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-
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   (CFB, CFH  CFI)  
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: 

      

 (NTNG1, CPLX2, NGF, NGFR  BDNF) -   

 -  : 
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-   : 

: 

      

  -   

    

  :  
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  (  G1, -2,   

     )   -  
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   CFH, NTNG1, NGF  NGFR  
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- -  

- -

-

- -  

ce database; 

-

 

-

-

 

 

      

«Graphpad Prism» (GraphPad Software Inc., ), SPSS 16.0 (IBM Corp., ), 

Microsoft Office Excel 2007 (Microsoft Corp., )  SNPAnalyzer2 (ISTECH Inc., 

)     -  , 

  ,    - ,  

  (   )  

   (Log likelihood)   

 , -  U- ,  

 (expectation maximixation` EM) ,  

    , 

 : 
 

     
 

1.  H   CFH    

  

     CFH  3 -  

rs800292- , rs1061170-   rs424535-   -  :  

-  2- ` I62V-  (rs800292)  Y402H-  (rs1061170)    

    H  C3b   

CRP-     [Ermini et al., 2011]   3-  -  

rs424535 -  , ,        

 ` 17-   [Wang et al., 2013]:  

    -  

: 

  ,   rs800292*A -  

  1.85  (0.076 vs. 0.14; OR=0.5; 95% CI: 

0.32-0.78; Pnom=0.002;  =73.36%),  -   

 1.9  (0.136 vs. 0.262; OR=0.45; 95%CI: 0.28-0.73; Pnom=0.001; 
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 =73.36%)      (  1): 

       2 - ,  -

   rs1061170*C  rs424535*T   

 1.54 (0.52 vs. 0.338; 

OR=2.12; 95%CI: 1.6-2.83; Pnom=2E-7)  1.39  (0.564 vs. 0.407; OR=1.89; 

95%CI: 1.42-2.52; Pnom=1.1E-5)        

 ( ):  , -   , 

  ,      

 rs1061170*C  rs424535*T -  ` 

 1.33 (0.764 vs. 0.573; OR=2.43; 95%CI: 1.6-3.8; Pnom=6E-

5)  1.18  (0.778 vs. 0.658; OR=2.05; 95%CI: 1.3-3.19; Pnom=0.004): 

-   CFH  -      

      `, 

 ,    ,  rs800292 -   

  -   (OR=0.209; 95%CI: 0.073-0.603; P=0.004): 

,    CFH rs800292*A -  

    -  ,    

  -     : 
 

 
 

 1. CFH  rs424535*T, rs1061170*C  rs800292*A -  

 (%) -    : 

 

-    -      

        `  

rs800292*A -    ( ` -  

P=0.037  P=0.032),        -  -  

  -     : 

   

 ,  rs1061170  rs424535 -  -   
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,  rs800292 -  -    

      ,   

,  rs800292*A -      

    2      [Boyajyan 

et al., 2013]:   ,  rs800292 -      

  ( )      

[Hageman et al., 2005],       

    [Wang et al., 2013]:  

-  -   AA       

     [Wang 

et al., 2013]: 

,       ,  CFH  

  -  ,       

`      H 

    [Volcik et al., 2008]: 
 

2.  I   CFI    

  

 I  CFI   , 

, ,    

,      

 [Nilsson et al., 2011; Broderick et al., 2013; Qian et al., 2014]: 

CFI  -    -    

   3 - ` rs10033900, rs1000954  rs4469075: 

     -  

: 

  , rs10033900*C -   

       

  1.2 (0.569 vs. 0.473; OR=1.47; 95%CI: 1.3-1.91; 

Pnom=0.005;  =70.61%)  1.18 (0.822 vs. 0.693; 

OR=2.05; 95%CI: 1.3-3.19; Pnom=0.002;  =70.61%) 

  (  2): 

-   CFI  -      

      

 ,   3 -

-  : -    CFI   3 

-  -       

 , rs10033900*C -     

    `   ( -  U 

 P=0.007): 
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 2. CFI  rs4469075*C, rs1000954*T  rs10033900*C -  

 (%) -    :  
 

 

, rs10033900, rs1000954  -   

  -   , rs10033900 -  

- :     

