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Horne et al., 2015) and implantation of DBS leads into
GPi under anesthesia.
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LLC and has two US patents licensed from the University
of Kentucky.

Two ongoing Phase | clinical trials (discussed with FDA):
Clinicaltrials.gov: NCT01833364, NCT02369003
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Introduction

PD is the second most common
neurodegenerative disease

Annual incidence of about 60,000 patients in
the U.S

Male predominance 1.5-2.0:1
Traceable to ~500 BC

The combined direct and indirect cost of
Parkinson’s is estimated to be nearly $25
billion per year in the United States alone

No current cure for PD




MOTOR & NON-MOTOR SYMPTOMS

Motor Symptoms (2 of 4): Parkinson’s disease
» Bradykinesia / Shuffling Gait

* Rigidity (cogwheel or lead-pipe)
* Resting Tremor (70% of patients)
» Stooped Posture / Unstable Balance

Non-Motor Symptoms:

» Dysphagia (difficulty swallowing)

» Depression (>40% early sign)

« REM Sleep Disorder (>40% of patients)
» Cognitive changes (memory)

 Loss of the sense of smell

Gl tract dysfunction (constipation)

» Fatigue

Source: www.idiom.com

Diagnosis of PD
remains clinical



Neurons Affected in PD:
Not just a Disease of DA Neurons

. Dopamine neurons in SN and VTA (Zarow et al.,
2003; Uhl et al., Neurology, 1985)

. Noradrenergic Neurons in Locus Coeruleus (Zarow
et al., JAMA, 2003)

. Serotonin Neurons in Dorsal/Median Raphe
(Halladay et al, Brain Res. 1990; Lang et al.,
Neuroplogy, 2007)

. Cholinergic Neurons in Nucleus Basalis of Meynert
(Liu et al., Acta Neuropathol., 2015; Zarow ert al.,
JAMA, 2003)

. Substance P Neurons (Halladay et al, Brain Res.
1990)



»

ldiopathic Parkinson’s Disease
Pathology and Biochemistry

 Pathologically: characterized by the

in the

substantia nigra and noradrenergic neurons in

the locus coeruleus, which are pigmented

areas located in the brainstem. (C Tretiakoff,
1919).

 Biochemically: characterized by
in the striatum (Arvid Carlsson, 1959). Provides rationale for replacement therapy with

dopaminergic drugs.

» Losses of other neuron groups: Ventral Tegmental Area, Locus Coeruleus, Dorsal
Raphe, Nucleus Basalis of Meynert.

 Braak and Gerhardt conversation 2008: “Neuronal loss in PD is selective for poorly
myelinated neurons”.

UK Brain Restoration Center
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Presentation Notes
Latin term, “black substance”
Symptoms appear when 60% of nigral nerve cells disappear


ldiopathic Parkinson’s Disease
Histopathology

The Lewy body
eIntracytoplasmic hyaline inclusion
* o - synuclein in core
 Ubiquitin at rim

Is a - synuclein a ?

Lewandowsky's Handbook of Neurology, 1912; German
Association of Psychiatrists and Neurologists, Breslau, 1913

Chu Y, Kordower JH. The prion hypothesis of Parkinson’s
disease. Current Neurol & Neurosci Report, 2015; 15(5):28.
doi: 10.1007/s11910-015-0549-x.

UK Brain Restoration Center



Nucleus basalis of Meynert (nbM)

Cholinergic rich region of the
basal forebrain

Projects primarily to the cortex
as well as the amygdala

Lewy bodies and neuronal loss
first identified in nbM (loss in
PDD is greater than AD)

Nerve growth factor (NGF)
provides support

From Lun Liu (2015)
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Fig. 3. Lewy 1923: Inclusion bodies from the nucleus basalis (Bielschowsky silver staining): drop-like alterations,
inclusion bodies and cell degeneration. Lower part: inclusion bodies surrounded by argentophilic granula.

From Holdorff (2002)

UK Brain Restoration Center



Next Big Step in Treatment of
Neurodegenerative Diseases

“Disease-modifying treatments that reduce the rate of
neurodegeneration or stop the disease process have
remained elusive and are the greatest unmet
therapeutic need In Parkinson’s disease.” (Lane,

2016).

