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Stress Increases Disease Risk
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Current Stress Biology

 The stress response is generated in response to a
stressor.

e Astressor is an aversive event or substance that the
organism would choose to avoid if possible.

« Stress-resistance is the capacity to endure more
stress before suffering negative consequences.

« Stress-resilience is the capacity to bounce back
quickly after experiencing negative impacts of stress.
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NIH Stress Biology Factoids

 Males and females respond to stressors

differe ntly National Institutes of Health in the USA enacted the Revitalization
Act of 1993, which led to an uptake in inclusion of males and females in research globally.

 Stress is not always bad. The stress response results in a

spectrum of changes ranging from adaptive to maladaptive.

+ Stress impacts physiological systems with
unique chronologies, and impacted systems
influence each other. e.g., acute traumatic and chronic stressors may

initially disturb sleep and contribute to immune dysregulation.
National Institutes of Health 2018
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Chl'Onicity
Factors that modulate the impacts
of stress on mind and body
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Physical activity increases
resistance and resilience to
detrimental stressors.
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How does physical activity reduce the
negative impacts of stress?

It's all In the brain!
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Experimental Approach

‘/Use animal models to avoid the challenges of
human stress, immune, and brain studies.

‘/Modulate physical activity using voluntary wheel
running. It is a naturalistic, inherently rewarding
behavior that avoids the stress associated with
forced exercise.

% University of Colorado Boulder



7 o
bd bl b4 adhd
et 58 i e o

—= Exercise
CR

Wi
Time (Hours)

Voluntary Wheel Running
I

=
—
_ —
mu
]
) |
L,
= = g
© O © O OO0 0O © © O o
o O O O O T M N «
N O ©O© ®™
1

(‘n"e) AjAnoy
1]

(w) @ouesIq

A




“Wheel Running in the Wild” by
Meijer and Robbers (2014)

Proceedings of the Royal Academy of Science.
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Experimental Approach

‘/Use animal models to avoid the challenges of
human stress, immune, and brain studies.

‘/Modulate physical activity using voluntary wheel
running. It is a naturalistic, inherently rewarding
behavior that avoids the stress associated with
forced exercise.

‘/Assess a health-relevant measure of
immunity that is stress-sensitive, with a known
mechanism: In vivo antibody response.
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In Vivo Immune Response:
Antigen-specific antibody

oKLH IgG
O .
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Does physical activity prevent stress-
induced suppression of the anti-KLH
antibody response”?
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Subjects and General Procedures
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Physical Activity Prevents Stress-
Induced Immunosuppression.
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Stressor exposure

X

How does physical activity

orevent suppression of
KLH 1g?
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Stressor exposure
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Stressor exposure
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Stressor exposure

Brain
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Physical Activity Prevented
Stress-Induced =
Immunosuppression.

)

\

Smith, TP, Kennedy, S and Fleshner, M (2004). /Influence of age and
physical activity on the primary in vivo antibody and T cell-mediated
responses in men.

Journal of Applied Physiology 97(2): 491-49s.

Grant, RW; Mariani, RA; Vieira, VJ; Fleshner, M; Smith, TP; Keylock, KT;
Lowder, TW; McAuley, E; Hu, L; Chapman-Novakofski, K; Woods, JA.
(2008). Cardiovascular Exercise Intervention Improves the Primary Antibody
Response to Keyhole Limpet Hemocyanin (KLH) in Previously Sedentary Older
Adults.

Brain Behavior Immunity 22(6): p. 923-32.10.1016/j.bbi.2008.01.006.
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Microarray analyses reveal novel targets of exercise-

induced stress resistance in the dorsal raphe nucleus. A . B.
Loughridge, B. N. Greenwood, H. E. Day, M. B. McQueen and M. Fleshner.
https://www.ncbi.nlm.nih.gov/pubmed/23717271

LASER CAPTURE &

MICROARRAY

Explore patterns of gene expression differences in the
brain due to 6 weeks of voluntary wheel running.
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How does physical activity reduce the
negative impacts of stress?

