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Methylation and Silencing ated and expressedConclusions:Meth-  the RAR{2 transcrip{(8). In the RAR{32
iMAi ; ylation of the RAR-B2 gene may be an promoter region, the retinoic acid-
of the Retinoic ACIC! initial step in breast carcinogenesis; response elemef-RARE mediates reti-
Receptor{32 Gene In treatment of cancer patients with de- noic acid-induced RARB2 gene expres-
Breast Cancer methylating agents followed by retinoic sion in many different cell type®).

acid may offer a new therapeutic mo- It has been founl0-14)that RARB2
Martin Widschwendter, Jennifer dality. [J Natl Cancer Inst 2000;92:826— MRNA is not expressed in a number of
Berger, Martin Hermann, Hannes 32] malignant tumors, including lung carci-
- ' [l carcinoma of the
M. Mtller, Albert Amberger, noma, squamous ce
Michael Zeschnigk, Andreas The incidence of breast cancer ha ead and nepk,_ and breast cancer cell
' : : . ; es. These findings support the concept
Widschwendter, Burghard been increasing since the 1940s, making E ¢ th ific | f RA RNA
. ' . . the most common malignancy amon at the speciiic foss of R2 m
Abendstein, Alain G. Zeimet, Gier women in the developed countridg) xpression may be an important event g
Daxenbichler, Christian Marth Worldwide. 10%—15% of all women Will during tumorigenesis. This_hypothe;is is
. ' . . _supported by the observation that intro-
be diagnosed with breast cancer durin

i i- their lifetimes. The identification of novel duction of RAR$ protein into retinoic
Background: A growing body of evi- ' cid-insensitive breast cancer cell lines S

1) papeoju

dence supports the hypotheses that the approaches for the prevention and treaf, o 0 retinoic acid responswenessi
retinoic acid receptor 82 (RAR-2) ment of breast cancer is urgently needeqy\in inhibition and induction of apop- 5
gene is a tumor suppressor gene and An appealing approach, in theory, for thepqiq) (15) A functional study(16) dem- &
that the chemopreventive effects of ret- prevention of breast cancer is the use Qfgyrated that RAR?2, like the tumor &
inoids are due to induction of RAR{32.  retinoids, structural and functional ana‘suppressor gene p53, can inhibit onco- &
RAR-B2 expression is reduced in many logues of vitamin A(2). gene-induced focus formation. The RAR- &
malignant tumors, and we examined  Retinoids are known to possess antigs gene was shown to be derepressed in5
whether methylation of RAR-B2 could  proliferative, differentiative, immunomodu- normal, senescing mammary epithelial 8
be responsible for this silencingMeth- latory, and apoptosis-inducing propertiesge|is put to be repressed in malignant cell %
ods:RAR-B2 expression was studied by Certain retinoids suppress premalignanines (10). Furthermore, RAR32 has 2
reverse transcription—polymerase chain oral lesions and prevent the developmerfeen shown to function as a tumor sup- %.
reaction (RT-PCR) analysis in eight of second primary cancers among patienisressor gene in epidermoid lung carci- &
breast cancer cell lines that were either with head and neck and lung cancergoma cell{14)and in gynecologic cancer N
treated with the demethylating agent (3,4). Anzano et al.(5,6) showed that cg|is (17). )
5-aza-2-deoxycytidine and subsequently 9-cis-retinoic acid, alone or in combina- e reported that RAB mRNA ex- §
with all-trans-retinoic acid (ATRA) or  tion with tamoxifen or raloxifene, is a po- pression is absent in breast cancer and®

left untreated. Sodium bisulfite geno- tent inhibitor of mammary carcinogenesisnorphologically normal adjacent tissue
mic sequencing was used to determine induced by N-nitrosoN-methylurea in pyt is always present in normal breast
the locations of 5-methylcytosines in Sprague-Dawley rats. tissue distant from the cancét8). Se-
the RAR-B2 genes of three of these cell ~ The regulation of cell growth and dif- quencing of DNA extracted from paraf-
lines. In 16 breast cancer biopsy speci- ferentiation of normal, premalignant, andfin-embedded tumor tissue of the corre-
mens and non-neoplastic breast tissue, malignant cells by retinoids is thought tosponding breast cancer specimens did no
methylation-specific PCR was used to result from their direct and indirect effectsreyeal any mutations in the RAREs. This
determine the methylation status of on gene expression. These effects are me-
RAR-B2, and, in 13 of the specimens, diated by the nuclear receptors, retinoic
RT-PCR analysis was used to detect acid receptor (RAR}x, -8, and + and
RAR-B2 expression.Results: Cell lines retinoid X receptor (RXR), -3, and =, o i
SK-BR-3, T-47D, ZR-75-1, and MCF7 which are ligand-activated transcription_ Affiliations of authors:M. Widschwendter, J.
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exhibited expression of RARB2 or_1|y factors and members of 'the ste.r0|c'j horwendter, B. Abendstein, A. G. Zeimet, G. Daxen-
after demethylation and treatment with  mone receptor superfamily. Retinoid reychier, . Marth (Department of Obstetrics and Gy-
ATRA. The first exon expressed in the ceptors activate transcription in a ligandnecology), A. Amberger (D. Swarovski Research
RAR-B2 transcript was methylated in dependent manner by binding as RARLaboratory, Department of Transplantation Sur-
cell lines ZR-75-1 and SK-BR-3. Six RXR heterodimers or RXR homodimersgery), University of Innsbruck, Austria; M. Zesch-
breast cancer specimens showed meth-to retinoic acid response elementdigk. Department of Human Genetics, University of
ylation in the same region of the gene. (RARESs) located in the promoter regionsES(S:e”' Germany. o

