Multitasking Biomolecules in ME/CFS Pathogenesis
Knowwn Players on Thelr Unexpectea journey

Alain Moreau PhD

Full Professor
Department of Stomatology, Faculty of Dentistry / Department of Biochemistry & Molecular Medicine, Faculty of Medicine
Université de Montréal

Scientific Director
Viscogliosi Laboratory in Molecular Genetics of Musculoskeletal Diseases, CHU Sainte-Justine Research Center
Open Medicine Foundation Collaborative ME/CFS Research Center at CHU Sainte-Justine/Université de Montréal

Director
Interdisciplinary Canadian Collaborative Myalgic Encephalomyelitis — ICanCME — Research Network

alain.moreau@umontreal.ca

Fourth Annual Working Group Meeting on the Molecular Basis of ME/CFS

September 8-11, 2020 Py
d& Institute of Musculoskeletal - FONPATION H P E C) CHU
d& CI H R Health and Arthritis ]("1 . ("1 \ ":l Slby[ la ‘ ‘ gaﬂl]nted-gﬂ?tme
IRSC CIHR O IRSC |ierasmret o N sanuIvib

= rsity Hospital Centre
OpenMedicine
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, S
en

Hesse Copmdaton Uniersite ot




2 Pr. Moreau’s current research programs are funded by:

FONDATION . &
N X 4

I > HEXOSKIN
S}_l_lké zsea Insmmls !3 “Sheghe C I H R HEALTH SENSORS & Al

Research program on ME/CFS HQPE

Pr. Moreau ME/CFS research program has been

approved by Sainte-Justine University Hospital OpErMedioing r
Ethic Review Board (prOtOCO| #2015'829) Eo/t\;&c}\agj\n en santé du Canada E*aer;'a‘gna[‘réslre\;::t:tes of
T . . . INSTITUT /7,
Research program on idiopathic scoliosis ” MEDT EQ % Medtronie | ANSMEDTECH
Pr. Moreau scoliosis research program has been ~UUen e Z " MONTREAL

approved by Sainte-Justine University Hospital

Ethic Review Board (protocol #2018-1935) INSTITUT DE FRANCE
' ac s FONDATION YVES COTREL

POUR LA RECHERCHE EN PATHOLOGIE RACHIDIENNE

Research program on osteoarthritis bg -.@'

o T
Pr. Moreau osteoarthritis research program has been =, I I
. : T . . s,
approved by Sainte-Justine University Hospital Ethic ,nsmmls B,“Sheg ga!iﬂﬁes w

ReView Board (prOtOCO| #2018'1630) en santé du Canada  Health Research

Inception
Therapeutics
Inc.

Member of the Institute of Musculoskeletal Health & Arthritis (CIHR), Institute Advisory Board
Member of Open Medicine Foundation Scientific Advisory Board (USA)

Senior Editorial Board Member, Scientific Reports, Nature Co (UK)

Chief Scientific Officer and Co-Founder, Inception Therapeutics Inc., (Montreal, Canada)

O O O O


https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwieqvz0gJLkAhXyYN8KHbHnAYkQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.hexoskin.com%2Fpages%2Fabout-us&psig=AOvVaw2q_oaBpgJ0qxIMUd8T2waL&ust=1566409655785745

OPEN MEDICINE FOUNDATION
ME/CFS Collaborative Research Center at CHiA Sabnte-Justine/Lniversité de Montréal

https://www.omf.ngo/collaborative-research-center-montreal/

N

Mother and Child
University Hospital Centre

- ?{’E D
)]

Université
de Moniréal

OpenMedicine
Foundation®

Alain Moreau PhD, Scientific Director
Anita Franco, MSc, Lab coordinator
Yaned Gaitan MSc, Research assistant
Viorica Lascau MSc, Manager — certification
Mohamed Elbakry PhD, Research Associate
Dashen Wang MD, PhD, Research Associate
Sophie Perreault, RN Clinical research nurse
Valerie Tremblay, RN Clinical research nurse

Stress-Activated MicroRNAS
in ME/CFS Pathogenesis

DNA Methylation Profiling in.Multiplex Families and
Identical Twins Discordant for ME/CFS

Study of Thrombospondin-1 (TSP-1) in
ME/CFS Pathogenesis (STOP-ME)

Whole-Genome Sequencing of Multiplex
Families Affected by ME/CFS

Role of Sphingomyelin Phosphodiesterase
,___ Acid-like 3b (SMPDL3B) in ME/CFS

Role of Prohibitin 2 (PHB2)
in ME/CES Pathogenesis

lurie Caraus PhD, Postdoctoral Fellow
Wesam Elremaly PhD, Postdoctoral Fellow
Corinne Leveau BSc, PhD student
Evguenia Nepotchatykh BSc, PhD student
Lynda Chalder MSc, PhD student

