
[CANCERRESEARCH;Â«.2081-2086.Mayis.

Advances in Brief

Location of Several Putative Genes Possibly Involved in Human Breast
Cancer Progression1

Keltouma Driouch, Marianne Briffod, Ivan BiÃ¨che, Marie-HÃ©lÃ¨neChÃ¡mpeme, and Rosette Lidereau2

Ltihttrtitttire iÃ'Oncot>Ã©nÃ©tiÃfue{K. D.. /. B., M-H. C.. K. L.] finti Ltihorttlinre tÃ¬'AÃ¬utli>nÃ¬o-c\to-iHtlÃ¬uiloxteIM. B.I. CeÃ±irÃ©RenÃ©Huguenin, St-ClomÃ. r'rtmce

Abstract

Cancer is a genetic disease resulting from an accumulation of genetic
abnormalities in various regulatory genes. Most studies on genetic alter
ations in human breast cancer have involved primary tumors. The possi
ble involvement of specific tumor suppressor genes in the later stages of
cancer progression is poorly documented. We investigated allelic losses
associated with breast cancer progression by analyzing 55 polymorphic
markers on 11 autosomal chromosomes in a series of 49 relapses (23 local
recurrences and 26 distant mÃ©tastases).All of the loss of heterozygosity
(LOH) regions reported in primary breast tumors were frequent in both
series of relapses. These results suggest that the allelic losses that are
common to the different series of samples occur very early during tumor
progression. This study points to candidate metastasis-related genes tar
geted by LOH on chromosome arms 3p21.3, 16q22.2-23.2, and, possibly,

7q31 but provides no clear evidence of LOH affecting previously de
scribed metastasis-related genes such as NMEl, MTSI, and TSGIOI.

Introduction

Cancer is a genetic disease resulting from an accumulation of
genetic abnormalities in various regulatory genes. A multistep genetic
model of tumorigenesis has been proposed for neoplasms such as
colon carcinomas. However, evidence of similar genetic progression
in breast cancer is not so clear.

Most studies on genetic alterations in human breast cancers have
involved primary tumors. Knowledge of the alterations associated
with breast cancer progression is limited.

The genetic abnormalities most frequently observed in primary
breast tumors are amplification of proto-oncogenes (MYC. ERBB2.
and CCND1), mutations of TP53, and LOH3 on chromosomes and

chromosome arms 1, 3p, 6q, 7q, 8p, 9p, 11, 13q, 16q, 17, 18q, and 22q
(1). Most of these recurrent allelic losses are common to breast tumors
and other human cancers, pointing to a role of tumor suppressor genes
in the genesis of different cancers and/or in different stages of tumor
progression. Few tumor suppressor genes (e.g., RBI and TP53) have
actually been identified. Several candidate genes have been identified
on the basis of their location in critical altered regions or the in vitro
characteristics of their products.

The possible involvement of specific tumor suppressor genes in the
later stages of human cancer progression is also unclear. Putative
metastasis-related genes, on chromosome arms Ip. Iq. lip. 17p. 17q,

and so on. have been identified using cell lines and rodent models.
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Metastatic phenotypes have been linked to such genes as NMKI ( 17q).
CDHÃŒ(16q). TSGIOI (lip), and KISS1 (Iq; Refs. 2-5). LOH anal

yses have defined regions of deletion associated with metastasis on
3p21.3, 15ql4, and 16q22.2-23.2 (6-8).

Here, we investigated the location of putative tumor suppressor
genes associated with breast cancer progression in two series of
relapse samples: local recurrences and distant mÃ©tastases.Finally, we
selected markers to analyze several regions of deletion reported to
contain putative tumor suppressor genes in breast cancer tumorigen
esis and progression.

Materials and Methods

Patients and Samples. This LOH study involved two unrelated series of
local recurrences and distant mÃ©tastasesot breast cancer. The results were
compared to data reported by several groups on sporadic primary breast
tumors. The median frequencies of LOH in the primary tumors were estimated
from published data on the regions of deletion thought to play a role in breast
tumorigenesis (1).

