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Abstract

The FHIT gene, which spans the FRA3B fragile site at chromosome
3pl&Z, is a candidate tumor suppressor gene in breast and other cancers.
We investigated FHIT and FRA3B for loss of heterozygosity (LOH);
homozygous deletions; abnormal transcripts; and acquired/germ-line
point mutations in breast cancer cell lines (n = 32), breast epithelialand
stromal cell cultures (n 18), microdissected invasive (n 16) and ductal
in situcarcinomas(n 6), andtheiraccompanyingnormalandabnormal
epithelial foci (n 14). LOH at 3pl4.2, especially at FHIT intragemc
marker D3S1300, was found in 6 of 16 microdissected invasive tumors and
3 of6 ductal in situ carcinomas. In accompanying preneoplastic foci, LOH
occurred in two of eight intraductal hyperplasias but not in histologically
normal ductal epithelium (n = 6). Three of32 (9%) breast cancer cell lines
demonstrated homozygous deletions of FHIT exon 4 (two cases) and exon

5 (one case), which correlated with exon 4-deleted transcripts and loss of

the cDNA transcript containing the coding exons 5â€”9,respectively. Nor
mal mammary cultures and 31 of 32 tumor cell lines (97%) expressed
wild-type coding transcripts as well as a minor exon 8-deleted message.
Single-strand conformation polymorphism analysis of the coding exons in

the 32 tumor and 18 normal breast cell lines and their sequencing revealed
four silent polymorphisms and a germ-line histidine triad point mutation
(651 Gâ€”sT) in a tumor arising in a 70-year-old woman. This mutation was

also present in one of her two thus far unaffected daughters. Analysis of
additional DNAs from 280 probands of high-risk breast cancer families
for other FHIT exon 8 mutations detected an intronic point mutation 13
bases upstream of exon 8. Thus, we have demonstrated relatively early
abnormalities of the FHIT/FRA3B region in breast cancer and discovered
two rare FHIT germ-line mutations. The expression of a transcript con
taming the coding exons in nearly all cell lines, including those with
germ-line mutations, suggests the possibility that another gene in the
FRA3B region may be involved in the pathogenesis of breast cancer.

Introduction

Multiple genetic abnormalities characterize invasive breast cancers
(1â€”4),including LOH3 at chromosomal sites that harbor known or
putative TSGs. In breast cancer, LOH frequently occurs at several 3p
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regions and includes 3pl4.2 (location of FHITand FRA3B fragile site)

and 3p2 1 (5â€”7).The candidate TSG FlIT, which spans FRA3B,
appears to be the target of hemi- and homozygous deletions in various
human cancers and may be associated with aberrant cDNA transcripts
(7, 8). Whereas other investigators have identified FH!T abnormalities
in breast cancer (9, 10), to investigate the involvement of FHIT/
FRA3B during the development of breast cancer, we analyzed the
FHIT/FRA3B region in microdissected breast cancers, normal breast
epithelium, and breast cancer preneoplasia (intraductal hyperplasia
and DCIS), as well as normal and breast tumor cell lines. In addition,
to investigate the possible role of FHIT in familial breast cancer, we
searched for FH!T germ-line mutations in DNA from probands of
families determined to be at high risk of having genetic predisposition
to breast cancer.

Materials and Methods

Archival Samples and Microdissection. Formalin-fixed sections of par
affin-embedded nonmalignant and tumor (prefix T) samples from 19 breast
cancer patients undergoing mastectomy or local excision from the Parkland

Memorial Hospital (Dallas, TX) surgical pathology archives were selected (15
infiltrating ductal carcinomas, 1 infiltrating lobular carcinoma, and 3 DCIS

without an invasive component). The LOH studies identified seven tumors
with 3p loss (see â€œResultsâ€•),from which six specimens of histologically

normal ductal epithelium, eight specimens of intraductal hyperplasia, and three
DCIS were also microdissected and studied. Microdissection under direct
microscopic visualization and DNA extraction from archival paraffin-embed

ded sections were performed as described previously from noncoverslipped,
H&E-stained slides ( I 1).

Detection of LOH and MAs. Four highly polymorphic 3pl2â€”21 micro

satellite markers (listed in Fig. 1) within and flanking FHJTwere used for LOH
studies. Primer sequences can be obtained from the Genome Database. Be

cause of the small amount of material available from the microdissected tissue,

we used a nested PCR strategy as described previously (12). LOH was
identified in informative samples by complete loss of an allele in most cases,
whereas, in a few cases, a faint band was seen (e.g., Fig IB, case 9). MAs were
evident by a shift and/or gain of one electrophoretic band.

