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ACPA – Antibodies against Citrulinated Protein Antigens 

Anti-CCP – Antibodies against Cyclic Citrulinated Protein  

CRP – C Reactive Protein  

IFN-  – Interferon gamma 

IL – Interleukin 

sVEGF-A – soluble Vascular Endothelial Growth Factor 

PGE2 – Prostaglandin E2 

IDO – Indoleamine 2,3-dioxygenase 

FoxP3 – Forkhead box Protein 3 

RORc – Related Orphan Receptor C 

ELISA – Enzyme-Linked Immunosorbent Assay 

TCR – T helper Cell Receptor 

TGF-  – Transforming Growth Factor beta 

Th cell – T helper cell 

TNF-  – Tumor Necrosis Factor-  

Tregs – T regulatory cells  

MHC – Major Histocompatibility Complex 
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reg  h17  .      -

       TGF- , IL-10, TNF-a, IFN-

, IL-6, IL-17, IL-2, IL-23       -

 .  

 -  ,      „ -

”        

        

         -

,    . 
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2.     

         

         -

    -      -

.   ,    -

 ,  h17  Tregs  . 

       : 

      

        . 

    CCP, MCV,    IgM, IgG  IgA  

.  

      ,  

     -  

        

- : TGF- , IL-10, TNF- , IFN- , IL-4, L-6, IL-17A, IL-21, IL-23, 

sVEGF-A, PGE2, IDO, CCL2, CCL5  IL-8. 

       

    -   -   
     

1.        

 ( )          

,         

-        . 

2.       h17  

regs      ,   

   - ,     , 

   . 
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3.        

 -      ,   -

   - ,     ,  

  . 

4.    ,    -

      ,   -

   - ,       

   –     HLA-DR;   -

  CD80/CD86 ;     CD14 . 

5.       TGF- , IL-10, TNF- , IFN- , 

IL-4, L-6, IL-17A, IL-21, IL-23, sVEGF-A, PGE2, IDO  CCL2   

  ,      - , 

    ,    . 

6.     . 
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3.    

3.1.       

3.1.1.       

         -
     „ .  “ – .  -

   2017   2018 .   -
 70      ( ).    

  ,      
   ,      -

       CCP, MCV  RF  
 M, G  , ,    CRP.    

,          -
 ,    apriori    -

 .   , 17     -
        

. :      -
         

      -   -
   .       

  :       -
      -  (   

     „ “,    -
 1-           -

     ).  
  17   -   ,  -

 16   1 ,    18 . (   54 ± 10 ) 
     Median (IQR): 6  (1-11 

).       
  ACR/EULAR 2010        

.  



, -   , 2021 

 - 12 -

3.1.2.        

     

         -

       -

,           

    – .    -

    ,     

       ,    01.01.2002 

., . . . 57  13  2007 .    ( ) 2016/679  -

    ,  27  2016 ,  -

            -

     ,     

     –  IV;  

; . 51  . 55. 

         -  

      ,   -

  –       .   

          

,   (BD Vaacutainer CPT, NC: 1.0 ml, FICOLL 2.0 mL) 

   (BD Vacutainer®, CATREF 367955, 5 ml).    

         

  „   “ – .    -

     ,   

  t -80°C,      -

      . 
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3.1.3.     

   -      -
    „ “      -

,  „   – “, .    -
         , 

  .    -   -
  International sociaty of cell therapy (Dominici et al., 2006).  

        ,  
    CD73, CD90, CD105,     

  .      
          72  (  

   1-         
       ). 

 

3.2.        
       

  -      

3.2.1.       -
      

        -   -

 ,     ,     

     ( ).  

 :      

      8 ml BD VacutainerR CPTTM 

(NC: 1.0 ml, FICOLLTM: 2.0 mL; Becton, Dickinson and Company, Boston 

USA)  : REF 362761. 

  : 

1)   8 ml   . 

2)    . 
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 1.     BD Vascutainer CPT.   ( ), -
   ( ),     -   (B) 

 

 2.     . PBMC- ; -MSC medium –  
 - ; control medium –   
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3.3.    17  Tregs  
      

    -  

3.3.1.     h17    

       
 -  

        ,   

   - ,    

  Th17       

. 

