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Scientific Program

Todd Auditorium, P&S 16™ FI, Room 405, Columbia University Irving Medical Center

Part | - MiSBIE Study status, rationale, and protocol (45 min)

2:00 | Zoom setup
https:/columbiacuimc.zoom.us/j/577984144.
2:05 | Welcome — Martin Picard
MiSBIE Team, Collaborators, Partners
Agenda for today’s MiSBIE Transition meeting
2:10 | MiSBIE Study overview — Martin Picard
Rationale, primary hypotheses, scientific opportunities
The stress-disease cascade hypothesis
Study timeline, recruitment, and completion
2:15 | Mitochondrial diseases — Michio Hirano
Which clinical population does MiSBIE include?
MELAS, CPEO, multi-system disease
Markers of disease severity: neurological, functional capacity, autonomic, fatigue, etc
2:20 | MiSBIE protocol — Catherine Kelly
What did participants experienced during a MiSBIE visit?
Protocol overview
2:30 | Psych ial and qu naires — Caroline Trumpff
Constructs & instruments
PRELIMINARY RESULTS: Psychophenotypes and mental health variables
2:35 | Questions
10 min
Part Il - Procedures, preliminary data, and results — short vignettes (50 min)
2:45 | RedCap Database — Grace Liu
amin | Dimensionality and properties of MiSBIE database
3min | Stress psychophysiology ion — Vincenzo Lauriola
Continuous measures of heart rate, blood pressure, respiration, skin conductance
PRELIMINARY RESULTS: Psychophysiological stress reactivity at different resolution

iSBIE

3 min

Biospecimen processing and MiSBIE Biobank — Mangesh Kurade
From participant to lab to cryostorage: What samples are available?
PRELIMINARY RESULTS: Success rates and sample availability

3 min

Steroid hormones in saliva and hair — Natalia Bobba-Alves / Clemens Kirschbaum
Cortisol, corticosterone, DHEA-s, testosterone, others
PRELIMINARY RESULTS: Cortisol stress reactivity and awakening response

3 min

Immune cell bioenergetics — Anna Monzel
Seahorse in leukocytes, JATP calculations, sn/scRNAseq, and MHI
PRELIMINARY RESULTS: Seahorse cell type differences, monocyte gene expression

3 min

Neuropsy gi — Stephanie Assuras / Catherine Kelly
Instruments, domains of cognition assessed
PRELIMINARY RESULTS: Cognitive domains affected in mitochondrial diseases

3 min

Clinical biochemistry and allostatic load — Alex Junker / Robert-Paul Juster
Standard blood chemistry, biomarkers, allostatic load indices
PRELIMINARY RESULTS: Clinical biochemistry and multisystem dysregulation in MitoD

3 min

Neuroimaging — Ke Bo / Tor Wager / Michel Thiebaut de Schotten
MRI protocol: structural, fMRI-BOLD rest and tasks, DWI
Preliminary results: Brain activation maps, pain signature, hemodynamic responses

3 min

Cell-free mitochondrial DNA — David Shire
Socioevaluative speech task-induced cf-mtDNA in saliva, serum, plasma
PRELIMINARY RESULTS: cf-mtDNA stress reactivity across biofluids

3 min

Home-based assessments — Aric Prather
MiSBIE App, surveys, actigraphy
PRELIMINARY RESULTS: Sample data from actigraphy-based sleep monitoring

3 min

Saliva proteomics — Molei Liu, Alan Cohen
Saliva awakening response proteome, dynamics statistical models
PRELIMINARY RESULTS: Saliva awakening proteome dynamic signature of MitoD

3 min

Age-related and mitochondrial di: bi ker — Hannah Huang
GDF15 in blood and saliva, stress reactivity, also FGF21 (Mangesh Kurade)
PRELIMINARY RESULTS: Elevated saliva GDF 15 in MitoD, and is a stress hormone

3 min

Single cell transcriptomics — Anna Monzel
PBMC cryopreservation, 10x genomics, immune-disease connection and integration
PRELIMINARY RESULTS: Mitochondrial molecular phenotyping in single immune cells

3:25

10 min

Questions

9

iSBIE
PART Il - Future plans and discussion (25 min)
3:35 | Future plans for MiSBIE — Martin
Congratulations to the MiSBIE Team
Key scientific questions, planned biomarker analyses, opportunities
Pending and planned NIH grants
MiSBIE mother paper — inviting “MiSBIE Group Collaborators”
3:40 | Using MiSBIE data and samples — Martin
RO1 data in NIMH Data Archive (NDA), Omics on GEO, Requesting other data
Annual MISBIE symposium
Coordinator: Vanessa Giardino
Data Manager: Grace Liu
3:45 |Q i and Di ion
15 min
4:00 | MiSBIE Wine & Cheese
Behavioral Medicine Conference room — Presbyterian Hospital 15 floor (PH1505)
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MISBIE Study Overview




Transdisciplinary science — MISBIE

Sequential
thinking

Members /
Teams with
: ‘ <= MISBIE

shared
mind-set

Members

Incremental i Radical
innovation + innovation

Disis and Slattery. Science Transl Med (2010) |SB)5E



How does energy and mitochondrial biology influence
human psychobiological processes, aging, and
the expression of mitochondrial diseases?

MITOCHONDRIAL
ALLOSTATIC LOAD

PSYCHOSOCIAL AGING,
FACTORS

PATHOPHYSIOLOGY




Preclinical studies motivating MiSBIE
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Central MiSBIE hypothesis

Brain structure and function
Neuropsychological function

Disease biomarkers
Stress reactivity

Energy expenditure
e.g., GDF15, FGF21, Lactate,
Alanine, Cytokines, CBC, etc.

mtDNA heteroplasmy
Mitochondrial OxPhos

Lymphocytes, Monocytes,
Neutrophils, Platelets
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Structural MRI ) — : § Steroids

Proteome

fMRI-BOLD .
dynamics
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Core MISBIE study design elements

1. Capture multiple dimensions, across scales

2. Use stress + repeated measures to perturb the system and reveal
regulation

3. Precise mtDNA lesion (as in brain lesion for neuroscience)

4. Laboratory (precise) + home (ecologically valid)




MISBIE brochure

The MiSBIE
Study

Mitochondrial Stress Brain Imaging
and Epigenetics

Investigating the link between
the mind and the body

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

Understanding
Mitochondrial Disease

Researchers are just starting to understand the
factors that influence aging and the progression of
various diseases. Life stress can change the
function of the body and influence the
development of certain age-related diseases, such
as cardiovascular disease and neurodegeneration.

The goal of the MiSBIE study is to understand
how an individual’s life experience and

1s affect physical health, psychological
functioning, and disease risk.

Each cell of the body contains hundreds of
mitochondria, which have their own DNA:
mitochondrial DNA (mtDNA). Mitochondria
produce energy and signals enabling cells to
function normally. The MiSBIE study investigates
the link between mitochondria, brain function, and
different organs to understand their interaction,
and the person as a whole.

This study also aims to understand the behavior of
genes, whether they are turned “on” or “off”. This
is called “epigenetics” and is measured in DNA
from different cells.

Columbia University
Medical Center

The MiSBIE study is a research study taking
place at the College of Physicians and Surgeons
at the Columbia University Medical Center
(CUMC), a leading medical institution of care and
research.

The partnering Department of Neurology and
Department of Psychiatry have a long history of
clinical care and research in studying the effects
of stress on the body and in mitochondrial
disease.

CUMC is located at 168th Street and Broadway
in Upper Manhattan, by the Hudson River in New
York City, NY.

a4 MebpicaL CENTER

The MISBIE Study

A two-day visit Transport

This research includes
two visits of about 8
hours each. Participants
stay overnight at a
nearby hotel.

Would you need to
travel to NYC? If so, the
MiSBIE Team will
arrange your travel and
reimburse your
expenses associated
with the study.