     CFI  -  

  [Leveziel et al., 2012]:    

  ,  rs10033900 -  -   

    -     

,  rs1000954  rs4469075 -   

  -     [Boyajyan et al., 2013; Boyajyan et al., 

2015]:  ,  rs10033900 -     

  [Leveziel et al., 2012]:  

,        

 I   -  : 
 
 

3.  B   CFB    

  

     

  -      

B     ., 2005],   

CFB  rs12614  rs1048709 -

- :   , rs12614*T  

rs1048709*A -       

  (  3)    -  

      : 
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3. CFB -

- : 

 

 -    CFB   2 -  

-        

     

 ,  -   -    

     : 
 

4.  2   CPLX2   

   

     -2 

  rs1366116  rs3892909 -

- :    

  -  :  

  , rs1366116*T -   

       

    `  1.45 

(0.414 vs. 0.28; OR=1.82; 95% CI: 1.35-2.45; Pnom=6.9E-5;  

=74.12%)  1.35 (0.629 vs. 0.47; OR=0.5; 95% CI: 0.338-0.755; Pnom=0.0008) 

,   rs3892909*C -   

      

  -       

 (  4): 

-   CPLX2  -     

      

  , rs1366116 -     

 -   (OR=2.357; 95% CI: 1.355-4.099; Pnom=0.002): 

CPLX2  rs1366116 -        

 -    ,   [Zakharyan et al., 

2014]  -  [Boyajyan et al., 2015]: 
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 4. CPLX2 -

- : 

 

 

5.  G1       

NTNG1  BDNF      

        

 -    ,      

:       

      

  G1  (NTNG1)     (BDNF) 

[Cramer et al., 2010]: 

BDNF  -       

   ,    

     

   [Gao et al., 2010; Cerasa et al., 2010]: 

       NTNG1 

 BDNF   rs628117  rs6265 -   

 -  :     

   -  : 

  , NTNG1  rs628117*G -  

       

-      ` 

 1.38 (0.59 vs. 0.43; OR=1.94; 95% CI: 1.37-2.77; 

Pnom=0.0002;  =95.24%)  1.31 (0.83 vs. 0.625; OR=0.35; 95% 

CI: 0.195-0.625; Pnom=0.0003;  =95.24%) , 

    (  5): 

BDNF  rs6265*A -       

   (  6) -  

       

(  0.5 vs. 0.33; OR=1.12; 95% CI: 0.69-1.8; Pnom=0.65  0.34 

vs. 0.35; OR=0.95; 95% CI: 0.56-1.61, Pnom=0.85): 
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NTNG1 - -

 

 

 

 
 

 

 6. BDNF - -

 
 

 

-   NTNG1  -     

  , rs628117 -  -  GG 

       

  (OR=9.289; 95% CI: 1.293-66.738; P=0.027): 

   NTNG1   -  : 
 

 

6.        NGF  NGFR 

     

         

   [McAllister et al., 1999]:   

       

     [Cai et al., 

2014]         

,    NGF  rs6330  rs4839435  

NGFR  rs734194, rs2072446  rs11466155 -    

-  :      -

 : 

  , NGF  rs6330*T -   

     -     

   (  7): NGF  rs4839435 -   -  

    : 
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 7. NGF  rs6330*T  rs4839435*A -   

(%) -     : 
 

 -   NGF  -     

      

 , rs6330 -      

-   (OR=9.433; 95% CI: 2.558-34.791; P=0.001): rs6330*T -  

       -   

( ` 39.3%  10.5%,  P=0.032)  

   ( -  P=0.023):  

   rs6330 -   -  , 

   : 

NGFR  rs734194*G -      

     2.72 (0.1 vs. 0.272; 

OR=3.36; 95% CI: 2.36-4.78; Pnom=2.33E-12;  =99.5%)  2.42 

   (0.118 vs. 0.456; OR=3.62; 95% CI: 2.42-5.42; Pnom=1.7E-10; 

 =99.5%),   ,  rs2072446*T -  

  , ,  1.26 

(0.368 vs. 0.29; OR=1.43; 95% CI: 1.09-1.86; Pnom=0.008;  