 

    

  ,     -

   .  

 

 

 3.    Th17  .    
       h17 -

.      ,    -
 (  , R1).      CD3+CD4+  (  

, R2). -  ,       
CD161  CD196 (  ,   ),    Th17 -

         
h17     
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3.3.2.      Tregs  
       

 -  

        -  
          

 Treg . 
 

  :   , -
       .  

 
`

 
 

 4.    CD4+CD25+/-FoxP3+ - .  
    ,     (R1,  -
).      CD4+  (R2,  ).  

     ,         
.   (  )   CD4+FoxP3+ ,   -
,   regs      CD25  FoxP3 ( e  ,  

 ).      CD4+FoxP3+   -
/      CD25low/- (  ,   

).           
  CD4+CD25+FoxP3- -  (  ,   ). 

    a     
Treg  CD4+CD25+FoxP3- -         
17   .  

:      PD-L1  regs,  -
    . 
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3.4.      
      

    -  

        
   -        

         -
    - .  

 
 5.     .    -
    (R1,  ),     -
 CD14+  (  ,     )   

HLA-DR  CD14+  (  ,   ).  
  CD80+CD86+      

 ,   R1 (  ). 

:      (mean fluorescent intensity MFI)  
     (    ) 

 

3.5.        
TGF- , IL-10, TNF- , IFN- , IL-4, L-6, IL-17, IL-21,  
IL-23, sVEGF-A, PGE2, IDO, CCL2, CCL5  IL-8  -

   -   TGF- , IL-10, TNF- , 
IFN- , IL-4, L-6, IL-17, IL-21, IL-23, sVEGF-A, PGE2, 
IDO  CCL2  ,    -

       -  
   

1)    - ; 
2) ,      ,   

   ,     -  
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        -

    ,   . 

     ,   -

         .  -

  TGF- 1,         

  .   (OD)   

    450 nm       650 nm  -

    ( icroplate Photometer MPP-96, Biosan, USA). 

        -

. 
 

 

 

 

 

 

 

 

 



, -   , 2021 

 - 19 -

4.  

4.1. O   ,   -
     

  ,  70    , 17  
        -
 .  1     
      .  

 1. , ,      17-  
  ,         

 A (n = 17) 

 ( ) 54 ± 10* 
 

 n (%) 
 n (%) 

 
1 (6) 

16 (94) 
   ( ) 6 (1-11)** 

    (min) 30 (10-90)** 
VAS (mm) 
CRP (mg/l) 

70 (45-85)** 
23 ± 15* 

DAS28-CRP 5.3 ± 1.2* 
,     CCP n (%) 15 (88.2) 

    CCP(UI/ml) 
,     MCV n (%) 

    MCV (UI/ml) 

360 ± 260* 
14 (87) 

432±283* 
,   IgM RF n (%) 12 (70.6) 

  IgM RF (IU/ml) 
,   IgG RF n (%) 

  IgG RF (IU/ml) 
,   IgA RF n (%) 

  IgA RF (IU/ml) 

214 ± 54* 
11( 65) 

150±46* 
10 (58 ) 

126 ± 45* 
,    (  160) n (%) 

     320 n (%) 
     1:1280 n (%) 

-     *** 
C-1 n (%) 

AC-4 n (%) 

14 (82) 
6 (35) 
4 (24) 

 
9 (64%) 
9 (64%) 

*     Mean ± SD. **     Median 
(IQR)***    o   ICAP (International Consen-
sus of ANA Patterns): C-1 – , AC-4 -  . 
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  2       
      . 

 

 2.       
    

