-a regions was also negatively correlated with PR expression.
gene. Cfases 2,3 a’Ld |5 are Ezss)esswhas ”Efl—‘thy'aﬁlon- Cfa|s|es 1 af:jd 4are ) Howeve, there was no correlation between methylation and any
assessed as unmethylation. (C) Southern blot analysis following digestion by L .

Notl. U, undigested control. Cases 1, 3, 4, 5 and 6 can be assessed as other C“mCOpatho'Og'C faCtorSTable 1)-

unmethylation, and case 2 is assessed as methylation and cases 7 and 8 are
assessed as hetero types with both methylation and unmethylation

DISCUSSION

Tumours failing to express ER would be oestrogen-independent
and would most likely be resistant to anti-oestrogen therap
Johnston et al, 1995) reported that the overall frequency af ER
Twenty of 29 patients with ER protein-positive tumours, and expression measured by immunohistochemical assay was reduced
five of 27 with negative tumours were unmethylated at the Pfrom 51% (37/72) at the initial operation to 29% (21/72) at
promoter region of the ER-gene. The incidence of methyla- progression or relapse. Thus, hormone resistance would partly
tion was highly negatively correlated with R expression result from the loss of the ER protein. Roodi et al (1995)

(P =0.0002). A similarly negative correlation was observed at theeported that, in the majority of primary breast cancers, thaER

PO promoter regiorP = 0.0154). Methylation at the PO and P1 negative phenotype was due to deficient &Rxpression at the

Methylation status and clinicopathologic factors in
breast cancers

Table 1 Relationship between DNA methylation at the PO and P1 promoter regions of the oestrogen receptor gene and clinicopathologic factors

PO region P1 region
Methylated Unmethylated Methylated Unmethylated

ER + 17 12 9 20

- 24 3 P =0.0154* 22 5 P =0.0002**
PR + 16 8 9 15

- 25 7 P=0.37 22 10 P =0.030*
Age <50 17 6 15 8

250 24 9 P>0.999 16 17 P=0.2785
n + 17 7 13 11

- 24 8 P=0.7677 18 14 P> 0.999
t <2cm 5 3 5 3

22cm 36 12 P=0.6676 26 22 P=0.7198
HG | 10 6 9 7

1l 17 7 P=0.1757 13 11 P =0.9861

1l 7 0 4 3
Total 41 15 31 25

ER: oestrogen receptor, PR: progesterone receptor, n: axillary lymph node metastasis, t: tumor size, HG: histological grade, P: Fisher’s exact probability test.
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Table 2 Relationship between methylation at the PO and P1 promoter methylation of the ERrx gene may contribute to E®-protein
regions of the oestrogen receptor gene expression

We used PCR-based methylation-sensitive restriction enzymes
prior to PCR amplification. However, this method has the potential
Methylated ~Unmethylated  Total of generating false positive signals (methylation present) because
of inefficient enzyme digestion or overamplification in the subse-

P1 region

Pol\ﬁglogted o8 13 " quent PCR reaction. To avoid such signals, we performed the
UanthyIated 3 12 15  P=00020% digestion of each sample and PCR amplification at least twice in
Total 31 25 independent experiments, and we confirmed the methylation
status by conventional Southern hybridization. The results agreed

P: Fisher's exact probability test. well with those of PCR-based methylation assay. Furthermore, this

region, located from 400 to 500 bp from ERyene start site, is

the most important region of ER CpG island with respect tmER-
transcriptional or post-transcriptional level, and was not the resugxpression (Lapidus et al, 1998). In our data, the frequency of
of mutations in the coding region of the BRgene. In our  nmethylation at the P1 promoter region (44.6%) was higher than
previous studies, there were neither germline nor somatic mutgnat at the PO promoter region (26.8%). The correlation between
tions in the ER gene in 14 patients with Eftegative and PR- R expression and methylation at the P1 promoter region
positive breast tumours as assessed by single-strand conformatig-n: 0.0002) was higher than that at the PO promoter region
polymorphism analysis and DNA sequencing (Iwase et al, 1996Xp = 0.0154). This result shows that BRexpression might be
Furthermore, we did not find a role for the loss of heterozygositynore influenced by unmethylation at the proximal promoter
(LOH) of the ERe gene in the lack of ER-function in breast regijon than that at the distal promoter region. Additionally,
cancer tissues (lwase et al, 1995). The mutation of one allele aRgmours with the ER: gene hypermethylated at both promoter
the loss or replacement of a chromosomal segment containing ”P@gions had definitely negative ERvalues. In other words, these
other allele were not accompanied by changes imERpression.  resyits showed that hypermethylation at the promoter regions of
Thus, genetic alterations in the BRyene at the DNA level might e ERa gene might be quite important for ER negativity accom-
account for only a portion of hormone independence. panying tumour progression.

The methylation of CpG islands of DNA induces a dilatation of chen et al (1998) reported that the ERGpG island in C4:2

a major groove and a kink in a minor groove at opposite sides @ells, a subclone of T47D cells without BR-expression,
the double helix loop (Baylin et al, 1998). These conformationyemained unmethylated. This result shows that the loss af ER-
changes in chromosomes result in changes of interaction betweg{hge specific breast cancer cells must be due to a mechanisn
DNA and core histone particles. There have been many reports @fner than methylation. However, we supposed that methylation at
various genes concerning suppression of the promoter function Qje gistal promoter region of the ERgene should be examined in
DNA methylation. In addition, DNA methylation of a specific gch cell lines, and that they might be due to a difference between
gene will affect its expression (Baylin et al, 1998). Hyper-cjinical cases and cell lines. In our data, several cases without

methylation within the promoters of selected genes appears 1o kR o expression actually had unmethylation at either the PO or P1
especially common in all types of human haematopoietiGegion of the ER gene.

neoplasms, and is usually associated with inactivation of involved |, conclusion, this epigenetic change, ER gene CpG island
genes SL_JCh as pls, pl6 (Gonzalez-Zulueta et al, 1995) apgethylation, might control ER-expression, and might play an
E-cadherin (Hennig et al, 1995). The BRyene was found to be jmportant role of loss in the hormone dependence inaER-
methylated in placental tissues, but normal breast tissues eXthlt%gaﬂve recurrent tumours arising from ERositive tumours.

a different methylation pattern, as assessedipgll and Msp Therefore, there is a possibility that the methylation status, which
restriction enzyme digests (Falette et al, 1990). In additionggn pe detected from genomic DNA of the tumour, may be a good

specific sites in the hormone-binding domain of thecEBene  marker to determine the hormone dependency in breast tumours.
were observed to be differently methylated in different human

breast tumour specimens. Although methylation of theaEfene
varied among tumours, the degree of methylation did not correlatACKNOWLEDGEMENTS
with the levels of receptor-protein expression (Falette et al, 1990Q;
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