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present in normal breast tissues, lobular carcinomas, and low-
The abnormal properties of cancer cells are attributable geade ductal carcinomas, the majority of high-grade ductal car-

alterations in gene sequence and expression. The genes thatiammas had reduced or undetectable BRCA1 expression. Some
mutated in cancer can be grouped into two classes: protvarian carcinomas also demonstrated loss of BRCAL expres-
oncogenes and tumor suppressor genes. Proto-oncogenes agaf-(17). Increased methylation of CpG sites in the BRCAL
fected by gain-of-function mutations in cancer, generating opromoter has previously been proposed to underlie BRCA1 in-
cogenic variant copies (or alleles) with increased or novattivation in some cas€45,16,18-20). .
functions, while tumor suppressor genes are inactivated. Tumorln the first report presented in this issue of the Journal,g
suppressor genes were initially hypothesized to be inactivatecgsteller et al.(4) have extended studies of BRCA1 promoter =
cancer cells as a result of genetic defects of both alleles (i.e., thethylation in breast and ovarian cancers. A principal finding ofg.
Knudson two-hit hypothesis). Many studies have validated tHigeir work was that the BRCA1 promoter was unmethylated in=
concept, demonstrating localized mutations in both tumor supermal tissues and in all breast cancer cell lines tested, buf
pressor gene alleles or a localized mutation in one allele coupRGCA1 promoter hypermethylation was present in 11 (13%) of 5
with a loss of heterozygosity (LOH) in the other allele. HoweveB4 unselected breast carcinomas. BRCAL hypermethylation wag
there is now evidence that epigenetic events, such as hypermgRst common in lesions with medullary and mucinous differ- &
ylation of cytosine—guanine (CpG) sites in regulatory regior@tiation, two histologic types that are more common in breasf
(e.g., the promoter), may be a critical alternative mechanism @fcinomas arising in individuals carrying a germline BRCA1 §
tumor suppressor gene inactivation, including von Hippef@utation than in unselected cag@d). Studies of the relation- 9
Lindau inactivation in some clear-cell renal cancers, it Ship between LOH at the BRCA1 locus and BRCA1L promo_ter§
inactivation in some lung and other cancers, and MLH1 inacfiyPermethylation indicated that nine (20%) of 45 tumors with ¢

. : S
vation in many sporadic colon cancers with microsatellite instz®H nad BRCAL hypermethylation, while one (5%) of 21 with- 3
bility (1—3).Two reports4,5)in this issue of the Journal provideOUt LOH was methylated. The authors also found that BRCA12

. . . . QL
additional data consistent with the view that hypermethylation ypé&r;?thylat.lon was tightly as;oc:;’:ttedl r‘:‘"th hLOhH at ;he§
the promoter regions of certain tumor suppressor genes may ocus in ovarian cancer. Finally, although the aut orss
an important role in extinguishing gene expression in canc&Y studied the relationship between BRCA1 methylation andy

. . .gene expression in six breast cancer xenografts (two of whicls
However, before accepting the conclusion that hypermethylatlg . =
of tumor suppressor gene promoters is invariably the cause> ]owed BRCAL hypermethylation and undetectable BRCALZ

gene inactivation, it is worth evaluating the data in the twtéanscnpts), they conclu.ded. that_ silencing of BRCA1 oceurs b?@
. " promoter hypermethylation in primary breast and ovarian carci-%
reports a bit more critically. >

! . . . nomas.
Perhaps the first clear evidence that a single gene might un-. g

derlie b ¢ Sk i famil ided by t The conclusions by Esteller et #4) regarding a cause-and- 35
eriie breast cancer risk in Some tfamilies was provided by E?fect relationship between BRCAL promoter hypermethylation$
mapping of BRCA1 (breast cancer predisposition gene 1) 4

d inactivation may ultimately be well established. Neverthe-g
chromosome 17q2(6). Further work(7,8) revealed that germ- oo '\ncertainties remain at this time. While the authors did not,
line BRCA1 mutations also substantially increase ovarian cang%dy BRCAL expression in their primary tumor specimens,

risk, and the BRCAL gene was ultimately identified in 199, claim that 13% of unselected breast cancers and 13% i
(9,10).BRCAL germline mutations may underlie cancer risk igy arian cancers are likely to lack BRCAL expression as a resulf:
about half of families with four or more cases of breast cancgf grca1 hypermethylation is not inconsistent with prior re- §
diagnosed before age 60 years and three quarters of families Wilfys(14-17) It is curious that prior studies have not reported an™
both breast and ovarian cancét). On the basis of the fact that 5sgociation between loss of BRCAL expression and medullary or
LOH at the BRCAL locus was seen in roughly 50% of unseqcinous histology in nonfamilial breast carcinomas. In addi-

lected breast cancers and in 60%-80% of unselected ovalign, the recent immunohistochemical results imply that mecha-

cancerg11,12),BRCAL inactivation was initially hypothesized yisms besides promoter hypermethylation may be important in
to have an important role in sporadic cancers. Surprisingly, SRactivating BRCA1, since 13 (19%) of 69 unselected breast

matic BRCAL mutations in sporadic breast carcinomas have Rafcinomas and six (17%) of 35 unselected ovarian carcinomas

been describedl1), and somatic BRCAL mutations have beefyckeq BRCAL protein expression and many additional cases
identified only rarely in sporadic ovarian carcinom@dd,13).

