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ABSTRACT

Genetic alterations that occur in human breast cancers are believed to
be of importance for initiation as well as progression of the disease. In
order to lind a genetic alteration that may be used as a prognostic marker,
82 familial breast carcinomas were analyzed for loss of constitutional
heterozygosity at polymorphic loci on all chromosomes. Frequently occur
ring alÃelelosses were compared to estrogen receptor expression, lymph
node mÃ©tastases,tumor size at the time of operation, and distant mÃ©tas
tases at the time of follow-up 2â€”15years later. Loss of heterozygosity

(LOH) on the long arm of chromosome 16 in the tumor at the time of
operation was significantly correlated (P < 0.001) with the occurrence of
distant mÃ©tastases1-13 years after the operation. In addition, LOH at 16q

was not correlated with estrogen receptor status, lymph node positivity, or
tumor size, nor was the occurrence of distant mÃ©tastasescorrelated with
any of these parameters. The results suggest the existence of a tumor
suppressor gene on 16q that facilitates hematogenic spread of breast can
cer and that LOH at this locus is an independent prognostic marker in
breast cancer.

INTRODUCTION

Breast cancer shows a highly variable clinical course. Some pa
tients have a rapidly progressive disease with short survival, while
others have a long disease-free interval, followed by distant mÃ©tasta

ses occurring many (up to 40) years after the initial operation (1). The
most commonly used parameters for prognosis and adjuvant therapy
are nodal status and tumor size (2, 3). ER3 status is known to be a

prognostic factor as well as an important predictive factor for the
outcome of endocrine therapy (2). Axillary node mÃ©tastasesindicate a
poor prognosis. However, 25% of the lymph node-positive patients
are still alive even after 20 years, while 35% of the lymph node-

negative patients have died from disseminated disease (1). The pro
liferation rate measured as flow cytometric determinations of the
S-phase fraction and DNA ploidy have been suggested to have prog

nostic value (3). However, results from flow cytometric studies are
conflicting and point to a complex relation between DNA ploidy and
clinical behavior in breast cancer (3, 4). High levels of urokinase
plasminogen activator has been shown to be an independent prognos
tic marker in breast cancer (5). Furthermore, oncogenes have been
shown to be involved in the tumorigenic process (6). Thus, in breast
cancer, amplification of c-myc at 8q (7) as well as INT2 and HSTF1
at Ilql3 (8) has been reported to correlate with a shorter disease-free

interval and overall survival. Amplification of ERBB2 (9) and EGFR
(10) has also been associated with poor prognosis. A correlation
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between ERBB2 overexpression and hematogenous mÃ©tastasesin
sporadic breast cancer was not correlated with lymph node involve
ment (11).

The evolution of neoplastic clones with increased growth potential
involves a number of events that are important for tumor progression.
It is possible that lymphogenic spread, hematogenic spread, and pro
liferation rate of the tumor involves different genetic events. Loss of
constitutional heterozygosity at the MET locus on 7q has been asso
ciated with aggressive disease in a subset of sporadic breast tumors
(12). Another gene, involved in tumor progression, suggested to be a
tumor suppressor gene is NM23 on 17q. Expression of this gene seems
to protect against development of lymph node mÃ©tastases(13).

Loss of genetic material at specific chromosomal regions can be
analyzed by comparing constitutional and tumor genotypes for mark
ers detecting RFLPs. Such alÃelelosses have been shown to affect
regions harboring tumor suppressor genes involved in tumor initiation
or progression (14) and are found in both sporadic and familial
(15-18) forms of the disease. In sporadic breast cancer, alÃelelosses
have been reported for several chromosomal regions (19-21), but the

significance of these is still unknown.
In order to identify genetic markers for events involved in tumor

progression, we studied a subset of familial breast tumors for which
we had a long follow-up time (2-15 years). Frequently occurring

alÃelelosses in familial breast tumors were compared to known prog
nostic indicators, such as ER status, lymph node status, and tumor size
at the time of operation, as well as the occurrence of distant mÃ©tastases
at the time of follow-up.

MATERIALS AND METHODS

Clinical Cases. Seventy-nine families with familial cancer, predominantly

breast cancer, were identified through 82 index patients with breast cancer. The
index cases were selected because they showed a pattern of disease consistent
with an autosomal dominant mode of inheritance with incomplete penetrance.
This suggested that breast cancer in the index case could he a manifestation of
an inherited susceptibility. Five families, however, were included although they
showed only two cases of breast cancer. Based on the number of breast cancer
and other cancer diagnoses, the families were divided into three major types
(Table 1). The first type of family included predominantly breast cancer cases.
The second type had at least two cases of breast cancer but also at least three
cases with other cancers as a possible manifestation of an inherited suscepti
bility. The third type consisted of families in which the index case was the only
case of breast cancer. This study was performed with the approval of the local
ethics committee.