. . orrespondence toMartin Widschwendter,

No expression of_RARBZ was found in of target genes. o M.D., Department of Obstetrics and Gynecology,
any grade lll lesion. An inverse asso- One of the target genes of retinoid reyniversity of Innsbruck, Anichstr. 35 A-6020 Inns-
ciation between methylation and gene ceptors is RARB (7), which encodes four bruck, Austria (e-mail: Martin.Widschwendter@
expression was found in all grade Il transcripts. RARB2 messenger RNA uklibk.ac.at).
lesions. The RARB2 gene from non- (MRNA)is transcribed from a promoter in See“Notes” following “References.”

neoplastic breast tissue was unmethyl- front of exon 3, the first exon expressed ir® Oxford University Press
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observation suggests that another mecha#h 2.5 pM Aza-CdR, for 24 hours with uM  template DNA. Genomic DNA was treated as de-

nism is responsible for repression ofATRA, or for 5 days with 2.5uM Aza-CdR fol-  scribed by Zeschnigk et &28). An 8-p.L aliquot of

RAR-B. lowed by 24 hours with JuM ATRA or left un- 3 M NaOH was added to a gg sample of DNA (in
treated. They were detached with trypsin (0.05%)-70 pL of water). The solution was incubated for 15

Methylation of DNA inhibits transcrip- EDTA (0.02%) in Dulbecco’s phosphate-bufferedminutes at 37 °C, denatured at 95 °C for 3 minutes,

tion, and the strong inhibitory effect of syjine (PBS), washed, and pelleted. and immediately cooled on ice. The denatured DNA
5-methylcytosine in mammalian promoter o solution was mixed with 1 mL of bisulfite reagent

regions suggests that methylation interReverse Transcription—Polymerase (freshly prepared by dissolving 8.1 g of sodium bi-
feres with transcription initiation (19) Chain Reaction sulfite into 15 mL of water, adding 1 mL of 40 h

and references therein]. Methylation has 144 RNA from breast tissues and cells was isohydroqumone,.and_adju_stmg the pH to 5.0 with3
been observed to have a similar effec - . NaOH), overlaid with mineral oil, and incubated in
. . ted as described previous(iL1). We used the the dark for 16 hours at 55°C. The DNA was re-
when_ it occurs m_normally unmethylatgdeeneAmp® EZ rTth RNA PCR Kit (The Perkin- o0 o by adsorbing to L of glassmilk (Gene-
GC-rich regions in the promoter and inElmer Corp., Norwalk, CT) for the reverse transcrip-cqa 1)) Kit; Bio 101, Inc., Vista, CA) and eluting
coding regions of tumor suppressor gene§on-polymerase chain reaction (RT-PCR) reacy;is, 100 ,L of water. For desulfonation, 14L of

: - tions. The RT-PCR reactions were carried out in 3 :
M NaOH was added, and the samples were incu-
;g%l;dlggglf?ﬁgﬁi) '(\;T)_ (222; Bt?gAé_ total volume of 50uL and contained Jug of RNA,  pateq for 15 minutes at 37 °C and F:1eutralized by
! ! 10 pL of GeneAmp 5x EZ buffer (i.e., 250 kh

cadherin invasion-suppressor ge(®b). n,nwbis[2-hydroxyethyllglycine [pH 8.2], 575 M ?ﬂiirgNlAl?j;sogrzggggoﬁ:n e";‘,fj,ﬂf,ﬁev(vg':hl'g)i‘n
To our knowledge, C& and Momparler potassium acetate, and 8% glycerol [volivol]), 3007604 ethanol, dried, and resuspended ’inp:i()of
(26) were the f|r§t to demor‘Strate that e}b*‘“M of each deoxynucleoside triphosphate (ANTP)y aier The concentration of the bisulfite-treated
errant methylation could be involved in2.5 ™ of manganese acetate, 0.4 of each KA \yas estimated with DNA DipSticks™ (Invit-

RAR-B suppression in the DLD-1 colon Primer. 5 U of rTth DNA polymerase, and 40L  ,4en Corp., San Diego, CA).