  DAS 28  MCV CCP RF IgM IgG IgA IIF    
 ICAP  

1 5,9 474,30 374,86 435,8 99,9 437,2 1:320 AC-1+AC-16 
2 8,22 600 723,52 >500 >500 >500 1:160 AC-1 
3 4,03 467,3 462,92 >500 122 69,2 1:160 AC-4+AC-18 
4 5,25 31,40 3,74 2,6 39,6 4 1:80 AC-4+AC-16 
5 5,82 1000 609,52 52,2 32,6 13,2 1:1280 AC-1 +AC-4 
6 5,15 8 115,75 394,7 404,6 >500 1:160 AC-1+AC-4 
7 3,91 969,5 562,94 33,7 16,8 3,3 1:80 AC-4+AC-16 
8 5,43 >1000 153,58 16,7 10,5 12,3 1:160 AC-16+ AC-18 
9 3,79 446,7 357,7 0,9 7,8 6 1:160 AC-1 

10 4,73 79,8 357,87 >500 >500 39,0 1:80 AC-1 
11 5,77 283,6 38,54 29,7 17,5 5,0 >1:1280 AC-1 
12 5,09 14,1 357,18 >500 >500 273,5 1:160 AC-4  
13 7,16 >1000 570,04 443,2 176,4 230,8 1:160 AC-4 
14 6,4 269,38 715,54 64,2 28,7 19,7 1:320 AC-4 
15 3,8 30 46,34 7,0 7,8 8,4 1:160 AC-4  
16 5,31 18,6 1,59 0,2 5,3 5,4 1:1280 AC-1+AC-4 
17 4,32 1000 594,74 172,7 95,6 20,1 1:1280 AC-1+AC-4 

 

4.2.   ,   
     -  

        
 - ,   17  ,    

  – enzyme-linked immunosorbent assay (ELISA)  -
   ,       

     : TGF- , IL-
10, TNF- , IFN- , IL-4, IL-6, IL-17, IL-21, IL-23, sVEGF- , PGE2, IDO, 
CCL2, CCL5  IL-8.   TGF- , IL-10, TNF- , IFN- , IL-4, IL-23, IDO  

         
AT- . IL-6, IL-21, sVEGF-A, PGE2, CCL2, CCL5  IL-8   

  ,  IL-17  ,  -
   .      -

 17     - .     
    3. 
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 3.    -   

,     pg/ml* 

L-6 250 (210 - 290) 
IL-8 550 (100 - 1000) 

IL-17A 2 (2.1 - 2.9) 
IL-21 50 (40 - 60) 

CCL2 (MCP-1) 950 (790 - 1110) 
CCL5 (RANTES) > 1000** 

sVEGF-A 3069 (2499 - 3639) 
PGE2 249 (200 - 298) 

*       ,     

4.3.      -   
 h17   

        - , 
  Th17      , 

   .    -
 (p = 0.02,   Student.  Th17    , -

   ,   10.13 ± 3.88%,     
,    - ,   8.98 ± 3.58%. 

 

 
a 6.     Th17      -

  ,        ( )    
-  ( ).        ±  

       17  , 
  ,   17   . *p < 0.05  
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4.4.      -   
 CD4+CD25+FoxP3-e   ( eff) 

       CD25+FoxP3- -  
          

    - .   CD25+FoxP3- -  
    ,     

 - ,    -     , -
    (5.9 ± 3 % vs. 7.81 ± 4.15 %, p = 0.001,   

Student).  

 

 7.     CD4+CD25+FoxP3- -    
    ,        

( )    -  ( ).       -
 ±         17 -

 ,   ,   17   . *p < 0.05 

 

4.5.     regs     
   -  

O  ,       
,      ,   

- ,    ,    
  .       , -

    „ “ CD4+CD25+FoxP3+ regs,     
 CD4+CD25-/lowFoxP3+     

. 
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4.5.1.      -   
   CD4+CD25+FoxP3+ 

     ,   -
,          -

          
CD4+CD25+FoxP3+ (6.0 ± 3.7% vs. 4.22 ± 2%, p = 0.001)   , 

    - . 
 

 
 8.     „ “ regs (CD4+CD25+FoxP3+)   

 ,        - . -
    Mean ± SD      17  

,   ,   17    ,  
    ( )     -  ( ). *p < 0.05 

 

4.5.2.      -   

   CD4+ CD25-FoxP3+ 

       CD4+FoxP3+ regs, 
        CD25. 

