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Methods

To analyse the level of circulating cytokines, Bio-Plex Pro Human cytokine assay (Bio-Rad, Hercules, USA) was used. Table 1 represents the limit of detection of all the 28 cytokines studied. The cytokines that had levels below the detection limit (IL-2, IL-5, IL-6, IL-10, IL-12(p70), IL-15, FGF basic, GM-CSF, IFN-g, and VEGF) were excluded from the study results. To determine the effect of acute exercise on white blood cell counts that were not corrected for plasma volume change in patient group 1 and 2, ANOVA was used. To determine the effect of 10- and 30-minute exercises on absolute cytokine levels, linear mixed model was used. Associations between changes in white blood cell and cytokine levels during and after an acute exercise were examined by Pearson’s correlation. Analyses were performed with GraphPad Prism 8.0 and SAS 9.4.

Results
Immune cell responses to exercise
The number of total leukocytes, neutrophils, lymphocytes, CD3+ T cells, CD4+ T cells, T helper (Th) 2 cells, Th17 cells, regulatory T (Treg) cells, CD8+ T cells, CD4-CD8- T cells, CD56+ natural killer (NK) cells, CD14+CD16+ monocytes, and CD14-CD16+ monocytes increased during a 30-minute exercise in lymphoma patients (Table 2). After the exercise, the number of lymphocytes, monocytes, basophils, and NK cells decreased below baseline. In breast cancer patients, the number of total leukocytes, neutrophils, lymphocytes, monocytes, basophils, CD3+ T cells, CD4+ T cells, Th2 cells, Th17 cells, CD8+ T cells, CD4-CD8- T cells, CD56+ natural killer (NK) cells, CD14+CD16+ monocytes, and CD14-CD16+ monocytes increased during the exercise (Table 3). Moreover, the number of CD19+ B cells decreased below baseline at 30 minutes after the exercise. 

Cytokine responses to exercise
The level of cytokines did not change in response to either 10-minute or 30-minute exercise in lymphoma patients (Table 4). In breast cancer patients, the level of Eotaxin and IP-10 increased significantly more during a 30-minute exercise compared to 10-minute exercise, and the level of MIP-1 decreased more after 30-minute exercise compared to 10-minute exercise (Table 5). 

Correlations between immune cell and cytokine responses to exercise
Figure 1 represents correlations between changes in white blood cells and cytokines from immediately after 10 or 15 min exercise to baseline. Change in IL-1ra level correlated positively with change in CD8+ T cells. Change in IL-4 correlated positively with change in CD19+ B cells and positively with CD56+ NK cells. Change in IL-7 correlated positively with change in basophils and negatively with regulatory T cells. Change in IL-9 correlated negatively with changes in basophils and CD8+ T cells. Change in IL-13 correlated positively with change in neutrophils and negatively with lymphocytes. Change in Eotaxin correlated positively with change in total leukocytes, neutrophils, and monocytes. Change in IP-10 correlated negatively with change in total leukocytes and neutrophils. Change in RANTES correlated negatively with changes in lymphocytes, CD3+ T cells, CD4+ T cells, and CD56+ NK cells. Further, change in TNF-α correlated negatively with changes in CD8+ T cells. (Figure 1) 

Figure 2 represents correlations between changes in white blood cells and cytokines from 30 minutes after exercise to baseline. Change in IL-1ra level correlated negatively with changes in total leukocytes, neutrophils, lymphocytes, and Th1 cells. Change in IL-9 correlated negatively with changes in basophils, CD8+ T cells, CD4-CD8- T cells, and CD56+ NK cells and positively with change in CD19+ B cells. Change in IL-13 correlated negatively with change in basophils. Change in IFN-γ correlated positively with change in CD3+ T cells, CD4+ T cells, CD4-CD8- T cells, and CD56+ NK cells. Change in MCP-1 correlated positively with change in total leukocytes, neutrophils, monocytes, and basophils. Change in PDGF-BB and TNF-α levels correlated positively with change in total leukocytes, neutrophils, and lymphocytes. Moreover, change in MIP-1β correlated positively with change in CD19+ B cells. (Figure 2) 

After multiple correction (p-value set to 0.00017) only the correlations between changes in IL-1ra and lymphocytes from 30 minutes post-exercise to baseline, and changes in IL-9 and CD19+ B cells from 30 minutes post-exercise to baseline remained significant. 


	Table 1. Detection limits for analysed cytokines.
	

