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High incidence of loss of heterozygos i ty  (LOH), 
affecting the 7q31-32 chromosome region in spor- 
adic primary human breast carcinomas suggests  
the presence of a tumor suppressor gene in this 
region which seems relevant to the deve lopment  
of  breast cancer. To further determine the poss- 
ible role of this region in the pathogenes is  of 
human primary breast cancer and association with 
survival,  LOH analysis was performed on 52 pri- 
mary breast cancer patients using a set of h ighly  
po lymorphic  microsatellite markers. Our panel  
contained twenty  b iopsy  cases of u n k n o w n  sur- 
vival,  n ineteen cases with more than five years 
survival and fourteen cases with less than two 
years survival.  Corresponding normal and tumor 
D N A s  were analyzed by polymerase chain reac- 

tion (PCR). The data presented here demonstrate 
that all patients were informative at least at one 
locus and 20 (38%) out of 53 cases s h o w e d  LOH at 
one or more loci on chromosome 7q31-32. Rela- 
t ively high incidence of LOH (34%) was detected 
at the D7S522 microsatellite marker located near 
to the cMet proto-oncogene whi le  lower fre- 
quencies  were observed at D7S523 (19%) and 
D7S495 (17%) loci, support ing the existence of a 
putative tumor suppressor gene  at the chromo- 
some 7q31.1 region. Our results suggest  that 
allelic imbalance on 7q may occur at an early stage 
of breast carcinogenesis,  as n o  correlation was 
observed between allelic loss and clinico-patho- 
logical data. (Pathology Onco logy  Research Vol 2, 
N o l - 2 ,  48-51, 1996) 
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Humall breast Cal}CCl is ~1 helerogoneous and progressive 
disease, accounting l(~i 19{/~ of total cancer patients and is 
the most f requenl  ma l ignancy  a l l lO l l g  w o m e n  show ing  an 

increasing rate ,a, orldv,. idc. ~ 

O r o w i n o  ev idence sugoesls l l lal sequent ial  aCCtli l lula- 

t ion o f  mu l t ip le  altcral i()ns af fec l ing { t l l l lor  suppre~,sor 

genes and proto-oi lcogcnes; ;.ire responsible for  genesis and 
deve lopme i l t  o f  I.I.III]OFS. I(~lu'2; Prettuenl observa t ion  o f  

soinat ic a l le l ic  de lc t iuu or lun> o f  hctcro%',,Uusit ) (l , e l  l) at 

a specific chrolllosom:.ll locus in a parlicuhlr ruiner reveals 
the presence of a [tllllOl stll)pressOF gent. 
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Previous cytogenetic and molecular genetic analyses o f  

breast carcinonm highlighted involvement of LOH of 
different chromosomal regions including file long arm of 
chromosome 7. 5~'~ In differcnl studies. LOH frcquency 
was delecred in an avc[a-ec. Of ,.9~5{ ()f pl'illlal'V, breast can- 
ccr cases, ranging from 0 to 41 e~. i : ~.~ ~.~C~.l v High incidence 
of LOH was reporled on 7q in sporadic primary breasi. 
carcinomas indicalhlg thc presence of a pulativc tumor 
suppressor gone near to lhc c M e !  prolo-oncogene (7q31- 
7q33)] ''.:r 

In (wdcr to de~crminc tl~e pn,;sible hwalion of lhis pula- 
live lUlll(:,r suppressor gene, exlcnsivc I.OH studies were 
performed with a sol o1 highly polyulorphic gcnclic 
markers, nov, a widely accepted approach to indicate areas 
in 'a parlicular chlOlllOS;Ollle region where inactivation o f  a 

lUll]el" supplet4sof gel le  ilia',' OCCLiI'. Thougtl Siollil'iCLII]l 

chromosome 7 involvement in l~Olt has been reporicd 
primarily in breast cancer, several sludics; have revealed 
thai consislenl allelic losses for chromosome 7q regions 
arc colnnlon in ovarian cancer. > hi olhcr type:, of  epithelial 
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LOH - -  0 + 

F~gure I. Rcpr,'qcnh~tiz,c results of I_0tt mmh/ses 0! l'rinmr.I/ 
I~reast clmcrr ?~#irstts at D75522 /0~ u,',. (T) amt (N) imfirntc 
mohhcd DNA sm#qflcs isolataf from hmmr and slormal li,~sm>s, 
rcstwtivclti; it~dicntcs ~o alk'le los.<; f) imH<.tcs tmis~tbrmntk,c 
<nsc; ~- mdin~h'.q LOI t. 