Nevertheless, prior work has provided evidence that BRCAl

may be inactivated in some nonfamilial cancers by mechanisms

other than coding region mutations. Loss of BRCA1 transcriptSCorrespondence tcEric R. Fearon, M.D., Ph.D., Division of Medical Genet-
has been observed in some nonfamilial breast car(d_gr-s']ﬁ), ics, University of Michigan Medical Center, 4301 MSRB3, 1150 W. Medical
and a recent Comprehensive immunohistochemical S((lﬁy Center Dr., Ann Arbor, MI 48109-0638 (e-mail: fearon@umich.edu).
indicated that, while BRCA1 protein expression was uniformlg Oxford University Press
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showed greatly reduced express{d). Esteller et al(4) found of promoter hypermethylation in E-cadherin inactivation. In
that none of the breast cancer cell lines studied display&tt, E-cadherin promoter hypermethylation was not uniformly
BRCA1 promoter hypermethylation, and Wilson et &17) associated with loss of expression in the study by Tamura et al.
found that a similar panel of breast cancer cell lines all expresd@d, since two of the six gastric carcinomas with promoter hy-
BRCAL protein at roughly equivalent levels. While the resultgermethylation studied retained E-cadherin expression. Finally,
support the view that BRCA1 methylation status and expressiévidence has been presented that E-cadherin expression may be
are related, the observations are puzzling. Perhaps breast carfégrgssed in cancer by mechanisms other than promoter hyper-
lacking BRCAL1 expression have proven difficult to establish iethylation(32,33),and recent work36,37)has shown that the

in vitro culture. Alternatively, spontaneous BRCA1 promotepnail transcription factor may directly repress E-cadherin ex-
demethylation and restoration of expression may be selected R§ssion in many epithelial cancers.

duringin vitro culture. Regardless of the basis for the differences Epigenetic mechanisms of gene inactivation, including pro-
in BRCA1 methylation and expression status between cell linB¥ter hypermethylation, are undoubtedly important in cancer
and primary tumors, the situation renders it essentially impdgevelopment and represent an alternative means of inactivating
sible to assess the ability of DNA demethylating agents such #8101 suppressor genes. Nevertheless, the standard of proof for
5-azacytidine to rapidly reactivate BRCAL gene expression §§tablishing that hypermethylation of the promoter of any given
cell lines. This is unfortunate because such data have proveld§i€ has a critical role in loss of gene expression and cancey
be important in building the case for the role of methylation 4€velopment should probably be set quite high, regardless of

a critical factor in repression of certain tumor suppressor gerﬁgether the gene is a well-established tumor suppressor geng,
in cancer(1-3) ike BRCAL or E-cadherin, or a potential tumor suppressor geneg
The E-cadherin gene is the topic of the second report t |defnce m|ghtt|nc_luct|_e rc]itr—iltal_|nl(<j|%a'ilngtthat the m_ethylanoln Stag
Tamura et al.(5) on promoter hypermethylation in cancer. Sngl c?f p;?mm; ez:z:\srmgr syeclzri]meensoalnz g);?;essﬁémr:n t?]a?rg(SB
E-Cadherin is a transmembrane glycoprotein that mediates (%f(f ressicf)n canybe readilp and fully restored b tre%tmen? or%
cium-dependent interactions between adjacent epithelial celigP . ya y Y <
: o A cahcer cells with demethylating agents. In addition, for tumors

and loss of E-cadherin expression is a common finding in magy . AR L Q
ppressor genes, evidence that biallelic inactivation of the geng

human epithelial cancerg22). Recent studies have offeredic urs by mutational mechanisms (e.g., localized mutation an&_

strong evidence that loss of E-cadherin expression playsacatll_ ) or a combination of mutational and epigenetic mecha-2

role in cancer. Germlinejinactiv.a_\ting r_nutgtion§ in the E-cadhgrmsms should be provided. Because several transcription factors
gene have been found in families with inherited predlsposmce ' '

. pe . (@]
to gastric carcinomas, particularly those with diffuse-type hi fat specifically repress tumor suppressor gene expression ha

. . Been identified including Snail and its repression of E-cadherins
tology, and perhaps breast carcinonfas-25). Somatic muta- 6,37)and the bmi-1 oncoprotein and its repression of i £
tions in E-cadherin are the most prevalent in lobular bre ), it is worth bearing in mind that, in some cases, promoter=
carcinomas and in diffuse-type gastric carcinomas, with ab ' g ' P o

50% of the cancers of each of these types displaying somal ermethylation may be a reflection rather than a cause of geng

mutations inactivating both E-cadherin alle(82,26—28) How- Mactivation in cancer.
ever, in most cancers with reduced or absent E-cadherin gepne
and protein expression, mutations in E-cadherin are rarel FERENCES
detected(22), and proposed mechanisms of E-cadherin in-
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