2 Pre-motor/prodromal period Parkinson's disease diagnosis
Early Advanced/late
Complications

2

=

I

b =]

= - Mator

8 Dysphagia

b Postural instability

= Bradykinesia Freezing of gait

Rigidity Falls
Tremor
EDS Pain Urinary symptoms rarimigt
Hyposmia Fatigue Orthostatic hypotension
Constipation RBD Depression mcl Dementia
.
| | I L] 1 | o
=20 -10 [} 10 20
Time (years)

UK Brain Restoration Center



Potential Mechanisms and
Targets of Neurodegeneration

*SIRNA
ENVIRONMENTAL FACTORS GENETIC FACTORS

o-Synuclein

Oxidative stress Mitochondria PARK1 (a-syr_mclem) Related proteins?
MPTP —————— PARK2 (Parkin)
Pesticides Complex | PARKS5 (UCH-L1) 1

. ROS PARKG6 (PINK1) N q .
Herbicides tered protein

PARK7 (DJ-1)

PARKS (LRRK2, dardarin) conformation

Bacterial toxins

WY iealelsle[fEl GBA (glucocerebrosidase) l
\ SleLPATEE Other genes? Ubiquitin system
DNSP’s, AVAST Proteasome dysfunction?
Toxic injury — l
Apoptosis *Sural Nerve Protein aggregates

! Grafts (Lewy bodies:
Inflammation good or bad?)

BenMoyal-Segal L, Soreq H. J Neurochem. 2006;97:1740-1755.
Dawson TM, Dawson VL. J Clin Invest. 2003;111:145-151.
Mouradian MM. Neurology. 2002;58:179-185.
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Presentation Notes
Purpose:
To show that many potential mechanisms of actions may be responsible for the neurodegeneration of PD
Key Points:
Although the cause of PD essentially remains unknown, both environmental and genetic factors appear to trigger or increase susceptibility to the neurodegeneration of PD.1
Certain environmental factors have been shown to increase susceptibility to PD: 
Oxidative stress results in free radical generation that can contribute to neuronal damage in the parkinsonian brain.1 
Exposure to common pesticides, herbicides, and bacterial toxins has also been implicated in susceptibility to Parkinson’s disease.1 
Studies of rare hereditary forms of PD have identified a number of gene products involved in the pathogenesis of PD (PARK1 through 8), the most familiar of which is α-synuclein (Park 1), known to accumulate in Lewy bodies.2 These proteins seem to function in two known pathways: the ubiquitin-proteasome system that degrades protein in the brain [far right on slide] or mitochondrial malfunction.3 Since these genetic factors are involved in only a minority of cases, they are likely to only cause a predisposition to PD.2-3



1. BenMoyal-Segal L, Soreq H. Geneenvironment interactions in sporadic� Parkinson’s disease. J Neurochem. 2006;97:1740-1755.
2. Dawson TM, Dawson VL. Rare genetic mutations shed light on the pathogenesis of� Parkinson disease. J Clin Invest. 2003;111:145-151.
3. Mouradian MM. Recent advances in the genetics and pathogenesis of Parkinson disease.�Neurology. 2002;58:179-185. 




DBS Plus: Combined Cell Therapy, DBS
and Pharmacotherapy

Delivery of “repair Schwann cells” - transdifferentiated
Schwann cells from a Patient’s own sural nerve

,,,,; AN £ P35 ,

GDNF NGF BDNF N\ —

Clinicaltrials.gov: NCT01833364, NCT02369003



Why Peripheral Nerve Tissue?

v The PNS, In contrast to the
CNS, promotes axonal
regeneration following injury.

v The PNS environment
supports axonal growth and
elongation for CNS axons
over long distances

v “Cocktalil of Trophic Factors,
Anti-apoptotic factors, Other
Pro-repair factors”

lissu

(Albert Aguayo 1980s) i

UK Brain Restoration Center



Peripheral nerves can regenerate
after injury and re-establish function

“Repair” ' Upregulator TF
Schwann Cell
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Presenter
Presentation Notes
The short answer to why we are using peripheral nerve tissue is summed up in this slide. And while this served as one of the basic principles in designing the first phase of the project, we took the opportunity during the trial to study this in more detail with human peripheral nerve tissue.  