carcinoma cell line. water. (Perkin-Elmer rTth DNA polymerase is a re- The 635-bp region containing part of the promoter

In this study we examined Whethercombinant, thermostable DNA polymerase encodegnd first exon expressed in the RAB2 transcript
was amplified from the bisulfite-modified DNA

i P ; b hvlati ldb by a modified form of theThermus thermophilus
ne inactivation by m ion
gene Inactivation by methylation cou €DNA polymerase gene and possesses both [eVerSfin wo rounds of PCR by use of nested primers
specific to the bisulfite-modified sequence of this

responsible for repression of RAB2 in transcriptase and DNA polymerase activity.)
breast cancer cell lines and whether the Samples were processed in a Perkin-Elmer 9600, ion The primers were as follows:
RAR-B2 gene is methylated in breast t|s__GeneAmp thermocycling system under the follow- 5o 1 (nt —414 to nt —386)—EGTA TAG

sue from patients with breast cancer. "9 conditions: 40 minutes at 61°C for the reverse,g AAT TTA AAG TGT GGG TTG GG-3;
transcriptase reaction and a 90-second denaturatl%rgimer 2 (nt +268 to nt +296)—ECCT ATA ATT

M ATERIALS AND M ETHODS step at 94 °C followed by 18 amplification cyc:lesAAT CCA AAT AAT CAT TTA CC-3’; primer 3
(45 seconds at 94 °C for denaturation, 30 seconds ?ﬁt ~357 to nt -329)—5GTA GG(C/T) GGA ATA
Chemicals and Reagents 61°C for primer annealing, and 1 minute at 72 °Crr 117 77T AAG TTA AG-3'; and primer 4 (nt

for primer extension), five cycles as above but With+251 to nt +278)—5AAT CAT TTA CCA TTT
All-transetinoic acid (ATRA), 5-aza-2 the extension step lengthened to 75 seconds, aRd-- apa CTT ACT C-3'.

deoxycytidine (Aza-CdR), Igepal CA-630, andanother five cycles as above but with an extension Primers 1 and 2 were used in the first round of
phenylmethylsulfonyl fluoride were from Sigma step of 90 seconds. PCR products were analyzed ‘?:{?'nplification in a reaction volume of 50L, by use
Chemical Co. (St. Louis, MO). For all experiments2% agarose gels. Amplification of RAB2 used 54 100 ng of bisulfite-treated DNA as template.
that used ATRA or Aza-CdR, 1 K solutions were primer sequences that spanned three intrors (Sp-R mixtures further included BL of 10x PCR
prepared in dimethyl sulfoxide and diluted in cultureAGA GTT TGA TGG AGT TGG GTG GAC-3 gor (i.e., 100 ™ Tris—HCI [pH 8.3], 500 vl
medium gee below [exon 3: nucleotide, i.e., nt, 376 to nt 399] for am'KCI, and 15 nM MgCl,; Roche Molecular Bio-

) ) plification of the sense strand and-6CT GGC ., .amicals. Vienna Austria), 10M of each dNTP
Breast Tissue Specimens AGA GTG AAG GGA AAG TTT-3' [exon 6: Nt g 1 of each primer, and 1.25 U dfaqpolymer-

127 to nt 150] for amplification of the antisense ’ :
Biopsy specimens from 16 patients with invasive ] P ase. PCR was carried out under the following con-
°C for 5 minutes followed by 35 ampli-

" ) strand) and produced a single polydeoxynucleotidg... .
ductal carcinoma of the breast (f_lve gfade . gnd Lot 721 base pairs (bp). Primers for the Iow-densit)g(l:t;igsr; 34cles (15 seconds at 94 °C for denaturation
grade I Ie§|0ns)(27) were obtained immediately lipoprotein (LDL) receptor (5CAA TGT CTC 14 secor:/ds e 30,
o o e o Iump . SpeCIACC AAG CTC TG-3 [sense] and 5TCT GTC 004 at 72 °C for extenzion) and afinalgéxtension
e oot & prouon to_the [_)atholo_glst, and & par XCG AGG GGT AGC TG-3 [antisense]) produced o tiqn (5 minutes at 72 °C). Of the first-round PCR
the tlssoue was placed into liquid nitrogen and store polydeoxynucleotide of 276 bp that was used as Broduct, 2L was used as template for the second
a}t —80 °C until lyophilization. We also us_ed an |den—Ioading control. A temp
tically treated sample of normal breast tissue from a round of PCR that used primers 3 and 4 under the
patient who had undergone a ".'as.tecmmy' ThiDNA Isolation From Tissues and same conditio:s. The 635-bp PCR products Were§
study was approved by the Institutional Reviewcityred Cells analyzed on 2% agarose gels and sequenced by us
Board of the Department of Obstetrics and Gyne- of the LI-COR 4200 automatic sequencer (LI-COR,
cology of the University of Innsbruck, Austria. Genomic DNA samples from breast cancer cell-incoln, NE).

