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O n e  h u n d r e d  a n d  f ive  b r e a s t  c a n c e r  p a t i e n t s  w i t h  s t a g e  T3/4 ,  N + ,  M o  w e r e  t r e a t e d  at r a n d o m  e i t h e r  
w i t h  a p r e -  a n d  p o s t o p e r a t i v e  c h e m o t h e r a p y  (A)  ( 5 - d r u g - c o m b i n a t i o n  + t a m o x i f e n )  or  w i t h  a p r e -  
a n d  p o s t o p e r a t i v e  r a d i o t h e r a p y  (B) .  P a r a f f i n  e m b e d d e d  t i s s u e  s a m p l e s  w e r e  p r e p a r e d  f r o m  t u m o r  
m a t e r i a l  t a k e n  by  b i o p s y  p r i o r  to  t h e r a p y  as  w e l l  as  at  s u r g e r y  f r o m  p a t i e n t s  o f  b o t h  g r o u p s  to  
e s t i m a t e  t h e  H E R - 2  o n c o g e n e  c o p y  n u m b e r s  b e f o r e  a n d  a f t e r  t r e a t m e n t .  In 53 a n d  50% o f  the  
p r e t h e r a p e u t i c  s a m p l e s  t h e  H E R - 2  g e n e  w a s  a m p l i f i e d  in g r o u p s  A a n d  B,  r e s p e c t i v e l y .  In the  
p o s t t h e r a p e u t i c  g r o u p  60% o f  the  c h e m o t h e r a p y  a n d  48% o f  t h e  r a d i o t h e r a p y  p a t i e n t s ,  r e s p e c t i v e l y ,  
h a d  l o w  or  h i g h  H E R - 2  o n c o g e n e  c o p y  n u m b e r s .  In a d d i t i o n ,  H E R - 2  a m p l i f i c a t i o n  b e f o r e  a n d  a f t e r  
t h e r a p y  w a s  e s t i m a t e d  in 28 p a t i e n t s .  A n  i n c r e a s e  o f  o n c o g e n e  c o p y  n u m b e r s  c o u l d  be  d e t e c t e d  in 
21% o f  t h e  c h e m o t h e r a p y  p a t i e n t s ,  a n d  a d e c r e a s e  w a s  n o t e d  in 11%. N o  r a d i o t h e r a p y  p a t i e n t  s h o w e d  
a r i se ,  b u t  11% a lo s s  o f  c o p y  n u m b e r s .  A l t h o u g h  a m p l i f i c a t i o n  o f  H E R - 2  o n c o g e n e  w a s  n o t  f o u n d  
to  be  a s s o c i a t e d  w i t h  o v e r a l l  s u r v i v a l  as it w a s  in m a n y  s t u d i e s  b e f o r e ,  it c o u l d  st i l l  be  a p r e d i c t o r  
o f  c l i n i c a l  o u t c o m e  a n d  t h e  c a u s e  o f  m a m m a r y  c a r c i n o m a s  d e v e l o p i n g  i n t o  s t a g e  T3/4.  
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I N T R O D U C T I O N  

T h e  H E R - 2  (neu/c-erbB-2) oncogene is located on 
chromosome 17q21 and encodes a 185kDa glyco- 
protein with tyrosine kinase activity [1]. I t  is of  interest 
because it was reported to be amplified in 10-30% of 
human m a m m a r y  carcinomas and seems to be associ- 
ated with overall survival and disease free survival t ime 
[1, 2]. Although the situation is still controversial [1, 3], 
it is thought  to be a valuable prognostic parameter  
[4, 5] with worse prognosis for patients with amplified 
HER-2 .  

Tamoxi fen  is an antiestrogen that blocks the estrogen 
receptor and thus decreases the growth of estrogen 
receptor positive m a m m a r y  carcinomas [6]. I t  is widely 
used in endocrine therapy of receptor positive breast 
cancer patients and is also discussed as a possible agent 
to prevent  the development  of breast cancer in high- 
risk women [7]. 
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T h e  aim of the present study was to investigate, 
whether  H E R - 2  gene amplification is changed by either 
radiotherapy or hormone therapy in pr imary  m a m m a r y  
carcinomas with stage T3/4,  N + ,  Mo. 

EXPERIMENTAL 

Patients 

One hundred and five patients with pr imary  
breast cancer at stage T3/4,  N + ,  Mo were recruited for 
this study between 1983 and 1989. T h e y  were random- 
ized to two different therapies (A and B) before 
surgery. The rapy  A consisted of chemotherapy (5- 
drug combination therapy + tamoxifen) while therapy 
B was per formed by radiotherapy. Prior to either 
therapy a tissue sample was taken by biopsy and 
embedded in paraffin. Similarly, a tissue sample ob- 
tained f rom the tumor  at surgery was embedded in 
paraffin. 

