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ABSTRACT 
 
The master's thesis on the topic "The research of genetic polymorphisms of 

resistance to antiplatelet drugs in patients with IHD" contains 54 pages of a text 
document, 7 illustrations, 11 tables and 65 sources used. 

AORTOCORONARY SHUNTING, ASPIRINRESISTANCE, ISCHEMIC 
HEART DISEASE, NUCLEOTIDE POLYMORPHISMS, POLYMERASE CHAIN 
REACTION, CARDIOVASCULAR DISEASES. 

The aim of the work is to conduct a study of genetic polymorphisms of 
resistance to antiplatelet drugs in patients with ischemic heart disease. 

Based on the goal, the following tasks were formulated: 
1. To analyze for the presence of genetic polymorphisms in genes associated 

with the literature data with the possible manifestation of resistance to anti-platelet 
drugs; 

2. To compare the level of platelet aggregation in groups with different variants 
of genotypes for the polymorphisms in the genes of platelet receptors and cytochrome 
P450; 

2. To study the association of different variants of genotypes for the 
polymorphisms with resistance to acetylsalicylic acid (ASA) and clopidogrel in 
patients with IHD after aortocoronary shunting; 

4. To study the association of polymorphisms with the manifestation of 
thrombotic events in patients with IHD. 

The relevance of the thesis is that as a result of the study of genetic 
polymorphisms, can be found predictors of resistance to antiplatelet drugs (ASA and 
clopidogrel), which can determine patients at high risk of resistance to antiplatelet 
agents. To date, there are no clear associations of specific polymorphisms with the 
manifestation of resistance to antiplatelet drugs. In this regard, this problem remains 
extremely relevant for cardiology. 

In the work, 159 people (129 patients and 30 healthy donors) were analyzed for 
the presence of rs2046934, rs1126643, rs5918, rs6065, rs4244285 polymorphisms in 
the P2RY12, ITGA2, ITGB3, GP1BA, YP2C19 genes, respectively.
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1.3    -  
 

 
1.3.1  rs5918    GP IIIa 

(ITGB3) 
 

     –  
    (GP) IIb/IIIa.   

      
 ,      

 .     
 ,      

    . 
GP IIb/IIIa    , 

       
.   ,   

  .      ( -  -
),     (  3).  IIb  

IIIa   ,       17-  
.  ITGB3 (GPIIIa),    q-  17-  
 (17q21.32),     , 

-       
 GP IIb/IIIa.     

    ,     
     [31]. 

 

 
 3 –     [32] 
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 ITGB3   14-  .  1989     
 T1565C     ITGB3,     

(Leu)   (Pro)  33-    GPIIIa (rs5918),    
   N-    

GPIIIa,     .  
   Pro-33   -

     in vitro,   
     IIb/IIIa   

 . ,  ITGB3 Pro-33,   
   ( . .    ). 

 C   14%   ,  
         

   - 74%,  - 24%   - 2%. 
,    1565   ITGB3   

  2,7  [33].       
   85%  15%   Leu-33  Pro-33 

.   -     Leu-33 
 Pro-33  88%  12% .    Pro-33 

      
     ,     

 .      
      .   

,          
     . , Undas  . [34] 

     ,    21  24 , 
      
, ,   Pro-33     

        
  . 

    ,   
    rs5918   

 -       . 200 
        1565C   

         
   .  ( ),  ( ), 

    ( )     72%, 
27,5%  0,5%, .  1565C    

         
[35]. 

       
    ,     rs5918 

      ,     
       -

 . 
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1.3.2  rs1126643    GP Ia/IIa 
(ITGA2) 

 
   I /II      

      .  
GPIa/IIa       

     .   ITGA2 
 .       

 ,      
   .  α2 (GPIa)  α2 –   

 165 ,  GPIIa – β1 –    145 .   
           
  800  3000   .     
       , 

       . 
 ITGA2   5-   (5q23-31)    30-  

.   -  (GPIa)   
    .     

 -  (α2/β1)        
   . 

 ITGA2 807  (rs1126643)    
( )   ITGA2  7 .   

