1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Immunotherapy (Los Angel). Author manuscript; available in PMC 2017 March 13.

-, HHS Public Access
«

Published in final edited form as:
Immunotherapy (Los Angel). 2016 September ; 2(3): . doi:10.4172/2471-9552.1000e104.

Anticancer Molecules in Brain: Implication for Novel Strategy for
Cancer Immunotherapy

Run Xiaol, Stephen M Bergin2, Manchao Zhang?, and Lei Caol"
1Department of Cancer Biology and Genetics, The Ohio State University, Columbus, Ohio, USA

2Department of Internal Medicine, The Ohio State University, Columbus, Ohio, USA

3The Ohio State University Comprehensive Cancer Center, Columbus, Ohio, USA

Editorial

Clinical and epidemiological studies have demonstrated that macroenvironmental factors are
risk factors for the development and progression of tumor [1]. Macroenvironmental factors
include a patient’s physical, social environment and specific psychosocial factors such as
chronic stress, depression, and lack of social support. These observations raise intriguing
questions on the brain-cancer connection. What are the molecules in brain linking
environmental factors to cancer? Through which pathways do these brain molecules
modulate the peripheral cancer? How do these molecules impact tumour growth and
progression? The effects and mechanisms of the macroenvironment on systemic cancer are
much less well defined, because most basic cancer research focuses on microenvironmental
factors of tumor.

To study environmental and psychosocial effects on cancer progression, our lab uses
environmental enrichment (EE) as a eustress model. EE is a housing environment for
laboratory animals, which, in contrast with the standard-environment (SE) cages used in
most biomedical research, is socially, physically, and cognitively stimulating. EE has
profound impacts on brain structure, function, and progression of neurologic diseases [2].

Our group is the first to report that EE reduces tumor growth and increases remission in both
melanoma and colon cancer models of mouse [3]. Reports from others confirm the
anticancer effects of an EE in breast and pancreatic cancers [4,5]. Our previous studies have
uncovered one underlying mechanism, the activation of a specific neuroendocrine axis: the
Hypothalamic-Sympathoneural-Adipocyte (HSA) axis. EE induces hypothalamic Brain-
Derived Neurotrophic Factor (BDNF) expression and subsequently activating the
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sympathetic tone to fat tissues, which suppresses leptin expression and release leading to the
reduction of cancer progression.

The story hasn’t ended yet. Recently, we have elucidated a new mechanism of anticancer
effect of EE published on Cancer Immunology Research [6]. In this study, we addressed
how EE modulated T-cell immunity and its role in the EE-induced anticancer effects. Our
data demonstrated that CD8" T cells were required for the anticancer effects of an EE in an
orthotropic model of melanoma. In Secondary Lymphoid Tissue (SLT), an EE induced early
changes in the phenotype of T-cell populations, characterized by a decrease in the ratio of
CD4" T helper to CD8* cytotoxic T lymphocytes. Then we identified hypothalamic BDNF
as the brain molecule mediating EE’s effects on T cell immunity. Hypothalamic
overexpression of BDNF reproduced EE-induced T-cell phenotypes in SLT, whereas
knockdown of hypothalamic BDNF inhibited EE-induced immune modulation in SLT.
Furthermore, this study explored the peripheral pathways BDNF employed to regulate T cell
immunity. Both the B-blocker propranolol and the anti-corticosteroid compound
mifepristone inhibited the EE-associated modulation of CD8* T cells in SLT, suggesting that
both the sympathetic nervous system and the hypothalamic—pituitary—adrenal axis were
involved.

To the best of our knowledge, this is the first study to show that hypothalamic BDNF is the
regulatory molecule in brain that links an individual’s physical and social environment to T
cell immunity and resistance to cancer. Furthermore, it demonstrates that the BDNF-induced
tumor inhibition harnesses multiple pathways including systemic metabolic modulation,
enhanced T-cell immunity and enhanced NK cell immunity (unpublished data). In summary,
the discovery by Xiao et al., not only advances the understanding of the modulation of innate
and adaptive immune system by nervous system, but also supports the emerging concept of
manipulating a single gene in the brain to improve cancer immunotherapy (Figure 1).
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Figure 1.
BDNF-induced tumor inhibition
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