Cell Lines. Sixteen breast cancer-derived cell lines (14 from primary
tumors and 2 from metasta.ses; prefix HCC), nine normal breast epithelial
(prefix HME) and nine breast stromal lines (prefix HMS) were initiated by our
group.4 In addition, 16 breast cancer-derived cell lines (3 from primary tumors
and 13 from metastases; prefix HTB) were obtained from the American Type
Culture Collection (Rockville, MD).

Identification of Homozygous Deletions. Intronic DNA adjacent to FlIT
exons 3â€”9was sequenced following amplification of individual intron/exon
boundaries with primers described previously (1 3). These intronic sequences

are available in the Genome Database (see ref. I3 for accession numbers). New
primers were designed such that the product size would be less than 200 bp and
suitable for use in multiplex PCR with formalin-fixed, paraffin-embedded

samples. The primer sequences are available from the authors upon request. In
brief, multiplex PCRs were performed with seven different primer sets ampli
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Fig. 1. LOH of the 3pl2â€”3p2l region in breast
cancers and accompanying preneoplastic lesions. A,
schematic representation of the location of chromo
some 3p markers (top to bottom, telomenc to cen
tromeric) and allelotyping results for microdissected
samples with 3p LOH (designated at the top of the
figure). The informativeness (INF) and frequency of
LOH are shown on the right for 16 invasive breast

cancer and 6 DCIS lesions. Seven cases demonstrat
ing LOH and their accompanying preneoplastic Ic
sions are shown.@ and@ , LOH of the upper allele
or the lowerallele,respectively;N, uninformative
cases; 0, retention of heterozygosity. H, intraductal
hyperplasia; C, DCIS; T, invasive carcinoma; MA@,
MA and LOH. B, representative autoradiographs
demonstrating LOH and/or MA in microdissected
cases 2, 15, 9, and 5. L, lymphocytes; N, normal
ductal epithelium; H, intraductal hyperplasia; C.
DCIS; 1', invasive tumor. Two separate intraductal
hyperplasias were studied from case 2 (H! and 112).
Case 2, D3S1766: MA in DCIS and MA and LOH
in invasive tumor. Case 15, D3S1274: LOH in in
traductal hyperplasia, DCIS, and invasive tumor.
Case 9, D3S4103: LOH in invasive tumor. Case 5,
D3S1300: LOH in invasive tumor.
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fying exons 3, 4, 5, and 8 (four sets) or exons 6, 7, and 9 (three sets) in IX
Perkin-Elmer buffer (100 mM Tris-HC1, pH 8.3, 500 mM KC1, 15 mM MgC12),

2.5 mr@iMgCl2, 200 @LMdeoxynucleotide triphosphates, 0.5 @xMofeach primer,

0.05 @slof 3000 mCi/mmol of [32P]dCTP(Amersham Corp.), and 3.5 units of
AmpliTaq Gold (Perkin-Elmer Corp.) with either 100 ng of genomic DNA
fromcell linesor about100microdissectedcellsusingtouchdownPCR.PCR
products were separated on a 5% nondenaturing polyacrylamide gel and
visualized by autoradiography.

RT-PCR, SSCP, and Sequencing Analysis Total RNA from cell lines
was isolated by RNAStat (Tel-test â€œB,â€•Inc., Friendswood, TX) according to
the manufacturer'sprotocol.RT-PCRandRT-PCR/SSCPanalysisusingover
lapping inner sets of primers have been described in detail (14). Genomic
SSCP analysis of exon 8 in breast cancer cell lines and paraffin-embedded
tissue, using forward primer SSX (5'-GAGAGCATCACTGTCAAG-3') and
reverse primer 698R (5'-GCTGTCATfCCFGTGAAAGTCFCC-3'), was per

formed with touch down PCR as used for allelotyping. Sequencing was
performed with an Applied Biosystems, Inc. 373 sequencer or Thermoseque
nase Kit from Amersham according to the manufacturer's protocol. Sequenc

ing products were separated on 6% denaturing polyacrylamide gel (National

Diagnostics, Atlanta, GA) and visualized by autoradiography.
PCR-RFLP Analysis. Primer AflIII (5'-GTACATITfCAGCACGT@

CAC-3') with a T-to-A (underlined) change in FlIT nt 645 (GenBank acces
sion no. U46922) introduced an artificial AflIII site in the wt sequence when

combined with primer 7lOR (5'-CTCCTCATAGATGCTGTCAUCC-3') to
amplify exon 8. PCR products were then digested with Aft!!! and were
separated on 3% Metaphor gels (FMC Bioproducts, Rockland, ME) and
visualized with ethidium bromide staining.

