British Journal of Cancer (1999) 80(5/6), 821-826
© 1999 Cancer Research Campaign
Article no. bjoc.1998.0427

Prognostic significance of loss of heterozygosity at loci
on chromosome 17p13.3-ter in sporadic breast cancer is
evidence for a putative tumour suppressor gene
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Summary Several studies indicate that the short arm of chromosome 17 is one of the most frequently altered regions in sporadic breast
carcinomas (45-60%). In the present report the 17p13.3-ter locus in tumour DNA of breast cancer patients, along with their matching normal
lymphocyte DNA, have been mapped with four markers (D17S5, D17S379, ABR and D17S34), spanning nearly 3 cM of the telomer. Sixty-five
of 143 heterozygous tumours had lost at least one of the markers at the minimum region of loss (45%). High levels of loss of these distal
markers on 17p13.3 are independent of TP53 mutations and are associated with tumour cell proliferation. A follow-up period of over 7 years
demonstrates that loss of these markers correlates both with disease-free (P = 0.004) and overall survival (P = 0.007). In addition we show
that for disease-free survival the prognostic power of this genetic alteration is second only to axillary lymph node involvement (3.1 vs 6.3
relative risk), and is a better predictor than the mutational status of TP53 (1.6 relative risk). Our results are further evidence of the presence,
within the region, of at least a second tumour suppressor gene distal to TP53, that might be targeted by deletions.
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Breast cancer development, as in other types of tumours, is thoughtindependent of TP53 point mutations and is associated with a
to be the result of the unmasking of one or more recessive tumohigh S phase index (Merlo et al, 1994). A previous report on a panel
suppressor genes by somatic alterations (Knudson, 1985). Threé primary tumours from stage |I-IV breast cancer patients have
familial forms of breast cancer, caused by mutations of the BRCAIshown than LOH of D17S5 is associated with disease-free survival
BRCA2 and TP53 genes, are the prototypes for this kind ofNagai et al, 1994). The general hypothesis being tested in our
carcinogenesis. Among tumours from patients with inheritecstudy is that allele losses at a specific chromosome location, framed
BRCAL1 and BRCA2 mutations, over 90% have lost the wild-typeby a well-mapped set of markers, could be associated with the clin-
alleles (Neuhausen and Marshall, 1994; Gudmundsson et al, 199%)al course of breast cancer. Specifically, a positive association with
however, both susceptibility genes are infrequent targets fot7p13.3-ter LOH would provide further evidence for the existence,
somatic inactivation in sporadic breast cancer (Lancaster et ah this locus, of a tumour suppressor gene whose mutation
1996). TP53 is another gene that, within the Li—Fraumenconferred a more aggressive phenotype.
syndrome, also is responsible for an inherited predisposition to
breast cancer (Sidransky et al, 1992). The p53 gene is mutated j
about 22-27% of sporadic breast tumours (Sjogren et al, 1996).
Several studies have been published in an effort to estimate tlaﬁatients and tumour samples
frequency of somatic loss of wild-type TP53 alleles, before it was
understood that point mutated p53 could have a dominant-negatiBetween April 1987 and November 1991 160 primary breast
action (Milner and Medcalf, 1991) and therefore could modify cellcarcinomas were removed surgically by either mastectomy or
functions even if one allele alone was affected. Most of thestumpectomy from untreated patients with stage I, Il and Ill disease
reports had initially used the highly informative YNZ22.1 (D17S5)at the S Giovanni Vecchio Hospital, Torino, Italy. Following histo-
marker, thought to map close to TP53, on the short arm of chromdegical diagnosis made on frozen sections, tumour samples were
some 17. It later became clear that the D17S5 locus is actuallfissected quickly to remove most of normal tissue and stored at
located on band 17p13.3, approximately 20 cM distal to the TP5380°C. Peripheral blood was collected for all the patients whose
gene (Coles et al, 1990). At this locus, a high frequency of allelitumour was genetically analysed. A total of 152 patients fulfilled
losses (as high as 60%) has been detected in sporadic (Mackaytlet criteria for inclusion in this study; eight patients that had
al, 1988) as well as in familial breast tumours (Lindblom et aldeveloped a second carcinoma in the contralateral breast were no
1993). In breast carcinomas 17p13.3 loss of heterozygosity (LOH)onsidered eligible and were withdrawn. Thirty-nine patients
received adjuvant chemotherapy (CT) according to the Milan
protocol (Bonadonna et al, 1986). Most of the tumours were infil-
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Table 1  Association between LOH at proximal and distal markers of the Table 2 Association between breast cancer clinicopathological variables
17p13.3 chromosome and genetic alterations of chromosome 17p13.3
D17S5/ D17S379 17p13.3 Normal 17p13.3 LOH
Normal LOH Variable n (%) n (%) P-value®
D17S34/ABR n (%) n (%) T(s2cm) 36 (63.2) 21 (36.8) o1
T (>2cm) 42 (48.8) 44 (51.2) ] ‘
Normal 43 (75.4) 14 (24.6) N- 34 (52.3) 31 (47.7) 0s
P =0.00001° N+ 44 (58.7) 31 (41.3) ] :
LOH 9 (25.7) 26 (74.3) Grade | 4 (80.0) 1 (20.0)
I 40 (56.3) 31 (43.7) ] 0.1
R ; bBy 2 analvsi Il 20 (43.5) 26 (56.5)
ow percentages. "By x? analysis. Stage | 17 (58.6) 12 (41.4)
I 58 (54.2) 49 (45.8) ] 0.6
i 3 (75.0) 1 (25.0)
Probes and allelic deletion analysis AdjuvantCT- 59 (54.6) 49 (45.4) ] 09
Adjuvant CT+ 19 (54.3) 16 (45.7)
All probes used in this study were as follows: D17S5 (NakamurER- 48 (56.5) 37 (43.5) ] 10
et al, 1988) and D17S379 (Carrozzo and Ledbetter, 1993) were ‘EZL 2r (5.1 22 (44.9)
two.proximal markers; D17S34 (Isomura et al, 1994) and ABF™, 5 (65.2) o4 (34.8)
(Heisterkamp et al, 1993) were the more telomeric markers. Tt pign 33 (45.2) 40 (54.8) ] 0.02
physical distance between these loci has been estimated to Ki-67
3Mb (Figure 1). ABR has been mapped 250 Kb proximal tc Low 34 (6.7) 26 (43.3) ] 08
< High 41 (53.2) 36 (46.8) :
D17S34 (Stack et al, 1995). Probe YNZ22.1 detects the Dl7ng53
VNTR polymorphisms on Southern blots wiktsz/ and BamHI Wild-type 36 (55.4) 29 (44.6) ] 03
digested genomic DNA,; the 144D6 probe detects the D17SE mutated 10 (41.7) 14 (58.3) :

