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Do glial cells have a role in human pain?

@ Hundreds of animal studies implicate glial cells in pain
= Microglia and astrocytes ‘activate’ in animal models of pain
@ Activated glia produce cytokines and other pro-inflammatory mediators

= Inhibition of glial activation inhibits/reverses pain
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Do glial cells have a role in human pain?

@ Hundreds of animal studies implicate glial cells in pain
@ Microglia and astrocytes “activate’ in animal models of pain

@ Activated glia produce cytokines and other pro-inflammatory
mediators

= Inhibition of glial activation inhibits/reverses pain

Animal models

Tsuda et al., Nature 2003 http:/ /www atlantapainmanagementcenters.com g®

Gao and Ji, Neurotherapeutics 2010


http://www.atlantapainmanagementcenters.com/

Do glial cells have a role in human pain?

m Post-mortem studies in the human spinal cord

@ Complex Regional Pain Syndrome (pel valle et al., Brain Behavior and Immunity 2009)
@ HIV neuropathy (shietal., J Neurosci 2012)
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Shi et al., J Neurosci 2012

> Can we “see” glial activation in vivo?



TSPO as a marker of glial activation

m The Translocator protein (18 kDa) (TSPO)

= A five transmembrane domain protein mainly situated in the
outer mitochondrial membrane

= Involved in steroid hormone synthesis (Fan et al., PNAS 2015)
m however see Banati et al., Nat Commun 2014

Cytoplasm
of glial cell

Rupprecht et al., Nature Rev Drug Discov 2010



TSPO as a marker of glial activation

= Very low basal expression in the healthy CNS

m Upreqgulated by activated microglia and astrocytes

Experimental autoimmune encephalomyelitis
Multiple sclerosis

HIV encephalitis

Ischemia

Alzheimer’s Disease

Animal pain models

etc
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Spinal nerve ligation (rat)
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e el ] TSPO* astrocytes / total astrocytes
= TSPO and GFAP /Total GFAP

+ A p [ TSPO* neurons / total neurons
=3 TSPO andIba1 /Total Iba1

©
~
E
1]
=
(7]

L5 SNL 7d

baseline

Wei et al., J Neurosci 2013 Liu et al., Pain 2016




TSPO as a marker of glial activation

TSPO can be ImaQEd |n ViVO US|ng PET (Albrecht et al., ACS Chem Neurosci 2016)

EET san [11C]PK 11195 PET
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Banati et al., NeuroReport 2001

[11C]PBR28

= Prototypical ligand = Second generation ligand
= 80-fold higher specific binding in primate brain
(Kreisl et al., Neuroimage 2010)




[T'C]PBR28 as a sensitive TSPO ligand

Ischemic stroke (rat model)
MRI Day 4 PET + MRI
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Toth et al., Brain Struct Funct 2015

Huntington’s disease

CONTROL.| HD PATIENT

Basal
gang‘

Lois et al., in preparation (Diana Rosas / Jacob Hooker’s labs)

Multiple sclerosis
MRI PET+MRI

Caterina Mainero’s lab

Amyotrophic Lateral Sclerosis
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Zurcher, Loggia et al., Neuroimage Clin 2015



TSPO...

> Is upregulated in activated glial cells
> can be imaged with PET using [11C]PBR28

=» Do chronic pain patients demonstrate
glial activation, as assessed by increased

[11C]PBR28 binding?
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Evidence for brain glial activation in chronic
pain patients
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Methods

Ala/Ala (n=18)

Matched-pairs design

= 19 cLBP patients + 25 controls initially enrolled

= 9 matching-pairs identified, matching for:
» sex
» age
» Alal47Thr polymorphism in the TSPO gene

(Owen et al., J Cereb Flow Metab 2012) unpublished data
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Methods

Integrated PET/MR scanning

Patient

Up to 15 mCi of [11C]PBR28 | 2t
P [+C] - e

Standardized Uptake Values,
normalized by whole brain (SUVR)

Pain levels and blood levels of Courtesy of Ciprian Catana
cytokines (IL-6, IL-1[3, TNF-a.) SUVR vs. DVR

cLBP study ALS study
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Albrecht et al., in preparation




Group differences

controls
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cLBP vs controls
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Individual data

Median cLBP image (n=10)

thalamus

Individual data
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Loggia et al., Brain 2015



Test-retest reliability

Same patient, scanned twice 3.5 months apart

First scan

s

Second scan (3.5 months later)

07 0809 1 11 1.2
Scan 1

Loggia et al., unpublished




Is glial activation in S1/M1
somatoloplcally organized?
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Leg pain Lumbar pain
] . Kim et al.
Loggia et al., Pain 2012 (Napadow lab), in
eparation
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Regression analyses
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A negative regulator of neuroinflammation?

TSPO knock-down: TSPO overexpression TSPO agonists:
1 Inflammation 1 allodynia & hyperalgesia
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Adapted from Bae et al., J Neuroimmune Pharmacol 2014 Wei et al., J Neurosci 2013

= TSPO appears to limit the magnitude of
Inflammatory responses after their initiation.
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TSPO levels
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Spinal glial activation
(collaboration with Yi Zhang, MD, PhD)

T11-T12 Cord SUVR

Controls Sciatica
(n=4) (n=9)

Albrecht, et al (in preparation)




Conclusions

Chronic pain patients demonstrate TSPO elevations In
brain and (possibly) spinal cord

Since TSPO is a marker of glial activation, this suggests
that human chronic pain is accompanied by glial
activation

Glial activation may represent a therapeutic target for
chronic pain, as predicted by animal studies



Questions/Future directions

Do other pain conditions also demonstrate TSPO
upregulation?

Do different pain disorders have different ‘glial signatures’?
Can glial inhibitors and TSPO ligands be used to treat
clinical pain?

Can glial imaging predict who develops chronic pain?
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