Breast Family Repository and Patient Information. Tumor cell line
HCC1569was derived from the invasive breast cancer of a 70-year-old
African-American woman. Although her mother died of colon cancer at age

82, her family history was not suggestive of familial breast cancer. Normal
DNA from peripheral blood lymphocytes of 280 breast cancer probands were
obtained from the University of Texas Southwestern Familial Breast Cancer
Registry. These individuals were believed to be at high risk of carrying a
genetic predisposition to breast cancer either because of a positive family
history or very early age of cancer onset. Informed consent was obtained from
each individual, which permitted the study of possible cancer predisposition
genes. We are currently analyzing the status of known predisposition genes
such as BRCA1, BRCA2, and p.53 in the Southwestern Familial Breast Cancer

Registry. Thus, cases with possible germ-line mutations in known predispo

sition genes were not excluded.
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Results and Discussion

Allele loss at several 3p regions occurs frequently in breast cancer
cell lines and tumors and may appear early in preneoplastic breast
lesions (5, 15). A recently described candidate TSG, FHIT, localizes
to 3pI4.2, which also contains the FRA3B fragile site (7). FlIT allele
loss has been detected in 25% of primary breast tumors and was
associated with transcript abnormalities in â€”30%of the cases studied
(9). To furtherdelineatethe role of the FlIT genein the development
of breast cancer, we studied acquired and germ-line abnormalities
associated with breast cancers and their accompanying preneoplastic
lesions.

3p14 Allele Loss Is a Frequent Event In Breast Carcinomas.
Nineteen microdissected breast carcinomas were analyzed for LOH
using two 3p1't2 microsatellite markers within FHITand two markers
in flanking regions. Overall, LOH at one or more of these markers was
found in 6 of 16 (37%) primary breast cancers and 3 of 6 (50%) cases
of DCIS (Fig. 1A). Two of three DCIS cases with LOH were associ
ated with an invasive component. The highest frequency of LOH
(50%) occurred at D3S1300 (FlIT intron 5). Others have also iden
tified a similar frequency of LOH at the D3S1300 locus (44%) in
DCIS (16).

From six primary invasive cancers and one DCIS without invasion
that showed FHJT LOH, we microdissected six samples of normal
ductal epithelium and eight intraductal hyperplasias and tested them
for LOH. None of the samples from normal epithelium but two of
eight (25%) intraductal hyperplasias demonstrated 3pl't2 LOH (Fig.
1A). In these cases, the same allele was always lost in hyperplastic and
DCIS lesions as in the corresponding tumor samples (Fig. 1A). MAs
affected two of the markers in 2 of 19 (1 1%) breast carcinomas (Fig.
1A). In case 2, the same MA at D3S1766 was also noted in the DCIS
accompanying the invasive carcinoma (Fig. 1B). The invasive com
ponent also demonstrated LOH at D3S1766, whereas the DCIS did
not. We conclude from these studies that LOH in FHJT/FRA3B occurs
often in primary breast carcinomas and occasionally in accompanying
hyperplastic lesions. Furthermore, these findings are consistent with
the invasive tumor, DCIS, and intraductal hyperplasia in each patient
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FHff/FRA3B ABNORMALITIES IN BREAST CANCER

being clonally related and indicate that 3pl4.2 LOH can be an early

event in the multistep model of progressive genetic events leading to
carcinogenesis.

Screening for FHIT Intragenic Homozygous Deletions and Ab
errant Transcripts. We devised a multiplex-PCR technique to
search for homozygously deleted FHIT exons. Primers were designed
so that we could amplify individual exons (exons 3â€”9)in two different
multiplex reactions so that each exon was a different size fragment
and suitable for analysis of microdissected samples (Fig. 2A). Using
this technique, we found intragenic homozygous deletions affecting
FlIT exons in 3 of 32 (9%) breast cancer cell lines but not in 18
normal mammary epithelial/stromal cell lines. HTB13O (MDA-MB
436) was confirmed to be deleted for exon 5 as reported previously by
Negrini el al. (9). Two new breast cancer cell lines (HCC1428 and
HCC18O6) were also identified to be deleted homozygously for exon
4 (Fig. 14). DNA from corresponding BL cell lines of HCC1428 and
HCC18O6 were intact for exons 3â€”9and heterozygous for flanking
markers, indicating that these exon 4 homozygous deletions were
acquired somatically. We were unable to identify intragenic homozy
gous deletions in 19 microdissected primary breast tumors using this
strategy. The absence of such deletions in these samples may have
resulted from a small amount of contamination by nontumor cells,
which would have resulted in a false positive result. Alternatively, the
homozygous deletion could have arisen as a result of culturing of the
breast cancer cell lines.

