Available online at www.sciencedirect.com
The Journal of

SCIENCE <& DIRECT® Steroid Biochemistry
&
Svslies Molecular Biology
ELSEVIER Journal of Steroid Biochemistry & Molecular Biology 91 (2004) 1-9

www.elsevier.com/locate/jsbmb

Methylation analysis of the promoter F of estrogen receptgene:
effects on the level of transcription on human osteoblastic cells

Letizia PenolazA, Elisabetta Lambertidi Silvia Giordan&, Vincenzo Sollazzb,
Giancarlo Train&, Laura del Sennd Roberta Piv&*

@ Dipartimento di Biochimica e Biologia Molecolare, Universita degli Studi di Ferrara, Via L. Borsari, 46 44100 Ferrara, Italy
b Dipartimento di Scienze Biomediche e Terapie Avanzate Sezione di Clinica Ortopedica,
Universita degli Studi di Ferrara, Via L. Borsari, 46 44100 Ferrara, ltaly

Received 23 September 2003; accepted 2 February 2004

Abstract

In this study, the methylation status of the distal promoter F of estrogen receptoERIa gene in human osteoblastic cells was
investigated. The activity of this promoter is responsible folERe gene transcription in bone tissue. The methylation status of promoter
F was here evaluated, for the first time, by direct sequencing of bisulfite-treated genomic DNA, at 10 CpG specific sites localized in a
region of about 800 bp. An heterogeneous methylation pattern was observed. The most notable difference was found at four particular
CpGs, distant from the exon F transcription start site, showing a methylation status that correlates with the expression levelybeing ER
MRNA transcription reduced in a partially methylated cells but preserved in demethylated cells. The other CpG sites, localized around the
transcription start site, were always demethylated except for MG-63 cells showing the lowest level ekfifession. By quantitative
RT-PCR analysis we demonstrated tE&x gene expression was higher in primary osteoblasts than in bone-derived cells (MG-63 and
Sa0S-2) and in all cases the & RRNA is represented by the isoform F. The same 10 CpG sites were investigated in non-osseous cell
lines and were found fully methylated in BRhegative breast cancer cells (MDA-MB-231) and completely demethylatedanfERitive
breast cancer cells (MCF7). The overall results suggest that methylation of the CpG siteERsiene promoter F here analyzed may
contribute to ER transcriptional control, directly or indirectly, influencing the tissue specific expression of the gene.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction exons whose utilization varies between different cell types
[3]. The regulation at the level of the different promoters
Research in recent years has provided evidence for the in-is certainly a key event in hERmRNA formation that is
volvement of the two isoforms of human estrogen receptor controlled by both transcription factors and by epigenetic
(hERx and hERB) in the classical estrogen target tissues, phenomena such as DNA methylation that is commonly
such as breast and endometrium, and non-classical estrogeassociated with gene silencifig-6]. Increasing evidences
target tissues such as brain, bone, the cardiovascular systerguggest that DNA methylation is associated with inhibition
and adipose tissUg]. It is well known that the estrogen re-  of hERx transcription in various forms of diseases includ-
ceptors are members of the nuclear receptor superfamily andng neoplastic and atherosclerotic lesidis8]. However,
regulate the expression of target genes as ligand-induciblethe transcriptional impact of the position and length of
transcription factor$l,2]. methylated zones relative to the single promoters and the
Different tools to study the role of estrogen receptors in coding region of the gene remains quite unclear.
physiology and disease, and the regulation of their expres- This study investigates the methylation level of a num-
sion are described. In the case Ry gene the issue is  ber of CpG sites within the promoter F (PF) of thERx
particularly intricate because the generation of hE&Ran- gene and its relationship with regulation lERx gene ex-
scripts involved at least eight promoters and eight upstreampression in osteoblasts. It is well known that estrogen has
complex effects on the skeletd®,10], including regulation
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are still unclear. Therefore, hlBRbeing the main responsi-  were rinsed and then cultured in Eagle’s minimum essen-
ble for the effects of estrogen in osteoblasts, together with tial medium (Sigma Aldrich, Chemical Co., St. Louis, MO,
hERB, may be considered an important factor in the main- USA) supplemented with 20% fetal bovine serum (Invit-
tenance of bone health, acting to conserve bone mass. rogen Corporation, CA, USA), 2mM glutamine, 100 U/mi

