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 ( ) –  

 
 ( ) , - -

  
 [ . . ., 2004; D. Hafler, 2005;  

T. Holmoy, 2007; M. Sospedra, R. Martin 2009; R. Hohlfeld et al., 2016].  
 

,   
 18  50   

. 
 

 30–45  100 000  [ . . ., 2004;  
. . , 2005; . . ., 2006; . . ., 2012;  
. . , . . , 2015]. 

,  
,  

,  
,  

, , - ,  
 [R. Hohlfeld et al., 2004; P. L. Jager et al., 2007; M. K. Racke 

et al., 2011; D. Karussis, 2012; O. Fernandez et al., 2013; T. Ruck et al., 2015;  
B. O. Khatri, 2016; S. K. Lundy et al., 2016].  

,  
,  

 
 [A. Uccelli et al., 2006, 2011; P. J. Darlington et al., 2011]. 

 ( )  
 

, ,   
,  in vitro,  in vivo 

 [M. F. Pittenger et al., 1999; A. Nasef et al., 
2008; A. Tyndall, A. Uccelli, 2009].  

,  
,   

 
[D. Karussis et al., 2008; A. Uccelli et al., 2013].   

 
, ,   

.  
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 in vitro  in vivo,  
 in vitro  
 [N. Singer, A. Caplan, 2011]. ,  

 in vivo  
,  

.  
, 
 

.  
,  

 [A. Nasef et al., 2008; R. E. Newman et 
al., 2009].  

  
c   

 
 [D. Karussis et al., 2010; P. Connick et al., 2012].  

 in vivo  
 in vitro   

 
.  in vitro  

 
 

,  
, ,  

. 
 

 
 ( ),  

. 4.2, 4.4  4.7 
 

 2006–2010  (  
 17  2005 .  512), . 3.2, 

4.1, 4.2  4.4  
 2011–2015  (  
 19.04.2010 .  585) . 4  

 22  2015 .  166 «  
 

2016–2020 ». 
: «  
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 in vitro»  
» (  20066804  

20.12.2006 ., 2006–2010 .); «  in vitro  
  
 

» 
 « » (  20081618 

 23.07.2008 ., 2008–2010 .); «  
 
 

»  «   
»  « » 

 20112544  12.08.2011 ., 2011–2013 .); «   
 
 
 

»  « »  
» (  200150751  

03.06.2015 ., 2015–2016 .). 
:   

 
. 

: 
1.  

. 
2.  

 
 in vitro. 

3. - , 
-4, -10,  TGF-   

 in vitro  in vivo. 
4. 2 -2,3-   

,  
. 

5.  in vitro  
 
 
 

. 



4 

6.  
 9–12 . 

7. ,  
. 

8.  
 

. 
: ,  Wistar  

 ( ),  
 ( ) ,  

 ( ) , ,  
) . 

: ,   
 

; -
 

;  
2 ( 2)  ID  ( -2,3- ) – -
; ,   

; 
; 
 

. 
.  

 
.  

-
. 
 

- ,  
2 -2,3- , 

. ,  
  

 in vitro -  
,  

. 
 in vitro  

-
 

. 
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. ,  
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. ,  
  
  

,  
 

.  
, -

 
.  
,  

1.   
 in vitro -  

 
,  

.  
 
 
 

. 
2.  CD45RO  CD119  

 
,  

 
 

.  in vitro  
-/   

 
  
  

 (k) -/  
. 

3. 2 -2,3-  
 

,  
.  
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,   
,   

. 
4.   

-/  
 3–6  

 
.  

  
,  

. 
5.  

 
 in vitro  

 9–12 .  
 1   

,  
 
 
 

 in vitro. 
 
 
  
 
 

 in vitro  in vivo. 
.  

 
,  

, . 
 

.  
, , 

 
. , 

 
 (  – 100%)  

 « » 
).  
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, , , 
,  

: . .  
. ., . . . ., . ., 

. .  – 65%. 
 
 

 « » ( ) 
. . , . ., . . . .)  

 
. .  

 «9- » .  
. . . .).  

 
 «9- » .  ( . . 

. .).  
 «9- » .  (  

. . . .)  
. 

, ,  
,   

 [1],  – 85%;  , 
 18   

 [2–22],  – 90%  
 [23–37],  [38–53],  – 

95%. ,   
, , . 

 4  [54–57],  [58], 
 2  [59, 60]. 

. 
  
