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ABSTRACT
JACOB M. ALLEN: The Effects of a Single Bout of R&snce Exercise on Inflammatory
Markers in Breast Cancer Survivors
(Under the direction of Anthony C. Hackney, PhD.Sc.)

This study examined the effect of resistance egerlRE) on the acute responses of
three inflammatory cytokines (Interleukin 6 [IL-8hterleukin 10 [IL-10], Tumor Necrosis
Factore [TNF-a]) in breast cancer survivors. Breast cancer sarsi(BCS) (n = 4) and
healthy age, matched controls (C) (n=8) compléeteekt sets of four exercises at 70% of one-
repetition max. Blood samples were collected pifoe), immediately after (ImP), 2 hours
after (2P) and 24 hours after (24P) exercise bdaoitdifferences were observed between
groups for each cytokine at each time point afkerese. However, the RE did cause a
significant upregulation in IL-6 at 2P (p=0.027)daa significant downregulation of TNd-
at 24P in both groups (p=0.011). These findinggysst that no difference exists in

resistance exercise inflammatory response betw&hdhd C, and that RE may promote an

anti-inflammatory response into recovery, as ewigerby the reduction in TNé&-at 24P.



ACKNOWLEDGEMENTS

Throughout the course of completing this thesiggve had the support and
motivation from numerous individuals, and withdoit help, this study could not have been
possible. First and foremost, | would like to exgzréhanks to my advisor, Dr. Anthony
Hackney, for his scientific expertise and motiva#bskills that gave me the guidance and
perseverance that | needed throughout this prdjaciuld also like to recognize and thank
my thesis committee members, Dr. Claudio Battagiimd Dr. Elizabeth Evans. Dr.
Battaglini was key in participant recruitment, vehdlso providing important direction,
expertise and inspiration when needed most. Medawbi. Evans provided ample support
in reviewing my thesis, as well as critical adviteging the formulation of the IRB
document. Not to be overlooked, | would also likghank the participants in this study
whom took significant time out of their day to help with our research. Without their
dedication and willingness to lend a hand in canesearch, this project would have not
have been possible. Finally, | would like to exgrasy gratitude to my fellow classmate,
researcher and friend, Rachel Graff, who was aepmianal asset to our research team, as

her hard work and enthusiasm made her the ‘engigleind the completion of this project.



TABLE OF CONTENTS

Page

LIST OF TABLES. .. .. et ee e WV

LIST OF FIGURES. .. ...ttt e e e e et e e e e e nIX

Chapter

BASIS FOR STUDY ... e

INErOTUCTION. .. . e e e e e e e e 1
Statement of PUIPOSE........cc.uiiiiii i e e 4
LIMItAtIONS . . 4
DeliMItatioNS. .« e e 5

Significance of Study............coo i D

REVIEW OF LITERATURE.......co il €

INtrOAUCHION ... e et e e e e e e e e e e e T

INtEIIEUKIN- B. ..o e e e e e e e e 8

Cytokine Interactions and Temporal Responses todSee.. .........15
Acute Inflammatory Responses to Resistance Exercise.......... 18
Inflammation and Cancer.............coccviiiii i 25
The Inflammatory Response to Exercise in Cancevigars........... 27

SUMMAIY ... e e e e e e et e e e e e e e e eaes 29



Il. METHODOLOGY ...ttt e e e e e e et 31
SUDJECES. .. e 31
RecCruitment...... ..o e 32
INStrumeNntation...........o.oevie i e e e a2 32
General ProCedUIes. .. .......oviui it e e 33
Statistical AnalySes.........cccoviiiiiiiiiiii .. 36
HYPOTNESES. ... e e e 37
Subject CharacteristiCS.........ooviii i e e 39
Strength ASSESSMENTS. .. ..oi it e e 39
Plasma Volume Shifts.............cocoiii e 22040
Plasma Cytokine Concentrations...........c..coovvviiiiemnenveniennns. 40

TN 41

COMtISOL. .. et e e 42

(0] 150 ] AN S T 1 I P 57

V. DISCUSSION. ..o e e e e 0 A4
INtrOdUCTION... e e 44

Cytokine Interactions and Inflammatory Responses
t0 ReSIStanCe EXErCISE......ovi it e e e 51

Vi



Implications for Cancer Survivors and Future Dit@as................... 54

Limitations of study..........coooiiiiiiiii DT

VI. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS............. 59

CONCIUSIONS ... ¢t e e e e e 60
APPENDICES

A. Informed Consent Form (Breast Cancer Survivors)............ 62

B. Informed Consent Form (Healthy Controls).....w.............70

C. Medical History QUeStioNNaire..........c.ccoevevviiiiiiiiieeeeeene 78
D. HIP A A e 83
E. Consent for Storing Biological Specimens...............c........ 86

F. Laboratory Visit Appointment Reminder...........................91

G. Perceived Stress Scale FOrm...........coooooviiiiii i e, 93
H. Data Collection From-VisitS..........ccoviiiiiiiiiiiii e 94
I. Data Collection FOrm-ViSitS.........ccoveuiieiieiie i e e, 95
J. INfOrMatioN... .o e 96

vii



Table

LIST OF TABLES

. Subject CharaCteriStiCS. .. ....ouuieiie it e e e e 03D
. Strength ASSESSMENTS. ... i e e e e 40
. Plasma Volume ShiftS..........ccooiiiiii e 240
. CYtOKING RESPONSES. ...ttt ittt e e e e e e eeees 41
o COMtISOl REPONSES e ettt e e e e e et e e e e e e e e 42

. Peak Change (Cortisol) vs. Peak Change (IL-6)..........ccceeiviiiiiiinnnn. 42

viii



LIST OF FIGURES
Figure
1. Protocol TIMeIINE. .. ... e e e e e
2. Blood Draw TIMelNe. .. ... .o e e

3. CYtoKINe INTEraCtioNS. ... .. ettt e e e e e



CHAPTER |
BASIS FOR STUDY
Introduction:

Chronic degenerative diseases, such as cancearftanecharacterized by the presence
of chronic low-grade inflammation (Lira et al., Z)0Cancer-related inflammation initiates
the proliferation and survival of malignant ceflspmotes angiogenesis and metastasis,
disrupts immune responses, modifies responsesrtodmes, and ultimately leads to a
reduced chance of survival (Mantovani et al., 20®8rce et al., 2009). Low-grade
inflammation is also associated with numerous negatymptoms of cancer, including but
not limited to: fatigue, cachexia, pain, depressiad increased treatment toxicity (Seruga et
al., 2008). In addition to the independent actibthe disease, chemotherapy and radiation
treatments are likely to augment the inflammat@sponse and thus contribute to the
worsening of many symptoms (Balkwill & MantovanQ@.; Pederson & Saltin, 2006;
Seruga et al., 2008). Accordingly, cancer patiant$ survivors are in need of treatments
and therapies that alleviate inflammation as welihee negative ailments associated with the
disease (Battaglini et al., 2012).

Physical exercise has been presented as an adeegtabeffective method for
improving symptoms and possibly reducing chronflammation in cancer patients and
survivors (Battaglini et al., 2006; Courneya et 2007; Seruga et al., 2008). Moreover, the

ability of exercise to improve muscle strength dearespiratory capacity, functional



movement and quality of life in breast cancer papahs is well founded (Al-Majid &
Waters, 2008; Courneya et al., 2003; Courneya e2@0D7).

While most of the current research has focuseaenabic exercise, resistance
exercise has also been shown to have encourada@sein cancer populations. Resistance
training can increase lean body mass, as well ppowe muscle function and strength in
breast cancer survivors (Courneya et al., 2007m8ehet al., 2005). Additionally, studies
have shown benefits of resistance exercise innggatir even reversing the effects cancer
related muscle wasting (Galvao et al., 2006; Segal., 2003). Furthermore, resistance
training may be effective to ‘prevent and delayvigrade systemic inflammatory related
diseases (Calle & Fernandez, 2010; Phillips e28éll0). As a result of these encouraging
studies, resistance exercise is being implementae frequently in cancer exercise
programs (Battaglini et al., 2006).

In order to optimize the use of resistance exeicigancer survivors, it is necessary
to understand the acute physiological perturbatiassincovering these phenomena will
provide a better understanding to the time coufseamvery from exercise. Furthermore,
the long-term effect of exercise may to some exterdttributed to the anti-inflammatory
response elicited by acute exercise sessions (Mé&tRederson, 2008). Therefore, the acute
inflammatory response to resistance exercise, whashnot been investigated extensively in
cancer survivors, is an important concept to exglor

Acute, post-exercise inflammation is defined byigate interactions between
cytokines, catabolic hormones, acute phase proégidsmmune cells which ultimately lead
to variability in the internal endocrine and panaemilieu (Nieman, 2003; Pederson, 2000).

The oscillations of each of these signaling comptsare influential in the overall



inflammatory state. Notably, the benefits of exeecare thought to arise partially from a
larger systemic anti-inflammatory rather than prifammatory response (Peterson &
Pederson, 2005). The initiation of an anti-inflaatary response, directed predominantly by
cytokines, inhibits extensive proliferation of imneicells, impedes the production of
proteins responsible for proteolysis, and ultimagstablishes a more optimal milieu for
recovery (Peterson & Pederson, 2006). Moreoveratie anti-inflammatory response has
been hypothesized to contribute to the long-termebts of exercise (Peterson & Pederson,
2006).

The acute effects of exercise, however, are naaydvencouraging. Researchers have
showed that intense exercise, prolonged exerciseaycise in an immunosuppressed state,
can induce a pro-inflammatory state, eventual imosuppression, and thus inadequate
recovery from exercise (Nieman, 1998; Smith, 2000)s phenomenon is partially described
by the “open window” theory, which is understoodagseriod of time after exercise in which
an individual may be subject to increased risknééction due to a depression in immune
function (Nieman, 1998). Hence, if subsequent a@gersessions take place during this “open
window”, further immunosuppression is likely to ac§Nieman, 1998). Other theories also
provided support the possible negative effectsxef@se. The overtraining syndrome (OTS),
described by ‘excessive training’ and ‘deteriorgtiasults’, supports that exercise in an
hyper-inflamed state will initiate a ‘survival’ ngsnse rather an ‘adaptive’ response (Smith,
2000). It is hypothesized that OTS is coordinatggto- and anti-inflammatory cytokines,
and that the summation of acute interactions wdppgate into lasting effects (Smith, 2000).

As a population that often experiences chroni@mfihation and immunosuppression,

cancer survivors are in need of programs that ifggroot hinder inflammatory issues.



Therefore, deliberating the interplay between tppasing inflammatory responses in the
acute state remains a principal concern in detengitne overall response to exercise. In
turn, exercise protocols and programs for cancesisars can be implemented in a more
comprehensible and coordinated fashion.

Purpose:

The purpose of this study was to investigate theeaimflammatory response to
resistance exercise in breast cancer survivorsacEomplish this, the extent and time course
of exercise induced cytokines (IL-6, TNFand IL-10) released into the plasma were
observed. These observations will help elucidateonly isolated cytokine changes from
exercise, but also the interactions amongst theseips. To understand how the
inflammatory response may differ in cancer surnsy@ost-exercise cytokine dynamics were
compared between two groups (cancer survivorsedtty age-matched participants).
Uncovering the acute inflammatory responses magbexplain whether there is a
difference between healthy controls and cancenwnwin the recovery from exercise. In
turn, exercise protocols and programs for cancesisurs can be implemented in a more
comprehensible and coordinated fashion. As an exfaly purpose, the effect of resistance
exercise on the major catabolic hormone, cortisak determined. Cortisol release has also
been strongly associated with the cytokine IL-Gtealy, this study examined any
correlative function that may exist between thes#oerine components.

Limitations
1. The findings are applicable to post-menopausal wome
2. Cancer survivors’ or healthy controls exercisenirag prior to treatment was not

accounted for.



3. Changes in cytokines were measured only in thedbldbere was no other

measurements to verify local cytokine changes. (dugcle or Leukocyte mRNA)
Delimitations

1. Emotional stress levels were assessed with a guesire before each exercise
session.

2. Subjects were asked to refrain from eating 2 hpums to exercise session to avoid
nutritional alterations in inflammation.

3. There was no strenuous activity within 24 hourthefexercise session.

4. No NSAIDS (non-steroidal anti-inflammatory), caffej or alcohol was consumed
within 24 hours of exercise session.

5. No subjects with range of motion issues or withnieehanical deficiencies were
allowed to participate in the study.

Significance of Study

This study will help to elucidate how inflammatimnacutely altered after resistance
exercise. Few studies to date have examined tlfles¢san cancer survivors. This is
especially significant in cancer survivors who ia@ined to chronic inflammation
and immunosuppression. If alterations in cytokiaed cortisol are evident after the
resistance exercise bout, then careful analydiseofype and time course of the
inflammation will help clarify how and when the gatts are recovering from the exercise
session.

This is particularly significant if a pro-inflamnaaty state exists for an extensive time
period following exercise. A chronic, low-grade pnflammatory state initiated by intense,

acute exercise will hamper ample recovery andlikély initiate an immunosuppressed



state. Thus, if a subsequent exercise or any sthEmuous activity were to be undertaken, it
may hinder the ability of a participant to recofrem the exercise session and/or cause
further inflammation or immunosuppression. On thetrary, if an anti-inflammatory or an
absence of an inflammatory response is observed,ittmay be assumed that the cancer
survivors are responding encouragingly to the egersession.

Overall, understanding the acute effects of inflaation after resistance exercise will
help ascertain what could be some of the necegsamgral guidelines for cancer exercise
programs. This will be accomplished by recognizimg alterations in inflammation after

exercise.



CHAPTER I
LITERATURE REVIEW

Research throughout the past two decades has deatedghat exercise induces
extensive, yet varying changes in the immune sy¢Mieman, 1994; Pederson & Febbraio,
2008). While moderate exercise may improve immumetion, strenuous exercise elicits
enhanced recruitment of immune and inflammatoryiatets, which over time, may cause a
suppression in immunity leading to increased sugué{y to infections (Nieman, 1994;
Suzuki et al., 2002). As mediators of these phemameytokines released into the
circulation have been a recent emphasis for reseescThus, understanding the interactions
between exercise and cytokines provides a unigpergymity to evaluate a portion of the
underlying endocrine and immune mechanisms dunmlgadter exercise. Moreover, since
this investigation was aimed to describe the effetexercise in cancer survivors,
uncovering how inflammation elicits adverse sympdtogy and poor prognosis in cancer
survivors is an important concept to review.

Cytokines are proteins secreted by the immunesysind a host of other cells that
function as the key contributors to immunity anflammation (Abbas et al., 2007; Smith,
2000). Cytokines are divided into several familieserleukins (IL), tumor necrosis factors
(TNFs), interferons, growth factors, colony stintirg factors (CSFs), and cell adhesion
molecules (Abbas et al., 2007). These proteinsedeased from immune cells in response to

pathological stimuli; thus they have strong rolesip-regulation of certain immune



parameters (Abbas et al., 2007; Pederson, 2000k Maently, researchers have linked
systemic cytokine production to a multitude of ¢gfiles (muscle, adipose and nervous) not
associated with the immune system (Pederson & &ei#008). This extra-immune
production is also important to consider when renrg post-exercise cytokine dynamics
and inflammation.

The major cytokines that are released during egericiclude, but are not limited to:
Interleukin-6 (IL-6), Tumor necrosis factar(TNF-a) and Interleukin-10 (IL-10) (Peterson
& Pederson, 2005). The production and interactafrthese proteins have been discussed
extensively in some contexts, yet the relationshgge not been thoroughly studied in
exercise oncology. In order to better describertihes of inflammation in exercise and
cancer pathology, this review of literature wilisti attempt to unravel the actions of these
signaling components in governing metabolic, enidecand immune function. Next the
effect of exercise on the cytokine dynamics willdiecidated. Finally, this review will
attempt to portray these components in the comtesancer pathogenesis.

Interleukin-6

Interleukin-6 (IL-6) is a pleiotropic cytokine thlas multiple roles in immunity and
metabolism (Ostrowski et al., 1999; Pederson, 2000¢ roles of IL-6 are sometimes
conflicting. IL-6 has been implicated as both a @na anti-inflammatory cytokine
(Ostrowski et al., 1999, Peterson & Pederson 2(&thermore, the protein has been noted
as being essential for muscle synthesis, yet dyraaplicated in muscle atrophy (Haddad et
al., 2004; Serrano et al., 2008). For this revikw6 will be discussed for its role in
metabolism and muscle anabolism/catabolism. InteagilL-6 will be examined as a strong

influencer of other inflammatory cytokines. Lastllye role of IL-6 as a muscle-induced



cytokine (myokine) will be introduced. Application$IL-6 to cancer will be discussed in
subsequent sections.

IL-6 has shown to have systemic effects on metaboés it has shown to increase
glycogenesis, glucose uptake, lactate productadty acid uptake/oxidation and hepatic
glucose production (Glund and Krook, 2008). Thigahelic control is thought to arise
partially from the interaction between IL-6 and gbaorticoids, namely cortisol (Steensberg
et al., 2003). IL-6 can stimulate cortisol prodantthrough multiple pathways. IL-6 initiates
cortisol production through a direct stimulatorfeet on the hypothalamic-pituitary-
adrenocortical (HPA) axis and the adrenal cortesh{&lbe et al., 1994). Cortisol has a well-
documented role as a catabolic hormone; thus leaahihty to initiate the depletion of
glycogen, fat and protein for use by the cell (N@enet al., 2004). The interaction between
IL-6 and cortisol is important to consider wheniesving IL-6 and its effects on metabolism.

IL-6 also has a major role in the systemic regatabtf other cytokines. IL-6 has the
ability to inhibit pro-inflammatory cytokines TNé&-and Interleukin-1 (IL-1) in serum
(Peterson & Pederson, 2005). Additionally, IL-6rsilates the production of anti-
inflammatory cytokines, Interleukin 10 (IL-10) ahderleukin 1-receptor antagonist (IL-
1ra). The ability to suppress pro-inflammatory &ypes and produce anti-inflammatory
cytokines suggests IL-6 can directly affect an-arftammatory state (Peterson & Pederson,
2005). Starkie et al. (2003) were the first to lelssh that exercise-induced IL-6 may have a
modulating effect on other cytokines in humans.seheesearchers monitored endotoxin
induced TNFe production after aerobic exercise and after iilugf recombinant IL-6.

They found that groups that exercised or that wdtesed with recombinant IL-6 had

suppressed levels of TNFeompared to the group that rested (Starkie e2@03). This



initial finding suggested that IL-6 may have a gowmeg role in immune function during and
after exercise.

Before the early 2000’s, the prevailing theory et systemic production of IL-6
was a consequence of an immune cell infiltratiodarhaged skeletal muscle and subsequent
release of cytokines into the serum (Nehlsen-Célaagtal., 1997; Nieman et al., 1998).
However, others theorized that muscle itself mlghtesponsible for the release of IL-6
(Pederson, 2000). This was confirmed when Steegsiel. (2000) linked the increase in
plasma levels of the cytokine to contracting sleletuscle. The researchers accomplished
this by comparing arterial IL-6 concentrations betw an exercising and non-exercising
limb. The exercising limb produced significant amtsuof IL-6, while the non-exercising
limb did not (Steensberg et al., 2000). Since lis-8ynthesized and released from
contracting muscles, and not from resting musckg®sed to the same endocrine changes,
this validates that circulating systemic factorsraat solely explain why contracting muscles
synthesize and release IL-6 (Pederson et al., 2001k, it is more probable that local
factors in the muscle are responsible for the syist@roduction of IL-6. Pederson et al.
(2004) later termed IL-6 a “myokine”, and suggedteat muscle should be considered an
endocrine organ.

In addition to its role as a myokine, IL-6 has b&aplicated as locally acting
cytokine governing metabolic control (Pedersonl.e2807). This entails that IL-6 has the
ability to initiate changes in the metabolic statabsence of other regulatory hormones.
Peterson et al. (2005) demonstrated this by ugiogmbinant IL-6 infusion techniques in
healthy older individuals. The team observed ingesan fat lipolysis in vivo without

increases in systemic hormones such as epinepmohglucagon. The group also induced an
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IL-6 up-regulation in cultured myotubes, and agaiserved a significant increase in
lipolysis (Peterson et al., 2005). Both of theseliings suggest that IL-6 has the ability to
induce metabolic events in absence of other mggtemic hormones.