=58.35%)  1.27    (0.6 vs. 0.472; OR=1.68; 95% CI: 1.18-2.39; 

Pnom=0.004;  =58.35%)  : NGFR  

rs11466155*T -        

       (  8): 

 -   NGFR  3 -     

      

 , rs734194 -     

 -   (OR=0.034; 95%CI: 0.002-0.543; P=0.017),  rs2072446 

-  TT     -    

(OR=4.469, 95%CI: 1.293-15.454, P=0.018):  

, NGF  rs6330  NGFR  rs2072446 -   

  -  ,  NGFR  rs734194 -  -   

  -     :  
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 8. NGFR -

- : 

 
 

7.  -     

   

      -   

:      

   9- : 

    ,   

    ,     5-  

     CPLX2  rs1366116  rs3892909 

,     6-       

CFB  rs12614  rs1048709 : 

     -   CPLX2  

rs1366116/rs3892909  CFB  rs12614/rs1048709   

 ,      1- : 

  , CPLX2  rs1366116/rs3892909  CT 

   -    

     (0.16 vs. 0.24; 

OR=0.437; 95% CI: 0.249-0.766; Pnom=0.004; Pnom=0.01):    CPLX2 

 rs1366116/rs3892909    CC, TT  TC ,  

-          

 : 

-        CFB  

rs12614/rs1048709     

    ,  TG  

    -    (0.19 

vs. 0.13; OR=1.772; 95% CI: 1-3.137; Pnom =0.016; Pcorr=0.04),   

 : 
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 9.         

-   : 
 

 

,       

 : ,     

,  ` CPLX2  rs1366116/rs3892909 CT  

  ,   ` CFB  rs12614/rs1048709 TG 

 , ,   -   

  : 

   ,       , 

   CPLX2  rs1366116/rs3892909  CFB  

rs12614/rs1048709 - ,  , , 5-   6-  

 : 

      ,  

, 5-   5q    -   

  :     

,       2-   , 

     : 

 ,       4D 

  PDE4D      
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[Nilsson-Ardnor et al., 2005; Bevan et al., 2008; Shao et al., 2014]:  

  , CPLX2  rs1366116*T - , 

  rs1366116/rs3892909 CT    -  ,  

CPLX2    5q35.2 :  

 

 1.  

   -     

 : 

 
 

  

 (%) 
OR 

(95% CI) 
Pnom 

(Pcorr)  
 

  

 1 
CPLX2  
rs1366116/ 
rs3892909 

CC 0.47 0.46 0.48 0.726 
(0.395-1.334) 

0.3 
(1) 

TT 0.32 0.37 0.26 1.525 
(0.901-2.58) 

0.115 
(0.4) 

CT 0.2 0.16 0.24 
0.437 

(0.249-0.766) 
0.004 
(0.01) 

TC 0.002 0 0.005 
0 

(0) 
0.94 
(1) 

 2 
CFB  
rs12614 / 

rs1048709 

CG 0.77 0.74 0.8 
1.369 

(0.445-4.21) 
0.582 

(1) 

TG 0.165 0.19 0.13 
1.772 

(1-3.137) 
0.016 

(0.048) 

TA 0.06 0.06 0.06 
1.302 

(0.575-2.946) 
0.525 

(1) 

 

 

     -    

 SUPT3H/CDC5L  ,    -

,    6p21.1  [Holliday at al., 2012]:   ,  

6p21.33        CFB : , 

   , CFB  rs12614/rs1048709 TG 

    -     

: 
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1. 

     

CFH  )

, CFH 

 CFI   

        

 : 

2.  

    CPLX2 

 rs1366116, NTNG1  rs628117  NGF  rs6330 ), 

  (NGFR  rs734194 

, NGF  rs6330   

       

 :  

3.         2 

 ,     CPLX2  rs3892909  

rs1366116,  ` CFB  rs12614  rs1048709 

CPLX2  rs3892909  rs1366116  CT  

      ,  CFB 

 rs12614 rs1048709  TG    

     : 
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(CFB, CFH  CFI) ; 
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According to the data provided by World Health Organization, worldwide 795 

thousand cases of stroke are registered annualy, 619 thousands of which are ischemic 

strokes (IS). Worldwide stroke is the third leading cause of mortality and morbidity after 

cancer and heart diseases. According to the official data of the Ministry of Health RA, in 

2014 the number of IS patients achieved 2320, 1026 of which were diagnosed as a first 

episod IS. 