   -    CD4+CD25-

/lowFoxP3+     ,    
  - ,        -

 (9.56 ± 5.4% vs. 7.13 ± 3.12%, p = 0.004). 
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 9.     CD4+CD25-FoxP3+    , -

       - .   -
  Median [IQR]      17   , 

  ,   17    ,    
  ( )     -  ( ). *p < 0.05  

 

4.6.      AT-    
  HLA-DR    

 

 
 10.     HLA-DR      

     ,        
( )    -  ( ).     Median (IQR)   -

   17  ,   ,   17 
   . *p < 0.05 
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 11.       HLA-DR   -

        ,       
 ( )    -  ( ).     Median (IQR)  

    17  ,   ,  
 17    . *p < 0.05  

4.7.     -     
   ,     

   
O         - -
   ,       -

  - ,         
     ,     -

     .     -
    10    : TGF- , IL-

10, TNF- , IFN- , IL-4, IL-6, IL-17, IL-21, IL-23, sVEGF-A, PGE2, IDO  CCL2. 
 

4.7.1.    ,   
 - ,    TGF-  

       - ,   -
     TGF- .      -  

     ,   TGF-   a 
 (p = 0.013),    TGF-     , 

   ,  median (IQR) 6227 pg/ml; (1681–
10.148),     -  – 8318.2 pg/ml (6327–11.686).  
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 12.     TGF-         , -

       ( )    -  ( ).  
   Median (IQR)      17  -

,   ,   17    . *p < 0.05 

 

4.7.2.    ,   
 - ,    TNF-  

O       17     
  -      NF-   -

  ,     -     – 
median [IQR] (1 pg/ml [0.7 - 1.9] vs. 5 pg/ml [1.75 - 11.65], p = 0.001) ( . 13).  

 
 13.     TNF-         , -

       ( )    -  ( ). -
    Median (IQR). . 13     17 -
 ,   ,   17    , *p < 0.05 
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4.7.3.    ,   - ,  
   IL-17       

 
 14.     IL-17        , -

       ( )    -  ( ).  
   Median (IQR). . 14     17 -
 ,   ,   17    ,*p < 0.05 

4.7.4.    ,   -
,    IL-21       

       -    -
     IL-21.      -  

     ,    -
  IL-21,         , -

     median (IQR) 66.9 pg/ml (40.6-107.2),  
 e    -   53 pg/ml (22-73), p = 0.022.  

 
 15.     IL-21        , -

       ( )    -  ( ). . 15  
   17  ,   ,  

 17    .     Median (IQR), *p < 0.05 
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4.7.5.      sVEGF-A 

  sVEGF-A        ,  
    -    -   

   ,    , median [IQR] (5012 
pg/ml [2516-5054] vs. 561 pg/ml [288-699], p = 0.001.  

 
 16.     sVEGF        , -

       ( )    -  ( ). -
       sVEGF    

- .         -
.  16     17  ,   

,   17    , *p < 0.05 

 

4.7.6.   -     PGE2 

,       
 2 (PGE2)     - , -

  . PGE2      - , median 
(IQR) 249 pg/ml (200-298).   PGE2     

           
  -    587 pg/ml (89.83-2222)  3043.13 pg/ml 

(46.22-5060), p = 0.064,          -
. 
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 17.     PGE2        , -
       ( )    -  ( ).  

    ,    . -
     PGE2    - .   

        PGE2. 

. 17     17  ,   , 
  17    , *p < 0.05 

 

4.8.      
    

4.8.1   Heatmap 

  ,      

        

       17    -

,  heatmap  ( . 18).  

         

 ,     . 

       Ward, a    -

       Spearman.  -

     2 ,    2 , -
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 TGF- , Teff  Tregs,    ,  IL-17  

TNF-    .      

 sVEGF-A, PGE2  Th17       , 

  IL-10  IL-21. 

 

 
 18. Heatmap,         

   17   
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4.8.2.       

  19         
 17        ,   

       - .    
    (fold change)   . 

,        
 - ,     X ,  ,   

,   .  o  Y ( )  
    p (q)    Benjamini-

Hochberg.       -
     . 

 
 19.   17        

          - ,   -
    

 

4.8.3.         