DNA extractio/t, P( 'R WnF/i/ic~lion, LOH w~a/vsi.v 

DNA was exlracted froin 53 matching tLlinor and norlnal 
salnplcs by standard lncthods. Corrcsl~ondhlg archi\al 
i~ormat seciion and peripheral lymphocyte DNA, respcct- 
ivcly, were used as PCR templates. To dclernlinc the 
frequency of I,OH three (('A). microsalellite repeat 
markers (D7S522. D7S523, D7S495) were amplified in 
lhe 7q31-32 region. PCR reactions were pcrt\nmcd al a 

fi nal vohlnlc of 40 !.11 containing I00 ng gcn(:unic I )NA, 20 
plnoI Of each pfinlcr, 1.5 InM MgCl_,. 200 iI, iM of each 
dNTE 50 mM KCI, I() mM Pris pH 8.3 and 1.5 lJ Arnp- 
liTaq DNA P()lvmcrase (Pcrkin Elmer, Celus). TI~c 5"- 
primers of  inLukcrs wcrc end hibcled \~.ith [ycPiATP 
using T4 Polynuc!colide Kinasc B. Samples were 
amplif ied in 30-35 cycles, each containing a denlliuralion 
step (45 scc ill 90°C), an anncalin 7 siep (1 or 1.5 inin ill 
appropriale lenlperature) and Lin extension step (70 sec at 
72 >C). In all cases, PCR cycles were preceded by Jill initial 
dcnaltlration s~cp (4 rain al 94°C) and fol lowed by a final 
ch)ng.ation step (7 inin al 72°C). PeR ploducls were separ- 
aled on 6+,{ dcnalurhlg acrylalnidc scqucnchlg gels. After 
f ixal ion Lll/d drying, gels were auloradiographed t()l 1-14 
days a1-8()°C. The sainl)lC~, wcrc <,cored for I.OH by coin 
paring lhe autoradh~graphic signals of the correspondil~ 7 
norn/al and ll.ullor lissuc sLunp]cs. 

Stali.~lical amtlv,s/,~ 

All colnparisons were pcrforined tlsin~ Fischcr's 
cxLict l-lest. 

Results and Disc .ss ion 

Fifty-lhree cl inically and pathologically characterized 
prilnary bfeas! lLIlllOfS and correspoildhlg n()lnlaI sainplcs 
\X:Cl'C screened for allele loss on the long :lrlll of chlOlllO- 
some 7 using lhrcc polymorphic nlarkers mapped to the 

7q31-32 region (1)7S522. I)7S523, D7S495) (,dlown in 
~ddc /A).  The infurnlui ivity of the markcp, and the fre- 
quencies of L()t Is arc listed in T~fldc lB.  Selected example 
of L O H  is gi~ cn in Fi,~,. I. 

Al l  of our I t l l l l O l "  ~ L I I l l p l e x  ( 5 3  CLISC~,) \VCfC informad~c 
for a~ least one marker, and d~e overall frequency of I,OH 
on chromo~,omc 7q wa~ relatively high (3X%. 20/53j. 

,.\IIclc los>, frcquenlly c, ccurrcd a| D7S522 (349i). :,,'hilt 

rchitivcly h<~wer frequency v.'a:-, ,:>User", cd at D7S523 (I 9¢4 ) 
and I)75495 (17~X) loci. Allelic deletion was uncunm~(m 
in biopsies. 15<,'~ of tlle iifformafi,,e tumors showed lo,,s of 

helerozygosity compared to the observed 57~,,f in short 
survival Lind 47<~ in long SLll",ival cases (]ah/e 117). 