Nonnested RT-PCR of FHIT exons 5â€”9(nts 378â€”788)from cDNA
synthesized from total RNA demonstrated that, with the exception of
a single tumor cell line (HTB13O), all epithelial, stromal, and tumor
breast cultures expressed a transcript of the wt size (41 1 bp; Fig. 2B).
Most breast carcinoma cell lines (84%) as well as all 18 normal breast
epithelium and stromal lines also demonstrated a faint 342-bp band,
which was identified as an exon 8-deleted transcript by sequencing
(Fig. 2B). Furthermore, 4 of 32 ( 12%) breast cancer cell lines also
expressed a faint 380-bp transcript that was deleted for exon 7 in
addition to the wt transcript. We confirmed the published finding that
HTBI3O (9), which has a homozygous deletion of exon 5, does not
express wt FHIT-coding exons (exons 5â€”9;Fig. 2B), which would
argue that FHIT is the target of the 3pl4.2 homozygous deletion. Lack
of wt exon 5â€”9transcript in this cell line was confirmed by two
independent RT-PCR strategies: nested PCR of exons 3â€”10(nts
203â€”904)and nonnested PCR of exons 3â€”8(nts 203â€”698).Moreover,
aberrant bands were observed by nonnested exon 3â€”8 RT-PCR in
HTB13O and were reminiscent of those observed by Negrini et a!.
(Ref. 9; data not shown). In contrast, the exon 4 deletions in cell lines
HCCI428 and HCC18O6 did not affect the expression of the wt
FHIT-coding exons (exons 5â€”9).Additional testing of HCC1428 and
HCC18O6 with the nested RT-PCR strategy amplifying FHIT exons
3â€”10revealed expression of exon 4-deleted transcripts as expected
(Fig. 2C). Moreover, nonnested RT-PCR amplification of FlllTexons
3â€”8(nts 203â€”698) confirmed the presence of a 402-bp transcript,
consistent with exon 4 deletion, in HCC1428 and HCC18O6 (data not

shown). Thus, the two cell lines with exon 4 homozygous deletions
had intact wt transcripts for the coding exons 5â€”9,indicating that exon
4 deletions may not necessarily abrogate FHJT function unless the

expression of the FlIT protein is affected by the exon 4-deleted
transcripts, a possibility that has been suggested by others (13). Of

interest, the region between FHIT exons 4 and 5 contains a viral
integration site ( I 7, 18).

In the 29 remaining cancer cell lines without homozygous dele
tions, nested RT-PCR showed the wt 702-bp transcript and/or aberrant
bands: 6 breast cancer lines (20%) only expressed wt-sized bands, 15
(52%) contained wt and aberrant bands, and 4 (14%) expressed
aberrant nested transcripts only. Four (14%) cell lines did not amplify

