
Clinical Sciences 1

 G ó mez AM et   al. Exercise, Cytokines and Breast Cancer    …    Int J Sports Med 2011;   32: 1 – 7 

IJSM/1868/25.1.2011/Macmillan

■ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. ■

  accepted after revision 
  January 12, 2011  

 Bibliography 
  DOI     http://dx.doi.org/ 
  10.1055/s-0031-1271697   
  Int J Sports Med 2011;   32: 
1 – 7     ©  Georg Thieme
 Verlag KG Stuttgart  ·  New York  
 ISSN 0172-4622 

     Correspondence 
  Prof. Alejandro Lucia   
   Universidad Europea De Madrid 
 Physiology 
 Villaviciosa de Od ó n 
 28670 madrid 
 Spain 
 Tel.:  +    34 / 91 / 6647 800 
 Fax:  +    34 / 91 / 6168 265 
  alejandro.lucia@uem.es   

    Key words  
    ●  ▶    physical activity 
    ●  ▶    infl ammation 
    ●  ▶    tumour 
    ●  ▶    interleukins   

         Exercise Training and Cytokines in Breast Cancer 
Survivors    

stage (III-IV), higher burden, recurrent cancer, 
and metastases have higher pro-infl ammatory 
cytokine levels (e.   g. IL6) than those with stage II 
 [21] , lower burden  [31] , non recurrent cancer 
 [27] , and non-metastatic disease  [4] . The IL8 is 
also associated with breast cancer outcome in 
patients with operable or advanced breast cancer 
 [4,   31] . On the other hand, cytokines are associ-
ated with several cancer and anti-cancer treat-
ment side eff ects, such as decreased quality of 
life during and after treatment, fatigue, depres-
sion, cognitive impairment (especially in women 
survivors of breast cancer), late radiation damage 
or cachexia  [33] . In cancer survivors, infl amma-
tion could be aggravated by the commonly 
adopted sedentary habits  [33] . 
 Observational research indicates that regular 
exercise contributes to decrease death / recurrence 
risk from breast cancer  [18] . There is also evi-
dence from intervention studies supporting that 
regular exercise improves physical function, 
quality of life, and fatigue among survivors of 
several common cancers, particularly breast can-
cer  [18,   32] . Regular exercise can reduce circulat-
ing pro-infl ammatory cytokines in people with 

 Introduction 
  ▼  
 Cytokines are a heterogeneous group of soluble 
small polypeptides and glycoproteins which 
exert pleiotropic and redundant eff ects that pro-
mote growth, diff erentiation and activation of 
normal cells  [5] . Depending on the microenvi-
ronment, cytokines can have pro- or anti-infl am-
matory activities, and immunosuppressive 
activity  [33] . Common chronic diseases, e.   g. car-
diovascular disease and type 2 diabetes are asso-
ciated with a chronic state of systemic 
infl ammation, with elevations in circulating lev-
els of several pro-infl ammatory cytokines, such 
as tumour necrosis factor alpha (TNF α ) and inter-
leukin 6 (IL6)  [6] . 
 Recent clinical and epidemiological fi ndings also 
suggest a strong association between chronic 
infl ammation and some types of cancer  [9] , with 
infl ammation often occurring in and around 
tumors  [11,   33] . Survivors of breast cancer (both 
at diagnosis of the primary site and in metastatic 
disease) have higher levels of circulating cytokines 
and their receptors than their healthy counter-
parts  [4,   19,   21,   31] . Those with higher disease 
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  Abstract 
  ▼  
 The purpose of this randomized controlled 
trial was to determine the eff ects of an 8-week 
(aerobic    +    strength) exercise training program 
(3 sessions / week) on the circulating cytokine 
levels of breast cancer survivors. We randomly 
allocated 16 female survivors of breast cancer 
(mean    ±    SD age: 50    ±    5 years) to an intervention or 
usual care (control) group (N    =    8 in each group). 
The intervention group followed an 8-week 
exercise program consisting of 3 sessions / week 
(session duration: 90   min). We measured the 
levels of the following cytokines before and after 
the intervention: beta-NGF, CTACK, eotaxin, FGF 
basic, G-CSF, gmCSF α , HGF, ICAM1, IFN α 2, IFN γ , 