Reported ',alues of L()H on 7q vary from 0 1o 41~'~ in 
• • '~ 11.21 different stklclics,- e i~ine :.ill a'<criloC of  _~<'.~ '+ hi 

brcList Callmei. i'~ In OLU" 'qtidy, allclic lo~>s occurred inosl 
lrcquenlly lit th0 D7S522 locus ~hich is tllc IlCaFc:,>{ inic- 
rosalcllite illarkcr It) lhe c/k/et proto OllCOgOlle, el'ion 
clele~cd in blcCtsl cancer a'~ reported l)reviousl). "~  Reccnl 
sIcidics revealed a consistent higtl frequency of I .OEI in the 
7q31-32 re.~i()n, nol only il/ breast, but hi t)lhof types of 
epithelial , ~7 ~,, c a l c e  S.~ - - 

Seven ltllnor<~ oul of 20 (35~)  ~ho,aed loss al leLlsl ai 
t~o loci. In lwo cases all fl l lee loci were delcied. The vast 
majorhy of such loss pallerns WLIS dcteclcd in biops,< 
lt lnlor cases (3/3) alld lone SLUViva] cLlscs; {3t9). Occtir- 
fence of such il series of LOH ill COllli~tl(ltlS, illLilkClS Stl~- 
ge<q deletion of tile cnlire Soglnenl. Inlerslitial dole/ion 
affecting ()ill\, o11o nlalkcr ~;.ls observed in 65</} (l.ff_()) of 
pri Illal'y broa'q l u 111o1<4. 

Ctirrcnlly there arc se\'Clal dozen puhilivc breLisl cLincer 
progilostic lhctolS reported in htilnans. 1.12 In order to csti- 
nlLile lhc biological Lll]d/oF clinical illlporlancc of I,OH 
l'requctlcy lit 7q, somc of those l~tclors (lylnph node sialtlX. 
ltlnlor size. ER Maws and "PN~/1 stage) wcfo corlclli lod to Ihe 
observed genciic lesions (allelic losses), bul no correlation 
was loci nd. 

Slroilg associalion bctv,,cCl/ lfigh Ireqtlcncy ()f ],OH on 
chroiilOSOlllC 7t I and poorer +ur\ival was cp )i+Icd. -'+' I Jew- 
ever. in this sludy. L O l l  analysis did not reveal shttistical- 
ly sigi~ilicant differences in frequencies of chron+omine 7q 
allele losses belwecn patients +~iih .shorl and long survival 
time (575~ ~s. 479; ). 

The overwhchning maiority of our samples were early 
stage tumors (stage I or 11). 7q deletion was detected in 
32<,'f of  i i l forlnativc cases. 1-ilc rc iu l i \c l ;  l luqticnl allclic 
delclions rally StlUg, esl Ihll[ inactivation of a putalivc tLilllOr 
suppressor CellO(S) Iocaled in file 7q31 region t)CCtlrs ;.is il 
ralhcr early stop in ttunorigcnosis of  the breast, and htls 
loss or ilo iilllticllCC O11 [tllllOf pfo~rcssh)il. 

Rel'ere.ce,~" 

I. All It ,  kidcrcem R, 7h<'itlc~ (" am/ ('oltal~wl R. Rcduclioii Io 
ho l / /o / )g t )sh_ ' ,  o f  gOlleS Ol1 ch lo l l lOS( ) l l l c '  I I i l l  [1{11111ill breLl,,{ 

nooplasia. Science 23<"4:1 ~5- 18<R. 19~7. 
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"fiflde 1 A. LOH pattern of  7q31-32 in pr imary breast  
carc inoma pat ients  