Bita Rostmani, undergraduate student
Marie-Yvonne Akoume PhD, Professor (Université de Libraville)
Dawei Li, PhD, Associate Professor (University of Vermont)

2l HARVARD

riss UNIVERSITY

2 Stanford

University

@ MASSACHUSETTS

uPPsALA [l
V) UNIVERSITET NP CENERAL HOSPITAL




4 PROVOCATION STUDY: A NEW APPROACH

Development of a stress challenge inducing post-exertional malaise (PEM)
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5 NEW EXPERIMENTAL APPROACH

Stress-test version 2.0 3L Y
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6 Longitudinal sleep assessment with Hexoskin smart biometric vest

Sleep Position Changes (#)

Total Sleep Time (hh:mm:ss) 07:08:40 07:13:20 08:28:20 07:13:20
REM Sleep Time (hh:mm:ss) 02:04:20 01:52:20 03:33:20 01:52:20
Non-REM Sleep Time (hh:mm:ss) 05:04:20 05:21:00 05:55:00 5:21:00
Time Awake (hh:mm:ss) 00:22:40 00:47:00 00:47:20 00:47:00

Sleep Data — EM-170 (F, 50 y) Pre-Stress Test (nlght 2) Post-Stress Test (night 3) | Post-Stress Test (night 7) | Post-Stress Test Worse Night (#5)

Sleep Position Changes (#)

Total Sleep Time (hh:mm:ss) 08:47:40 10:53:00 07:15:20 6:13:40
REM Sleep Time (hh:mm:ss) 1:51:00 3:23:20 01:08:00 00:55:00
Non-REM Sleep Time (hh:mm:ss) 6:56:40 7:29:40 6:07:20 5:18:00
Time Awake (hh:mm:ss) 00:42:00 1:02:20 00:33:00 1:23:20

Sleep Data — EM-171 (M, 40 y) Pre-Stress Test (nlght 2) Post-Stress Test (night 3) | Post-Stress Test (night 7) | Post-Stress Test Worse Night (#6)

Sleep Position Changes (#)

Total Sleep Time (hh:mm:ss) 07:54:40 08:27:40 06:18:00 05:57:00
REM Sleep Time (hh:mm:ss) 02:09:00 02:30:00 01:41:00 01:18:00
Non-REM Sleep Time (hh:mm:ss) 05:45:40 05:57:40 04:36:00 4:39:00

Time Awake (hh:mm:ss) 00:08:00 00:21:00 00:24:20 01:10:20



7 Study of ThrombOsPondin-1 in ME/CFS —=STOP- ME @ {

Corinne Dr. M-Y Akoume  pr, wesam Elremaly

THE PROBLEM: Little is known about the mechanisms causing brain fog,

orthostatic intolerance as well as postural orthostatic tachycardia (POTS) in
ME/CFS.

OUR HYPOTHESIS: We propose that elevation of circulating
thrombospondin-1 (TSP-1) levels could induce a brain fog and PEM in ME/CFS
by reducing brain-blood flow. Conversely, a rapid decrease in blood TSP-1
levels could induce an orthostatic intolerance or even POTS.




ROLE OF THROMBOSPONDIN-1 IN ME/CFS?
Changes in plasma TSP-1 levels could be involved in ME/CFS pathogenesis
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oCluster 3 encompasses ME/CFS patients
showing a strong elevation of TSP-1 blood
levels after the application of the stress-
test. This subgroup including all ME/CFS
patients exhibiting an orthostatic
Intolerance.

oCluster 4 encompasses ME/CFS patients
at-risk of developing brain fog.
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Adapted from Rogers N.M.et al., Cardiovascular Research (2017) 113, 858-868
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Table 3. Changes in plasma TSP-1 levels at different time points

PRELIMINARY DATA

Changes in plasma TSP-1 levels and brain oxygen levels during the stress-test

Patient Sex Age TSP-1 TSP-1 TSP-1 PEM Medication
ID (year) atbaseline  post-stresstest post-stresstest score
(TO min) (T90 min) (T+ 5 days) (DSQ)
EM 169 42 25 665 ng/mL 16 956 ng/mL 13 993 ng/mL 92
EM 170 50 18 926 ng/mL 18 602 ng/mL 10 038 ng/mL 65 Pregabalin
EM 171 40 8 054 ng/mL 17 325 ng/mL 7 718 ng/mL 86 Pregabalin (25mg+125mg) + Vit D3
Changes in brain oxygen levels during the stress-test
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‘I LONGITUDINAL NEUROCOGNITIVE ASSESSMENT

Effects of plasma TSP-1 levels on neurocognitive functions

pimate ]