DNA Analysis. Blood and tumor samples from 82 index cases were ob
tained. All tumors had been removed surgically prior to radiation or chemo
therapy, and fresh specimens were frozen at -70Â°C for periods varying from fi

months to 12 years before DNA isolation. Isolation of high molecular weight
DNA from peripheral leukocytes and tumor tissue, cleavage with the restriction
enzymes Taql, Rsa\, and Mspl, Southern blot analysis, and hybridization to
radioactively labeled DNA probes were performed as described previously
(19).

Constitutional and tumor genotypes were compared by RFLP at loci repre
senting all chromosomes (22-24): DlS76/pCMM12.1, DlS81/pTHH33,
D2S6/pXG-18, D2S44/pYNH24, D3F15S2/RIK, D4S95/pBS674E-D, FGA/
pAFl, D5S13/pJ0214H-B, D5S84/cMC5.61, D6S44/pYNZ132, D6S48/
MCOB12, D7S371/pTHH28, MET/pmetH, D8S17/pYNM3, D8S26/CRI-
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LOH ON lÃ>qAND DISTANT METASTASES

Table 1 Prognostic parameters in familial breast tumors

For every tumor is given type (D, ductal; M, medullar; L, lobular), size (1, Â¿2cm), ER status, lymph node status, age of onset, years before recurrence with distant mÃ©tastases(Ree),
years of survival at follow up (Sur), the status at the studied markers on I6q and 17q (-, LOH; +, retention of two separate alÃeles),and the number of alÃelelosses of the total number

of informative markers (LOH). Blank, not informative.
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1 Prognostic parameters in familial breast tumors

For every tumor is given type (D, ductal; M, medullar; L, lobular), size (1, Ã¯2cm), ER status, lymph node status, age of onset, years before recurrence with distant mÃ©tastases(Ree),
years of survival at follow up (Sur), the status at the studied markers on 16q and I7q (-, LOH; +, retention of two separate alÃeles),and the number of alÃelelosses of the total number

of informative markers (LOH). Blank, not informative.Marker

statusTumorTypeSizeLymphER

status" node status" Age (yr)Ree (yr)hSur (yr) 16q17qLOHGroup
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R191, IFNBl/belalFN, D9S7/pEFD 126.3, D10S1/5-1, HRAS/pTBB-2,

CALCA/pHC36, INT2/SS6, D11S29/L7, D12S16/pTHH14, D12S18/
pTHIZ53, RBl/p68RS2.0, D14S13/pMLJ14, DISSI l/pIR4-3R, HBA1/
pSstalpha2, D16S7/p79-2-23, APRT/HuaplS, D17S5/pYNZ22.1, D17S1/
pHF12-l, D17S31/pMCT35.1, D17S509/LB17.1, D17S74/CMM86, D17S4/
P/THH59, D18S16/CRI-L261, pBV15-65, D19Sll/pl3-l-82, D19S22/
pEFD4.2, D21S112/CRI-L427, BCEI/pS2, MB/pHM27.B2.9, D22S94/

KI1105, DXYSIX/pDP34.
Allelic loss was detected as either a total absence of or a reduced signal

intensity (>50%) for one of the constitutional alÃelesas detected by the naked
eye and, when necessary, was confirmed by densimetry. Tumors were analyzed
with respect to the amount of normal cells compared to malignant cells in
representative slides from the tumors. These estimates were coded by an
independent pathologist.

Statistical Analysis. Five loci showed LOH in >20%. These five param
eters were correlated pairwise using the x2 test with four clinical parameters,

ER status, lymph node status, and tumor size at the time operation and the
occurrence of distant metastasis at the time of follow-up. Distant metastasis
meant any recurrence except in lymph-nodes or locally.

The parameters lymph node status, tumor size, and LOH at 16q were entered
as covariates in a Cox proportional Hazard model (25, 26) survival analysis.
The time of recurrence-free survival was plotted in a Kaplan-Meir form (26,

27), comparing tumors displaying LOH at 16q to tumors with retention of
heterozygosity.

RESULTS

The families were selected from a subset of all living patients from
two clinics of oncology in Stockholm, Sweden. This means that the
cases were ascertained in a way that selected for good prognosis. After
that, the tumors from the index patients were obtained. Relevant
clinical data are given in Table 1. The mean age at onset was 51.3
years. The time of observation varied between 2 and 15 years (mean,
7.1 years) (Table 1).