It was recently described that the promoter FhéRy penicillin, 100p.g/ml streptomycin and 5@g/ml ascorbate,
gene plays a major role in the generation of bERRNA at 37°C in an humidified atmosphere of 5% GQAfter
in bone[11], and we have demonstrated, by gene reporter about 5-7 days, outgrowth of bone cells started from the
assay, DNase footprinting and EMSA experiments, that the bone chips and confluency in 9 éntishes was usually
PF region from-117873to-117140 belongsto aregulatory reached after 4-6 weeks. For these studies, only first pas-
context that is crucial in the gene functifi®]. sage cells were used.

Here we paid attention to the methylation of this regula- MG-63 and SaOS-2 osteosarcoma cell lines were grown
tory region, that does not contain a typical CpG-rich island, in the same culture conditions.
to understand if this DNA modification may be involved in
the process of loss ¢fERx gene expression in bone during, 2.2. Bisulfite treatment
for example, osteoporosis and ageing process.

We determined which cytosine residues in the CpGs Genomic DNA was modified by bisulfite treatment as
of promoter F are methylated in four human primary os- detailed[16]. Briefly, 2-10u.g of genomic DNA was di-
teoblasts and two osteosarcoma cell lines, MG-63 and gest withEcdRlI restriction endonuclease, then denatured by
Sa0sS-2, in comparison with hiBRpositive and -negative  adding freshly prepared NaOH (final concentration 0.3 M)
breast cancer cell lines. Then, we analyzed the functional for 15min at 37C. The urea/bisulfite solution and hydro-
consequences of methylation status of promoter F by mea-quinone are added to the denatured DNA to final concen-
suring the hERR mRNA transcripts levels, both for canonic tration of 5.36 M, 3.44M and 0.5mM, respectively. The
and F isoform, by quantitative RT-PCR, and the protein samples were then incubated under mineral oil and sub-
level by immunocytochemical analysis. jected to 20 cycles of 15min at 58 followed by denatu-

At present, several molecular biology methods are rou- ration at 95C for 30 s using a Violet Thermal Cycler. The
tinely used to determine the methylation status of a specific Wizard™ DNA Clean-Up kit (Promega Corporation, WI,
DNA sequencd13]. Among these, bisulfite nucleotide se- USA) was used to purify the modified DNA. After purifi-
guencing is a standard technique for detailed mapping of cation, the samples were treated with NaOH at a final con-
methylated cytosine residues within a gene promoter with centration of 0.3M in a volume of 1Q0 for 15min at
several CpG sites or with a typical CpG-rich isldfd]. This 37°C, then neutralized with 10 M NHOAc (pH 7.0). The
method, relies on the ability of sodium bisulfite to deami- DNA was ethanol-precipitated and resuspended in water for
nate cytosine residues into uracil in genomic DNA, whereas methylation-specific PCR analysis.
the methylated cytosine residues are resistant to this mod- Bisulfite-converted DNA was PCR amplified using the
ification. The target DNA is then amplified by PCR with methylation-independent primers shownTable 1 Each
specific primers to yield fragments in which all uracils are PCR mixture contained 1Q0M deoxynucleotide triphos-
converted to thymine residues, whereas methylated cytosinephates, WM sense and antisense primers and 1.25U of
residues are amplified as cytosine. The PCR products are sePlatinun™ High Fidelity Tag DNA polymerase (Invitro-
guenced and the methylation status of individual CpG sites gen Corporation, CA, USA). Each PCR program was as
is then analyzed by comparing it with the unmodified se- follows: 95°C for 5 min, followed by 35 cycles of denatura-
guences. Using this method, we have investigated the statugion at 95°C for 1 min, annealing at the specific temperature
of promoter F CpGs methylation to correlate it with &R

expression in osteoblats. Table 1
Summary of the primers and annealing temperatures for PF methylation
analysis
. Primers  Sequence Annealin
2. Materials and methods ¢C) ’
. . Fim B-ATTGTATAAA TTATATTAGATAT-3 48
2.1. Patient samples and cell lines F2m 5-TAGTGTTAAA TAAA TAAT-3' 38
F3m B-GTAGLTAATTTTGGATTAATAA-3’ 48