Breakfast and lunch are
provided.

Study tests

On Day 1, participants undergo a laboratory
evaluation. Saliva and blood samples, and a small
clip of hair are collected. Heart rate and blood
pressure are monitored. Participants also complete a
medical exam with a doctor.

On Day 2, magnetic resonance imaging (MR, picture
above) is used to safely measure brain activity,
participants complete questionnaires on an iPad, and
meet with a neuropsychologist.

Participants also collect saliva at home.

Confidentiality Compensation

All results and biological Participants who

samples are kept strictly  complete the

confidential. study receive a
compensation of $599.

Eligibility
You are eligible if you are a woman or man between

the ages of 18 and 60, and willing to visit Columbia
University Medical Center (CUMC) for a two-day visit.

We are recruiting individuals with the following
mtDNA mutations:

- m.3243A>G (MELAS)

- Single, large scale deletion (CPEO)

The MiSBIE Team

The MiSBIE team is a group of caring clinicians
and researchers from academic disciplines
including mitochondrial medicine, physiology,
neuroscience, epigenetics, and psychology.

For more information about the study, please
the clinical coordinator (see
information on the back).

Sponsors

National Institutes of Health

Contact Information

Questions about the study? Interested
to participate?

Catherine Kelly | Study Coordinator

MiSBIE@columbia.edu
646-774-8931

Kris Er i | Clinical Coordinat:

ke4@cumc.columbia.edu
212-342-5767

TRVING INSTITUTE ror

clinical and translational research
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PLANNING

Team building, design
IRB approval

Pilot testing

L]
Recruitment -------

PARTICIPANT VISITS and DATA COLLECTION

CUMC Visit Days 1 & 2
Home collection
Biospecimens biobank
Database QC monitor

LABORATORY ASSAYS, BIOSPECIMEN PROCESSING, BIOBANK
Mito phenotyping
Steroid hormones

HR, BP, Resp, EDA ------I

Neuroimaging (MRI)

Biomarkers .-.----
Multi-omics

ANALYSES, MANUSCRIPTS and GRANTS

Data preprocessing ' '

fMRI connectomics

Biostatistical analyses

MIiSBIE mother paper

Manuscripts

Grants
CTSA Irving Institute || MiSBIE R21 MiSBIE parent R01
RO1MH113011 RO1MH122706
PO: Meinecke PO: Meinecke
% MitoBrain RF1
o RF1AG076821
ISBIE PO: Max Guo




Mitochondrial Diseases

Michio Hirano, MD
Department of Neurology — CUIMC
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Neuro}ogical

Sensorineural
hearing loss

e Seizure related stroke/
metabolic stroke

* Epilepsy

¢ Ataxia

* Migraine

¢ Dementia

® Parkinsonism

* Developmental delay

* Psychiatric or
mood disorder

* Developmental
regression

Mitochondrial Diseases

Non-neulrological

5
Respiratory failure

e

* Ptosis

* Progressive external
ophthalmoplegia

¢ Optic atrophy

* Retinitis pigmentosa

¢ Cardiomyopathy
¢ Conduction defect

¢ Fanconi syndrome

 Renal tubular acidosis

* Focal segmental
glomerulosclerosis

* Renal failure

¢ Adrenal insufficiency

¢ Diabetes mellitus
* Pancreatitis

* Intestinal pseudo-
obstruction

¢ Gastrointestinal
dysmotility

© Chronic villous atrophy

* Failure to thrive

23% diabetes

* Myopathy
i * Exercise intolerance
© Premature ovarian

failure
¢ Male infertility

* Kyphoscoliosis )
* Short stature { /
* Bone marrow failurej ‘

/\
/ HPeripheral neuropathy)

Gorman, Chinnery, DiMauro, Hirano, et al. Nat Rev
Dis Primers 2016

Nature Reviews | Disease Primers

28% migraines

28% psychiatric symptoms

40% ptosis
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MISBIE Groups

¢> Control
> n=70

|

AL
’ ’ l' \
1 A}
( 4 Y
4 \ ' \
{ !
1
without MELAS with MELAS {
m.3243 A>G mutation Single, large-scale deletion
n=25 n=15

# People

OxPhos capacity

D

MELAS: mitochondrial encephalomyopathy with stroke-like episodes
CPEO: chronic progressive external ophthalmoplegia

Multisystem disease: =3 organs affected, typically brain and skeletal
muscle (encephalomyopathy)

Total n=110, mean age: 38 years, 69% female




Brain MRIs of patients with Leigh syndrome, MELAS, and Kearns-Sayre syndrome

Leigh Sd

DiMauro, Barca, Hirano
Mitochondrial Encephalomyopathies
Merritt’s Textbook of Neurology 2022




Medical Assessment and Preliminary

Data
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MISBIE Protocol

Catherine Kelly
Columbia University / Mitochondrial Psychobiology Group




Participant Experience

Recruitment

GNAMDC  {“Ramp

Disease Consortium 4 s FOUﬂdGTlon

Fighting against Pearson Syndrome

UNITED ‘ .
MITOCHONDRIAL GL.I Children’s Hospital
¢« I of Philadelphia

DISEASE
FOUNDATIONe

&2 COLUMBIA |RecruitMe

v

Participant Arrival

32 participants traveled from out of
state for their 2-day MISBIE visit

100% of participants stayed in a
nearby hotel for a minimum of 2
nights to ensure consistency
between visits and ease




MiSBIE Protocol

Day 1 Day 2
Fasting since midnight Fasting since midnight
9.00 Informed consent Receive urine sample
Compliance form N Compliance form
Affect rating ’ Affect rating 7’
Blood Pressure MRI Safety Form
I Allostatic Load Resting metabolic rate
Blood draw (venous catheter)
¢ ) I Standard Breakfast
Standard Breakfast
10.00
I Anthropometrics
Questionnaire package #2
Neuropsychological
Assessment
11.00-  Medical assessment
Spirometry Questionnaire package #5
Hair Sample
12.00
Lunch
3 8
= =
v £ 2
Instrumentation, EKG 1] g - |
b i @
Lunch = o I S B 17 E
13.00
Resting quietly (sitting)
Baseline
Travel to MRI
Stress Reactivity
1.-5 min Preparation for Scan
Socio-evaluative stress --------- -Gy
14.00 2. 45 min pa - P(egnancy test
. - Final metal test
3. 410 min ¢
Scanner setup, pulse oxymeter
4,420 min ' Yad
’
/
5. +30 min ‘ 2 1. Localizer (1mn)
2. T2scan
3. Tiscan
6. +60 min ‘ 2 4. Multisensory stimulation
. 5. Resting state 1
15.00 Resting quietly (sitting) 4
Questionnaire Package #3 6. N-back 1
7. 490 min 7’ 7. N-back 2
N » 8. Speech Prep Task (6 m)
8. +120 min ) ‘ 4 9. Cold Pressor Task (6 m)
9. Deep breathing 10. DT (sequences 1-2)
10. Standing A
11. Functional capacity 11. DTI (sequences 3-6)
12. Cold pressor 7
13. Resting metabolic rate
16.00
De-instrumentation N 4
De-instrumentation
I Time Estimation Task Retreing 14
=
Home saliva instructions 2
Instructions for overnight urine Reimbursement form signature % @ y
collection and STRAIN and Paycard E I S B (|)
End of Day 1 End of Day 2

17.00—



Day 1

Fasting since midnight

9.00 [B Informed consent
Compliance form A
Affect rating /
| Blood Pressure
I Allostatic Load ‘

Blood draw (venous catheter)