IL1 α , IL1 ß , IL1ra, IL2, IL2ra, IL3, IL4, IL6, IL7, IL8, 
IL9, IL10, IL12, IL13, IL15, IL16, IL17, IL18, IP10, 
LIF, MCS-F, MIP1 α , MIP1 β , MIF, MCP1, MCP3, 
MIG, PDGF bb, SCF, SCGF β , SDF1 α , TRAIL, TNF α , 
TNF β , VCAM1, and VEGF. We only observed a 
signifi cant interaction (group * time) eff ect for 
CTACK ( P     =    0.016), with mean values remaining 
stable in the intervention group but increasing 
over time in controls. The intervention program 
did not induce a signifi cant decrease in the main 
breast cancer-related cytokines such as IL6 and 
IL8. A combined (aerobic    +    strength) 8-week 
exercise training intervention did not induce 
major changes in the basal cytokine levels of 
breast cancer survivors.         
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chronic conditions, such as cardiovascular disease  [1,   8,   13] , and 
this reduction relates with improvements in aerobic fi tness  [13] . 
Whether the benefi cial eff ects of regular physical exercise in 
cancer survivors are associated with decreased production of 
pro-infl ammatory cytokines remains however to be determined. 
This is a question of medical relevance given the relationship 
between circulating cytokines and cancer symptoms and out-
come. One of the mechanisms responsible for the health benefi ts 
of regular exercise could be the cumulative anti-infl ammatory 
eff ects of repeated exercise bouts. As opposed to the IL6 that is 
primarily released from immune cells, the IL6 that is  transiently  
and  specifi cally  released from contracting skeletal muscle fi bres 
during acute exercise modulates the systemic infl ammation 
response; for instance, by stimulating the appearance in the cir-
culation of other anti-infl ammatory cytokines such as IL-1ra and 
IL-10 while inhibiting the production of the pro-infl ammatory 
cytokine TNF α   [29] . The exercise-induced release of IL10 from 
adipocytes could also have an anti-infl ammatory eff ect  [23] . 
 For the above mentioned reasons, to assess the eff ects of regular 
exercise in the levels of cytokines in breast cancer survivors is of 
medical relevance. The purpose of this randomized controlled 
trial (RCT) was to determine the eff ect of an 8-week exercise 
(aerobic    +    strength) training program on the circulating cytokine 
levels of breast cancer survivors. We determined a large number 
of cytokines (see below) that are potentially involved (i) in 
infl ammation and cellular / humoral immunity (both of which 
are linked with cancer), or (ii) in cancer development and pro-
gression  [33] .   

 Methods 
  ▼   
 Study Design 
 Our study was performed according to ethical standards in sport 
and exercise science research  [14] . Before entering the study, 
informed consent was obtained from each participant and the 
study was approved by the institution Human Investigations 
Committee ( Universidad Europea de Madrid , Spain). Details of 
the present RCT are provided elsewhere  [15] . 20 women survi-
vors of breast cancer were randomly assigned to either a training 
(n    =    10) or usual care (control) group (n    =    10). We measured 
cytokine levels in all the participants at the same time points, 
i.   e., at the start and the end of the intervention period after an 
overnight fast, between 9:00 am and 10:00 am. 2 women from 
each group did not complete the study and thus we could not 
obtain their blood samples after the intervention period. The 
fi nal number of women who were evaluated was n    =    8 in each 
group. In this study we adopted the defi nition of  “ cancer survi-
vor ”  purported by the National Coalition for Cancer Survivor-
ship, i.   e.,    “ from the time of diagnosis until the end of life ”   ( http://
www.canceradvocacy.org ).   

 Participants 
 A preliminary screening for subject selection was performed in 
the medical database of the Oncology Department of the  Hospi-
tal Comarcal Santiago Ap ó stol  (Miranda de Ebro, Spain). After the 
corresponding oncologist provided consent, subjects were 
deemed eligible for the study if they met each of the following 
conditions: i) post-menopausal women surviving breast cancer; 
ii) 2 to 5 years post-treatment; iii) aged 40 to 60 years; iv) physi-
cal activity level: total walking time per week lower than 3 ses-
sions of 30 – 60   min, and performing no strenuous exercise such 

as running, cycling, swimming or resistance training); and v) 
previous anti-cancer treatment consisting of surgery with axil-
lary lymphadenectomy and both post-surgery radiotherapy and 
chemotherapy. Women were excluded from the study if they 
had cardiac disease (New York Heart Association II or greater), 
uncontrolled hypertension (blood pressure     >     160 / 90   mmHg), 
uncontrolled pain, or any other condition that contraindicates 
strenuous exercise training in cancer patients or survivors  [24] , 
e.   g. increased risk of bone fractures, severe anemia (    <    8   g / dL) or 
platelet count lower than 50    ×    10 9  /  μ L. Women with lymphedema 
were also excluded. The main characteristics of the 2 groups at 
baseline (age, body mass index, tumour stage at the time of diag-
nosis, type of treatment, time elapsed after treatment and 
potential recurrences) are shown in       ●  ▶      Table     1  .   