IDENTIFYING INFORMATION
Name= EMTESC EM1ESC
MEURDCOGNITIVE ASSESSMENT

BRAINCHELE COMEINED TEST RESULTS:

84 | -

STRANARD STTEE RANCE: 2-J1K1

Brancreck

CLINICAL REPORT oty (252

ASSESSMENT DETE: 0772172020 Braml:heck\'!
DOB: 0/I71ETT Age: 42 Sem: £

lath Fopulation Fercenble, LOW AWG
alicity Test: PASS Mingering Test: PASS

Fresence of cognitive impairment: POSSIBLE Dinical cornelation warranted

BRAINCHECH INDIVIDUAL TEST RESULTS:

Dr. Wesam Elremaly
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‘I ‘I ROLE OF THROMBOSPONDIN-1 IN ME/CFS?

Thrombospondin-1 inhibits Gi-coupled receptor signaling
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Kerr JR. Epstein-Barr Virus Induced Gene-2 Upregulation Identifies a
Particular Subtype of Chronic Fatigue Syndrome/Myalgic Encephalomyelitis.
Front Pediatr. 2019;7:59.



‘I THERAPEUTIC OPTIONS FOR ME/CFS PATIENTS

How to decrease plasma TSP-1 levels or block its signaling action?

Gubopenﬂn
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o Interestingly, a20-1 is the high affinity receptor for TSP-1 in the brain.
o Two commonly prescribed anti-epileptic, anti-neuropathic pain

medications, gabapentin (Neurontin™) and pregabalin (Lyrica™)
are targeting a20-1 receptor. Both drugs are being used off-label for
ME/CFS and fibromyalgia patients.

Vitamin D3 supplementation for 12 weeks markedly reduced TSP-
1 levels by almost 2.5 fold (522.7 = 379.8 ng/mL vs 206.7 £ 204.5
ng/mL, p<0.001.1

Low-dose of cyclophosphamide.?

Hyperbaric oxygenation therapy could be effective to decrease
blood TSP-1 levels but it remains to be tested by a clinical trial. A

direct link between TSP-1 activity and hyperoxic condition has not
been made yet.3

1 Amarasekera AT, et al. Vitamin D supplementation lowers thrombospondin-1 levels and blood pressure in healthy adults. PLoS One. 2017;12(5):e0174435.
2 Lansiaux, A. et al. Circulating thrombospondin 1 level as a surrogate marker in patients receiving cyclophosphamide-based metronomic chemotherapy.

Invest New Drugs 30, 403—-404 (2012).

3 Asadamongkol B, Zhang JH. The development of hyperbaric oxygen therapy for skin rejuvenation and treatment of photoaging. Med Gas Res. 2014;4(1):7
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THERAPEUTIC OPTIONS FOR ME/CFS PATIENTS
How to block TSP-1 signaling action?

Plasma £ TQ

Buffer exchange
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*Jurkat cells (immortalized human lymphocytes T) were
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50uM of thymoquinone (TQ). Then stimulated with
10uM of recombinant thrombospondin-1 proteins. Of
note, Jurkat cells express a2d-1 and CD47 receptors
but not CD36 receptor.
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‘I 4 MULTITASKING BIOMOLECULES (2)
Role of SMPDL3B in ME/CFS pathophysiology

Bita Rostami Dr. Wesam Elremaly

THE PROBLEM: Little is known about the mechanism underlying lipid
metabolism alteration occurring in ME/CFS.

Rituximab

OUR HYPOTHESIS: We propose that
sphingomyelin phosphodiesterase acid-like cou M /2
3b (SMPDL3B) is involved in ME/CFS

pathogenesis by modulating innate immunity .
and lipid metabolism. We have identified

SMPDL3B as a possible alternative target of  Becells Th17 Podocytes
CD80/CTLA4 >‘$ SMPDL-3b

Rituximab in ME/CFS pathogenesis. ) !

T Cells i' ASM
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Actin remodelling
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‘I 5 LIPID-MODIFYING ENZYME SMPDL3B
Possible role of in the regulation of innate immunity in ME/CFS

Wild type macrophages = SmpdI3b* macrophages o SMPDL3B expression is prominently
e e observed in macrophages and DCs.
receptor ~ SMPDL3B receptor SMPDL3B

o Consistent with a possible role for
this enzyme in the course of
Inflammatory processes.

LPS

" Membrane:
Uiy SS o SmpdI3b transcription in bone
marrow-derived macrophages
(BMDMSs) and DCs (BMDCs) is
robustly induced upon TLR
stimulation

; | AMAPK NF-kBa Lipid #
'-\"- Composition

4 ((c, 6 &

Heinz LX, Baumann CL, Kdberlin MS, et al. The Lipid-Modifying Enzyme SMPDL3B Negatively Regulates Innate Immunity.
Cell Rep. 2015;11(12):1919-1928.