  

 ( , , 2005);  
VI  «Antigen Specific Flow-
Cytometry» ( , , 2005),  

 « » ( , 2008),  
2-  

, , 2008), 8-  
 2008 :  XXI » ( , 

2008), XVII  « » -
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 ( , , 2009), 10-  
 «  2010 : 

 XXI » ( , 2010), 39-  
,  

 ( , , 2010), 14-  
 ( , , 

2010), 10-  ( , 
, , 2010),  

 
 ( , 2010), XIV  

 « » 
, , 2011),  IMPULSE 2011 

, , 2011), VII  
 « » 

, 2012), 3-  ( , 
, 2012),  (  

, , 2013), 15-  
, , 2013), I  «  

» ( , 2013),  
 ( , , 2013), XII  

 ( , , 2014), 14- -
 «  2014 :  

 XXI » ( , 2014),  «Cell 
Technologies at the Edge» ( , , 2016). 

 
 2  4  «9- » . ,  

 
 «9-  

» . ,  «  
, »,  

,   
 « .  

. . »,   
(12 ). 

.  
: 1  (12,44 ); 21  

,  18  
 (12,25 

),  – 8 (3   
, 5 )  



9 

(4,85 ); 15   
 (1,75 ); 16 .  

 30,94 . 
.  

,  236 ,  27  53 ,  
, , , 

, 5  
, , ,   

415  (25 , 390 )  
 61  (40  21 ). 

 27 . 
 

 
.   

37  « »,   
 «9- » .  2007 

 2014 .  
 Wistar.  

:  37   
 8  (n=118);   
 23  (n=144);  

)  11  Wistar  
,  11  ( );  

 ( , n=12)  
 Wistar ( , n=26);  

) . 
,  

,  (  in 
vitro).  25  «  

»,  «9- » 
.  2007  2010 .  

(13  12 )  31,9  (  20  52 ).  
 – 60,6  (  2  180 ).  13 

 (52%) ,  7 (28%) – 
 5 (20%)  – -

.  
 ( (25÷75))  EDSS  3,5(1,5÷6,5) .  

 23 ,  
.  8  

 «9- » .  
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, 
 

.  36,12 (  16  55) . 
,  

 (  in vivo).  
12 ,  

 –  ( )  
 1,55(0,92÷2,35)  (  (25÷75))  

«9- » .   
 2011  2014 .  

 (  – 6:6)  33,0(25,5÷35,5) ,  – 
30,0(9,5÷84,0) ,  EDSS – 
2,75(2,00÷3,25) . , ,  

, , 
. 

: 1)  
 EDSS  1  4,5,  

 McDonald . (2010 .) [J. F. Kurtzke, 1983; C. H. Polman et al., 
2011]; 2)  (  

 > 1  EDSS (  EDSS 
 < 5,0 )  0,5  (  EDSS 
 > 5,5 )); 3) ,  

,  
  

6 . 
: 1) , ; 2)  
 ( ,  

, , , ,  
, ); 3) -

; 4) ; . 
 1–2  

.  12 .  
-
 

 1. 
.  

Wistar  150–180  
 (  

 69  11.02.2009 .;  « »)  1:1  
 (Sigma, )  

 M. tuberculosis 5  [M. Mannie, 2009]. 
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 1. –  

 
 

1.  
, ,  

 (CD90, CD105, CD13, CD44, CD73, CD29, D34, CD45) 
, % 

 
2.  

 (CD3+, CD3+CD4+, CD3+CD8+, CD25+, CD19+, CD3+56+, CD56+, 
T- , CD45RO+ , CD119+) 

 
 

, -/  
 ( , -4, , -10  TGF- ) 

 (PDGF),  
 (IgG, IgM, IgA)   

3.  
 EDSS 

 ( ) 
 ( ),  

  
 

.  
 0,6×106–0,8×106  1  2  

 (Sarstedt, )  DMEM (Lonza, )  
c  10%  (HyClone, ), 2  (Sigma, 

)  1%  (Gibco, )  37°   
 5% 2 ( 2 , Revco Elite II, 

) [S. Kern, 2006]. 
 

,  
 [P. Connick et al., 2011]. 

.  
 (Gibco, ),  Histopague 

=1,083 3) (Sigma, )  30  1500 . 
  

 105–106  1 2  (Sarstedt, )  
[E. Gerdoni, 2007]. 

  
 [W. S. Shim et al., 2004; Y. Zhang et al., 2012]. 

.   
 2×105  RPMI-1640 c  10% 

 5% 2  37° .  
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:  ( , 
Sigma, ), 1 ;  

 ( 35-55, Sigma,  M4939, );  
 ( 35-55, Sigma,  13958-4, );  

 ( 83-99, Sigma,  13958-2, )  
 ( 183-209, Sigma,  13958-3, 

)  10 , . 

 4  
 6  1–4  (  100:1  10:1)  

 (100 ),   
 + , A 

(1,0 ) .  
.  

2×105  RPMI-1640 c 25  HEPES, 2  L- , 1% 
 (Sigma, ), 10%  

 (Lonza, )  6  
, Sigma, )  2,5  10  

 ( 1-125,  
, )  10  

 5% 2  37° .  
-2 (R&D Systems, 

)  10  [B. Bielekova et al., 2004;  
N. A. Danke et al., 2004]. 