Standard Breakfast

10.00
I Anthropometrics

Questionnaire package #2




11.004+ Medical assessment
Spirometry
Hair Sample

12.00 -+
Lunch

Instrumentation, EKG

13.00 +




Instrumentation, EKG
13.00+
Resting quietly (sitting)
Baseline
Stress Reactivity
1. -5 min ®
Socio-evaluative stress S
14.00 - 2. +5 min ZC I
3. +10 min ‘ 2
4. +20 min o\ or o
5- +30 min ‘ /e ’ VaGriation Nf|orpeir&9
ave:ggg‘\’\:z_| 0B MR
~\ . 9:30
6. +60 min 2 .
15.00+ | Resting quietly (sitting) T 4
Questionnaire Package #3 e .
7. +90 min ‘ 2N o :
nA Questionnaire
8. +120 min ®




>

8. +120 min ‘ /
9. Deep breathing

10. Standing

11. Functional capacity
12. Cold pressor

13. Resting metabolic rate

16.00 . _
De-instrumentation
Time Estimation Task
Instructions for overnight urine
collection and STRAIN
End of Day 1
17.00 —

4B
iSBIE

EPIGENETICS




Day 2
Fasting since midnight

Receive urine sample
Compliance form
Affect rating

MRI Safety Form
Resting metabolic rate

I Standard Breakfast

Neuropsychological
Assessment

pELIS « KAPLA )y

™
EXeCutive Function Syste™

ENADB

Neuropsychological
Assessment Battery”

YIWASI-I

WEGHETH ABBNEVIATID SEALE OF INTEULIGENGE 55T0OND BT 0N
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1. Scout (0:14 min)
Travel to MR
2. T2scan (11:15 min)
. 3. 11 5:21 mi
Preparation for Scan kil (Gesfimn)
- Gowning 4. Multisensory  (5:00 min)
- Pregnancy test 5. Resting state 1 (10:51 min)

- Final metal test - &

Affect 13 Saliva 13

Scanner setup, pulse oxymeter )
N-back task 1  (4:35 min)

Localizer (1min)
T2 scan

; Story task (6:07 min)
3. T1scan

4

5

6
7. N-backtask2 (4:35 min)
8
9

. Arm wrap (6:07 min)
Multisensory stimulation e
Resting state 1 10. DTl (seq 1-2) (6:27 min)

Affect 14 Saliva 14

g. H:B:g:: ;_ 12. DTI (seq 3-6) (14:37 min)
8. Speech Prep Task (6 m) De-instrumentation

9. Cold Pressor Task (6 m)

10. DTI (sequences 1-2)

11. DTI (sequences 3-6)




Sunday Monday Thursday Saturday

De-instrumentation
Debriefing

Home saliva instructions ®
Reimbursement form signature

%
and Paycard . .

End of Day 2
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Sampling approaches

Population

Data modalities

Self-reported assessments and
questionnaires

Neuroimaging and
neuropsychological testing

§ %

Repeated stress reactivity
measures

Home based diurnal sampling

Control

without MELAS

' ,é‘ 0h\
PV z |

v

with MELAS
m.3243 A>G mutation
n=25

GO0

i

Single, large-scale deletion
n=15

# People

N
\k
A

_OxPhos capacity

gen consumption rate

®

=
Mitochondrial phe'rTgtyping and
body biomarkers

Memory complaints

Self rated health

=
o
a
(=%
3
o
s
13}
&

Psychosocial factors and personality

Brain structure, functién, and
connectivity

Relative change

Stress reactivity profiles

mg/ML

Time of Day
Hormonal, metabolic, and
physiological rhythms




Results
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Psychosocial assessments and
guestionnaires

Caroline Trumpff

Columbia University Irving Medical Center
Mitochondrial Psychobiology Lab




MISBIE study questionnaires

MRI Safety For
Resting metab

|  Hotel packages: evening Day 0 & Day 1(mDES and DISE and others, on paper).

Standard Breakfast

Allostatic Load ¢
Blood draw (venous catheter)

Standard Breakfast

Neuropsychological
Assessment it

ol s s * 3 packages during the two-day visit (Day 1 and 2) (ipad, redcap)

Spirometry Questionnaire package #5
Hair Sample

» Stress protocol: affect rating (stressed, nervous, angry, calm, relaxed, energetic
- or wornout), PASA selected items.

Resting quietly (sitting)
Baseline

Stress Reactivity

Scanner setup, pulse oxymeter
‘ 1. Localizer (1mn)

2. T2scan
3. Tiscan

= « AM and PM, home-based saliva collection (3 days), (ipad, redcap): affect
rating, mDES and DISE

8.+120 min ¢ 9. Cold Pressor Task (6 m)

9. Deep breathing 10. DTI (sequences 1-2)
10. Standing

11. Functional capacity 11.DTI (sequences 36)
12. Cold pressor ¢

13. Resting metabolic rate
oIl
Devinstrumentation

I Time Estimation Task

Instructions for overnight uris nature = »
collection and STRAIN o
A\ S
SEVE
1700 LEnd of Day 1 End of Day 2 A5 g
SACE © 4
S ) | 4
& -




Demographics
Age, sex, ethnicity, income, level of
education, language

Health related-behavior
Dietary intake (FFI)
Added fat and sugar intake (SQFFS) vitamins
and supplements (MESA)
Physical activity (L-Cat, IPAQ)
Sleep (PSQI)
Morningness (MEQ)

Physical Symptoms
Fatigue (MFIS, PFS)
Autonomic Symptoms (COMPASS 31)
Illness Perception (BIPQ)
Self-rated health (SRH)
Memory Complaints (MCC)

Social life
Perceived social status (Mc Arthur ladder)
Social Support (SSQ)

Perceived social support (PSSQ)
Couples Satisfaction (CSI-16)
Loneliness (ULS-8)

Aging
Self Perception of Aging
Perceived age

Personality
Personality (NEO-SF)
Gender Role (BSRI-L)

Personal Well-Being (PWB)

Sense of Coherence (SOC)

Stress and Affect
Emotions (mDES, PSA)
Perceived Stress (DISE, PSS)
Chronic Stress (TICS),Daily Hassles (DHS)
Life events (LEQ), Life adversity and
childhood Trauma (STRAIN, CTQ)

Mental Health
State and Trait Anxiety (STAI-Y)
Depressive Symptoms (BDI)
Burnout (MBI)

PSTD (PCL-C)

Mental health symptoms (DSM XC)

T/O0IONDR):
8’94/4,
EPIGENETICS
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Trait anxiety (STAI-Y)
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Well-being (PWB)
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LR

with and without MELAS

Control m.3243 A>G mutation Single, Iarge-scale deletion
n=70 n=25 C
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Questions?

Columbia University Irving Medical Center
Mitochondrial Psychobiology Lab
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Procedures, preliminary data, and results




MISBIE Database

Grace Liu

Columbia University / Division of Behavioral Medicine
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Overview and dimensionality of the MiSBIE study database.