	Cytokines
	Limit of detection

	IL-1β
	LLOQ 0.42 - ULOQ 6949

	IL-1ra
	LLOQ 11.21 - ULOQ 183636

	IL-4
	LLOQ 0.27 - ULOQ 4490

	IL-7
	LLOQ 4.15 - ULOQ 68034

	IL-8
	LLOQ 0.88 - ULOQ 14486

	IL-9
	LLOQ 3.73 - ULOQ 61165

	IL-13
	LLOQ 0.37 - ULOQ 6010

	IL-17
	LLOQ 3.11 - ULOQ 51003

	Eotaxin
	LLOQ 0.19 - ULOQ 3121

	G-CSF
	LLOQ 6.38 - ULOQ 104548

	IFN-γ
	LLOQ 1.69 - ULOQ 27687

	IP-10
	LLOQ 1.24 - ULOQ 20342

	MCP-1
	LLOQ 0.54 - ULOQ 8839

	MIP-1α
	LLOQ 0.06 - ULOQ 955

	PDGF-bb
	LLOQ 3.12 - ULOQ 51055

	MIP-1β
	LLOQ 0.42 - ULOQ 6828

	RANTES
	LLOQ 1.24 - ULOQ 20258

	TNF- α
	LLOQ 5.74 - ULOQ 94051

	IL-6
	LLOQ 0.39 - ULOQ 6441

	IL-10
	LLOQ 1.33 - ULOQ 21788

	IL-2
	LLOQ 2.61 - ULOQ 42795

	IL-5
	LLOQ 10.06 - ULOQ 164902

	IL-12(p70)
	LLOQ 1.85 - ULOQ 30344

	IL-15
	LLOQ 22.17 - ULOQ 363292

	FGF basic
	LLOQ 3.46 - ULOQ 56685

	GM-CSF
	LLOQ 0.43 - ULOQ 7062

	VEGF
	LLOQ 11.22 - ULOQ 183821






	Table 2. White blood cells changes during and after acute exercise in participant group 1.
	
	
	
	
	

	
	Baseline
	E15
	E30
	P30
	P60

	Total Leukocytes /µl
	5763 (2183)
	7288 (2404)***
	7350 (2697)***
	5475 (2394)
	5703 (2395)

	Neutrophils /µl
	3546 (1960)
	4483 (2572)**
	4601 (2818)**
	3752 (2514)
	3913 (2498)

	Lymphocytes /µl
	1400 (386)
	1889 (521)***
	1860 (596)**
	1081 (361)*
	1100 (396)*

	Monocytes /µl
	561 (148)
	653 (151)
	624 (165)
	434 (112)**
	469 (140)

	Eosinophils /µl
	189 (136)
	210 (174)
	210 (177)
	169 (147)
	175 (164)

	Basophils /µl
	49 (23)
	49 (21)
	45 (19)
	38 (20)**
	37 (20 )**

	CD3+ /µl
	1095 (442)
	1513 (416)**
	1718 (596)***
	1088 (306)
	1149 (285)

	CD4+ /µl
	594 (241)
	833 (321)**
	948 (362)***
	690 (230)
	733 (251)

	Th1 /µl
	136 (79)
	164 (89)
	172 (98)
	132 (88)
	136 (61)

	Th2 /µl
	127 (85)
	117 (58)
	183 (82)*
	156 (79)
	156 (83)

	Th17 /µl
	40 (36)
	46 (34)
	71 (46)**
	49 (36)
	54 (33)

	Treg /µl
	87 (30)
	116 (56)*
	133 (47)**
	99 (48)
	105 (35)

	CD8+ /µl
	425 (289)
	668 (328)**
	774 (432)***
	426 (187)
	459 (151)

	CD4-CD8- /µl
	29 (16)
	51 (30)
	78 (66)***
	34 (29)
	35 (22)

	CD19+ /µl
	466 (310)
	556 (271)
	541 (314)
	374 (242)
	365 (151)

	CD56+ /µl
	475 (217)
	734 (385)***
	674 (456)**
	362 (289)*
	377 (323)

	CD56+CD16+ /µl
	210 (139)
	366 (191)***
	334 (185)**
	129 (83)*
	127 (86)*

	CD56+CD16- /µl
	266 (100)
	365 (300)**
	336 (329)*
	218 (244)*
	225 (273)

	CD14+CD16- /µl
	252 (163)
	268 (178)
	244 (190)
	229 (136)
	263 (166)

	CD14+CD16+ /µl
	46 (34)
	62 (44)*
	50 (39)
	62 (64)*
	65 (60)*

	CD14-CD16+ /µl
	11 (4)
	16 (6)***
	13 (5)
	11 (7)
	14 (9)*

	E15=15min time point during the exercise, E30=30min time point during the exercise, P30=30min after the exercise, P60=60min after the exercise. Data presented as mean (SD).
*p<0.05, **p<0.01, ***p<0.001 as compared to baseline.
	
