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 Fas- , , 
 A, E, G, M -

, . .  
3. -

 
 CAT (COPD Assessment Test)  (  1  

) .  
4.   

-
.  

 
, 

, . 
, 

,  
,  – 

,  
,  A, E, G, M, -

.  
 

-
.  

,  CXCR3, CCR5, Fas, 
 CXCL11, , , -

 8 , . 
-
-

. ,  
 Fas- -

, , , -
 Fas- -

 CD4+CD25+CD127-.  
-

. , ,   
 53,3%,  – 24,8%,  – 85,0%.  

-
 >  > 

 >  
 > . 
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-
 –  

-
, .  

-
 12 -

, -
 85,7%  82,9%. 

,  
1.  (  

) ,  
 CD3+CD4+, D3+CD8+, CD3+CXCR3+, 

CCR5+, CD3+CCR5+, CD95+, CD3+CD95+, CD8+CD95+, CD4+CD25+CD127-,  
 8, , -

,  A  E,  
.  

2.  
D3+CD8+, CD3+CXCR3+, CCR5+, CD3+CCR5+, CD95+, 

CD3+CD95+, CD8+CD95+, CD4+CD25+CD127-,   
 CD3+CD4+, -

 8, ,  A  E, -
-

. -
  

 –  CD95+, 
CD3+CD95+, CD8+CD95+, , -

 Fas- , 
 CD4+CD25+CD127-,   

.  
3. , -

,  (2 )  (0–1 ) -
 

, 
 ( )  CAT-

 (COPD Assessment Test).  
-
-

.  
4. , -

,  (2 ) -
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.  
 

,  
, . ,  

, ,  
, .  

, -
 85 , 

,  44 -
, -
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, -

, , ,  
, -

 2 , -
 

.  
, ,   

 GOLD [GOLD, 2011].  
.  

 
 ( 1)  

-
 ( 1 ),  

.  
.  

-
 « ». 

 SpiroUSB 
 Spida5 («Micro Medical Limited», 

, ) [Wanger J. et al., 2005].  
 CAT 

(COPD Assessment Test, ) [Jones P.W. et al., 2009].  
 CAT- -

 2 .   
 20 (n=55), -

 ( ).   
> 20 (n=30), .  

-
, -

, ,  
, -

 [Hurst J.R. et al., 2010].  
,  0–1 .  

 2 [Hurst J.R. et al., 2010].  
  

 3–5 , -
.  100  10   

.  («R&D Systems», 
, ; «Beckman Coulter», , ): 1) CD45-ECD/ 
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CD3-APC/ CD8-PE/ CD95-FITC; 2) CD45-ECD/ CD3-APC/ CR5-PE/ CXCR3-
FITC; 3) CD45-PC7/ CD3-ECD/ CD4-FITC/ CD25-PC5/ D127-PE; 4) CD45-ECD/ 
CD20-FITC.  
Cytomics FC500  CXP («Beckman 
Coulter», , ).  50000 . 

 
 (3000 , 15 ).  

 –75 °C.  1  (IL-1 ), IL-6, IL-8,  
IL-10,  (TNF- ),  (IFN- ), CXCL11, 

 Fas-  (sFasL),  
(VEGF),  ( ),  (IgA), IgE, IgG, IgM  

-
 (« », , ; «R&D Systems», 

, )  «StatFax 3200» 
(«Awareness Technology», , ).  

-
 

 Statistica for Windows 10.0 («StatSoft Inc.», , )  MedCalc 
(«MedCalc Software», , ). -

 U- .  
 

 (R).  
 5%. 

 
-

 (ROC- ). -
.   

.  
 

.  
.  