Category Instruments Scales and Items
and forms subscales

Screening’ 6 5 70
Medical assessment? 5 30 226
Anthropometric and other 2 3 80
data®

Study-specific tasks* 1 4 24
Psychophysiology data® 1 82 1652
Time estimation® 1 2 57
Neuropsychological” 9 19 123
MRI procedural® 1 N/A 59
Neuroimaging® 4 16 71
Questionnaires'® 45 134 1886
Biospecimen collection 2 3 67
Biospecimen processing'? 3 14 182
Biospecimen results® 3 16 229
Home based collection 2 6 288
Procedural/study logistics'® 2 N/A 66
CF DNA 1 4 925
Other'® 2 1 17
Total 85 319 5,951

Eligibility screening and enrollment forms including phone screening, eligibility checklist, genetic counseling

Medical assessment on Day 1 including clinical scales: NMDAS, Crf Namdc, Clinical Frailty Scale, Karnofsky Scale
Collected throughout Day 1 and 2 including blood pressure, heart rate, percent body fat, resting energy expenditure
Records of timing and tasks administered on Day 1 including cold pressor, sit-stand task, and deep breathing
Pre-processed continuous physiological data from Day 1 (heart rate, blood pressure, skin conductance, ventilation)
Task to quantify time perception, includes interval estimation and production tasks administered on Day 1

Battery of tests administered on Day 2 including DKEFS, WASI-II, TOPF, RBANS, NAB

Documentation of imaging procedures including metal screening, instrumentation, discomfort ratings, scan timing
Initial measures derived from structural and functional MRI including volumetric measurements, cortical thickness, ...
Questionnaires administered, 11 questionnaire packages are distributed over the study period

Documentation of blood, urine, buccal cell, and saliva collection

Procedural documentation of biological sample processing and quality for urine, saliva, buccal cell, and blood
Biofluid analytes including steroid hormones, mitochondrial parameters, PBMCs levels

Home sample collection including sampling instructions, questionnaires, biospecimen collection

Records of visit timing and detailed procedural checklist

Suicide severity rating scale, Day 1 and Day 2
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Spectral analysis/processing
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Stress Psychophisiology Session

Vincenzo Lauriola

Columbia University / Division of Behavioral Medicine







ECG
Beat-to Beat BP

Task Name Task duration Respiration Blood Saliva Affect Rating Temperature
Skin Conductance
| Baseline 1 (Base) 360 v
NADA2 (N2) 1440
- 5 min (Pre) 300 v v v v v
Psychological Stress Onset (PrepTask) 120 v
Psychological Stress Onset (Task) 180 v
+5 min (Post5) 300 v v v v v
+10 min (Post10) 300 v v v v v
NADA3 (N3) 300
| +20 min (Post20) 300 v v v v v
NADA4 (N4) 300
+30 min (Post30) 300 v v v v v
NADAS (N5) 1500
+60 min (Post60) 300 v v v v v
NADAG6 (N6) 1500
+90 min (Post90) 300 v v v v v
NADA7 (N7) 1500
+120 min (Post120) 300 v v v v v
NADAS (N8) 0
Deep breathing task (DBT) 420 v
NADA9 (N9) 0
| Standing Transition (ST) 420 v
|__Standing Respiration Calibration (C3) 0 v
| Sit-Stand Test (SST) 420 v
NADA10 (N10) 0
Cold Pressor (CP) 660 v
NADA 11 (N11) 0
L Metabolic Rate (MR) 600 v v v
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Biospecimen processing and
MISBIE biobank

Mangesh Kurade

CUIMC - Mitochondrial Psychobiology Group
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Stress
reactivity
collections
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2 x Plasma
2 X Serum

1 x Salivette

1 x Buccal swab

1x
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FASTING AND STRESS REACTIVITY COLLECTIONS

Plasma & Serum
separation

v

v

Immune cell
isolation
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‘. |
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Immune cells
isolation via Ficoll
double gradient
(Ficoll 1077/1119)

Morning PMBC
isolation
(Ficoll 1077)

Plasma & Serum
separation

v

PBMC isolation

Stress reactivity
PMBC isolation
(Ficoll 1077)

v

Sample type Aliquots
Fasting Plasma 8
Fasting Serum 6
Fasting PBMCs 7

Monocytes 4

Neutrophils 4

Lymphocytes 4

Platelets 4
Saliva 2

Sample type Alic;uot
Stress Plasma 24
Stress Serum 24
Stress PBMCs 20

Saliva 20




MiSBIE Samples - Processing & Storage
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MiSBIE Biobank Overview
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Steroid hormones In
saliva and hair

Natalia Bobba-Alves
CUIMC - Mitochondrial Psychobiology Group
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Sampling

Hair

Processing of blood

- PBMC isolation

- Plasma and serum

- Cell sorting

- Searhorse and mitoplate

(Lab) Mitochondial
fingerprinting platform

2 hair strands

Aliquoting, freezing

Data entry into study database

Saliva

Processing of blood
- PBMC isolation
- Plasma and serum

Processing of saliva
- Extraction of saliva and cells

26 salivettes

Aliquoting, freezing
Data entry into study database

Day 1
Fasting since midnight
200 [Jil Informed consent
Compliance form
Affect rating
Blood Pressure

Allostatic Load
Blood draw (venous catheter), *

Standard Breakfast
10.00
! Anthropometrics
Questionnaire package #3
11.00
Medical assessment
1200
Lunch
Instrumentation, EKG
13.00
Resting quietly (sitting)
line
Stress Reactivity
1.-5 min »
Socio-evaluative stress
140044 2. +5 mi
3,410 min ' 'Yad
4.420 min 'Vt
5. 430 min ¢’
6. 460 min 6’

15.00 Resting quietly (sitting)
Questionnaire Package #4
7. 490 min ¢

8. +120 min ¢
9. Deep breathing

10. Cold pressor /
11. Standing

12. Functional capacity

16.00

De-instrumentation

Instructions for overnight urine
collection

1700 LENd0f Dy 1

Day 2
Fasting since midnight

Receive urine sample

Compliance form o

Affect rating

Standard Breakfast

Questionnaire package #5

Neuropsychological
Assessment

Lunch

Preparation for Scan
owning
- Pregnancy test
- Final metal test

Scanner setup, pulse oxymeter
Brain Imaging

Localizer (1min)

Field map

T2scan

T1scan

Multisensory stimulation
Resting state 1

N-back 1

N-back 2

Speech Prep Task (6 m)
10. DT (seq 1-4)

11. Cold Pressor Task (6 m)
12. Resting state 2

13. DTl (seq 5-6)

©OEN aOR®NS

De-instrumentation
Debriefing

Home saliva instructions

Reimbursement form signature
and Paycard

End of Day 2

7

Blood collection
Saliva + affect rating

Heart rate / blood pressure /
breathing / skin conductance

Processing of saliva
- Extraction of saliva and cells

Upload of fMRI data
- Transfer to collaborators

Aliquoting, freezing

Home saliva collection

Saliva

Mon - Wed - Fri

Saliva collection 4x/day
(12 samples total)

Home logbook
On days of saliva collection
12 questions/day
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Coverage

2 Hair samples 110
14 Clinic Saliva samples ¢ Hicinant X 6 Steroid hormones
12 Home Saliva samples participants

18,480 data points

Bl 9% Missed values

5% No sample
4% Technical problem

B 70% Obtained values

1 21% Non-detected values

11% Corticosterone
4% Progesterone
4% Testosterone
2% DHEA

~ 0% Cortisol

~ 0% Cortisone




Preliminary results — Cortisol awakening response

= Control
3243 A>G
40
0 3243 A>G (MELAS)
304 Single deletion

Cortisol (nmol/L)

*2 Control and 1 Single deletion participants excluded

12




Preliminary results — Cortisol stress reactivity

Speech task

1 Control
3243 A>G
0 3243 A>G (MELAS)

Single deletion

Cortisol (nmol/L)
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Immune cell bioenergetics

Anna Monzel
CUIMC - Mitochondrial Psychobiology Group
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Background

*In mitochondrial diseases, the nature of immune system involvement is poorly understood
*Mitochondrial disease patients have higher infection susceptibility
*Mice with a genetic OxPhos defect live longer when the immune system is depleted!

A study from our lab shows that patients’ immune cells show blunted immune response to a challenge?

. . Cytokine sensitivity
LPS-stimulated cytokine response (half-max response, ECso)
o) 0 = equally
Whole blOOd 8 sensitive as control >
( ’ P o Less sensitive More sensitive
o ° (® % (High ECso) (Low ECso)
¢ +LPS e L6
o ‘ # =) Mutation »
»® X T ke o
TNF-a
9@ 18 TNE-
(@ Deletion | mm | °
IL-6
. 2 | E—
Inter-individual |8 2 4 o0 1 5
differences :
Cytokines Effect size (Hedge's g)

—> How do mtDNA defects influence the immune system / immune bioenergetics?

