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Presentation 18 — Allen Fienberg

—Intra-Cellular Therapies

Research Advisory Committee on Gulf War Veterans’ Illnesses
June 29% 2004

Neuronal Communication

+ Nerve cells communicate by chemical
neurotransmission; over 99% of all
synapses in the brain use chemical
neurotransmission

* There are two categories of
neurotransmitters: ‘fast neurotransmitters’
and ‘slow’ neurotransmitters’

Mntra.Cellular Therapies

Neuronal Communication (Cont’d)

+ ‘Fast’ neurotransmitters control events
occurring in the brain at 1/1,000 of a
second

« ‘Slow’ neurotransmitters control events
occurring in the brain over milliseconds to
minutes

—Intra-Cellular Therapies

|

Chemical Neurotransmission
In the Brain

I/ . ‘\ « 'Slow’ neurotransmitters, like
[ o %e.] dopamine, hind to receptor
N e /', proteins at the surface of post-
s J— synaptic neurons.
g N - Activation of these receptor
7 et s proteins leads to changes in
} second messenger molecules
o \ and a cascade of chemical
{- \ A\ effects involving protein kinases,
.I [ and other cellular factors.
* /-,;,:\ b, "« These cellular cascades, in turn,

control the activity of many
essential neuronal proteins
including ion pumps, ion
channels, and neurotransmitter
receptors by changing their
state of phosphorylation

~Intra-Cellular Therapies m
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—*Intra-Cellular Therapies el 7
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Protein kinases and protein phosphatases
regulate protein phosphorylation

Cocaine,  Levadopa g
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= The state of phosphorylation of Nevretersin /’Dq:ﬁm'm Halda! Glutarnae

proteins is determined by the
activity of both pratein kinases
and protein phosphatases

= Inwiro and i vio methods have

artifactual post-morterm and
postreatment activity of kinases
and phosphatases

. Pnospnogrlatlun date can he
preserved fol
nan'nacoluglcalor hysalogical
ﬁ'eatmentsto i \tfa 3
'snapshot’ of the state of
phosphorylation at multiple sites
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do not readily cross the blood-
brain harrier

In Vitro and In Vivo Nethods for Measuring
Brain Phosphoproteins

Measuring Protein Phosphorylation
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EIFS"J% EZ%?JZ% (chcuﬁﬁﬁg%” PFC, estimate s of i vivo levels of protein 1 = A panel of antibodies
+ Slige technigue can be adapted phosphaorylation from mice treated is used to evaluate
to facilitate hlgher throughput systernically with pharmaco logical i 11 separale
drug screening (e.q., Eli?sé] or physiological agents " phosphosﬂes
estifmates) = Microwave iradiation essential for -
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anatomically- defmed cell systermn phosphoproteins Spa[ia| and tempora|
in which to test region-specific [} it of
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PhosphoProfile of Antipsychotic Drug Actions
SITE IA1002 BYSEESm
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CNS Profile can be implemented
to:

= Generate a molecular signature of a class
of compounds to serve as a reference for
screening compounds of unknown
mechanism of action

* |dentify novel targets for future drug
discovery efforts

Gulf War lliness

« Gulfywar lliness (GW) is characterized by symptoms
which include irritability, anxiety, headache, depression,
poor concentration, memory impairments

¢« W may be associated with exposure to nerve agents
[Le. sannj, insecticides (il.e., DEET), and other
compounds such as pyridostigmine bromide (PB)ora
combination of these agents

+ Merve agents and PB inhibit an enzvme
facetyicholinesterase or ACHhE] that is critical for
maintaining normal levels of the neurotransmitter
acetylcholing in the brain

+ As g result they cause supra-physiological levels of
acelylcholine to occur in the brain and periphery

+ Massive increase in acetylcholine levels in the brain leads

+ Increasing brain acetylcholing has a highly complex

+ Signaling pathways that mediate effects of acetylcholine

+ Anunderstanding of these pathways would provide targets

GWI (Continued)

to the activation of multiple nicotinic (12) and muscarinic
(5)receptors

secondary response

— Activation of nicotinic and muscarinic receptors leads to secondary
release of multiple neurotransmitters, including Coparmine,
Glutamate, and GABA

under these conditions are poorly understood

that would greatly advance the search fortherapeLtic
interventions for Gyl

< > ft
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ITI's efforts to identify targets for
treatment of GWI

» Characterization of signaling pathways for
acetylcholine

— Pathways activated by physiological levels of
acetylcholine resulting in nicotinic and muscannic
receptor activation

« Supported by DAMD 17-03-2-0018

* Preliminary collaboration with USAMRICD to

resulting in nicotinic and muscarinic receptor

characterize pathways activated by nerve agents

Elucidation of Nicotinic receptor
signaling pathways

A scheme for the response
athwiay downstream of high
evels of nicotine:

+ Nicotine hinding to o7 nicotinic
receptors stimulates release of
glutamate from glutamatergic
teminals,

+ Glutamate hinding to NMDA
and AMPA receptors on
dopaminergic terminals drives
bursts of dopamine release,

= This high-level dopamine
signal stimulates D1 dopamine
receptors on direct pathway
neurons, leading to elevated

mbmbme
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Elucidation of Signaling Pathways Activated by A convulsant dose of Sarin (LD50)
Sarin Exposure dephosphorylated several phosphoproteins
o i In Vive Phosphoprotein Measurements . .
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Sarin (LD50) increases phosphorylation of
several phosphoproteins

v+ These nclvde
— CREB, a gene transcription factor
— MAP Hinase, a growth factor-associated protein kinase

— DARPP-32 at T75, a substrate for COKS, 2 kinase involved n
neuranal migrafiondevelopment

1% Bakna

ShaspheT78 CARPP.32

DARPP-32 T75, a marker for Sarin exposure

*p< 05, Students' -test

150-
« A sub-convufsant

dose of Sarin
increases only
phosphorylation of
DARPP-32 at T75,
the CDK5 site

— 775 may be a marker
for Sarin exposure Saline

H

pT75 DARPP-32
(% Saline)
@
z

0.5 LD50-(30)
Treatment Group

Ongoing and Future Studies

» Continue to delineate nicotinic and muscarinic
receptor pathways

— Continue to identify additional targets for
acetylcholine receptor activation

— Create gene 'knockouts' for each muscarinic receptor
+ Use molecular biclogical techniques to discover

molecules that interact with nicotinic and

muscarinic receptors and modify their activity

— "Twio-hybrid' screens

Strategy for Therapeutic Intervention in
GWwiI

+ (Generate complete map of cellular effects of
sarin and other nerve agents
— Low-dose and high-dose exposure
— Acute and chronic exposure

+ |dentify targets commaon to these exposure
conditions

+ Screen chemical libraries to discover small
molecules capable of modulating/reversing toxic
effects of these agents
— Acute effects anfi-convulsant
— Chronic effects: neural protectant/prophylactic
— Testin animal models for GW|
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