lines were prepared by use of the QIAmp Blood Kit . e

Cell Culture and Treatment (Qiagen, H’ﬁdea’ Ger,zany) accor(;igng topthe manuMethylation-Specific PCR Assay

fpcturer's protoc_ol. Genomic DNA from Iyophlllzed This assay takes advantage of DNA sequence dif-
reast cancer tissue and normal breast tissue w?g,

from the following sources: MCF7 (M. Lippman, . ) o rences between methylated and unmethylated al-
Georgetown University Medical Center, Washing-ISOIated by use of the QIAmp Tissue Kit (Qlagen)'leles after bisulfite modification. Reacting DNA
ton, DC); Hs 578T and BT-20 (G. Buehring, Uni- 5odium Bisulfite Genomic Sequencing with sodium bisulfite converts all unmethylated cy-
versity of California, Berkeley); T-47D, MDA-MB- tosines to uracil, which is recognized as thymine by
231, HBL-100, and SK-BR-3 (N. Hynes, Friedrich  Bisulfite treatment of single-stranded DNA con- Taq polymerase, but does not affect methylated cy-
Miescher Institute, Basel, Switzerland); and ZR-verts unmethylated cytosines to uracil but does ndibsines. Amplification with primers specific for
75-1 (R. King, University of Surrey, Guildford, affect methylated cytosines. Uracil is recognized asnethylated or unmethylated DNA discriminates be-
U.K.). They were cultured as described elsewheréhymine byTaqpolymerase and, hence, the productween methylated and unmethylated DNA. It is a
(11)in modified Eagle medium containing 10% fetal of the PCR will contain cytosines only at positionssimple and fast way of surveying multiple samples
calf serum. Cells were incubated either for 5 daysvhere 5-methylcytosines occurred in the startindo detect methylation of cytosines in the region of

Z1snbny Lz uo 1senb Aq 69.5062/928/01/26/2101e/1oul/woo dno-olwepede//:sdiy woly papeojumoq

Human breast cancer cell lines were obtaine

Journal of the National Cancer Institute, Vol. 92, No. 10, May 17, 2000 REPORTS 827



interest: a 146-bp fragment in thé Eegion of the PBS-T, the membrane was incubated for 30 minuteshowed expression of RAB2 mRNA
first exon expressed in the RAB2 transcript, a re- with peroxidase-conjugated anti-rabbit secondarbmy after demethylation and treatment
gion that is methylated in both ZR-75-1 and SK-BR-3.antibody (diluted 1:21000 in PBS-T). The blot was,, ;
with ATRA. Cell line MDA-MB-231 ex-
In a first round of PCR, a DNA fragment ranging visualized by use of ECL western blotting chemilu- Ce € 3le

from nt +18 to nt +296 was amplified with primers minescent detection reagent (Amersham Pharmacf

pressed the gene constitutively, with an
increase in the level of expression after

specific for bisulfite-modified DNA: 5AAG TGA  Biotech). _ -
GTT GTT TAG AGG TAG GAG GG-3 (sense) and demethylation and treatment with ATRA.
5'-CCT ATA ATT AAT CCA AAT AAT CAT RESULTS Cell lines Hs 578T and HBL-100 ex-

TTA CC-3 (antisense). PCR mixtures included, in a
total volume of 50uL, 2—-10 ng DNA, 5pL of 10x

PCR buffer, 10.M of each dNTP, 600M of each RT—PCR After Demethylation

primer, and 1.25 U offaq polymerase. PCR was
carried out under the following conditions: 94 °C for

extension) and a final extension incubation of 5 min
utes at 72 °C. The DNA fragment resulting from this
amplification was then further amplified by methyl-

each cell line were untreated,

Expression of RAR32 mRNA by

pressed the gene constitutively but
showed no increase in expression after
demethylation. Cell line BT-20 showed

To evaluate expression of the RAF2  no expression of the RAR2 gene, re-

5 minutes followed by 35 amplification cycles (15gene, the level of the correspondingardless of treatment (Fig. 1). RABRZ
seconds at 94°C for denaturation, 15 seconds nRNA was estimated by RT-PCR intranscripts were detected in a control
53°C for annealing, and 30 seconds at 72°C fopjght breast cancer cell lines. Cells fronfpecimen of non-neoplastic breast tissue.

ation-specific PCR (MSP), by use of primers de-(Z-SMM) for 5 days, incubated with aMm
signed (29) to detect methylation in the region of ATRA for 24 hours, or incubated with 2.5
interest. MSP primer sequences wefef3G AGA M Aza-CdR for 5 days followed by 1
ATG TGA GTG ATT TGA-3 (sense, nt +105tont y M ATRA for 24 hours. Cell lines SK- sequencing method to identify 5-methyl-
BR-3, T-47D, ZR-75-1, and MCF7 cytosine residues in thépromoter—exon

cation of the modified, unmethylated sequence and

+124) and 5AAC CAA TCC AAC CAA AAC
AA-3’ (antisense, nt +231 to nt +250) for amplifi-

