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Overview of Parkinson’s Disease (PD)

Clinical presentation, Epidemiology, Genetics and Pathophysiology

A. Normal | B. Parkinson's
‘ Disease

 Tremor, rigidity, slowness of movement,
shuffling gait and stooped posture

» Affects 1.1 M people in the US and 10 M
worldwide

* 1% people>60, 4%>80, Male/Female 1.5:1
* 10% genetic mutations

« Degeneration of dopaminergic neurons in
brainstem substantia nigra

 Caused by a-synuclein misfolding,
accumulation of Lewy bodies and prion-
like propagation hypothesis

Dauer Neuron 2003
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Parkinson’s Disease occurs in the gut and
nasopharynx before progressing into the CNS

 Potential ports of entry of viruses into the CNS via the Vagus Nerve and olfactory mucosa
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Parkinsonism in viral/post-viral encephalitis

OXFORD MEDICAL PUBLICATIONS

.l . PHALERLS ROBERT DE NIRO ROBIN WILLIAMS
» Encephalitis lethargica Coliseee AR T e

affecting ~1 M people 1915- ITS SEQUELAE AND AWA\KENINGS
1926 TREATMENT

° MOrta“ty ~1 O'SO% CONSTANTIN vox ECONOMO
» Variable by wave and severity B ¥
* Parkinsonism occurring during
or after encephalitis
* Virus suspected but never
proven T

* Can be treated with Dopamine
Bigman Neuropsychiatr Dis Trea 2018

OXFORD UNIVERSITY PRESS
LONDON : HUMPHREY MILFORD
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Characterizing the PD brain virome with ViroFind

A target-enrichment, deep sequencing platform for virus detection
and discovery in clinical samples

« 565 selected DNA or RNA viruses

Extract DNA and RNA from Brain tissue and CSF

200000000000 that can infect humans or cause
l::":::l‘:y"::::’g:- S i Biotinylated RNA viral probes Zoo nOSis
00006 00000+ RAVEVVS - 131,706 viral probes (8.415 Mbp)
et with mean coverage of 89.4%
| .
5 viral genomes

- Potential to detect virus variants
m m (n'm(T\ Streptavidin coated magnetic beads and yEt undiscovered Viruses
9000€ oo00c 30008 4 W M QR
0000C 90000

Bioinformatics Pipeline

‘W—J
oooocmm W%W&O / Detection / Variants / Integration

Fresh frozen post-mortem L I L X

PD and control sam ples: discarded SERHETER Enrichment of Viral sequences up to 127 fold
M — Sequenc

. Amygda|a ‘Q/A’Q/\ A ing compared to metagenomic Next Gen sequencing

i Chalkias PLOS ONE 2018
* Posterior putamen alkias
- Superior frontal cortex
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Discovery of Human Pegivirus in PD

brain samples Hanson jci Insight 2025

‘
Viral Count
per Sample

Human adenovirus C

Torgque teno virus

Pakinson's disease

Control
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Human Pegivirus

F

Cytomegalovirus
Epstein-Barr virus

Human herpesvirus 6AB
Betapapilomavirus
Adeno-associated virus - 2
Adeno-associated virus - 3
Human erythrovirus V9
Human parvovirus B19

JC polyomavirus :l

Merkel ced polyomavirus “I
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Viral Families log2(Total Reads)

M Adenovridae [ Flavivindae B Papillomavindae M Polyomaviridae

| Anefoviridae B Herpesviridae M Parvovinidae

® GVN USFHealth

GLOBAL VIRUS NETWORK

02 46 81012

Tampa
General
Hospital.

CANCER
INSTITUTE




Human Pegivirus (HPgV) detection in PD
brain and CSF but not in control samples

Table 3. Detection of HPgV in brain and bodily fluids of PD and controls.