1 6 SMPDL3B is arelevant molecule if ME/CFS pathogenesis

De novo synthesis pathway O In males’ over 50% (16/30)

L-Serine + Palmitoyl-CoA

Hydrolytic pathway . . .
§ sPT Sl of the sphingolipids that
3-Ketosphinganine
loee Catabolic pathway were decreased were
Sphinganine ceramides, and 47%
4 (Dihydro) CS DAG
Ceramide-1-phosphate Dihydroceramide PC 5@5 Sphingomyelin (14/ 3 O) Were . .
N e A sphingomyelin species.
/) = 6‘3\?0
- - o In females, 86% (18/21)
Sphingosi ———— —— et . ]
i 19 o — G'"“S;';‘"a"""e were ceramides and 14%
SK | |S1PP
Sphingosine-!—phosphate Galcslt -Clioes LacinaviiomiNes (3/2 1) Were
S1P lyase 1 Galactosylceramide " Sp h I n g O m yel I n S In
Glycosphingolipid
Ethanolamine-1-phosphate l - Gangliosides (GD3, GM2, GM3) fe m al eS '
+ C16 fatty aldehyde - Globosides (Gb3)
- Cerebrosides
Sulfatides - Lactosides Naviaux R.K. et al. "Metabolic features of
chronic fatigue syndrome." PNAS 2016,
Merscher S, Fornoni A. Podocyte pathology and nephropathy - sphingolipids in 113(37): E5472—-E5480

glomerular diseases. Front Endocrinol (Lausanne). 2014;5:127.
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LIPID-MODIFYING ENZYME SMPDL3B
Possible role of SMPDL3B in ME/CFS pathogenesis

Smpdi3b mRNA expression

SHC CSC

Chronic psychosocial stress is associated
with altered gene expression in the liver of
enzymes regulating ceramide production.

Reichel M, Rhein C, Hofmann LM, et al. Chronic Psychosocial
Stress in Mice Is Associated With Increased Acid
Sphingomyelinase Activity in Liver and Serum and With Hepatic
C16:0-Ceramide Accumulation. Front Psychiatry. 2018;9:496.

sphingomyelin - = ASM =~ ceramide
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Zf SMPDL3B? \
ASM W ASM "v
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ceramide T ceramide .'

depression * re-learning '
during extinction

Huston JP, Kornhuber J, Mihle C, et al. A sphingolipid
mechanism for behavioral extinction. J Neurochem.
2016;137(4):589-603.



‘I THERAPEUTIC OPTION FOR ME/CFS PATIENTS
How to increase Smpd|3b gene expression?

List of top 5 up-regulated genes in Lateral AMPK agonist

Entorhinal Cortex after 7 days of AICAR
administration (ACR7) and exercise (RUN7) H

r—N
GENE FOLD / 0
ACRY RUN7 g \ g
P- nbose/ \
Igsfl 3.21 2.29 T |
Nr2f2 2.40 2.37 - = NH
Smpdi3b 2.35 2.10 | Q?Z‘An)
. 50mg )
,L‘n?sﬁ%h‘/‘. Only ~
Tmie 2.19 1.93 ] 5-Aminoimidazole-
< - 4-carboxamide
Gm4983 1.90 1.96 ribonucleotide

The entorhinal cortex (EC) is an area of the brain located in the medial temporal lobe and
functions as a hub in a widespread network for memory, navigation and the perception of time.
The EC is the main interface between the hippocampus and neocortex.



1 9 Possible link between memory, bodily sensation and fatigue rating in ME/CFS

o The parahippocampal gyrus (PaHcG), which

Includes the , IS Involved in
aspects of limbic function as well as memory
retrieval and storage.

Reduced connectivity in ME/CFS participants
between PaHcG and regions that
encompassed left postcentral gyrus (i.e.,
primary sensory cortex) and supramarginal
gyrus suggests abnormality in the link between
memory and bodily sensation.!

Such lower connectivity was strongly
correlated to higher fatigue ratings of ME/CFS
participants. !

1 Boissoneault J, Letzen J, Lai S, et al. Abnormal resting state
functional connectivity in patients with chronic fatigue syndrome: an
arterial spin-labeling fMRI study. Magn Reson Imaging.
2016;34(4):603-608.
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By Hagmann P, Cammoun L, Gigandet X, Meuli R, Honey
CJ, etal. -
https://commons.wikimedia.org/w/index.php?curid=8636113



2 PRELIMINARY DATA
Possible role of SMPDL3B in ME/CFS pathogenesis
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Hypermethylation of SMPDL3B gene occurs in ME/CFS ~ \swdfl /i
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22 CHANGES IN URINARY SMPDL3B LEVELS
Association of urinary SMPDL3b levels and ME/CFS symptoms

Bita Rostami
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