IL-6 has also been cited as a direct intramuscaftargy sensor’ (Pederson et al.,
2004; Steensberg et al., 2003). The mechanism thédiergy sensing’ has been suggested
to involve a link between IL-6 and adenosine morogpinate kinase (AMPK; Kelly et al.,
2004). AMPK has the ability to inhibit malonyl-Cg#oduction which leads to an increase
in fat lipolysis and other metabolic regulations(l¢ et al., 2009). The relationship to IL-6
was elucidated by Kelly et al. (2004) when the aesligers observed significant increases in
AMPK after IL-6 incubation. The researchers suppathis claim further when they
displayed that IL6 (-/-) knockout mice had redueetivation of AMPK. This relationship
between IL-6, AMPK and other energy sensing patlsvgggests a novel role for IL-6 in
local metabolic control (Kelly et al., 2009).

IL-6 also acts to stimulate or inhibit muscle ein synthesis. Serrano et al. (2008)
found that IL-6 production can stimulate the mydgesatellite cells for repair of the muscle.
In this study, IL-6 deficiency abolished satelli| proliferation in the preexisting myofiber
by impairing signal transducer of activated traigmn 3 (STAT3) (Serrano et al., 2008).
Conversely, Haddad et al. (2004) established th&tdan directly initiate muscle atrophy
though the activation of a novel proteolytic patiwa/ith these opposing actions, it is likely
that the effects of IL-6 on myoplasticity are degemnt on other intra-cellular pathways or
conditions (Hodge et al., 2005). Overall, howevtes currently unclear why IL-6 has

differing effects on muscle growth and repair.
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When discussing the production of IL-6, it is imiamt to note that the upstream and
downstream intracellular signaling pathways foi6ldiffer significantly between muscle and
immune cells. IL-6 signaling in leukocytes is degemt upon activation of the nuclear factor
kappa-beta (NF-kB) signaling pathway while diffeéraatworks of signaling cascades are
responsible for intramuscular IL-6 expression agdaing. Thus, IL-6 signaling in
leukocytes induces a pro-inflammatory responseelinio a preceding TNE&-signal, whereas
IL-6 activation and signaling in muscle is totaltglependent of a preceding TNFR-esponse
or NF-kB activation (Pederson & Febbraio, 2008).rétwer, since IL-6 is strongly linked to
metabolic regulation, it can be assumed that therfgy sensing’, metabolic properties of IL-
6 preside over the immune regulating propertiesl¢Pson & Febbraio, 2012). Overall, it
appears as if the intracellular activation of IinGskeletal muscle is different from that in
immune cells, and thus the presence of post-exelci§ in serum is not indicative of a
typical pathogenic immune response.

In summary, IL-6 has a strong regulatory effectgtabolic and immune processes
in the human body. The ability of the cytokine th an a systemic and local level suggests a
broad and multifaceted role. This is evidencedterrin the ability of IL-6 to induce both an
anabolic and catabolic state in muscle. IL-6 hanliermed a ‘myokine’ and thus
substantially increases in the blood after musctdatraction.

Interleukin-10

IL-10 is an anti-inflammatory cytokine inevitablyvolved in inflammation and
immune function (Jankord & Jemiolo, 2004). IL-1Cees its neutralizing effects on a variety
of immune cells including B cells, T cells, natukdler cells, dendritic cells, and mast cells

(Jankord & Jemiolo, 2004). IL-10 also suppressdsrmanflammatory cytokines IL-1, IL-6
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and TNFe, while concurrently inducing the production of etlanti-inflammatory
cytokines, such as interleukin 1 receptor antagqhisl-ra; Jankord & Jemiolo, 2004;
Peterson & Pederson, 2005; de Waal Malefyt eta891)

IL-10 regulates expression of cytokines, solublelia®rs and cell surface molecules,
and their ability to activate and maintain immune anflammatory responses (Moore et al.,
2001). The best-characterized IL-10 signaling paths the Janus Kinase/signal transducer
of activated T- cell (JAK/ stat) pathway. IL-10 amslmembrane receptor (IL-10R) engage
tyrosine kinases and subsequent phosphorylatidateft’ transcription factors which are
thought to compete with pro-inflammatory cytokinesrking through similar pathways
(Moore et al., 2001). Moreover, the ability of II0-10 neutralize immune cells and cytokines
lies partly in the inhibition of NF-kB pathway (Waet al., 2005). The NF-kB pathway is
involved in a multitude of intracellular and paraerfunction, one of which is the induction
of pro-inflammatory cytokines (Wang et al., 200B)us, the ability of IL-10 to inhibit this
pathway is of major importance in it's anti-inflamatory actions.

IL-10 is significant in respect to the anti-inflaratory action of exercise (Peterson &
Pederson, 2005). Jankord & Jemiolo (2004) displalgatihigher level of physical activity
was associated with higher serum levels of IL-1@difionally, IL-10 mRNA, in
concurrence with other anti-inflammatory cytokirfis1ra, I1L-8), have shown to be
significantly increased in blood leukocytes follogitwo hours of intensive exercise
training. Since the major pro-inflammatory cytolsn#.-6 and TNFe), are released from
extra-immune sources and do not appear to be ulptedun immune cells, it appears as if
IL-10 and other anti-inflammatory cytokines are thajor responding signals in immune

cells after exercise.
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Tumor Necrosis Factar-

Tumor necrosis factai-(TNF-0) is a pro-inflammatory cytokine that has multiple
roles in immunity, inflammation and muscle metatwli(Abbas et al., 2007; Peterson &
Pederson, 2005). TNé-s released from a variety of immune cells, muscieé adipose
tissue both at rest, and in response to exercisghiM & Pederson, 2007). Recent evidence
has emerged to suggest that chronic, low-gradés@fd NF-o have a direct role in the
metabolic syndrome and cancer pathogenesis (Balkwilantovani, 2001; Mathur &
Pederson, 2007). Furthermore, stressed or injurestia fibers produce TNé;-which
suggests that the cytokine has important rolex@natse recovery and adaptation.

TNF-a has been implicated in impaired glucose and trgjlige disposal (Moller,
2000). The cytokine exerts its negative effectenuscle and adipose tissue through the
inactivation of receptors responsible for transpgrglucose and triglycerides into the cell
(Moller, 2000). As described by Hotamisligil andi&pelman (1994), TNIle-is a ‘potent
inhibitor’ of the insulin receptor and insulin rgder substrate. Plomgaard et al. (2005)
confirmed this phenomenon by displaying that TéN&ectly infused into humans induces
insulin resistance in skeletal muscle. The resegisctiescribe impaired phosphorylation of
the Akt 160 substrate, a powerful regulator of GL&USignaling, as the primary trigger
behind the adverse effects of TFen insulin signaling (Plomgard et al., 2005). ThB&iso
increases fatty acid incorporation into diacylglgiewhich may suggest another mechanism
for the pathogenic effects of the cytokine (MatBuPederson, 2007).

TNF-a also activates proteolytic pathways that are neside for skeletal muscle
wasting (Li et al., 2003). The cytokine exertsnitgscle wasting effects partially through the

activation of the NF-kB pathway (Reid & Li, 200NF-kB activates the ubiquitin/
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proteasome pathway, which enhances degradatiomstlmproteins and promotes muscle
wasting (Reid & Li, 2001). TNFis also thought to inhibit muscle growth factors
responsible for anabolic processes (Reid & Li, 2001

Overall, TNFea is a potent inflammatory cytokine with strong asabons to
metabolic diseases and cancer. The cytokine aetpawerful stimulator of muscle
breakdown and inhibitor of glucose and triglycerttigposal.

Cytokine Interactions and Temporal Responses todise

The post-exercise inflammatory response is cooteihy a time dependent release
of cytokines into the blood. These proteins mediatemetabolism, endocrine and immune
processes in the time window shortly after exeraidech reflects some of the acute exercise
adjustments (Pederson et al., 2007). Furthermioeergpair of damaged skeletal muscle
involves immune cells and cytokines, which med@tegression from an inflammatory
response to the eventual long-term adaptive regp@ndball, 2005). Therefore,
understanding the short-term dynamics of thesanmfhatory mediators after exercise is an
important concept to consider. The response aedactions between IL-6, IL-10 and TNF-
during and after exercise will be discussed in $keistion.

IL-6 is the most extensively upregulated cytokiftersexercise (Ostrowski et al.,
1999; Peterson & Pederson, 2005). Though therensderate increase in the systemic
concentration of many cytokines, it is clear tihnt &ppearance of IL-6 in the circulation is
by far the most marked and that its appearanceegescthat of the other cytokines (Pederson
& Febbraio, 2008). As mentioned, the upreuglatibhLeb after exercise has been linked to
the protein’s direct release from skeletal musalé ability to ‘sense’ energy depletion

(Pederson et al., 2004; Steensberg et al., 200th these roles, it is not surprising that IL-6
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release is dependent on the intensity and durafitime exercise session (Febbraio et al.,
2002; Pederson 2000).

Since contracting skeletal muscle is a principakse of IL-6 found in the plasma, it
IS not surprising that exercise involving a limit@aiscle mass may not initiate the cytokine’s
response (Hirose et al., 2004; Nosaka and Clarki€ef#6). In contrast, exercise that involves
large muscle groups produces the most dramationgldk-6 increases (Nehlsen-Canarella et
al., 1997; Nieman et al., 2004). Additionally, Fisc (2006) displayed that exercise duration
is the most important factor determining post-elserplasma IL-6 response. In fact, more
than 50% of the variation in plasma IL-6 followiegercise can be explained by exercise
duration alone (Fischer, 2006).

IL-6 peaks two to eight hours after both aerolnid eesistance exercise and precedes
that of IL-10 and TNFe (Louis et al., 2007; Pederson, 2000). As mentipile® has the
ability to stimulate anti-inflammatory IL-10 andhiit pro-inflammatory TNFe after an
exercise session (Steensberg et al., 2001; Stagnstal., 2003). As the initial cytokine
upregulated during exercise, IL-6 has been labaseithe possible ‘true exercise factor’
(Pederson, 2004).

IL-10 and other anti-inflammatory cytokines areught to act in a regulatory fashion
post-exercise (Suzuki et al., 2002). IL-10 is diestimulated from IL-6, and thus peak
production occurs after IL-6 (Peterson & Peder2®95; Steensberg et al., 2001).
Circulating IL-10 can remain in the blood well beglban exercise session, as far as 6 days
after the cessation of exercise (Ostrowski etl@99; Smith et al., 2000). This suggests that

exercise may induce a prolonged anti-inflammatdigce
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TNF-a is a pro-inflammatory cytokine that is also stiated by muscle contraction
(Steensberg et al., 2002). However, the cytokineevs a blunted response after exercise due
to the inhibitory effects from IL-6 and IL-10 (Peten & Pederson, 2005; Starkie et al.,
2003). Therefore, the increase in TMks usually minimal following exercise. This is the
case unless exercise duration is prolonged omtieasity is severe (Brenner et al., 1999;
Ostrowksi et al., 1999).

It is also important to review the post-exercigarses of cytokines. As discussed, IL-
6 is released from skeletal muscle and its relpasgedes that of anti-inflammatory
cytokines IL-10 and IL-ra. Researchers, howevet ndit find a significant increase in IL- 6
MRNA expression in blood leukocytes following 2 reaf intensive cycling (Nieman et al.,
2006). Conversely, the primary anti-inflammatoryodynes do appear to be released from
immune cells, as MRNA expression of IL-10 and ILAL&e significantly upregulated post
exercise in blood leukocytes (Nieman et al., 2006)s suggests that post-exercise
concentrations of IL-6 may not be representativa tfpical immune response, as IL-6
expression is minimal, if not absent, in immundsctllowing exercise (Nieman et al.,
2006). Moreover, the ability of IL-6 to stimulateobd leukocytes to release anti-
inflammatory cytokines indicates a strong relatldpetween the contraction of skeletal
muscle and the post-exercise anti-inflammatoryestat

In conclusion, cytokines act in a coordinated phdsic manner after exercise. IL-6 is
the most extensively upregulated cytokine after@ge and its release precedes that of IL-
10 and TNFe. The interactions between multitudes of cell typeske precise calculation of
cytokine dynamics after exercise very difficult. I@general trends of cytokine dynamics

were discussed in this section.
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Acute Inflammatory Responses to Resistance Exercise

The up-regulation of cytokines following aerobicesise is extensive (Ostrowski et
al., 1999; Pederson et al., 2000). Resistance isgesitso causes cytokine proliferation, but to
a lesser degree (Brenner et al., 1999; Izquier@d.,€2009). This section will discuss some
of the studies that have examined how acute resistexercise acute alters inflammation.

Brenner et al. (1999) compared cytokine changésvioig all-out exercise, circuit
training and prolonged exercise. The investigaboitg found significant cytokine changes
(IL-6 and TNFe) in the prolonged exercise training. On the cogtrather researchers have
found significant changes in cytokines from resistaexercise sessions in shorter resistance
exercise sessions (Izquierdo et al., 2009; Loua.eR007; Nieman et al., 2004; Smith et al.,
2000).

Smith et al. (2000) found significant increasedL 16 following severe eccentric
muscle loading 12, 24 and 72 hours post-exeraisaddlition, the investigators found
significant increases in IL-10 ranging from 48 #lhours post-exercise. The observation of
serum cytokines, especially IL-10, extended wejldmel the cessation of exercise, suggests
this resistance exercise session may have indugemt@long-term anti-inflammatory
response. This is evidenced further by a concureghuction in the pro-inflammatory
cytokine IL-1beta (Smith et al., 2000).

Toft et al. (2002) examined cytokine response tieptric exercise in young and
elderly individuals. The researches found that linéeased immediately after exercise and
peaked 4-5.5 hours after cessation. Furthermoeantitease in IL-6 was less pronounced in
the elderly individuals compared to young. It i€kear whether behind this the amount of

activated muscle or indeed, the age of the paantgpare responsible for the degree of IL-6
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release. In support of the latter explanation, €bfil. note that the aging immune system
may be associated with impaired repair mechanisantisel muscle, thus explaining the
blunted IL-6 response post-exercise in the eldaubyjects (Toft et al., 2002). Others theorize
that muscle fiber type may have strong influenae#Le6 production, and the blunted IL-6
response in the elderly is a result of reducedtfasth fiber type (Louis et al., 2007)
Irrespective of the reasoning, it is clear that dges indeed have an effect on the post-
exercise cytokine response.

Nieman et al. (2004) found significant increaselk.#6 and TNFea immediately after
2 hours of heavy resistance exercise. A major figdiom this study is that IL-6 release is
not affected by carbohydrate ingestion. This isti@g to previous studies that note
significantly greater IL-6 response in subjectd #r@ glycogen depleted (Nieman et al.,
2003; Steensberg et al., 2001). The authors al@othat ‘unrelenting, high- intensity’
exercise workloads are more likely to induce cytekiesponses than exercise regimens with
multiple rest intervals (Nieman et al., 2004).

Peake et al. (2006) examined serum cytokine lemdln healthy untrained men after
completion of submaximal and maximal exercise efdtbow flexors. The submaximal
session consisted of ten sets of sixty repetitairien percent of one repetition maximum (1-
RM). The maximal protocol consisted of ten setthode repetitions at 100 percent of 1-RM.
Interestingly, serum concentrations of IL-6 inceshafter the submaximal workload, but not
the maximal workload. The authors note that a mghgcogen depletion from the repeated
submaximal contractions may have initiated the liel@ase into the serum (Peake et al.,
2006).

Izquierdo et al. (2009) examined the effects ofviggasistance training on serum IL-
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6 and IL-10 changes after two loading protocol$lite same relative intensity and the same
absolute load, before and after a training progiesearchers found significant IL-6
responses after exercising both pre-training arst-aining, but only observed significant
IL-10 responses after the post-training exercisetédver, exercise with the samatative

load after the training program enhanced the postegse IL-6 response and elicited a
significant IL-10 response. This is in contrasek@rcise with the sanabsolutdoad after

the training program, in which neither IL-6 nor 1I0- were significantly upregulated
(Izquierdo et al., 2009).

Louis et al. (2007) examined IL-6 and TNFlynamics following aerobic and
resistance exercise. In contrast to other stuthesg researchers observed muscle mRNA
cytokine changes rather than blood concentratibnsugh the absolute increases in
cytokines were higher when measuring mRNA, the taalpesponse of cytokines, however,
were not dissimilar to other studies examining seoconcentrations of cytokines, as IL-6
was highest two to eight hours into recovery afsistance exercise. Concurrently, TiF-
levels peaked between four and eight hours intovery (Louis et al., 2007).

In a study by Hirose et al. (2004), healthy, umteai males completed two bouts of
eccentric action of elbow flexors (6 sets of 5 t@ss at 40 % 1-RM). The authors note that
the oscillations in cytokines and other inflammgtorediators were minimal, and
‘considerably smaller’ than cytokine proliferatitmllowing aerobic exercise. However, the
researchers found intriguing data relative to tlegompro-inflammatory cytokine, TNE-

They note a significant decrease in TNIEL5%) 1 day, 3 days and 4 days after the exercise
bout. Moreover, the study showed an acute incrieakke10 suggesting a possible role of the

anti-inflammatory cytokine in post-exercise adapta{Hirose et al., 2004).
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Pereira et al. (2012) examined the effect of aneam@sistance exercise session in
women with metabolic syndrome compared to healfgyraatched controls. The subjects
(24 sedentary, middle-aged females) performed seWtEment exercises at 60% of the 1RM
and 10 repetitions each set. Though systemic imflatary markers (IL-6 and TNE&)} were
significantly higher or trended higher in the metidsyndrome group at rest, resistance
exercise had little effect on these cytokines thexigroup. This is in agreement with studies
by Buford et al. (2009) and Ferreira et al. (20th@} investigated the acute effect of
resistance exercise in 24 and 14 untrained wonsgeotively, and found no increase in
serum cytokine levels after each exercise session.

Prestes et al. (2009) measured the changes iniogkamong other biomarkers)
before and after a 16-week periodized resistaraiaitig program in elderly women (mean
age: 63.18 years). The researchers found thatwasnot elevated post-exercise and
significantly decreased 48 hours post-exercisbernpre-training exercise session. Of
possible significance is the down regulation o148 hours after the bout, which could be
indicative of a more long term reduction in thetireg pro-inflammatory cytokine levels.
This theory is supported in some degree by thafgigntly lower resting IL-6 levels after
the 16 week exercise program (Prestes et al., 2009 finding suggests that the chronic
levels of IL-6 may be mediated by an acute exem@sponse. Moreover, the authors note
that pre-training cytokine dynamics contrast td thfahe post-training. In the exercise bout
that occurred post-training, IL-6 trends upward iethately after exercise, and displays a
diminished down-regulation 48 hours post-exercmagared to the pre-training exercise

bout (Prestes et al., 2009).
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McFarlin et al. (2004) also examined the influenté&aining status on inflammatory
cytokine production. The researchers showed thapblysaccharide (LPS) stimulation of
cytokines before, immediately, 2 hours after, 6reaifter and 24 hours after resistance
exercise in elderly women trended higher in theainéd group vs. trained group. The
authors assert that this phenomenon may be carmadafhigher expression of Toll like
receptor 4 (TLR4) on innate immune cells in sedgntadividuals. As a primary receptor to
molecular patterns expressed by pathogens andagudsgestimulating factor for pro-
inflammatory cytokines by innate immune cells, TIsRépresent an important element to
the pathogen-host interaction. Thus, if TLAR exgpi@sis lower, as in the case with trained
individuals, the inflammatory response and immuwsponse will be dampened. This is in
agreement with Calle and Fernandez (2010) who tbesttre ‘paradoxical’ phenomenon to
training adaptations, in which lower levels of pnlammatory cytokines are evident at rest
and after exercise in the trained state relatii@égre-trained state. Therefore, it can be
assumed that post-exercise cytokine dynamics tgyhaependent on training status, and
should be an important consideration when intempggiost-exercise inflammatory
responses.