 
  

 
, -

,  ( -
) (n=85),  (n=44)  

 [29,4 (23,4–36,3)%  
 25,6 (19,0–31,1)% , p=0,0042];  

[6,4 (4,9–8,0)%  5,0 (4,0–6,2)%, p=0,0031]; ,  
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CR5 [3,2 (2,0–4,8)%  2,0 (1,3–2,7)%, p=0,0002]  Fas [58,5 (50,6–66,0)%  41,1 
(18,7–59,4)%, p=0,0002]; ,  
CCR5 [5,0 (3,8–6,6)%  2,9 (1,8–3,9)%, p<0,0001]  CXCR3 [40,9 (36,2–50,1)%  

 36,9 (30,3–40,5)%, p=0,0002]; Fas-  [63,0 (45,6–70,1)%  
 38,6 (16,6–49,5)%, p<0,0001]  [34,3  

(16,1–49,3)%  14,0 (9,8–28,7)%, p<0,0001];  [32,5 
(27,6–37,5)%  36,8 (33,2–41,1)%, p=0,0008] -

 [1,2 (0,8–1,4)  1,5 (1,2–2,1), p=0,0002]. 
  

, ,  
 IL-8 [5,8 (3,6–7,6) ], VEGF [70,0 (32,0–150,0) ], TNF-  [2,5 

(1,0–4,0) ], IgA [2,2 (1,6–2,9) ]  IgE [500,0 (285,0–740,0) ME/ ]  
 [IL-8 – 3,3 (2,3–4,9) , p<0,0001; VEGF – 

26,5 (12,5–46,5) , p<0,0001; TNF-  – 1,4 (0,0–2,7) , p=0,0128; IgA – 1,8 
(1,3–2,1) , p=0,0011; IgE – 285,0 (164,0–420,0) ME/ , p<0,0001].  

 [7,2 (4,0–13,3)  
 2,8 (1,6–4,4) , p<0,0001].  

, ,  
 (n=30)  CD95+ [63,4 

(53,3–76,4)%], CD3+CD95+ [66,3 (61,0–71,3)%], CD8+CD95+ [42,7 (30,1–55,4)%] 
 TNF-  [3,1 (2,2–5,2) ], VEGF [121,5  

(38,0–269,0) ], IFN-  [2,0 (1,2–9,1) ], CXCL11 [80,5 (59,0–142,0) ], 
IgA [2,5 (1,9–3,8) ]  IgM [1,6 (1,2–2,0) ] ,   

 (n=55) 
[CD95+  – 57,1 (49,2–64,4)%, p=0,0273; CD3+CD95+  – 
56,2 (40,6–67,9)%, p=0,0070; CD8+CD95+  – 29,9 (13,0–45,2)%, 
p=0,0053; TNF-  – 1,6 (0,0–3,6) , p=0,0009; VEGF – 60,0 (28,0–98,0) , 
p=0,0060; IFN-  – 1,0 (0,0–2,4) , p=0,0031; CXCL11 – 53,0 (40,0–90,0) , 
p=0,0148; IgA – 2,1 (1,5–2,8) , p=0,0270; IgM – 1,2 (0,8–1,5) , 
p=0,0096].  ( -

 CAT- )  CD3+CD95+ (R=0,309, p=0,0041) 
 CD8+CD95+  (R=0,360, p=0,0007),  TNF-  (R=0,314, 

p=0,0034), IFN-  (R=0,261, p=0,0160), VEGF (R=0,316, p=0,0032), CXCL11 
(R=0,257, p=0,0178), sFasL (R=0,384, p=0,0003), IgM (R=0,334, p=0,0018).  

 
 

 
-

.  
,  604  40 -
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. , 
 46,7%,  

 – 75,2%,  – 15%. -
 (53,3%) ,   

.  – -
-

. 
,  
, , -

  
, CR5-  CXCR3-

, , -
 Fas- , ,  

,  
CD4, ,  CD8. -

 ( ).  
 