: _ incubated_y1ethyicytosine Analysis of the 5
with the demethylating agent Aza-CdRp,omofer—Exon Region of the

RAR-B2 Gene

We used the sodium bisulfite genomic

5-TCG AGA ACG CGA GCG ATT CG-3(sense,
nt +105 to nt +124) and'5GAC CAA TCC AAC
CGA AAC GA-3' (antisense, nt +231 to nt +250)
for amplification of the modified, methylated se-
guence. MSP was performed with reaction mixture
of the same composition as those above, under t
following conditions: 94 °C for 1 minute followed
by 35 amplification cycles (30 seconds at 94 °C fo
denaturation, 30 seconds at 55 °C for annealing, a

30 seconds at 72 °C for extension) and a final ex

tension incubation of 5 minutes at 72 °C. PCR prod
ucts were analyzed on 1.5% agarose gels.

Nuclear Protein Extracts and Western
Blot Analysis

Tissues were homogenized gently in a Dounc
homogenizer with ice-cold buffer A (i.e., 10 M
Tris—=HCI [pH 7.4], 250 nM sucrose, and 3 M
MgCl,), and nuclei were collected by centrifugation
(800g for 20 minutes). Nuclear pellets were solubi-
lized by incubation in buffer B (i.e., 50 M HEPES
[pH 7.4], 500 nM NaCl, 1% Igepal CA-630, and
100 wg/mL phenylmethylsulfonyl fluoride) for 15
minutes on ice. The extracts were centrifuged
(10 00@ for 2 minutes); the resulting supernatants
are referred to as the nuclear extract. All of thg
above procedures were carried out at 4 °C. Prote
guantitation was performed by use of the Coomass
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protein assay reagent (Pierce Chemical Co., Roc
ford, IL).

Electrophoresis of 5@:g samples of nuclear ex-
tracts was carried out on 12% polyacrylamide gel
containing sodium dodecyl sulfate. After electro-
phoresis, the gels were blotted to a Hybond ECL™Fig. 1. Retinoic acid receptor (RAR}2 messenger RNA (mRNA) expression in breast cancer cell.lines
nitrocellulose membrane (Amersham Pharmaci&ells from cell lines Hs 578T, SK-BR-3, T-47D, HBL-100, ZR-75-1, MCF7, MDA-MB-231, and BT-20
Biotech, Buckinghamshire, U.K.). The membranewere left untreatedCo laneg, incubated for 5 days with the demethylating agent 5-dzde®xycytidine
was blocked in 5% nonfat dry milk (Bio-Rad Labo- (Aza-CdR) Aza-CdR laneg, incubated for 5 days with Aza-CdR and for 24 hours withtelhsetinoic
ratories, Hercules, CA) in PBS with 0.1% Tween 20acid (ATRA) (Aza-CdR + ATRA lanes), or incubated with ATRA alone for 24 hourATRA lanes). Total
(PBS-T) for 1 hour at room temperature, followedRNA was isolated as described previouglit) and amplified by the reverse transcription—polymerase chain
by incubation for 90 minutes with a 10-mL solution reaction (PCR) procedure as described in the text. PCR products (f2Ad®mplementary DNA [cDNA]
of RAR-B primary polyclonal antibody raised [721 base pairs (bp)] and low-density lipoprotein receptor [LDL-R] cDNA [276 bp, used as a loading
against a C-terminal RAR- epitope (sc-552X; control]) were analyzed on 2% agarose gels. Controls were non-neoplastic breast tissue from a mastectomy
Santa Cruz Biotechnology, Santa Cruz, CA) (dilutecpatient {ane B) and mock reverse-transcribed RNA (reverse transcriptase omi€ddnés. Size markers
1:500 in PBS-T). After four 5-minute washes with are shown (with their sizes in bp) in theft-most lane (MW) of each gel.

ZR-7 BT-20

1]

-1 MCF7 MDA-

MB-231
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regions of the RAR32 genes in three