Myelin Schwann cells
Myelin Schwann cell:

The Schwann cell
i injury response

¢-Jun’ repair Schwann cells

~§———— C-Jundependent
reprogramming

Suppression of myelin differentiation Activation of repair phenotypes
(de-differentiation) (alternative differentiation)
Downregulation Upregulation of Activation of trophic Formation of Activation of cytokines
of myelin genes markers of immature factors and surface regenerationtracks  and autophagy for
Schwann cells proteins providing (Bungner bands) myelin breakdown

support for injured for axon guidance directly, and by
neurons and substrate macrophages
for growth cones

Repair Schwann cell: i
Regeneration P YSIO Ogy




A genes regulated upan

injury in the sciatic nerve
" o down
H mip
@
T
2
£
zZ9

Wr ko
D

(WT cHO WT cko
uncut uncut cut cut

g

Faold upregulation relative to WT
g

=

nrvias systen deeloproe!.
newregencss |
rewron dferentiabon |
coll devciopmen! |
oot i nvoived in dfereniction [
neuran projecsian morphogenesis [
newron development (N
raquiaion of anatomical structura morphogenesis [N
anon guidance [
can projecton morphogenees [
==

U &% 0% 5% A%

1
RN

§
2
s
i
5
E
¢
3
&

1 | i1 1
FELELELF O FEPEEAEY

Macrophages

Dedifferentiated states

WLymphocytes

antibody .

Myelin sheath

Differentiated states

¥

GDNF NGF BDNF NT-3

NG BIGNEF NT-4 NT-3

L
X l

5

GFRA-1 TRK A TRK B TRK C

plasmn membrane



Presenter
Presentation Notes
This immediately brings up the question of which biological therapy and why would you test it in a dbs patient


Sural Nerve Implants from a Practical
Standpoint:

1. Participants supply their own tissue.

2. PNS tissue Is abundant and can be obtained with
minimal risk.

3. For the purposes of this study, no modifications to
the tissue are required.

4. Participants receive full benefit of DBS therapy

5. The procedure can be performed at the time of DBS
surgery, adding only 30-45 minutes of operative time.

UK Brain Restoration Center



Overview of Nerve Graft Harvesting and DBS+ Implant
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As an overview of what we are doing, I can take you through this summary slide

This brings up two obvious questions – 1.  why are we doing this.  And 2.  Why peripheral nerve tissue.  


DBS Plus

Graft cannula

Substantia
Nigra




Study Details

e Exploratory Phase | clinical trials (n=70 to date)
with primary outcomes focused on feasibility
and safety

e Open label, non-blinded, non-randomized

* Investigator initiated (no corporate sponsor)
with internal and philanthropy funding

* No conflicts of interest related to this work

e Clinical Trials NCT01833364, NCT02369003
(ClinicalTrials.Gov)



Selection Criteria for DBS in PD in US
Patients (Only about 10-20% qualify)

e PD > 5 years ( to rule out atypical cases)
e Levodopa responsiveness
 Troublesome motor fluctuations
 Troublesome dyskinesia

e Disabling refractory tremor

e Optimal medical management
 Medication intolerance

e Normal MRI

e Exclude atypical and secondary parkinsonism
e Exclude dementia and depression

e Good medical health

e Realistic expectations


Presenter
Presentation Notes
This will be a good follow-up of the previous slide as a lot of it reiterates


Incidence of Adverse Events

IMedDHA Primary System Organ Classification

Number of Participants

AE Rated Possibly, Prabably, Definitely
Experiencing (Affected/Total) Related to Study Intervention (Affected/Total)
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12 Month MRI




UPDRS Part || Motor Scores OFF stim/
OFF med. for 21 Subjects at 2 Years
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How do Peripheral Nerve Grafts Work?:

Dopamine transporter single photon
emission (DaT-SPECT)

> (123I)FP-CIT or DaTSCAN or DaTscan

» FDA approved in 2011 in US “to help differentiate ET from
tremor due to parkinsonian syndromes”

Normal (ET)  20mm PD Baseline 2 yr post graft (left)




SpecHic binding ratlo (SBR)
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(0 & 24mo after

implant)
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increased in DAT/ decreased UPDRS Il

increased in DAT/ decreased UPDRS Il

717 participants
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Particip- 13, 18, 25, 28 There are increases in Contralateral side too- may be influence from implant or inconsistent timing of dat imaging/ when scanned during decay?