: - .   
  ,     C  T  807  

.          
    (Phe224Phe).  

  807      ITGA2  
      G Ia/IIa   

,        [36]. 
  ,         

  ,      
      . 

,   807C      α2β1,  
 807       .   

         . 
,   807        

    ITGA2. 
,    807T    

  ,         
       

.    ,  , 
 -2 (ITGA2)   -3 (ITGB3),   , 

   .   
rs1126643    ,   , 

 .  ,    
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     , ,  , -  
        

 .   ,      
C807T ITGA2    ,  807T   

    ,     .   
,         

 ITGA2 C807T      
[37].  ,         

    (OR = 1,52; P = 0,0088) [38]. 
       -2 

(ITGA2)     ,  
      . 

    CC    
 ,  –      
,  –        

 [39]. ,       
  -   (OR=3),     

  (OR=1,5) [40]. 
 807         

 ,   ,     
   .     

         32%  
.       :  - 

50%,  - 42%   - 8%. 
 ,       
 GPI  807          

       
 [41].   200   

    ,   (100 
/ )   7 ,     – , 

     ( ).  
 807        Wu G.  

.   15  2242   2408   
 ,    ,      

  [42]. 

1.3.3  rs6065     
(GPIBA) 

 
 Ib –    ,  

143 ,  ,       , 
   . GPIb     

          
 ,  4 : GPIbα, GPIb, GPIX  GPV. 

  ,     GPV  
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(rs2243093), Thr145Met (rs6065). 
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 GPIBA -5T >C (rs 2243093)   
  ( )   ( )     GP1BA,  

     Val28Ala.   
    ,   

   .     
  GP1b,    . 

 ,  ,   GP1b   
,      . 

  ,         
    0-9%, 17-41%  54-79%  [44]. 

   GP1BA (rs6065)    ( ) 
  ( )  482  .     Thr ( ) 
 Met ( )   145   GPIbα.  C482T   

    GPIb-IX-V     
       ,   

  .     
:  - 91,5%,  - 8,5% (The genome Aggregation Database (gnomAD)). 

       
    GP1BA,    

« »  1b.      
        

  .   
       
        

 ,     [45]. 

1.3.4  rs2046934  -   
P2RY12 

 
 ( ) –     . 

,      ,  
      

   .    
 GPIIb-IIIa     [46]. 
- ,   ,  P2RY12, 
  G-      ,  

  .  , P2RY12   
   ,     . 

     G-     
  .      

    : P2RY1  P2RY12. Gq-  
P2RY1       
Ca2+,   ,   Gi -  P2RY12 

       
 (  5). 
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 5 – A -   P2RY12  P2RY1 
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(  ,       
,    ). 
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 ,     

 . 
,   P2RY12,    3 (3q21-

q25),       .    
.  P2RY12-      

       . 
     H1,    

 H2.        
   18-   36-       

 ATG: 18   G36 .   G36T      
      H1/H2.   

     .   , 
    (G36T)   ( 18T) 

  . 
      –  18  

  36G , ,  18    36 . 
  18G36      
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–       18   18  
    18 . H2   P2Y12   
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 ,       
         

    ,    
   ,     

   . 
  Staritz P.  . ,    
     -  P2RY12   

   (  5,42, 95%  1,82-16,11) [47].   
 Liu, R.  . [48], Yang, H.  . [49]    

  P2RY12       
   .   ,   

          
    . Schettert I. T.  .  

  SS II (540 )  3    
   1/ 1  1/ 2    -

 .    H1H1, H1H2  H2H2 
     75,9%, 22%  2,1%  

  [50]. 

1.3.5  rs4244285   450,  
CYP2C19*2 

 
 P450 (  P450-  , CYP) 

  ,     .  
     b,     
    .     

         
[51].     ,        

       450 ,     
. 

 450    – .  
 Nebert (1987)       

.   450    
(CYP1, CYP2, CYP3),  –      
(A, B, C, D, E) [52]. 

     250    
450,    50 –       – CYP1A2, 

CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4 –    
 . 

 ,      . 
         