Amygdala Posterior putamen Superior frontal Cx Total brain regions CSF Plasma
ViroFind gPCR ViroFind gPCR ViroFind gPCR ViroFind qPCR Summary gPCR qPCR A B -
POO1 - - - - - - 0 0 - - - c X - . %
PDO2 - + ; ; . + 1 2 Pos — » S 3
PDO3 - - + + 1 1 Pos + 1+ ’ B . \
PD04 - - - - 0 1 Pos o % ~
PDOS - + - + + + 1 3 Pos + 0 .
PDO6 0 0 — * = " <
PDO7 0 0 (@] » n »
PDO8 0 0 b > L - ®
PDOS - + N + - N 1 3 Pas * o P *
PD10 - - - - - - 0 0 - c 1 % Pl
»
0/10 3/10 2/10 4/10 2/10 3/10 410 10/30 5/10 3/10 0/10 (@) k‘)" : )
cTo1 § - - - - - 0 0 - @) .
cTo2 0 0
cTo3 0 0 C 3 & 5 D
CT04 0 0 5
CTos 0 0 v &
CTO6 0 0 (- ¢
cTo7 0 0 o e %
cTo8 0 0 E 8 ' o
CT09 0 0 2 ¢ &
CT10 0 0 2 “ >
cn 0 0
cT12 - - - - - - 0 0 . . - Q v e
0/12 0/12 0/12 0/12 0/12 0/12 0/36 0/36 0/12 0/12 0/12 Q. .
PD, Parkinson's disease; CT, control; Cx, cortex; Pos, positive detection. . (). {ﬁ"‘
* HPgV-positive PD patients:
« Advanced neurofibrillary tangle pathology in limbic area (Braak staging) HPgV NS5A positive oligodendrocytes in
« Higher Complexin-Il levels, suggesting enhanced glutamate release subcortical white matter of 2 PD cases

(exitotoxicity)
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Human Pegivirus (HPgV)

* Previous names: Hepatitis G virus, GB virus C
« Pan-lymphotropic + sense, single strand RNA Flavivirus o
 Similar genome organization to Hepatitis C virus without a capsid T e Akeoranation

of surface dimers

g 4;:{

Genomic RNA

gene
* Subclinical infection / understudied-resourced HCV=95kh &
* Persistent viremia over )(ears/decades in 1-5% healthy blood )= E ]E] nsz || ws3 [j wste)[ wosa [ wsse | ZT
donors (up to 40% in HIV+) o S Lk 4 1
* Persistence through dampening immune activation Chivero Virology ~ HPgV-9.4 kb
2015 . &
.. . . . 5'UTR 3'UTR
« Beneficial in HIV and Ebola infection: e j| E2 [NS? NS D SR | ——
* Increase CD4+ T cells, reduce mortality 2.5x Tillman NEJM 2001, Lauck J Virol S . t ¢t }
2015, Yu Virulence 2022
* Interferes with TCR signaling by reducing proximal activation of the Cellular Signaling Peptidases (" Structural Proteins ) [ Non-Structural
lymphocyte-specific Src kinase’LCK Stapleton Front Immunol 2022 } NS2/3 Protease — Proteins ]
« Immunomodulation without suppression: “biotherapeutic ?” t Ns3/4A Protease |lonChame |

e Rare cases of acute brain infection Balcom Ann Neurol 2018
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HPgV and other viruses in whole blood transcriptome
of PD patients, prodromal cases and controls (n=1393)

Mining the database of the Parkinson Progression Markers Initiative (PPMI)

Tabie 5. ViroFind results from whole-blood of PPMI participants.

AYAITT1.1 Gaolype5

UB5151.1 Garoiype3

{ DB77131 Gaolype3
ABI0E3H: 1 Garolype3

{ DO0R01.1 Garotype 3
PB18567.1 Garolype
{Amzw1 Gaiyped

HB31236.1 Gaotype 7
o B
HB312331 Gaotype 7

JUHD
LT094661 Garotype2a
AYIGE0M Gaoype2a

——— FRSCD)