VNTR on Rsal digested DNA. The ABR-VNTR1 polymorphism
was detected onBaml digested DNA. Southern blot and =row percentages. °By x? analysis. °T: tumour size; N: lymph nodes; ER:
microsatellite analyses were performed as previously describestrogen receptors.

(Stack et al, 1995). In 17 cases in which D17S5 was heterozygous

but LOH needed to be confirmed and in a number of uninforma-

tive samples, the D17S379 microsatellite marker was usedmmunohistochemical reactions the ABC complex method was
D17S379 is linked to D17S5 but is located 200 Kbp proximal (Rused (Vector Laboratories, Burlingame, CA, USA) according with
Carrozzo, personal communication). Tumour/normal productstandard procedures.

were run in adjacent gel tracks and relative allele intensities were

visually compared independently by two individuals. A loss of
signal relative to one of the alleles indicated a LOH. In most case
however, the LOH was not complete and an obvious reduction iflo group breast tumours into a low and high proliferation rank we
intensity of one allele in the tumoural DNA relative to the intensityused the median values both for BrdU incorporation and Ki-67

of normal DNA was observed. This condition has been calledtaining. These values were calculated on a data set of over 1000
allele imbalance; however, for clarity in the present report the terrrumours and were 7.5% and 9.5% for BrdU and Ki-67 respec-
loss of heterozygosity will be used to indicate both of these eventively; ER cut-off value for positivity was set to 10% stained
Marginal imbalances and unequal copy number due to amplificasuclei. In the analysis of relapse-free survival, second primary
tion were excluded from the statistical analyses. cancers and deaths due to other causes were not considered events.
Differences in subsets in Kaplan—Meier plots and univariate prob-
abilities were evaluated by log-rank test. Multivariate analyses for
disease-free survival (DFS) and overall survival (OS) were
Polymerase chain reaction (PCR) amplification of exons 5, 6, performed to fit a Cox proportional hazards model (Cox, 1972). A
and 8 covering the highly conserved regions of TP53, wasackward stepwise covariate selection was used to identify the
performed with specific primers designed from the flankingmost significant prognostic factors, with variables being elimi-
intronic sequence of each exon. Mutations were detected byated by the maximum likelihood estimate.