breast cancer cell lines. We designefl -357 GCAG GCGGAACACT G.TTTTCCAAG CTAAccgc;cc GC.AAATAAAA AGCCGTAAAC
primers to analyze a 635-bp region con}f -303 GGNGNGAAGT TGGTGCTCAA CGTGAGCCAG GAGCAGCGTC CCGGCTCCTC gcczccrcm"
taining part of the promoter region and -213 TTTAAI\I.\GCA CTTCTTGTAT TGTTTTTANG GAGAGAAATA GGAAAGAAAA CGCCGGCTTG
the first exon expressed in the RARR -183 TGCGCTCGCT GCCTGCCICT CTGECTGTCT GCTTTTGCAG GGCTGCTGGG AGTTTTTANG
transcript and found 21 and 13 residues df -123 CTCTGTGAGA ATCCTGG(:AG TTGGTGATG’: CAGACTAGTT GGGTCATTTG AAGGTTAGCA
5_methy|cytosine in the genes from cel -63 GCC'CEG:;TAG GGTTCACCGA AAGTTCACTC GCATATATTA GGCAATTCAA TCTTTCATTC
lines ZR-75-1 and SK-BR-3, respectively -3 TGTGTGACAG AAGTAGTAGG AAGTGAGCTG TTCAGAGGCA GGAGGGTCTA TTCTTTGCCA
(Fig. 2). Methylation in both the promoter 58 AAGGGGGGAC CAGAATTCCC CATG?GAGCT GTTTGAGGAC TGGGATGC?G AGAA%G?GAG
region and in the first exon expressed in 118 gGA’J'C?GAGC AGGETIIEIC ’1‘(;(;(5(:/-\(:2(;1' gG(-‘.(:‘.G'I'AGGA '['(,‘?GGAA?GC AT‘I‘?GGAAGG
the RAR2 transcript was observed in 178 CTTTTTGCAA GCATTTACTT GGAAGGAGAA CITGGEATCT I'ICTGGGAAC (!(IC(I?(%(TCC(OI
the DNA of ZR-75-1 cells. It was ob- 238 GCCTGOATTG GCCGAGCAAG CCTGGAAAAT GGTARATGAT C

served only in the first exon expressed i °

the RAR$2 transcript of the SK-BR-3 g e dn RS

cells. No methylation was observed in ei C °TC in SK-3R3 and ZR-75-1

ther the part of the promoter region anat ™ initiation of transcription

lyzed or the first transcribed exon of the

BO|UMO(]

RAR-B2 gene from cell line Hs 578T. Fig. 2. DNA sequence of the promoter—exon region of the retinoic acid receptor (RARjene. Genomic
The GenBank accession number for th®NA was isolated from three breast cancer cell lines both before and after incubation of the cells wigh
promoter is emb/X56849/HSRARBP, anddemethylating agent 5-aza-8eoxycytidine (Aza-CdR). The isolated DNA was reacted with bisulfite as ‘::;
the accession number for the RAF2 described in the text, amplified by the polymerase chain reaction, and sequenced twice. The sequences @the
first transcribed exon is gb/M96016/regi0n of the RARB gene from nucleotide (nt) —357 to nt 278 from Aza-CdR-treated and untreated cells;
were compared to determine where 5-methycytosif€) occurs in the native genome. The transcription
HUMRAR21. start site is indicated by aarrow. The two RAR elements and the TATA box araderlined. The positions
of the 5-methylcytosines are indicated filied circles for cell line ZR-75-1 and byilled circles with stars

Methylatlon in Breast Cell Lines and for cell lines ZR-75-1 and SK-BR-3. Cell line Hs 578T showed no methylation.

Breast Cancer Specimens

We used MSP to examine breast ca
cer cell lines for methylation in the 146-
bp fragment in the Sregion of the first
exon expressed in the RARZ transcript,
which is methylated in both ZR-75-1 and

MWUMUMUM UM|UM UM/UMUM

SK-BR-3. Of the eight cell lines exam- Co Aza- | Co Aza- | Co Aza-| Co Aza-
ined, only Hs 578T, which expresses CdR CdR CdR CdR
RAR-B2 constitutively (Fig. 1), showed Hs 578T SK-BR-3 T-47D HBL-100

no methylation. In all of the other seven
cell lines, our results revealed a mixturg

of methylated and unmethylated se To0=
qguences in the relevant region of the 2 iy ,.

RAR-B2 gene. Aza-CdR was not able tg

demethylate completely the 146-bp re MWUMLMOM UMM oMb M o

Co Aza- | Co Aza- | Co Aza- | Co Aza-

gion that we examined in any of the cel cdR cdR CdR cdR
lines studle_d (Fig. 3).. ZR-75-1 MCF7 MDA- BT-20
We studied 16 primary breast cancef MB-231

biopsy specimens (five grade Il and 1
grade Il lesions). Methylation in the'5 Fig 3. Methylation-specific polymerase chain reaction (MSP) of human breast cancer cell lines. Cells from
region of the RARB2 gene was seen incell lines Hs 578T, SK-BR-3, T-47D, HBL-100, ZR-75-1, MCF7, MDA-MB-231, and BT-20 were left 1

six tumors. Unmethylated DNA was pres-untreated Co laneg or incubated for 5 days with the demethylating agent 5-dzde®xycytidine (Aza- N
ent in all 16 specimens. The one non€dR) Aza-CdR laney, treated with bisulfite as described in the text, and amplified by the polymerase chain

neoplastic breast tissue specimen that Wr%action by use of primers specific for mgthylat&ﬂlanes) and_unmethylated.(_lanes DNA. The presence
. . . of a 146-base-pair (bp) polymerase chain reaction product in lanes mariketicates that the retinoic acid
examined showed no methylatlon (Flg. 4, A)I*eceptor (RAR)B2 gene is unmethylated in the corresponding DNA; product in lanes mavlkedlicates
To assess whether methylation of thenat RARB2 is methylated. Size markers are shown (with their sizes in bp) ifethenost lane (MW ) of
RAR-B2 gene is associated with its ex-each gel.