Patients '  characteristics and mean receptor statuses 
are shown in Tables  1 and 2. 
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Therapy 

The average interval between biopsy and excision of 
the tumor was 4 months. In this period either a 
chemotherapy or a radiotherapy was prescribed to all 
105 patients. 

Chemotherapy patients (therapy A) received one 
10-mg tablet of tamoxifen orally t.i.d, and additionally 
2 cycles of a chemotherapeutic regimen: on days 1 and 
8 1000 mg 5-fluorouracil, 25 mg methotrexate, 500 mg 
cyclophosphamide i.v.; day 28: l i n g  vincristine, 
14 mg/m 2 mitoxantrone i.v. were given, on day 49 the 
cycle was repeated. 

Radiotherapy (therapy B) was done according to the 
methods of Frischbier et al. [8, 9]. A total dose of 45 
Gray with a single dose of 2 Gray delivered over a 
period of 4-5 weeks was given to the internal mammary 
and supraclavicular lymph node areas using cobalt 60 
beams. 

D N A  -preparation 

Two 10/~m paraffin embedded sections of mammary 
cancer tissue essentially free of stroma were de- 
paraffinized with 1.5 ml isooctane. Each sample was 
vortexed thoroughly, incubated at 70"C for 5 min and 
spinned down at 12,000g for about 5min.  The 
used isooctane was decanted and replaced by 1.5 ml of 
fresh one. After four cycles of extraction the samples 
were dried in a SpeedVac concentrator and incubated 
with 65~1 proteinase K lysis buffer (1 mM 
Gag12, 0.5°.o Tween 20, 10 mM Tris-HC1 pH 8.0 with 
20/2g proteinase K) at 5&C for 4 h. The enzyme was 
denatured by boiling the samples for 20 min at 98~'C 
[10]. 

PCR reaction 

The D N A  extraction supernatant (0.5-1.0/,1) was 
vortexed with 49.5 and 49.0 ~ 1 of reaction mix, respect- 
ively, (0.2 m M  d N T P ,  0.5 # M  of each primer: Dif l ,  
Dif2, PC03, KM38, 2 U / 5 0 # 1  Taq polymerase, 
100 m M  KC1, 4 mM MgC12, 20 mM Tris-HC1 pH 8.4, 
0.0010~, gelatine G2500). Each mix contained one pair 
of primers for the HER-2  oncogene and another one for 
the fl globin gene which served as reference gene in 
differential PCR. The primers for the HER-2  gene, 
Dil l  as sense-primer (5' C C T C T G A C G T C C A T -  
C A T C T C 3 ' )  and Dif2 as antisense-primer (5' 
A T C T T C T G C T G C C G T C G C T T 3 ' ) ,  and for the fl 
globin--reference gene, PC03 (5' A C A C A A C T G T -  
G T T C A C T A G C 3 ' )  and KM38 (5' T G G T C T C C T -  
T A A A C C T G T C T T 3 ' )  were used as published 
previously [11]. 

D N A  was amplified in a Thermocycler  using the 
following parameters: 

Denaturation Annealing Extension 
Start cycle: 2rain at 94°C 2min at 55C 2min at 72C 
30 cycles: 30s at 94C 30s at 55<C 1.5min at 72 C 
Last cycle: 5 rain at 72 C 

In every PCR run a normal placenta DNA was uscd 
as single copy control and another tube containing 
reaction mix without D N A  as negative control. 

Electrophoresis and densitometry 

The PCR products were separated by agarose gel 
electrophoresis using a 3% gel in 1 x T A E  (1.5'>,, 
Nus ieveGTG,  1.5% low melting agarose by BIO- 
RAD ''{ ). The gels were stained with ethidium bromide 
in 1 × TAE (2 mg/1). Each gel contained one lane with 
the single copy control and another one with the 
negative control. 

A Hirschmann elscript 400 densitometer was used 
for scanning the Polaroid'" negatives (type 55). The 
oncogene copy number was estimated from the ratio of 
peak areas, using the placenta ratio for normalization. 
Class definition was according to Slamon et al. [1], i.e. 
"single copy" (amplification up to 1.50), "low copy" 
(amplification 1.51-5.00) and "high copy" (amplifica- 
tion higher than 5.00). 

Validation of the PCR method 

The validity of the quantitative PCR method was 
examined by comparing HER-2 amplification data 
obtained by dot blot and PCR systems using identical 
D N A  samples extracted from frozen tissue as published 
previously [10]. Linear regression analysis resulted in 
a slope of 0.98 and an intercept of 0.05 with a corre- 
lation coefficient of 0.81 (data not shown). 