. –  
, ,   

  
 

   
 (n=42)  (n=22)  (n=43)  (n=22) 

CD3+, % 64,7 (58,0–70,2) 63,9 (60,4–68,0) 65,0 (57,0–71,3) 63,1 (59,1–67,9) 
CD3+CD4+, % 33,3 (28,5–39,1)* 36,9 (34,4–42,1) 32,5 (26,4–36,6)# 36,8 (33,1–39,6) 
CD3+CD8+, % 29,3 (23,1–34,1)* 25,3 (18,5–30,2) 29,6 (23,9–38,7)# 25,6 (21,6–31,1) 
CD3+ D4+/ 
CD3+CD8+ 1,2 (0,8–1,6)* 1,6 (1,3–2,2) 1,1 (0,7–1,4)# 1,4 (1,0–2,0) 

CD20+, % 11,0 (8,4–15,3) 15,2 (9,0–19,7) 12,1 (9,6–16,3) 11,2 (6,6–16,7) 
CXCR3+, % 26,7 (22,8–30,4)* 22,8 (20,1–26,8) 24,4 (20,7–31,8) 24,0 (20,5–28,8) 
CD3+CXCR3+, % 41,7 (35,6–51,5)* 36,6 (32,2–43,8) 40,7 (36,8–48,0)# 37,3 (30,2–39,5) 
CCR5+, % 3,3 (2,0–4,5)* 2,0 (1,2–2,6) 2,9 (2,0–5,6)# 2,3 (1,3–3,8) 
CD3+CCR5+, % 5,1 (4,0–7,2)* 2,7 (1,7–3,5) 4,9 (3,1–6,5)# 3,1 (1,8–4,3) 
CD95+, % 62,9 (50,2–73,8)*† 50,6 (34,2–72,5) 56,9 (50,6–63,7)# 36,4 (12,8–55,6) 
CD3+CD95+, % 68,6 (64,0–72,5)*† 46,3 (17,7–54,4) 49,7 (39,0–62,3)# 34,9 (15,8–38,9) 
CD8+CD95+, % 45,2 (34,2–58,3)*† 17,9 (10,9–36,3) 20,2 (12,6–37,4)# 12,3 (7,1–15,2) 

D4+CD25+, % 6,0 (4,4–7,3) 5,2 (4,0–7,1) 7,1 (4,8–9,1) 6,1 (4,7–7,6) 
CD4+CD25+ 
CD127-, % 6,0 (4,2–6,9)*† 4,5 (3,9–6,0) 7,1 (5,0–9,5)# 5,4 (4,3–6,9) 

IL-1 ,  1,4 (0,4–9,1) 0,8 (0,0–2,2) 1,0 (0,0–4,0) 1,2 (0,7–2,3) 
IL-6,  6,0 (3,0–8,4) 3,6 (2,2–6,0) 5,4 (3,0–8,8) 5,6 (3,0–11,4) 
IL-8,  5,4 (3,6–7,0)* 2,5 (2,2–4,0) 6,0 (3,5–7,8)# 3,9 (2,8–5,0) 
IL-10,  0,0 (0,0–5,4) 0,0 (0,0–0,0) 0,0 (0,0–2,5) 0,0 (0,0–4,8) 
TNF- ,  3,0 (1,5–4,8)*† 1,1 (0,0–2,0)# 1,8 (0,4–3,6) 2,3 (1,2–3,2) 
IFN- ,  2,0 (0,0–3,6)* 1,1 (0,0–1,6) 1,2 (0,0–2,2) 1,2 (0,3–2,2) 
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VEGF,  72,0 
(27,0–181,0)* 

20,5 
(5,0–51,0) 

70,0  
(32,0–106,0)# 

29,5 
(19,0–45,0)  

CXCL11,  77,0 
 (47,0–142,0)* 

55,0 
 (43,0–69,0) 

57,0 
(40,0–85,0) 

63,0 
(46,0–128,0) 

sFasL,  109,0 
(73,0–144,0)† 

92,0 
(61,0–138,0) 

82,0 
(57,0–123,0) 

92,0 
(51,0–136,0) 

IgA,  2,2 (1,7–3,6)* 1,6 (1,3–2,2) 2,2 (1,6–2,8)# 1,8 (1,5–2,0) 

IgE, ME/  497,5 
(285,0–715,0)* 

257,5 
(160,0–500,0) 