Phillips et al. (2010) used a ten-week resistanmi@ihg program to assess both the
acute and chronic inflammatory milieu in sedent&derly women. In regards to IL-6, the
researchers found that the cytokine increasedfsigntly post-exercise before returning to
baseline both before and after the training progidatably, the training program had a
modulating effect on the acute cytokine responsshawn by the significantly lesser pre-
exercise to post-exercise change in IL-6 aftetthi@ing program (33%) as compared to

before the training program (75%).
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Plasma TNFe levels were also shown to increase as a resal aicute resistance
exercise bout. However, resting TNHevels were shown to significantly decrease (37%)
after the 10 weeks of the resistance training (iBhikt al., 2010). Moreover, Phillips et al.
(2010) also found a significant decrease in lipgpatcharide (LPS) stimulated pro-
inflammatory cytokine production after the trainipgpgram throughout out all exercise time
intervals. Overall, these findings suggest thastasce exercise training results in: a
moderated resting inflammatory state, a bluntedlgge response training to acute exercise
and a reduced inflammatory reactivity from a foreggathogen; thus improving overall
immune function and reducing risk of inflammatosgues associated with disease (Phillips
et al., 2010).

The aforementioned study also supports earliearebeoy Greiwe et al. (2001) in
which the authors suggest the use of resistanaeisges an effective method for alleviating
the effects of muscle cachexia. The study by Graiad. (2001) supports this claim by
displaying that resistance could increase protgmhesis in concurrence with a decrease in
systemic TNFe levels. Phillips et al. (2010) presents a simaldgument by displaying that a
decrease in systemic levels of TNRvas associated with improvements in overall stiteng
Though these studies do not examine cancer susvdicgctly, these findings are applicable
to two interrelated symptoms that remain prevatemicerns in this population: chronic
inflammation and muscle cachexia.

As discussed, age and training status have imgdatéects on the exercise-induced
cytokine response. Post-exercise inflammationgs dlrectly related to the intensity,
duration and mode of the exercise task (Brennal.e1999; Nieman et al., 2004; Phillips et

al., 2010). Moreover, the cytokine response may aacording to the recovery between
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exercise bouts, as well as substrate storage dizatihn (Pereira et al., 2012). In regards to
these aforementioned concepts, it is importanbte that the differences between type of
muscle and the amount of muscle mass that wasisedrdiffered between the studies. For
instance, Louis et al. (2007) used a lower bodjated, concentric action of the quadriceps
muscle, as compared to Smith et al. (2000) that upper and lower body, multi-jointed,
and eccentric action of multiple muscle groupstt@nmore, some researchers used
eccentric muscle loading as the exercise protddiobée et al., 2004; Mcintyre et al., 2000;
Smith et al., 2000; Toft et al., 2002). These dédfeces in resistance exercise protocols will
undoubtedly have an effect on inflammation. As dbsd by Paulsen and Peake (2013) the
inflammatory response to resistance exercise igillyedependent on the specificity of the
exercise program. Applying heavy loads with feweté@mns and long rest intervals are
likely to produce small to moderate changes in loorahresponse. However, circuit training,
with higher repetitions and short rest intervaks léeely to induce changes more similar to
aerobic exercise (Paulsen & Peake, 2013). Addiiprthe hormonal and inflammatory
response is dependent the type and the size ekdreised muscle or muscle groups. For
example, exercise that emphasizes large muscle@g@md ‘multi-jointed, dynamic
movement patterns’ are likely to induce a greagstesnic inflammatory response than
‘isolated concentric muscle contractions’ (Paul&dpeake, 2013).

Substrate availability, which is dependent maimyesercise duration and nutrition,
is also likely to have influential effects of seragytokine levels. As noted by Nieman et al.
(2004) IL-6 upregulation during and after exerassheavily dependent on carbohydrate
intake and glycogen storage. Therefore, in theissuoly Brenner et al. (1999) Nieman et al.

(2004) and Peake et al. (2006), it is possiblednaation of the contractions had an effect on
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the production of IL-6. Overall, it is apparentttipaotocols differed between groups when
measuring cytokines; and that duration, mode atshsgity are important factors to consider
when interpreting the results.

Inflammation and Cancer

In 1863, Rudolph Virchow first proposed that thesgs a significant link between
immunity, inflammation and cancer when he obsetea#locyte infiltration in tumor cells
(Balkwill & Mantovani, 2001). Recently Virchow's élory has resurfaced, as cancer has been
shown to produce a network of pro and anti-inflartanacytokines that collaborate in
cancer progression (Balkwill & Mantovani, 2001).dddition, adverse symptoms have been
linked to cancer-related inflammation and the padidun of cytokines (Seruga et al., 2008).
Increased circulating cytokines have been assatwitth cachexia, fatigue, depression and
pain in cancer patients (Bower et al. 2002, Serigd. 2008). The likely cause of these
symptoms lies in the tendency of the tumor micra@mment to exhibit a pro-inflammatory
state (Balkwill & Mantovani, 2001; Bower et al. Z)00verall, chronic, low grade
production of cytokines including TNé&-and IL-6 is associated with negative symptoms and
poor prognosis (Balkwill & Mantovani, 2001; Bowedrad., 2002; Karin & Greten, 2005;
Seruga et al., 2008).

TNF-o has an especially integrative role in cancer-ieduaflammation (Al-Majid &
Waters, 2003; Balkwill & Mantovani, 2001). At hidgévels, the cytokine induces an
apoptotic response in cells (Reid & Li, 2001). Bawacally, however, chronic low-grade
levels of TNFe can actually initiate tumor progression (Balkwg&ilMantovani, 2001; Karin
& Greten, 2005). A direct role of TNé&4in cancer progression was found when TiNF-

deficient mice were resistant to skin carcinogénsdre et al., 1999). Chronic, low-grade
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levels of TNFe can also act as a ‘double-edge sword’; actingmnar progression while
simultaneously initiating apoptosis in other paftshe body (e.g. muscle; Balkwill &
Mantovani, 2001, Figueras et al., 2005, Karin &t@mne 2005).

Chronic levels of IL-6 have also been associatatienprogression of diseases such
as rheumatoid arthritis, diabetes and cancer (Ckuag, 1999; Pradhan et al., 2001). The
role of IL-6 in cancer biology is complex. As dabed by Chung et al. (1999), IL-6 appears
to change roles from a ‘paracrine growth inhibtman autocrine growth stimulator’ during
the progression of cancer. Giri et al. (2001) sufgubthis claim, citing that IL-6 is
upregulated 18-fold in pancreatic cancer cellssOnoup noted that autocrine signaling,
through upregulation of particular receptors ancarellular signaling molecules, are likely
the cause of this phenomenon (Giri et al., 2001)e€3 have argued that IL-6 is not a always
a problematic cytokine; and that the elevated EwélL-6 are only a result of an unbalanced
cytokine network (Pederson et al., 2007). Thissizegially the case in respect to exercise, in
which acute elevation of IL-6 concentrations areassociated with poor prognosis
(Pederson et al., 2006.) Pederson’s group godsefuty arguing that the post-exercise
internal milieu of cytokines, including IL-6 andh&r myokines, are involved in mediating
the beneficial effects of exercise.

Overall, systemic, chronic-low grade levels of ThEnd IL-6 have shown to illicit
complications in cancer populations. The immuneesggecognition of the tumor as a
pathogen or a disruption to the internal milieaofocrine, paracrine and endocrine signals
are likely causes for the alterations in serumlayi® levels (Balkwill & Mantovani, 2001).

Though the chronic stimulation of these cytokines/p problematic in cancer pathogenesis,
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the production and release of these componentsefégcise may present an optimal state
for adaptation to external stress.

The Inflammatory Response to Exercise in Canceviuns

The amount of research examining the effect ofcedfexercise on cytokine changes
is limited in cancer survivors. Studies that haveused on exercise and cytokines in cancer
groups have focused on the changes over an extéraieicdg period. On the contrary, the
acute cytokine dynamics in cancer populations lsa$@en observed thoroughly. This
section will examine some of these studies in frrttetail to further understand the role of
exercise on cytokines and inflammation in cancevigars.

Fairey et al. (2005) was one of the first groupbbk at the effects of a long-term
exercise intervention on cancer subjects. The reBees examined the effect of an eight-
week (three sessions per week) exercise progracytokines and other hematological
variables. Cytokines remained unchanged in thelsiests throughout the exercise
intervention.

Jones et al. (2012) analyzed changes in IL-6, tN#Rd C-reactive protein before
and after a 6-month exercise intervention in breaster survivors. The team found no
changes in any cytokines. It is important to nbteyever, that the exercise prescription was
outside a controlled setting. When adherence wesusated for (> 80%), the researchers
found a significant decrease in IL-6 as a resuthefexercise program.

In a study examining the effects of an exerciserugntion on sleep quality and
duration, Sprod et al. (2010) determined that @gercan play a beneficial role in mediating
long term cytokine dynamics in breast cancer swrgvThough IL-6 and TNk-increased

in both groups (exercise and control) over the-fwaek intervention, the exercise group
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showed a significantly lesser cytokine proliferatiban the sedentary controls (Sprod et al.,
2010).

Hutnick et al. (2005) examined the effect of thaee six month exercise program on
the change in lymphocyte and IL-6 activation (amotiger immune markers). The exercise
protocol consisted of aerobic and resistance trgirin contrast to other studies, in which IL-
6 tended to decrease across a training interverthangroup found that exercise induced
higher (though non-significant) levels of IL-6 tlhughout the training protocol. This suggests
that IL-6 may be chronically elevated in certaircamstances or under certain exercise
programs. It should be noted, however, that urigeod et al. (2010), the study by Hutnick
et al. (2005) did not include a control group.

Other research has found no significant changegtokines post-training in cancer
subjects. Jones et al. (2009) observed effectsea$prgical exercise training on systemic
inflammatory markers among patients with maligiang lesions. The team found no
changes in IL-6, 1I-10 or TNle-(Jones et al., 2009). Gomez et al. (2011) exantimed
effects of an eight week aerobic and resistancecmsesprogram on a numbers of cytokines
in breast cancer survivors. The researchers foorgigmificant change in IL-6 or TNé-

One known study, to date, has examined the agtid&ine dynamics in cancer
survivors. Galvao et al. (2008) examined both tmglterm and acute immune and endocrine
responses to resistance exercise in prostate cpatents. With respect to the chronic
changes, the researches found that markers ofrinfltion (IL-6, TNFe. and IL-1ra) did not
change over the 20-week resistance protocol. Ttieesinote that the lack of significant
change may be derived from the difference in pratbetween their study and other studies

examining long-term cytokine dynamics. The studydisplay significant acute alterations
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in cytokines, as both IL-6 and TNkicreased significantly immediately after foursset
eight isotonic exercises at 6-repetition max. Restveen sets was 1-1.5 minutes, with 2-4
minutes between exercises.

Overall, there is no clear consensus that exengiseventions have a discernable
effect on systemic cytokine levels. Sprod et @1(? and Greiwe et al. (2001) found
significant changes while other studies (Faireglet2005; Galvao et al., 2008; Hutnick et
al., 2005; Jones et al., 2009; Jones et al., 20t ot. It should be noted, however, that
some studies showed significant alteration in@ltimmune parameters from the exercise
intervention; Fairey et al. (2005) detected incesda cytotoxic NK activity, and Hutnick et
al. (2005) observed rises in CD4+ lymphocyte atstivihus, it appears as if more studies,
perhaps exhibiting longer exercise interventiorgtto be compiled to improve the
understanding of the effect of extended exercisgams on the long-term immune and
inflammatory regulation in cancer survivors. Morenwhe study by Galvao et al. (2008)
displays intriguing but still partial results witbspect to the acute post-exercise cytokine
dynamics in cancer survivors.

Summary

Three particular cytokines that are linked to camcel exercise were examined in the
study. IL-6, which is most extensively upregulapest-exercise, assumes essential roles in
metabolic function and immunity in healthy and aamgatients alike. IL-10 is an
immunosuppressive, anti-inflammatory cytokine timatintains inhibitory action on other
inflammatory signals, while concurrently neutratigimmune cell mobilization. TNE-is a
potent inflammatory cytokine that is upregulateaintense exercise; linked to impaired

metabolic, endocrine and immune function; and wtteonically stimulated, induces tumor
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progression. Cortisol will be examined as a secondbservation in this study. IL-6 and
cortisol are linked in important metabolic, endoerand immune functions, thus defining the
correlative function between these two factorsrmyand after exercise is desirable.

Exercise has shown to modulate cytokines in ayfagirtdictable fashion. IL-6
increases most extensively and it's release prectd of IL-10 or TNFe. IL-6 and its role
as a modulatory factor for IL-10 and other antlanimatory cytokines, suggests that this
cytokine may be the crucial signal in suppressiiiguimmation. TNFe is not as extensively
upregulatedafter exercise, but if exercise is s\wend immunosuppression is present (e.g.
cancer survivors), this cytokine could prove prafdgic in promoting proper recovery.

The interrelationship between inflammation and imruon cancer prognosis is a
prevalent concern when examining prevention, treatrand recovery from this disease.
Since exercise has a prominent role in modulatmh bf these factors, it appears that close
monitoring of the acute effects of exercise may @laital role in determining long-term
outcomes for exercise therapy. In particular, tesise exercise has displayed a recent
resurgence in the exercise oncology field, yetisgidxamining immune and inflammatory

effects are limited and results are inconsistent.
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CHAPTER 11
METHODOLOGY
Subjects

Participants of this study consisted of 4 femaksbt cancer survivors and 8 healthy
age matched (% years) women. The breast cancer survivor groagpeemprised of post-
menopausal females, 40 - 72 years old. Subjectsstape 1, 2 or 3 invasive breast cancers
and within 1-year post treatment were eligible aotigipate. At the time of the experiment,
subjects had no presence of metastatic diseaseeredn post-menopausal status for at least
1 year. Patients receiving adjuvant hormonal oot therapy were also eligible. Subjects
were not taking any anti-inflammatory medicatiozsg had medical clearance from their
oncologist to participate in the study.

The control group consisted of healthy femalesGfa472 years of age. The control
group was also post-menopausal, but had no hisfargncer diagnosis or treatment and no
limitations in range of motion that would impedeoaghe ability to perform the prescribed
resistance training exercises safely.

Exclusion criteria were set forth by the ACSM guides to determine
contraindications to exercise participation (WhaBsubaker, and Otto, 2006). Information
regarding the exclusion criteria was obtained fesanh subject based on their responses to
their medical history form, from a medical and pbgkscreening, and from their medical

records.



All participants filled out a Medical History Quesmnaire and an informed consent,
both of which were reviewed prior to participatiorthe study.
Recruitment

Participants for the breast cancer survivor gneape recruited from the Get REAL
& HEEL Breast Cancer Program at the University oftN Carolina, Chapel Hill.
Participants for the control group were recruitgdh®e posting of flyers at various locations
throughout the campus of the University of Northhdliaa, Chapel Hill, as well as via
informational emails sent out to the campus comiguatithe University of North Carolina,
Chapel Hill.

Instrumentation

Anthropometric Measure®esting cardiac function was assessed using &/&%E
Cardiosoft V. 6.6 ECG diagnostic system (Palatibe,Height was taken using a
Perspective Enterprises Stadiometer (Portage,\Wdjight was attained via a Detecto Scale
(Webb City, MO). A Discovery Dual Energy X-Ray Alption (DEXA) scanner (Bedford,
MA) was used to assess body composition.

Exercise TestingBlood pressure was assessed before and aftexéneise protocol
using a sphygmomanometer (American Diagnostics @atjpn, Hauppage, NY) and a
Littmann® StethoscopEst. Paul, MN). Heart rate before and throughoeatdkercise
protocol was assessed using a Polar telemetrymsy(stgke Success, NY). The warm-up
period was performed on a Lode® electronically-bahkycle ergometdGronigen, The
Netherlands). The exercise components was perfoonedseated leg press (Cybex,
Medway, MA), latissimus dorsi pull down machine ey, Medway, MA), seated leg

extension (Life Fitness, Schiller Park, IL), angemted row (Life Fitness, Schiller Park, IL).
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Blood AnalysesBlood was taken at 4 time intervals throughoetdtudy. The first
three were done using a 22 gage Protectiv PlugtatfEthicon Endo-Surgery Inc.,
Cincinnati, OH). The fourth was done using standeemipuncture techniques. Blood was
collected in 10.8 mg ¥DTA BD Vacutainers ® (Franklin Lakes, NJ). To ayza for IL-6,
IL-10 and TNFe enzyme linked immunosorbent assays (ELISA) werglaoted using
Biolegend (San Diego, USA) ELISA kits. Plasma volughift measurements were
performed to account in blood volume changes froemgxercise to post-exercise. The
changes were assessed using the Dill and Coditd(jIMethodBlood cortisol values were
determined using a cortisol ELISA Kit from Abnoveapei City, Taiwan).

General Procedures:

Familiarization SessiarMedical history forms, Physical Activity Readises
Questionnaires (PAR-Q’s), and pre-assessment gugselvere administered to subjects
prior to their first visit to the Integrative Exése Oncology Research Laboratory (IEORL) at
the University of North Carolina at Chapel Hill (AP Upon arrival, forms were reviewed
for any pre-testing health contraindications. Scisj¢hen signed an informed consent form
detailing the experimental protocol and potenigis and benefits associated with
participation in the study. Next, subjects undemgemedical and physical screening to
determine if there are any contraindications ta@se. After receiving clearance to
participate in the study, adherence to pre-assedynelelines was reviewed. Height and
weight were taken, and subjects were fitted witleart rate monitor. They then rested in the
seated position for 10 minutes, at which time rgglieart rate and blood pressure was
recorded. If either of these values were abnorthalsubject will be asked to return to the

laboratory on a different day as a safety precautsubjects underwent a 5-minute warm-up
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consisting of unloaded cycling on a cycle ergométeart rate remained below 40% of heart
rate reserve (HRR).

Following the warm-up, subjects were familiarizeitbwthe resistance training
equipment that was in the experimental protocaldhearsing each exercise using minimal
resistance. Following initial exposure to eachhef tesistance exercise machines in the same
order in which they were used during the experi@goniotocol, each subject’s one-
repetition- maximum (1-RM) values was obtainedngghe protocol from Levinger et al.
(2009). The order of exercises during the expertaigrotocol was as follows: leg press,
latissimus dorsi pull down, leg extension, andegabw. Heart rate was monitored
continuously throughout the exercise session.

Upon the completion of the familiarization trialibgects were asked to rest for 10
minutes, after which heart rate and blood pressere taken again. If abnormally elevated,
subjects were to remain seated until the valuesedsed. If within normal values, subjects
were released from the IEORL.

Experimental Sessiosubjects returned to the IEORL between 2 andal4 d
following the familiarization session. The extendimde window between sessions was to
ensure adequate recovery from the previous exesesgon. Upon arrival, subjects rested in
the seated position for 10 minutes, during whiatetiadherence to the pre-assessment
guidelines was reviewed. A Psychological Stres$eSEg5S) evaluation was administered to
determine the subjects’ level of psychologicalsgrevhich could affect hormone levels
during and after the exercise session.