We studied 23 local recurrences and 26 mÃ©tastasesof breast carcinomas
from patients previously treated for primary breast carcinoma at the Center
Rene Huguenin (St-Cloud. France). The primary tumors from which the
relapses derived were of medium size. One-third of the patients had no

metastatic lymph nodes at the time of primary surgery.
The metastatic samples comprised 4 s.c. lymph nodes. I lung metastasis. 4

liver mÃ©tastases,and 17 asynchronous axillary lymph nodes. Nine metastatic
axillary lymph nodes were sampled a median of 9 years after primary breast
surgery. The remaining samples, including eight supraclavicular nodes, were
sampled a median of 12 years after primary surgery.

The local recurrences were sampled at a median of 5 years alter primary
surgery.

All samples were obtained by tine-needle cytopuncture with a 21- or
23-gauge needle. Unpalpable mÃ©tastaseswere sampled with computed tomo-

graphic guidance. Pan of each sample was smeared onto a slide for cytological
diagnosis, including an estimation of the mulignant:total cell ratio. The re
maining material was ejected into storage buffer (Tris-EDTA buffer) and
immediately stored at â€”¿�80Â°Cuntil DNA extraction. The samples were con

sidered suitable for DNA analysis if the proportion of tumor cells was at least
90%. Peripheral blood leukocytes were used as a source of normal DNA for
each patient. DNA from blood and tumor cells was extracted using InstaGcne
Matrix (Bio-Rad), according to the manufacturer's protocol.

Microsatellite Markers. We tested 11 autosomal chromosome arms using
55 microsatellite markers corresponding to 23 previously described regions of
deletion in breast tumors. The markers and their corresponding chromosomal
locations are shown in Table I. The markers (ested were chosen inside or as
close as possible of LOH regions and candidale suppressor genes (lor example.
D3S1573 is located within the region of homozygous deletion reponed in lung

cancer).
Detection of Microsatellite Markers by PCR. Microsatellite markers

were detected by PCR amplification with standard methods, except that sam
ples were subjected to 35 cycles of denaturation for 40 s at 94Â°Cand 30 s of

annealing. The final extension step at 72Â°Cwas lengthened to 10 min.

The magnesium concentration and annealing temperature were optimized
for each primer set. Products were diluted 1:3 in denaturing loading buffer and
then heat-denatured; 1.5 ml of each sample were loaded on 6% acrylamide gel

containing 7.5 M urea. DNA was then transferred to nylon membrane filters.
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DELETED REGIONS IN RECURRENT BREAST CANCER

Table I Candidale regions and candidale genes with corresponding markers analyzed
in the series of local recurrences and disumi mÃ©tastasesof breast cancer

LocationIp36lp33-35Ip323p24.2-p223p213pl46q21-q226ql4.3-ql57q318p21-229p2l-22llplS.5llpl.S.

1-15.2Ilq22-q2313ql215ql416q22.116q22.2-q23.216q24.317pl3.3I7pl3.117q2117q21.38q24.1-qlcr'LocusDIS80D1S214,

DIS508MYCLI"D3S12IID3SI573D3SI300D6S262D6S286D7S4K6.

D7S522. D7S480.D7S650.D7S490D8S261.

D8SI33.D8S505D9S171,
1FNADI1S4177.

DI1S860.DI1S988DI1S921.
D1IS899DIISI8I6.
DIIS1819DJ3S267.

D13S17I. DI3S260.D13S289.D13SI75D15SI65.

DI5S64I.D1SS1I7D16SI86,
D16S347.DI6S398,D16S42I.

D16S318, D16S301,DI6S496D/65522,
D/655/5, DI6S518.D16S5070/65402.
DI6S413.DI6S303DJ7S849,
DI75926TP53(ivslfDI7S800.

ÃŒ7S855NMEID8S272Candidate

genesMPB19MYCLITHRB.

RARB.PTPG37LRP/p40FHÃŒT??METBRCA3?CDKN2H

RAS. ICF2. H19TSCIOIATM.

VACM-lBRCA2iCDHIBCARIBBC/.