510,0 
(285,0–880,0)# 

285,0 
(164,0–390,0) 

IgG,  15,3 (8,9–18,0) 14,6 (10,5–18,0) 13,3 (8,6–18,0) 12,4 (9,5–16,0) 
IgM,  1,4 (1,1–1,8) 1,4 (1,0–2,0) 1,1 (0,8–1,6) 1,0 (0,9–1,6) 

,  6,9 (4,0–14,0)* 2,5 (1,7–4,6) 7,3 (3,5–13,1)# 3,0 (1,5–4,2) 

 –  (25–75%); * – p < 0,05  
; # – p < 0,05  

; † – p < 0,05 .  
 

 IL-8, VEGF -
.  TNF- , 

IFN-  CXCL11 ,  
 

. , -
 IL-1 , IL-6, IL-10.  

-
 CD4+CD25+CD127- , -

,  Fas-  (CD95+), ,  
 CD3+CD95+  CD8+CD95+, -

 sFasL  TNF- , .  
 Ig  Ig , 

,  IgM  
 IgG . -

 Ig  
 (R=0,543, p=0,0002).  

 
 

 
, -

 
, -

.  
 ( , , 1, 

, 1 ,  ( ),  
 CAT- ).  
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,  
 VEGF [90,0 (68,5–163,0) ] 

 [2,4 (2,1–2,9) ]  
(n=16),  (n=26) [39,0 (22,0–93,0) , 
p=0,0259,  2,0 (1,4–2,4) , p=0,0191, ].  
CAT- -

.  CAT  18,0  
(14,0–22,0) ,  – 14,0 (9,0–18,0) 

, p=0,0111.  1,0 (0,0–2,0)  
 3,0 (2,0–3,0) -

 (p=0,0008).  
.  

,  
. -

:  VEGF – 0,375 (p=0,0143),  IgA – 0,325 (p=0,0355),  – 
0,631 (p<0,0001), T – 0,553 (p=0,0001).  

 ROC- . -
-

.  
 

.  
-

 (Y1), -
. 

 
 Y1 –   
; X1 –  VEGF ; X2 –  IgA  

; X3 – ; X4 – -
 CAT- ; exp (  2,718) – . 

  
 0,348. ,   

Y1  0,348,   
12 ,  Y1 > 0,348,  2   

 12 . 
 84,6%,  – 87,5%, -

 – 85,7%, -
 – 77,8%, -

 – 91,7%.  ROC-
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.  ROC- -
 0,863. 

 
,  24 . ,  10 -

 12 (83,3%) ,  
 (10  12, 83,3%) -

. , -
 83,3%. -

 
 Y1  83,3%.  

 
 VEGF [180,0 (83,5–320,0) ] 

 [11,8 (6,2–20,0) ]  (n=20),   
 (n=21) [45,0 (20,0–62,0) , p=0,0021,  

 6,2 (3,9–10,8) , p=0,0294, ].  CAT  
.   

 24,5 (16,5–28,0) ,   
 – 14,0 (9,0–19,0) , p=0,0114.  

VEGF,  CAT .  
,  

: R=0,450 (p=0,0032)  VEGF, 
R=0,399 (p=0,0097) , R=0,491 (p=0,0011) T.  

  
 ROC- . -

-
.  

-
 (Y2), -

.  

 
 Y2 –  
; X1 –  VEGF ; X2 –  

; X3 –  CAT- ; exp (  2,718) – -
.  

  
 0,3991. ,   

Y2  0,3991,  
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12 ,  Y2 > 0,3991,  2   
 12 . 

 81,0%,  
85,0%,  82,9%,  

 81,0%,  
 85,0%.  ROC-  0,869.  

-
,  20 . ,  

11  14 (78,6%) -
; 5  6 (83,3%) . 

 83,3%,  – 78,6%, -
 – 80,0%.  