Reproducibility was checked by estimating single 
copy D N A  from placental tissue and amplified D N A  
samples of ovarian cancer tissues using the same block 
on separate occasions. The PCR experiments resulted 
in a coefficient of variation of 12% in terms of absolute 
figures and the same degree of amplification was ob- 
served when 20 experiments were evaluated. 

Statistics 

Statistical analysis of data was carried out by 
Wilcoxon scores, Kruskal-Wallis tests, Chi-square 
tests and Kaplan-Meier  analysis. 

R E S U L T S  

D N A  could be successfully extracted from paraffin 
embedded tissue samples of 91/105 breast cancer 
patients out of which 56 samples were pretherapeutical 
and 63 posttherapeutical, respectively. 28 patients pro- 
vided samples to both groups. 

In the pretherapeutic group 27/56 (48°o) samples 
showed single copy HER-2 oncogene whereas in 29/56 
(52°.o) samples the HER-2 gene was found to be 
amplified. HER-2 copy numbers were balanced be- 
tween patients that underwent therapy A and B, re- 
spectively (Table 3). In the posttherapeutic group 27/63 
(43%) patients had single copy HER-2 gene and 36/63 
(57%) amplified oncogene, respectively. The mean 
standard variation of all amplification results was 12"<,. 
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Table 1. General patients' characteristics 

Chemotherapy Radiotherapy 

Mean diameter of tumor (cm) 9.2 + 1.8 7.2 + 2.8 
Positive lymphe nodes (%) 77 79 
Negative lymphe nodes (%) 21 23 
Mean age at operation (years) 60.6 + 14.4 60.8 + 9.7 
Menarche (years) 13.6 + 1.5 13.7 + 1.7 
Age at menopause (years) 43.9 + 15.2 44.7 + 15.6 
Premenopausal (%) 23 22 
Perimenopausal (%) 9 8 
Postmenopausal (%) 68 70 
Number of children 1.4 + 1.3 1.6 + 1.7 

Table 3. H E R - 2  amplification in pre- and posttherapeutical 
breast cancer samples 

HER-2 amplification 
SC LC HC 

%, % % 

Pretherapeutic CT 16 47 18 53 0 0 
(n = 56) RT 11 50 11 50 0 0 
Posttherapeutic CT 15 38 24 60 1 2 
(n = 63) RT 12 52 11 48 0 0 

CT = chemotherapy; RT = radiotherapy; SC = single copy HER-2 
gene (<1.51 copies), LC=low copy HER-2 gene (1.51-5.00 
copies); HC = high copy HER-2 gene (> 5.00 copies). 

A c o m p a r i s o n  o f  p r e t h e r a p e u t i c  wi th  p o s t t h e r a p e u t i c  
da ta  shows tha t  the re  is ve ry  l i t t le  d i f ference  in H E R - 2  
ampl i f i ca t ion  in the  r a d i o t h e r a p y  g roup  ( T a b l e  3). I t  is 
n o t e w o r t h y  tha t  the  pe rcen tage  o f  samples  wi th  am-  
pl i f ied H E R - 2  oncogene  inc reased  in the  c h e m o t h e r a p y  
g r o u p  even y i e ld ing  one sample  wi th  h igh  copy  onco-  
gene. 

L o o k i n g  in m o r e  deta i l  at the  28 pa t i en t s  f rom w h o m  
t issue  samples  were  taken  by  b i o p s y  p r i o r  to t h e r a p y  as 
well  as at su rge ry ,  changes  in H E R - 2  ampl i f i ca t ion  can 
be o b s e r v e d  ( T a b l e  4). In  1/9 (11%)  pa t i en t s  who  were  
t r ea ted  by  r a d i o t h e r a p y  the  class o f  H E R - 2  ampl i f ica -  
t ion  dec reased  whereas  it r e m a i n e d  u n c h a n g e d  in 8/9 
( 8 9 % )  cases. I n  the  c h e m o t h e r a p y  g r o u p  H E R - 2  am-  
p l i f ica t ion  class s tayed  cons tan t  in only  13/19 (68%)  o f  
m a m m a r y  ca rc inomas .  I t  inc reased  in 4/19 (21%)  of  the  
cases and  dec reased  in 2/19 (11%)  o f  the  pa t ien ts .  T h i s  
t r e n d  was not  s ta t i s t ica l ly  s ignif icant  because  o f  the  
smal l  s ample  n u m b e r s .  