After the initial review of consent, subjects unglent catheter placement into the

antecubital vein in the arm for blood sampling lyhéebotomy-trained faculty member from
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the Department of Exercise and Sport Science. 8tshijleen rested for ten minutes after
which blood pressure and heart rate were takemwr Afie placement of catheter and rest,
subjects underwent a warm-up session on an unlaaaée ergometer for 5 minutes. Heart
rate was kept below 40 % of HRR. Following the wanm the resistance training protocol
began. Subjects performedl10 repetitions at 70%RIMlof each exercise (leg press, lateral
pull down, leg extension, and seated row, respelgliwith 30-45 seconds of rest in between
subsequent exercise and 90-120 seconds of restée®ach set. The entire circuit was
completed three times for a total of 120 repetgidRhythm and timing of each repetition
was set at 4 seconds (2 seconds concentric, 2d®egnentric) and was kept consistent
throughout the exercise protocol and between stehjeleart rate and RPE was taken
following each set to ensure subject safety anditootineir conditions. Subjects were
encouraged to consume water at any point during@loving the experimental protocol.
Upon completion of the third exercise circuit, |dig were seated and the
immediately-post exercise sample was taken. Subyeete then sequestered for the next 2
hours to the APL or the exercise oncology labogatdhroughout this time period, subjects
were allowed to perform a brief series of lighesthes and drink water. Following the
resting session, the 2 hour post-exercise bloogkawas taken. After blood was drawn, the
catheter was removed and any necessary bandagsmgdm@nistered. The subjects were
reminded not to perform any kind of strenuous agtiover the next 24 hours, and to adhere,
once again, to the pre-assessment guidelines bibieirehird and final laboratory visit.
Specifically, subjects were asked to consume sirfoled and beverage and get equal

amount of sleep as they did prior to the initia¢exse session.
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24-Hour Blood Draw Subjects returned to the IEORL for the final ldatraw 24
hours (+30 minutes) following the commencement of thestesice exercise session. Upon
arrival to the laboratory, pre-assessment guidelmere reviewed, and the blood sample was
taken using a 22 gage needle. After the 24-hourgascise blood draw subjects had
completed the experimental procedure. The blood+diraeline is depicted in Figure 2

Statistical analysis-

All data was analyzed using SPSS versiofl (Chicago, IL). For comparison of
cytokine (IL-6, 1I-10 and TNFe) and cortisol changes between the cancer groupeaithy
controls, four separate (2X4) mixed-model analg$igariance (ANOVAS) were performed.
Statistical significance was set a priori atalevel of p<0.05. The independent variables for
this analysis include subject condition (breastteasurvivor and healthy control) and the
resistance training intervention. The dependenalsbes were the baseline values and
changes in cytokines: IL-6, IL-10, TN&and also cortisol, throughout the time intervals
(immediately post-exercise, 2 hours post-exererd,24 hours post-exercise). For any
significant results, a follow-up Bonferroni postenanalysis was used to determine any
between or within group differences.

To establish if or to what degree a relationshigtexetween IL-6 and cortisol
during and after exercise, a Spearman rho coroelatas performed. The analysis compared
the peak (%) changes)(ef IL-6 and cortisol. This analysis was explorgto nature due to

the overall small sample size.

36



Hypotheses:

Hi: IL-6 will be significantly upregulated from baset in the cancer survivors and healthy
controls immediately-post exercise and 2 hours-prstcise and return to baseline 24 hours
post exercise

H,: IL-10 will be significantly upregulated from bdse at 2 hours post-exercise and 24
hours post-exercise in healthy controls but ndhecancer survivors.

Hs: TNF-a will be significantly upregulated 2 hours post exge and 24 hours post exercise
in the cancer survivors but not in the healthy oalat

H4: Peak (%) change J+n IL-6 will correlate significantly with peak (Yehange (3 of

cortisol.

Familiarization

Trial

o 7-14 days
after 15t
session

Resistance
exercise bout

« =24 hours
24 hour post after
blood draw resistance

exercise bout

Figure 1- Timeline of lab visits.
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Immediate 2 hours post*
Post* 24 hours post*

«2 hours

sExercise
«24 hours

Figure 2- Timeline of blood draws.
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CHAPTER IV
RESULTS

Subject Characteristics:

Four middle-aged female breast cancer survivorsegit, age-matched healthy
controls participated in this study (See Tablerlsfabject characteristics). Due to recruitment
and scheduling difficulties, the number of partaips to participate in the study that was
proposed at the beginning of the study was notidltée, leaving the sample size relatively
small. Therefore, the results should be interpret#i such limitations in mind. Moreover,
difficulties in obtaining blood specimens or adeguamounts of specimen occurred in each
study group, resulting in a limited ability to evate all biomarkers. Due to this limitation in
blood sample amount, ongyx out of the eighdubjects’ blood samples were used for the
analysis of cytokines.

Table 1. Subject Characteristics (MeansSb)

Age (years) | Height (cm) Mass (kg) Body Fat (%)
Healthy Controls 56 +6.7 163.6 6.8 67.1 +6.3 37.6 #4.5
(n=8)
Breast Cancer 60 +12.2 168.5 3.1 75.6 +13.4 37.6 +10.3
Survivors (n=4)

Strength Assessments

Table 2 displays the 1- RM assessments for batbpgr. No differences in strength

were observed between breast cancer survivorsealthii controls throughout all exercises.



Table 2: Strength Assessment Measures: One-Repetitionrivlaxi (kg) (Mean 5D)

Leg Press Lat Pulldown L eg Extension Seated Row
Healthy | 794 +14.4 35.7 46.8 60.2412.5 38.8 43.9
Controls
(n=8)
Breast Cancef g, ¢ .59 33.1846.5 58.32 +15.1 34.045.3
Survivors
(n=4)

Plasma Volume Shifts

Plasma volume (PV) shifts as a result of the expenial trials were calculated from
mean Hemoglobin (Hb) and Hematocrit (Hct) valugsefach time point. The greatest mean
PV shifts occurred from pre-trial to post-trial. Ndferences in PV shift were observed
between groups. Sdable 3for PV shifts.

Table 3: Plasma volume changes % changes) from pre-exercise to immediate post-

exercise; pre-exercise to 2-hour post-exercisepamexercise to 24 hour post. All values are
expressed as mean + standard deviation (SD).

Trial A Pre-to Post A Pre-to 2 hours Post A Pre-to 24 hours
Post

Healthy -10.53 +5.26 1.59 46.49 -2.95 +7.46
Controls

(n=8)

Breast Cancer -3.58 +5.22 2.57 ¥1.39 0.91 13.69

Survivors

(n=4)

Plasma Cytokine Concentrations

Table 4displays the plasma cytokine concentrations fah lgpoups (healthy
controls, cancer survivors) and each time intea¥i&r PV shift was accounted for. For the

analysis, four separate 2X4 mixed-model analysisaofince (ANOVAS) were performed. A
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Bonferroni post-hoc was administered to assessvahin or between group differences.

Significance was set a priori at P<0.05.

Table 4: Plasma cytokine concentrations (pg/ml) (Mea8D).

Trial

Pre- Exercise

I mmediate-Post
Exercise

2 Hour s-Post
Exercise

24 Hours-
Post Exercise

IL-6

Healthy
Controls
(n=6)

6.24 +3.26

4.95 #1.07

20.89 17.63

6.36_+2.66

Cancer
Survivors
(n=4)

4.86+2.77

6.12+3.33

8.51 +2.45

6.45+3.14

IL-10

Healthy
Controls
(n=6)

3.66 +1.95

7.28 +7.58

12.88 A3.73

6.23 8.62

Cancer
Survivors
(n=4)

4.75+4.31

7.77 +.45

9.90+49.94

6.10+0.99

TNF-a

Healthy
Controls
(n=6)

10.33 +3.37

10.48 #4.34

12.08 #4.70

7.44 43.15

Cancer
Survivors
(n=4)

8.52+1.91

8.21 4%.10

8.43 +2.66

5.22 .44

0 P<0.05 vs. Pre-exercise (main-effect of time)

IL-6: The analysis revealed a significant main effé¢iroe (p=0.015) when examining the

changes in IL-6 over the time periods. A Bonfernpost-hoc revealed that there was a

significant increase of IL-6 in both groups fronegaxercise to 2 hours-post exercise

(p=0.027). No differences were observed betweenpg¢p=0.341).

IL-10: The analysis revealed no differences main effettree (p=0.285) nor differences

between groups (p=0.397).

TNF-a: The analysis revealed a significant main effedtroé (p=0.023) when examining

the changes in TNE-over the time periods. A Bonferroni post-hoc asalyevealed a
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significant downregulation of TNE-from pre-exercise to 24 hours-post exercise (FED.O
No differences existed between groups (p=0.213)
Cortisol

Table5. Plasma Cortisol Concentrations (ng/mL). All valaes expressed as mean +
standard deviation (SD).

Pre- Exercise Immediate 2HoursPost | 24 Hours Post
Post Exercise Exercise Exercise
Trial
Healthy | 101.8 +26.0 87.9+42.8 126.5+128.5 | 127.2+97.1
Controls
Cortisol (n=6)
Cancer 91.7 +8.8 61.2 +8.5 47.6 +11.3 55.3+14.6
Survivors
(n=4)

*The cortisol responses were not statistically yred for significant changes between
groups or over time, since this measure was noi@apy outcome variable in this study.

Cortisol vs. IL-6

Table 6 displays the peak percent change of ILebcamtisol from pre-exercise to 2-
hours post exercise. A Spearman’s rho correlatiag wsed to calculate any correlation that

may exist between peak percent change of cortrsblia6.
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Table 6. Average peak percent (%) change for cortisol aterlleukin 6 (Pre-exercise to 2
hours post-exercise). All values expressed as mesdandard deviation (SD).

Trial Cortisol IL-6
Healthy Controls -53.7 +207.1 364.9 6.4
(n=6)
Breast Cancer -199.2 +49.9 202.4 485.6
Survivors (n=4)

Cortisol vs. IL-6: There was no relationship (Spearman rho) betweak percent change of

cortisol and IL-6 (p=0.751).
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CHAPTER YV
DISCUSSION
Introduction

The primary purpose of this study was to explbeedffects of an acute bout of
moderate intensity resistance exercise on inflarargaharkers in breast cancer survivors.
Contrary to the proposed hypothesis, breast caweivors responded similarly to the
exercise session compared to the healthy conrbkstheorized inflammatory response in
cancer survivors, which would have been represdnagteater increases in pro-
inflammatory cytokines and a reduced upregulatioandi-inflammatory cytokines relative
to the healthy controls, was not evident. To theti@oy, the resistance exercise session was
shown to reduce the inflammation in both groupgjewt by a reduction in TNE-24 hours
post exercise. Furthermore, and irrespective todfifigrences between the groups, the
exercise session elicited an inflammatory resptimsiewas moderately consistent with what
has been reported in previous literature (Galvaa.e2008; Phillips et al., 2010; Toft et al.,
2002).

In order to describe the main findings from thisdy in more detail, this discussion
will be separated into different sections. Firsigle cytokine will be discussed in isolation,
both in relation to the group response and the tfmaeasurement. Next, the complete
cytokine response will be examined in an effopdotray any interactions that may exist

between the cytokines, deliberate what type o&imfhatory effect is present (if at all) at



each time point, and to present more clearly whairiflammatory response may represent
in terms of recovery and adaptation from exerdisstly, this discussion will explore the
guestions that arise from this study, and how thogeiries may be applied to cancer
exercise therapy and future research.

Interleukin-6

The response of Interleukin-6 (IL-6) to the remiste exercise session did not differ
between groups (p=0.341) and the temporal respsasesimilar to patterns that were
displayed in previous literature (Peake et al.,@®hillips et al., 2010; Toft et al., 2002). Of
particular note, is that IL-6 was shown to be uptatpd at 2 hours post-exercise (p=0.027).
This is in agreement with other studies that alspldyed the peak upregualtion of IL-6
between two and six hours into recovery (Maclngfral., 2000; Peake et al., 2006; Toft et
al., 2002).

This pattern of IL-6 dynamics is consistent witk tlea that IL-6 is a cytokine that is
released directly from muscle, and that compleffeglon out of the muscle will likely occur
sometime after the end of the exercise sessiore(Bedl & Febbraio, 2008). Moreover, the
degree of IL-6 proliferation is also an importaspect to examine, as variation in 1L-6
responses have been reported based on the mode@tidn of the exercise task (Nieman et
al., 2004; Paulsen & Peake, 2013; Toft et al., 2002this present study IL-6 was
upregulated approximately 3-fold from baseline ealuroft et al. (2002) and Phillips et al.
(2010) displayed similar results, displaying ILrglieases of approximately 2-fold and 3-fold
respectively. It is important to note, however tttnalike some studies (Phillips et al., 2010;
Toft et al., 2002), the present study did not dig@n upregulation of IL-6 immediately post-

exercise. A possible explanation lies in the rasis¢ exercise modality used in this study.
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More specifically, the exercise was administered aircuit fashion and in a short time
window (less than 30 minutes), thus it is possibét the IL-6 produced by the contracting
muscle failed to enter into the blood before thenediately post-exercise blood draw.
Before continuing further with the discussionlo®, it is important to note that the
source of post-exercise IL-6 production carries sa@bate amongst researchers. The
prevailing theory before the early 2000’s, was #hyatemic production of IL-6 was a
consequence of an immune cell infiltration of dasthgkeletal muscle and subsequent
release of cytokines into the serum (Izqueirdd.e2810; Nehlsen-Canarella et al., 1997;
Toft et al., 2002). Conversely, others have hypsittesl that the post-exercise IL-6 response
is mainly dependent on muscular contraction withrtrain factors determining response
being the duration of the exercise and substraadadoility (Nieman et al., 2002; Pederson &
Febbraio, 2008). To the former point, Izquierdale{2010) explained that the amplified
delayed onset muscle soreness (DOMS) that occaftedthe exercise session is directly
related to the systemic IL-6 production. Smithle{2000) and Suzuki et al. (2002) derived
similar conclusions, explaining the muscle damagkthe production of IL-6 are inexorably
linked. To the latter point, Fischer et al. (20@&plains that 50% of the variation in plasma
IL-6 following exercise can be explained by exezailsiration alone. Moreover, a study by
Nieman et al. (2004), which consisted of 2 houreesfstance exercise, induced the most
significant IL-6 upregulation (~5-fold) of the rewed studies. In regards to these opinions,
it cannot be ruled out that the difference in obbaBons may be representative of separate
phenomena, and that post-exercise IL-6 may beudt ifsvarying stimuli and a byproduct

from diverse group of sources (e.g., muscle, imnuglls, satellite cells).
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The present study displayed significant IL-6 changger relatively short exercise
session (<30 minutes), therefore exercise durasiomlikely to be a major factor in the IL-6
production. In regards to this concept, other fiectid the exercise protocol may have aided
in the release of IL-6 from the muscle. As noted\ligman et al. (2004) IL-6 upregulation
during and after exercise is heavily dependentuehtitilization, particularly on
carbohydrate intake and glycogen storage. Sincprisent study was administered in a
circuit fashion rest intervals were relatively $h@0-45 seconds), it is likely that
carbohydrate utilization was much higher relatwve fprotocol that allows for longer rest
intervals. As described by Paulsen and Peake (28pB)ying heavy loads with few
repetitions and long rest intervals are like todore small to moderate changes in hormonal
and inflammatory response. However, circuit tragnwith higher repetitions and short rest
intervals are likely to induce changes more sintbaaerobic exercise (Paulsen & Peake,
2013). Therefore, the present study displays chamgk.-6 that are most likely indicative of
continuous muscle contraction and resultant glynatgpletion.

Some of the differences in IL-6 production afteerxse noted above may also be
related to the type of muscle contraction usethéneixercise program. Eccentric muscle
contraction is likely to induce more moderate iases in IL-6, yet promote an extended
low-grade production of the cytokine well into reeoy (Hirose et al., 2004; Smith et al.,
2000). Conversely, exercise sessions comprisediynaficoncentric contraction are likely to
induce a more significant increase in IL-6 immeelaifter exercise, followed by a return to
baseline shortly within the recovery period (Hiretel., 2004). The present study reveals a
trend more similar to the latter phenomenon. Twédoty hours after the completion of the

exercise session, IL-6 returned to baseline vatlubesth groups, suggesting that this exercise
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session did not induce a prolonged inflammatorgafbr severe muscle damage. This is not
surprising, as eccentric action was not a main amapt of the exercise session; thus it is
unlikely that muscle damage was too severe. Momedhe IL-6 response into recovery is
consistent with other studies using similar prote¢berreira et al., 2010; Phillips et al.,
2010; Prestes et al., 2009).
Interleukin-10

The resistance exercise bout did not induce amyfgignt changes in the major anti-
inflammatory cytokine, Interleukin-10 (IL-10), intleer group at each time interval
(p=0.226), nor were there any differences betweengs (p=0.810). IL-10 did, however,
show a trend increasing two hours into recoveriwgspect to all subjects (main effect).
This is revealed when examining individual respsrtbeough a Wilcoxon non-parametric
statistical test, as eight out of the ten subjdidplayed an upregulation of IL-10 in the
plasma two hours into recovery compared to basétin®.037). Though only exploratory in
nature, the trend found in this analysis is comsistith other literature examining IL-10
responses, in which this major anti-inflammatorgokyne is upregulated 45 minutes to 6
hours after resistance exercise (Hirose et al.42@Quierdo et al., 2010).

In regards to these aforementioned studiesjmip®rtant to note that Hirose et al.
(2004) and Izquierdo et al. (2010) only found diigaint increases in acute 1L-10 production
after a prolonged resistance exercise-trainingppleiihis leads to the notion that training
may have an effect on the IL-10 response, and coesely the anti-inflammatory effect of
exercise. Put differently, the acute productiofLe10 may be representative of an enhanced

adaptive response after exercise training. In syt the present study, the high variation in
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IL-10 response (see Results Table 4) may be dwssnre part, to the varying levels of
training status among the participants.

Overall, a major function of IL-10 is to suppreke production of the major pro-
inflammatory cytokines (TNFs IL-6 and IL-1). Furthermore, others propose thatO is a
key component in the repair of muscle damage, ahdefjuent post-exercise adaptation
(Malm et al. 2000). The current data displays th&t0 concentration trended upward within
a short time-window following the cessation of theercise bout, suggesting that the
response may reflect a role for IL-10 in suppressibinflammation and muscle recovery.
However, this last point is speculation since statal significance in the primary analysis
was not found.

Tumor Necrosis Factar-

Tumor Necrosis Factar-(TNF-o)), the major pro-inflammatory cytokine examined in
this study, remained unchanged immediately afterase and two-hours into recovery, but
was significantly downregulated twenty-four hour®irecovery in both groups (p=0.011;
main effect of time). No differences were obserletiveen groups (p=0.213).

The twenty-four hours post-exercise downregulatibmMNF-o was an unexpected
finding from this study. Researchers have showrsistently that exercise can initiate an
anti-inflammatory response over an extended trgiperiod (Greiwe et al., 2001; Pederson
& Febbraio, 2008; Phillips et al., 2010). Howeube acute downregulation of a significant
pro-inflammatory cytokine has not been shown caestly. Only one known study, Hirose
et al. (2004), displayed a similar decrease in TNE5%) 1 day, 2 days, and 4 days after a

resistance exercise bout.
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Differences, however, do exist between the Hietsa. (2004) and the current study.
Most significantly, the protocol from the curretiidy consisted of exercises that focused on
multiple lower and upper body muscle groups withatyic movement patterns, while the
protocol from Hirose et al. (2004) consisted ofeetdc action of the elbow flexors with
isolated movement patterns. As explained by PawdsdrPeake (2013) the hormonal and
inflammatory response is dependent on the typelandize of the exercised muscle or
muscle groups. For example, exercise that emplakimge muscle groups and ‘multi-
jointed, dynamic movement patterns’ are likelyriduce a greater systemic inflammatory
response than ‘isolated muscle contractions’ (Rauks Peake, 2013). Moreover, the
reduction in TNFe in the study by Hirose et al. (2004) was indepehdéan increase in IL-
6, while in the current study it is likely that thpregulation of IL-6 had some effects on the
systemic reduction in TNE-(seeCytokine Interactions and Inflammatory effects of
Resistance Exercisection). Regardless of the differences in thesestwdies, it remains
intriguing that some degree of an anti-inflammateifict persisted after the bouts of
exercise.

Exploring a broader concept, the acute down regulaf TNF-a in this study and
the study by Hirose et al. (2004) may be indicatifa more long-term anti-inflammatory
response. In support of this theory, researchatshiiive displayed that resistance exercise
can reduce TNIFe-over an extended training period (Greiwe et @Q12 Phillps et al., 2010).
The study by Greiwe et al. (2001) supports thigwclay displaying that resistance training
could increase protein synthesis in concurrenck astdecrease in systemic Thiffevels.
Phillips et al. (2010) present a similar argumentitsplaying that a decrease in systemic

levels of TNFe was associated with improvements in overall stiterig addition, and as
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previously discussed, the study by Hirose et &l042 displays a significant downregulation
of TNF-a extended to 4 days following the resistance egersession.