        

      /  
         -

   - ,       
  ,        
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  - .       -
,            

          

 4.   igenvalue,      
  ,   3-   

 Eigenvalue %    %   

 1 2.63 37.51 37.51 

 2 1.64 23.48 61 

 3 1.25 17.79 78.89 

 5. K   (  )    
   ( ) 

  1  2  3 

IL-17A 0.51 0.52 0.52 

TNF-  0.76 0.18 0.20 

IL-21 0.31 0.50 -0.67 

sVEGF-A -0.81 0.10 0.32 

PGE2 -0.76 0.20 0.35 

IL-10 -0.01 0.94 0.12 

TGF-  -0.67 0.38 -0.49 

 
 

     TNF-   IL-17, 
  ,   1 –  .     

   1  sVEGF-A, PGE2  TGF- . IL-10  
-    2. -      2  

IL-17, IL-21  GF- 1 ( . 5). 
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 20.          -

  .         1  
 2 

 ,         
Spearman:  TGF-   PGE2 (R = 0.50, p < 0.05); sVEGF-A  PGE2 (R = 
0.76, p < 0.05);  IL-17  NF-  (R = 0.63, p < 0.05),  IL-21  
TNF-       (R = 0.776, p < 
0.001).  ,      
Spearman    TNF-   IL-10 (R = 0.45, p < 0.05),  -

   TNF-   TGF-  (R = -0.43, p < 0.05). 
 
4.8.4.    .    -

.       

  ,    Hotteling (Multivariate paired 
Hotteling’s T-Squared)       -

         -
   ,    ,  , -

    - ,       -
  (        

Hotteling,       -
.)    , p < 0.05, . .  

  .  
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   ,       
        ,  

 ,          
     “   - ”  

“  ”      .   
     ,    -

          
.  ,  o        -

 (  , . .      - ), 
         

    (   ) ( zizeh et al., 2018). 
 

4.8.5.      (CART)  

       , .   -
  -        .  
 

 
 21.    ,    -

,         , -
       -  
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 „ “ (Importance)  e     -
    ,     1  0 ( . 21). 

  - a    1,    
   < 1      -

  -  .  

4.8.6. PLS –   

        -
    ,     

   17          
- ,     ,   

  Partial Least squares (PLS)   .  22 
  .     -

   ,     
(   ,     - )    
(   ,    )   -

 (LV1  LV2),       -
   LV1  LV2 (  ). 

 
a 22.  ,     34 -
   17      17 .   

     ,     



, -   , 2021 

 - 36 -

5.   

5.1.      -   
h17        

       h17 
       -

 ,    ,    
      , -  -
           

h17  .        -
 ,   IL-6, IL-17  GM-CSF,  -

     JAK-STAT , -
    -    -

  .     ,  
        -

        ,  
      Th17,    , 

    .  
    -    h17 
        ,   

  -   ,     ( . 6). 
,    ,   -  -

     Benjamini-Hochberg,   -
     „ ”   -

    h17.       
          -

  (Gonzalez-Rey et al., 2009; Ghannam et al., 2010; Baharlou et al., 
2017)   (Wang et al., 2012)    (Pianta et al., 2014), -

            
    .         

  -   h17    -
,   - ,   „ ”   -

        -
   .       -

     „ ”   -
  .         -
          -   
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       . -
   in vitro      -

  -    (Rice and Harris, 2005).   
  ,      h17    
,     “   ”.  

     ,   h17 -
   3-     .  -

    Th17       
  ,   : 1)   

h17   ,    CD4+FoxP3+ Tregs   -
 ; 2)    h17; 3)   

T-        ; 
4)    „ ”  Th17   . 

 

5.2.      -   
 CD4+CD25+FoxP3-e   

( eff)     
        

   CD4+CD25+ T-  . CD25 e 
 ,    -  -

,           FoxP3+ -
 .        -

,      -   CD4+CD25+ -
,      FoxP3.  

      CD4+CD25+FoxP3-  
(Teff)   -     3-   

     - .     
        Benjamini-Hochberg. -

      -   .     
    Gonzalez-Rey      

  Tregs    ,      
 Teff (Gonzalez-Rey et al., 2009). 