Recruitment of subjects donating osteoblasts was in accor-F4m 3-IAGGIAGATTAA TATATGAT-3 a4

dance with approved procedures and the informed consen Fom S TGGTGGTGITAGTTLTTT-S a2
with approved p ures ' : |R1m  B-ACTATCTTCTTATACTATA AAAT-3’ 50
has been obtained from each patient after full explanation of gom B TATCTTCTATAAATATTT-3 38
the purpose and nature of all procedures used. Bone sampleg3m B-TCTAACTTTCTTAACACTTCCA-3 51

were collected during surgery following Hardinge’s surgical R4m 5-ATAACCATAAAATTA AAAAAT ACAAT-3' 55
approach to the hip and the bone was cultured as previously': L S-AGACATGATGAGATATTAAAATGT-3 54

: . ; : R2 5-TATCTTCTGTGAGTGTTT-3 42
described15]. Briefly, bone was cut into small pieces that
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listed in Table 1for 45s, and finally, a 45s extension at dase was blocked with Super Block reagent (Ultraystain
72°C. A final 10-min extension at 7Z completed each  Polyvalent-HRP Immunostaining Kit, Ylem). Afterwards,
PCR program. A second round of PCR with nested primers the primary antibody, a monoclonal antibody for hicRat
reported inTable 1was performed to obtain PCR products anti-human H222, 1:60 dilution—a generous gift from Prof.
for sequencing. PCR products were then fractionated on 1%G. Green, Chicago, USA) or polyclonal antibody for HER
agarose gels, excised, and purified with the CONCERT  (rabbit anti-human, 1:60 diluton—Santa Cruz Biotec.,
Rapid Gel Extraction System (Invitrogen Corporation, CA, USA) or OPN (rabbit anti-human LF-123,1:120 dilution—a
USA), according to manufacturer’s recommendations. The generous gift from Dr. L.W. Fisher, Bethesda, MD, USA)
amplified fragments were then sequenced by the dideoxynu-were applied and incubated af@ overnight. Cells were

cleotide chain-termination method. then incubated at room temperature with anti-polyvalent
biotinylated antibody (Ultraystain Polyvalent-HRP Im-
2.3. Alkaline phosphatase activity munostaining Kit, Ylem). After rinsing in TBS, strepta-

vidin HRP (Ultraystain Polyvalent-HRP Immunostaining

Alkaline phosphatase (ALP) activity was measured Kit, Ylem) was applied, _and followed by the addition of
in sub-confluent osteoblastic cells by the hydrolisis of Substrate-chromogen mix (AEC Cromogeno kit, Ylem).
p-nitrophenylphosphate (PNPP) according to Ibbotdd. After washing, cglls were mqunted in glycerol/PBS (9:1)
Enzyme activity was expressed asug/protein. One unit ~ and observed using a Leitz microscope. o
was defined as the amount of enzyme which hydrolyses To avoid the variance in the intensity of immunostaining
1 mol of PNPP/min. Cell protein was determined accord- @mMong experimental groups, the control and experimental
ing to Lowry method. Effect of 1,25-dihydroxyvitamin D3~ Cells were immunostained at the same time.
(1,25-(OHYD3) on ALP activity was verified after incuba-

tion in medium containing 10 nM 1,25-(0Ok)3 for 48 h. 3. Results

2.4. RNA extraction and quantitative real-time PCR 3.1. CpG sites in the promoter F of ERjene

Total RNA was isolated from cells using Trizol reagent In Fig. 1 a schematic representation of thERx gene
(Invitrogen Corporation, CA, USA), and quantitative promoter F is reported. We examined the methylation status
real-time PCR analysis was performed essentially as de-gf the 10 CpG sites localized in the region froni17873
scribed[18]. to —117140, belonging to distal exon F promoter which is

Reactions were performed and monitored using an ABI ysed in bone tissue to generate the so-called mRNA iso-
Prism 7700 Sequence Detection System (Applied Biosys- form F. The sequence of the promoter F was previously
tems, Rotkreuz, Switzerland, CH). The PCR Rlaster Mix  characterized for typical promoter elements and possible
was based on AmpliTag Gold DNA polymerase (Applied cjs regulatory elements. In particular, we found binding sites
Biosystems, Rotkreuz, Switzerland, CH). In the same reac- for transcription factors that are critical for osteoblast differ-
tion, cDNA samples were analyzed both for canonicabER  eniation, establishment of the skeleton and organ develop-

orisoform F and the reference get@APDH), usingamul-  ment, such as TAAT elements, Runx2/Cbfal, Sry and Sox
tiplex approach as described in the Perkin-Elmer User Bul- consensus sequenddg].