  450,        
 CYP2C19.     
      -   
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(P2RY12),       
 [53]. 

 CYP2C19,     
CYP2C19,    10 (10q24.1 – q24.3)   490 

.         
  .  ― ‖ , CYP2C19*2, 

    (G)   (A)   681  
 5 (rs4244285),       

,      CYP2C19   
 [54]. CYP2C19*3 (636G>A)    ,  

     4    -
 , ,    [55]. CYP2C19*2  

CYP2C19*3    ,  
   . 

 , ,  ,   CYP2C19*2  
CYP2C19*3    ,     

  CYP2C19*1     
.      CYP2C19*17 , 

        
  [56]. ,   

CYP2C19*17     CYP2C19    
18–28%   ,  17–18%    0,3–4%  

. CYP2C19*17   -806 C> T  
,        

5'-  .      
     . 

  CYP2C19    
 2-5%       15%  .  

,   CYP2C19*2  *3   50%  90%  
  .   CYP2C19    

 21,4% 1,7%  27,1%   CYP2C19*2, CYP2C19*3  
CYP2C19*17  [57]. 

  ,     
,       

P2RY12      ,   
CYP2C19.  G681A   CYP2C19 (rs4244285)   

         , 
       ,  

   -  ,    
    . 

  ,    450  
        

     [58].   
,       .  

,   YP,     
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,    (3 4/5, 2 19, 2 6,  
1 2).      

       
 (     ).   

,   ,   
     ,  CYP2C19 [59]. 

Seiji Hokimoto  . [58]    174   
 CYP2C19 ,     

    CYP2C19    
  24       -  

   18  .  ,     
  CYP2C19 -   , 

   ,   
  -   ( ,  , 
),      CYP2C19. ,  
        

  .  ,  
 CYP2C19,     , 

    ,    ,     
 . 

     CYP2C19*2  -  
   .      

  ,  ,  ,   
      CYP2C19*2,    

     -  
    ,     CYP2C19*1 

. 
   CYP2C19,   

 (  CYP2C19*1/*2  CYP2C19*2/*2),   
  11,4%,      

 [60].        CYP2C19, 
   ,      27,3% 

[61].  CYP2C19*3,      
    ,   

   ,    1% . 
      , 

     ,     
       ITGB3 (rs5918)  

YP2C19*2  YP2C19*2  ITGA2 (rs1126643),      
YP2C19*2        

        
.      

    -    
   [62]. 



26 

       ,    
      , 

  ,     . 
       -

      
    .   

          
        
. 

 ,   « »  
   ,    

 –          
,      . 

  ,   ,   
      

        
 ,       

    , 
  ,   

     . 
  ,   –     , 

  – ,      
      -    

 .     ,     
    ,   ,  
  .        

       
    .  
       

      ,  
  ,       

 . ,   
        

      ,     
    –  , 

 ,  , 
        

 .  
 

 



27 

2    

2.1  я 
 

        . 
.    129  (108 (83,7%)   21 

(16,3%) )   ,      
   «   -

 »     
( . ).   – 66±6,68 .    

   ,  
. 

        
   SYSMEX XT-1800i, Rocher ( )  

     Furuno CA – 400 ( ),  
   (    , 

 ,  )   
  ACL 9000, ,    

  Chronolog 490,   :  5 µ   
  ( ) 1 . 

      
  5      .   69 
      ( ) (100  

 ), 60 –     
(100     + 75  ).   

  30  (22  (73,3%)  8  (26,7%)). 
  48,2±9,8. 

       
 – 12,3±3,4 ,   :    ,  -

      -     
. 

      , 
         

(  ).      
 . 

          
     ( - 2) (5  

 -  ).    
 in vitro    Chronolog 490 ( )  

   (1 )  ,  1-3 , 8-10   
.         

>20%          
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  .     159 
 (129    30 ). 

        
   «SNP- »  « »,   

 « - -B» (« »).    
     Quant-iT™ dsDNA HS Assay Kit 

  Qubit (Invitrogen).       
        