CMAR.CDH13HIC1TP53BRCAINMEINone

" Tetranucleotide repeat: EMBL accession no. X63900.
* Alu repeat: EMBL accession no. X54156.
' Noncandidate region used as reference.

Probes (CA repeat oligonucleotide or specific primer) were labeled with
|12P]dCTP by using terminal deoxynucleotidyl transferase. The membrane
filters were hybridized overnight at 42Â°Cwith labeled probe, washed, and
autoradiographed at -80Â°C for an appropriate period.

Detection of LOH. Leukocyte and tumor DNA from each patient was
analyzed in adjacent tracks. Normal DNA samples that were polymorphic at a
given locus were considered informative. The signal intensity of fragments was
determined by means of densitometry and/or scored blindly by visual inspec
tion by three independent observers. LOH was considered to be present when
the relative intensity of the two alÃelesin tumor DNA differed from the relative
intensity in lymphocyte DNA. The reduction in signal intensity observed for
one alÃelewith respect to normal tissue DNA was 50-100%. Each analysis was

performed at least twice (independent PCR amplification, gel separation, and
quantification).

Statistical Analysis. Differences in the distribution of LOH between the
different groups of samples were tested by using the x2 test with Yates'

correction to adjust the continuity of the )f distribution.

Results

Twenty-three local recurrences and 26 metastatic samples from

breast cancer patients were tested for LOH with 55 microsatellite
markers on 11 autosomal chromosome arms, thereby screening most
of the candidate deleted regions involved in primary breast cancer
onset and progression. The LOH regions described previously in
primary tumors are summarized in Fig. 1. The median LOH frequen
cies and SDs are shown for each tested region. All of the results
obtained on the series of relapses were compared to the median
frequencies in primary tumors (Table 2).

LOH in Local Recurrences and Distant MÃ©tastasesof Breast
Cancer. The mean fractional allelic loss value, which is defined as
the number of chromosome arms showing LOH divided by the num
ber of arms with polymorphic information, was 0.48 in the local
recurrences (range 0.18-0.73) and 0.46 in distant mÃ©tastases(range
0.08-0.86).

All of the relapses tested bore at least one deleted marker. The
frequencies of deletion were generally higher in the two series of
relapses than in the primary tumors. The incidence of LOH at each

locus ranged from 18% to 84% in the local recurrences and from 13%
to 83% in the distant mÃ©tastases(Table 2 and Fig. 1). The highest
frequencies of deletion were at 1lq22-23 in local recurrences and
16q22.2-23.2 in distant mÃ©tastases.

Only 2 of 26 metastatic samples and no local recurrences showed
microsatellite instability with two different markers (D3SI2II and
D8S272).

Comparison of LOH Frequencies among Primary Breast Tu
mors, Local Recurrences, and Distant MÃ©tastases.No significantly
higher LOH frequency was observed for a given region in both local
recurrences and distant mÃ©tastasescompared to primary tumors.

Frequencies of LOH were significantly higher in local recurrences
than in primary tumors at lp33-35, 3pl4, 8p21, llq22-23, and

13ql2.
LOH frequencies were significantly higher in distant mÃ©tastases

than in primary tumors at 3p21.3 and 7q31 and were significantly
lower at Ip32.

Discussion

We investigated allelic losses associated with breast cancer pro
gression by analyzing 55 polymorphic markers on 11 autosomal
chromosomes in a series of 23 local recurrences and a distinct series
of 26 distant mÃ©tastases.This work was not performed as a classical
allelotype. We studied deleted loci previously reported to contain
tumor suppressor genes possibly involved in breast cancer.

Classical allelotype involves the analysis of at least one locus of
each nonacrocentric autosomal arm. Recent reports have described
more than a single LOH region on given chromosome arms. Allelo-

typing can, thus, miss interstitial and complex allelic losses. We
investigated whether the LOH regions probably involved in breast
cancer might influence metastatic processes, i.e., dissemination, inva
sion, colonization, cell survival, and cell growth, at secondary sites.