A.
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Fig. 2. Molecular analyses of FHIT exonic homozygous deletions and aberrant cDNA
transcripts. A, representative autoradiographs demonstrating multiplex PCR for detection
of homozygous deletions in exons 3, 4, 5, and 8. Arrows denote the position of each
amplified exon. HCC1428 and HCC18O6 exhibited homozygous deletions of exon 4,
which were retained in the corresponding BL lines (BL1495 and BL2025, respectively).
HTBI3O contained a homozygous deletion of exon 5, as reported previously (9). B,
Nonnested RT-PCR of FHff nts 378â€”788(exons 5â€”9)fractionated by nondenaturing
PAGE for a panel of cell lines showing the wt 41 l-bp product (arrow) as well as the less
abundant 342-bp alternative transcript lacking exon 8 (â€”E8,arrowhead) in the majority
of normal or breast cancer cell lines tested. The position of exon 7-deleted transcripts
(â€”E7,arrowhead) is shown in HTB26. The HTBI3O cell line, containing a homozygous
deletion of exon 5, predictably lacked a wt transcript. Two cell lines having homozygous
deletions of exon 4 (HCC1428 and HCC18O6) and a BL line from a breast cancer family
proband having a germ-line mutation in intron 7 (BL154; see text) express the usual
pattern of wt and exon 8-deleted transcripts. C. nested RT-PCR (first-step amplification of
FHIT nts 203-1038 followed by second-step amplification of ma 203â€”904)of breast
cancer cell lines fractionated by nondenaturing PAGE. Arrow, position of the normal
sized 702-bp transcript, which on lighter exposures composed a doublet due to alternate
splicing of nts 812â€”822;*, the two resultant larger heteroduplex forms; arrowhead, the
transcripts that were sequenced from the HCCI428 and HCC18O6. In these cell lines,
exon 4-deleted variant (â€”E4)was detected (data not shown).
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any nested transcripts but each had expressed nonnested wt exons 5â€”9.
Sequencing of representative aberrant bands revealed that most of the

aberrant bands consisted of deletions of various exons including,
exons 4, 3â€”9,3â€”7,4â€”6,5â€”7,and 8, as described previously (data not
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shown; Ref. 14). However, some bands appeared to be artifactual by
sequencing, and there was a background of faint bands with this very
sensitive nested RT-PCR method. Hence, caution must be used with

the extremely sensitive nested RT-PCR methodology, particularly as
â€œaberrantâ€•bands may be found in normal cell lines, e.g., 12 of 18
(67%) normal epithelial and stromal cell lines also demonstrated
aberrant transcripts deleted similarly for various exons (data not
shown). We concluded from these studies that the great majority of
breast cancers and all normal breast cell lines express wt FHJT
transcripts, and only in rare cases is this disrupted by homozygous

deletion of FHIT coding exons. Faint aberrant bands can also be
identified by sensitive nested RT-PCR, and most of these transcripts,
when sequenced, represent precise exonic deletions.

Screening for Point Mutations in Sporadic Breast Cancers and
Families at High Risk for Developing Breast Cancer. To detect
FHJT point mutations, heminested RT-PCR SSCP analysis of the
entire FHJT open reading frame was performed on cDNAs from 32
breast carcinomas and I8 normal breast cell lines (data not shown).
Four silent polymorphisms were found: 524 A/G (exon 6), 545 G/A
(exon 6), 626 CiT (exon 7), and 656 T/C (exon 8). These polymor
phisms have been reported by us and others previously from different
samples (8, 13, 14, 19). A 651 Gâ€”*Tpoint mutation, changing valine
to phenylalanine at Fhit position 97, was identified in tumor line
HCC1569 and its corresponding normal stromal cell line, HMS79.
These cell lines each expressed mutant as well as wt FlIT transcripts.
We confirmed that these point mutations occurred at the genomic
level by analyzing genomic DNA from the corresponding primary
breast tumor, with DCIS and lymphocytes microdissected from archi
val paraffin-embedded sections (Fig. 3). Samples were subjected to
both direct sequencing and a customized PCR-RFLP assay, whereby
the 651 Gâ€”@Tmutation abolished a PCR-generated AflIII site at this
site (Fig. 3B). Both methods demonstrated the same point mutation in

the genomic DNA from these samples and indicated that the patient
contained a copy of wt FlIT along with the mutated allele (Fig. 3B).
Furthermore, analysis of the peripheral blood lymphocyte DNA from
two unaffected daughters of the patient showed that one daughter had
inherited this mutation (Fig. 3, A and C). The functional effect of this
mutation on Fhit function is unclear, although it has been shown that
Fhit 5',5' â€˜â€˜-P1P3-triphosphatehydrolase activity is dependent on res
idues in the histidine triad, suggesting a connection between dinucle

otide metabolism and tumorigenesis (20). Of interest, a similar phe
nylalanine residue is found in the histidine triad region of Yhit, a yeast
homologue of human Fhit (7). This finding and the presence of wt
transcripts in the affected cell lines suggest that this substitution may

not affect gene function.
To investigate whether this 651 Gâ€”@Tmutation is associated with

familial breast cancers, we used the AflIII site PCR-RFLP assay to
analyze 280 peripheral blood lymphocyte DNAs from familial breast
cancer probands from our familial breast cancer repository but did not
identify any similar mutations. Because the valine encoded by the wt
codon at this site is within the Fhit histidine triad that forms a putative
critical functional domain (20), we examined the remainder of exon 8
of these familial breast cancer samples by genomic SSCP to test the
possibility that other histidine triad point mutations may be present.
Only one other DNA sequence alteration was observed (breast cancer
proband family 154, Fig. 4) in intron 7, 13 bp upstream of the exon 8
boundary. RT-PCR analysis of the cDNA from a BL cell line derived
from this proband, however, only showed the wt and exon 8-deleted
variant and no other aberrant transcripts (Fig. 2B). For family 154

with the intronic mutation, the unavailability of original tumor blocks
prevented us from testing whether this mutation segregated with
tumors.