	
	
	
	



	Table 3. White blood cells changes during and after acute exercise in participant group 2.
	
	
	
	
	

	
	Baseline
	E15
	E30
	P30
	P60

	Total Leukocytes /µl
	5747 (1546)
	8232 (1673)***
	8200 (1986)***
	5879 (1674)
	5925 (1595)

	Neutrophils /µl
	3378(1186)
	4680 (1533)***
	4825 (1579)***
	3670 (1387)
	3712 (1326)*

	Lymphocytes /µl
	1658 (482)
	2620 (545)***
	2526 (623)***
	1571 (453)
	1575 (500)

	Monocytes /µl
	492 (226)
	661 (274)***
	618 (323)***
	453 (279)
	463 (302)

	Eosinophils /µl
	185 (167)
	211 (154)
	202 (166)
	148 (136)
	158 (121)

	Basophils /µl
	32 (18)
	48 (21)***
	45 (19)***
	37 (15)
	33 (13)

	CD3+ /µl
	1507 (649)
	2202 (854)***
	2070 (810)***
	1671 (732)
	1535 (698)

	CD4+ /µl
	979 (517)
	1344 (642)***
	1275 (640)***
	1042 (503)
	985 (501)

	Th1 /µl
	257 (327)
	315 (323)
	299 (344)
	345 (626)
	188 (207)

	Th2 /µl
	164 (161)
	227 (180)***
	209 (136)
	188 (157)
	170 (125)

	Th17 /µl
	44 (38)
	64 (53)***
	57 (39)*
	49 (45)
	41 (35)

	Treg /µl
	31 (26)
	36 (39)
	39 (35)
	40 (47)
	29 (35)

	CD8+ /µl
	460 (277)
	746 (500)***
	695 (440)***
	557 (339)
	486 (332)

	CD4-CD8- /µl
	51 (37)
	83 (70)***
	74 (53)**
	55 (46)
	47 (35)

	CD19+ /µl
	551 (670)
	625 (395)
	597 (504)
	424 (349)*
	442 (405)

	CD56+ /µl
	398 (301)
	927 (468)***
	994 (597)***
	280 (201)
	336 (250)

	CD56+CD16+ /µl
	208 (150)
	625 (341)***
	682 (452)***
	147 (90)
	168 (106)

	CD56+CD16- /µl
	187 (252)
	296 (309)**
	306 (314)***
	133 (153)
	162 (199)

	CD14+CD16- /µl
	84 (168)
	102 (199)
	106 (229)
	85 (208)
	106 (243)

	CD14+CD16+ /µl
	20 (33)
	30 (51)*
	29 (55)*
	22 (44)
	23 (47)

	CD14-CD16+ /µl
	8 (10)
	12 (14)*
	13 (19)**
	8 (11)
	8 (10)

	E15=15min time point during the exercise, E30=30min time point during the exercise, P30=30min after the exercise, P60=60min after the exercise. Data presented as mean (SD).
*p<0.05, **p<0.01, ***p<0.001 as compared to baseline.
	
	
	
	
	




	Table 4. Blood cytokine level responses to 10- and 30-minute exercises in participant group 1.
	
	

	
	
Baseline
(pg/ml)
	
Exercise
(pg/ml)
	
30 min Post
(pg/ml)
	
p-values

	
	
	
	
	group  time  group*time

	                   10 min
	0.7 (1.1)
	0.4 (0.2)
	0.5 (0.4)
	

	IL-1b                              
	
	
	
	0.971     0.467     0.672

	                   30 min
	0.5 (0.7)
	0.5 (0.7)
	0.5 (0.7)
	

	                   10 min
	114 (134)
	117 (152)
	100 (125)
	

	IL-1ra                             
	
	
	
	0.589     0.914     0.172

	                   30 min
	65 (119)
	68 (125)
	87 (134)
	

	                   10 min
	1.6 (0.9)
	1.6 (0.9)
	1.6 (1.3)
	

	IL-4                                
	
	
	
	0.544     0.967     0.874

	                   30 min
	1.9 (0.7)
	1.8 (0.7)
	1.9 (0.6)
	

	                   10 min
	6.8 (9.1)
	5.1 (4.0)
	4.5 (3.3)
	