S ta t i s t ica l  tests  d id  no t  show any s ignif icant  co r re -  
la t ion be tween  H E R - 2  copy  n u m b e r s  and  s te ro id  re-  
c ep to r  levels,  d isease  free in te rva l  and  overa l l  surv iva l  
t ime  (Fig .  1). 

D I S C U S S I O N  

T h e  p re sen t  s tudy  shows the  inf luence  o f  a c o m b i n e d  
t amox i f en  p lus  cy to tox ic  c h e m o t h e r a p y  on H E R - 2  copy  
n u m b e r s .  I t  is i m p o r t a n t  to note  tha t  the  t issue samples  
were  de r i ved  f rom stage T 3 / 4  m a m m a r y  ca rc inomas .  
T h i s  m i g h t  be the  reason  for  the  h igh  pe rcen t age  (abou t  
5 0 % )  o f  ampl i f i ed  samples  ( T a b l e  3), whereas  p rev ious  
s tudies  r e p o r t e d  H E R - 2  ampl i f i ca t ion  be tween  10-30 % 
[1 ,2] .  T h e  h igh  inc iden t  of  ampl i f i ed  H E R - 2  in 

the  p r e se n t  s tudy  suggests  tha t  th is  oncogene  is in-  
vo lved  in the  b io logy  and the p rog res s ion  of  m a m m a r y  
tumors .  

Lack  o f  associa t ion  of  H E R - 2  ampl i f i ca t ion  wi th  
overa l l - su rv iva l  in the  p re sen t  inves t iga t ion  is in con-  
t ras t  to p rev ious  r epor t s  [1]. In  add i t ion ,  no cor re la t ion  
be tween  H E R - 2  ampl i f i ca t ion  and  disease  free in te rva l  
was o b s e r v e d  recen t ly  [12]. T h e  d i s c r e p a n c y  be tween  
resul ts  of  the  p re sen t  s tudy ,  a recen t  r e p o r t  [12] and  
p rev ious  obse rva t ions  [1] is not  fu l ly  u n d e r s t o o d  at 
p resen t .  But  the  i m p o r t a n c e  o f  p r o t o o n c o g e n e  p r o d u c t s  
in the  r egu la t ion  of  cell p ro l i f e ra t ion  is con t inua l ly  
reaff i rmed,  

I t  was also in teres t ing  to note that  t he rapy  A seemed 
to cause an increase of  H E R - 2  copy n u m b e r s  (Tab le  3 
and 4). Th i s  t r end  was not  stat ist ically significant,  which  
migh t  be due to the  small  n u m b e r  o f  pat ients .  S imi la r  
effects have a l ready been no ted  in express ion of  H E R - 2  
R N A :  tamoxifen  enhances  the express ion  o f  H E R - 2  
in e s t rogen- recep to r  posi t ive cells in vi tro [13]. T h e  
concordance  be tween  H E R - 2  ampl i f ica t ion and overex-  
press ion  could  be de tec ted  as pub l i shed  earl ier  [14]. 
Ra d io the r a py  obvious ly  does not  influence H E R - 2  am-  
plification. A decrease in oncogene ampl i f ica t ion as 
occu r r ed  in th ree  samples  ( T a b l e  4) cou ld  be caused  by  
clonal  se lect ion o f  po lyc lona l  t umors .  

P re sen t  da ta  c o m b i n e  to suggest  tha t  t amox i f en  p lus  
cy to tox ic  c h e m o t h e r a p y  a l though  mos t  benefic ia l  for  
pa t ien t s  wi th  es t rogen  r ecep to r  pos i t ive  b reas t  cancer  
m i g h t  cause an increase  in H E R - 2  oncogene  copy  
n u m b e r s .  F u r t h e r  s tudies  are necessa ry  to co r robo ra t e  
this  not ion .  
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Table 2. Effects of therapy on mean receptor content 

Therapy E2-receptor Pg-receptor Ag-receptor 

Pretherapeutic CT 31.7 + 62 87.8 + 199 33.0 + 53 
RT 100.5 4- 130 103.0 + 293 30.4 4- 24 

Posttherapeutic CT 19.6 + 55 36.1 + 98 28.7 + 36 
RT 68.6 + 134 76.4 + 294 19.9 + 27 

E2-receptor = estrogen receptor (fmol); Pg-receptor = progesterone 
receptor (fmol); Ag-receptor = androgen receptor (fmol); 
CT = chemotherapy; RT = radiotherapy. 

Table 4. H E R - 2  amplification in patients undergoing chemo- or 
radiotherapy 

HER-2 amplification 
Therapy No change Increase Decrease 

CT 
(n = 19) 13 68% 4 21°o 2 11%, 
RT 
(n =9) 8 89% 0 0% 1 11% 

CT = chemotherapy; RT = radiotherapy. 
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