The tumors were first analyzed for LOH with 45 different probes
representing almost all chromosomal arms. Table 1 displays for each
tumor the total number of alÃelelosses as compared to the total
number of informative markers. A summary of alÃelelosses per chro
mosomal arm gives essentially the same result. Five chromosomal
regions showed LOH in significant frequencies (>20%) 8p, 16q, 17p
17q, and 19p. For these loci, the correlation with ER status, lymph
node positivity, tumor size at operation, and distant mÃ©tastasesat
follow-up was analyzed. The result showed a highly significant cor

relation between LOH at 16q and the presence of distant mÃ©tastasesat
follow-up.

LOH at 16q was detected in 19 of 67 informative cases, and in 14
of these heterozygosity was retained for the marker on 16p. In the total
group, there were 11 patients who had distant mÃ©tastasesat follow-up,

and 8 of these showed LOH at 16q in their primary tumors. Fig. 1
displays Southern blots for the eight cases with distant mÃ©tastasesand
LOH on 16q. For every case is shown the constitutional DNA with
two alÃelesand the loss of one alÃelein the tumor DNA. Only two of
the patients whose tumors retained heterozygosity at 16q had devel
oped distant mÃ©tastasesat follow-up, while 40 patients had not. This

correlation between LOH for at least one 16q marker and the presence
of distant mÃ©tastasesat follow-up was highly significant (x2 = 12.5,

P < 0.001, Table 2). Furthermore, LOH at 16q was not correlated with
ER positivity, lymph node positivity, or tumor size (x2 test, Table 2).

The presence of distant mÃ©tastasesat follow-up was not correlated

with ER status, lymph node positivity, tumor size, or low differenti
ation grade, suggesting that this would be an independent prognostic
parameter (x2 test). This was confirmed by a survival analysis using

a Cox-Hazard multivariate model (Table 3). The survival data are also
plotted in a Kaplan-Meir form, comparing patients whose tumors

showed LOH at 16q with patients whose tumors did not (Fig. 2). It
clearly shows that patients with LOH on 16q are more likely to have
a recurrence with distant metastasis. The patients with distant mÃ©tas
tases had received the same type of adjuvant treatment as the other
patients.

The most frequently lost marker was D16S7 which showed losses
in 18 of 57 informative cases. The APRT locus, also situated at 16q24,
only showed LOH in three of 25 informative cases. Of the three cases
with distant mÃ©tastasesbut without LOH at 16q, one was not infor
mative for any of the two markers on 16q (tumor 2101.2), and one was
only informative and retained heterozygosity for APRT (tumor 44).
The third case showed retention of heterozygosity with both markers
(tumor 256). However, in this case, after autopsy there was still an
open question whether the pulmonary lesions were mÃ©tastasesof the
previous breast cancer or a primary lung cancer.

LOH at 17q was detected in 18 of 75 informative cases (24%, Table
1). At the time of operation, 23 patients were lymph node positive. In
nine of these cases, the tumor had lost one alÃelefor at least one of the
markers on 17q. On the other hand, 47 tumors from lymph node-

negative patients were informative for 17q, and only eight of these
tumors showed LOH at 17q. The fact that LOH at 17p did not
correlate with node positivity supports the idea that the loss at 17q is
a specific event. This association between LOH at 17q and nodal
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Fig. 1. Loss of hetcrozygosity at 16q24 in tu
mors from patients who developed distant mÃ©tas
tases during follow-up. The autoradiograms show

(lane C) constitutional and (lane T) tumor tissue
DNA digested with Tat/l and hybridized with the
probe p79-2-23 at D16S7 (families 7, 54, 996,
1121, 1848, and 2424) and the probe Huapl5 at
APRT (families 149 and 1100). The family number
is indicated above each autoradiogram.

LOH ON I6q AND DISTANT METASTASES

7 54 149 996

C T C T C T C T

1100 1121 1848 2424

C T C T C T

Table 2 LOH on loi/ ami clinical parameters

For the different prognostic parameters, the number of tumors with and without LOH
on 16q are given.

Size>2
cm<2

cmLymph

nodes
PositiveNegativeGradeLowHighERPositiveNegativeDistant

mÃ©tastasesYesNoLOH-16q1064125414089N.

LOH-16qP19

>0.12011

>0.13115

>O.I1115

>0.1112

<0.00140

positivity was weak (\2 = 3.4, P < 0.1). There was no significant

correlation between LOH at 17q and ER positivity, tumor size, or
distant mÃ©tastases.

As shown in Table 1. LOH at 16q was not limited to tumors with
a great number of losses at other chromosomes. In fact, LOH on 16q
was the most, and LOH on 17q was the second most, common genetic
event detected in tumors showing LOH on only one or two chromo
somes (Table 1).

Thirty tumors did not show any LOH. However, those were found
to contain the same amount of tumor cells (50-100%) as those dis

playing LOH, thereby excluding that the idea that the negative finding
in these tumors is a consequence of normal cell contamination.