The uncontrolled hyperactivation of the inflammatory response and the alteration 

in synaptic plasticity play a crucial role in the cell damage and death in IS. Inflammatory 

response and synaptic plasticity are the key pathogenic factors leading to uncontrolled 

cell death, which badly influences stroke progression and outcome. However, the 

molecular-genetic components and mechanisms involved in the development of these 

processes are not clear yet, and the existing knowledge is very limited and controversial. 

The major mediator of the development of the inflammatory reactions is the 

complement cascade. Activation of the complement by the classical, alternative, and 

lectin pathways, differing from each other by the initiation mechanisms and 

components, leads to the formation of opsonins, anaphylatoxins, chemotaxins, and 

cytolytic membrane attack complex. In the conditions of uncontrolled hyperactivation of 

the complement the above mentioned compounds may induce cell damage and death. 

Our previous studies indicated that systemic hyperactivation of the complement 

alternative pathway is involved in the pathogenesis of IS. Factor B is the major 

component, and factor H and I are the regulators of complement alternative pathway. 

However, there is no data in the literature regarding these factors in IS.  

The major regulators of synaptic plasticity are netrin G1, complexin-2, nerve 

growth factor (NGF), nerve growth factor receptor (NGFR) and brain-derived 

neurotrophic factor (BDNF). However, there is no data in the literature regarding these 

factors in IS. The enlargement of the knowledge about the molecular and genetic 

mechanisms of the alterations of inflammatory response and synaptic plasticity in IS 

could help to develop new approaches to decrease the risk of stroke development, as 

well as to influence stroke progression and outcome.  

The present study aimed to reveal the possible involvement of the genes 

encoding the regulators of complement alternative pathway and synaptic plasticity in the 

etiopathogenesis of human IS. To achieve this goal, we performed:  
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1) assessment of the possible association of IS with the single nucleotide polymorphisms 

(SNPs) in the genes encoding the regulators of complement alternative pathway 

(CFB, CFH and CFI); 

2) assessment of the possible association of IS with the SNPs in the genes encoding the 

regulators of synaptic plasticity (NTNG1, CPLX2, NGF, NGFR and BDNF); 

3) identification of the possible association of revealed haplotypes with the development 

of IS. 

The experiments involved samples of genomic DNA of IS patients and healthy 

volunteers. The studies were performed using a series of methods, including phenol-

chlorophorm and salt-chloroform extraction of genomic DNA, spectrophotometric 

analysis for nucleic acid quantitation (to determine the purity of obtained DNA samples), 

evaluation of the integiry of obtained DNA samples, polymerase chain reaction with 

allele-specific primers (PCR-SSP) and horizontal electrophoresis. The data were 

analyzed using Hardy Weinberg equilibrium, , binary logistic 

regression, linkage disequilibrium, haplotype association test, expectation maximization, 

 

The results obtained demonstrated the involvement of studied SNPs in genes 

encoding the major regulators of complement alternative pathway, factors H and I, and 

in genes encoding netrin G1, complexin-2, nerve growth factor and nerve growth factor 

receptor in the etiopathogenesis of IS. 

Our study for the first time revealed the association of the polymorphic regions 

of genes encoding the regulators of complement alternative pathway and synaptic 

plasticity, CFH, NTNG1, NGF and NGFR, with the risk of IS development. Moreover, 15 

studied SNPs among 17 studied SNPs were studied in IS for the first time. The results 

obtained show the involvement of these genes in the etiopathogenesis of IS, that 

confirms the nessecity to reveal and define more exactly the role of these genes and 

their proteins in IS in further studies. 

Thus, the revelation of new risk factors for IS development not only enlarges the 

existing knowledge about the molecular and genetic etiopathomechanisms of IS, but also 

helps to develop new target and approaches for the prevention and effective treatment 

of IS. 

 