I'Stokes et al. JCI Insight (2022).
2Karan et al. J. Mol. Med. (2022).



Bioenergetics - procedure

~ CELL ISOLATION
~ (MORNING FASTING)
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Bioenergetics - procedure

CELL ISOLATION
(MORNING FASTING) MITOCHONDRIAL OXPHOS ASSAYS
\ Mitochondrial respiratory capacity

pp—
[ \
< 4
Ny’

(o
? ‘ . o surface |1> TRC = (NCI +CII +CIV)/3

Comp| Comp Il Comp IV

Respiratory chain function MRC = TRC
MitoD
- o< volume ; A 3
cs  mtDNA & MitoD = (YCS + YmtDNA)/2

Mitochondrial content

Extracellular flux analysis

Oxygen consumption (respiration) and
extracellular acidification (glycolysis proxy)

2%8@




Bioenergetics - procedure

(M%ERLI\IH II\ISGOII;QE%I\\I'G) MITOCHONDRIAL OXPHOS ASSAYS

( /,,,f\ ,
L/

extracellular acidification (glycolysis proxy)

@ Extracellular flux analysis
Oxygen consumption (respiration) and




Bioenergetics - procedure

(M%ERLI\II_I II\ISGOII;QE'EI)II\\IIG) MITOCHONDRIAL OXPHOS ASSAYS

ﬁ\ Mitochondrial respiratory capacity

Neutropils

Monocytes [5 ‘ “ D08 0 0 Et ey ok X;};
X surface TRC = (/CI + VCII +VCIV)/3 & AT R0 & | ¢ «
Comp| Comp Il Comp IV < | \
- TRC

sdE = MitoD
Neutroph"s ‘ = & volume MitoD = (Y/CS + YmtDNA)/2
=B Extracellular flux analysis
Lymphocytes y

Oxygen consumption (respiration) and
extracellular acidification (glycolysis proxy)

Platelets *




Bioenergetics - outcome

OXPHOS / GLYCOLYSIS
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Bioenergetics - outcome

OXPHOS / GLYCOLYSIS
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Bioenergetics - outcome

OXPHOS / GLYCOLYSIS
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Bioenergetics - outcome
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Bioenergetics - outcome

OXPHOS / GLYCOLYSIS Bioenergetic profile
~4x 1T
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Monocytes
750 - A @ Neutrophils

& 3 Platelets

@) ke]

r 3

x

& S

500 A

> S

5

(4v]

[7)]

(49]

(a1

L 2504 || %
More glycolytic
e
O -
0 200 400 600

Basal_ATPglyco




Bioenergetics - outcome

OXPHOS / GLYCOLYSIS [ > Bioenergetic profile
“ 0 10004 A
Lymphocytes
Monocytes
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Neuropsychological
Assessment

Stephanie Assuras/Catherine Kelly

Columbia University Irving Medical Center
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Cognitive Domains Measure Description

Premorbid functioning Test of Premorbid Functioning  Estimated verbal premorbid

(TOPF) functioning
Intellectual functioning ~ WASI-II - Vocabulary and Matrix General intellectual ability
Reasoning
Visuospatial RBANS - Line Orientation Visuospatial judgement
Language D-KEFS - Verbal Fluency Letter and category fluency,
verbal set-shifting
RBANS - Picture Naming Confrontation naming
Memory NAB - Shape Learning Visual learning and memory

RBANS - List Learning, List Verbal learning and memory
Recall, List Recognition

Executive functioning and NAB - Numbers and Letters Attention and inhibition
attention D-KEFS - Trail Making Working memory, cognitive
flexibility and speed
NAB - Digits Forward and Attention and working
Backward memory
D-KEFS - Color-Word Response inhibition
D-KEFS - Sorting Mental flexibility and

conceptualization
RBANS - Coding Processing speed

Total time = 90 minutes

=
6535\.»
&1/4/
EPIGENETICS

=
.
5




Preliminary findings:
Primary mitochondrial defects related to executive dysfunction

Fluency vs set-shifting  Letter fluency initiation

* Cognitive weaknesses in fundamental 20—
aspects of executive functioning
relative to healthy controls E ,.
- initiation/fluency o 157 ;'
+ verbal set-shifting 8 S0
* Particularly significant given the g 107 il o
relatively young age of this cohort @ ©
(Mean: 36.9 years, range: 20-52) ") s X oo
« Opportunity to understand the A Wi
energetic basis of cognition and brain 0=0.032, d=0.68 0=0.22, d=0.44
circuitry without the confounds of age 0

or accumulated brain pathology Corlrtrul MI!I'O CDI‘IltI‘D| Mlll'O



Clinical biochemistry and
allostatic load

Alex Junker
CUIMC - Mitochondrial Psychobiology Group




Serum &

plasma sampling
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Allostatic load - contribution of mitochondria?

- Stressful experiences can cause ‘wear and tear’
on the body - termed allostatic load

- Mitochondrial allostatic load (MAL) can be
caused by stress, or potently by mitochondrial
diseases’

- Decreased enzymatic activities
- Lower respiratory capacity

- MAL influences gene expression and cellular
behavior?

- Mitochondrial defects alter HPA axis
function in mice3

Is MAL a source of baseline, systemic AL?

How/is this visible in standard blood
biomarkers?

Picard & McEwen Nat Rev Endocrinol (2019)
2Picard, Juster & McEwen Psychosom Med (2014)
3Picard et al PNAS (2015)

~ Allostatic Load




Clinical biochemistry

Day1
Morning
fasted

Controls, n=70

A‘\ m.3243 A>G mutation, n=25

Single deletion, n=15




Clinical biochemistry

Day1
Morning
fasted

M

Controls, n=70

A‘\ m.3243 A>G mutation, n=25

Single deletion, n=15

cu,ouv Metabolic panel
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Evidence of multisystem dysregulation in mitochondrial disease

Single deletion m.3243 A>G mutation
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Evidence of multisystem dysregulation in mitochondrial disease

m.3243 A>G mutation
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Single deletion
GDF1

: 5
—0— O
—0— O

0o HO
O O
—o— HgbA O
o C O
o O
—0— HOH
0o O
O o
O HOH
o O
O HO
—— HO
o o
—O0— HOH
0 HoH
O HoH
o HoH
O HoH
0 o
o O
o HO-H
o O
—o— HOH
o o HOH
—e— e
o HOH
o O+
0 HOH
o HO
o HoH
o He-
0 HeH
o HO-
O O+
o HeH
FO -4
—o— . o
—o— Chloride | O

Il|||l||l]l|l]lll| III]III || ] | |||II|II|IIIIIIIII Ill Il|||||]

5 4 3 2 1 0 1 2 -3 -4 -5 5 4 3 2 1 0 1 2 3 -4 5

Higher in controls ~ Higher in deletion Higher in controls  Higher in mutation

Hedge’s g

Hedge’s g



Evidence of multisystem dysregulation in mitochondrial disease

m.3243 A>G mutation

Single deletion
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Evidence of multisystem dysregulation in mitochondrial disease

m.3243 A>G mutation

Single deletion
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Neuroimaging

Ke Bo/ Tor Wager

Dartmouth College / Cognitive and affective neuroscience
lab




Structural MRI

fMRI-BOLD




Neuroimaging Protocol

30 :30:30 :30 :30 :30 :30 :30 :30 :30

1. Scout (0:14 min)

2. T2scan (11:15 min)

Structural

/III N T

3. T1scan (5:21 min)
4. Multisensory (5:00 min)

4. Multisensory (5:00 min)

Rest

12. DTl (seq 3-6)  (14:37 min)

5. Resting state1 (10:51 min) s
Affect 13 Saliva 13
6. N-back task 1 (4:35 min)
7. N-back task 2 (4:35 min) BOLD
8. Story task (6:07 min)
9. Arm wrap (6:07 min)
10. DTI (seq 1-2) (6:27 min)
Affect 14  Saliva 14 Diffusion