.  
 2×105  RPMI-1640  2,5  

 10  1-  – 3- ,  
 

5% 2, 37° .  
 10:1.  

:  (Myelin basic protein antigen from 
human brain, Sigma,  M0689, ); 68-82  

 (Myelin basic protein fragment (68–82) guinea pig, Sigma,  M5167, 
); 35-55  (Sigma,  13958-4, ); 

 1-125  
1-125).  

 
 Axiovert 200  AxioCamMRm 

 100  (Carl Zeiss, ).  
,  Varel- .  

-33342 
 (Sigma, )  10–5 . 
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 1 i -3  (Amersham, ). 

  
(Wallac, ). 

.  
 5-  

 FC500  2.0 
(Beckman Coulter, )  6-  
FACSCanto (Becton Dickinson, ),  

 ( ): CD90-FITC, CD44-FITC, CD105-PE, CD31-FITC, CD34-APC, 
CD45-PE-Cy7, CD13-PE, CD29-APC, CD54-APC, CD73-PE (Beckman Coulter, 

, R&D, ). 
 

 CD3-PC7/ECD, CD4-PC5, CD8-FITC/PC5, CCR7-PE, 
CD25-PE, D45RO-ECD, D119-PE, V 9-FITC/ 5  CD45-FITC/CD4-RD1/CD8-
ECD/CD3-PC5  CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5 (Beckman 
Coulter, , R&D, ). , -4 

-4 (Beckman 
Coulter, )  (R&D, ). 

 1×107  
 (CFSE) (Sigma, 

)  7 M.  CFSE   
 2×105  6  10   

2,5  (10 )  5% 
2  37° .  

 CD3+ ,  
D3+CD4+, D3+CD8+, D3+CD45RO+, D4+CD45RO+, 

D8+CD45RO+, CD3+CD119+, D4+CD119+, D8+CD119+ . 
 (CFSEhi)  

 (CFSElo) .   
50 000  [D. A. Fulcher, 1999]. 

   
 (R&D, 

); ,   
 (Sigma, ); , 

 (Sigma, ).  
.  (1×104 )   

 24- -
,  1×105   

 5   
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(Nunc, ).  IDO-  
-IDO-  (Abcam, 

) ,  NL557 (R&D Systems, ),  
 10  5 , . 

. 2 (ParameterTM 
R&D Systems, ),  PDGF-  (Quantikine 
Human PDGF-BB R&D systems, ),  
(IgG, IgM  IgA,  « », ), , , -10 
(« », )  (KAC1688, Invitrogen, )   

-/   
 

.  
 BRIO-SIRIO (SEAC, ). 

 
 Statistica 6.0  6-Index, StatSoft Inc., , 

 AXXR012E829129FA,  
NXM12EU007224005571601) icrosoft Excel 2010 (  14.0.6129.5000, 

 02278-001-0000106-38272)  Windows XP  MedCalc 12.5.0.0 
(MedCalcSoftware, ),  

 [ . . , 2002].  
 k -

 95% 
.  

:  U  (Mann–Whitney U-test), 
 (Wilcoxon, W-test),  (Friedman ANOVA, 

F-test).  
 (Rs).  

 (p<0,05)  
 (ROC-  c  

 (AUROC), 95% ,  (%)  
 (%)). 

 
 

In vitro  
 

.  
 6  

 
 – 1:10  1:100. ,   

 1:10  
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 ( , , 56,0±8,2%),  

 1:100  
.  

  
in vitro  1:10. 

 ( D90, 
D105, CD44  CD119,  CD34, CD31, CD45, CD14),  

 4  
, , , 

 (  1). 

 
 – A –  1-  ( .100×);  – 

 1- ;  –  
 ( . 100×);  –  

 ( . 100×). 

 1. –  
 

 
.   

  
,  

.  
 « »  

CD3+4–8– (99,2 (67,5÷150,7)×106  77,6 (62,7÷105,3)×106 , 
=0,026, U-test), KT-  CD3+56+ (11,0 (3,36÷30,8)×106   
 6,0 (2,14÷10,4)×106 , =0,015, U-test)  

 CD25-  (2,8 (2,1÷4,2)%  1,8 (1,2÷2,9)% 
, =0,001, U-test)   
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(2,38 (1,20÷3,90)%  3,22 (1,95÷6,90)% , =0,025, U-test)  
  

 ( ) (25,2 (10,6÷46,6))×106   
 42,6 (19,6÷78,1))×106 , =0,077, U-test). 

 T-   
 CD3+45RO+ R7-  c  

 (17,0 (14,5÷20,5)%  13,7 (8,9÷15,4)% 
, <0,05, U-test).  

 
 (Rs = 0,64, p<0,02),  (Rs = 0,76, 

p<0,01).  
CD45RO+  

 CD4+  CD8+  in vitro,  in vivo. 
In vitro   
.  