single-strand conformation polymorphism (SSCP) analysis as

previously reported (Merlo et al, 1994). RESULTS

§tatistical analysis

TP53 mutation analysis

Cell kinetics Genetic analysis

S-phase index was measured by an in vitro 5-bromo-2"deoxyPNA samples from primary breast carcinomas of 152 patients
uridine (BrdU) uptake analysis, as previously reported (Merlo etith complete follow-up records were tested for genetic alter-

al, 1994). Oestrogen receptors (ER) and Ki-67 immunostainingtions on chromosome 17p. Point mutation analysis by SSCP of
was performed on frozen sections with an anti-Ki-67 (Dakothe TP53 gene was possible in 90 of these tumours. Twenty-five
S.p.A., Milano, Italy) anti-ER (Abbott Laboratories, Chicago, IL, tumours were found to have a mutated TP53 gene (27.8%). To
USA) antibodies according to manufacturers’ instructions. For altletect allele losses in the 17p13.3—17pter region four polymorphic
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Table 3 Univariate analysis of prognostic categorized variables in 143 N T N T T N
breast cancer patients: disease-free survival (DFS), overall survival (OS)

P-values @ . - ’

Variable DFS oS el - ~

T(£2cmvs>2cm) 0.007 0.002

N (N=vs N+) 0.001 0.003 A B c

ER (ER-vs ER+) 04 0.1 D17S5 D17S5 D17S379

BrdU (low vs high) 0.002 0.002

Ki-67 (low vs high) 0.002 0.001 Figure 2  Autoradiograms from Southern blot analysis demonstrating a loss
Chromosome 17p13.3 (normal vs LOH) 0.004 0.007 of heterozygosity (A), an uninformative tumour (B) that turned out deleted
P53 mutations (normal vs mutated) 0.1 0.2 with the microsatellite marker D17S379 (C)

2By Log-rank test. °T: tumour size; N: lymph nodes; ER: oestrogen receptors.

A 10 17p13.3-ter LOH and DFS
0.9
D17S34, ABR t Normal (n=78)
/ < 08
>
£ 07
3 MRL (3 cM) =
L — o 0.6 ‘ -
p13 2 - LOH (n = 65)
1 S 05
D17S5, D17S379 £
. Z 04
p12 L 20cM 38 03
1 o
| 0.2
TP53 — - - -~ -
0.1 P=0.004
pll 0.0 ,
0 2 4 6 8
Years
l | B 10 17p13.3-ter LOH and DFS
0.9 } Normal (n=73)
Figure 1  Idiogram of the short arm of chromosome 17 showing the map = 0.8
order of the markers (not in scale). The minimal region of loss (MRL) and the £ 07
genetic distances are indicated E 06 | LOH (n=62)
> 05
. N . . . 3 04
loci were examined in the tumour DNA, along with their matching s 03
o .
normal lymphocyte DNA. All of the tumours that were found to be & 02
deleted at the D17S5 locus showed loss of the D17S379 mark :
Due to the lower informativeness compared to D17S5, D17S37 0.1 P=0.007
did not provide any additional information on the genomic statu: 0.0 0 ) . 6 8

of the proximal boundary of the 17p13.3 region. Only in one cas

was D17S379 found to be deleted while D17S5 was uninformative o )
Figure 3 Kaplan—Meier disease-free (A) and overall (B) survival curves

(Figure 2). Sixty-five of 143 heterozygous tumours had lost acomparing patients with tumours showing LOH and a heterozygous status of
least one of the markers at the minimum region of loss (45%). the 17p13.3-ter region. Significance values by log-rank test are indicated

Years

Associations . . . . .
associated nuclear antigen Ki-67 (Table 2). This later observation is