     CD4+CD25+   
  -  ,     -

  -  .      
    IL-2   -
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      T-    
  -  . 

  ,   Teff    
-      TGF-     FoxP3+Tregs, 
         , -
  TNF-   IL-17.  

  ,   
          
-  ,    -  -
,       Tregs,   
   TNF- , IL-17     TGF- . 

 

5.3.      -  
   CD4+CD25+FoxP3+ 

    ,     90-  -
   .,     CD25+ -  

        FoxP3  
   ,       

CD4+CD25+FoxP3+ regs         
„   ”.  Tregs     ,  
  „ ”       -

.            -
  . Tregs,      -

 FoxP3,       
GATA-3, Ror t, T-bet,   Th2, Th17, Th1  -

 .      -
         

   ,     FoxP3, CD25  
CD45RA,   CD45RA CD25highFoxP3high    -

  Tregs; CD45RA+CD25-FoxP3+,    
  Tregs; CD45RA CD25lowFoxP3low   

-  ,     FoxP3  
CD25  . Tregs       -  

          
n regs,          

       .  
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 ,      - ,   

CD4+FoxP3+CD25+       -
          . , 

   ,    , -
    Benjamini-Hochberg.    „ -

 ”     „   ”, -
        ,   

  „ -   ”.     
       ,  

           
(Ivanova-Todorova et al., 2012),  ,  (Chen et al., 
2017)     in vivo   -    

   (Gonzalez-Ray et al., 2007).     -
           
  ,    -   Tregs -

     in vitro,      
 ,      ,      

   Tregs-   .  
    CD4+CD25+FoxP3+ Tregs  3-  

          -
: 1)        
 Tregs; 2)     - , h17 

  -    CD25+ Tregs; 3)  -
e     regs     -

 ; 4)    FoxP3    
 .    ,    -

 ,  CD4+CD25+FoxP3+     -
  (Walker, 2004).   , -

     CD4+CD25+FoxP3+ Tregs   -
    ,  sVEGF-A  PGE2 ( . 3). 

        
CD4+CD25+FoxP3+            

 ,     -      
 ,          -
.       Tregs  -
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, NO, HGF, Galectin-1, LIF, TSG-6, sHLA-G5,    
   (Nasef et al., 2008; Fainardi et al., 2010; 

Zhang et al., 2014). 
      ,  

  ,  FoxP3      -
,   .  -    -
           FoxP3, -
    FoxP3+CD25+      

   ,    regs.     
      TGF- , PGE2  

sVEGF-A, o   ,    Th17   
h17/Tregs       Th17 
o  IL-17, IL-21  TNF-  –  .     -

        Tregs 
      FoxP3,   -
 FoxP3       FoxP3.   

          -   -
 iTregs           (Engela 

et al., 2012; Ivanova-Todorova et al., 2012).  iTregs   -
    TSDR   FoxP3,       

  Helos  Nrp1 – ,   nTregs.   
     nTregs  iTregs,   -

     nTregs    iTregs e 
         . 

 

5.4.      -   
   CD4+CD25-FoxP3+ 

          
      -

  (Ferreira et al., 2017).    CD4+CD25-FoxP3+ 
          

  - .  
    CD4+CD25-FoxP3+   

,      -   , 
   ,     -

           -
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  CD25.       
CD4+CD25-FoxP3+        “ -

” CD4+CD25+FoxP3+ Tregs. e   ,   
CD4+CD25-FoxP3+,    “q value”   
     „ ” regs ( . 19).  -

       CD4+CD25-FoxP3+    
CD4+CD25+FoxP3+ Tregs       -

,         , 
 .       -
     CD4+CD25-FoxP3+ Tregs  

      :  
1. D4+CD25low/-FoxP3+ Tregs    , -

      CD25-  -  -
  „ ” CD25   Tregs.    

 ,      CD25    
  -  ,       -

       -  -
.       ,   -
  TSDR   FoxP3,     FoxP3 

     Tregs  (Bianchini et al., 2011). 
2. CD4+CD25low/-FoxP3+ Tregs     -

 regs,      CD25.     
    mTOR   ,    
  Tregs  G1     (Procaccini and 

Matarese, 2012). 
3.       CD25    

   ,    
   „ ”   CD25 e  

   (Ding et al., 2009). 
4. CD4+CD25lowFoxP3+ Tregs     -

        regs,      
  IL-2 (Nakamura et al., 2007). 