 CD3+45RO+  
 (1–2) - 

 – 1:10  
. 

: 
)  (  (n=13) /  (n=12));  
)  ( 1-125); )  

 (EDSS). 
 2  

, 
D3+ D45RO+  

 
 2 . D3+CD45RO+  

 0,8%.  (  2, )  
,  CFSElo  

 63,3%,  (  2, ) 
D3+CD45RO+  

 31,3%.  
,  

.  
,  

 
D3+CD45RO+ D4+CD45RO+ D8+45RO+ . 
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 –  –  –  CD3+CD45RO+ ;  

 –  –  CD3+CD45RO+ ;  
 –  –  CD3+CD45RO+  

 2 . 

 2. –  CFSElo CD3+CD45RO+  
 

 
 MO 1-125  

, .  
 CD3+45RO+

1-125 
 

(47,8 (27,2÷53,8)%  24,9 (16,2÷30,2)% , U-test), ,  
D8+CD45RO+ ,  

 57,8 (31,8÷78,7)%   
30,0 (20,0÷57,9)%, <0,05 (U-test).   

 in vitro -
, . 

 
-/  

 k (%): 

K = 100 –   × 100 ,  

 –  
, , %;  –  

, , %. 

 
 

. ,  k D3+CD45RO+ 
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 26,1 (16,3÷44,3)%, D4+CD45RO+  –  
30,6 (20,6÷41,7%)% D8+CD45RO+  – 15,3% (3,4÷21,1%),  

 – 25,7 (16,4÷40,3)%, 30,0 (21,0÷41,7)%  15,6 (6,3÷24,3)% 
 (U-test).  

 k D3+CD45RO+  
 (30,7 (20,0÷43,3)%  25,7 (16,4÷40,3)%)  

 (25,8 (15,8÷44,3)%  21,1 (17,6÷34,2)%)  
, . k 1-125  

 47,5 (29,9÷74,1)% 
 44,9 (26,3÷58,8)% , 

>0,05 (W-test)  
 (44,1 (29,3÷55,7)%  47,6 (42,3÷55,5)% 

, U-test). 
 
 

, 1-125  
,   

. k  CD3+45RO+  
1-125  

 (47,0 (26,7÷73,1)%  26,1 (16,3÷44,3)% 
, W-test). k  

 EDSS  (Rs= –0,53, p<0,05). 
  

 EDSS,  
. 

 
 

k  in vitro  (  2). 

 2. –  k (%) 
 k (%)  

k  ( )  20,2 % 
k  ( 1-125)  41,3 % 

 
, k , 

. 
 

-/ 1-125-
 (n=15)  

 (n=9) -/ ,  
,  



19 

, .  
 

 in vitro  
,  
-/  

. 
 

,  
 

 (W-test). 
2 . 

2   
,  

 77,9 (37,8÷717,0)  91,8 (26,4÷321,0) , p>0,05, 
 (U-test). ,   

2 
,  

,  
 (  3). ,   

2 
.  

  
2  (Rs=0,47, 

p=0,049), 2  
. 

 
 3. – 2  



20 

 –  ( -
IDO- ).  

 IDO .  
 IDO.  

 
 IDO.  

 
 IDO  

,  
-/ 1-125 .  

 IDO  
, .  

,  IDO 
,  CD4+ .  

 CFSEhi 

CD4+  33,6 (27,4÷49,6)%, , 
 IDO, , 

 CFSEhi D4+  70,8 (52,4÷81,7)%, <0,05 (W-test). 
 

,  IDO  
(Rs=0,63, p<0,05). 

,  
,  

 44,5 (36,6÷100,0)   
67,6 (42,0÷124,2) , p>0,05 (W-test).  

 
 1778,7 (499,0÷1816,8) , <0,01 (W-test). -

  
704,1 (140,6÷1267,8) , p<0,05  

,   (W-test),   
 IDO  (Rs= –0,6; <0,05).  

 
. 

,  1  (IFNGR1, 
CD119),  

.  
 CD119 – 99,3 (98,5÷99,4)%.  

,  
 IDO . 
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 CD119  
-/  

 
.  CD119  CD3+ T-  

,  CD3+CD4+  CD3+CD8+ T-  
 73,8 (66,6÷85,1)%, 74,8 (51,6÷78,7)%  

 26,2 (17,5÷61,9)% .  
 CD119+CD3+ T-   

(45,8 (35,1÷66,3)%) , ,  
CD119+CD4+ T-  (44,5 (27,5÷59,2)%).  

.   
 CD119-  

CD3+, CD3+CD4+  CD3+CD8+ -  
(p<0,01  p<0,05 , W-test).  CD119  

 T- -/ -
 (Rs= –0,8, p<0,001, Rs= –

0,63, p<0,05 ). R1  
 (up-  S),  

CD119  
 

. 
  