Our results indicate that the 17p13.3-ter region bordered by lodh contrast with the significant relationship observed with the BrdU
D17S5/D17S379 and D17S34/ABR is frequently affected by LOHndex (¢ = 0.02), suggesting that chromosome 17p13.3 LOH affects
that is independent of point mutation in the P53 gene. To validate thmore specifically the S phase of cell cycle. As previously reported
use D17S5/D17S379 and D17S34/ABR for the identification of(Merlo et al, 1994) a lack of association between LOH of markers on
LOH in a common region of deletion, we tested for the levels of ass@&7p13.3-ter and mutations of the TP53 gene was observed. Thes
ciation of losses detected by the centromeric and telomeric markeigata support the belief that in a great proportion of primary breast
The association between D17S5/D17S379 and D17S34/ABR LOHsancers TP53 is not the actual target of LOH affecting the 17 p
was highly significant# = 0.00001). In fact, 74.3% of the tumours subtelomeric region. To ascertain whether adjuvant CT in a set of
that had lost the proximal markers had also lost the telomeric polyatients could have influenced the results as a confounding variable,
morphism (Table 1). We were unable to demonstrate any associatioie examined the frequency of deletions in tumours of treated and
between LOH of 17p13.3-ter and tumour size, lymph node statusintreated patients. LOH data were available for 35 tumours of
tumour grade, oestrogen receptors, and expression of the cell cygatients who received adjuvant CT. No significant difference in the
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Table 4 Multivariate analysis: proportional hazards regression, Cox model

DISEASE-FREE SURVIVAL

Covariate RR 95% Confidence P-value
interval

T(s2cmvs>2cm) 11 (0.3-3.8) 0.7

N (N-vs N+) 6.3 (1.3-29.6) 0.004

ER (ER- vs ER+) 1.0 (0.3-3.5) 0.5

BrdU (low vs high) 2.0 (0.5-8.1) 0.1

Ki-67 (low vs high) 11 (0.2-4.3) 0.2

Chromosome 17p13.3 LOH (normal vs LOH) 3.1 (0.9-10.4) 0.01

TP53 mutation (normal vs mutated) 16 (0.5-5.1) 0.2

OVERALL SURVIVAL

T(s2cmvs>2cm) 13 (0.3-5.0) 0.7

N (N-vs N+) 4.9 (1.0-24.3) 0.02

ER (ER-vs ER+) 0.6 (0.1-2.6) 0.4

BrdU (low vs high) 2.6 (0.5-12.9) 0.03

Ki-67 (low vs high) 14 (0.2-6.9) 0.6

Chromosome 17p13.3 LOH (normal vs LOH) 25 (0.6-9.5) 0.06

TP53 mutation (normal vs mutated) 11 (0.2-4.2) 0.6

RR = relative risks of relapse or death. T: tumour size, N: lymph nodes, ER: oestrogen receptors.

distribution of allele losses was observed between the two grougactors characterizing breast cancer. By proportional hazards
(Table 2), so adjuvant CT could not have introduced a significant biaggression analysis, using as covariate six other unbiased explana-
on life-table estimates. tory variables known to have prognostic significance, 17p13.3-ter
LOH have shown an independent hazard ratio for DFS, with a
relative risk (RR) of recurrence below that of lymph node status
(Table 4). By stepwise regression analysis, performed with a
LOH of chromosome 17p13.3-ter, lymph node status, tumour sizenodel that takes in account the same concomitant variables,
S phase and Ki-67 all were predictive of disease-specific, relaps&7p13.3-ter LOH emerged as a significant prognostic factor for
free and overall survival; ER and TP53 gene point mutations werBFS (P = 0.01) while TP53 was removed from the procedure. For
not (Table 3). Analysis of DFS (Figure 3A) showed that patient€0S, on the other hand, following stepwise selection 17p13.3-ter
bearing tumours with a chromosome 17p13.3-ter LOH had &OH did not maintain its significanc® & 0.06) although its prog-
significantly higher probability of relapse than those with tumoursnostic power was still higher than the TP53 mutational status (2.51
that had retained the same chromosome re@ien(.004). By the  vs 1.12 RR).