To the contrary, the post-exercise reduction of JN#vident in this study is not in
agreement with all studies examining resistancecese2and inflammation, as other
researchers have displayed either small increasess(et al., 2007) or no changes (Periera
et al., 2012; Prestes et al., 2009) in TWEfer a resistance exercise session. However,
important differences exist between the presentl@@forementioned studies. For instance,
Louis et al. (2007) used muscle mRNA to observelage dynamics, thus the acute changes
of the TNFe after exercise may represent a local, intramuscakponse, as compared to the
present study that examined the cytokine in theegye circulation. Moreover, the findings
from Periera et al. (2012) and Prestes et al. (R6B@play no changes in IL-6 or IL-10
following the exercise session. This is notewortms/JL-6 and IL-10 act as major
suppressors of TNE; thus it is likely that TNFe will remained unchanged without changes
in these signaling components (Pederson & Febb?8i@g). This present study did show a
significant increase in IL-6 post-exercise andeadrtowards an upregulation of IL-10, thus
it is plausible that these cytokines had modulaéfigcts on TNFe at twenty-four hours post
exercise time point. A more detailed explanatioeydbkine interactions will be discussed in
the next section of this chapter.

Cytokine Interactions and the Inflammatory EffegifResistance Exercise

The interactions of IL-6, IL-10 and TNé-are important to consider when reviewing
the inflammatory response to resistance exercisesd cytokines (along with others) are
thought to mediate progression from an inflammatesponse to the eventual long-term

adaptive response (Tidball, 2005). This sectidhimyestigate some of these interactions in
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an effort to propose a physiological reasoning ihetiine findings from this study. The
discussion, however, should be reviewed as speoeilas definitive interactions are not
fully substantiated due to the limited sample size.

IL-6 is the most extensively upregulated cytokifteraexercise (Ostrowski et al.,
1999; Peterson & Pederson, 2005). Though therensderate increase in the systemic
concentration of many cytokines, it is clear tint appearance of IL-6 in the circulation is
by far the most marked and that its appearanceegescthat of the other cytokines (Pederson
& Febbraio, 2008). This is again evident in thesprg study, as IL-6 is the only cytokine
measured that significantly increases over basealir®y post-exercise time points
(p=0.027). As discussed, the upregulation of Iltegrf this particular exercise session is
likely due to its direct release from skeletal masnd its ability to ‘sense’ energy depletion
(Pederson et al., 2004; Steensberg et al., 2001).

The present study also displays an upward trehid-ir® at the 2-hours post-exercise
time interval at similar to that of IL-6. The comoent increase in these two cytokines points
to a theory which states that IL-10 is directlyrsilated by IL-6 (Peterson & Pederson,
2005). Thus, the peak production of IL-10 shoulduran a period during or right after the
peak production of IL-6 (Peterson & Pederson, 200B)s phenomenon is present in this
study and others. For example, Izquierdo et all@2@howed that IL-10 increases (2-fold) in
concurrence with an upregulation of IL-6 (3-fold4& minutes after exercise. Additionally,
Hirose et al. (2004) displayed that increases #6 lirecede that of IL-10. More broadly,
Peterson and Pederson (2005) explain that thedio@uction drives the anti-inflammatory

effect after exercise, which is represented in sdegree by an increase in circulating IL-10.
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With respect to this discussion, the data from skusly support (to some degree) the notion
that IL-6 can act as stimulating factor for thei-amtiammatory cytokine, IL-10.

The anti-inflammatory effects of IL-6 and IL-10 malgo be related to the
suppression of pro-inflammatory cytokines (Petet&dtederson, 2005). In the present
study, though the theory remains speculative, thel post exercise upregulation in IL-6
and trending increase in IL-10 may have had airotee suppression of TNé&-at 24 hours-
post-exercise (See Figure 3). This observation agreement with a study completed by
Starkie et al. (2003) in which infused recombinidné decreased the systemic levels of
endotoxin induced TNl Concurrently, others suggest that IL-10 direstippresses the
production in TNFe. through the inhibition of the NF-kb pathway in mgghages and other
immune cells (Wang et al., 2005). With these dnhikitory actions, it is possible that the
inflammatory state 2-hours after resistance exereas evident in this study, may have a

prolonged effect on the recovery period 24 houter dhe exercise session.
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Figure 3: Cytokine responses (IL-6, IL-10 and TNirat pre, immediately-post, 2 hours-
post, and 24 hours-post exercise.
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Implications for Cancer Survivors and Future Diiaas

As discussed above, the current study displayediffexences between healthy
controls and cancer survivors with regards to mfi@ation after an acute bout of resistance
exercise. These findings are encouraging, as therebéd temporal response of cytokines
after resistance exercise is representative okaiple anti-inflammatory effect. This may be
especially important for cancer survivors sufferirgm chronic, low-grade inflammation
and associated symptoms. Although, it is recognikatithe above interpretation must be
tempered by the fact the sample size in this stsidp limited.

This study is not the first to present the acuteat$ of resistance training on
inflammation and the immune system in cancer sorgivGalvao et al. (2008) also displayed
that resistance exercise had similar immune admmhatory effects in prostate cancer
survivors compared to healthy controls. Compar#abteée current study, IL-6 was
upregulated as a result of exercise and t\NEmained unchanged immediately after
exercise. However, unlike the current study Gakial. did not observe the cytokine
responses into recovery, and they did not exangsganses of IL-10. Galvao and colleagues
also used a different protocol with longer resemals (2-4 minutes) compared to the present
study (30-45 seconds). Even with these slight paltdifferences, Galvao et al. (2008)
reported similar, encouraging findings, as no mftammatory response persisted after the
exercise bout, while subjects saw improvementlerhiormonal milieu evidenced by
increases in growth hormone and insulin like grofetttor following the exercise bout.
Described in a broader perspective the researaf@oted the long-term benefits of
resistance exercise training: reduced treatmeateeiside effects, enhanced the hormonal

response to exercise, and possibly improved imrfumation.
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It should be noted, that the study by Galvao .e28l08) examined the effects of
resistance exercise in prostate cancer survivoate@nundergoing Androgen Deprivation
Therapy (ADT). This contrasts from the current gtughich observed the effects of exercise
on breast cancer survivors (females) undergoingwaitreatment protocols. The differences
in these studies, both the protocols and typesnters, highlights more clearly that more
studies need to be compiled in this area. Nevertiseimmunosuppression and chronic, low-
grade inflammation are associated with both dissagkich suggests these studies are
comparable to some degree (Al-Majid & Waters, 2@;kwill and Matovani, 2001).

Resistance exercise may also improve symptomgiasso with chronic low-grade
inflammation in cancer survivors. As reported byMdjid and Waters (2008) resistance
training may diminish cancer-related skeletal meisghsting by downregulating the activity
of pro-inflammatory cytokines. The author’s notattiNF-o and IL-6 are chronically
elevated in many types of cancer and that a reslucti these cytokines in the blood will
lead improved strength and muscle function. MoreoBattaglini et al. (2012) derived a
theoretical model (Exercise Anti-Cachectic Hypoitedt—EACH) that suggests that exercise
can improve the inflammatory state in cancer p&iand survivors, which will ultimately
lead to enhanced functionality and improved quaftiife in these individuals. Additionally,
these authors propose that resistance exercis¢hamstibsequent reduction in pro-
inflammatory cytokines, will generate a more bakxhprotein turnover in cancer patients
and survivors (Battaglini et al., 2012). These @mts are confirmed by research that shows
that resistance trained cancer survivors have |logsting plasma IL-6 levels compared to
sedentary controls (Jones et al., 2012; Sprod,e2@10) while other studies display that

resting TNFe can be reduced over a training period with a coeatl increase in muscle

55



mass and strength (Greiwe et al., 2001).

The findings of these studies lead one to ask tiestipn of whether the acute
inflammatory response may have effects on the ea&rbng-term adaptive response.
Offering support to this idea, Hirose et al. (208#played decreases in TNFen day 1, day
3, and day 4 days follwoing the cessation of esercemith et al. (2000) showed that anti-
inflammatory IL-10 can be upregulated up to 6 daggond the cessation of an exercise
session, while Prestes et al. (2009) showed thé&tdan be downregulated up to 48 hours
after the resistance exercise bout. Without questiee long-term adaptive response also
requires slower, less noticeable changes in matastaite and endocrine/inflammatory
milieu; however the aforementioned studies giveesacknowledgment to the concept that
the acute inflammatory state after exercise magetlito some degree, the long-term
adaptive response.

These inflammatory responses to exercise, bothaowigshort-term, are important for
cancer survivors using exercise therapy. As prapbgeBattaglini et al. (2012),

‘incorporation of exercise training as a part & therapeutic regime of cancer treatment can
result in anti-inflammatory cytokines mitigatingnse of the effects of the pro-inflammatory
cytokines’. More specifically, if the acute inflamatory state directs (to any degree) the
long-term response to exercise, it remains vitatégearchers to observe these responses in
order to design safe, efficient and effective eiserprograms. The current study provides
some encouraging data in regards to these congeptsiore studies, exhibiting more in-

depth exploration of the acute inflammatory stdteraxercise, are needed.
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Limitations of Study

There are several potential limitations and conébug factors in this study, which
may have impacted the results and potentially &chthe reliability and validity of the
findings. First, the small sample size (n=12; castevivor=4; healthy controls=8) made it
difficult to generalize the findings to cancer ptations and the general public alike. The
recruitment and scheduling of the subjects in atdimoe window was the likely cause of this
shortcoming. Furthermore, the training status efghrticipants was not entirely accounted
for. As discussed in previous sections, trainirgust has important effects of post-exercise
cytokine production, thus this uncontrolled varebiay introduce error into the study.

The type and timing of cancer treatment may atseethad effects on the results.
Namely, this study allowed for participants withedatively wide-range of treatments to
participate. Additionally, the relatively large #awindow after treatment (3 months to 1
year) in the cancer survivor group will reduce tékability and validity of the current study.
Also, the truthfulness of the participants in pag background information and adhering
to pre-assessment guidelines is a potential coaienwithin the data.

The collection of blood samples also may have thioed sources of error into the
study. Namely, the venipuncture and catheter plac¢mprocedures may have elicited
stressful responses in some individuals, leadingisguided interpretations of hormonal and
inflammatory responses. Additionally, there was omnssing blood sample collection at the
24-hour post exercise time point due to scheduongflicts. In order to account for the

missing sample, the statistical procedure of medstgution was used.
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It is important to note that the researchers tieedontrol some of these limitations
through efficient planning and scheduling, discolssvith the participants, and data

collection in a controlled environment, yet errargl oversights may still have occurred.
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Chapter VI
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Despite the limitations of this study, valuableigids can be gained from these
findings. First, the inflammatory response to riesise exercise does not appear to differ
between healthy controls and breast cancer susivdnis is evident by no significant
difference between the groups when comparing atmg levels of cytokines (IL-6, IL-10,
and TNFe) at each time point after exercise (Immediatelgtp®-hours post, 24-hours post).
Additionally, this study reveals intriguing datarggards to the post-exercise dynamics of
cytokines. In both groups, the resistance exesassion elicited an upregulation in IL-6 2
hours-post exercise, and a downregulation of BN hours post-exercise. The response of
IL-6 was consistent with other studies using sinpiatocols (Phillips et al., 2010), while the
response of TNf-was more unexpected. These findings, with padicidcus on the
reduction in TNFe, indicate that resistance exercise may alterrti@nnmatory state post-
exercise and into recovery through a shift in prd anti-inflammatory cytokines. More
specifically, it appears as if resistance exeratse moderate intensity may promote an
overall anti-inflammatory state 24 hours into reexgvrelative to baseline measures.

With regards to cancer survivors, these resulteaceuraging. Firstly, the cancer
survivors respond similarly to exercise relativéheir healthy counterparts, providing
support that moderate intensity resistance exedoss not elicit any major adverse

outcomes. Moreover, a pro-inflammatory state didpessist in the blood after exercise, thus



it can be assumed that the cancer survivors ap@meléng encouragingly to the exercise
session. In fact, an acute reduction in inflammati@s evident through a downregulation in
circulating TNFe. As discussed previously, TNEFremains as one of the leading
contributors to chronic inflammation in many tyggsancer, which may ultimately lead to
worsening of symptoms and the progression of thetyBalkwill & Mantovani, 2001).
Overall, there is data from this study, and otlpeeviously (Battaglini et al., 2012; Galvao et
al., 2008) to suggest that resistance exercise mmaatroduce a harmful inflammatory
response and that it remains as a safe and efati@rapy for cancer survivors.

As mentioned, this study has various shortcomimgispssible sources of error.
Consequently, any findings this study should beesggd with some degree of caution.
Nevertheless, results from this study may helpctliigture researchers towards a more
thorough exploration into the acute immune andamfinatory responses to exercise in
cancer survivors.

Conclusions:

Research Hypothesis #1-6 will be significantly upregulated from basedim the

cancer survivors and healthy controls immediatedgtpexercise and 2 hours post-exercise
and return to baseline 24 hours post exercidas hypothesis was rejected for the
immediately-post exercise IL-6 response, but aezefur the 2-hours post-exercise
(p=0.027).

Research Hypothesis #2 -10 will be significantly upregulated from bagsediat 2

hours post-exercise and 24 hours post-exerciseaithy controls but not in the cancer
survivors.This hypothesis was rejected since circulatind.0Ledid not change as a result of

exercise in either group.
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Research HypothesiS#TNF-o will be significantly upregulated 2 hours post

exercise and 24 hours post exercise in the cangen®rs but not in the healthy controls
This hypothesis was also rejected, as plasma d Nig-not change at 2 hours post-exercise
and was significantly reduced at 24 hours postaseiin both groups (p=0.011).

Research Hypothesis # 4 (Exploratoigak (%) change (Hn IL-6 will correlate

significantly with peak (%) change Y-f cortisol.This hypothesis was rejected, as no

correlation was evident between IL-6 and cortis@rgy time point after exercise.
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Appendix A

University of North Carolina-Chapel Hill
Consent to Participate in a Research Study
Adult Subjects: Breast Cancer Survivor Group
Biomedical Form

IRB Study # 11-1405
Consent Form Version Date: January 10, 2013

Title of Study: The Impact of Acute Aerobic and Resistance Exercise on Natural Killer
Cell, Catecholamine, and Cortisol Responses in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD

UNC-Chapel Hill Department: Exercise & Sport Science

UNC-Chapel Hill Phone number: 843-6045

Email Address: claudio@email.unc.edu

Co-Investigators: Elizabeth S. Evans, MA; Anthony C. Hackney, PhD, DSc; Robert G.
McMurray, PhD; Hyman B. Muss, MD; Scott H. Randell, PhD; Rachel Graff, BS; Jacob
Allen, BA; Miles Bartlett, MA; Nathan Berry, MA; Jamie Pearson, BS; Charlotte Shatten
MA; Ryan Vanhoy, BS; Jeremiah Boles, MD; Mingqing Li, MD; Amy Lucas, MD; Autumn
Mcree, MD; Payal Desai, MD; Christine Lin, MD; Marshall Mazepa, MD; Micah Mooberry,
MD; Ryan Raddin, MD; Tyler Buckner, MD; Andrea Dean, MD; Satish Gopal, MD; Emily
Jenkins, MD; Adam Kuykendal, MD; Keeran Sampat, MD

Funding Source and/or Sponsor: NA

Study Contact telephone number: (516) 633-5235 or (919) 621-1322
Study Contact email: rgraffl @email.unc.edu or jmallen@email.unc.edu

What are some general things you should know about research studies?
You are being asked to take part in a research study. To join the study is voluntary.

You may refuse to join, or you may withdraw your consent to be in the study, for any
reason.

Research studies are designed to obtain new knowledge that may help other people in
the future. You may not receive any direct benefit from being in the research study.
There also may be risks to being in research studies.

Deciding not to be in the study or leaving the study before it is done will not affect your
relationship with the researcher, your health care provider, or the University of North
Carolina-Chapel Hill. If you are a patient with an illness, you do not have to be in the
research study in order to receive health care.
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Details about this study are discussed below. It is important that you understand this
information so that you can make an informed choice about being in this research
study. You will be given a copy of this consent form. You should ask the researchers
named above, or staff members who may assist them, any questions you have about this
study at any time.

What is the purpose of this study?
The purpose of this research study is to learn about the effect of one session of

moderate intensity aerobic or resistance exercise on the immune system and endocrine
system of breast cancer survivors. The immune system helps to protect the body from
getting sick. The endocrine system includes the hormones that the body makes, some
of which can affect the immune system. We will also be examining how the same type
of aerobic or resistance exercise affects age-matched women who have never
experienced cancer treatment.

Over the past 20 years, regular aerobic and resistance exercise has been shown to
improve the health and well-being of breast cancer survivors in many different ways.
Regular participation in exercise can help decrease feelings of fatigue, anxiety, and
depression. Regular aerobic and resistance exercise can also help improve physical
fitness, build strong bones and muscles, and lower the amount of fat stored in the body.
Regular moderate aerobic or resistance exercise may also improve the immune
system’s ability to fight infections, and it may also lower the body’s production of stress
hormones. However, researchers still have many questions to answer regarding how
aerobic exercise and resistance exercise affect the immune system and stress hormone
levels in breast cancer survivors, especially when compared to healthy age-matched
women who have never experienced treatment for cancer.

The primary aim of this study is to examine the effects of a moderate-intensity, 30-
minute aerobic exercise bout or a moderate-intensity resistance exercise bout on the
natural Killer (NK) cell. The NK cell is an important part of the immune system that
helps to destroy viruses and tumor cells. Secondly, the affect of these exercise bouts on
the stress hormones epinephrine, norepinephrine, and cortisol will be examined.
Thirdly, the relationships between the response of the NK cell and the response of the
stress hormones will be measured. The levels of these markers will be measured
immediately before exercise, immediately after exercise, 2 hours post-exercise, and 24
hours post-exercise via blood samples.

Why are you being asked to participate in this study?
You are being asked to be in the study because you are a woman who has been

diagnosed with breast cancer, you have completed surgery, chemotherapy, and
radiation therapy within the past 3-6 months, and you are between the ages of 40 and
70 years. The full list of inclusion criteria for participation in this study are listed
below:

3.1.1. Confirmed diagnosis of Stage I, II, or IIl invasive breast cancer;

3.1.2. Must have received chemotherapy;
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3.1.3. Must have completed surgery, chemotherapy, and radiation therapy 3-6 months
prior to enrollment;

3.1.4. Patients receiving adjuvant hormonal therapy or adjuvant trastuzumab are
eligible;

3.1.5. No presence of metastatic disease;

3.1.6. Female, between 40 and 70 years of age;

3.1.7. Notinvolved in regular organized physical activity for at least 1 year prior to
enrollment, meaning that you exercise less than 3 times per week and that you
do not engage in activities of moderate or vigorous intensity.

3.1.8. Not taking any anti-inflammatory medications;

3.1.9. Clearance from your oncologist to participate in exercise.

Are there any reasons you should not be in this study?
You should not be in this study if you have any type of disease that affects your heart,

lungs, bones, or muscles which would make it very difficult for you to exercise. You
should not be in this study if you have uncontrolled diabetes or thyroid disease. You
should not be in this study if you have had a fever, body aches, and/or swollen glands
within the past 6 weeks or if you have a chronic infectious disease such as hepatitis or
AIDS. You should not be in this study if you have abnormally low values for certain
blood markers, including potassium, magnesium, white blood cells, hematocrit, and
platelets. Also, you should not be in this study if you are currently using an anti-
inflammatory medication such as non-steroidal anti-inflammatory drugs (NSAIDs) or
glucocorticoids, or you have any other mental or physical impairment that would
prevent you from being able to exercise.

How many people will take part in this study?
If you decide to be in this study, you will be one of approximately 40 people in this

research study.

How long will your part in this study last?
You will be asked to come to the laboratory for 3 separate visits. Laboratory Visit 1 will

last approximately 2 hours, Laboratory Visit 2 will last approximately 3 hours, and
Laboratory Visit 3 will last approximately 30 minutes. The overall length of time that
you will participate in the study will be approximately 1-2 weeks, but may be shorter.