letin N. 2. The probe for GAPDH was fluorescently labeled
with VIC, whereas probes for the genes of interest were la- 3 5. Mapping of methylation status of PF promoter obER
beled with FAM. Cycle temperature and times were as pre- gene by bisulfite modification

viously described18]. Expression levels were calculated
by normalizing the mRNA amount to the GAPDH RNA us-

A methylation semi-quantitative analysis of single CpG
ing the procedure with the’2¢t formula as previously de- y d y ge b

sites was performed using the sodium bisulfite conversion

scribed[18]. of genomic DNA with the specific primers summarized in
Table 1
2.5. Immunocytochemistry We compared MG-63 and SaOS-2 osteosarcoma cell

lines, and four primary cultures of osteoblasts (hOB) ob-

Immunocytochemistry analysis for heR hER3 and tained from surgical procedures on patients of different age.
OPN was performed employing the streptavidin—biotin Before methylation analysis, all samples were tested for the
method using Ultraystain Polyvalent-HRP Immunostaining level of bone differentiation, analyzing the activity of alka-
Kit (Ylem, Rome, ltaly). Cells grown in chamber slides line phosphatase, which is induced early in the osteoblast
were fixed in cold 100% methanol, and permeabilized with differentiation process. As reported in tRanel Aof Fig. 2
0.2% (v/v) Triton X-100 (Sigma Aldrich, Chemical Co., both MG-63 and SaOS-2 cells and all primary hOBs an-
St. Louis, MO, USA) in Tris-buffered saline (TBS). Cells alyzed were ALP positive confirming their osteoblastic
were incubated in 3% $0, and the endogenous peroxi- phenotype.
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Fig. 1. A schematic representation of thERx gene promoter F region from117873 is shown. The nomenclature of upstream exon F is in accordance
with the recently described genomic organization of lE#Rx gene as suggested by Kos et[8R]. The 10 CpG sites in the region analyzed are reported.
The TA reach box, CAAT box, 1/2 ERE and sorois-regulatory elements (the symbols are reported in the panel) are also indicated.

PCR products, obtained as reportedSaction 2 were osteoblasts obtained from the patient p.1 that is the oldest
then subjected to DNA sequencing. Examples of methyla- one showed all CpG completely unmethylated, whereas the
tion analysis performed on the reverse strand of the DNA DNA from the other primary osteoblast cultures showed a
fragment—117611/117641 are reported in thanel B methylation pattern that is intermediate between that ob-
of Fig. 2 CpG-methylated cytosines remained as cytosines served in the osteosarcoma cell lines DNA.

(guanine in the reverse strand), whereas unmethylated

cytosines changed to thymidines (adenine in the reverse3.3. Methylation of the promoter F versus transcriptional
strand) in the PCR products. When the residues were par-activity and ER protein expression

tially methylated comigrating bands corresponding to cy-

tosines and thymidines were observed. The efficiency of the To assess the functional consequences of promoter F
method was tested comparing the sequencing of the samplesnethylation, the ER mRNA expression was quantified by
before and after bisulfite treatment: in the example reported quantitative RT-PCR in the cell lines and in the osteoblasts
in the figure the conversion of guanines to adenines in the from the four patients.

reverse strand of DNA from MDA-MB-231 cells is clearly ERx mRNA expression was measured both at canonical
evident. and at ER F isoform content using primers flanking exons