pression, RT-PCR of RAR2 was per-

formed on 13 of the 16 breast cancer

specimens whose methylation status we® be methylated did not. None of thebreast cancer specimen and in the non-
determined (five from grade Il and eightspecimens from grade Ill lesions ex-neoplastic breast tissue specimen. By use
from grade 1l lesions) and on the non-pressed this message (Fig. 4, B). RBR- of an antibody against a C-terminal
neoplastic breast tissue specimen. Thganscript was also detected in nonRAR-B epitope for detection of proteins
three grade Il tumor specimens that wereeoplastic breast tissue. after electrophoresis, a protein of molecu-
shown to be unmethylated expressed Western blot analysis was used to delar mass[#48.8 kd, which corresponds to
RAR-32 mRNA; the two that were shown tect expression of RAR- protein in one the molecular mass of RAR2, was iden-
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repressor and a histone deacetylase.

Deacetylation of histones is associated
with reduced levels of transcription, per-
haps by allowing tighter nucleosomal
packing [19) and references therein].
When the RXR-RAR heterodimer binds
to B-RARE, the chromatin structure un-
dergoes dynamic, reversible changes in—
but also around—the RAR2 promoter
(33). Minucci et al.(34) reported that the
histone deacetylase inhibitor trichostatin
A substantially increases the accessibility
of the restriction endonucleasema to
the RAR{2 promoter.

Our findings demonstrated several
points about the relationship between
RAR-B2 gene methylation and suppres-
sion of this gene in breast cancer: 1)
Methylation occurred in the promoter and
the first exon expressed in the RAR
transcript in seven tested cell lines (the
one exception was Hs 578T, a breast can-
cer cell line that, according to our results,
expresses RAR2 constitutively); 2)
methylation of this region could also be
observed in six of 16 breast cancer speci-
mens; 3) RARB2 expression could be re-

Fig. 4. Methylation-specific polymerase chain reaction (MSP) analysis of DNA from primary breast cargtored (in four of five cell lines that did
specimens and non-neoplastic breast tissue and expression of RNA and fratehA: Genomic DNA not express the gene Constitutively) orin-
from 16 primary breast cancer specimens was isolated and treated with bisulfite as described in the tegyaagsed (in one of three cell lines that

amplified by the polymerase chain reaction (PCR) by use of primers specific for methyMjednd
unmethylatedy) DNA. Specimens 1-11 were grade Il lesions; specimens 12—16 were grade |l |&sion
denotes the non-neoplastic breast tissue specimen. The presence of a 146-base-pair (bp) PCR product

expressed the gene constitutively) by
Eﬁqgﬁ@g breast cancer cell lines with the

markedU indicates that the ‘Sregion of the retinoic acid receptor (RARR gene is unmethylated in the demethylating agent .AZfJ"CdR followed
corresponding specimen: product in lanes maiiethdicates that RAR2 is methylated. Size markers areDy treatment with retinoic acid; and 4

shown (with their sizes in bp) in tHeft-most lane (MW ) of each gelPanel B: expression of RNALanes

)
there is a common GC-rich region in the

3-16correspond to breast cancer specimens analyzed for methylation in the experiment shown in pafigih.exon expressed in the RARZ tran-
RNA was extracted, and reverse transcription—PCR analysis was used to dete@2RA&ssenger RNA script

(721 bp). Controls were the non-neoplastic breast cancer speciamnB) and mock reverse-transcribed
RNA (reverse transcriptase omittedr{e C). Size markers are shown (with their sizes in b\ lane).
Panel C: western blot analysis of nuclear extracts. Nuclear extracts of non-neoplastic breastaisss®) (

The methylation region that is com-
mon to the two cell lines in which we

and breast cancer specimeéricorresponding to tissue 7 in panels A and B) were prepared as describe@®t€cted methylation of RARZ is in the

the text. After electrophoresis on a 12% polyacrylamide gel containing sodium dodecyl sulfate, the sarfipgistranscribed exon, not in the promoter.
were blotted onto a nitrocellulose membrane. The blots were incubated with polyclonal antibody @nmther example of a tumor suppressor
C-terminal epitope of RAR protein and then with a peroxidase-conjugated secondary antibody. Detecgéhe where methylation does not occur X

was by chemiluminescence. kB kilodalton.

mainly in the promoter region is the p16/
CDKN2A gene, in which exon 2 fre-

tified in the specimen of non-neoplasticretinoids are due to induction of RAR2 quently becomes methylatel® novoand
breast tissue. The same antibody detect€d2). The mechanism of RAR2 sup- gene expression is suppres$at). Meth-