 Intervention 
 Participants in the intervention group followed an 8-week train-
ing program. During this period the women in the usual care 
group followed their usual sedentary lifestyle (total walking 
time per week lower than 3 sessions of 30 – 60   min and perform-
ing no strenuous exercise such as running, cycling, swimming or 
resistance training). All the participants were assessed at the 
same time points before and after the 8-week period. 
 The 8-week exercise training program consisted of 3 weekly, 
individually supervised sessions of 90-min duration each  [15] . 
In brief, each session included stretching (mainly at the start and 
at the end), and resistance and aerobic exercises (in the core 
part). Resistance training included 11 exercises engaging the 
major muscle groups (chest press, shoulder press, leg extension, 
leg curl, leg press, leg calf rise, abdominal crunch, low back 
extension, arm curl, arm extension, and lateral pull-down). The 
loads were gradually increased during the program as detailed 
in Herrero et   al.  [15] . At the start of the program, participants 
performed 2 and one set of exercises for large (e.   g. leg press) and 
small muscle groups (e.   g. arm extension) respectively, at a 
resistance that allowed 12 – 15 repetitions (12 – 15 repetition 
maximum, RM). Thereafter the resistance was individually 
adjusted to allow the completion of 8 – 10 repetitions for 3 sets of 
the large muscle group exercises and 2 sets of the small muscle 
group exercises. As for aerobic exercise, at the beginning of the 
program, participants pedalled on a cycle-ergometer for 20   min 
at 70    %  of the maximal heart rate (HR max  obtained during a pre-
vious exercise test  [15] . The duration and intensity of the ses-
sions was gradually increased, so that the women completed 
30   min of continuous pedalling at 80    %  of HR max  by the end of the 
training program. 
 Basal (morning) blood total creatine kinase levels were meas-
ured every week in the intervention group to ensure that the 
training program did not induce excessive muscle damage  [15] . 
This is an important consideration because exercise-induced 
damage attenuates the release of the IL6 that is specifi cally (and 
transiently) released from working muscles during exercise, and 
which is known to have an anti-infl ammatory eff ect  [29] .   

 Cytokine determination 
 We used the Bio-Plex human cytokine immunoassay (Bio-Rad 
Laboratories Inc., Hercules, CA, USA) for simultaneous quantifi -
cation of the following cytokines (listed in alphabetical order): 
beta nerve growth factor beta-NGF), cutaneous T cell-attracting 
chemokine (CTACK), eotaxin, fi broblast growth factor (FGF) 
basic, granulocyte colony-stimulating factor (G-CSF), granulo-
cyte-macrophage colony-stimulating factor (gmCSF), growth-
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related oncogene (GRO) α , hepatocyte growth factor (HGF), 
inter-cellular adhesion molecule (ICAM)1, interferon (IFN) α 2, 
IFN γ , IL1 α , IL1 ß , IL1ra, IL2, IL2ra, IL3, IL4, IL6, IL7, IL8, IL9, IL10, 
IL12, IL13, IL15, IL16, IL17, IL18, interferon-inducible protein 
(IP)10, leukemia inhibitory factor (LIF), macrophage colony 
stimulating factor (MCS-F), macrophage infl ammatory protein 
(MIP)1 α , MIP1 β , macrophage migration inhibitory factor (MIF), 
monocyte chemotactic protein (MCP)1, MCP3 ,  monokine 
induced by IFN γ  (MIG), platelet-derived growth factor (PDGF) 
bb, stem cell factor (SCF), stem cell growth factor (SCGF) β , stro-
mal cell-derived factor (SDF)1 α , tumour necrosis factor-related 
apoptosis-inducing ligand (TRAIL), TNF α , TNF β , vascular cell 
adhesion molecule  ( VCAM)1, and vascular endothelial growth 
factor (VEGF). We determined all the aforementioned cytokines 
because all of them are involved (i) in infl ammation and cellular /
 humoral immunity (both of which are linked with cancer), or (ii) 
in cancer development and progression  [33] . We also deter-
mined the IL10 / TNF α  ratio because it has been recently postu-
lated as a marker of the intensity of infl ammatory conditions 
 [20] . 
 The assays were performed according to the recommended pro-
cedure. In brief, the premixed standards were reconstituted in 
0.5   ml of culture medium, generating a stock concentration of 
50   000   pg       ·       ml     −    1  for each molecule being measured. The stand-
ard stock was serially diluted in the same culture medium to 
generate 8 points for the standard curve. The assay was per-
formed in a 96-well fi ltration plate supplied with the assay kit. 
Premixed beads (50    μ l) coated with target capture antibodies 
were transferred to each well of the fi lter plate ( ~ 5   000 beads per 
well per cytokine) and washed twice with Bio-Plex wash buff er. 
Premixed standards or samples (50    μ l) were added to each well 
containing washed beads. The samples were used directly with-
out further dilution. The plate was shaken for 30   s and then incu-
bated at room temperature for 30   min with low-speed shaking 
(300   rpm). After incubation and washing, premixed detection 
antibodies (50    μ l, fi nal concentration of 2    μ g       ·       ml     −    1 ) were added 
to each well. The incubation was terminated after shaking for 
10   min at room temperature. After 3 washes, the beads were 
resuspended in 125    μ l of Bio-Plex assay buff er. Beads were read 