It's all In the brain!
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International Society for Exercise Immunology

. The 17th ISEI Symposium

HOME GREETINGS OVERVIEW SCHEDULE REGISTRATION PROGRAM INSTRUCTIONS VENUE

August 27-30, 2026 W
Waseda University, Tokyo, Japan

The 17th ISEI Symposium
- ISElI 2026 Tokyo -

Exercise Immunology: From Scientific Basis to Practical
Applications

https://exerciseimmunology.com/
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Differential Gene Expression

Stress changes the expression of more genes in physically

active rats than sedentary rats
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Diurnally Regulated Circadian Orthologs
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Novel Gene Targets: Tdo2

Tryptophan Metabolism & SHT Transmission
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Novel Gene Target: Tdo2

Tryptophan Metabolism & SHT Transmission
* Tryptophan is the precursor to 5-HT
* Tdo2 gene encodes for TDO, an enzyme involved 1n tryptophan
metabolism
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Novel Gene Targets: CX3CRI1

Immune Related
* (CX3CR gene encodes receptor for the CX3CL (Fraktalkine).
* CX3CR 1s expressed only on microglia in the brain and inhibits
microglia inflammatory/destructive activation.
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Fleshner Supporting Citations

Exercise, Stress & the Brain

Campeau S, Nyhuis TJ, Sasse SK, Kryskow EM, Herlihy L, Masini CV, Babb JA, Greenwood BN, Fleshner M, Day HE.
Hypothalamic pituitary adrenal axis responses to low-intensity stressors are reduced after voluntary wheel running in rats. J
Neuroendocrinol. 2010;22(8):872-88. Epub 20100416. doi: 10.1111/j.1365-2826.2010.02007.x. PubMed PMID: 20406350; PMCID:
PMC4469265.

Campisi J, Leem TH, Greenwood BN, Hansen MK, Moraska A, Higgins K, Smith TP, Fleshner M. Habitual physical activity
facilitates stress-induced HSP72 induction in brain, peripheral, and immune tissues. Am J Physiol Regul Integr Comp Physiol.
2003;284(2):R520-30. Epub 20021024. doi: 10.1152/ajpregu.00513.2002. PubMed PMID: 12399251.

Clark PJ, Ghasem PR, Mika A, Day HE, Herrera JJ, Greenwood BN, Fleshner M. Wheel running alters patterns of uncontrollable
stress-induced cfos mMRNA expression in rat dorsal striatum direct and indirect pathways: A possible role for plasticity in adenosine
receptors. Behav Brain Res. 2014;272:252-63. Epub 20140711. doi: 10.1016/j.bbr.2014.07.006. PubMed PMID: 25017571;
PMCID: PMC4196684.

Dishman RK, Berthoud HR, Booth FW, Cotman CW, Edgerton VR, Fleshner MR, Gandevia SC, Gomez-Pinilla F, Greenwood BN,
Hillman CH, Kramer AF, Levin BE, Moran TH, Russo-Neustadt AA, Salamone JD, Van Hoomissen JD, Wade CE, York DA,
Zigmond MJ. Neurobiology of exercise. Obesity (Silver Spring). 2006;14(3):345-56. doi: 10.1038/0by.2006.46. PubMed PMID:
16648603.
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Fleshner Supporting Citations

Exercise, Stress & Innate Immunity:

Campisi J, Fleshner M. Role of extracellular HSP72 in acute stress-induced potentiation of innate immunity in active rats. Journal
of applied physiology. 2003;94(1):43-52. Epub 20020913. doi: 10.1152/japplphysiol.00681.2002. PubMed PMID: 12391077

Campisi J, Leem TH, Greenwood BN, Hansen MK, Moraska A, Higgins K, Smith TP, Fleshner M. Habitual physical activity
facilitates stress-induced HSP72 induction in brain, peripheral, and immune tissues. Am J Physiol Regul Integr Comp Physiol.
2003;284(2):R520-30. Epub 20021024. doi: 10.1152/ajpregu.00513.2002. PubMed PMID: 12399251.

Fleshner M, Campisi J, Deak T, Greenwood BN, Kintzel JA, Leem TH, Smith TP, Sorensen B. Acute stressor exposure facilitates
innate immunity more in physically active than in sedentary rats. Am J Physiol Regul Integr Comp Physiol. 2002;282(6):R1680-6.
doi: 10.1152/ajpregu.00661.2001. PubMed PMID: 12010750.

Elphick GF, Wieseler-Frank J, Greenwood BN, Campisi J, Fleshner M. B-1 cell (CD5+/CD11b+) numbers and nigM levels are

elevated in physically active vs. sedentary rats. Journal of applied physiology. 2003;95(1):199-206. Epub 20030321. doi:
10.1152/japplphysiol.01054.2002. PubMed PMID: 12651863.