All of the LOH regions reported in primary breast tumors were also
frequent in both series of relapses. A region on chromosome arm 8q,
which has never been reported to bear LOH in primary breast tumors,
showed a particularly low frequency of deletions in both groups of
relapse samples (9% in local recurrences and 6% in distant mÃ©tastases,
similar to background values). This result suggests that the regions
frequently affected by LOH are not due to a random process in either
local recurrences or distant mÃ©tastases.Tumor cells present in relapses
originate from a subclone of primary tumor cells. This is in agreement
with reports of a clonal relationship between mÃ©tastasesand primary
tumors (9). Furthermore, the shared genetic alterations in the two
series of relapse samples probably occurred very early during tumor
progression (Fig. 2).

Most of the regions tested in this study showed a higher frequency
of LOH in the relapses than in primary tumors. These results fit with
the concept that genetic alterations accumulate during cancer progres
sion. In contrast, in a previous study, we found no MYC. ERBB2, and
CCNDÃŒgene amplifications in breast cancer mÃ©tastases(10). This
suggested that amplifications of these oncogenes might be involved in
primary tumorigenesis but not in metastatic processes. Furthermore,
in primary tumors, the predominant cell subclone bearing the gene
amplification does not seem to have the potential to invade and
migrate. A minority of cell subclones in primary tumors appear to
have the capacity to disseminate. Amplifications might provide a local
growth advantage, whereas LOH seems to act as an independent
mechanism.

We observed a significantly lower frequency of LOH on Ip32 in
the distant mÃ©tastasesthan in primary tumors. The putative tumor
suppressor gene located on Ip32 (possibly MYCLI) might favor local
growth of primary tumors but does not seem to play a role in
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Fig. l. LOH analysis of 23 candidate deleted regions that are probably involved in primary breast cancer and its progression. The study was performed on 11 autosomal chromosomes
in a series of 23 local recurrences and a series of 26 distant mÃ©tastasesof breast cancer. The reported LOH frequencies for primary tumors were deduced from published data on sporadic
primary breast tumors. The median frequencies and SDs are given for each LOH region for primary breast tumors.
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DELETED REGIONS IN RECURRENT BREAST CANCER

Table 2 LOH frequencies in a series of 23 local recurrences and a series of 26 distant
mÃ©tastasesof breast cancer, compared to published results for primary lumiirs

RegionsIp36lp33-35Ip323p24-pter3p2l.33pI46q2l-226ql3-167q318p2l9P2l-22llp]5.5Ilpl5.1-15.2llq22-2313ql215ql416q22.l16q22.2-23.2I6q24.317pl3.317pl3.117q21

(BRCAhI7q21.3
(NME/ÃŒPrimary

tumors"26

(98/374)24(126/521)40

(94/234)38(93/245)25

(40/163)37(107/288)26

(92/352)32(48/152)18(128/698)22(35/156)38(45/119)25(255/1011)1

1(4/37)38(122/322)31

(219/701)11
(2/19)55
(83/150)61
(20/33)47(768/1643)47(1448/3111)42(425/1016)34(156/453)34(568/1650)Local

recurrences55(6/11)59(10/17)''50(10/20)18(3/17)20(3/15)79(11/14)''38(6/16)50(9/18)22(5/23)50(10/20)''27(4/15)42(8/19)29(6/21)84(16/19)*61

(14/23)*29(6/21)55(6/11)52(8/13)46(6/13)69(11/16)29(5/17)28(5/18)44(4/9)MÃ©tastases39(5/13)43(9/21)14(3/22)"18(3/17)64(9/14)''42(5/12)13(2/16)33(4/12)44

( 1\/25)h35

(9/26)53(10/19)31

(7/23)17(4/23)48(11/23)46(12/26)37

(7/19)75(18/24)83(19/23)62(13/21)65(13/20)48(10/21)50(10/20)44

(7/16)
' Data from the literature on sporadic breast cancer.
' Significantly diffÃ©rentLOH frequencies compared to primary tumors (Fisher's test).

metastatic processes. We have previously found that Ip32 LOH favors
rapid proliferation of tumor cells in the breast ( 1).

