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Abstract

Estrogen receptors (ERs) are expressed in neuronal cells and exhibit a wide variety of activities in the central nervous system. The
actions of ERs are regulated in a hormone-dependent manner as well as by a number of co-activators and -repressors. A recently identified
co-activator of ER is caveolin-1 which has been shown to mediate the ligand-independent activation of this steroid receptor. In the present
study we have demonstrated that neuronal SK-N-MC cells lacking functiorabBEBWw high levels of caveolin-1/-2 specific transcripts and
proteins. Ectopic expression of BRn SK-N-MC cells leads to the transcriptional suppression of caveolin-1 and -2 genes. This silencing
event is accompanied by changes in the methylation pattern of the caveolin-1 promoter. Certain CpG dinucleotides were methylated in
the caveolin-1 promoter region of the SK-&Rells whereas the same sites were non-methylated in control SK-N-MC cells, implicating
a gene silencing mechanism including hypermethylation of DNA. In addition, inhibitors of methyltransferases or histone deacetylases,
enzymes involved in the establishment and maintenance of silenced chromatin status, partially restored caveolin transcriptioa in SK-ER
cells. In conclusion, our observations provide a possible mechanism of negative feedback regulatiarcofdgf®vator caveolin by the
steroid receptor itself in this cellular model.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction 2. The caveolin gene family

The activity of estrogen receptors (ERS) is not only regu-  Caveolin-1 is part of the caveolin gene family consisting
lated by the endogenous ligand estrogen, but also by a num-of three homologous members designated caveolin-1/-2 and
ber of co-regulatory factors suppressing or enhancing ER -3 [4]. The isoforms caveolin-1/-2 and -3 show distinct ex-
actiong[1]. Co-repressors have been shown to associate withpression patterns. While caveolin-3 is mainly restricted to
steroid receptors which subsequently bind to target genesmuscle tissug5], caveolin-1/-2 are abundantly expressed
and suppress gene transcription. In contrast, co-activatorsin endothelial cells, adipocytes and fibroblafg$. Cave-
enhance transcription of ER target genes. Both classes ofolin proteins are one of the major components of caveolae,
regulatory factors are suggested to exert their actions partlyvesicular invaginations of the cell membrane involved in cel-
by affecting the chromatin remodeling processes. Recently, lular transport and signaling. These structures are enriched
caveolin-1 has been identified as a new co-activator af ER in cholesterol and a number of signaling molecules, such
[2,3]. Here, we addressed whether a putative relationship as heterotrimeric G proteins, e-NOS, Src tyrosine kinases,
between ER and the caveolin isoforms 1 and 2 exists using which are physically attached to the scaffolding domain of
a neuronal cell line lacking functional BR caveolin proteing7/—9]. Through this interaction most of the
signaling molecules are held in an inactive conformation,
suggesting a role for caveolin as a negative regulator of var-
ious signaling pathways.
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depending on the developmental stage, brain region andpability of DNA binding in a hormone independent-manner
cell type analyzed10,11] Caveolae like structures have [18]. In summary, the results provide a number of evidences
been reported to be potential sites for the localization of the that ERs mediate certain effects in the absence of ligand,
amyloid precursor protein (APH12], a protein known to also depending on the cellular paradigm tested.

be involved in the pathogenesis of Alzheimer disease and, The silencing process of caveolin expression irEdver-
moreover, appear to participate in the processing of APP expressing SK-N-MC cells is unaffected by the ER antago-
[13]. In addition, caveolin is known to play a role in the nist ICI 182 780, suggesting a permanent caveolin silencing

regulation of signaling through p75NTR and Trk24]. mechanism in SK-ER cells.
4. Expression of caveolin-1 and -2 in neuronal 6. Involvement of DNA methyltransferases and histone
SK-N-MC cells deacetylases in caveolin repression

In contrast to most neuroblastoma cell lines, SK-N-MC  The caveolin genes are localized in close neighborhood
cells exhibit robust levels of caveolin-1/-2 isoforms. on chromosome 7g31[19], a chromosomal locus often af-
RT-PCR analysis using caveolin isoform specific primers fected by loss of heterozygosity in several epithelial carci-
reveiled PCR products of the expected size for both caveolin nomag20]. The promoters of the caveolin genes are embed-
isoforms. Western blot analysis performed with caveolin ded within CpG island§21] which are frequently found in
specific antibodies exhibited prominent protein bands for promoter regions of housekeeping genes. Hypermethylation
caveolin-1/-2. In addition, SK-N-MC cells showed a strong of CpG islands correlates in most cases with the transcrip-
staining pattern for caveolin-1/-2 proteins as determined tional inactivation of the associated geri@g]. Inhibition
by immunostaining, which was characterized by the dotted of DNA methyltransferases and therefore the methylation
distribution throughout the cytoplasm and the concentration of certain cytosine residues within CpG dinucleotides with
in micropatches at the cell membrane. 5-aza-deoxycytidine (10-1QMM) for 4 days resulted in a

re-accumulation of caveolin-1 and -2 transcripts in SKeER
cells as determined by RT-PCR. Moreover, inhibition of hi-