These data led us to conclude that FHJT histidine triad mutations
are rare in sporadic and familial breast cancer. The functional signif

HThHCCHCC2510081569

Fig. 3. Germ-line mutation within the FHIT
histidine triad motif. A, genomic SSCP analysis of
FH1T exon 8 demonstrating the wi pattern in
HTB25, 656 T/C polymorphism in HCCIOO8(ar
rowhead ii), and mutant band (arrowheads iii and
is') plus 656 T/C polymorphism in HCC I569. One
of the two daughters (Dl) of patient HCCI569 has
one WI allele and one allele with the 656 T/C
polymorphism. The other daughter (D2) contains
one wt allele and one allele with the 651 Gâ€”*T
mutation. The wt allele was paternal in both daugh
ters. Daughters Dl and D2 inherited the polymor
phic allele or mutant allele, respectively, from their
mother. The polymorphic band (arrowhead ii) ac
tually contains the polymorphic sequence 656 T/C
and the mutant 651 Gâ€”sTsequence (HCC1569).
Arrowheads, right three panels, sequence of se
lected bands. Note the order of the lanes (from left
to right) on each sequencing panel: G, A, T, and C.
B, PCR-RFLP, as described in â€œMaterialsand
Methods,â€•confirms the presence of germ-line
FHIT mutation at nt 651 in archival microdissected
lymphocytes (L), DCIS, and invasive tumor (Tu
mor, 11TB25). C, pedigree of the patient from
whom HCC1569 was derived.
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FHff transcripts, particularly as wt transcripts are nearly always
coexpressed even in pure tumor cell populations. Thus, the issue of
whether FHJT is the critical TSG at the 3p14.2 FRA3B fragile site
needs to be resolved by functional analysis and exclusion of other
TSGs in this large genomic region.

A. FAMILY#

â€” â€” â€”

â€¢iâ€¢@

-13E8,A>G

Fig. 4. Germ-line mutation of FH!T intron 7. A, genomic SSCP analysis of FHIT exon
8 demonstrating the mutant pattern in the peripheral blood lymphocyte DNA from the
proband of family 154. Arrowheads, the sequence of the abnormal SSCP band in the
proband DNA. B, the sequence (A.arrowheads) was due to an intronic Aâ€”.Gsubstitution,
on the sense strand, 13 bp upstream of exon 8 boundary. Note the order of the lanes on
the sequencing gel from left to right: G, A, T, and C.

B.

Family
154 HTB25

GATC GATC

wt
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icance of such mutations remains to be determined. It should be noted,

however, that others have described FH!T exonic deletions and 3pl4
rearrangements in the benign breast lesions from two women belong
ing to breast cancer families, one of which also had an aberrant FHJT
transcript in a karyotypically normal fibroadenosis specimen (10).
However, deletions were also observed in another 3pl4.2 gene, PT
PRG, which is adjacent to FlIT, and thus FRA3B abnormalities may

not specifically target FHJT. In this context, it has been shown that
some homozygous deletions (e.g., in CC19 and Katoill cell lines) do
not involve FHlTcoding exon deletions (7, 21). Moreover, these types
of deletions can also be found in nontumor DNA, albeit from poten
tially unstable hybrid clones or yeast artificial chromosomes (21).

In summary, LOH at 3pl'4.2 is a frequent and early event in breast
cancer, which occurs at FHJT and the FRA3B common fragile site.
The presence of homozygous deletions of FHIT exons in breast cancer
cell lines and the LOH in invasive and preneoplastic lesions implicate
abnormalities in the FlIT region as important early events in breast
pathogenesis, perhaps leading to destabilization of the remainder of
the 3p arm. Arguing against FlIT being the target gene is the
infrequency of FHJT point mutations, a characteristic expected of
classical TSGs, and the uncertain role of the low-abundance aberrant
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