As negative and positive references, the CpG methylation 5-6 and upstream exons F—E BRx gene, respectively.
level of the PF promoter in two non-osseous cell lines, the As shown in theFig. 4, the samples analyzed presented
human breast cancer MDA-MB-231 which does not express different levels of ER mRNA. The levels of both ER
the ERx gene, and the MCF-7 breast cancer cells which ex- transcripts in Sa0S-2 cells, that are significantly more
pressERx gene at very high level, was also analyzed. A demethylated in comparison with MG-63 cells, were about
summary of overall data obtained from the different sam- 10 fold higher than the levels found in MG-63 cells. The
ples analyzed with this experimental approach is reported in osteoblasts obtained from the patients, also when partially
theFig. 3. The sequence analysis of the specific PCR prod- methylated, expressed kRnRNA at appreciable levels.
ucts obtained revealed an heterogeneous methylation status As expected, no ERexpression was found in MDA-MB-
of the promoter F. MG-63 cells were partially methylated, 231 cells whereas both transcripts are present at high level
Sa0sS-2 partially demethylated, while all CpG sites analyzed in MCF7 cells.
were methylated in MDA-MB-231 cells, and completely un- MRNA expression data were correlated with protein level
methylated in MCF7. In all samples, except MDA-MB-231 by immunocytochemical analysis as reportedrig. 5. The
cells, the CpG site at position 8, which is proximal to the presence of ER protein was demonstrated both in MG-63
transcription initiation site, is always completely unmethy- and SaOS-2 cells. The hOBs having a number of cells suit-
lated also in the primary osteoblasts. In the osteoblastic cells,able for this analysis were those from the patients p.3 and
the major methylation targets are cytosine residues at posi-p.4. Osteoblasts derived from the female patient p.3 revealed
tions 2 and 3: MG-63 showed 100% methylation, SaOS-2 a more intense E&nuclear immunoreactivity in compari-
showed approximately 50% and three of the four patients son with that observed in the osteoblasts from the male pa-
showed a level of methylation between 50 and 75%. Methy- tient p.4, presenting an immunoreactivity restricted to the
lation is more variable at n.1 and n.4 CpG sites. Only the cytoplasm. High level of ER protein was also observed in
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(A) Sex Age (years) ALP (U/pg protein)
MG-63 male +2.8+0.7
Sa08§-2 female + 18£05
p.1 female 76 +42+1.2
p.2 female 21 + 39405
p.3 female 58 +53+1
p.4 male 74 +37+0.7
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Fig. 2. The alkaline phosphatase activity (ALP) was valuated in MG-63 and SaOS-2 osteosarcoma cell lines and in four primary osteoblasts (p.1-4)
whose sex and age are also reportBdngl A. ALP activity is expressed as g protein after 48 h of 1,25-dihydroxyviamin D3 treatment. Values are

the meant S.D. of three independent experiments. DNA from MG-63 and SaOS-2 cell lines and from four primary osteoblasts (1-4) was modified by
bisulfite conversion. Converted DNA was then amplified, and PCR products were sequenced. In the non-coding strand, the sequence is from the original
strand (cytosine converted to thymines); in the coding strand the sequence is from the complementary strand (guanines are converted to adenines). In
the Panel B a representative sequencing of a region freth17641 to—117611 (reverse strand) is reported. The symbol (*) indicates the location of

two CpG sites belonging to the sequence reported. In the lower part of the panel, an example of bisulfite treatment efficiency assay, on DNA from
MDA-MB-231 breast cancer cells, is reported. The sequencing of the sample before and after the chemical treatment was compared: the conversion of
G to A in the reverse strand is clearly evident.

MCF7 control cells, but not in MDA-MB-231 cells in ac- 4. Discussion

cording with the literature data. hOBs samples resulted also

positive for the immunodetection of osteopontin that is a  Research in the recent years has provided evidence for the

typical osteoblastic marker involved in normal tissue remod- involvement of DNA methylation of nuclear receptor genes

eling processes such as bone resorpti®j. mainly in the development and progression of human dis-
As positive control, we also analyzed BRprotein ex- eases in particular malignanci€g20,21] Several reports

pression that was detected at different levels in all samplesclearly demonstrated that selective hypermethylation can se-

analyzed. lectively silence multiple promoters of steroid receptors in
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] < " 5 sequence of the gene. Several studies, performed both in

T TTT ﬁ T ?T E tissues and cell lines, have demonstrated that selective hy-
| permethylation can selectively silence these multiple pro-

moters in breast, endometrial and prostate carcinogenesis,

- 117873

MpPA-MB231 B HEE  EHE R == = or in aortic smooth muscle cel[20,27—31] Here we ana-
MG63 O EED EOID oD = lyzed the possibility that the DNA methylation of the pro-
sa0s2 W O OO OO0 oo o moter F, that is the prevalent promoter used in osteoblastic
MCF7 O ooo oo o oo o cells may interfere with the process of promoter F activity,
o o ooo oo o oo o and, therefore, with the E_Rtranscription in bone. .