L umaP1GDye2
—— 3101SA\ED

L =%

360D
4‘?%1@%%
403D

SME2Rockaal
526D
FDO5CF (FD)
BOLD

UB37151 Gaolype b

PD Prodromal SWEDD T Pvalue
(n=753) (m=287) (n=54) (n=299)
Age mean [S0] B63.66 B63.16 62.14 62.16 0128
Sex n (%)
F 320 (42) 146 (51) 20 (37) 140 (47) 0.053
M 433 (58) 141 (49) 34 (63) 159 (53)
Race n (%)
Asian 100 0D 12 b1y} 0.726
Black 701 1(0) 1(2) 5(2)
White 728 (36) 287 (99) 51(94) 291 (96)
Indigenous North American 401 1(0) 0({o) 2(1)
Pacific Islander 1(0) 0(0) o(o) 0(0)
Unspecified 10 (1) 0(0) 1(2) 2(1)
Ethnicity (%)
Hispanic 60 (8) 40 (14) 2(4) 21(7) 0.005
Non-Hispanic 693 (92) 247 (86) 52 (96) 277 (93)
Genetic cohort n (%) 517 130 c4 165
GEA 59 (13) 18 (14) 1(8) 8(5) 0.009
LRRKZ 228 (44) 77 (59) 16 (30) 41(25) <0.001
SNCA 12(2) 4() o(o) 0(0) 0.9
Adenoviridae
Human adenovirus C n (%) 247(32.8) 116 (40.4) 14 (25.9) 114 (381) 0.037
MPM{QR)  0.22 (0.4-047) 0.25(075-0.44) 036(015-0.25) 0.27 (0.17-0.36) 0151
Herpesviridae
EBV (%) 48 (6.4) 12(4.32) 237 28(9.4) 0.062
MPM(QR)  0J8(014-0.59) 016 (0.14-0.28) 014 (014-014) 0.58 (0.21-3.32) 0.022
HHVEA /B (%) 6(0.8) 1(0.3) o(m) 1(0.3) 0.677
MPMIQR) 440 (075-1376)  0.25(NA) MA [NA) 0.20 (NA) 0130
HHV7 (%) 20(27) 5(1.7) o(o) 8(27) 0.534
MPM(IDR)  01(0.07-013) 0.11(0.06-0.12) NA (NA) 0.07 (0.07-0.08) 0.391
Flaviviridae
Human Pegivirus C (%) 8(11) 1(0.3) 237 310 0156
M (PM(IDR) 43.09 (20.98- 54.91 (NA) 59,51 (29.85- 22.83 (1144- 0774
66.45) B9.18) 39.02)
] o O g U] ip:irs
M PM(IQR) 3.05 (NA) 4.07 (NA) NA (NA) 3.19 (NA) MNA
Papillomaviridae
Human papilloma virus spp. n (%) 11(0.158) 2(0.7) 1(1.9) EXy)] 07Z7
MPM{QR)  0J5(013-006)  0.26 (0.21-0.31) 014 (NA)  0.20 (0.8-0.23) 0.229
Anelloviridae
Torgue teno virus spp. n (%) 15(2) 4014) 1(1.9) 1(0.3) 0.258
MPM(IDR)  034(013-0.29) 0.08 (0.07-0.17) 015 (NA) 0.06 (NA) 0128

M rPM, median reads per million: HHV. human herpesvirus: spp.. species: PO, Parkinson's disease: SWEDD. scans without evidence of dopamine deficiency:

@ (UN USFHealth =R,

CT. non-PD controls.
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Prevalence: no difference of
HPgV or other viruses in
blood of PD and controls
Phylogenetic analysis:
HPgV genotype 2a or 2b
(Europe and Americas)
Sequence alighment: no
PD-associated HPgV variants
in brain, CSF or blood.



IL-4 signaling is altered in HPgV* PD

* |L-4 promotes a protective
anti-inflammatory
response in the brain

. i:\)/lush_es microglia toward an
2-like/homéostatic state

» supports neuronal survival and
helps dampen chronic
neuroinflammation

» HPgV-positive PD brains:
* local suppression of IL-4
signaling
* Microgliaremainin a
chronically activated, pro-
inflammatory state.

 Acceleration of dopaminergic
neuron vulnerability and
synuclein-related pathology

« Worsening Parkinson's
disease progression through
increased neuroinflammation

#GVNAnnualMeeting2026

Impaired BBB integrity
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Exogenous IL-4 delivery =X
- intracerebral injection S

or infusion IL-4 ['7(7;;{\ 3
- viral gene transfer of M ,él .
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IL-4-mediated
neuroprotection 77
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Triggers of mDA
neurodegeneration
- a-Syn accumulation
- Neurotoxins: MPTP,
6-OHDA, rotenone
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Repurposing anti-HCV drugs against HPgV?

