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Treating Pain
Without Addiction
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Targeted, Non-Opioid
Pain Therapeutics
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‘ 2018: The opioid epidemic rages on..

CDC:; 0;; Opioid overdoses spike 30
: Oproid overdoses percent; hospitals report

Kill alm
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Opioids block pain
through interaction with
u(mu)-receptors.

But interaction with mu-
receptors in the brain
leads to an addictive

euphoria, among other

side effects.

Clearly, we need a
new treatment for
pain.
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N-001 Profile

A rationally designed protein that
targets pain (sensory) neurons

Disrupts pain signaling in neuronal
axon through modification of
cytoskeletal actin

Locally administered at site of pain
by injection or topical application

Uses our novel drug delivery

system, capable of transporting
other drugs to targeted neurons
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N-001 eliminates acute pain.

N-001 Vs. Opioid In Formalin Pain Test (Mouse)

90% i ———
N\ |
80% Relief from exposure to

. 70% inflammatory pain .

g 60% equals that of opiates. ¥ __L

&J 50% Movement remains

- normal.

S 40% \ J -
30% | N
20% | =
10% Ny

0%
UNTREATED N-001 (20%) OPIATE

Treatment and Dose I



N-O01 decreases pain for longer
than opiates.

Pain Relief
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N-001 Duration In Formalin Pain Test (Mouse)
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Pain Relief
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N-001 eliminates chronic pain.
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N-001 Chronic Pain Test (Mouse), Carageenan Sensitized

------------1

¢

(Chronic pain created by
carrageenan sensitization

increases inflammatory

pain by 55%. N-001

specifically eliminates this.
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Global Pain Treatment Market (Pharmaceutical):

$32 billion

U.S. Diabetic Neuropathy patient population:

15 million
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pw = &S Osteoarthritis patient population:
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Current Topics in
Peptide & Protein
esearch

Review

Repurposed bacterial toxins for human therapeutics

Benjamin J. Pavlik', Kevin E. Van Cott' and Paul H. Blum”

www.nature.comfscientificrepons

SCIENTIFIC REP?RTS
Retargeting the Clostridium i 1 . .
botulinum C2 toxin to the % P b I
nepror_;! cytosol . prob u I Cat I O n S

Many biological taxing are known to attack specific cell types, deliwering their enzymatic payloads

to the cytosol. This process can be manipulated by molecutar engineening of chimeric towins. Using
toxins with naturally unlinked components 35 3 starting point is advantageous because it allows for the
development of payloads separately from the binding/translocation companents. Here the Clostridium
botulinum C2 binding translocation dom ain was retargeted ta neural cell populations by deleting its
non-specific binding domain and replacing it with a C. botulinum neurotoxin binding domain. This fusion
protein was used to deliver fluorescently labeled payloads to Neuro-2a cells. Intraceliular delivery

was quantified by flow cytometry andfound to be dependent an artificial enrichment of cells with

the polysialoganglioside receptor GT1b, Visualization by confocal micrascopy showed a dissociation

of payloads from the early endosome indicating translocation of the chimeric toxin. The natural

Clostridium botulinum C2 toxin was then delivered to human glioblastoma A172 and synchronized a t U re
HeLa cells. in the presence of the fusion protein, native cytosolic enzymatic activity of the enzyme was. E2

observed and found to be GT1b-dependent. This retargeted toxin may enable delivery of therapeutics

to peripheral neurons and be of use in addressing experimental questions about neural physiclogy.

ey g s gty g b s T Current Topics in Peptide

ified biodogical neuratoxins as drug delivery systems i expanding* . These taxin-based delivery systems are
muski domain proteins that bind tanget cells and transdoc ste material (payloads) across the hpid bilayer into the i -
cytosl of the tangeted cell. These systems are ahesed AB. type taxins, consisting of 4 paykoad domain (A) and 4 S an d Pro teln Research
nding/translocation doenain (B). The A and B domatns can be covalently linked by a polypeptide or disulfide
oo hat s et csved dusing the ranslocaion sicp* . Noo-covaleasly linked (inary) A s Bt domaies
are trasscribed and transated independently and asoclite prioe 1o ese binary sysiesas has
recently been studied in the context of payload delivery 1o cancer cells’. It s advantageous from a pi
nesriig perspectie to design separately expressed molecules because binding transdocation md;u\luu_\ mod.
ules can then be developed independently. The Clostridiams botulis n but it
Bas s binary AB tnie design 4nd been thoun 1o deliver  variety of engimeered paylods I & Ronspeciic manher
a vastety of cells® 11 It was not known i the binary Af-type (2 toxin stractare could be used as & platform to
Incrduce o b speifcty and delves meculr pylouc. Here 6 wasbypocheiedth by epiog
the C2 toxein binding domain with a C ol neusotoxin otype C1 binding domain (C1 H,y.). the
engincered B domain and peyload could be cxpressed vq'uu(:h combined and enable targeting of mowal ¢
while preserving the normal C2 translocatior
The native 2 toxtn is composed of two separate proteins, The B domain protein (C211) binds target cell and
translocates the A domain (C21, the payload). The A domatn is an ADP-rbosyhransferase that causes cell round.
ing 4nd apoptosis intiated by ADP-ribosylation of cytoplasmic actin™** (Fig. 12). €211 monomers are proten
Iytically processed 10 remove & 20 kDa segunent from the N-terminus, which activates the bindi
domain into C211a%. C211a mosomers then sportaneously aligemerize and bind the cell surface via iteractions
with asparagine linked glycans oa the cell membrane!” . The A domain, C21, binds ¢
anplex ls Internalized by clathrin and Rho-dependent mechantsms™™ ™ Acidification of the
casty condosome causes membean poc focmation by C21la clgoences,thiough which C21 s transported s the
Cytoplasn

‘Department of Chemical 207 Othmer Hall, University of Nebeaska-Li
S 901 Vine , UniversRy of Nebeasia Lingoln,
terials should be addressed to PH_B. (emaik pblumi @unl edu)
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Paul Blum, Ph.D. CEO
University of Nebraska — Lincoln
25 years of protein development
U. Nebraska Inventor of the Year 2015
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Marina Blum Operations
University of California - Berkeley

BA — Public Health
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Stephan B. Abramson, Ph.D.

LifeSci Partners, LLC.
Formerly Director of Clinical Affair:

Alpha Therapeutic Corp.

Jianguo Cheng, M.D., Ph.D.

Professor of Anesthesiology
Cleveland Clinic, President Elect American

Academy of Pain Medicine

Cleveland Clinic
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Richard L. Stieg, M.D., MHS
Former President of American Academy of Pain
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Medicine
Founding Member, National Pain Foundation
MEDICAL TECHNOLOGY

Partners
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Pre-Clinical Development

Dosing Efficacy, Mechanism Advanced FDA - Center for Biologics
Neural Signaling Pharmacokinetics Toxicity, = Model of Pain Evaluation and Research
Manufacturing Formulation Indication

Grant support from:

NEBRASKA

DEPARTMENT OF
ECONOMIC DEVELOPMENT
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For more information
» ' ‘ N please reach out to:

paul@neurocarrus.com