 
 

 
 

1. ,  
), -

,  
D3+CD8+, CD3+CXCR3+, CCR5+, CD3+CCR5+, CD95+, CD3+CD95+, 

CD8+CD95+, CD4+CD25+CD127-, , -
 CD3+CD4+. -

 8, , , -
 A  E,  [8, 9, 11, 22].  

2.   
  

D3+CD8+, CD3+CXCR3+, CCR5+, 
CD3+CCR5+, CD95+, CD3+CD95+, CD8+CD95+, CD4+CD25+CD127-  

 CD3+CD4+.   
 8, -

,  A  E,  [3, 4, 7, 8, 9, 10, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 25, 26].  

3.  
53,3%. -

, -
D3+CD8+, CXCR3+, CD3+CXCR3+, CCR5+, CD3+CCR5+, 

CD95+, CD3+CD95+, CD8+CD95+, CD4+CD25+CD127-, -
 CD3+CD4+.  
 8, , -
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, , CXCL11,  A  E,  
.  

-
 CD95+, CD3+CD95+, 

CD8+CD95+,  Fas-
, ,  

CD4+CD25+CD127-, ,  [3, 4, 5, 7, 8, 9, 10, 12, 14, 
16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27].  

4. , ,  (2   
)  (0–1 ) 

, -
,  CAT-

.   
 (R=0,375, p=0,0143),  (R=0,325, 

p=0,0355) ,  (R=0,631, 
p<0,0001)  CAT-  (R=0,553, p=0,0001)   

.  
-
  

,  
CAT- .  

 87,5%,  84,6%  
 85,7% [11, 13, 24].  

5. , ,   
(2 )  

  
 (0–1 ) .  

) CAT- . -
 

 (R=0,450, p=0,0032 , 
R=0,399, p=0,0097 , R=0,491, p=0,0011  
CAT- ).  

-
-

 CAT- .  
 85,0%, 

 81,0%,  82,9% [11, 12, 24]. 
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SUMMARY 
 

Kadushkin Aliaksei Gennadevich 
Features of ligand-receptor relationships in population of blood lymphocytes 
and their prognostic role in smoking and non-smoking patients with chronic  

obstructive pulmonary disease  
 

Key words: chronic obstructive pulmonary disease (COPD), exacerbation, risk 
prediction, receptors, ligands, cytokines, C-reactive protein (CRP), lymphocytes, 
flow cytometry, smoking.  

Objective of the research: to establish the patterns of quantitative changes of 
lymphocyte receptors and their ligands in blood of patients with chronic obstructive 
pulmonary disease according to smoking status in order to develop criteria for as-
sessing risk of frequent exacerbations of the disease.  

Methods of the research: flow cytometry, immunoassay, statistical.  
Results and their novelty: it was found that smokers and non-smokers with 

COPD compared with corresponding groups of healthy people had significantly 
higher proportions of lymphocytes with receptor complexes CD3+CD8+, 
CD3+CXCR3+, CCR5+, CD3+CCR5+, CD95+, CD3+CD95+, CD8+CD95+, 
CD4+CD25+CD127- and lower percentage of lymphocytes with receptor complex 
CD3+CD4+. They have increased concentrations of interleukin 8, vascular endotheli-
al growth factor, immunoglobulin A (IgA), IgE and CRP in plasma. Smoking patients 
had lower percentages of lymphocytes with receptor complexes CD95+, 
CD3+CD95+, CD8+CD95+, levels of tumor necrosis factor  and soluble Fas ligand 
and higher proportion of lymphocytes with receptor phenotype CD4+CD25+CD127- 
in peripheral blood than non-smoking patients. The mathematical models predicting 
the risk of frequent exacerbations in smoking and non-smoking patients with COPD 
during 12 months after the examination, which have diagnostic efficacy respectively 
85.7% and 82.9%, were developed.  

Recommendations for use: the data can be used in health care facilities of 
pulmonary and therapeutic profile to assess the risk of COPD exacerbations and in 
the educational process of medical universities.  

Field of application: pulmonology, clinical laboratory diagnostics. 
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