on the Bio-Plex suspension array system, and the data were ana-
lyzed using Bio-Plex Manager ™  software (v 3.0) with 5PL curve 
fi tting. All samples were run in duplicate to assess the coeffi  cient 
of variation between samples.   

 Data analysis 
 To assess the eff ect of the training intervention on circulating 
cytokines and on the IL10 / TNF α  ratio, we used a 2-factor [group 
(intervention, control); time (pre-, post-intervention)] analysis 
of variance (ANOVA) with repeated measures for time. For each 
cytokine we reported the  P -value corresponding to the main 
group (between-participants), time (within-participants) and 
interaction (group * time) eff ects. Data are reported as mean    ±    SD 
and the level of signifi cance was set at 0.05.    

 Results 
  ▼  
 The results of the training intervention are detailed elsewhere 
 [15] . Adherence to training averaged 91.1    ±    6.9    %  (all individual 
values     >    82    % ). No major adverse eff ect and no major health 
problem were noted over the 8-week period. Compared with 
women from the usual care group, the exercise intervention 
induced signifi cant improvements in the following outcomes: 
quality of life, estimated muscle mass (mean increase of     +    1   kg; 
95    %  confi dence intervals (CI): 0.25, 1.86), aerobic fi tness (mean 
increase in maximal oxygen uptake (VO 2max ), of     +    3.9   ml / kg / min; 
95    % CI: 0.93, 6.90), muscle dynamic strength (e.   g. mean per-
formance increase in leg press test of     +    17.9   kg; 95    % CI: 12.8, 
22.4), and functional capacity (mean performance improvement 
in sit-stand test of     −    0.67 s; 95    % CI:     −    0.52,     −    1.2). 
 On the other hand, the training program did not induce excessive 
muscle damage in the participants of the intervention group, i.   e., 
their creatine kinase levels were consistently     <    150   IU       ·       l     −    1  after 
the second week of training (      ●  ▶      Table     2  ). 
 The coeffi  cient of variation for all infl ammatory factors we meas-
ured was     <    10    % . Results are shown in       ●  ▶      Table     3  . We only 
observed a signifi cant interaction (group * time) eff ect, i.   e., solely 
attributable to the exercise intervention, for CTACK ( P     =    0.016), 

  Table 1       Main characteristics of 
the 2 study groups. 

   Group  Age 

(years) 

 BMI 

(kg / m 2 ) 

 Disease 

stage at 

diagnosis 

 Type of 

Surgery 

 Chemotherapy 

protocol 

 Time post-

treatment 

(months) 

 Recurrence(s) 

since diagnosis 

    intervention  
   1  53  21.0  I  lumpectomy  CFM  24  no 
   2  49  24.2  I  lumpectomy  CFM  30  no 
   3  44  23.0  I  lumpectomy  CFM  58  no 
   4  61  31.4  II  lumpectomy  CFM  36  no 
   5  51  22.1  II  MRM  A    +    CFM  50  no 
   6  41  23.2  II  MRM  CFM  24  no 
   7  50  22.1  II  RM  CFM  24  no 
   8  51  25.0  II  RM  CFM  45  no 
    control  
   1  50  22.0  I  lumpectomy  CFM  24  no 
   2  51  22.9  II  lumpectomy  CFM  31  no 
   3  44  32.5  I  lumpectomy  CFM  36  no 
   4  51  25.7  I  lumpectomy  CFM  60  no 
   5  48  26.8  I  lumpectomy  CFM  33  no 
   6  41  22.5  II  MRM  A    +    CFM  24  no 
   7  45  22.3  II  MRM  A    +    CFM  30  no 
   8  60  26.7  II  RM  A    +    CFM  45  no 
     All the subjects received radiotherapy. Abbreviations: A (adriamycin), BMI (body mass index), CFM (cyclophosphamide, methotrexate 
and 5-fl uorouracil), MR (radical mastectomy), MRM (modifi ed radical mastectomy)   
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with mean values remaining stable in the intervention group 
but increasing over time in controls. We found a tendency for an 
interaction eff ect to reach statistical signifi cance in IL15 
( P     =    0.058), MIF ( P     =    0.070) and IL10 / TNF α  ratio (P    =    0.064). We 
found no statistical signifi cance (or tendency to reach signifi -
cance) in the rest of cytokines (all P    >    0.1). 
 The results remained the same after adjusting for multiple com-
parisons  [16]  and when adjusting for age and basal levels of 
cytokines.   