DISCUSSION

In human cancer, progression is considered to occur by accumula
tion of genetic alterations, which, for example, involve activation of
oncogenes or inactivation of tumor suppressor genes (6). Genetic
markers of prognostic value may, therefore, be found among genetic
alterations that are frequently found in the tumors. Breast cancer is a
heterogenous disease clinically and with regard to the genetic alter
ations involved in tumorigenesis. Therefore, the clinical course may
depend on the primary event as well as the secondary events acquired
during tumor progression.

The occurrence of distant mÃ©tastasescorrelated with LOH at 16q,
which suggested that a tumor suppressor gene was involved in the
hematogenic spread in familial breast cancer. The fact that in most of
these cases the tumors retained heterozygosity on 16p supports the
idea that this is a specific event. In some cases, breast cancer can
generalize even after a long disease-free interval. This is an indication

that the process of hematogenic spread is a separate event, indepen
dent of lymphogenic spread, as well as aggressive behavior of the
tumor.

The finding of a separate event, LOH at 16q, which correlates with
distant metastasis even after several years, but not with lymph node
positivity or tumor size, also supports the hypothesis that the biolog
ical properties of the breast carcinomas reflect at least three different
genetic events. Lymph node positivity has been correlated with re
duced expression of NM23, and we found a weak association between
lymph node positivity and LOH at 17q. In addition to the two events
involved in lymphogenic and hematogenic spread of the disease, a
separate event could then confer a more rapid clinical course, depend
ing on more aggressive behavior of the tumor. LOH at the MET locus
on 7q in sporadic breast tumors (40%) has been shown to correlate
with aggressive behavior (12). In our subset of familial breast tumors
selected for good prognosis, we observed LOH at this locus in only
one of 31 informative cases (3%). This discrepancy could be expected
if the potential tumor suppressor gene on 7q is correlated with rapid
progression and poor prognosis.

One explanation for the lack of correlation between lymph node
positivity or tumor size and recurrence in this study is probably that

Table 3 Result from Cox-Hazard multh-arialc survival analysis

Variable Coefficient SECoefflcienl/SELOH

16q 2.9985 1.0709 2.7999Exp.

coefficient20.0561Statistics

to enter or removevariable:VariableTumor

size >2 cm
Lymph node positive
LOH on 16qApprox

x2

Enter0.07

1.77Approx

)f
Remove13.41P value0.7923

0.1837
0.0003Log

likelihood-20.9051

-20.0562
-27.6427

" Time in the analysis is years until recurrence.
'' None of the parameters tumor size >2 cm or lymph node positivity passes the enter

or remove limits 0.151X1.0.1000.

Likelihood for recurrence-
free survival

1.00

0.75

0.50

0.25

0.00
10 12 14 16

Yearsof recurrence-
free survival

Fig. 2. Kaplan-Meir plot showing recurrence-free survival in patients with and without
LOH on 16q. , patients with tumors without LOU on 16q; , patients with tumors
with LOH on 16q.
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this subset of tumors was selected for good prognosis (since the
patients were selected from all living patients from two clinics). The
patients with early recurrence and death were not included. The tu
mors studied were mainly tumors with slow progression and late
recurrence, which may he why the correlation between LOH on 16q
and death was much weaker (P < 0.05) than the correlation between
LOH on 16q and distant metastasis (P < 0.001). Using other criteria
for tumor size (> or <l/3 cm) did not change the results observed.

Histopathological grading has little, if any, additional prognostic
value if lymph node status is known (28). In accordance with this, we
found no correlation between a low grade of differentiation and LOH
at any site in the 42 tumors for which we had information about the
grade of differentiation (Table 2).

Identification of a potential genetic marker, LOH on 16q, leading to
future recurrence with distant mÃ©tastaseshas clinical implications.
Two previous reports presented data concerning LOH and 16q in
sporadic breast carcinomas. Sato et al. (20) found a weak association
between LOH at 16q and lymph node metastasis, and Dutrillaux et al.
(29) suggested that monosomy 16q is an early chromosomal event in
breast cancer. The tumors in this study were a subset of familial breast
carcinomas. We also had results from a subset of 50 sporadic breast
tumors which had been analyzed earlier with the marker APRT (19).
The mean time of follow-up of these patients was 8.1 years, and eight

of them had developed distant mÃ©tastases.The number of informative
tumors was small, and there was no significant correlation obtained.
Further long-term follow-up is necessary in patients with sporadic

breast cancer to determine whether LOH on 16q is also correlated with
distant metastasis in these tumors. If so, this would suggest an inde
pendent prognostic factor that could be further identified and used for
selection of patients at high risk for a recurrence (possibly late) and
who could benefit from adjuvant therapy.
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