De-instrumentation

Visual: Flashing checker board
Audio : Tones that gradually change in
frequency and amplitude




Neuroimaging- task (Multisensory)

:30 :30 :30 :30 :30 :30 :30 :30 :30 :30 Sensorystimulus-Rest

Multisensory
(5 min) . ’
Auditory cortex

Primary visual cortex

Mean Activation Over Time

50
Mean Activation Over Time
40 60
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30t . . .
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20 ‘
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Neuroimaging — other examples  fesire e netonst mesing

Cold pain task
1:30 :30 2:00 :30 1:30
Baseline
Room temperature Cold wrapper on Room temperature i

wrapper on therightarm  therightarm wrapper on the right arm

Transfer
Transfer

DWI-visualization of

Cold pain - Rest white matter tracts

Pain and body
sensation_regions,. ¥

Left Right




Cell-free mitochondrial DNA

David Shire

CUIMC - Mitochondrial Psychobiology Group




IO Saliva collection

%
v A7 = EH)) e
= L P = :
— /b.A.,. Z , » n P \‘A“ F= y
O 1T = = :
i~ g3 N 'Ta N

>
4
€D

Serum &

plasma sampling

e | Jas ———— __ - &
ot Jdemeee — ey




Cell-free mitochondrial DNA - background
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Cell-free mitochondrial DNA - procedure

Overview of MitoQuicLy method

Sample collection and cell-free preparation

Perform venipuncture

and draw blood or Collect saliva

N s>

DNA extraction by lysis

Add 190 uL Lysis buffer Add 10 pL sample

A |

Michelson et al., 2023

S, O e .
Q‘D o
R C -

Collect ‘cell-free’ sample
with two-step
centrifugation

= g \- -
. .
Torwle ) oY ‘/

1st centrifugation 2nd centrifugation
1,000 x g for 5 min 5,000 x g for 10 min

Vortex and
centrifuge plate

Lyse overnight in
thermocycler

Seal plate with
cap strips

oo

Quantification

Quantitative
Real-time PCR

Vortex and
centrifuge plate




Cell-free mitochondrial DNA —results

cf-mtDNA copies / yL

(relative to baseline)

cf-mtDNA response to socioevaluative stress
(averages of available time courses)

m 140%- 20% increase
S—

120%
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150%
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Actigraphy in MISBIE

Aric A. Prather, PhD (UCSF)

CUIMC - Mitochondrial Psychobiology Group
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Sleep Behavior

* 54 wrist actigraphy files (~ 8 days/nights of data)
* Blinded to condition

= : e o
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» Primary metrics: (e
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* Total sleep time e

* Sleep timing (midpoint)/Sleep Reg e Sy
* Sleep fragmentation e e —"




Rest-Activity Rhythms and Physical Activity

Association between accelerometer-measured amplitude of “x ®
rest-activity rhythm and future health risk: a prospective
cohort study of the UK Biobank

Hongliang Feng*, Lulu Yang*, Sizhi Ai*, Yue Liu, Weijie Zhang, Binbin Lei, Jie Chen, Yaping Liu, Joey W'Y Chan, Ngan Yin Chan, Xiao Tan, oa
Ningjian Wang, Christian Benedict, Fujun Jia, Yun Kwok Wingt, Jihui Zhangt

Subject 1 Subject 2
@© | @
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Saliva Awakening Proteome
Dynamics

Molei Liu, Alan Cohen et al.

Department of Biostatistics, Columbia Mailman School of Public Health







Study Design & Data Structure

 From MISBIE dataset: 6 cases + 6 matched controls.

« Proteome data (level of ~ 3000 proteins) measured by Olink platform.

‘ DAY 1 | ‘ DAY 2 }

\)\//V

& - o N - &
Proteomic
Measure, Proteomic Proteomic Proteomic
p~3000
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Do Do o o o Po
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Methods

Unsupervised: do not use the disease status for training; only for validation.

Focus on the dynamic change (e.g., increment, elasticity)

Capture co-expression/regulation structure.

Challenges: small sample; high-dimensionaltiy; weak signal of a single biomarker.

Core
tensor

Dl K ‘ U T
& D3 > Zﬁ) | D3

X zﬂz \
D, Factor

ST T mgtrices
3rd-order data tensor U2 = Machine Learning




Results (1/3): tensor clustering analysis

2 Health
® MitoD
N ® Control
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Results (2/3): correlation of dynamic change

Control

Control:

Random:

Case

MitoD:

Random:

Permuted 6

Permutation test for the

differential correlation

(case v.s. control):
P-value = 0.002

Presented correspond to
changes from 30 min to
0. Similar results for pm —
45.
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Q
=
w
z
i
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Results (3/3): t-SNE clustering with elasticity




Age-related mitochondrial
disease biomarker dynamics

Hannah Huang
CUIMC - Mitochondrial Psychobiology Group




Saliva collection
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Why are we interested in GDF15?

Mitochondrial
disorders  Dgyis et al.. 2016




Why are we interested in GDF15?

Mitochondrial
disorders  Dgyis et al.. 2016

Lehtonen et al., 2016




Why are we interested in GDF1 57

Tanaka et al., 2018
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Why are we interested in GDF15?

Mitochondrial
disorders

Psychiatric
Disorders
Kumer et al., 2017




Why are we interested in GDF15?

Mitochondrial
disorders

Psychiatric
Disorders
Physical
Activity
Plomgaard et al., 2022

Pregnancy
Sugulle et al., 2009




Why are we interested in GDF15?

Mitochondrial
disorders

Psychiatric Aging

Disorders

Pregnancy

Physical Sugulle et al., 2009

Activity
Plomgaard et al., 2022

Cancer
Welsh et al., 2003

Inflammation
Luan et al., 2019

Cardiovascular
disorders May et al., 2021
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Plasma and saliva GDF15 is elevated in MitoD

Group differences
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Huang and Trumpff et al., in preparation n=861




Plasma and saliva GDF15 is elevated in MitoD

Group differences
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Plasma and saliva GDF15 in healthy controls

Huang and Trumpff et al., in preparation
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Psychological stress induced rapid change in saliva
GDF15
TSST '?H, ’

Contrl n=70

1.6

+42.8%
g = 0.84, p=0.0014

1.4

Saliva GDF15
relative to baseline

1.0
TSST
¥ 0.8~ $ Time effect
- 3 p=0.0012
"sas s & s 4§
RN S ) Q;

Time from onset of stress (minutes)

15:00

n=67, 66% female, data shown as mean + SEM

Huang and Trumpff et al., in preparation
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Saliva GDF15 presents a robust awakening

response
I !

Daily pattern (
®
[ \ o

4 per day
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Huang and Trumpff et al., in preparation




Single Cell Transcriptomics

Anna Monzel
CUIMC - Mitochondrial Psychobiology Group
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Cryopreservation —

SAMPLE COLLECTION

,\J%
SN

MORNING FASTING

STRESS REACTIVITY
-5 +5+10+20+30+60+90+120

STRESS RECOVERY
(+120 MIN)

procedure

PBMC ISOLATION CRYOPRESERVATION

265 samples / 61 participants
(up to 6 tubes per participant)

785 samples / 50 participants
(2 tubes per time point)

81 samples / 47 participants
(up to 2 tubes per participant)
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4]
I~
w
z
w
o
o
w

ISBIE



Single cell transcriptomics — procedure +
outcome
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Single cell transcriptomics — procedure +
outcome

O\ \Q /

eads t" J Ijm' - Single Cell RNAseq Data processing

ot 2 A) > poguooMMmmen > (&
(_ \ ATlulelx D |§|'\_[




Single cell transcriptomics — procedure +
outcome

191k single
ﬁ nuclei

Deads t" | j°“ - Single Cell RNAseq Data processing
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*preliminary results



Single cell transcriptomics — procedure +
outcome A

191k single o
ﬁ nuclei 25 participants
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*preliminary results



Single cell transcriptomics — procedure +

outcome

191k single
nuclei
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*preliminary results
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Single cell transcriptomics — procedure +

outcome

191k single
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*preliminary results
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Mitochondrial molecular profile
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Questions?