 
.   

  
 (W-test). -  

 9–12  
 (F-test, W-test),  

 
 

 (  3). 
 10  

 CD3+, CD4+  CD8+ ,  
 CD25  

D25-  1 .   
,  

,  
. ,  3  

 CD3+4+   
 CD3+8+  ( <0,05, W-test). 



 

 3. –  
, Me (25÷75) 

 

 
 

 
 (F-test, 
W-test)  10  

 
1 .  

 
3 .  

 
6 .  

 
9 .  

 
1  

 
1 2 3 4 5 6 7 

CD3+, % 76,4 
71,7÷78,6 

74,1 
71,1÷75,6 

76,7 
72,7÷79,1 

76,7 
72,8÷77,1 

75,2 
72,6÷78,3 

71,7 
70,2÷76,1 

73,7 
68,5÷76,7 

ns 

CD3+, ×109  1,00 
0,74÷1,60 

0,90 
0,86÷1,05 

1,18 
0,85÷1,86 

1,17 
0,87÷1,51 

1,30 
0,94÷1,53 

1,21 
0,74÷1,48 

1,16 
0,89÷1,38 

ns 

CD3+4+, % 53,7 
46,7÷64,7 

47,3 
43,7÷59,5 

56,1 
42,6÷59,6 

49,5 
43,2÷60,4 

53,6 
45,9÷64,6 

53,2 
51,2÷65,0 

59,2 
48,9÷64,1 

1-4<0,05 
4-7<0,05 

CD3+4+, ×109  0,49 
0,44÷0,96 

0,49 
0,37÷0,61 

0,70 
0,52÷0,80 

0,54 
0,44÷0,68 

0,74 
0,50÷0,88 

0,69 
0,46÷0,83 

0,60 
0,57÷0,77 

ns 

CD3+8+, % 38,2 
29,4÷40,7 

40,3 
32,6÷48,8 

39,2 
31,0÷44,5 

40,6 
33,1÷48,1 

36,5 
32,2÷43,8 

38,2 
32,6÷42,6 

37,2 
33,0÷44,2 

1-4<0,05 
4-5<0,05 

CD3+8+, ×109  0,35 
0,25÷0,61 

0,38 
0,27÷0,49 

0,49 
0,36÷0,75 

0,43 
0,34÷0,72 

0,44 
0,35÷0,61 

0,39 
0,27÷0,60 

0,42 
0,35÷0,54 

2-4<0,05 

CD3+4+8+ 0,71 
0,54÷1,43 

0,96 
0,51÷1,23 

0,89 
0,46÷1,50 

1,28 
0,70÷1,83 

1,14 
0,67÷2,31 

1,14 
0,63÷2,03 

1,22 
0,84÷3,04 

1-6<0,05 
1-7<0,05 

CD19+, % 7,6 
6,3÷9,2 

7,8 
6,3÷9,3 

7,7 
5,2÷10,5 

6,3 
5,4÷7,1 

8,9 
7,1÷9,8 

8,8 
6,2÷12,9 

7,8 
6,9÷10,7 

ns 

CD19+, ×106  99,2 
75,8÷159,3 

104,1 
80,6÷151,8 

140,0 
72,8÷190,9 

81,8 
69,8÷108,5 

137,7 
86,0÷206,2 

131,6 
92,4÷190,4 

148,3 
85,6÷163,4 

ns 

CD3-56+, % 12,9 
11,1÷17,9 

13,6 
11,5÷29,9 

13,0 
10,8÷18,6 

16,7 
15,3÷22,7 

13,5 
11,3÷18,7 

13,2 
11,0÷18,0 

13,4 
12,3÷20,1 

1-4<0,05 
 

CD3-56+, ×106  181,1 
156,2÷240,9 

184,8 
179,1÷340,9 

236,6 
162,6÷328,7 

278,3 
212,0÷301,6 

272,2 
196,0÷348,0 

224,1 
148,0÷337,5 

231,1 
156,1÷329,2 

ns 

CD3+56+, % 0,50 
0,24÷3,22 

1,09 
0,35÷6,90 

1,21 
0,28÷3,08 

1,25 
0,72÷5,82 

1,21 
0,38÷3,15 

0,82 
0,56÷5,32 

0,99 
0,71÷4,12 

1-2<0,05 
1-4<0,01 

 – ns – . 
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 CD4+  CD8+  6 ,  
  

 9–12 .  3  
 CD56+ 

,  (Rs=0,7; 
<0,05).  CD56+ , ,  

 CD3+56+  (Rs=0,7, <0,01),  
 3  

 12  
. 

,  
 

,   
 1 .  

 2,05 (0,50÷3,84)%  3,11 (0,88÷4,68)%, =0,036,  10  
 3,08 (2,07÷5,74)%, =0,021,  3   

 3,24 (0,72÷4,16)% –  6  1  
 2,61 (1,35÷ 3,91), =0,028 (F-test, W-test). 