 Discussion 
  ▼  
 The main fi nding of our study was that, overall, a combined, 
individually supervised exercise training intervention of 8-week 
duration performed by breast cancer survivors did not induce 
signifi cant changes in circulating cytokines. While keeping in 
mind the low sample size of our study, the intervention program 
in our participants (with stage I-II breast cancer) was not able to 
induce a signifi cant decrease in those cytokines associated with 
breast cancer outcome (with higher levels being associated with 
shorter survival) in patients with operable (stage I-III) (IL8)  [4]  
or advanced (stage IV) breast cancer (IL6 and IL8)  [4,   31] . Neither 
was the training program able to decrease circulating levels of 
the main cytokines with a clear pro-infl ammatory (cell or 
humoral mediated) eff ect (e.   g. most interleukins, TNFs and 
IFNs), or to increase levels of major anti-infl ammatory cytokines 
(e.   g. IL1ra). However, we observed a tendency for the interven-
tion eff ect to decrease the IL10 / TNF α  ratio (P    =    0.064 for the 
interaction eff ect). The latter fi nding might suggest, at least 
partly, that a certain  ‘ anti-infl ammatory ’  eff ect of this interven-
tion cannot be discarded; the IL10 / TNF α  ratio might indeed be 
an indicator of the intensity of infl ammatory conditions  [20] . 
Further research using larger samples might determine if more 
intense or longer exercise interventions are necessary to induce 
a signifi cant anti-infl ammatory benefi t. It could also be that, if 
existing, the anti-infl ammatory eff ects of regular exercise are 
stronger in earlier phases of the disease or in more debilitated 
cancer survivors, i.   e., those with more aggressive tumours /
 treatments. 
 To assess the eff ects of regular exercise in the levels of cytokines 
of breast cancer survivors is of medical relevance given the prog-
nostic signifi cance of cytokine levels in this disease. Tumours 
contain immune cells and a network of pro- and anti-infl amma-
tory cytokines, which collaborate in the development and pro-
gression of cancer  [11,   33] . Pro-infl ammatory cytokines are 
associated with major cancer and treatment related side eff ects 
during and after therapy, including fatigue and  ‘ sickness behav-
iour ’  (by virtue of their ability to enter the brain)  [33] . In cancer 
survivors, infl ammation could be aggravated by the commonly 

adopted sedentary habits  [33] . Our data in fact corroborated the 
existence of a certain  ‘ infl ammatory state ’  in our sedentary 
breast cancer survivors despite the relatively long time ( ~ 3 years 
on average) elapsed after the end of treatment. For instance, 
their IL6 levels were similar to those previously reported in 
women with breast cancer by Salgado et   al.  [31]  (median of 
 ~ 7   pg / ml in both studies) or in patients with infl ammatory con-
ditions such as cardiac disease  [1] . The IL8 levels of our partici-
pants (mean of  ~ 20   pg / ml at the start of the study) fall between 
those reported in operable and metastatic breast cancer respec-
tively  [4] . 
 One of the mechanisms by which regular exercise could exert its 
benefi cial eff ects, particularly in chronic patients, could be the 
cumulative anti-infl ammatory eff ects of frequent exercise bouts. 
During exercise, the working skeletal muscle or the adipose tis-
sue transiently become active endocrine organs able to release 
anti-infl ammatory cytokines such as IL6 (muscle)  [29]  and IL10 
(adipocytes)  [23] . The intensity and volume thresholds that are 
necessary for a training exercise program to decrease infl amma-
tion levels in chronic patients remains however to be deter-
mined, and evidence is needed from RCTs. To date, most 
promising data come from intervention studies in cardiac 
patients, showing reductions in pro-infl ammatory cytokines 
(e.   g. IL1, IL6, INF γ  or TNF α )  [1,   13]  and increases in IL10 after a 
12-week aerobic, moderate ( ~ 60 – 80    % HR max ) training  [13] . 
Decreases in the levels of pro-infl ammatory cytokines correlated 
with increases in the aerobic fi tness of cardiac patients  [1] . In 
contrast, no such anti-infl ammatory training eff ect was observed 
in healthy people undergoing the same intervention  [1] . 
Decreases in pro-infl ammatory cytokine levels (TNF α ) were cor-
roborated in cardiac patients exercised for 4 months  [8] . Data are 
less clear for other chronic conditions. Polak et   al.  [30]  reported 
no signifi cant changes in the blood levels of TNF α  and IL6 of 
obese premenopausal women after a 12-week aerobic program 
of low intensity (50    % VO 2max ). In people with impaired glucose 
tolerance and type 2 diabetes, training induced changes in inter-
leukins were not associated with improved insulin sensitivity 
after training  [28] . Up to now we are unaware of any published 
intervention report on the eff ects of regular exercise in the 
cytokine blood levels of cancer survivors. 
 Data from observational research indicates that regular exercise 
contributes to decreasing the risk of recurrence or death from 
breast cancer  [18] . In animal models, exercise interventions 
show promising results, i.   e., favourable changes in immune cell 
metabolism and improved survival in tumour-bearing rats  [2] , 
or lower infl ammation and reduced potential for colon carcino-
genesis  [10] . Intervention research with breast cancer survivors 
supports that regular exercise signifi cantly attenuates several 
symptoms (e.   g. poor quality of life, fatigue)  [32]  that are associ-
ated with levels of cytokines  [33] . Whether decreased levels of 