Columbia University Irving Medical Center
Mitochondrial Psychobiology Lab




Part Il

Future plans and discussion




Congratulations!

Thank you!




Outcome variables

Mitochondrial

Stress reactivity &

Allostatic load

Multi-omics

Neuroimaging

Clinical
and Psychosocial

Genetic diagnosis [categoricall

- m.3243A>G

- Single deletion (size, position,
genes affected)

- Heteroplasmy (sequencing) in
blood, buccal, urine

- mtDNA haplogroups

Mitochondrial bioenergetic
phenotyping [continuous]
- OCR
- ECAR
- Metabolic flexibility (+UK5099)
- Biochemical activities
(Cl, CllI, CIV, CS)
- mtDNAcn

Mitochondrial molecular
phenotyplng
PMPC single-cell RNAseq
- Single mitochondrial or nuclear
genes
- MitoPathways
- Mitotype signatures

Allostatic load

- Blood chemistry

- Immune and inflammatory
- Metabolic/neuroendocrine
- Diurnal Cortisol

- Hair Cortisol

Physmloglcal Reactivity
Affect and mood

- Heart rate, HRV, BP, EDA

- HPA axis reactivity

- Epi/Norepi

- Cytokines

- Proteomics

- Metabolomics

Metabokines/Mitokines
- FGF21, GDF15

- cf-mtDNA (plasma, serum,
saliva, urine)

Immune cytokine production
- LPS challenge + DEX
- LPS challenge + Inhibitors

Epigenetic and genomic

- Genome-wide (EPIC 850K)
- Epigenetic clocks

- Telomere length

- Multiple tissues (blood, buccal,

urine)

Gene expression

- BRNA-Seqg (monocytes,
lymphocytes)

- Pre and post-stress

- scRNAseq PBMCs

Fecal sample

- Microbiome composition and
complexity

Metabolomics
- Plasma
- Baseline and stress reactivity

Proteomics

- Plasma and saliva
- Baseline and stress reactivity

Activation

- Task-elicited
- Speech prep
- Cold pressor

- Positive control task
- Checkerboard + sound

Functional connectivity
- Resting state
- Task-evoked
- Speech prep
- Cold pressor
- N-back
- Brain-wide signatures of
mitochondrial defects

Structural

- Voxel-based morphometry

- Cortical surface area

- Diffusion imaging &
tractography

Disease severity

- Columbia Neurological Score

- NMDAS

- NAMDC CRF

- Functional capacity

- Autonomic symptoms

- Data-driven clinical phenotypes

Neuropsychological testing
- Working memory

- Cognitive function

- Cognitive impairment

- Psychiatric symptoms

Psychosocial factors

Age of onset
Demographic
Psychosocial factors

Progression
(score/yr change)
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Outcome variables

Mitochondrial SUGEER) A iy Multi-omics Neuroimaging il e,
Allostatic load and Psychosocial
Genetic diagnosis [categorical] | Allostatic load Epigenetic and genomic Activation Disease severity
- m.3243A>G - Blood chemistry - Genome-wide (EPIC 850K) - Task-elicited - Columbia Neurological Score
- Single deletion (size, position, |- Immune and inflammatory - Epigenetic clocks - Speech prep - NMDAS
genes affecte - Metabolic/neuroendocrine - Telomere length - Cold pressor - NAMDC CRF
- Heteroplasm ing) in |- Diurnal Cortisol - Multiple tissues (blood, buccal, - Functional capacity

blood, buccal, urine Hair Cortisol urine) - Positive control task - Autonomic symptoms

- mtDNA haplogroups - Checkerboard + sound - Data-driven clinical phenotypes
Mitochondrial bioenergetic Physmloglcal Reactivity ression Functional connectivity Neuropsychological testing
phenotyping [continuous] Affect and mood - RNA-Seq tes, - Resting state - Working memory
- OCR - Heart rate, HRV, BP, EDA lymphocytes) - Task-evoked - Cognitive function
- ECAR - HPA axis reactivity - Pre and post-stress eech prep - Cognitive impairment
- Metabolic flexibility (+UK5099) - Epi/Norepi - scRNAseq PBMCs r - Psychiatric symptoms
- Biochemical activities - Cytokines Fecal sample - N-back
(CI, ClI, CIV, CS) - Proteomics - Microbiome composition and - Brain-wide signatures of Psychosocial factors
- mtDNAcn - Metabolomics complexity mitochondrial defects
Mitochondrial molecular Metabokines/Mitokines Metabolomics Structural Age of onset
phenotyplng - FGF21, GDF15 - Plasma - Voxel-based morphometry Demographic
PMPC single-cell RNAseq - cf-mtDNA (plasma, serum, - Baseline and stress reactivity - Cortical surface area Psychosocial factors
- Single mitochondrial or nuclear saliva, urine) - Diffusion imaging &
genes Proteomics tractography Progression
- MitoPathways Immune cytokine production - Plasma and saliva (score/yr change)
- Mitotype signatures - LPS challenge = DEX - Baseline and stress reactivity

- LPS challenge + Inhibitors
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Outcome variables

Mitochondrial

Stress reactivity &

Allostatic load

Multi-omics

Neuroimaging

Clinical
and Psychosocial

Genetic diagnosis [categoricall

- m.3243A>G

- Single deletion (size, position,
genes affected)

- Heteroplasmy (sequencing) in
blood, buccal, urine

- mtDNA haplogroups

phenotyping [continuous]
- OCR
- ECAR
- Metabolic flexibility (+UK5099)
- Biochemical activities
(CI, ClI, ClV, CS)
- mtDNAcn

Mitochondrial molecular
phenotyplng
PMPC single-cell RNAseq
- Single mitochondrial or nuclear
genes
- MitoPathways
- Mitotype signatures

Allostatic load

- Blood chemistry

- Immune and inflammatory
- Metabolic/neuroendocrine
- Diurnal Cortisol

- Hair Cortisol

Epigenetic and genomic
- Genome-wide (EPIC 850K)
- Epigenetic clocks

urine)

Mitochondrial bioenergetic Physmloglcal Reactivity

Affect and mood
- Heart rate, HRV, BP, EDA
- HPA axis reactivity
- Epi/Norepi
- Cytokines
- Proteomics
- Metabolomics

Metabokines/Mitokines
- FGF21, GDF15

- cf-mtDNA (plasma, serum,
saliva, urine)

Immune cytokine production
- LPS challenge + DEX
- LPS challenge + Inhibitors

- Telomere |
e tissues (blood, buccal,

Gene expression

- BRNA-Seqg (monocytes,
lymphocytes)

- Pre and post-stress

- scRNAseq PBMCs

Fecal sample

- Microbiome composition and
complexity

Metabolomics
- Plasma
- Baseline and stress reactivity

Proteomics
- Plasma and saliva
- Baseline and stress reactivity

Activation

- Task-elicited
- Speech prep
- Cold pressor

- Positive control task
- Checkerboard + sound

Functional connectivity
- Resting state
- Task-evoked
- Speech prep
- Cold pressor
- N-back
- Brain-wide signatures of
mitochondrial defects

Structural

- Voxel-based morphometry

- Cortical surface area

- Diffusion imaging &
tractography

Disease severity

- Columbia Neurological Score

- NMDAS

- NAMDC CRF

- Functional capacity

- Autonomic symptoms

- Data-driven clinical phenotypes

Neuropsychological testing
- Working memory

- Cognitive function

- Cognitive impairment

- Psychiatric symptoms

Psychosocial factors

Age of onset
Demographic
Psychosocial factors

Progression
(score/yr change)
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Scientific Questions to be Addressed

* [Stress-disease] How do mitochondria influence multisystem stress reactivity?
Bobba-Alves et al.