	IL-7                                
	
	
	
	0.208     0.639     0.503

	                   30 min
	3.0 (1.3)
	3.0 (1.3)
	3.3 (1.4)
	

	                   10 min
	6.3 (3.9)
	6.3 (3.8)
	6.5 (3.6)
	

	IL-8                                
	
	
	
	0.060     0.287     0.492

	                   30 min
	11 (3.4)
	10 (4.0)
	11 (4.3)
	

	                   10 min
	589 (66)
	575 (43)
	568 (51)
	

	IL-9                               
	
	
	
	0.001    0.606     0.343

	                   30 min
	482 (29)
	491 (32)
	485 (44)
	

	                   10 min
	0.3 (0.6)
	0.3 (0.3)
	0.3 (0.3)
	

	IL-13                              
	
	
	
	0.550     0.174     0.175

	                   30 min
	0.2 (0.04)
	0.4 (0.4)
	0.9 (1.2)
	

	                   10 min
	4.9 (2.1)
	5.7 (1.6)
	6.0 (2.6)
	

	IL-17                              
	
	
	
	0.747     0.262     0.778

	                   30 min
	5.5 (1.6)
	5.8 (1.0)
	6.0 (1.5)
	

	                   10 min
	72 (51)
	73 (50)
	75 (63)
	

	Eotaxin                          
	
	
	
	0.912     0.964    0.856

	                   30 min
	76 (29)
	76 (28)
	75 (22)
	

	                   10 min
	107 (83)
	101 (76)
	95 (92)
	

	G-CSF                            
	
	
	
	0.791     0.799     0.659

	                   30 min
	95 (71)
	95 (68)
	93 (70)
	

	                   10 min
	8.9 (3.6)
	8.4 (4.7)
	8.9 (3.2)
	

	IFN-γ                             
	
	
	
	0.501     0.939     0.727

	                   30 min
	7.5 (4.0)
	7.6 (3.8)
	7.1 (4.1)
	

	                   10 min
	260 (205)
	292 (233)
	265 (224)
	

	IP-10                              
	
	
	
	0.442     0.265     0.505

	                   30 min
	378 (297)
	391 (310)
	396 (374)
	

	                   10 min
	15 (14)
	12 (13)
	23 (11)
	

	MCP-1                           
	
	
	
	0.164    0.174    0.679

	                   30 min
	23 (11)
	19 (8.2)
	23 (14)
	

	                   10 min
	1.8 (1.1)
	1.7 (1.2)
	1.7 (1.2)
	

	MIP-1α                           
	
	
	
	0.740     0.081     0.118

	                   30 min
	1.6 (1.2)
	1.6 (1.3)
	1.4 (1.1)
	

	                  10 min
	976 (546)
	1032 (695)
	952 (528)
	

	PDGF-BB                       
	
	
	
	0.480    0.920     0.880

	                  30 min
	1186 (542)
	1185 (569)
	1195 (550)
	

	                  10 min
	299 (18)
	302 (18)
	292 (28)
	

	MIP-1                            
	
	
	
	0.053    0.754    0.229

	                  30 min
	275 (18)
	271 (26)
	276 (29)
	

	                  10 min
	3406 (509)
	3305 (477)
	3343 (506)
	

	RANTES                       
	
	
	
	0.040    0.136    0.235

	                  30 min
	3858 (442)
	3701 (458)
	4050 (531)
	

	                  10 min
	107 (14)
	113 (21)
	108 (23)
	

	TNF-α                            
	
	
	
	0.173     0.515   0.217

	                  30 min
	101 (17)
	97 (13)
	96 (7.0)
	

	Data presented as mean (SD). 






	Table 5. Blood cytokine level responses to 10- and 30-minute exercises in participant group 2.
	
	

	
	
Baseline
(pg/ml)
	
Exercise
(pg/ml)
	
30 min Post
(pg/ml)
	
p-values

	
	
	
	
	group  time  group*time

	                   10 min
	3.0 (8.0)
	3.3 (8.0)
	2.8 (7.0)
	

	IL-1b                              
	
	
	
	0.140     0.020     0.627

	                   30 min
	0.4 (0.3)
	0.5 (0.5)
	0.3 (0.2)
	

	                   10 min
	61 (57)
	76 (69)
	70 (64)
	

	IL-1ra                             
	
	
	
	0.311     0.169     0.741

	                   30 min
	82 (79)
	115 (142)
	105 (180)
	