5. CD4+CD25lowFoxP3+ Tregs       -
   ,    -
  .         
 (Horwitz, 2010).  
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6. CD4+CD25lowFoxP3+ Tregs       -
   Tregs (Ferreira et al., 2017). 

 ,      -  -
    ,   h17  eff   -

       ,     -
      -  ,   -

 ,        -
 ,     ,   -

   „  ”,    -
   „ ”   ,    -

  .        
         -
     h17  

reg  .  
 

5.5.      AT-   
   HLA-DR    

      
       e  

 ,       (Rozenberg et al., 2016; 
Vasilev et al., 2019,)  ,     -

   -      , 
      .   -

          
 ,     . -

        , 
    h17  Tregs,       

    ,     
 ,     HLA-DR  -

  B7,   CD80  CD86.    -
   ,   - ,    

     ,    
 - ,   IDO, NO, sPD-L1, Galectin-1, TGF-

,  ,      /   -
 : IL-6, PGE2, HGF, IL1-RA. 
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        , 
     .     
        ( ),  1 -
  (    ), -

        HLA-DR,    , 
      (Jakubzick et al., 2017). 

          -
  CD4+ -  ,      -

 ,  / ,  -
     ,    

     . 
     

   ,     (mean fluorescent intensity, 
MFI),    HLA-DR    , -

     ,      
- .         HLA-DR 

  -   ,    Cohen, -
.        HLA-DR  

  -        
   .     

HLA-DR     ,     
       - ,     -

  (Ivanova-Todorova et al., 2009).    -
   HLA-DR     . 

,     „ “ -  
,     HLA  II , -

  7      .  
       

 ,          -
    -  ,    -
   -  (Corthay, 2006).     

 ,         -
   HLA-DR         -

           
   ,    -

   -  . 
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5.6.     -    
   ,   
     

        
-         -

   - ,      -
   TGF- , IL-10    -

 – TNF- , IL-6, IL-17A, IL-21  IL-23.  
     ,    -

 ,    ,  -
,      .  -

         -
          

   Spearman.     
        -

 .       
    ,   

Bradford Hill (Bradforf Hill Criteria)    -  
    (Fedak et al., 2015). 

5.6.1.    ,   
 - ,    TGF-  

TGF-           
    h17/Tregs.   -

     TGF-      , -
     -    ,  

        Th17/Tregs 
    Tregs     eff. -

       TGF- ,   
     - .     

   -   . , -
    TGF- ,       

sVEGF-   PGE2      TNF-   IL-17  
     Spearman ( . 20).  ,  
      o -
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  ,      TGF-  -
   -        Teff 

   FoxP3  Tregs,     -
   .        

Bradford Hill,     -    -
  ,        GF-   -

-    -        Teff  
  regs (Schunemann et al., 2010).    

-    TGF- ,    
  -   C-myc, cyclin D2, CDK2  cyclin 

E (Hannon and Beach, 1994),        
       TGF-   Teff. 

  -      TGF-  
 regs e  - ,  Tregs      
   ,    TGF-      
 iTregs,  TGF-  e       -

   . O   TGF-     
         IL-2.  

  a      IL-2 e   -
    . GF- 1  IL-2   , 

    iTregs,     -
. TGF-       FoxP3,  

    STAT3  NFAT (Josefowicz 
and Rudensky, 2009),     CNS1    
FoxP3  (Tone et al., 2008).  

5.6.2.    ,   -
,    TNF- , IL-6, IL-17A, IL-21 

   ,   ,    -
        , 

 TNF- , IL-6, IL-17A, IL-21  IL-23.     -
             

  (Noack and Miossec, 2017). IL-17A, IL-21, TNF-   IL-6 
  ,   h17   

(Brockmann et al., 2017). IL-6    TGF-      -
,        -
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   h17 (Zhou et al. 2013),  IL-23 e    
 Th17 (Jain et al., 2016).    ,  

  TNF- , IL-6  IL-17       
,         -
      ,  

 NF- , IL-6  IL-17A,       
 JAK/STAT . 