As this study involves drawing blood, some of your blood samples may be frozen and
stored indefinitely for future analyses. You will be given a separate consent form
describing storage of the blood samples.

What will happen if you take part in the study?
Participation in this study will require you to report to the laboratory for 3 separate

visits. All Laboratory Visits will take place in the Integrative Exercise Oncology
Research Laboratory (IEORL), which is located in Fetzer Hall, in the Department of
Exercise and Sport Science at UNC-Chapel Hill. All study procedures are a requirement
of participation in the study.
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Laboratory Visit 1: Orientation / Familiarization to the Study and 1-RM Assessment
(Resistance Exercise Group Only)

The purpose of Laboratory Visit 1 is to provide you with an overview of the study, give
you an opportunity to ask questions about your participation, sign this informed
consent, gather some demographic information about you, and to assess your muscular
strength. The specific procedures that will be performed are listed below:

1. Sign informed consent documents

2. Fill out a medical history questionnaire

3. Undergo a brief medical and physical screening, including a resting
electrocardiogram (ECG) to measure heart function

4. Undergo body composition analysis to assess percent body fat using a DEXA

5. Familiarization with equipment used during exercise testing

6. Undergo an exercise test to assess muscular strength

The purposes of items 2, 3, and 4, are to determine if it is safe for you to participate in
exercise and to gain some demographic information about you, including your age,
height, weight, percent body fat, race, physical activity participation over the past year,
and type of cancer treatments you have received and are currently receiving. The
machine that will be used to measure your percent body fat in item 4 is called a DEXA.
DEXA stands for Dual Energy X-ray Absorptiometry. The DEXA uses two x-ray beams to
measure differences in the composition of different tissues in your body, such as bones,
soft tissue, and fat. The scan is performed while you rest on your back, and takes
approximately 6 minutes.

The purpose of item 6 is to perform an exercise assessment that will allow the
researchers to determine your muscular strength, or the greatest amount of weight that
certain muscle groups can lift one time. This exercise assessment will involve
performing 4 different exercises. They are: leg press, lateral pull down, leg extension,
and seated row. The exercise assessment will involve a series of one-repetition trials
with increasing workloads until you decide that the given weight is the most that you
can lift with proper form. This will be done for each of the 4 exercises. The duration of
the exercise assessment will likely last no more than 30 minutes.

Laboratory Visit 2: Acute Resistance Exercise Session (Resistance Exercise Group Only)
Laboratory Visit 2 will occur between 7-14 days of Laboratory Visit 1. During this Visit,
you will be performing 1 session of moderate-intensity resistance exercise on the same
4 pieces of equipment used in Laboratory Visit 1 (leg press, lateral pull down, leg
extension, and seated row). This will be the exercise bout that will be used to elicit a
response in your immune cells, inflammatory markers, and stress hormones. The
specific procedures that will be performed are listed below:

Fill out a psychological stress questionnaire
Pre-exercise blood sample

Moderate-intensity resistance exercise session
Post-exercise blood sample (immediately post-exercise)
Post-exercise blood sample (2 hours post-exercise)
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The purpose of item 1 is to determine if you are feeling any emotional or psychological
stress on the day of testing. This is important information as the levels of stress
hormones in your blood may be influenced by emotional or psychological stress.

During item 3, you will be performing an approximately 30-minute bout of moderate-
intensity resistance exercise on the leg press, lateral pull down, leg extension, and
seated row. A moderate intensity level of exercise will make you feel like your muscles
are working, but you are able to carry on a conversation. You will alternate between
each of the four resistance exercises, performing 10 repetitions of each followed by 1.5
minutes of rest before continuing on to the next exercise. You will move from the leg
press to the lateral pull down to the leg extension to the seated row, with the same
number of repetitions and amount of rest until you have completed each exercise three
times.

The 3 blood samples to be obtained during items 2, 4, and 5 will be performed by using
a small catheter inserted into a vein in your arm. This blood sampling procedure is very
similar to a blood sampling procedure that is used in routine medical clinic settings.
Approximately 1 tablespoon of blood will be collected for each item. Some of this blood
will be used during the course of this study to measure the number of NK cells in your
blood, the activity of the NK cells (i.e., how well they destroy other cells), and the levels
of stress hormones and cytokines in your blood.

Laboratory Visit 3: 24-hour Follow-up Session

Laboratory Visit 3 will occur 24 hours after Laboratory Visit 2. During this Visit, you
will answer the same psychological stress questionnaire as you did in the previous
laboratory visit. You will also have 1 blood sample drawn, which will also be used to
the number of NK cells in your blood, the activity of the NK cells (i.e., how well they
destroy other cells), and the levels of stress hormones and cytokines in your blood. The
procedure for obtaining the blood sample is the same as described above, except that
the blood will be drawn through a small needle instead of a catheter.

What are the possible benefits from being in this study?
Research is designed to benefit society by gaining new knowledge. The benefits to you

from being in this study may be the opportunity to have your various aspects of your
health assessed during Laboratory Visit 1. This would include looking at how well your
heart is working by using the ECG and by listening to your heart with a stethoscope.
Additionally, you will have your muscular strength assessed, as well as your percent
body fat. This information may be useful if you are be thinking of beginning an exercise
program, and you may elect to provide this information to an exercise specialist who
could construct and supervise an individualized exercise program for you.

What are the possible risks or discomforts involved with being in this study?
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The risk of physiological and psychological harm is very minimal and would not cost
you physical or emotional loss. However, any research study does carry with it some
potential for risk or discomfort, listed below:

1. During Laboratory Visit 1, you will be performing an exercise test to determine
your muscular strength. The test will start with an easy warm-up and
movement rehearsal for your muscles. As the one repetition maximum trials
begin, you will find that the assessment will become more difficult. Itis possible
that increased stress will be placed on your musculoskeletal system. To ensure
your safety, your heart rate and your lifting technique will be monitored
continuously throughout the various trials to verify that there are no movement
compensations. Your heart rate will continue to be monitored for several
minutes after the conclusion of the one repetition maximum assessments. At the
conclusion of the test, you will be allowed to cool down, stretch, and drink water
at liberty.

2. During Laboratory Visit 1, you will be exposed to radiation during the DEXA
scan. However, the scan itself is very safe, and the amount of x-ray radiation that
you will receive during the scan is 0.8 mrems, which is extremely small. To put
this in perspective, this amount of radiation is about the same amount of
radiation that you would receive from natural background sources in one day.

3. During Laboratory Visits 1 and 2, it is possible that you could experience slight
muscle or joint soreness after the exercise. However, this soreness would not be
any worse than after doing any other type of exercise. To minimize the amount
of soreness you might feel, you will be allowed to stretch before and after
exercise, and you will be allowed to do a light warm-up and cool-down before
and after exercise.

4. During Laboratory Visits 2 and 3, it is possible that you could experience some
mild bruising or discomfort while having your blood drawn. This discomfort
would not be any more significant than having your blood drawn at the doctor’s
office. The blood sampling procedures will be performed by research team
members who have drawn blood many times before, and proper bandaging will
be performed to minimize bleeding.

In addition, there may be uncommon or previously unknown risks that might occur.
You should report any problems to the researchers.

What if we learn about new findings or information during the study?

You will be given any new information gained during the course of the study that might
affect your willingness to continue your participation.

How will your privacy be protected?
You will not be identified in any report or publication about this study. Although every

effort will be made to keep research records private, there may be times when federal

67



or state law requires the disclosure of such records, including personal information.
This is very unlikely, but if disclosure is ever required, UNC-Chapel Hill will take steps
allowable by law to protect the privacy of personal information. In some cases, your
information in this research study could be reviewed by representatives of the
University, research sponsors, or government agencies (for example, the FDA) for
purposes such as quality control or safety.

All data obtained from you during this study will be coded using a research ID number,
and only the members of the research team will have access to these codes. Study
databases and logs will not have any information that will allow for subjects to be
identified by anyone other than a research team member.

A copy of this consent form will go in to your medical record. This will allow the
doctors caring for you to know what study tests you may be receiving as a part of the
study and know how to take care of you if you have other health problems or needs
during the study.

What will happen if you are injured by this research?
All research involves a chance that something bad might happen to you. This may

include the risk of personal injury. In spite of all safety measures, you might develop a
reaction or injury from being in this study. If such problems occur, the researchers will
help you get medical care, but any costs for the medical care will be billed to you and/or
your insurance company. The University of North Carolina at Chapel Hill has not set
aside funds to pay you for any such reactions or injuries, or for the related medical care.
However, by signing this form, you do not give up any of your legal rights.

What if you want to stop before your part in the study is complete?

You can withdraw from this study at any time, without penalty. The investigators also
have the right to stop your participation at any time. This could be because you have
had an unexpected reaction, you become ill, you use a medication that may affect the
outcome of the study variables being measured, you are not able to complete the
exercise testing sessions, you refuse to have your blood drawn, you miss a Laboratory
Visit, or because the entire study has been stopped. If you decide to withdraw from the
study, all data collected from you will be destroyed and will not be used in any data
analyses that may result from this study.

Will you receive anything for being in this study?
You will be provided with a written report of your fitness level and percent body fat,

both of which will be measured during Laboratory Visit 1.

Will it cost you anything to be in this study?
It will not cost you anything to participate in this study.

What if you are a UNC student?
You may choose not to be in the study or to stop being in the study before it is over at

any time. This will not affect your class standing or grades at UNC-Chapel Hill. You will
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not be offered or receive any special consideration if you take part in this research.

What if you are a UNC employee?

Taking part in this research is not a part of your University duties, and refusing will not
affect your job. You will not be offered or receive any special job-related consideration
if you take part in this research.

What if you have questions about this study?
You have the right to ask, and have answered, any questions you may have about this

research. If you have questions, complaints, concerns, or if a research-related injury
occurs, you should contact the researchers listed on the first page of this form.

What if you have questions about your rights as a research subject?
All research on human volunteers is reviewed by a committee that works to protect

your rights and welfare. If you have questions or concerns about your rights as a
research subject, or if you would like to obtain information or offer input, you may
contact the Institutional Review Board at 919-966-3113 or by email to
IRB_subjects@unc.edu.

Title of Study: The Impact of Acute Aerobic and Resistance Exercise on Natural Killer
Cell, Catecholamine, and Cortisol Responses in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD

Subject’s Agreement:

[ have read the information provided above. [ have asked all the questions I have at this
time. I voluntarily agree to participate in this research study.

Signature of Research Subject Date

Printed Name of Research Subject

Signature of Research Team Member Obtaining Consent Date

Printed Name of Research Team Member Obtaining Consent
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Appendix B

University of North Carolina-Chapel Hill
Consent to Participate in a Research Study
Adult Subjects: Healthy Control Group
Biomedical Form

IRB Study # 11-1405
Consent Form Version Date: January 10, 2013

Title of Study: The Impact of Acute Aerobic and Resistance Exercise on Natural Killer
Cell, Catecholamine, and Cortisol Responses in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD

UNC-Chapel Hill Department: Exercise & Sport Science

UNC-Chapel Hill Phone number: 843-6045

Email Address: claudio@email.unc.edu

Co-Investigators: Elizabeth S. Evans, MA; Anthony C. Hackney, PhD, DSc; Robert G.
McMurray, PhD; Hyman B. Muss, MD; Scott H. Randell, PhD; Rachel Graff, BS; Jacob
Allen, BA; Miles Bartlett, MA; Nathan Berry, MA; Jamie Pearson, BS; Charlotte Shatten
MA; Ryan Vanhoy, BS; Jeremiah Boles, MD; Mingqing Li, MD; Amy Lucas, MD; Autumn
Mcree, MD; Payal Desai, MD; Christine Lin, MD; Marshall Mazepa, MD; Micah Mooberry,
MD; Ryan Raddin, MD; Tyler Buckner, MD; Andrea Dean, MD; Satish Gopal, MD; Emily
Jenkins, MD; Adam Kuykendal, MD; Keeran Sampat, MD

Funding Source and/or Sponsor: NA

Study Contact telephone number: (516) 633-5235 or (919) 621-1322
Study Contact email: rgraffl @email.unc.edu or jmallen@email.unc.edu

What are some general things you should know about research studies?
You are being asked to take part in a research study. To join the study is voluntary.

You may refuse to join, or you may withdraw your consent to be in the study, for any
reason.

Research studies are designed to obtain new knowledge that may help other people in
the future. You may not receive any direct benefit from being in the research study.
There also may be risks to being in research studies.

Deciding not to be in the study or leaving the study before it is done will not affect your
relationship with the researcher, your health care provider, or the University of North
Carolina-Chapel Hill. If you are a patient with an illness, you do not have to be in the
research study in order to receive health care.
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Details about this study are discussed below. It is important that you understand this
information so that you can make an informed choice about being in this research
study. You will be given a copy of this consent form. You should ask the researchers
named above, or staff members who may assist them, any questions you have about this
study at any time.

What is the purpose of this study?
The purpose of this research study is to learn about the effect of one session of

moderate intensity aerobic or resistance exercise on the immune system and endocrine
system of breast cancer survivors. The immune system helps to protect the body from
getting sick. The endocrine system includes the hormones that the body makes, some
of which can affect the immune system. We will also be examining how the same type
of aerobic or resistance exercise affects age-matched women who have never
experienced cancer treatment.

Over the past 20 years, regular aerobic and resistance exercise has been shown to
improve the health and well-being of breast cancer survivors in many different ways.
Regular participation in exercise can help decrease feelings of fatigue, anxiety, and
depression. Regular aerobic and resistance exercise can also help improve physical
fitness, build strong bones and muscles, and lower the amount of fat stored in the body.
Regular moderate aerobic or resistance exercise may also improve the immune
system’s ability to fight infections, and it may also lower the body’s production of stress
hormones. However, researchers still have many questions to answer regarding how
aerobic exercise and resistance exercise affect the immune system and stress hormone
levels in breast cancer survivors, especially when compared to healthy age-matched
women who have never experienced treatment for cancer.

The primary aim of this study is to examine the effects of a moderate-intensity, 30-
minute aerobic exercise bout or a moderate-intensity resistance exercise bout on the
natural Killer (NK) cell. The NK cell is an important part of the immune system that
helps to destroy viruses and tumor cells. Secondly, the affect of these exercise bouts on
the stress hormones epinephrine, norepinephrine, and cortisol will be examined.
Thirdly, the relationships between the response of the NK cell and the response of the
stress hormones will be measured. The levels of these markers will be measured
immediately before exercise, immediately after exercise, 2 hours post-exercise, and 24
hours post-exercise via blood samples.

Why are you being asked to participate in this study?
You are being asked to be in the study because you are a woman who has never been

diagnosed with or treated for cancer, you are post-menopausal, you are sedentary, and

you are between the ages of 40 and 70 years. The full list of inclusion criteria for

participation in this study are listed below:

3.1.10. Female, between 40 and 70 years of age;

3.1.11. No history of cancer diagnosis or treatment;

3.1.12. No presence of any bone, muscle, or other medical condition that would prevent
you from being able to participate in resistance exercise;
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3.1.13. Not taking anti-inflammatory medications such as non-steroidal anti-
inflammatory drugs (NSAIDs) or glucocorticoids;

3.1.14. Not involved in regular organized physical activity for at least 1 year prior to
enrollment, meaning that you exercise less than 3 times per week and that you
do not engage in activities of moderate or vigorous intensity.

3.1.15. Clearance from your primary physician, if you are age 65 years or older.

Are there any reasons you should not be in this study?
You should not be in this study if you have any type of disease that affects your heart,

lungs, bones, or muscles which would make it very difficult for you to exercise. You
should not be in this study if you have uncontrolled diabetes or thyroid disease. You
should not be in this study if you have had a fever, body aches, and/or swollen glands
within the past 6 weeks or if you have a chronic infectious disease such as hepatitis or
AIDS. You should not be in this study if you have abnormally low values for certain
blood markers, including potassium, magnesium, white blood cells, hematocrit, and
platelets. Also, you should not be in this study if you are currently using an anti-
inflammatory medication such as non-steroidal anti-inflammatory drugs (NSAIDs) or
glucocorticoids, or you have any other mental or physical impairment that would
prevent you from being able to exercise.

How many people will take part in this study?
If you decide to be in this study, you will be one of approximately 40 people in this

research study.

How long will your part in this study last?
You will be asked to come to the laboratory for 3 separate visits. Laboratory Visit 1 will

last approximately 2 hours, Laboratory Visit 2 will last approximately 3 hours, and
Laboratory Visit 3 will last approximately 30 minutes. The overall length of time that
you will participate in the study will be approximately 1-2 weeks, but may be shorter.

As this study involves drawing blood, some of your blood samples may be frozen and
stored indefinitely for future analyses. You will be given a separate consent form
describing storage of the blood samples.

What will happen if you take part in the study?
Participation in this study will require you to report to the laboratory for 3 separate

visits. All Laboratory Visits will take place in the Integrative Exercise Oncology
Research Laboratory (IEORL), which is located in Fetzer Hall, in the Department of
Exercise and Sport Science at UNC-Chapel Hill. All study procedures are a requirement
of participation in the study.

Laboratory Visit 1: Orientation / Familiarization to the Study and 1-RM Assessment
(Resistance Exercise Group Only)

The purpose of Laboratory Visit 1 is to provide you with an overview of the study, give
you an opportunity to ask questions about your participation, sign this informed
consent, gather some demographic information about you, and to assess your muscular
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strength. The specific procedures that will be performed are listed below:

7. Sign informed consent documents

8. Fill out a medical history questionnaire

9. Undergo a brief medical and physical screening, including a resting
electrocardiogram (ECG) to measure heart function

10. Undergo body composition analysis to assess percent body fat using a DEXA

11. Familiarization with equipment used during exercise testing

12. Undergo an exercise test to assess muscular strength

The purposes of items 2, 3, and 4, are to determine if it is safe for you to participate in
exercise and to gain some demographic information about you, including your age,
height, weight, percent body fat, race, physical activity participation over the past year,
and type of cancer treatments you have received and are currently receiving. The
machine that will be used to measure your percent body fat in item 4 is called a DEXA.
DEXA stands for Dual Energy X-ray Absorptiometry. The DEXA uses two x-ray beams to
measure differences in the composition of different tissues in your body, such as bones,
soft tissue, and fat. The scan is performed while you rest on your back, and takes
approximately 6 minutes.

The purpose of item 6 is to perform an exercise assessment that will allow the
researchers to determine your muscular strength, or the greatest amount of weight that
certain muscle groups can lift one time. This exercise assessment will involve
performing 4 different exercises. They are: leg press, lateral pull down, leg extension,
and seated row. The exercise assessment will involve a series of one-repetition trials
with increasing workloads until you decide that the given weight is the most that you
can lift with proper form. This will be done for each of the 4 exercises. The duration of
the exercise assessment will likely last no more than 30 minutes.

Laboratory Visit 2: Acute Resistance Exercise Session (Resistance Exercise Group Only)
Laboratory Visit 2 will occur between 7-14 days of Laboratory Visit 1. During this Visit,
you will be performing 1 session of moderate-intensity resistance exercise on the same
4 pieces of equipment used in Laboratory Visit 1 (leg press, lateral pull down, leg
extension, and seated row). This will be the exercise bout that will be used to elicit a
response in your immune cells, inflammatory markers, and stress hormones. The
specific procedures that will be performed are listed below:

6. Fill out a psychological stress questionnaire

7. Pre-exercise blood sample

8. Moderate-intensity resistance exercise session

9. Post-exercise blood sample (immediately post-exercise)
10. Post-exercise blood sample (2 hours post-exercise)

The purpose of item 1 is to determine if you are feeling any emotional or psychological
stress on the day of testing. This is important information as the levels of stress
hormones in your blood may be influenced by emotional or psychological stress.
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During item 3, you will be performing an approximately 30-minute bout of moderate-
intensity resistance exercise on the leg press, lateral pull down, leg extension, and
seated row. A moderate intensity level of exercise will make you feel like your muscles
are working, but you are able to carry on a conversation. You will alternate between
each of the four resistance exercises, performing 10 repetitions of each followed by 1.5
minutes of rest before continuing on to the next exercise. You will move from the leg
press to the lateral pull down to the leg extension to the seated row, with the same
number of repetitions and amount of rest until you have completed each exercise three
times.