DAT Quant analysis
(0 & 24mo after implant)

Speclfic binding ratlo (SBR)

Composite- Mean +/- SEM
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Lower DAT values had more increases, more severe have more potential for growth ? 
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Sural Nerve RNA-seq data: Stage | vs. Stage |l

« Experimental Design- 6 samples (before and after paired,
12 profiles)

e Correlation matrix (right) suggests sharp distinction
between groups, and good agreement within groups
e 15,479 total genes detected by RNA-seq

* 19 redundantly annotated genes (instance with highest
largest mean expression retained)

» Decision points

 Chose normalized over raw counts for analysis-
although I am unclear on normalization procedure

* I'm used to seeing Fragments per kilobase per
million (FKPM)- this looks like counts per million
(CPM), a step before FKPM, | think.

e Calculated new values instead of the provided values
for...

» paired t-test: the provided P-value calculations
were generally much smaller (possibly a
Bayesian prior and/or resampling algorithm)

» fold changes: the provided values didn’t always
match up to the normalized data

A AAAAATCTCTCTCTCC
30 31 32 33 37 38 30 31 32 33 37 38
30A 31A 32A 33A 37A 38A 30C 31C 32C 33C 37C 38C

A 3030A

A 3131A

A 3232A

A 3333A

A 3737A .

A 3838A

€ 3030C

C 3131C [ ]

C 3232C

C 3333¢C

C 3737¢C

C 3838C

Correlation matrix (Pearson’s R for every subject vs every
other subject) ranges from 0.4 (blue) to 1 (red). There is
strong separation by A vs C, and relatively good agreement
within groups. Seeing this kind of distinction at this level
usually indicates an extremely powerful effect on the
transcriptional profile



Significant Genes Affected in the Sural Nerve Grafts

P-value Histogram

7000

» Upper- P-value histogram for pairwise t-test results
plots # genes found at different p-value cutoffs.
* Chance (orange line)- the probability of finding a »
gene at a given p-value cutoff by the error of . Nearly 2/3 of all the genes on the
mU|t|p|e teStmg array would be counted as
e Observed (blue line)- the actual number found - significant at the 0.05 level
greatly exceeds chance at smaller p-values
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» Colored lines indicate genes significantly (p < Fold Change (Log 2)

0.0001; g = 0.0003) upregulated (orange) and
downregulated (blue) that also have a large fold
change (|FC| < 4)
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Negative Regulation of Apoptotic Processes



Postmortem Histology of SN in Subject >2 Years Post-Grafting

Left substantia nigra montage TH




TH Patient #1 Right side (contralateral)



TH Patient #1 Right side (contralateral)



Grafted Side TH SN Contralateral side




S$100beta and TH double labeling. Small S100beta-positive cells are seen in the vicinity
of SN TH positive neurons on the transplanted side (arrows), possibly immature
Schwann cells.
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Conclusions/Future Directions:

We currently have 74 subjects with grafts into SN (66) or NBM (8).
No Safety issues to date.

Phase | trials continuing to determine safety and best implantation
procedures and methods. Now have preliminary studies with up to
20 pieces in 4 tracks (dose ranging and safety).

Phase lla blinded trial under development.

Parallel studies in nude rats (“sural nerve Avatars”) in vivo and in
oculo, cell culture, RNAseq, and proteomics of the Phase | and Il
sural nerve samples are underway and show viability of human
tissues in nude rats and new clues to the repair process.

Three subjects have passed away from natural causes at 2,2.5
and 2.75 years after transplantation — studies are ongoing to
determine the effects of the sural nerve grafts and determine how
they function.

UK Brain Restoration Center



Safety

* NO severe adverse events attributable to graft or
graft procedure.

o Adverse event profile similar to DBS surgery
without grafting.

UK Brain Restoration Center



UK Brain Restoration Center: Strategic Focus

| Clinical Trials ‘ Discovery Research

= Patient Care
‘ Pre-clinical Research GLP Testing in Animal Models

« Clinical Trials focus on advancing patient care

* Pre-clinical research provides initial safety data and establishes
protocol design (GLP level capabilities)

* Animal research validates clinical findings

» Discovery research identifies potential novel therapies

UK Brain Restoration Center
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