5. Effect of ERa on caveolin expression in SK-N-MC stone deacetylases with Trichostatin A (10-20 ng/ml) for
cells 2 days led to re-activation of only caveolin-1 transcrip-
tion. In general, histone deacetylases are involved in chro-

As caveolin-1 is able to potentiate &Ractivity, a pu- matin remodeling processes, preceding or following DNA

tative reciprocal relationship between caveolin andeER methylation, which subsequently lead to chromatin conden-
expression is put forward in this study. So far, there are only sation and impaired access of transcription factors to DNA
a few studies dealing with the effects of estrogen on cave- binding sites[23]. Results of both experiments suggest a
olin expression in endothelial cell$5] and smooth muscle  methylation-dependent gene silencing event occurring in the
cells[16] offering controversial results. We investigated the cases of caveolin-1/-2 in SK-ERcells.

effect of ectopically expressed &Rn SK-N-MC cells on

the expression pattern of caveolin. SK-N-MC cells lack en-

dogenous functional ERas determined by RT-PCR, West- 7. Changes in the methylation pattern of caveolin-1

ern blot and luciferase assay analysis. Therefore, SK-N-MC promoter region accompanied with caveolin-1

cells are a useful model to study the effects of ectopically ex- silencing

pressed ER (SK-ERx) on caveolin expression. Intriguingly,

we observed an almost complete abrogation of caveolin-1 Hypermethylation of distinct regions of the caveolin-1
and -2 gene expression induced by the presence ofiBR  promoter was observed so far in two breast cancer cell lines
SK-ERx cells. The expression silencing event occurs at a MCF-7 and T-47D, both of which exhibit no detectable
transcriptional level since RT-PCR performed with caveolin levels of caveolin-1 proteinf21]. We could demonstrate
isoform specific primers did detect only very low amounts by bisulfite genomic sequencing, that equivalent cytosine
of caveolin transcripts compared to SK-N-MC mock trans- residues were methylated within the caveolin-1 promoter de-
fected cells. The caveolin gene silencing in SKeER rived from SK-ERx cells. In contrast, caveolin-1 expressing
cells is an ER ligand-independent process. Apart from SK-N-MC cells have been non-methylated in all CpG sites
Lisanti and co-workers showing that caveolin-1 promotes analyzed. These results enhance the assumption of a gene
ligand-independent activation of BR[2,3], other studies  silencing mechanism which involves hypermethylation. In-
also have been demonstrated that ERs may be activated interestingly, MCF-7 and T-47D cells endogenously express
the absence of ligand in vitro and in vivo (for revigd]). relatively high levels of ER [24] suggesting a correlation
Common mechanisms underlying these effects involve the between ER expression and caveolin silencing via methy-
trafficking of ERs to the nucleus as well as altered phospho- lation in these cellular models. Further studies have to clarify
rylation of the steroid receptors. Moreover, ERs show the ca- whether caveolin transcription is either directly targeted by
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Fig. 1. A stretch of genomic DNA including parts of the caveolin-1 promoter as well as the first exon is shown (A). Particular CpG dinucleotides found
in the caveolin-1 promoter are non-methylated in caveolin-1 expressing SK-N-MC cells, which is indicated by the white circles. Ectopic expression o
estrogen receptos (ERa) in SK-N-MC cells correlates with an either direct or indirect targeted down-regulation of caveolin transcription (B). This
down-regulation is accompanied by a de novo methylation of the analyzed CpG dinucleotides, indicated by the black circles. The observed silencing
event, which could be reversed by the use of specific inhibitors of DNA methyltransferases (DNMT's) and histone deacetylases (HDAC), supports a
possible involvement of a methylation-dependent mechanism of gene regulation.

(B)

ER« or suppressed by an indirect Efhduced mechanism.  in the framework of a EU-project organized by Bart van der
A detailed analysis of the functional interaction of &Bnd Burg (Utrecht).
caveolin isoforms has been recently publisii2sg].
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