        
NF- , IL-17  IL-21         

,      - .   
    ,     TNF-   

IL-17     -   ,  -
  IL-21  -   .     -

     Spearman    -
   TNF-   IL-17   IL-21    

  TNF-   TGF- . O    , -
   IL-17  IL-21       

   ,    , -
     .  

       TNF- , IL-17  IL-21 
   -       -

 (Zhou et al., 2011; Liu et al., 2014; Baharlou et al., 2017).  -
  IL-17  IL-21        -

  Th17 ,  TNF-     
     : Th1  h17   

,     .   h17-
 IL-17  IL-21      Th17  

  -       ,  -  
      h17. O     -

    ,   ,  
    h17      
 IL-17  IL-21 e o   . IL-17 e    

       -
    (Van Hamburg et al., 2010). IL-17  
         

RANKL     (Kotake et al., 1999).   
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     a   (Li et al., 2005). B-
         IL-17  
  IL-17  IL-21      . 

     ,     B-
       (Bai et al., 

2008; Hsu et al., 2008).   IL-17  TNF-    -
    IL-17     -

.   IL-21       
   NF-    ,     -

   .         
     TNF-   IL-21. IL-21   -

   (Kwok et al., 2012)     
   1  3 (Lebre et al., 2016). ,  

 ,    AT-     
  TNF- , IL-17  IL-21   ,   -

 .   IL-17A, IL-21      -
         -  

,     h17  Th17-  IL-
17  IL-21,       . 

5.6.3.    ,   
 - ,    sVEGF-A  PGE2  

  ,       -
    -    PGE2  -

  ,         -
    .     

          -
       IL-6 (Maggini et al., 2010). IL-

6,     PGE2        -
 -    IL-6  -

  SOCS3 (Liu, 2017).   PGE2     -
 6.6.2.      -   -

  CD4+CD25-FoxP3+. 
sVEGF-A        

           -
        .  
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    sVEGF-       -
     -    

sVEGF-     ,   - ,   
           
.   sVEGF-A  PGE2      6.6.2. 

     -     
CD4+CD25-FoxP3+.   sVEGF-A      
6.6.2.      -   -

  CD4+CD25-FoxP3+. 

5.7.   
     ,   -

    ,     
  - ,       -

 ,    ,      
    .     -

      h17    -
      FoxP3+ -  

;     HLA-DR    
,         ; -

    TNF- , IL-17  IL-21      
TGF- , VEGF-   PGE2.        -

       ,  -
        -

     ,    
         . 

    ,   ,  
 ,          

 .      -
,   ,       
- ,       -
       .     

      -     
     ,     
         

 .  
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6.  

 
1. M       ( - ) -
 IL-6, sVEGF-A, PGE2, IL-8, CCL2  CCL5,    TGF-   

IL-10. 
 
2.           -

   -      
CD25+FoxP3+ Tregs       CD4+CD25-FoxP3+ -

 . 
 
3.          -

   -      -
  h17    CD4+CD25+FoxP3-  

 -  .  
 
4.           

   -      HLA-DR 
  .  

 
5.           

   -       
CD14+  .  

 
6.     ,     -
,          

  :     TGF- , VEGF- , PGE2   -
   TNF- , IL-17  IL-21       -

  .  
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7.   

7.1.     
1.     IL-6, sVEGF-A, PGE2, IL-8, CCL2  

CCL5        ( - ). 
2.      TGF-   IL-10,    

     ,    TGF-   IL-10  -
  - .  

 

7.2.      
1.        -  

  h17          
  . 

2.        -  
   CD25+FoxP3+ Tregs  CD4+CD25-FoxP3+  

          -
  

3.        -  
   a    HLA-DR 

           -
 . 

4.        -  
    TGF- , sVEGF-A, PGE2    -

    TNF- , IL-17  IL-21      
        . 

5.         -
         – 
    (SVM),      

(CART Decision Trees)  PLS-DA (Partial Least Squares Discriminant 
Analysis),          

  -        .  
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