
1 

 

  
  

. . » 

 
 618.19-006.6: 616.428-037 (476) 

 

 
 

 
  

  
 HER-2/NEU ,  

  

 

 
 

 14.01.12 –  

 

 

 

 

, 2015 



2 

 

 «  
  

. . » 

  
: 

, -
, , -

-
-

 «  
 

. . » 

  
: 

, , 
, ,  

 

 
: 

, , 
, -

 « -
» 

,  
, ,  

 « -
»  

 
: 

 «  
» 

 
 «4»  2015 .  14 . -

 03.12.01  « -
  

. . » (223040, , . ,  
E-mail: NArtemova@omr.med.by, . +375172879561). 

 
 « -

. . ». 
 

 «___»  2015 . 
 

  
 

,                                                   .  



3 

 

 
 

 ( )  
 [Bombonati A. 

et al., 2011]. -
 2013 .  17,6% [ . ., 

2014]. 
-

. -
,  

,  
,  HER-2/neu  

 Ki-67 ( ,  (HER2-  
HER2- ), HER2-  ( ) ). 

-
, -
 [Perou C.M. et al., 2000; Cheang M.C. et al., 2009; Parker J.S., 

2009; Wo J.Y. et al., 2010; Phipps . et al., 2011; . ., 2012]. 
HER-2/neu , -

. -
 HER-2/neu  15–30%  [ -

.,  2010;  Staaf  J.  et  al.,  2010;  Weigel  M.T.  et  al.,  2010;  Gutierrez  C.  et  al.,  
2011]. -

, -
, , 

 [Ross J. et al., 2009; Taglia-
bue . et al., 2010; Baselga J. et al., 2012].  

 [Mustacchi G. et al., 2007; Rosa F.E. et al., 2009]. 
-

, , ,  
,  

 HER2-  [ ., 2010; 
Hammond M.E. et al., 2011; Olsson H. et al., 2013]. 

 HER-2/neu 
 in situ  (FISH)  

in situ  (CISH), -
. -

 FISH.  
CISH- -

 [ . ., 2006; Wolff A.C. et al., 2007;  



4 

 

Sauter G. et al., 2009; Ross J. et al., 2009; ., 2010;  . ., 
2012]. 

-
 ( ) .  

, -
.  

-
 (  

, .). 
,  

 [Cuadros M. et al., 
2009; ., 2010; . ., 2011; Fisher C., 2011;  
Hammond M.E. et al., 2011; . ., 2012; Collins R. et al., 2012]. 

 
 HER-2/neu  ( ), -

 
) . -

, , -
, -

.  
 HER2-  

 (  100%) [Baehner F.L. et al., 2010; Susini . et al., 2010; -
., 2010; Pazhoomand R. et al., 2013; Olsson H. et al., 2013; Murad N.A.A. et 

al., 2013]. 
,  

 HER2- ,   
 HER-2/neu. 

 
 HER-2/neu, -
, -

, . 

 

 ( ),  

 04.01 «  
 

 c-erbB-2» (  19972415, 2004 2006 .)  
 « », -

 « ». -



5 

 

 « -
. . ». 

 

  HER2-  
, ,  

.  
: 

1.  HER-2/neu  
  

. 
2.  HER-2/neu  

 
. 

3.  HER2-  
 HER-2/neu ( ) -

 (  in situ ) 
 ( ). 

4.  HER-2/neu,  
, -

,  
. 

 
1.  HER-2/neu  

-
,  

HER2- . 
2. -

 HER-2/neu , . 
3. -

 HER-2/neu  
 FISH -

.  
4.  

 HER-2/neu -
 HER2-

. 



6 

 

,  
1.  HER2- -

,  
,  

  
 HER-2/neu , , -

 (97,3%)  HER2- . 
2.  HER2- , -

,  ( -
 FISH- ,  score 2+) -

-
 HER-2/neu (96,5%) -

 HER2- . 
3.  ( )  HER-2/neu, -

,  
 ( , )  

 ( , -
, ). 

 

 

 
.  

 ( ) 
. .  

, . : -
 

,  
 HER-2/neu . -

 
, -

 HER2- . -
-

. 
-

, , -
. , -

-
. , , , -



7 

 

, -
,  

, 
.  

, , . . 

 

 
: III  ( , 

2004 .);  ( , 2006 .); I  
 ( , 2006 .); II  « -

» ( , 2009 .); 
 ( , 2009 .); -

 «  
 HER-2/neu -

» ( , 2014 .); -
 « -

»» ( , 2014 .). 
: 

 ERBB2  
» (  040-0409,  

11  2009 .). 
-
-
  

. . ,  
 

«9- » . , -
 

 « -
».  

-
  
  

. .  «  
ERBB2- » (  98, 20  2009 .). 

 

 14 : 3  
 1 ,  



8 

 

-
, 9 -

;  1 ,  
.  2 . 

 2,2 .  

 

 83  
, , , , -

,  217  14 , 3 
.  23 , 4 ,  27 -

. 

 

 

 153  
, -

. .  2005 
.  2006 . -

-
. 

,  
 1. 

