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Peripheral Nervous System (PNS):

-- Peripheral nerves enable bi-directional neural communication between the brain &
tissues and organs

Pupils

’ Salivary glands
‘—" Heart
RN

(1 "X
N U274

Efferent nerves:

from brain to tissues
(ex: sympathetic)

<]
(G

/8
Uy
"

~ Bronchi of lungs

/ =

—

’*\ Liv
* ‘ Stomach

X
- R Smallintestines
\ | 5

‘ Adrenal gland

Afferent nerves:

from tissues to brain
(ex: sensory)

=
er

i Ak Large intestine
Kidney

=" Rectum

:w_ﬂ, Bladder

‘1( .§> ) ‘ Genitals
Cell bodies of peripheral nerves mostly reside in ganglia outside the spine,
long axons reach out to the tissues and orsans
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Peripheral Neuropathy (PN)

* Degeneration of peripheral nerves - loss of innervation and blunted neural
communication between tissues and brain (often length-dependent)

* Affects ~30+ million adults in the United States
* 13.5% of persons over 40 (Hicks et al...Selvin, Sci Rep, 2021)

* Variety of etiologies — including metabolic (top cause)
* Affects up to 70% patients with diabetes eventually
 Can manifest early in the pre-diabetes stage
Obesity -associated PN
Aging-associated PN (under-studied), associated with age-related metabolic disease

* Key symptoms — motor, sensory, autonomic nerves can be affected:
» Numbness, tingling, burning, pain
» Loss of sensory, autonomic and motor functions
» Can lead to ulcers, fall fractures, foot amputation, significantly worsened quality of life

e Often goes undiagn osed (80%) (Rodriguez-Saldana et al...Weiser, Curr Med Res Opin, 2024)

* Treatments address symptoms, no therapies to reverse nerve degeneration or
regrow axons, no cure
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Research is Required to Improve Diagnosis and
Treatment of Neuropathies

Townsend Lab for Neurobiology & Energy Balance




Understanding Peripheral Neuropathy
Through Translational Research

“reverse translation”
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Basic/Foundational Research:

* We study:
* How the sensory nerves in our fat (adipose) tissue function
* How lipids impact peripheral nerve activity

* How support cells help peripheral nerves function (ex: immune cells, glia)
* And More...
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How It works...

1) The Scientific
Method
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2) Designing rigorous

* “Powering” the study — enough data points

eXperimentS to 8ain to interpret with biostatistics?
eVidenCe'based * A priori experimental plans, statistics
. . plans

mSlghtS * Optimized protocols and SOPs

* Validated research tools
* Which model? (even if mouse or rat,
which strain/genotype?)
* How/what to phenotype or assess?
Primary vs secondary outcomes
* Functional neuropathy tests
* Validated clinical scales or
questionnaires
* Molecular assessments (ex: skin
punch)
* Etc...



How It works...

3) Peer-Review to
Dissemination  Peer reviewed journals (avoid

predatory journals)
* “Impact Factor” of the journal title
* “Open Access” articles
* Altmetrics and citation index
* Press coverage



How it works...

4) Reproducibility
* Across experimental sites, labs, or
population groups...can the work be
reproduced and replicated?

* (Importance of Methods reported for
prior studies)

e Rare instances: retractions or
corrections



Healthy Adipose (fat) — Role of Innervation by Sensory/Sympathetic Peripheral Nerves
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Healthy Adipose - Role of Innervation by Sensory/Sympathetic Peripheral Nerves
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=% What do nerves in adipose do to contribute to healthy functions?

How does neuropathy in adipose impact our metabolic health?

= Does metabolic disease (obesity, pre-diabetes, diabetes,

*3 cardiometabolic disease, aging, etc.) impact the function of our
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Broad tissue neuropathy with metabolic

d:lisease&ty- induced perlpheral neuropathy (representative papers cited)
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A Basic Science Finding From Our Lab:
Axon Outgrowth Pathwavs Impact Adinose Innervation

MOLECULAR
METABOLISM
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Translation to
Community

Basic Science ' ' Translation to

Research nts Practice

Preclinical research ' Phase IV Clinical trials
Epidemiological studi ' Clinical outcomes
Animal models : ' + Post marketing safety
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Population level
outcomes

Define problems, Proof of concept Chinical application and Delivery of Benelit 10 soCiety
mechanism, target, evidence-based recommended care to
approaches New methods of guigeiines the rnight patient Monitoring of morbidity,

Uldg!*()s.g- treatment. and
prevention in highly
controlied settings

mortality, benefits, and
risks, and impacts of
policy and change
Learn More®
https://ncats.nih.gov/about/about-translational-science
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Translational Research:

* We study:

* Mechanistic links between age-related metabolic disease and
neurodegeneration with Alzheimer’s and Neuropathy

* Moving new neuropathy biomarkers and treatments from pre-clinical
models to human

* |dentifying new pathways impacting peripheral nerves in health vs
disease —target discovery for new therapies

* And More...