The 3 blood samples to be obtained during items 2, 4, and 5 will be performed by using
a small catheter inserted into a vein in your arm. This blood sampling procedure is very
similar to a blood sampling procedure that is used in routine medical clinic settings.
Approximately 1 tablespoon of blood will be collected for each item. Some of this blood
will be used during the course of this study to measure the number of NK cells in your
blood, the activity of the NK cells (i.e., how well they destroy other cells), and the levels
of stress hormones and cytokines in your blood.

Laboratory Visit 3: 24-hour Follow-up Session

Laboratory Visit 3 will occur 24 hours after Laboratory Visit 2. During this Visit, you
will answer the same psychological stress questionnaire as you did in the previous
laboratory visit. You will also have 1 blood sample drawn, which will also be used to
the number of NK cells in your blood, the activity of the NK cells (i.e., how well they
destroy other cells), and the levels of stress hormones and cytokines in your blood. The
procedure for obtaining the blood sample is the same as described above, except that
the blood will be drawn through a small needle instead of a catheter.

What are the possible benefits from being in this study?
Research is designed to benefit society by gaining new knowledge. The benefits to you

from being in this study may be the opportunity to have your various aspects of your
health assessed during Laboratory Visit 1. This would include looking at how well your
heart is working by using the ECG and by listening to your heart with a stethoscope.
Additionally, you will have your muscular strength assessed, as well as your percent
body fat. This information may be useful if you are be thinking of beginning an exercise
program, and you may elect to provide this information to an exercise specialist who
could construct and supervise an individualized exercise program for you.

What are the possible risks or discomforts involved with being in this study?
The risk of physiological and psychological harm is very minimal and would not cost

you physical or emotional loss. However, any research study does carry with it some
potential for risk or discomfort, listed below:

5. During Laboratory Visit 1, you will be performing an exercise test to determine
your muscular strength. The test will start with an easy warm-up and
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movement rehearsal for your muscles. As the one repetition maximum trials
begin, you will find that the assessment will become more difficult. Itis possible
that increased stress will be placed on your musculoskeletal system. To ensure
your safety, your heart rate and your lifting technique will be monitored
continuously throughout the various trials to verify that there are no movement
compensations. Your heart rate will continue to be monitored for several
minutes after the conclusion of the one repetition maximum assessments. At the
conclusion of the test, you will be allowed to cool down, stretch, and drink water
at liberty.

6. During Laboratory Visit 1, you will be exposed to radiation during the DEXA
scan. However, the scan itself is very safe, and the amount of x-ray radiation that
you will receive during the scan is 0.8 mrems, which is extremely small. To put
this in perspective, this amount of radiation is about the same amount of
radiation that you would receive from natural background sources in one day.

7. During Laboratory Visits 1 and 2, it is possible that you could experience slight
muscle or joint soreness after the exercise. However, this soreness would not be
any worse than after doing any other type of exercise. To minimize the amount
of soreness you might feel, you will be allowed to stretch before and after
exercise, and you will be allowed to do a light warm-up and cool-down before
and after exercise.

8. During Laboratory Visits 2 and 3, it is possible that you could experience some
mild bruising or discomfort while having your blood drawn. This discomfort
would not be any more significant than having your blood drawn at the doctor’s
office. The blood sampling procedures will be performed by research team
members who have drawn blood many times before, and proper bandaging will
be performed to minimize bleeding.

In addition, there may be uncommon or previously unknown risks that might occur.
You should report any problems to the researchers.

What if we learn about new findings or information during the study?
You will be given any new information gained during the course of the study that might

affect your willingness to continue your participation.

How will your privacy be protected?

You will not be identified in any report or publication about this study. Although every
effort will be made to keep research records private, there may be times when federal
or state law requires the disclosure of such records, including personal information.
This is very unlikely, but if disclosure is ever required, UNC-Chapel Hill will take steps
allowable by law to protect the privacy of personal information. In some cases, your
information in this research study could be reviewed by representatives of the
University, research sponsors, or government agencies (for example, the FDA) for
purposes such as quality control or safety.
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All data obtained from you during this study will be coded using a research ID number,
and only the members of the research team will have access to these codes. Study
databases and logs will not have any information that will allow for subjects to be
identified by anyone other than a research team member.

A copy of this consent form will go in to your medical record. This will allow the
doctors caring for you to know what study tests you may be receiving as a part of the
study and know how to take care of you if you have other health problems or needs
during the study.

What will happen if you are injured by this research?
All research involves a chance that something bad might happen to you. This may

include the risk of personal injury. In spite of all safety measures, you might develop a
reaction or injury from being in this study. If such problems occur, the researchers will
help you get medical care, but any costs for the medical care will be billed to you and/or
your insurance company. The University of North Carolina at Chapel Hill has not set
aside funds to pay you for any such reactions or injuries, or for the related medical care.
However, by signing this form, you do not give up any of your legal rights.

What if you want to stop before your part in the study is complete?
You can withdraw from this study at any time, without penalty. The investigators also

have the right to stop your participation at any time. This could be because you have
had an unexpected reaction, you become ill, you use a medication that may affect the
outcome of the study variables being measured, you are not able to complete the
exercise testing sessions, you refuse to have your blood drawn, you miss a Laboratory
Visit, or because the entire study has been stopped. If you decide to withdraw from the
study, all data collected from you will be destroyed and will not be used in any data
analyses that may result from this study.

Will you receive anything for being in this study?
You will be provided with a written report of your fitness level and percent body fat,

both of which will be measured during Laboratory Visit 1.

Will it cost you anything to be in this study?
It will not cost you anything to participate in this study.

What if you are a UNC student?

You may choose not to be in the study or to stop being in the study before it is over at
any time. This will not affect your class standing or grades at UNC-Chapel Hill. You will
not be offered or receive any special consideration if you take part in this research.

What if you are a UNC employee?

Taking part in this research is not a part of your University duties, and refusing will not
affect your job. You will not be offered or receive any special job-related consideration
if you take part in this research.
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What if you have questions about this study?
You have the right to ask, and have answered, any questions you may have about this

research. If you have questions, complaints, concerns, or if a research-related injury
occurs, you should contact the researchers listed on the first page of this form.

What if you have questions about your rights as a research subject?
All research on human volunteers is reviewed by a committee that works to protect

your rights and welfare. If you have questions or concerns about your rights as a
research subject, or if you would like to obtain information or offer input, you may
contact the Institutional Review Board at 919-966-3113 or by email to
IRB_subjects@unc.edu.

Title of Study: The Impact of Acute Aerobic and Resistance Exercise on Natural Killer
Cell, Catecholamine, and Cortisol Responses in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD

Subject’s Agreement:

[ have read the information provided above. [ have asked all the questions I have at this
time. I voluntarily agree to participate in this research study.

Signature of Research Subject Date

Printed Name of Research Subject

Signature of Research Team Member Obtaining Consent Date

Printed Name of Research Team Member Obtaining Consent
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Appendix C (not copyrighted)
MEDICAL HISTORY QUESTIONNAIRE

Department of Exercise and Sport Science

Medical History
Subject: ID: Telephone:
Address:
Occupation: Age:
Race:

YES NO
Patient History
1. How would you describe your general health at present?
Excellent_____ Good Fair Poor
2. Do you have any health problems at the present time?
3. Ifyes, please describe:

4. Have you ever been told you have heart trouble?
5. If yes, please describe:

6. Do you ever get pain in your chest?
7. Do you ever feel light-headed or have you ever fainted?
8. If yes, please describe:

9. Have you ever been told that your blood pressure has been elevated?
10. Ifyes, please describe:

11. Have you ever had difficulty breathing either at rest or with exertion?

12. If yes, please describe:

13. Are you now, or have you been in the past 5 years, under a doctor’s care for any
reason?
14. If yes for what reason?

15. Have you been in the hospital in the past 5 years?
16. If yes, for what reason?

17. Have you ever experienced an epileptic seizure or been informed that you have
epilepsy? _
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18. Have you ever been treated for infectious mononucleosis, hepatitis, pneumonia, or
another infectious disease during the past year?
19. If yes, name the disease:

20. Have you ever been treated for or told you might have diabetes?

21. Have you ever been treated for or told you might or low blood sugar?
22. Do you have any known allergies to drugs?
23. If so, what?

24. Have you ever been “knocked-out” or experienced a concussion?
25. If yes, have you been “knocked-out” more than once?

26. Have you ever experienced heat stroke or heat exhaustion?

27. If yes, when?

28. Have you ever had any additional illnesses or operations? (Other than childhood
diseases)

29. Ifyes, please indicate specific illness or operations:

30. Are you now taking any pills or medications?
31. Ifyes, please list:

32. Have you had any recent (within 1 year) difficulties with your:
a. Feet
b. Legs
c. Back

Family History
33. Has anyone in your family (grandparent, father, mother, and/or sibling)
experienced any of the following?

a. Sudden death

b. Cardiac disease

c. Marfan’s syndrome

Mental History

34. Have you ever experienced depression?
35. Ifyes, did you seek the advice of a doctor? o
36. Have you ever been told you have or has a doctor diagnosed you with panic
disorder, obsessive-compulsive disorder, clinical depression, bipolar disorder, or any
other psychological disease?

79



37. Ifyes, please list condition and if you are currently taking any medication.
Condition Medication

Bone and Joint History

34. Have you ever been treated for Osgood-Schlatter’s disease?
35. Have you ever had any injury to your neck involving nerves or
vertebrae? o
36. Have you ever had a shoulder dislocation, separation, or other injury of the
shoulder that incapacitated you for a week or longer?

37. Have you ever been advised to or have you had surgery to correct a shoulder
condition?

38. Have you ever experienced any injury to your arms, elbows, or wrists?

39. Ifyes, indicate location and type of injury:

40. Do you experience pain in your back?

41. Have you ever had an injury to your back?
42. Ifyes, did you seek the advice of a doctor?
43. Have you ever been told that you injured the ligaments or cartilage of either knee
joint?
44. Do you think you have a trick knee? o

45. Do you have a pin, screw, or plate somewhere in your body as the result of bone or
joint surgery that presently limits your physical capacity?

46. Ifyes, indicate where:

47. Have you ever had a bone graft or spinal fusion?

Activity History
48. During your early childhood (to age 12) would you say you were:

Very active ___ Quite active___ Moderately active____ Seldom active____
49. During your adolescent years (age 13-18) would you say you were:

Very active ___ Quite active___ Moderately active____ Seldom active____
50. Did you participate in:

a. Intramural school sports?

b. Community sponsored sports?

c. Varsity school sports?

d. Active family recreation?
51. Since leaving high school, how active have you been?

80




Very active ___ Quite active___ Active___ Inactive___
52. Do you participate in any vigorous activity at present?

53. If yes, please list:
Activity Frequency Duration Intensity

54. How would you describe your present state of fitness?

Excellent Good Fair Poor
55. Please list the type(s) of work you have been doing for the previous ten years:
Year Work Indoor/Outdoor Location (city/state)

Menstrual Cycle History
56. Have you been post-menopausal for the past year, in that you have not experienced
a menstrual period for at least 1 year?

Emergency Contact Information
57. Whom shall we notify in case of emergency?

Name:
Phone: (Home) (Work)
Address:

58. Name and address of personal physician:

FOR SUBJECTS IN THE BREAST CANCER SURVIVOR GROUP ONLY

59. Please indicate which type(s) of treatment you received/are receiving for your
cancer

Surgery___ Chemotherapy___ Radiation Therapy___ Hormonal Therapy___
Trastuzumab__

60. How long ago did you finish receiving surgery, chemotherapy, and/or radiation
therapy?

61. If you received surgery, which type did you receive?
Mastectomy ____ Lumpectomy____
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62. If you received chemotherapy, please list the names of the drugs that were included
in your treatment.

63. If you are receiving hormonal therapy, please list the names of the medications that
you are taking and how long you have been taking them.

64. If you are receiving trastuzumab, please list how long you have been taking this
medication.

65. Please list any other medication(s) that you have taken/are currently taking that
is/are directly related to your cancer treatment.

All of the above questions have been answered completely and truthfully to the best of
my knowledge.

Signature: Date:
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Appendix D

University of North Carolina-Chapel Hill
HIPAA Authorization for Use and Disclosure of Health Information for Research
Purposes

IRB Study #11-1405

Title of Study: The Impact of Resistance Exercise on Cellular Inmune System
Responses, Stress Hormones, and Cytokines in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD
Mailing Address for UNC-Chapel Hill Department: Department of Exercise & Sport
Science, CB #8700

This is a permission called a “HIPAA authorization.” It is required by the “Health
Insurance Portability and Accountability Act of 1996” (known as “HIPAA”) in order for
us to get information from your medical records or health insurance records to use in
this research study.

1. If you sign this HIPAA authorization form, you are giving your permission for the
following people or groups to give the researchers certain information about you
(described below):

Any health care providers or health care professionals or health plans that have
provided health services, treatment, or payment for you such as physicians, clinics,
hospitals, home health agencies, diagnostics centers, laboratories, treatment or surgical
centers, including but not limited to the UNC Health Care System, health insurance
plans, and government health agencies.

2. If you sign this form, this is the health information about you that the people or
groups listed in #1 may give to the researchers to use in this research study any
information in your medical records that relates to your participation in this research.
These records might include information about your age, race, height, weight,
menopausal status, physical activity participation over the past year, breast cancer
stage at diagnosis, types of cancer therapies and drugs you have received, medications
you may be taking, and presence of any other diseases that could preclude your ability
to exercise, including cardiovascular disease, pulmonary disease, orthopedic disease,
diabetes, thyroid disease, and chronic infectious disease including hepatitis or AIDS.

3. The HIPAA protections that apply to your medical records will not apply to your
information when it is in the research study records. Your information in the research
study records may also be shared with, used by or seen by collaborating researchers,
the sponsor of the research study, the sponsor’s representatives, and certain employees
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of the university or government agencies (like the FDA) if needed to oversee the
research study.

HIPAA rules do not usually apply to those people or groups. If any of these people or
groups reviews your research record, they may also need to review portions of your
original medical record relevant to the situation. The informed consent document
describes the procedures in this research study that will be used to protect your
personal information. You can also ask the researchers any questions about what they
will do with your personal information and how they will protect your personal
information in this research study.

4. If this research study creates medical information about you that will go into your
medical record, you may not be able to see the research study information in your
medical record until the entire research study is over.

5. If you want to participate in this research study, you must sign this HIPAA
authorization form to allow the people or groups listed in #1on this form to give access
to the information about you that is listed in #2. If you do not want to sign this HIPAA
authorization form, you cannot participate in this research study. However, not signing
the authorization form will not change your right to treatment, payment, enrollment or
eligibility for medical services outside of this research study.

6. This HIPAA authorization will not stop unless you stop it in writing.

7. You have the right to stop this HIPAA authorization at any time. You must do that in
writing. You may give your written stop of this HIPAA authorization directly to
Principal Investigator or researcher or you may mail it to the department mailing
address listed at the top of this form, or you may give it to one of the researchers in this
study and tell the researcher to send it to any person or group the researcher has given
a copy of this HIPAA authorization. Stopping this HIPAA authorization will not stop
information sharing that has already happened.

8. You will be given a copy of this signed HIPAA authorization.

Signature of Research Subject Date

Print Name of Research Subject

For Personal Representative of the Research Participant (if applicable)
Print Name of Personal Representative:
Please explain your authority to act on behalf of this Research Subject:

I am giving this permission by signing this HIPAA Authorization on behalf of the Research
Participant.
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Signature of Personal Representative Date
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Appendix E

University of North Carolina at Chapel Hill
Consent for Storing Biological Specimens With Identifying Information

IRB Study # 11-1405
Consent Form Version Date: November 2, 2012

Title of Study: The Impact of Resistance Exercise on Cellular Immune System
Responses, Stress Hormones, and Cytokines in Breast Cancer Survivors

Principal Investigator: Claudio L. Battaglini, PhD

Principal Co-Investigator: Anthony C. Hackney, PhD, DSc

UNC-Chapel Hill Department: Exercise & Sport Science

UNC-Chapel Hill Phone number: 843-6045

Email Address: claudio@email.unc.edu

Co-Investigators: Lisa A. Carey; Hyman B. Muss, MD; Eric D. Ryamh® Elizabeth
Evans, MA; Rachel Graff BA; Jacob Allen, BA; DusButtars, BS; Robert Mills, BA; Sarah
Fultz, BS; and Mary Woessner, B.A.

Funding Source and/or Sponsor: Lineberger Comprehensive Cancer Center

Study Contact telephone number: (516) 633-5235 or (919) 621-1322
Study Contact email: rgraffl @email.unc.edu or jmallen@email.unc.edu

What are some general things you should know about research?
Research is designed to gain scientific information that may help other people in the

future. You may not receive any direct benefit from participating. There also may be
risks.

You may refuse to take part in research. If you are a patient with an illness, you do not
have to be in research in order to receive treatment.

Details are discussed below. It is important that you understand this information so
that you can make an informed choice. You will be given a copy of this consent form.
You should ask the researchers named above, or staff members who may assist them,
any questions you have about this study at any time.

What is the purpose of this specimen repository or “biobank?”
Research with blood, tissue or body fluids (specimens) can help researchers

understand how the human body works. Research can also answer other questions by
using specimens. Researchers may develop new tests to find diseases, or new ways to
treat diseases. In the future, research may help to develop new products, such as drugs.
Specimens are commonly used for genetic research. Sometimes researchers collect and
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store many specimens together and use them for different kinds of research, or share
them with other scientists; this is called a specimen repository or “biobank.”

The purpose of this particular repository or biobank is to allow researchers to conduct
future analysis of blood samples that will be obtained during the course of this study.
For this particular study, blood samples will be collected in order to measure immune
and inflammatory markers in the blood in response to one session of moderate-
intensity resistance exercise. Additionally, levels of the stress hormone cortisol will be
measured. Future analyses that may be performed on these blood samples may include
measuring the levels of other hormones as well as the levels of other components of the
immune system that may be affected by resistance exercise.

How will the specimens be collected?
Blood samples are collected as part of the main study. We would like to store any

samples remaining for future use.

What will happen to the specimens?
Once your blood samples are collected, they will be frozen and stored in a freezer

located in the Applied Physiology Laboratory, Room 25 Fetzer Hall, in the Department
of Exercise and Sport Science at UNC-Chapel Hill. The freezer is kept within a self-
contained section of the laboratory that is accessible only by a keypad combination on a
closed door. The only individuals with access to the freezer are faculty of the Applied
Physiology Laboratory and their graduate students. Blood samples will be kept in the
freezer indefinitely until it is apparent that an insufficient amount exists needed to
perform analysis. The only other investigators besides those on the research team who
would have access to your blood samples and accompanying data would be future
graduate students of the Principal Investigator.

What are the possible benefits to you?
Benefits to you are unlikely. Studies that use specimens from this repository may

provide additional information that will be helpful in understanding the effect of acute
resistance exercise on hormone responses and immune system responses in breast
cancer survivors and healthy women who have never been diagnosed with or received
treatment for cancer.

What are the possible risks or discomforts involved with the use of your

specimens?
The risk of physiological and psychological harm related to specimen collection is very

minimal and would not cost you physical or emotional loss. However, any research
study does carry with it some potential for risk or discomfort. Additionally, there is a
risk of breach of confidentiality; however, your stored blood samples will be coded
using a research ID number that will not be linked with any information that would
personally identify you.

Will there be any cost to vou for storage of the specimens?
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There will be no cost to you for the storage and use of the specimens for research
purposes.

Will you receive anything for the use of your specimens?
You will not receive anything for taking part in this research.

Who owns the specimens?
Any blood, body fluids, or tissue specimens obtained for this purpose become the

exclusive property of the University of North Carolina at Chapel Hill. This organization
may retain, preserve or dispose of these specimens and may use these specimens for
research that may result in commercial applications. There are no plans to compensate
you for any future commercial use of these specimens.

How will your privacy be protected?