 

 1. – ,  
 

 



9 

 

   
 % 

  
 

 55   
 55  

88 
65 

57,5 
42,5 

 
 

I [T1N0M0, N1N1miM0] 
II [T0-1N1M0, T2N0M0, T2N1M0, T3N0M0] 
III [T0-2N2M0, T3N1-2M0, T4N0-2M0, T1-4N3M0] 

17 
84 
52 

11,1 
54,9 
34,0 

-
 

N0 
N1 
N2 
N3 

63 
49 
19 
22 

41,2 
32,1 
12,4 
14,3 

 
 

 
 

11 
142 

7,2 
92,8 

 

 1 
 

-
 

+ 
– 
– + 

44 
54 
37 

32,6 
40,0 
27,4 

 
 

 
 

 

90 
57 
6 

58,8 
37,2 
4,0 

  
 

 (G3) 
 (G2) 
 (G1) 

67 
83 
3 

43,8 
54,2 
2,0 

 
,  

 HER-2/neu : -
,  FISH.  

. 
 HER-2/neu -

.  
-

 «  
» ( -

).  ( )  
 « » ( , ).  HER-

2/neu  «  
erbB2  ( erbB2-TM)» ( -

)  «Rotor Gene» («Corbet Research», Australia).  
 25 ,  50 , 0,3 

, 0,1  



10 

 

, 0,2  (dNTP), 50  KCl, 25  
-HCl,  2   MgCl2  1,25  Taq- .  

 95 C  5  45 , -
: 95 C  10  60 C  60 . -

 Rotor 
Gene 6.0.1. -

 (threshold cycle, Ct), -
.  

.  
HER-2/neu  HER-2/neu -

 3-  (GAPDH) — . 
 HER-2/neu . 

 
-

 LSAB+/EnVision+ («Dako Denmark A/S», ).  
 ×10, ×20, ×40 

-
 (score 0, 1+, 2+, 3+). 

 HER-2/neu  FISH. FISH-
-

 HER2/CEN-17 Probe Mix («Abbott Molecular Inc.», )  
 («Dako Denmark A/S», ).  

 «Axioscop» 40 («Zeiss», 
)  ×100.  

,  HER-
2/neu, ,  17 -

 (CEN-17),  20 . -
1,8,   >2,2. 

, . -
-
 

, , -
 

 (ROC- ),  
). 

 



11 

 

 HER-2/neu 
 

.  
-

,  
.  

, , -
, -

. -
,  

(1,6–2,1), , -
 (  50 ).  

 « -
 

 ( )» (  BY 100185129.076-2007). 
. -

 
HER2/POLR2A (  2 ) (27 )  HER2/GAPDH ( -

-3- ) (155 )  Ct  
t).  GAPDH . 

-
 

HER-2/neu . -
-
 
 

Win-Star  «Lasergene» (  2). 
 

 2. –   
 HER-2/neu  GAPDH  

 
  

  
R2_TM_5 5’-CTGAACTGGTGTATGCAGATTGC-3’ 23 . 
R2_TM_3 5’-TTCCGAGCGGCCAAGTC-3’ 17 . 
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SUMMARY 
Suboch Elena Ivanovna 

Polymerase chain reaction as a method to detect the level of HER-2/neu  
oncogene expression in breast cancer patients 

 
Key words: breast cancer, oncogene HER-2/neu, polymerase chain reaction 

(PCR), threshold value of overexpression. 
Research objective: to increase HER2-status detection efficiency in breast cancer 

patients using a method of quantitative real-time polymerase chain reaction. 
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Research technique: the research is based on 153 patients with verified primary 
breast cancer (I-III stages). The patients were examined and treated in oncomammolo-
gyc department in N.N. Alexandrov National Cancer Centre since 2005-2006. The 
method of quantitative real-time PCR, IHC staining and FISH analysis were respective-
ly used to detect the oncogene overexpression, oncoprotein overexpression and onco-
gene amplification HER-2/neu. 

The results and their novelty: in comparison with standard testing technologies, 
new developed technique of assessing the oncogene HER-2/neu status in breast cancer 
patients using the method of quantitative real-time PCR, is characterized by technical 
ease of use, absence of subjectivism while assessing the received data, profitability. 
Certain threshold value of HER-2/neu oncogene overexpression, which is 0.26, allows 
to carry out highly specific (specificity 97.3%; 95% CI [94.7; 98.2], the area under the 
ROC-curve  0.867±0.046) detection of HER2-negative breast cancer tumor. We have 
demonstrated high efficacy of the PCR technique for selecting HER2-neu negative tu-
mors in case of an uncertain IGH testing (score 2+) 69.2% result, eliminating the need 
for subsequent FISH-analysis. The established absence of statistically significant rela-
tions (p>0.05) between the parameters (level, rate) of oncogene HER-2/neu overexpres-
sion and clinical situation (patient age, extend of disease), as well as pathological fea-
tures of the tumor (histological structure, differentiation grade, hormone receptor status) 
demonstrate that it’s possible to use this testing technology in all patients, suffering 
from breast cancer. 

Extent of use: the materials of the dissertation are being used in N.N. Alexandrov 
National Cancer Centre.  

Field of application: oncology, molecular biology. 