«SNP- », «SNP- - »  «SNP- - »   SHOT 
(  )       

      .  
-   SNP       

.   5  SNP   
   .     -  

,   ,   
       

    . 
        , 

   ,  
     :  -  

 P2RY12 (139 T, rs2046934);     ITGA2 
(807 T, rs1126643);     ITGB3 (176 T C 
(Leu33Pro), rs5918),      
GP1BA (482 C T; Thr145Met, rs6065),     450 

YP2C19*2 (G681A, rs4244285). 

2.2         
  «SNP- »,  « » 

 
       . 

         
« - - » -   « »  

  : 
1.    « »    1000   
.      ,     

     . 
2.       3000 / , 

     5 .    
     .    
     . 

3.    ,     
.  

:       
 .        

 (  6). 
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 6 –       

 
4.       -20°  (   
)      (   1 ). 

5.       
. 

6.     « - - ».   
          
 (      550 ,     

 ,  , 1100 ).  ,  
. 

7.     10 .    
 ( ). 

8.       98°  
    15 .     
  70° . 

9.      
   .    12000-14000 / , 

     1 .    
      . 

:       
 ,      

  « »    –20ºC (   )  1 
.        

    . 

2.3        
  « », « » 

 
 « » (« »)    

       
(     ). 

         
.        

,        
.        

1.   (    № ;   
: № ,  ,   ).  
,       
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 ( ),    « »  ,     
.   (  ,  « »)   1000   

(  ).        250  
   (    

 (     « »)   5-
6  (     « »)),      

. 
2.       5 ,   

     5 . 
3.     8 . /   

 2 .   ,   ,  
       .  
      ,   

       (   
).      . 
      . 

2.4        
  « - -B», « » 

 
        « -

-B» (« »)    : 
1.    « - - »     

  1      ,  
  «  1»   65° . 

2.          
  300    (  ).  

3.        5   
 65 ° .  5   5  /   

. 
4.      . 

       25  
  .   , 

    2 ,         5 
.  

5.       
 5  /    30 .   ,  

       .  
6.     300     1 (  

),       
 .    

  5  /      30 . 
  ,     

    .  
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7.     500     2 (  
),       

 ,  30   10  /   
.   ,   

      .  
8.   ,   8,  

  .  
9.       65 °   5-10 

    .     
  .  

10.     50  -    . 
  .      65°   5 

,    .  
11.    13  /    1  

 .     . 

2.5       
 Quant-iT™ dsDNA HS Assay Kit   Qubit, 

«Invitrogen» 
 

     ,   
     -    

  ,       . 
       Quant-

iT™ dsDNA HS Assay Kit   Qubit («Invitrogen»)  
  : 

1.      . 
2.    0,5    (n),   

   2 .       
. 

3.   : 1×n   + 199×n   
4.   :  
)   190    + 10  ; 
)   : 199-180    + 1-20   

5.  2-3 ,  . 
6.  2 . 
7.  Qubit  .      , 
       . 

8.    (dsDNA HS Assay),     . 
 GO. 

9.  : 
)    – Use last calibration.  GO. 

 
)   : 

-   №1,  GO; 
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-   №2,  GO. 
10.   ,  GO.    
. 
11.      :  

Calculate sample concentration     ,  GO. 
12.  . 
13.     ,    
 GO. 

 
2.6       «SNP-

- »,  « »,      
    CFX96 (Bio-Rad) 

 
       

        .  
    ( )     

( )        
,       

  .   , 
   ,  ,  ,  
    . 

        CFX96 
(Bio-Rad, )     
( ),      

   6    .  
     5   96    

         .  
       

         ,  
      .  

      «SNP- -
» (  « », ). 

 «SNP- - »     
     . 

        
 –    -  .  

     : 
-    1; 
- ; 
-    2. 

 : 
1.          

    ,  0,2   
 ,     
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      .  
   2   1 ( )   2 ( ). 

2.  20-30       
      ,  

.        
    . 

3.         
    1 :  

17,5  , 
2,5   , 
0,2   SYBR Green. 
0,2  Taq-  

 2  :       
  . 

4.   Taq- ,    
 ,     

. 
5.   20     
    ,   . 
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