Translational Research From Our Lab:
Neurotrophic Factors To Imprz:;5. i~~~ t==~=-~%ign

Neurotrophic factors — growth signals for our e 2024

peripheral nerves Gene therapy approaches for obesity-induced
adipose neuropathy: Device-targeted
AAV-mediated neurotrophic factor delivery

Can be lost or reduced with neuropathy to adipocytes in subcutaneous adipose

Magdalena Blaszkiewicz,! Tianyi Tao,' Kofi Mensah-Arhin,' Jake W. Willows,! Rhiannon Bates,” Wei Huang,”
Lei Cao,” Rosemary L. Smith,* and Kristy L. Townsend"-
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Aging - Numerous Negative Impacts on Metabolic & Nerve Health

Age is the Predominant Risk Factor for Disease

45+
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Aging Impacts on Nervous System - beyond the brain

Peripheral Neuropathy __ Adipose Neuropathy Neuromuscular Denervation
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.« o Adipose neuropathy with obesity/diabetes
Pre-Clinical Mouse Models of PN
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Longevity Treatments Tested by the National Institute on

Aging’s Intervention Testing Program (ITP

17a-Estradiol

Supplemental Glycine

Captopril

*MP no effect on median LS but increase max LS in females only

NIH: National Institute On Aging - COmpOundS in Testing **Acarbose —improves health and lifespan, Male and females



Longevity Treatments Tested by the National Institute on

Aging’s Intervention Testing Program (ITP

17a-Estradiol

—/We consistently see female mice protected from neuropathy phenotypes compared to males until late\—
L age. Female neuropathy is worse after reproductive senescence and loss of estrogens; or mouse L
‘menopause’.

Is estrogen protective for metabolic and nervous system health?
= Can we target a safe estrogen signaling axis for treatments in males and females? =

A\ Translational Research — underway in our lab. /L

*MP no effect on median LS but increase max LS in females only

NIH: National Institute On Aging - CompoundS in Testing **Acarbose —improves health and lifespan, Male and females



Clinical Research:

What is the main difference between the
types of clinical research studies?

The main difference is if researchers assign participants to get
an intervention, such as a drug, behavior, or medical device.

Clinical trial

In clinical trials, researchers
do assign participants to
one or more interventions.

Sometimes, researchers
randomly assign

Source: NIH

participants to interventions.

Observational study

2 (1

N
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In observational studies,

researchers do not assign + Medical
participants to an intervention. Record/
If there is an intervention, Data
participants were already using Research

it as part of their regular health
care or daily life.

Who does the research and who funds it?



Clinical Research:

* We study:
* How does fat (adipose) tissue impact nerve health, such as with nerve
repair surgeries?
* |[s there neuropathy in adipose of humans with metabolic disease, like we
see in mouse?
 Can we more effectively diagnose small fiber neuropathies, and can
spinal cord stimulation help regenerate axons?

* And more...



Compliance and Regulatory Safeguards for Clinical Research

* Institutional Review Board (IRB) - formally designated to review and monitor biomedical
research involving human subjects (IRB protocols)

* Informed Consent - provider explains what the intervention/process is, what it can do
and what risks it may have. You get to ask questions, and can give or decline your
consent.

* HIPAA - a law, called the Health Insurance Portability and Accountability Act of 1996
(HIPAA), gives you rights over your health information, including the right to get a copy of
your information, make sure it is correct, and know who has seen it

* Food and Drug Administration (FDA) - responsible for protecting the public health by
ensuring the safety, efficacy, and security of human and veterinary drugs, biological
products, and medical devices; and by ensuring the safety of our nation's food supply,
cosmetics, and products that emit radiation.

Learn More: https://clinicaltrials.gov/study-basics/learn-about-studies

Find a Neuropathy Clinical Trial: https://clinicaltrials.gov/

Glossary: https://clinicaltrials.gov/study-basics/glossary

Your Rights: https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html



https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/study-basics/learn-about-studies
https://clinicaltrials.gov/
https://clinicaltrials.gov/study-basics/glossary
https://clinicaltrials.gov/study-basics/glossary
https://clinicaltrials.gov/study-basics/glossary
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html
https://www.hhs.gov/hipaa/for-individuals/guidance-materials-for-consumers/index.html

Diagnostics — from Bench to Bedside

THE OHIO STATE UNIVERSITY (614) 293'4969
WEXNER MEDICAL CENTER 300 W ]Oth Ave
Columbus, OH

Spinal Cord
Stimulation in

Patients with
Painful Diabetic
Neuropathy

Researchers are seeking adult participants older  Scan Me to Learn More:
than 18 years old who have painful diabetic
peripheral neuropathy. The aim of the study is to
assess a diagnostic tool and to determine if
Spinal Cord Stimulation will reduce pain in these
patients. The study will last 18 months and there
will be a total of 8 visits. Study participants will
complete some tests, skin punch biopsies, blood
draws and questionnaires.

Bioengineering collaboration — diagnostic device

development for use in pre-clinical research to detect - . . _
) o . or more information contact:

transdermal nerve electrical activity (small fiber DENstudy@osumc.edu

neuropathy)
(Dr. Smith, Dr. Blaszkiewicz, Dr. Townsend)




First In-Human (FIH) clinical trial
underway at The Ohio State University:




Improving Diagnosis and Treatment of
Neuropathies Requires Research
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Credit: National Center for Advancing Translational Sciences
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