.  
 

 ( )   
 PDGF (  

)  Ig G, M . 
 PDGF  

 
 1704,1 (1704,5÷2945,0)  2034,6 (1746,3÷3216,05)  

, >0,05 (U-test). 
 10  

  
 1  3  

 (F-test, W-test). 
 

 IgG  IgM  1   
 

 6–9  (F-test, W-test). 
 1  

 IgM  
 PDGF (Rs=0,87; <0,05) 

 12  c  
 ( )  
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 (Rs= –0,77; =0,05)  6 . , 
 9  IgM  

  
(Rs= –0,57; =0,04).  

 PDGF   
 1  (Rs=0,75, p=0,005). 

 
, ,  

PDGF ,  
,  

. 
.  

 in vitro  
 ( ), -

 ( )  
-4 -10 (  4).  

 4. –  
, ,  (25÷75) 

-
 

  P  
(F-test, 
W-test) 

      
1 2 3 4 5 6 

 38,0 
(27,8÷928,9) 

581,4 
(293,6÷2760,1) 

113,1 
(90,4÷1790,0) 

102,7 
(68,2÷1742,8) 

310,8 
(99,7÷1957,1) 

68,8 
(26,4÷543,4) 

p1-2=0,04 
p2-3=0,06 
p5-6=0,01 
p4-6=0,06 

 48,8 
(38,5÷461,6) 

603,1 
(554,7÷921,5) 

325,1 
(217,3÷459,7) 

167,1 
(103,8÷450,2) 

178,8 
(136,8÷524,4) 

70,1 
(53,0÷168,6) 

p1-2=0,04 
p2-3=0,04 
p5-6=0,04 
p4-6=0,04 

-10 259,1 
(139,3÷379,0) 

393,2 
(113,1÷673,3) 

479,3 
(170,7÷788,0) 

185,6 
(142,6÷228,6) 

165,2 
(153,6÷176,8) 

254,0 
(224,8÷283,3) 

p2-3=0,06 
p1-3=0,06 
p5-6=0,06 

 247,0 
(192,0÷279,0) 

369,5 
(239,0÷404,0) 

376,0 
(348,0÷398,0) 

271,0 
(155,0÷296,0) 

212,5 
(161,0÷288,0) 

301,0 
(276,0÷350,0) 

p1-2=0,02 
p1-3=0,02 
p5-6=0,04 

 
1.  – . 
2.  – . 
3.  – . 
4.  – . 
5.  –  

. 
 

 10  
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,   
 6–12 . -

 
-10.  3–6  

,  
, -10  in vitro.   12  

 CD3+ , 
,   

, -4. 
,  6–9  

 
,  

  
 

. 
 

 
,  

 in vitro  
,  

 
: )  

; )  CD119-   
; )  

 ( )  
1-125)  k  

. 
 10  

 CD3+45RO+ , ,  
 CD4+45RO+ .  

 9–12 .  in vitro  
-/  6  

 
 

.  CD119  
 CD3+119+  (Rs= –0,44, p<0,001). ,  

 9  
D3+119+  k D3+ 

 (Rs=0,9, p<0,05).  
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 CD4+,  ,  ,   CD8+ ,  
 12 . 

 
 k -   

.   
 

, ,  
 k  12 ,  

 in vitro (k  1  = 17,6%, 
k  in vitro = 39,1%, =0,036, , W-test).  

 
  

 6–9  1  
,  in vitro  (k  1  = 48,5%,  

k  in vitro = 52,2%, =0,61, , W-test). 
 
  

 ROC- ,  
 5.  

 5. –  
 ( )  

 

 AUROC 95%   - 
, % 

-
, % 

 in vitro  
D4+CD45RO+ 0,88 0,55–0,99 0,001 75,0 100,0 

D3+CD45RO+ 0,81 0,50–0,97 0,016 77,8 100,0 
 in vitro  

D3+CD45RO+ 

3 .   
0,93 0,54–0,99 < 0,0001 80,0 100,0 

D3+CD45RO+ 

1  
0,87 0,46–0,99 0,019 100,0 66,7 

D4+CD45RO+ 

3 .  
0,87 0,46–0,99 0,019 100,0 66,7 

D4+CD45RO+ 

6 .  
0,93 0,54–0,99 < 0,0001 80,0 100,0 

D4+CD45RO+ 

1  
1,0 0,63–1,00 < 0,0001 100,0 100,0 

 
 

 67  100%,  
 

 CD45RO  
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 in vitro  

. 
  

 147-1113  27.12.2013 . «  
»  1  107 404 176,8 . 

. (  5370,2 )  2015 . 
. 