To date only a few studies addressed the question regard-
Lt == bo o oo o ing epigenetic alteration of crucial genes associated specif-
p.3 O omE 000 oo o ically with osteoblastic differentiation. For example, Villa-
p4 OOOm oo o oo o gra et al.[33] described methylation analysis of critical re-

gions of the osteocalcin gene, coding for a bone specific
calcium-binding protein.

To investigate whether the expression of MRNAsSH&x
gene is inactivated in osteoblasts by specific methylation
carcinogenesif22,23] Nevertheless, it is well known that status of the CpG inside the promoter F, in the present
altered DNA methylation patterns play an important role also study we analyzed the region from117873 to—117140,
during physiological processes like senesceji;e4—26] which was by us previously characterized as determinant for
In respect of this issue, it is important to be considered that transcriptional regulatiorf12]. Using the highly sensitive
the normal bone aging is associated with a loss of bone quantitative RT-PCR and immunocytochemical analysis,
mass which may be related to a decrease at ERpression. we found that ER expression was higher in primary os-
Only in some tissues, such as breast, endometrium, colonteoblasts than in bone-derived cells (MG-63 and Sa0S-2)
prostate and cardiovascular muscle cells an association beand in all cases the ERmMRNA was prevalently repre-
tween loss of ER expression and promoter methylation was sented by the isoform F. MG-63 cells with a low level of
detected20,27-31] while no correlation was observed in  ERa mRNA showed a heavy methylated level of promoter
other cases. This may be due to the different regulation thatF, whereas SaOS-2 cells expressing a major level af ER
the several tissue speciftERx gene promoters may have mRNA showed a low methylation pattern comparable with
[32]. The methylation status of promoter regions as mech- that found in primary osteoblasts. The most notable dif-
anism that potentially regulatéf=Rxy gene expression was ference was found at four particular CpGs (n.1-4), distant
up to now investigated mainly at A, B and C promoters that from the exon F transcription start site, showing a methy-
are clustered in a restricted region of the large and complexlation status that correlates with the expression level, being

Fig. 3. Summary of bisulfite sequencing data of 10 single CpG sils. (
100% methylated;[d), 50-75% methylated;[{l), unmethylated.
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Fig. 4. Analysis ofERx gene expression by quantitative RT-PCR. The cDNA obtained from MG-63, SaOS-2, MCF7 and MDA-MB-231 cell lines and
from primary osteoblasts (p.1, p.2, p.3, p.4) was subjected to quantitative TagMan RT-PCR for taialafitRupstream (F) transcripts analysis. The
expression levels were normalized on the basis of GAPDH expression and results of the experiments are reported as relative mMRNA expression level:
Results are representative of three independent experiments carried out in triplica@®;method was used to compare gene expression data, standard
error of the mean (S.E.M.) was calculated.
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Fig. 5. Analysis of gene expression by immunocytochemistry. The levels of EFPN and ER were determined by testing the immunoreactivity of
MCF7, MG-63, MDA-MB-231, Sa0S-2 cell lines and primary osteoblasts (p.3 and p.4) with the specific antibodies. Original magnificatian is 40

ERx mRNA transcription reduced in a partially methylated lines analyzed suggest that the methylation status dtBae

cells but preserved in demethylated cells. The other CpG gene, at sites determined in this study, correlates with the

sites, localized around the transcription start site, were al- expression of this gene.

ways demethylated or hypomethylated except for MG-63  The heterogeneous pattern of methylation of the single

cells showing the lowest level of BERexpression. CpG sites observed in the osteoblasts primary cultures, may
Interestingly, the same 10 sites were found hypermethy- be, in part, explained with the fact that the osteoblasts are

lated in ERx-negative breast cancer cells (MDA-MB-231) obtained from bone tissues with a peculiar differentiation

and completely demethylated in EFpositive breast cancer and proliferating program. In addition, primary osteoblasts

cells (MCF7) that used in part the promoter F in addition analyzed exibit a higher degree of ERnRNA in com-

to other promoters. Therefore, the data obtained in the cell parison with MG-63 and Sa0OS-2 osteosarcoma cell lines,
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