In contrast, the involvement of an LOH region in metastatic pro
cesses should be more frequent in metastatic samples than in primary
tumors and local recurrences. We found two such LOH regions,
suggesting the presence of metastasis-related genes on 3p21.3 and,

possibly, 7q31.

The deletion on 3p21.3 has been described in various primary
human cancers. Homozygous deletions, rearrangements, and hyper-

methylations of a fine region on 3p21.3 has been implicated in
sporadic breast cancer development (6). A candidate metastasis-re

lated gene on this chromosomal band has recently been cloned. The
37LRP/p40 gene encodes a M, 37,000 precursor of the Mr 67,000
laminin receptor, expression of which is up-regulated in invasive and
metastatic cancer cells (11). This aberrant up-regulation might be

caused by unidentified mutations or by deletion of other genes in the
3p21 region. The 37LRP/p40 gene could play a role in tumor dissem
ination.

The 7q31 LOH region has been implicated in mammary tumori-

genesis (12), but this is controversial (Fig. 1). Here, we observed a
higher frequency of 7q31 LOH in mÃ©tastasesthan in local recurrences
and primary breast tumors, suggesting that 7q31 may harbor a me
tastasis-related gene.

In a recent study on the same series of mÃ©tastases,we identified a
new LOH region on I6q22.2-23.2 that might be involved in meta

static processes (8). This region showed the highest frequency of
deletions in distant mÃ©tastases(83%), with lower values in the pri
mary tumors (61%) and local recurrences (62%). This could be due to
a high level (approximately 50%) of complete loss of chromosome
arm 16q in all tumor series. A restricted deletion in the 16q22.2-23.2
region was detected in 6 of 11 (55%) partially 16q-deleted mÃ©tastases,

but in only 3 of 28 ( 11%) primary tumors. BCARI is a candidate gene
in this region and might be responsible for the loss of estrogen
receptor expression in human cancer cells (13). The gene remains to
be cloned.

We also investigated allelic losses of genes or regions previously
implicated in metastasis, including TP53, TSG101, NME1, and CDH1.

With regard to chromosome arm 17p, we analyzed LOH frequen-

TRANSFORMEDCELLS
NON PALPABLE
PRIMARYTUMOR

Local growth-related
LOH regions

PRIMARY TUMOK
SURGERY

lp33-35
3pl4
8p21
11q22-23 LOCALRECURRENCE
13ql2

3p21.3
16q22.1
16q22.2-23.2
7q31

Metastasis-related LOH regions

Fig. 2. Hypothetical model of breast cancer progression and clonal progression of primary tumor cells and their relapses. Accumulation of genetic events is represented in the different
Iunior cells. Arrows, genetic events characterizing the progression steps.
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DELETED REGIONS IN RECURRENT BREAST CANCER

cies at locus TP53 and on the 17pl3.3 band. Deletions tended to be
more frequent in local recurrences (69%) and metastatic samples
(65%) than in primary tumors (47%). Alteration of loci TP53 and
17pl3.3 could be involved in cancer progression. 17pl3.3 is reported
to contain HICI (hypermethylated in cancer 1), a zinc finger tran
scription factor gene that is underexpressed in several types of tumor
cell and regulated by TP53 (14). Furthermore, mutations of TP53 have
been linked to late stages of progression rather than carcinogenesis
(15).

We tested two loci on chromosomal band 1Ipl5. We analyzed three
polymorphic markers on 1Ipl5.5 to assess the frequencies of LOH of
the telomeric region of chromosome 11, which contains the HRAS
locus. The frequency of LOH on llplS.S has been linked to the
aggressiveness of primary tumors and to metastasis. We and others
have previously reported higher frequencies of llplS.5 LOH in
secondary breast cancer events than in primary tumors ( 1). We did not
test the HRAS locus directly in this study, and we found only a trend
toward an increased frequency of llplS.5 LOH. A more detailed
study of this region with a large number of polymorphic markers and
samples is needed to determine whether HRAS or a neighboring gene
is involved in cancer progression.