Chrolnoson~al markers 
Cases ER status* 

D7S522 D7S523 D7S495 

131 + - 0 
B2 + 0 
B3 
B4 + 
B5 + + 
B6 + 
t37 - 0 
B8 + 
B9 
B10 0 
B]I  + 0 

B12 
B13+ + + + 

B14+ 
BI5 + 
B16 0 
B17 0 
B18 + 0 
B19 + 0 
B20 + 

L1 
L2 
L3 
1.4 + 
L5 + 
L6 + 
L7 + 
L8 + 
L9 
L10 
1,11 
1,12 
L13 
L14 
L15 
L16 
L17 + 
L18 
L19 

+ 

ND 
+ 

+ 

0 
+ 

0 

+ 

+ 

0 
0 

ND 

ND 
+ 

+ 

ND 

ND 

ND 

SI 
$2 
$3 
$4 
$5 
$6 
$7 
$8 
$9 
$10 
$11 
SI 2 
$13 
S14 

ND 
ND 

ND + 
ND ND + 

+ 0 + 
0 

Total LOll  15/44 (34';~) 6/32 (19{;;) 8 /47  (17',:4) 

I3 - b iopsy  cases; L long surv iva l  patents;  S - shor t  su rv iva l  pat ients;  
t) - non - in fo rma t ive  cases; ND not  de te rmined ;  
El<* es t rogen  recepior;  B13+, B14~ two  t u m o r s  f rom the ';an'~e 
pa t ien t  (bilateral breas t  cancer) 

tumors, >'ves and less fl-equently, in non-epithelial lu- 

mors,  H22 confirming the presence of  a tumor suppressor 

gene in 7@1. The region of inlerest recently has been 

narrowed down to 1 cM in extent} ~ 
Though the nature of  the genetic alterations that are 

crucial at early stages of  the tumorigenic process still 
remains obscure, recent microcell-fusion transfer and 

other in vitro studies on chromosome 7 demonstrated that 

genes affecting tumor supprcssion or senescence may be 
located on the ]oilg arm of  chromosome 7.~s-> 

Bieche el al. 2 reported that somatic allelic deletions at 

the c M e t  proto-oncogene locus on chromosome 7q31 
correlated with decreased survival in patients with primary 

breast cancer, contrary to previous observations, wst~' 
In order to contribute to the clarification of  the biologi- 

cal significance of  genetic alterations of  chromosome 7q 

in primary breast cancer and to further examine how 7q31 - 
32 allelic losses meet the criteria for the definition of  a 

prognostic factor, the present study was designed to exam- 
ine the frequencies of  subchromosomal  deletions on chro- 

mosome 7q and to determine their possible association 
with cl inico-pathological  parameters, some of them of 

prognostic value. 

Materials and Methods 

Saml) les  

Fresh and archival tumor tissue samples were collected 

from 52 patients undergoing surgery lot primary breast 
cancer, who had received no prior therapy. Histopatho- 

logical classification of  the tumors was canted out accord- 
ing to the W H O  classification. The distribution of  the breast 

tumor samples was as follows: 20 biopsy cases and 39 
paraffin embedded archival specimens, of  which 19 sur- 

vived more than 5 years and 14 less than 2 years. 

Table 1 B. I n f o r m a t i v i t y  and  LO H  f r e q u e n c y  o f  the 
markers  used  for de tec t ion  of  a l l e l e  l o s s  in breast  cancer 
pat ients  

Locus 
Informa- 1,0t t (~Z) lnforma-  

five cases Short  Long t i r e / t o t a l  
(9;) surv iva l+surv iva l{  Biopsy casesCT,) 

D7S495 47,/50 -4/14 3//15 1/'18 8/'47 
(94%) (29r~) (20%) (6%) (17(~) 

D7S522 38/44 4 /12  8 /16  3 /16  15/44 
(86%) ( 3 W 7 , )  (50%) (19 '5~ )  (34~7,) 

D7S523 32/48 1 /5  2 /10  3 / 1 7  6/32  
(67%) ( 2 0 V ~ )  (20~./,) (18%) (19%) 

Total 53/53 8 /14  9 /19  3 /20  20/53  
(100'~) (57%) (47%) (15%) (38%) 

1.OHs are p resen ted  as % of in to rmat ive  cases. 
da ta  on pa t ien ts  wi th  shor t  su rv iva l  (< 2yr) 

{ da ta  on pat ients  wi th  long surviwfl  (> 5yr). Biopsy s amp le s  are 
unselec ted  for survival .  
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