end of the study after a median follow-up duration time of 6.1
years (range 0.7-8.6 years) among 78 patients with heterozygo
tumours the rate of recurrence was 16.6%, while 36.9% of 6
patients with tumours affected by 17p13.3 LOHSs had a relapse. Im our study, breast cancer specimens of 152 patients were exam-
addition 17p13.3-ter LOH appeared to be a good predictor of Ofed for LOH of the short arm of chromosome 17, at band 13.3-ter.
(P = 0.007). Among 73 patients with tumours showing a normalThe high frequency (45.5%) of this genetic alteration in breast
status of chromosome 17p13.3-ter, the death rate was 12.3% whilemours and its association with cell proliferation suggest that the
32.2% of 62 patients with tumours carrying LOHs died within 817p13.3-ter locus is likely to include specific target genes whose
years (Figure 3B). Log-rank analysis on a subset of 82 patientgactivation contributes to tumour development or progression.
whose tumours were informative for the 17p telomeric marker8\Ve and others (Merlo et al, 1994) have provided evidence
and could be tested for TP53 point mutation of exon 5, 6, 7 and 8uggesting that these genes are distinct from TP53 and are located
have shown that while TP53 status, in our hands, did not emerge within the distal portion of the 17p chromosome arm. The
significant prognostic indicatoP(= 0.1) 17p13.3-ter LOH main- observed 17p loss does not reflect a general telomeric instability
tained its association both with DF8#£ 0.01) and OSA=0.03)  of chromosome arms (White et al, 1996). The frequency of
(data not shown). Genetic data were available for 65 of 68 axillarg7p13.3-ter LOH reported here may actually be an underestimate
node-negative patients; the number of events, however, wewd the prevalence of breast cancer allele losses at this locus. Since
insufficient for demonstrating any prognostic significance of thein the present study no microdissection was attempted, LOH might
17p13.3-ter LOHF = 0.2). have been masked by the presence of normal cells in tumour
samples. In addition, D17S5 and D17S34/ABR cover 3 Mb of
DNA and do not detect interstitial deletions affecting smaller
portions of the chromosome arm bordered by these markers;
Even though the aim of our study was not the identification of aherefore the true extent of this chromosomal alteration is still
new prognostic factor, we attempted to compare the predictivanknown. We tried to address the question in a previous report
power of 17p13.3-ter LOH with other clinical and biological (Stack et al, 1995) using a larger number of microsatellites

Survival analysis

SCUSSION

Multivariate analysis
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spanning the same chromosome band. By these means we wé#nat spans a minimal region of allele loss in ovarian cancer
able to identify a distal region in which the frequency of loss wagSchultz et al, 1996). The HIC-1 gene has been cloned from a
close to 70%; the data collected, however, are at the present insuégion flanking the D17S5 marker frequently hypermethylated in
ficient for accurate survival analysis. Although the correlation ofmultiple common types of human cancers, including breast cancer
17p13.3 LOH with prognosis have been seen by others in brea@lakos et al, 1995). The CRK oncogene was originally identified
cancer (Nagai et al, 1994) an association of this genetic alteratias a transforming component of the avian sarcoma virus CT10.
with OS has never been previously investigated. Our resultdBR shows homology to BCR, a gene involved in the
provide evidence that 17p subtelomeric lesions in breast tumoufhiladelphia chromosome translocation in chronic myeloid
can predict disease-specific survival and, therefore, are associatietikaemia (Heisterkamp et al, 1993). D17S34 is actually located
with a more malignant phenotype. The lack of effect on outcomeloser to ABR than to CRK, which is over 400 Kb proximal to this
of 17p13.3 LOH in node-negative patients needs comment. tnarker (Morris et al, 1995). Loss or inactivation, through somatic
might be accounted for in part by the small number of observationsiutation, of a gene (or genes) mapping on the distal region of the
available for this subset of patients. As shown in another repot7p chromosome appears to be a crucial event in the developmen
(Sato et al, 1990) no association was observed between 17pl1&Bd progression of sporadic breast cancer as it is able to affect the
LOH and lymph node status in our panel of breast cancersnalignant behaviour of tumours.
Tumours of node-negative patients seem not to be genetically
gllfferent from brea§t carcinomas of pgtlent_s Wlth lymph nOdeACKNOWLEDGEMENTs
involvement at the time of diagnosis. This notion is supported by a
meta-analysis (Mittra and MacRae, 1991) that demonstrates howhe authors give their grateful thanks to Prof. Paolo Calderini for
detection of axillary node metastasis is merely the consequence prfoviding clinical information. They would also like to thank Prof.
a delayed diagnosis and not an indication of actual biological cha”Andrea Ballabio and Dr. Romeo Carrozzo for providing informa-
acteristics of tumour tissue. The hypothesis being tested in odion on ROX prior to publication. This work was supported by the
study was that breast carcinomas with allele losses at a speciffssociazione Italiana Ricerca sul Cancro (AIRC)..
telomeric region of chromosome 17p13.3 could be associated with
a diminished survival and, therefore, a more aggressive tUMOUWREFERENCES
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