  Table 2       Creatine kinase levels 
(as indicators of muscle damage) 
in the intervention group. 

   Subject  Pre-training  Training (week) 

       1  2  3  4  5  6  7  8 

   A  75  63  83  90  93  77  87  81  74 
   B  67  86  72  115  65  75  78  100  63 
   C  137  169  122  112  136  145  101  87  90 
   D  73  138  81  90  115  87  55  64  100 
   E  88  398  67  81  98  53  87  68  73 
   F  86  80  91  115  90  105  116  97  80 
   G  103  109  97  96  108  100  105  93  83 
   H  42  35  54  55  60  81  74  78  71 
     The CK normal range (discarding marked muscle damage) is 0-167 UI / L  [15]    
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pro-infl ammatory cytokines could be one of the causative mech-
anisms that are responsible for the benefi cial eff ects of regular 
exercise with regards to cancer risk or attenuation of cancer 
symptoms remains to be elucidated. Our preliminary data with a 
relatively short-term (8 weeks), moderate training program do 
not support the occurrence of major exercise-induced changes 
in cytokine levels, at least in breast cancer survivors. As such, the 
present data suggest that the documented benefi ts of regular 
exercise after cancer treatment could not be mediated by 
cytokine changes. We only observed a signifi cant interaction 
eff ect for CTACK, and a tendency towards such an eff ect to occur 

for IL15 and MIF. These cytokines decreased during the inter-
vention in the training group and showed the opposite pattern 
in controls. Though preliminary, these data are worth further 
investigation. Though none of these 3 cytokines have a docu-
mented prognostic signifi cance in cancer, they play important, 
potentially benefi cial roles. The CTACK specifi cally binds to 
chemokine receptor 10 (CCR10), and CTACK-CCR10 interactions 
have a pivotal role in T cell-mediated skin infl ammation  [17] . 
Recent research on animal models suggests that CTACK could 
enhance immune responses both at peripheral and at mucosal 
sites  [22] . In vitro and in vivo studies have shown IL-15 to induce 

  Table 3       Blood cytokine profi le (mean    ±    SD) in the study participants. 