* [Clinical] Can we develop robust blood or saliva-based biomarker indices (allostatic load) of
mitochondrial OxPhos defects, related to disease severity/progression? Junker, Juster et al.

* [Neuroscience] Is there a resting state functional connectivity brain signature of mitochondrial
OxPhos defects? Bo, Wager et al.

* [Science of Health] How is communication between physiological systems, measured from
time series as transfer entropy, altered in mitochondrial diseases? Pei, Cohen et al.

* [Psychobiological] How does mitochondrial biology relate to time perception?
Kapri, Sturm et al.
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Scientific Questions to be Addressed

* [Sleep/behaviors] How do OxPhos defects influence sleep quality and quantity?
Prather et al.

®* [Human energetics] Do OxPhos defects and acute psychosocial stress cause metabolic
signatures of hypermetabolism? Shaulson et al.

* [Psychoneuroendocrinology] Do mitochondrial defects exaggerate the influence of early
life adversity on stress-induced inflammation? Conklin, Epel et al.

* [Psychobiological] Do metabolic signals from impaired mitochondria constrain the
“state space” of mood and emotions? Feldman Barrett et al.

* [Aging] How do mitochondrial OxPhos defects affect aging biomarkers across organ
systems? Belsky et al.




Biomarker analyses

* Some Completed
* Several In Progress

®* Planned (metabolomics, proteomics
Human Stress Metabolome
Human Stress Proteome

* Biobank available for emerging markers

Biomarker
Cortisol
Cortisone
Corticosterone
Testosterone
Progesterone
DHEA

Cortisol
Cortisone
Corticosterone
Testosterone
Progesterone
DHEA

FGF21

GDF15

GDF15
Epinephrine
Norepinephrine
IL-6

TNF-a

CRP

Fibrinogen
Glucose
HgbAlc

Insulin

Peptide C
Triglycerides
Total cholesterol
HDL

Creatinine
Albumin
cf-mtDNA
cf-mtDNA
cf-mtDNA
cf-mtDNA
MCHC

MPV
pet_Neutrophils
pet_Lymphs.
pct_Monos
pct_Eos
pct_Basos
WBC

RBC

PLT
Hemoglobin
Hematocrit
Mcv

MCH

RDW

1G%
NeutroAbsolute
LymphAbsolute
MonoAbsolute
EosAbsolute
BasoAbsolute
LbL

Sodium

Potassium
Chloride
€02

Sample type

Hair

Hair

Hair

Hair

Hair

Hair

Saliva

Saliva

Saliva

Saliva

Saliva

Saliva

Plasma

Plasma

Saliva

Urine

Urine

EDTA whole blood
EDTA whole blood
Serum

Bluetop tube
Serum

EDTA whole blood
Serum

Serum

Serum

Serum

Serum

Serum

Serum

Plasma

Serum

Saliva

Urine

EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
EDTA whole blood
Serum

Serum

Serum

Serum

Serum

Description Units

Fasting pg/mg
Fasting. pg/mg
Fasting pg/mg
Fasting pg/mg
Fasting pg/mg
Fasting pg/mg

Fasting, TSST, MRI, diurnz ng/mL
Fasting, TSST, MRI, diurn: ng/mL
Fasting, TSST, MRI, diurn: ng/mL
Fasting, TSST, MRI, diurnz ng/mL
Fasting, TSST, MRI, diurn: ng/mL
Fasting, TSST, MRI, diurn: ng/mL

Fasting, TSST pg/mL
Fasting, TSST pg/mL
Fasting, TSST pg/mL
Overnight mcg/24 hours
Overnight mcg/24 hours
Fasting

Fasting

Fasting mg/dL
Fasting mg/dL
Fasting. mg/dL
Fasting %

Fasting ulu/mL
Fasting ng/mL
Fasting mg/dL
Fasting mg/dL
Fasting mg/dL
Fasting mg/dL
Fasting g/dL

Fasting, TSST
Fasting, TSST
Fasting, TSST, MRI, diurnal

Overnight

Fasting g/dL
Fasting

Fasting %
Fasting %
Fasting. %
Fasting %
Fasting %
Fasting. cells/L
Fasting cells/meL.
Fasting cells/L
Fasting. g/dL
Fasting %
Fasting fl
Fasting Pg
Fasting %
Fasting %
Fasting %
Fasting %
Fasting. %
Fasting %
Fasting %
Fasting. mg/dL
Fasting mEq/L
Fasting mEq/L
Fasting mEqg/L

Fasting. mEq/L

Stage
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
Done
Done
Done
Done
Done
Not started
Not started
Done
Done
Done
Done
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PLANNING
Team building, design
IRB approval
Pilot testing

L]
Recruitment -------

PARTICIPANT VISITS and DATA COLLECTION

CUMC Visit Days 1 & 2
Home collection
Biospecimens biobank
Database QC monitor

LABORATORY ASSAYS, BIOSPECIMEN PROCESSING, BIOBANK
Mito phenotyping

Steroid hormones l .

HR, BP, Resp, EDA EEEEEN ST

Neuroimaging (MRI)

Biomarkers HEENEE. -I---.- .llll .l . .ll
Multi-omics

ANALYSES, MANUSCRIPTS and GRANTS
Data preprocessing

fMRI connectomics

Biostatistical analyses - .l . .-----l.
MIiSBIE mother paper

Manuscripts

Grants
CTSA Irving Institute || MiSBIE R21 || MiSBIE parent R01 || (PENDING) MiSBIE Stress-disease follow up R01
%%T’IZHS(?I!Q RPO(;NMHe}ﬁgzgg (PENDING) MiSBIE Resilience & health R01 (Cohen)
% MitoBrain RF1 " (PLANNED) MiSBIE Multi-tissue Aging Resource R61/33
RF1AG076821

F TSB{E PO: Max Guo Other questions/grants




Creating a
more accurate
model of
human health
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MiSBIE Mother paper

A community resources on the rationale, design and execution
of the MiSBIE study, facilitating future collaborations,
follow up studies, and dissemination of results




Trendsin - ¢? CellPress -
Endocrinology & Metabolism

Target submission: April 2024

MANUSCRIPT

A Psychobiological Data Platform to Map the Mind-Mitochondria Connection

Primary author team ... and MiSBIE Group Collaborators (listed on PubMed)

Figures

Data dictionary Clinical and laboratory procedures

Questionnai
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Hawaiian or Other Pacifc lsander |6, Write




Using MiSBIE Data and Samples




Using MiSBIE Data and Samples

* Parent MiSBIE RO1MH122706 data in NIMH Data Archive (NDA)
* Future OMICS data deposited in GEO

* All other data harmonized in sharable form in RedCap

* (In development) Data Request Form — online portal, early 2025

* Project Coordinator. Vanessa Giardino
Data manager. Grace Liu




Annual MiSBIE Symposium

Stress reactivity
& mental health One-day forum to share,

synthesize, and integrate

new knowledge from the parent
MiSBIE study and ancillary
studies

Clinical disease Mitochondria-
biomarkers microbiome

Invitations to be sent early 2025

— Energetic
Brain-immune :
lati regulation of . .
regutation biological aging Contact: Vanessa Giardino
vg2318@cumc.columbia.edu
Single-cell
immune

mitochondrial
phenotypes




Slides and Recording

Link to slides and recording will be sent by email

@ Downloadable
presentation slides
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Thank you !




MISBIE Transition meeting

Wine & Cheese
PH1505