 
 

 
1.  4  

D90, D105  CD44  CD34, CD31, 
CD45, CD14), ,  

 (CD119 (98,5 (97,6÷99,3)%)  CCR7 (88,7 (87,7÷91,0)%) –  
),   

, ,  
,  [9, 15, 

16, 24].  
,  

 GFAP.  
 3   

 1% ,  
 [6, 12, 26, 27]. 

2.  1–2-  
A-  

 1:10.  
 

 in vitro ( <0,05, W-test)  
.  1–4- ,  

 in vitro  
 20–55% ( <0,05, W-test) [5, 8, 10, 22, 25, 28, 29, 39, 40, 42, 45]. 

3.  
 

,  
 «  

»  CD3+4–8– (99,2 (67,5÷150,7)%  
 77,6 (62,7÷105,3)%, =0,026, , U-test),   

 CD3+56+ (11,0 (3,36÷30,8)%  6,0 (2,14÷10,4)%, =0,015, 
, U-test)  
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 (2,38 (1,2÷3,9)%  
 3,22 (1,95÷6,9)%, =0,025, , U-test).  

,  
 

D3+45RO+CCR7– T-  (17,0 (14,5÷20,5)% 
 13,7 (8,9÷15,4)% , <0,05, U-test), 

 (Rs=0,76, p<0,01)  
 CD25+  (Rs=0,57, p<0,05), 

 
 [1, 2, 4, 7, 

17, 36, 50, 54]. 
 in vitro  

 
.  

 
 (  CD4+45RO+

1-125 
 44,8 (34,9÷51,6)%  25,1 (14,6÷40,4)%  
, <0,05, U-test;  CD8+45RO+  57,7 (31,8÷78,7)%  

 30,0 (20,0÷57,9)%, <0,05, , U-test)  
 [1, 3, 11, 14, 23, 

34, 38, 41, 61]. 
4.  

 
 (  

 30,7 (20,0÷43,3)%   
 25,8 (15,8÷44,3)% , >0,05, W-test;  

1-125  47,5 (29,9÷74,1)%  
 44,9 (26,3÷58,8)% , >0,05,  

W-test)  
 (U-test). -

 
  

(47,0 (26,7÷73,1)%  26,1 (16,3÷44,3)%, <0,01 , W-test)  
 

 (Rs= –0,53, p<0,05) [1, 11, 13, 16, 18, 31, 41, 51, 55, 56, 59]. 
 CD45RO-  in vitro 

 ( =0,002, W-test)   
 CD119-  ( =0,002, W-test).  

CD45RO  CD119  
 (Rs=0,75, p<0,001 –  CD45RO-
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 Rs= –0,65, p<0,01 – 
 CD119- ), 

 
.   

in vitro -
 CD3+CD45RO+  k(%) ( 20,2% 

41,3 %  
1-125) D3+CD119+  ICD119(%) 

 (>29,6%   
 >23,4% 1-125 )  

 [16, 17, 18, 21, 
30, 46, 55, 56, 57, 59, 60]. 

5.  
 ( >0,05, W-test) -

 ( >0,05, W-test) .  
,  

2  
,   

.  
 

,  
- ( )=36,9 (28,3÷42,7)%, 

=43,3 (26,3÷63,5)%), p>0,05, W-test,  
( )=56,7 (36,1÷59,9)%, =67,6  (62,7÷80,0)%, p>0,05, W-test) 

, 2 (Rs=0,41, 
p=0,03) [1, 13, 14, 43, 44]. 

 in vitro  
 IDO ,  

 IDO  c  
,   

.  
 

,  
 (704,1 (140,6÷1267,8)  1778,7 (499,0÷1816,8) , 

<0,01, W-test,),  IDO  (Rs= –0,6; 
<0,05).  

,  IDO  
 (Rs=0,63, p<0,05) [13, 16, 46, 61]. 

6.  
, , -  
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 ( >0,05, F-test, W-test).  10  3  

 CD3–56+ 
 (12,9 (11,1÷17,91)%  6,7 (15,3÷22,7)%, <0,05)  

CD3+56+  (0,50 (0,24÷3,22)%  1,25 (0,72÷5,82)%, <0,01, W-test)  
 (2,05 (0,50÷3,84)%  3,08 (2,07÷5,74)%, =0,021, 

W-test).  3   
,  CD3+4+   

(53,7 (46,7÷64,7)%  49,5 (43,2÷60,4)%, <0,05, W-test)  CD3+8+ 
 (38,2 (29,4÷40,7)%  40,6 (33,1÷48,1)%, <0,05, W-test)   

  
  

3–6  (F-test, W-test) [1, 
19, 21, 30, 36, 47, 50, 52, 53]. 

 in vitro ,   
-10  

 (38,0 (27,8÷928,9)  581,4 (293,6÷2760,1) , 
=0,04; 48,8 (38,5÷461,6)  603,1 (554,7÷921,5) , =0,04; 247,0 (192,0÷279,0) 
 369,5 (239,0÷404,0) , =0,02, , W-test)  

 ( >0,05, W-test) [19, 33, 49]. 
7. ,  

 PDGF  
 1–3  (1704 (1051÷2934)  

, 844 (572÷1031)  1 , 
796 (728÷1561)  3 , , 
F-test, W-test).  PDGF   

 1  
 (Rs=0,75, p=0,005). 