All data obtained from you during this study will be coded using a research ID number,
and only the members of the research team will have access to these codes. Study
databases and logs will not have any information that will allow for subjects to be
identified by anyone other than a research team member.

Information from your medical records may be stored along with your specimens(s).
You will be asked to sign a separate form (“HIPAA authorization”) to allow researchers
to review your medical records.

You will not be identified in any report or publication about research using your
specimens. Although every effort will be made to keep research records private, there
may be times when federal or state law requires the disclosure of such records,
including personal information. This is very unlikely, but if disclosure is ever required,
UNC-Chapel Hill will take steps allowable by law to protect the privacy of personal
information. In some cases, your information in this research could be reviewed by
representatives of the University, research sponsors, or government agencies for
purposes such as quality control or safety.

Will researchers seek approval from you to do future studies involving the

specimens?
By signing this consent form, you are giving your permission for researchers to use

your specimens as described above. Current and future research is overseen by a
committee called the Institutional Review Board (IRB). The role of the IRB is to protect
the rights and welfare of research participants. In some cases, the IRB may require that
you be re-contacted and asked for your consent to use your specimens in a specific
research study. You have the right, at that future time, not to participate in any
research study for which your consent is sought. Refusal to participate will not affect
your medical care or result in loss of benefits to which you are entitled.

Will vou receive results from research involving vour specimens?
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Most research with your specimens is not expected to yield new information that would
be meaningful to share with you personally. There are no plans to re-contact you or
other subjects with information about research results.

Can you withdraw the specimens from the research repository?
If you decide that you no longer wish for the specimens to be stored, you should contact

the researchers on the front page of this form. Itis best to make your request in
writing.

Any analysis in progress at the time of your request or already performed prior to your
request being received by the researcher will continue to be used as part of the
research study. Once the researchers have been notified, your remaining specimens
would be destroyed. If you do not make such a request, the specimens may be stored
forever. The researchers may choose to destroy the specimens at any time.

What will happen if you are injured by this research?
NA

What if you have questions about this research?
You have the right to ask, and have answered, any questions you may have about this

research. If you have questions, you should contact the researchers listed on the first
page of this form.

What if you have questions about your rights as a research subject?

All research on human volunteers is reviewed by a committee that works to protect
your rights and welfare. If you have questions or concerns about your rights as a
research subject you may contact, anonymously if you wish, the Institutional Review
Board at 919-966-3113 or by e-mail to IRB_ subjects@unc.edu.

IRB Study # 11-1405: The Impact of Resistance Exercise on Cellular Immune System
Responses, Stress Hormones, and Cytokines in Breast Cancer Survivors

Subject’s Agreement:

[ have read the information provided above. [ have asked all the questions I have at this
time. I voluntarily agree to participate. I agree to my specimen(s) being stored with the
identifying code(s).
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Signature of Research Subject Date

Printed Name of Research Subject

Signature of Research Team Member Obtaining Consent Date

Printed Name of Research Team Member Obtaining Consent
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Appendix F

Laboratory Visit Appointment Reminder

Thank you for agreeing to participate in this study entitled “The Impact of Acute
Aerobic and Resistance Exercise on Natural Killer Cell, Catecholamine, and Cortisol
Responses in Breast Cancer Survivors.” Your time and participation is greatly
appreciated!

This is an appointment reminder for Laboratory Visit (circle one): 1 2 3

Your next Laboratory Visit is scheduled for at .
Date Time

Your Laboratory Visit will take place in the Integrative Exercise Oncology Research
Laboratory (IEORL), which is room 125 Fetzer Hall (corner of South Rd and Raleigh
Rd).

If you are driving into campus, here are the directions for arriving to Fetzer Hall and
parking. These directions are written assuming you are coming from the direction of
UNC Hospitals.

1. Drive south on Columbia Street until you come to the intersection of South Rd.
and Columbia.

2. Turn right onto South Rd.

3. Drive a short distance on South Rd. and turn right onto Stadium Drive. The bell
tower will be on your right.

4. Drive a very short distance on Stadium Drive and take your first left. The
football stadium will be on your right, and there will be several crosswalk lines
painted on the asphalt.

5. You are now in the small visitor parking lot at the junction of Fetzer Hall, the
outdoor pool, and the Stallings-Evans Sports Medicine Facility. Park in any of the
available visitor parking spaces.

6. One of us (Rachel Graff or Jacob Allen) will meet you in the parking lot with your
pink visitor parking pass.

***Please follow these pre-assessment guidelines prior to reporting to your
Laboratory Visit***

1. No eating for at least 2 hours prior to your appointment. We do suggest that you
eat a little something before you come to the lab, even if it is early in the morning.
No exercise for at least 12 hours prior to your appointment

Drink water throughout the day to keep yourself hydrated.

No caffeine use for at last 12 hours prior to your appointment

No alcohol use for at least 48 hours prior to your appointment

91

1w



What to bring to your Laboratory Visit:
1. Clothing (including shoes) that are comfortable for exercise.
2. Water bottle.
3. Filled-out copies of the informed consents and medical history form.

If you have any questions at any time, please do not hesitate to contact Rachel Graff or
Jacob Allen at (516) 633-5235 or (919) 621-1322 or rgraffl @email.unc.edu or
jmallen@email.unc.edu.
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Appendix G (not copyrighted)

Perceived Stress Scale

The questions in this scale ask you about your feelings and thoughts during the last month. in
each case, you will be asked o indicate by circling how offa vou fell or ihought 8 cartain way,

Mame Date

Age Gender (Chele): M F Othar

O0=MNever 1=AlmostHowver 2=S5omelimes 3 =Fairdy Often 4 = Very Often
1. In the last month, how often have you been upset

becauss of somathing that happened unexpaciedy? ...ccccciainn,. 1 4 3 4
2. In the last month, how often have you falt that ymmremhlﬂ

to condrod the Important things in your ife? ... e 1 2 3 4
3. In the last month, how oftén hanse you Téll nennous and “Sinessed™? ... i 1 2 L |
4. Im the last moath, how olben have you fell confident aboul yﬁli'ﬂ:ﬂli'lj'

1o handle your personal problems? ... e @1 2 3 4
5. Ini thed lasl magath, Bowe oflen hMyﬂu [l thal I:I'uﬁgt

WErE GoIng your way?.... % e e [ 1 2 a 4
G, Im tha last month, bow often haes you found that wu;n-l.ld nntwp-a

with all the things that you had 1o do¥ ... S | 1 2 3 4

7. Ini tha lmst menth, how often ha'mwu b st
o condrod iritations in your life?... e L 1 2 k] 4

8. In the last month, how often have you fell that you were enlop efthings?.. 0 1 2 3 4

. I the last month, how often hinee you ben ngénid
because of things thil wene outside of your contrl?..........cocienvcicnminmian 1 4 3 4

10, In the last month, how often have you Telt difficulties
ware piing up 50 high that you could not cvercomas them? ... B 1 2 a 4

Please feal fres (o use the Parcahved Stress Scale for your research,

Mind Garden, Inc.
info@@mindganden.com
weww . mindgarden.com
Raferancas
T PSS Scabe i rprinted wilh pormion of e Amercan Sociciogical Axscciation, from Cofan, §, Kamarck, T and kermshien, 2 [1987). A
probiad masaen oF pasoaveidd ainees. oo of Meat® s Social Behuvae. S LAG- 15

Coheen, B, dred Willavieon. O, Pesoareid Sress in o Probabaty Bavpds of the Ursted Tates. Spacapan, 5. sl Ouiaeng, 8. (B8} The Spois!
Payebabagy of haalth Mesbuty Pas, CA Sage, 196,
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Appendix H

Data Collection Form: Visit 1

Subject:

ID:

Height: (cm)

Weight: (kg)

RestingHR____ (BPM) Heartrate reserve (50%)
Resting BP (mmHg)

Body fat (%): _

One Repetition Max:

Leg Press: (Ibs)

Lateral Pull Down:
Leg Extension :

Seated Row:

Post-Exercise Measures:

Final HR (BPM)

(Ibs)

Machine Settings:
(Ibs) Machine Settings:

(Ibs) Machine Settings:

Final BP (mmHg)
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(HRR)

Machine Settings:




Appendix |

Data Colleclion Farm: Yisal 2
Suhject:
1
Resting HE (BFM)  Heart mbe rescrve (50%5) (HRE)
RestingBP___ {mmblg)
Tinse af Exercise Onset:
Resistance Training Probocol:
Leg Press (M} Lat Pull Dawn_ iThah Leg Extension (Mg} Seated Row i1}
15 HR: HR: HR: HR:

RPE: RPE: RPE: RPE:
Resi Time: Resi Taimes Resi Times Resi Tome:
B HR:___ HR: HE: HE:

RPE:___ RPE:_ RPE:__ RME:_
Rest Time: Best Teme: Best Tome: ResaTime:
WS HR: HE: HE:_ HR:

RPE:____ RPE: RPE:____ RPE:
Rest Time: Riest Time: Rest Time: Rt Time:
Prosst-Exercise Messuges:
Final HR____ (BFM)
Final BP {mmaHg)

Time of Exercise Completion:
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APPENDIX J (not copyrighted)

IL-6 Assay Procedures:

1. Bring all reagents to room temperature priange. It is strongly recommended that
all standards and samples be run in duplicatamrctte. A standard curve is required
for each assay.

2. If not all microplate strips will be used, reneohe excess strips by pressing up from
underneath each strip. Place excess strips bable ifoil pouch with the included
desiccant pack and reseal.

3. Prepare 50(L of the 500 pg/mL top standard by diluting 12150f the standard
stock solution in 487.5L of Assay Buffer A. Perform six two-fold seriallgions of the
500 pg/mL top standard in separate tubes usingyAster A as the diluent. Thus, the
human IL-6 standard concentrations in the tube$@@epg/mL, 250 pg/mL, 125 pg/mL,
62.5 pg/mL, 31.3 pg/mL, 15.6 pg/mL, and 7.8 pg/mdspectively. Assay Buffer A
serves as the zero standard (0 pg/mL).

4. Wash the plate 4 times with at least gQ0f 1X Wash Buffer per well and blot any
residual buffer by firmly tapping the plate upsatavn on absorbent paper. All
subsequent washes should be performed similarly.

5. Add 50uL of Assay Buffer A to each well that will contagither standard dilutions or
samples.

6. Add 50uL of standard dilutions or samples to the appraeneells

7. Seal the plate with a Plate Sealer includetienkit and incubate the plate at room
temperature for 2 hours while shaking at 200 rpm.

8. Discard the contents of the plate into a sinkntwash the plate 4 times with 1X Wash
Buffer as in step 4.

9. Add 100uL of Human IL-6 Detection Antibody solution to eaakll, seal the plate
and incubate at room temperature for 1 hour winéking.

10. Discard the contents of the plate into a giné&n wash the plate 4 times Tel: 858-768-
5800 LEGEND MAX™ Human IL-6 ELISA Kit 6
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with 1X Wash Buffer as in step 4.

11. Add 100uL of Avidin-HRP A solution to each well, seal theaig and incubate at
room temperature for 30 minutes while shaking.

12. Discard the contents of the plate into a ginén wash the plate 5 times with 1X
Wash Buffer as in step 4. For this final wash, seaks in 1X Wash Buffer for 30
seconds to 1 minute for each wash. This will helpimize background.

13. Add 100uL of Substrate Solution F to each well and inculbatel5 minutes in the
dark. Wells containing human IL-6 should turn bimeolor with an intensity
proportional to its concentration. It is not ne@ggo seal the plate during this step.

14. Stop the reaction by adding @0 of Stop Solution to each well. The solution color
should change from blue to yellow.

15. Read absorbance at 450 nm within 30 minutékelfeader is capable of reading at
570 nm, the absorbance at 570 nm can be subtrmotadhe absorbance at 450 nm.

Calculations:

1. The data can be best calculated with computer-basee-fitting software using a 5-
or 4-parameter logistics curve-fitting algorithm.

2. Determine the mean absorbance for each set oicdtgbr triplicate standards,
controls, and samples. Plot the standard curveg@ihog graph paper with cytokine
concentration on the X-axis and absorbance on thgi¥.

3. Draw a best fit line through the standard points.

4. To determine the unknown cytokine concentratiding, the mean absorbance value
of the unknown concentration on the Y-axis and dadworizontal line to the standard
curve.

5. At the point of intersection, draw a vertical littethe X-axis and read the cytokine
concentration.
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IL-10 Assay Procedures:

1. Bring all reagents to room temperature prior to. ltse strongly recom- mended that
all standards and samples be run in duplicatepictite. A standard curve is required
for each assay.

2. If not all microplate strips will be used, remowe texcess strips by pressing up from
underneath each strip. Place excess strips bable ifoil pouch with the included
desiccant pack and reseal.

3. Prepare 50QL of the 250 pg/mL top standard by diluting 6;450f the standard
stock solution in 493.7pL of Assay Buffer A. Perform six two-fold serialldiions of

the 250 pg/mL top standard in separate tubes Usssgy Buffer A as the diluent. Thus,
the human IL-10 standard concentrations in thesae 250 pg/mL, 125 pg/mL, 62.5
pag/mL, 31.3 pg/mL, 15.6 pg/mL, 7.8 pg/mL and 3.9nplg, respectively. Assay Buffer A
serves as the zero standard (0 pg/ml§.25uL 250 uL 250 uL 250 uL 250 uk 250 ulb
250pL 11493.75uL.

4. Wash the plate 4 times with at least 3@0of 1X Wash Buffer per well and blot any
residual buffer by firmly tapping the plate upsit®vn on absor- bent paper. All
subsequent washes should be performed similarly.

5. Add 50uL of Assay Buffer A to each well that will contagither standard dilutions
or samples.

6. Add 50uL of standard dilutions or samples to the apprapneells

7. Seal the plate with a Plate Sealer included irkithand incubate the plate at room
temperature for 2 hours while shaking at 200 rpm.

8. Discard the contents of the plate into a sink, tvash the plate 4 times with 1X
Wash Buffer as in step 4.

9. Add 100uL of Human IL-10 Detection Antibody solution to éawell, seal the plate
and incubate at room temperature for 1 hour winéking.

10. Discard the contents of the plate into a sink, thash the plate 4 times with 1X
Wash Buffer as in step 4.

11.Add 100uL of Avidin-HRP A solution to each well, seal thiage and incubate at
room temperature for 30 minutes while shaking.

12.Discard the contents of the plate into a sink, thash the plate 5 times with 1X
Wash Buffer as in step 4. For this final wash, seaks in 1X Wash Buffer for 30
seconds to 1 minute for each wash. This will helpimize background.

13.Add 100uL of Substrate Solution F to each well and inculf@te0 minutes in the
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dark. Wells containing human IL-10 should turn blueolor with an intensity
proportional to its concentration. It is not ne@ggo seal the plate during this step.

14. Stop the reaction by adding 10@0 of Stop Solution to each well. The solution color
should change from blue to yellow.

15.Read absorbance at 450 nm within 30 minutes. Iféader is capable of reading at
570 nm, the absorbance at 570 nm can be subtrmotadhe absorbance at 450 nm.

Calculations:

1. The data can be best calculated with computeedaurve-fitting software using a 5-
or 4-parameter logistics curve-fitting algorithm.

2. Determine the mean absorbance for each setpditdte or triplicate standards,
controls, and samples. Plot the standard curveg@iog graph paper with cytokine
concentration on the X-axis and absorbance on thzi¥.

3. Draw a best fit line through the standard points

4. To determine the unknown cytokine concentratifind the mean absorbance value of
the unknown concentration on the Y-axis and drawra&zontal line to the standard
curve.

5. At the point of intersection, draw a verticaldito the X-axis and read the cytokine
concentration.
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TNF-A Assay Procedures:

1. Bring all reagents to room temperature prior to. lisis strongly recom- mended that
all standards and samples be run in duplicateiglicate. A standard curve is required
for each assay.

2. If not all microplate strips will be used, remove texcess strips by pressing up from
underneath each strip. Place excess strips badkeinfoil pouch with the included
desiccant pack and reseal.

3. Prepare 50QL of the 1,000 pg/mL top standard by diluting 2b of the standard
stock solution in 47l of Assay Buffer A. Perform six two-fold serialldiions of the
1,000 pg/mL top standard in separate tubes usisgyABuffer A as the diluent. Thus, the
human TNFe standard concentra- tions in the tubes are 1,@0®lp 500 pg/mL, 250
pg/mL, 125 pg/mL, 62.5 pg/mL, 31.3 pg/mL and 15gdnpL, respectively. Assay Buffer
A serves as the zero standard (0 pg/mL35 pL 250 uL 250 puL 250 uL 250 ul 250 pL
250puL.

4. Wash the plate 4 times with at least 300of 1X Wash Buffer per well and blot any
residual buffer by firmly tapping the plate upsidewn on absor- bent paper. All
subsequent washes should be performed similarly.

5. Add 50uL of Assay Buffer A to each well that will contagither standard dilutions
or samples.

6. Add 50uL of standard dilutions or samples to the apprdapneells

7. Seal the plate with a Plate Sealer included inkih@nd incubate the plate at room
temperature for 2 hours while shaking at 200 rpm.

8. Discard the contents of the plate into a sink, thesh the plate 4 times with 1X
Wash Buffer as in step 4.

9. Add 100uL of Human TNFe Detection Antibody solution to each well, seal the
plate and incubate at room temperature for 1 hdulevehaking.

10.Discard the contents of the plate into a sink, thesh the plate 4 timeswith 1X
Wash Buffer as in step 4.

11.Add 100uL of Avidin-HRP B solution to each well, seal thage and incu- bate at
room temperature for 30 minutes while shaking.

12.Discard the contents of the plate into a sink, thesh the plate 5 times with 1X

Wash Buffer as in step 4. For this final wash, seals in 1X Wash Buffer for 30
seconds to 1 minute for each wash. This will helpimize background.
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13.Add 100pL of Substrate Solution D to each well and inculdatel5 minutes in the
dark. Wells containing human TNk-should turn blue in color with an intensity
proportional to its concentration. It is not ne@ggo seal the plate during this step.

14. Stop the reaction by adding 100 of Stop Solution to each well. The solution color
should change from blue to yellow.

15.Read absorbance at 450 nm within 30 minutes. lir¢laeler is capable of reading at
570 nm, the absorbance at 570 nm can be subtrmotadhe absorbance at 450 nm.

Calculations:

1. The data can be best calculated with computeedaurve-fitting software using a 5-
or 4-parameter logistics curve-fitting algorithm.

2. Determine the mean absorbance for each setpditdte or triplicate standards,
controls, and samples. Plot the standard curveg@iholg graph paper with cytokine
concentration on the X-axis and absorbance on thzi¥.

3. Draw a best fit line through the standard points

4. To determine the unknown cytokine concentratifind the mean absorbance value of
the unknown concentration on the Y-axis and drawra&zontal line to the standard
curve.

5. At the point of intersection, draw a verticaldito the X-axis and read the cytokine
concentration.
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Cortisol Assay Procedures:

1.

2.

8.

9.

Place the desired number of coated strips intttheer.

Pipette 251l of Cortisol standards, control and patient’s sera

Add 200yl of Cortisol Enzyme Conjugate to all wells.

Thoroughly mix for 10 seconds.

Incubate for 60 minutes at room temperature (1826°

Remove liquid from all wells. Wash wells three teneith 300ul of 1X wash buffer.
Blot on absorbent paper towels.

Add 100ul of TMB substrate to all wells.

Incubate for 15 minutes at room temperature (1826°

10. Add 50ul of stop solution to all wells. Shake the platatiyeto mix the solution.

11.Read absorbance on ELISA Reader at 450 nm withmiB@tes after adding the stop

solution.

Calculations:

1. Check Cortisol standard value on each standardMms value might vary from lot
to lot. Make sure you check the value on everyS#e example of the standard
attached.

2. To construct the standard curve, plot the absod&rcCortisol standards (vertical
axis) versus Cortisol

3. Standard concentrations (horizontal axis) on aliggaph paper. Draw the best curve
through the points.

4. Read the absorbance for controls and eachowrksample from the curve.

5. Record the value for each control or unknoamle
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