	                   10 min
	1.3 (0.7)
	1.3 (0.7)
	1.0 (0.6)
	

	IL-4                                
	
	
	
	0.009     0.024     0.545

	                   30 min
	2.0 (1.2)
	2.2 (1.5)
	1.9 (1.1)
	

	                   10 min
	11 (10)
	13 (15)
	11 (11)
	

	IL-7                                
	
	
	
	0.023     0.066     0.442

	                   30 min
	4.1 (4.8)
	4.9 (5.8)
	4.5 (5.3)
	

	                   10 min
	3.4 (1.8)
	2.9 (2.9)
	2.7 (2.0)
	

	IL-8                                
	
	
	
	0.0001   0.179    0.947

	                   30 min
	11 (9.3)
	11 (7.0)
	10 (8.9)
	

	                   10 min
	335 (124)
	344 (136)
	333 (127)
	

	IL-9                               
	
	
	
	<0.0001    0.038    0.102

	                   30 min
	763 (232)
	756 (248)
	698 (253)
	

	                   10 min
	1.6 (2.3)
	1.5 (2.0)
	1.3 (1.9)
	

	IL-13                              
	
	
	
	0.050      0.062    0.500

	                   30 min
	0.5 (0.6)
	0.7 (0.8)
	0.3 (0.3)
	

	                   10 min
	2.2 (2.1)
	2.5 (1.9)
	2.1 (1.3)
	

	IL-17                              
	
	
	
	0.886     0.358     0.582

	                   30 min
	2.6 (1.3)
	2.3 (1.7)
	2.1 (1.7)
	

	                   10 min
	57 (23)
	60 (24)
	56 (20)
	

	Eotaxin                          
	
	
	
	<0.0001  <0.0001  0.004

	                   30 min
	105 (42)^^^
	123 (56)***,^^^
	104 (42)^^^
	

	                   10 min
	103 (176)
	108 (180)
	99 (167)
	

	G-CSF                            
	
	
	
	0.271     0.064     0.532

	                   30 min
	63 (48)
	59 (53)
	49 (49)
	

	                   10 min
	3.6 (3.6)
	3.3 (3.5)
	3.2 (3.3)
	

	IFN-γ                             
	
	
	
	0.013     0.286     0.310

	                   30 min
	6.5 (4.1)
	7.5 (5.8)
	5.9 (5.0)
	

	                   10 min
	123 (48)
	128 (60)
	125 (54)
	

	IP-10                              
	
	
	
	<0.0001   0.0002   0.001

	                   30 min
	390 (203)^^^
	468 (275)***,^^^
	397 (225)^^^
	

	                   10 min
	11 (7.9)
	11 (6.4)
	9.3 (5.2)
	

	MCP-1                           
	
	
	
	<0.0001    0.699    0.731

	                   30 min
	33 (20)
	31 (22)
	31 (20)
	

	                   10 min
	1.3 (0.6)
	1.3 (0.6)
	1.2 (0.6)
	

	MIP-1α                           
	
	
	
	0.314     0.003     0.611

	                   30 min
	1.0 (0.8)
	1.2 (1.0)
	0.9 (0.9)
	

	                  10 min
	813 (418)
	847 (459)
	746 (426)
	

	PDGF-BB                       
	
	
	
	<0.0001   0.002     0.063

	                  30 min
	2039 (982)
	2052 (1004)
	1641 (767)
	

	                  10 min
	168 (22)
	163 (29)
	166 (20)
	

	MIP-1                           
	
	
	
	 <0.0001   0.013    0.021

	                  30 min
	422 (123)^^^
	411 (128)^^^
	395 (126)***,^^^
	

	                  10 min
	4281 (776)
	4335 (1059)
	4256 (705)
	

	RANTES                       
	
	
	
	<0.0001    0.442    0.208

	                  30 min
	6750 (1687)
	6392 (1529)
	6608 (1439)
	

	                  10 min
	118 (18)
	121 (24)
	111 (16)
	

	TNF-α                           
	
	
	
	<0.0001    0.0003   0.190

	                  30 min
	185 (45)
	183 (45)
	165 (48)
	

	Data presented as mean (SD).  ***p<0.001 change from baseline. ^^^p<0.001 between groups.
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Figure 1. Heatmap of correlations between white blood cell and cytokine level responses during an acute 10-15-minute exercise. *p<0.05;**p<0.01. 
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Figure 2. Heatmap of correlations between white blood cell and cytokine level responses at 30-minutes after an acute 10-15-minute exercise. *p<0.05;**p<0.01;***p<0.001. 
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