   Cytokine (pg / mL)  Intervention Pre-

exercise 

 Intervention Post-

exercise 

 Control Pre-

exercise 

 Control Post-ex-

ercise 

 Group 

eff ect 

 Training 

eff ect 

 Interaction (group * 

training) eff ect 

 BNGF  155.3    ±    68.5  142.0    ±    55.4  161.1    ±    81.6  172.5    ±    65.6  0.540  0.940  0.349 
   CTACK  3   567.4    ±    708.7  3   528.8    ±    933.5  3   207.4    ±    865.3  4   395.5    ±    1   615.3  0.560  0.023  0.016 
   eoxatin  392.0    ±    169.6  415.9    ±    265.5  593.6    ±    210.4  518.1    ±    126.0  0.178  0.628  0.358 
   FGF basic  19.2    ±    31.1  19.9    ±    18.8  17.9    ±    16.9  38.2    ±    31.1  0.450  0.301  0.333 
   G-CSF  49.6    ±    28.9  40.2    ±    18.5  72.7    ±    31.7  55.8    ±    23.5  0.154  0.097  0.620 
   gmCSF  45.9    ±    38.0  42.0    ±    16.8  60.6    ±    31.8  53.6    ±    28.2  0.354  0.598  0.880 
   GRO α   1   958.4    ±    579.2  1   921.4    ±    435.0  1   984.7    ±    656.0  2   102.4    ±    425.4  0.656  0.700  0.462 
   HGF  9   104.1    ±    2   443.6  9   163.9    ±    2   314.7  9   379.4    ±    3   147.2  9   952.8    ±    2   196.9  0.610  0.609  0.678 
   ICAM1  16   464.8    ±    992.4  16   566.2    ±    1   152.1  17   043.9    ±    1   089.3  16   926.9    ±    1   194.7  0.237  0.983  0.763 
   IFN α 2  584.4    ±    94.5  589.9    ±    82.0  597.0    ±    121.5  623.5    ±    83.2  0.572  0.439  0.611 
   IFN γ   302.4    ±    221.8  266.1    ±    115.9  357.5    ±    113.1  340.0    ±    101.9  0.385  0.619  0.861 
   IL1 α   302.8    ±    172.0  278.1    ±    147.0  305.6    ±    177.5  316.9    ±    143.5  0.763  0.851  0.613 
   IL1 β   1.0    ±    1.7  1.0    ±    2.0  0.9    ±    1.2  1.8    ±    1.9  0.71  0.34  0.400 
   IL1ra  245.0    ±    209.0  196.6    ±    103.1  221.3    ±    72.3  258.2    ±    107.1  0.794  0.883  0.294 
   IL2  15.7    ±    14.2  11.0    ±    6.3  18.7    ±    8.5  17.7    ±    7.0  0.277  0.469  0.631 
   IL2ra  1   551.1    ±    546.6  1   494.5    ±    519.9  1   659.4    ±    587.0  1   697.9    ±    530.8  0.508  0.939  0.689 
   IL3  4   373.3    ±    1   134.2  4   667.8    ±    1   592.9  4   573.4    ±    1   374.1  4   668.7    ±    1   043.2  0.840  0.629  0.805 
   IL4  5.5    ±    3.5  5.4    ±    2.0  7.5    ±    2.6  7.1    ±    2.7  0.196  0.741  0.855 
   IL6  16.3    ±    25.9  11.8    ±    14.4  9.9    ±    3.8  13.3    ±    5.2  0.793  0.851  0.237 
   IL7  19.6    ±    11.8  16.1    ±    7.5  21.7    ±    4.5  26.1    ±    10.1  0.216  0.873  0.164 
   IL8  20.2    ±    26.7  21.2    ±    32.4  18.8    ±    9.2  31.8    ±    27.5  0.595  0.356  0.409 
   IL9  104.8    ±      75.8  81.7    ±    36.4  72.8    ±    27.6  119.2    ±    89.5  0.924  0.599  0.136 
   IL10  32.7    ±    35.5  22.2    ±    9.8  23.8    ±    15.5  40.4    ±    34.6  0.711  0.728  0.141 
   IL12  14.9    ±    13.4  17.6    ±    11.9  23.8    ±    7.0  23.7    ±    11.4  0.167  0.767  0.749 
   IL13  11.7    ±    8.9  12.2    ±    6.3  14.6    ±    3.5  15.4    ±    5.0  0.392  0.710  0.947 
   IL15  41.1    ±    25.1  32.3    ±    13.6  35.6    ±    10.6  55.4    ±    25.2  0.353  0.434  0.058 
   IL16  1   970.6    ±    524.8  1   943.9    ±    544.2  2   114.5    ±    686.3  2   160.9    ±    482.8  0.456  0.935  0.762 
   IL17  131.2    ±    95.8  132.4    ±    59.7  134.9    ±    18.4  182.3    ±    85.8  0.426  0.387  0.408 
   IL18  494.1    ±    203.9  493.4    ±    202.3  594.3    ±    413.0  530.1    ±    308.7  0.563  0.573  0.582 
   IP10  2   875.0    ±    1   680.7  2   277.9    ±    1   541.7  2   993.5    ±    731.1  3   375.4    ±    1   926.1  0.475  0.754  0.172 
   LIF  593.4    ±    488.8  599.4    ±    453.0  610.2    ±    495.0  696.4    ±    351.0  0.773  0.645  0.688 
   MIP1 α   39.0    ±    20.0  34.9    ±    10.0  38.1    ±    9.6  50.4    ±    20.3  0.343  0.449  0.142 
   MIP1 β   267.5    ±    69.3  271.1    ±    88.0  302.8    ±    31.2  311.7    ±    74.5  0.262  0.810  0.918 
   MIF  2   473.1    ±    1   798.7  2   112.6    ±    1   201.8  2   148.4    ±    793.0  2   689.3    ±    1   221.5  0.839  0.704  0.070 
   MCP1  225.7    ±    129.6  210.1    ±    155.2  311.9    ±    126.6  312.3    ±    70.8  0.175  0.833  0.824 