RAR-B proteins with molecular masses ofpression remains unclear. &oet al.

ylation of tumor suppressor genes—and,
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[58.8 and40.6 kd in the nuclear extract (26,29) were the first to suggest thattherefore, escape from processes that lead

of one breast cancer specimen. methylation of the RAR32 gene may be the cells to physiologic turnover (e.g., ap-
the mechanism by which the gene’s exeptosis)—seems to be one of the initial
DISCUSSION pression is silenced in a colon carcinoma&vents in carcinogenesis. It was reported
cell line. (36) that senescence of human mammary

A lack of RAR32 mRNA expression  Transcriptional repression by DNA epithelial cells that demonstrate an ex-
has been observed in solid tumor cellsmethylation can be mediated through a&ended period of growth (compared with
including lung carcinoma, squamous celsequence-independent process that ithe main part of the normal mammary ep-
carcinoma, and breast canc€r0,12— volves changes in chromatin structure andhelial cells) is associated with aberrant
14,18,30).A growing body of evidence histone acetylation levels: Binding of themethylation and loss of expression of the
supports the hypotheses that the RBR- transcriptional repressor MeCP2 to methtumor suppressor gene pl6. The cause of
gene is a tumor suppressor gemhé,15,31) ylated DNA is followed by recruitment of de novomethylation during carcinogene-
and that the chemopreventive effects o& complex containing a transcriptional cosis remains unclear. In 1993, Wu et al.
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(37) showed that constitutive overexpresmethylated RARB2 expressed the gene. (2) Sporn MB, Newton DL. Chemoprevention of
sion of an exogenous mouse DNA methin grade IlI lesions, expression of RAR-  cancer with retinoids. Fed Proc 1979;38:
yltransferase gene in mouse 3T3 fibrof2 was never observed, regardless of 252834

) . _ . : (3) Ki Hong W, Lippman SM, Hittelmann WN,
blasts results in a marked increase imethylation status. One explanation for Lotan R. Retinoid chemoprevention of aerodi-

overall DNA methylaﬂon' which is ac- repression. of RARB2 expr_ession in gestive cancer: from basic research to the

companied by tumorigenic transformatiorgrade Il lesions could be the involvement  (jinic. ciin Cancer Res 1995:1:677—86.

of these cells. of Nur77. Overexpression of this gene has(4) pastorino U, Infante M, Maioli M, Chiesa G,
Jones and Laird19) have hypoth- been found to be associated with a loss of  Buyse M, Firket P, et al. Adjuvant treatment of

esized that methylation could act as &AR-B2 inducibility and retinoic acid re- stage | lung cancer with high-dose vitamin A. J

third pathway (in addition to intragenic Sistance in lung cancer celé1). Clin Oncol 1993;11:1216-22.

. _ Western blot analysis of protein ex- (5) Anzano MA, Byers SW, Smith JM, Peer CW,
mutations and loss of chromosomal ma y p Mullen LT, Brown CC, et al. Prevention of

terial) for full inactivation of a tumor sup- Préssion by use of an aml.bOdy raised breast cancer in the rat with@s-etinoic acid
pressor gene. We used MSP to StUd?gamStaC'termmal_ RAR-epitope dem- as a single agent and in combination with
methylation in the common GC-rich re-Onstrated expression of the48.8-kd tamoxifen. Cancer Res 1994;54:4614—7.
gion in exon 1 of the RAR3 gene and RAR-32 prOFeln only in a non-neoplastic (6) Anzano MA, Peer CW, Smith JM, Mullen LT,
showed that only cell line Hs 578T, whichPreast specimen, whereas the breast can- shrader MW, Logsdon DL, et al. Chemopre-
cer specimen we examined demonstrated vention of mammary carcinogenesis in the rat:
two apparently different RARS- proteins corsbined Lljse of raloxifene andc®s-retinoic

i acid. J Natl Cancer Inst 1996;88:123-5.
all of the other cell lines studied, bothw'gwsnp(gle_l(f'{]”ar r_r:asses .0@4066 tant(_i (7) de The H, Marchio A, Tiollais P, Dejean A.
methylated and unmethylated aIIeIegs ' - 1he quite surprsing detection == . o iial expression and ligand regulation of
could be found. This observation suggest f two RAR{ proteins in an RARB2

RNA fi b ¢ i the retinoic acid receptox and B genes.
that biallelic inactivation is required for M~ \/-N€gative breast cancer Cell i€ gmpo j 1989;8:429-33.
RAR-B2 suppression, as was also shown

was recenFIy reported by Sommer e_t al.(8) van der Leede BJ, Folkers GE, Kruyt FA, van
0 be true for the hMLH1 geng@4,38).In (42): They identified th€D40._6-kd species der Saag PT. Genomic organization of the hu-
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tone deacetylation in the RAR2 gene indirect evidence that methylation and10) swisshelm K, Ryan K, Lee X, Tsou HC, Pea-
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