* HCV and HPgV infections often coexist Ng Sci Rep 2015
* Association of HCV infection and PD Tsai Neurol 2016

 Decreased risk of PD in Hepatitis C patients treated with anti-
HCV medications Lin JAMA Neurol 2019

* HCV not found in brains of PD: associations caused by HPgV
coinfection?

* Hypothesis:
 anti-HCV medications could be active against HPgV
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In-silico modeling of anti-HCV drugs docking to
HPgV NS3 and NS5B proteins copenhaver Viruses 2026

Table 1. FDA-Approved HCV direct-acting antivirals.

HCV Protein Target(s)
Trade Name Small Molecule Combinations
NS3 NS5A NS5B

Harvoni Ledipasvir/Sofosbuvir X X
Zepatier Grazoprevir/Elbasvir X X

Epclusa Velpatasvir/Sofosbuvir X X
Vosevi Voxilaprevir/Velpatasvir/Sofosbuvir X X X
Mavyret Glecaprevir/Pibrentasvir X X

A c

HPQV NS3 SWISS-MODEL X 4.

HCV NS3 (PDB: 4A92) QA gkt ¥ HCV NS5B (PDB ID: 1YUY)
RMSD: 1.00 A RMSD: 1.26 A

NS3: 43% aa identity and 55% similarity =~ NS5B: 34% aa identity and 50% similarity
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Similar predicted docking affinity of antivirals
to HCV and HPgV NS3 and NS5B proteins

. Docking Affinity (kcal/mol) Docking Affinity (kcal/mol)
Drug  1CY Protein — HCV Protein
Target gV NS3/4A  HPgVNS3/4A ~ HCVNS3MA Drug Tarcet HPgV NS5B HPgV NS5B HCV NS5B
SWISS-MODEL  AlphaFold Model (PDB ID: 4A92) arge SWISS-MODEL  AlphaFold Model ~ (PDB ID: 1YUY)

Glecaprevir ~ NS3/4A —11.5 —8.9 —12.5 3

Paritaprevir ~ NS3/4A 114 86 124 Dasabuvir  NS5B —85 —8.3 —11.5
Simeprevir  NS3/4A ~107 —8.6 —11.8 Sofosbuvir  NS5B —7.2 —7.0 —7.5
Voxilaprevir  NS3/4A —10.6 —8.9 —11.8

Grazoprevir  NS3/4A —9.8 —7.6 —11.1

Telaprevir NS3/4A —7.6 —6.2 —84

Boceprevir NS3/4A —74 —6.3 —7.5

 decreased HPgV viremia in Hepatitis C patients treated with anti-
HCV medications Hiavay J Clin Virol 2023
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Conclusions

* HPgV identified in 50% of post-mortem PD brains and 30% of PD
CSF samples in a pilot study using unbiased ViroFind platform

 HPgV is associated with advanced brain pathology

* HPgV suppresses |L-4 signaling in PD patients which may contribute
to PD pathogenesis

* We do not claim that HPgV causes PD!
* High similarity between HPgV and HCV NS3 and NS5B proteins

* In-silico modeling suggest that HCV antivirals will also be active
against HPgV

CANCER
INSTITUTE

\ Tampa
#GVNAnnualMeeting2026 ﬁv,ﬁy\,ﬂ USFHealth ﬁggg{taa{.@




Next Steps:

 Collaboration with PD experts from Sidney Brain Bank, Australia
» Testing post-mortem brains from 30 PD and 20 age/sex matched controls
* Molecular and histological analyses

 Looking for positive control for HPgV IHC: human appendix samples
» Appendicectomy reduces the risk of PD by 20%. Killinger Science Translat Med 2018

* Applying for presymptomatic CSF and blood samples for HPgV
testing: REM-sleep behavior disorder cohort

* Mining databases for incidence of Hepatitis C treatment in people
with PD and effect on outcome

« Ongoing discussion with Gilead Sciences
* Open to new ideas and collaborations!
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Thank You!

Collaborators

e Barbara Hanson

e Xin Dang w

» Kaleigh Copenhaver E.;—-\\

e Zack Orban THE MICHAEL J. FOX FOUNDATION
° Bernabe Bustos FOR PARKINSON’S RESEARCH

 Pouya Jamshidi
e Rudi Castellani
e Steven Lubbe

* Joshua Ziarek
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