   MCP3  804.1    ±    316.9  734.0    ±    232.8  844.6    ±    282.7  873.4    ±    242.7  0.453  0.716  0.388 
   MCSF  2   766.2    ±    875.3  3   217.7    ±    2   262.8  2   590.7    ±    915.2  2   766.6    ±    688.7  0.491  0.564  0.799 
   MIG  2   666.2    ±    1   702.4  2   106.6    ±    804.4  2   796.7    ±    1   516.5  3   118.6    ±    1   996.7  0.401  0.661  0.117 
   PDGF bb  21   206.6    ±    9   998.9  53   925.3    ±    93   318.9  76   938.9    ±    97   485.1  17   987.3    ±    10   220.5  0.721  0.641  0.122 
   SCF  1   800.7    ±    583.7  1   714.0    ±    618.5  1   746.1    ±    711.8  1   884.2    ±    511.8  0.822  0.857  0.434 
   SCGF β   88   487.6    ±    47   792.2  92   225.9    ±    47   949.8  98   009.0    ±    41   542.9  1   16   887.6    ±    46   787.6  0.422  0.162  0.342 
   SDF1 α   2   697.2    ±    953.2  2   515.6    ±    771.0  2   753.1    ±    923.7  2   649.8    ±    857.8  0.798  0.487  0.847 
   TRAIL  4   240.2    ±    1   318.5  4   002.3    ±    1   307.0  4   348.1    ±    1   555.0  4   605.7    ±    1   221.7  0.549  0.971  0.363 
   TNF α   111.3    ±    99.4  107.9    ±    73.0  136.4    ±    27.1  166.6    ±    93.8  0.300  0.610  0.525 
   TNF β   546.8    ±    240.5  577.6    ±    311.8  532.8    ±    247.8  601.6    ±    169.4  0.964  0.406  0.749 
   VCAM1  18   159.4    ±    1   264.8  18   199.0    ±    1   761.4  18   998.7    ±    502.4  18   425.1    ±    1   335.2  0.272  0.564  0.508 
   VEGF  305.4    ±    158.4  287.3    ±    135.0  363.4    ±    67.1  416.6    ±    140.7  0.190  0.651  0.366 
   IL10 / TNF α  ratio  0.32    ±    0.29  0.28    ±    0.22  0.16    ±    0.08  0.23    ±    0.12  0.635  0.419  0.064 
     Footnote: See text for abbreviations   
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a variety of antitumour eff ects, including induction of the activ-
ity of cytotoxic T lymphocytes and lymphokine-activated killer 
cells  [12,   26] . In fact, treatment with a recombinant adenovirus-
associated vector serotype 2 (rAAV2)-IL15 can suppress the 
growth of breast cancer in a xenograft breast cancer model, 
which supports the role of rAAV2-IL15 as a new potential thera-
peutic tool for breast cancer immunotherapy  [36] . Macrophage 
migration inhibitory factor (MIF) is a pleiotropic cytokine and 
mediator of acute and chronic infl ammatory diseases  [7] . It also 
plays a role in carcinogenesis (e.   g., by promoting metastasis and 
angiogenesis) as shown as early as in 1999, when Mitchell and 
colleagues found that it mimics the action of oncogenic RAS pro-
tein  [25] . Its receptor could be a suitable target drug for brain 
tumours  [3] . As for human breast cancer, recent research showed 
a dual role of MIF, i.   e., intracellular expression of MIF in cancer 
cells is benefi cial, whereas extracellular MIF may play a pro-onco-
genic role in promoting cancer cell-stroma interactions  [35] . 
 There are some limitations in our study that should be kept in 
mind although we believe they do not invalidate its scientifi c 
value. Mainly, our results should be taken with caution due to 
the low number of participants we studied, and especially when 
considering that the great individual variability in cytokine val-
ues largely precluded attainment of statistical signifi cance. In 
fact, the observed power for the sample size was low (from 0.10 
to 0.71) which may have masked the true eff ects. A population 
sample of     ≥    16 participants / group would have been desirable. 
On the other hand, compared with the Enzyme-Linked Immuno-
Sorbent Assay (ELISA), the Bioplex system we used might have 
lower sensitivity for the determination of human cytokines, e.   g. 
IL6  [34] . 
 In summary, overall a combined 8-week (aerobic    +    strength) 
exercise training program did not induce major changes in the 
cytokine levels of breast cancer survivors. Further with larger 
samples research might determine if more intense or longer 
interventions are necessary to elicit a signifi cant  ‘ anti-infl am-
matory eff ect ’ . It could also be that survivors suff ering the eff ects 
of more aggressive tumours and therapies (and thus having 
potentially a more severe infl ammation state) are those who 
show signifi cant changes in cytokine levels.   
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