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Increased interest in chronic stress in cancer patients. Many studies
from “psychoneuroimmunology” suggest a negative effect on outcome
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Systemic stress response is regulated by
two major pathways
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Pro-tumorigenic function of norepinephrine
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Standard ambient temperature (ST) of laboratory animals:
a model of chronic -adrenergic-mediated stress

Thermoneutral temperature (TT) is defined by the ambient temperature (T,) that
does not require additional metabolic heat production or evaporative processes
to regulate core body temperature — for laboratory mice, TT = ~30°C.

CHRONIC STRESS

AMBIENT TEMPERATURE

Standard T, = ~22°C g

Thermoneutral T, = ~30°C &

Fischer et al. Molecular Metabolism. 2017; Bucsek et al., Cancer Research, 2017



Standard ambient temperature (ST) of laboratory animals:
a model of chronic -adrenergic-mediated stress

T serum norepinephrine (NE) in
AMBIENT i
e e mice housed at standard
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The metabolic drain from adaptive thermogenesis is highly significant!

Eng et al., Nature Comm. 2015; Fischer et al. Molecular Metabolism. 2017; Bucsek et al., Cancer Research, 2017



Using standard housing temperature as a model of
chronic adrenergic stress

Standard Control Mice
are chronically cold
stressed (22°C)

h\) Methods to Increase Stress

?
Methods to Reduce Stress (acute?)

MEDIUM STRESS Restraint: 1-2 hr episodes per day 7-28

days

Social Isolation: house singly

Fear: predator odor, scream

B-AR agonists: isoproterenol- 1-2x/day,
21-54 days

Catecholamine: NE by osmotic pump.
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Models impose stress on
mice at 22°C
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Thermoneutrality
30°C OR using B-blockers:
block signaling in mice at 22°C
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Thermoneutral temperatures (TT) reduce tumor growth
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Adrenergic signaling blockade in mice housed at ST slows tumor
growth: depends on adaptive immune system
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Our models for studying the impact of adrenergic
stress in on the immune system and the TME
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Beta-blockers improve patients’ response to
Immunotherapy
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Retrospective study: Survival is significantly
increased in melanoma patients who
received at least one immunotherapy (IL-2,
aCTLA-4, aPD-1) and a B-blocker K.

Kokolus et al. Oncolmmunology. 2018
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Hypothesis:

Chronic adrenergic stress
suppresses anti-tumor
Immunity/efficacy of immunotherapy
through its regulation of metabolic
pathways in the tumor
microenvironment.



B-AR signaling impairs T cell metabolic reprogramming
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Adrenergic stress suppresses metabolic reprograming and
drives exhausted phenotype in CD8* T cells in the TME

_Guanxi Qiao, PhD
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The metabolic fithess of MDSCs is key to their function
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B-AR signaling in human PBMCs
promotes MDSC generation
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P2 adrenergic receptor-mediated signaling regulates the immunosuppressive potential of myeloid-derived suppressor cells
The Journal of Clinical Investigation

Hemn Mohammadpour,’ Cameron R. MacDonald,’ Guanxi Qiao,' Minhui Chen,' Bowen Dong,' Bonnie L. Hylander," Philip L. McCarthy,? Scott |. Abrams,’ and Elizabeth A. Repasky’
'Department of Immunology, and ?Department of Medicine, Roswell Park Comprehensive Cancer Center, Buffalo, New York, USA.

CHRONIC STRESS B2-AR signaling promotes MDSC
(anxiety, pain, depression) survival & protumorigenic function
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The expression of 2-AR on MDSCs increases
In human patients with cancer

4T1 Tumor Bearing Mice
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The absence of 2-AR signaling decreases oxidative
phosphorylation and fatty acid oxidation in MDSCs
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CPT1A expression (MFI)

The absence of 2-AR signaling decreases CPT1A
expression
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B2-AR signaling enhances FAO and is associated with
Increased tumor growth
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A RIPK3-PGE, signaling circuit in the tumor microenvironment mediates MDSC-potentiated

tumorigenesis of colorectal cancer.
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Fatty acid oxidation in MDSCs increases PGEZ2 production
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Autophagy promotes MDSC suppressor functions
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Summary of myeloid derived suppressor cell data

% Tumor progression increases the
expression of 32-AR on MDSCs.

% Activation of B2-Adrenergic signaling
increases fatty acid oxidation and oxidative
phosphorylation.

% Activation of 32-Adrenergic signaling in
MDSCs increases autophagy-mediated
PGE2 production.
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Implications/Discussion Points

Chronic stress, through the activity of nerves, acts to
suppress immune control of tumors through stress-
induced T cell exhaustion and enhanced MDSC
function in the TME. Metabolic pathways in immune
cells are targeted!

by direct innervation
These effects are consistent with an evolutionarily | Lré’afr}issjgefhgfg"J
conserved need to conserve energy during the flight or |
flight response. H’f
Chronic forms of stress increase in patients following a --
cancer diagnosis. Is this negatively affecting their N
response to therapies because of immune suppression ( sympathetic Nerve | Norepineyrgricne —
and metabO“C Changes |n the TME’) Lk Created in BioRender

Return to psychoneuroimmunology! Can we utilize biomarkers associated with
stress/norepinephrine activity in the TME as a more precise marker for patients at risk for
immune suppression and in need of pharmacological or behavioral stress reduction?
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