Nickerson M, Elphick GF, Campisi J, Greenwood BN, Fleshner M. Physical activity alters the brain Hsp72 and IL-1beta responses
to peripheral E. coli challenge. Am J Physiol Regul Integr Comp Physiol. 2005;289(6):R1665-74. Epub 20050804. doi:
10.1152/ajpregu.00601.2004. PubMed PMID: 16081876.

@ University of Colorado Boulder




Fleshner Supporting Citations

Exercise, Stress & KLH Antibody:

Fleshner M. Exercise and neuroendocrine regulation of antibody production: protective effect of physical activity on stress-induced
suppression of the specific antibody response. Int J Sports Med. 2000;21 Suppl 1:514-9. doi: 10.1055/s-2000-1454. PubMed
PMID: 10893019.

Grant RW, Mariani RA, Vieira VJ, Fleshner M, Smith TP, Keylock KT, Lowder TW, McAuley E, Hu L, Chapman-Novakofski K,
Woods JA. Cardiovascular exercise intervention improves the primary antibody response to keyhole limpet hemocyanin (KLH) in
previously sedentary older adults. Brain Behav Immun. 2008;22(6):923-32. Epub 20080304. doi: 10.1016/j.bbi.2008.01.006.
PubMed PMID: 18295445; PMCID: PMC2576741.

Moraska A, Fleshner M. Voluntary physical activity prevents stress-induced behavioral depression and anti-KLH antibody
suppression. Am J Physiol Regul Integr Comp Physiol. 2001;281(2):R484-9. doi: 10.1152/ajpregu.2001.281.2.R484. PubMed
PMID: 11448851.

Fleshner M. Translational research using in vivo measures of primary antibody responses. Brain Behav Immun. 2005;19(4):309-10.
doi: 10.1016/.bbi.2005.01.002. PubMed PMID: 15944069.

Fleshner M. Exercise and neuroendocrine regulation of antibody production: protective effect of physical activity on stress-induced
suppression of the specific antibody response. Int J Sports Med. 2000;21 Suppl 1:514-9. doi: 10.1055/s-2000-1454. PubMed
PMID: 10893019.

Smith TP, Kennedy SL, Fleshner M. Influence of age and physical activity on the primary in vivo antibody and T cell-mediated
responses in men. Journal of applied physiology. 2004;97(2):491-8. doi: 10.1152/japplphysiol.01404.2003. PubMed PMID:

15247195.

@ University of Colorado Boulder




Fleshner Supporting Citations

Mechanisms: Stress & KLH Antibody:

Fleshner M, Brennan FX, Nguyen K, Watkins LR, Maier SF. RU-486 blocks differentially suppressive effects of stress on in vivo
anti-KLH immunoglobulin response. Am J Physiol. 1996;271(5 Pt 2): R1344-52. doi: 10.1152/ajpregu.1996.271.5.R1344. PubMed
PMID: 8945973.

Fleshner M, Deak T, Nguyen KT, Watkins LR, Maier SF. Endogenous glucocorticoids play a positive regulatory role in the anti-
keyhole limpet hemocyanin in vivo antibody response. J Immunol. 2001;166(6):3813-9. doi: 10.4049/jimmunol.166.6.3813.
PubMed PMID: 11238624.

Kennedy SL, Nickerson M, Campisi J, Johnson JD, Smith TP, Sharkey C, Fleshner M. Splenic norepinephrine depletion following
acute stress suppresses in vivo antibody response. J Neuroimmunol. 2005;165(1-2):150-60. doi: 10.1016/j.jneuroim.2005.05.001.
PubMed PMID: 15978673.

Fleshner M, Hermann J, Lockwood LL, Laudenslager ML, Watkins LR, Maier SF. Stressed rats fail to expand the CD45RC+CD4+
(Th1-like) T cell subset in response to KLH: possible involvement of IFN-gamma. Brain Behav Immun. 1995;9(2):101-12. doi:
10.1006/brbi.1995.1011. PubMed PMID: 7549034.

Fleshner M, Laudenslager ML, Simons L, Maier SF. Reduced serum antibodies associated with social defeat in rats. Physiol
Behav. 1989;45(6):1183-7. doi: 10.1016/0031-9384(89)90107-8. PubMed PMID: 2813542.

Gazda LS, Smith T, Watkins LR, Maier SF, Fleshner M. Stressor exposure produces long-term reductions in antigen-specific T
and B cell responses. Stress. 2003;6(4):259-67. doi: 10.1080/10253890310001594441—pubMed PMID: 14660058.
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