 IgG  IgM  
 1   

(11,5 (10,9÷14,2)  17,8 (15,7÷21,7) ; 2,08 (1,48÷2,34)  2,55 (1,94÷3,20) , 
)  

 6–9  ( >0,05, F-test, W-test). 
 IgM  

 PDGF (Rs=0,87; <0,05)  
 (Rs= –0,77; =0,05)  6   

 (Rs= –0,57; =0,04)  
 9  [20, 32, 35, 37, 48, 51, 52]. 

8.  
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 CD3+45RO+   
(28,1 (2,6÷37,6)  24,0 (18,6÷36,9) , =0,028, W-test).  

 9–12  
=0,017, F-test, W-test).   

  
in vitro  1  (k  1  = 48,5%,  
k  in vitro = 52,2%, =0,61, , F-test, W-test),  

 in vivo   
.   

 
,  

 
 12 ,   

 in vitro  (k  1  = 17,6%, k  in vitro = 39,1%, 
=0,036, , F-test, W-test) [1, 18, 21, 30, 31, 32]. 

 in vitro  
 in vivo  

  
  

D3+CD119+  
 ROC-  (AUROC (95% )) :  

: D4+CD45RO+ – 0,88 (0,55–0,99), =0,001  ICD119  CD3+ –  
1,0 (0,72–1,00), <0,0001; : D3+CD45RO+  3 . – 
0,93 (0,54–0,99), <0,0001   D3+CD45RO+  1  – 0,87 (0,46–0,99), 
=0,019.  

 67  100%,  
 
 

 [1, 21, 58, 60]. 
 

 
1. ,  

,  
 
 

 [55, 56, 57, 58] (  
26.05.2014, 20.11.2014, 16.04.2015, 09.11.2015  28.12.2015,  «9- »  
. ). 

2.  
,  
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,  
.  in vitro 

- 1-125-
 

 (k 20,2 %  
 k 41,3 % )  

 
 

 1–2  [59, 60]. 
3.  

, -
 

,  
,  

, , 
,  

 (  12.01.2009,  
;  17.09.2013  15.09.2014,  

. . . ;  26.05.2014,   
). 

4.  
,  

 5-( -6)-  
 
 
 

 [23] (  28.09.2012,  
 «9- » . ;  10.09.2013, ,  

). 
5.  

  
 
 

 9–12  
 [1, 21]. 
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SUMMARY 
 

Zafranskaya Maryna Mikhailovna 
Mesenchymal stem cells: immunomodulatory properties and grounding  

their application for the cell immunotherapy in multiple sclerosis 
 

Key-words: mesenchymal stem cells, multiple sclerosis, immunosuppression, 
myelin-specific memory T cells, cell immunotherapy. 

Aim of the research: to ground the immunopathogenic effect and the clinical 
application of autologous mesenchymal stem cell therapy in multiple sclerosis. 

Methods of the research and the equipment used: experimental, cultural, 
immunological, microscopical, statistical; 2-incubator («Revco Elite II», USA), 
class II biological safety cabinet («Labconco Purifier Delta», USA), Axiovert 200 
inverted microscope and camera AxioCamMRm («Carl Zeiss», Germany), flow 
cytometer FC500 («Beckman Coulter», USA), spectrophotometer BRIO-SIRIO 
(«SEAC», Italy). 

Obtained results and scientific novelty: the technology for the cell 
immunotherapy of multiple sclerosis using autologous mesenchymal stem cells 
taking into consideration previously counted suppression coefficient showing  
the suppression of myelin-stimulated T lymphocytes proliferation by cell cultures has 
been grounded and developed. For the first time it has been shown that the both 
autologous mesenchymal stem cells from patients with multiple sclerosis and 
allogenic mesenchymal stem cells from healthy subjects similarly inhibit the in vitro 
proliferation of memory T cells. The efficacy and duration of the immunomodulatory 
effect of autologous mesenchymal stem cells has been assessed for the first time, and 
the methodological approach for evaluating the therapeutic effect of cell 
immunotherapy in multiple sclerosis has been grounded. 

Recommendations for the use: the developed criteria for determining  
the potential therapeutic effect of cell immunotherapy can be applied for the effective 
treatment of patients with multiple sclerosis using autologous transplantation of 
mesenchymal stem cells. 

Field of the application: immunology, neurology, neuroimmunology, 
transplantology, cell biology, laboratory diagnosis. 
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