We also analyzed the deletions of 1Ipl5.1-15.2, a region close to
the candidate metastasis-related gene TSGIOI. first identified in

knockout mice (4). The human homologue has been isolated, and
intragenic deletions have been described in 7 of 15 primary breast
tumors, with point mutations in the second alÃelein 4 of 7 cases (4).
However, these results have not been confirmed by other teams. In our
work, the frequencies of LOH that we observed on this chromosomal
band in local recurrences and distant mÃ©tastaseswere similar to those
found in primary tumors. These results suggests that TSGIOI gene is
not the target gene of LOH on llplS. However. TSGIOI might be
involved in metastasis through a mechanism of inactivation other than
LOH, reduced expression, or point mutations inside the gene (16). The
inactivation of TSGÃŒOÃŒduring cancer progression could be due to
posttranscriptional regulation. Protein analysis would provide more
information.

Most of the genes probably involved in metastatic processes have
been identified by in vitro studies comparing cancer cells with differ
ential metastatic potential and rodent model systems. The first of these
genes was NME1 on 17q21. In the same way, metastasis-related genes
has been identified on Iq (KISS1) and llpl5.1-2 (TSGIOI) and are

suspected on 8p and Ip. We found no evidence of more frequent LOH
in these regions. These results point to a different mechanism of
inactivation if these genes are, indeed, involved in metastatic pro
cesses. The CDH1 gene (encoding E-cadherin) has been implicated in
invasion processes in vitro, and reduced expression of E-cadherin is

associated with a poor prognosis (3). The LOH region encompassing
CDHI on 16q22.1 is frequently deleted in metastatic samples and is
often the only deleted region, making CDHI a candidate gene for
metastasic processes (8).

LOH also seemed to be involved in local recurrence. Five tested
regions (lp33-35, 3pl4, 8p21, 1lq22-23, and 13ql2) showed signif

icantly higher LOH frequencies in the relapses than in the primary
tumors. These candidate regions do not seem to be involved in
dissemination steps but could favor cell proliferation or reduce apop-
tosis. The lp35-33 region contains no candidate genes. The 13ql2
region bears the BRCA2 gene, which might be involved in tumori-

genesis as a transcription factor or in DNA repair (17). At the 8p21
locus, which is suspected to harbor a third breast cancer susceptibility
gene (BRCA3), we also found a higher frequency of LOH. contrary to
the BRCAI locus (17q21).

The 3pl4 region is deleted in several human cancers and presents
homozygous deletions. FHIT is a candidate tumor suppressor gene in

this region. It shows aberrant transcripts and/or reduced expression in
many carcinomas, but its involvement in human cancers is controver
sial (18). Another putative tumor suppressor gene, possibly involved
in local cell proliferation or resistance to therapy, could be located in
the same region.

Finally, the highest frequencies of deletion in the local recurrences
were found on 1lq22-23. The first candidate tumor suppressor gene

in this region was ATM, but no alterations of this gene have been
clearly linked to the development of breast tumors (19). Recently, a
new candidate gene. Hx-VACM-I. has been located in this region and

could be involved in cell cycle regulation (20).
Allelic losses occur early during tumor progression of primary

tumors. We tested, in metastatic samples, several candidate regions
that are possibly involved in breast cancer development. We found
evidence of candidate metastasis-related genes targeted by LOH on
3p21.3, 16q22.2-23.2, and. possibly, 7q31 but obtained no clear

evidence for the involvement of LOH on regions containing previ
ously described metastasis-related genes, such as NME1 and TSGIOI.

Studies of genetic alterations involved in the acquisition of meta
static potential should be conducted to identify tumor suppressor
genes that could be specifically affected in mÃ©tastases.The important
refinement of the regions of deletions and the recent publication of
transcript maps of the human genome now allow candidate genes or
expressed sequence tags mapping within these regions to be tested.

Our aim is now to confirm these results with a larger series of
markers and cases. We then plan to study genetic alterations on paired
samples, by applying PCR to paraffin-embedded sections.
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