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MiSBIE Study Overview



Transdisciplinary science — MiSBIE

Disis and Slattery. Science Transl Med (2010)

MiSBIE



How does energy and mitochondrial biology influence 
human psychobiological processes, aging, and 

the expression of mitochondrial diseases?

PSYCHOSOCIAL 
FACTORS

AGING,
PATHOPHYSIOLOGY

MITOCHONDRIAL 
ALLOSTATIC LOAD

?



Preclinical studies motivating MiSBIE

Picard et al. PNAS (2015)
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mtDNA heteroplasmy
Mitochondrial OxPhos

Lymphocytes, Monocytes, 
Neutrophils, Platelets

Brain structure and function
Neuropsychological function

Disease biomarkers
Stress reactivity

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

Total N = 110

Central MiSBIE hypothesis
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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
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Mitochondrial Diseases
Michio Hirano, MD

Department of Neurology – CUIMC 
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Mitochondrial Diseases

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

40% ptosis

28% migraines 

23% diabetes

28% psychiatric symptoms



MiSBIE Groups

Total=110

Control
3243 A>G
Deletion
MELAS

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

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



Medical Assessment and Preliminary 
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MiSBIE Protocol
Catherine Kelly

Columbia University / Mitochondrial Psychobiology Group



Participant Experience
Recruitment 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

Sunday Monday Tuesday Wednesday Thursday Friday Saturday





Step 3 

Step 4 

Step 5 

Step 6 

•� Cut the hair as close as possible 
to the scalp 

•� Put the strands into aluminium
foil

•� Mark the scalp-near end of the 
strands with a permanent marker 
on the aluminium foil 

•� Fold the aluminium foil 
•� If the sample is longer than the 

aluminium foil, hair strands can be 
cut from the distal end 

•� Fix the folded aluminium foil at the 
scalp-near end with a paper clip 

•� Do not fold the sample 
•� Put the aluminium foil with the hair 

protocol (including participant ID) 
in a transparent folder 

•� Store the sample at a dry and 
dark place 













Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

For microbiome

Superior samples
Proven performance

Australian Sponsor: Emergo Australia, Level 20, Tower II, Darling Park, 201 Sussex Street, Sydney, NSW 2000 Australia 

OMNIgene•GUT (OM-200) is not available for sale in the United States.
OMNIgene•GUT (OMR-200) is for research use only, not for use in diagnostic procedures. 
®OMNIgene is a registered trademark of DNA Genotek Inc. 
Some DNA Genotek products may not be available in all geographic regions, contact your sales representative for details.
All DNA Genotek protocols, white papers and application notes, are available in the support section of our website at 
www.dnagenotek.com.

Patent (www.dnagenotek.com/legalnotices) 
© 2016 DNA Genotek Inc., a subsidiary of OraSure Technologies, Inc., all rights reserved. 
PD-PR-00442 Issue 3/2016-01

Made in Canada
M DNA Genotek Inc.
3000 - 500 Palladium Drive
Ottawa, ON, Canada  K2V 1C2

Toll-free (North America): 1.866.813.6354
Tel.: +1.613.723.5757  •  Fax: +1.613.723.5057
info@dnagenotek.com
www.dnagenotek.com

USER INSTRUCTIONS
Read all instructions prior to collection

Procedure: 

1 While holding the yellow tube 
top, unscrew ONLY the purple 
cap from the kit and set aside 
for later use.    

IMPORTANT: 
Do NOT remove the yellow tube top. 
Do NOT spill the stabilizing liquid in the tube.

2 Use the spatula to collect a small amount 
of fecal sample.

Actual size of fecal sample.

3 Transfer the fecal sample into 
the yellow tube top. Repeat until 
the sample reaches the top and 
" lls it completely.

IMPORTANT: Do NOT push 
sample into the tube.

4 Scrape horizontally across the tube top to 
level the sample and remove any excess. 

Wipe exterior of tube and top with toilet 
paper or tissue as needed.

5 Pick up the purple cap with 
the solid end facing down 
and screw onto the yellow 
tube top until tightly closed. 

30 secs.

6 Shake the sealed tube as hard and fast as 
possible in a back and forth motion for a 
minimum of 30 seconds. 

Fig. A Fig. B

7 The fecal sample will be mixed with the 
stabilizing liquid in the tube; not all particles 
will dissolve. 

IMPORTANT: Continue shaking if large 
particles remain as shown in Figure A.

Place spatula in original packaging or wrap in toilet paper and discard in garbage.

Send the sample for processing following the delivery instructions supplied 
by the kit provider.

Preparation:
• Empty your bladder before beginning the collection.
• Collect fecal sample free of urine or toilet water.
• Toilet paper or tissues may be required. 

Summary and explanation of the kit:
OMNIgene•GUT provides the materials and 
instructions for collecting and stabilizing microbial 
DNA from a fecal sample.

Warnings and precautions:
• FOR EXTERNAL USE ONLY.
• Do NOT remove the yellow tube top from the tube.
• Do NOT spill the stabilizing liquid in the tube.
• Wash with water if liquid comes in contact with eyes 

or skin. Do NOT ingest. 
• If fecal sample is liquid or donor has diarrhea wait 

until the next bowel movement to collect the sample.
• Small items may pose a choking hazard.

Storage: room temperature storage (15°C to 25°C) 
pre- and post-collection.

Ship in accordance to applicable regulations 
covering transport of  biological specimens. 
See MSDS at www.dnagenotek.com

Label legend:
H Collect sample by (Use by)

h Catalog number

M Manufacturer

15:l25: Storage instructions

Y Caution, consult instructions for use

g Lot number

Cap

Tube top 

Tube 

Stabilizing liquid

Mixing ball

COLLECTION DEVICE

Top of cap

Spatula





Preliminary Results
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Psychosocial assessments and 
questionnaires 

Caroline Trumpff
Columbia University Irving Medical Center

Mitochondrial Psychobiology Lab



MISBIE study questionnaires

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

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

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

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



Social life
Perceived social status (Mc Arthur ladder)

Social Support (SSQ)
Perceived social support (PSSQ)

Couples Satisfaction (CSI-16)
Loneliness (ULS-8)

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

Personal Well-Being (PWB)
Sense of Coherence (SOC)

Demographics
Age, sex, ethnicity, income, level of 

education, language 

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)
Aging

Self Perception of Aging
Perceived age

Physical Symptoms 
Fatigue (MFIS, PFS)

Autonomic Symptoms (COMPASS 31)
Illness Perception (BIPQ)

Self-rated health (SRH)
Memory Complaints (MCC)

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)
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Questions?
Columbia University Irving Medical Center

Mitochondrial Psychobiology Lab



Part II

Procedures, preliminary data, and results



MiSBIE Database

Grace Liu
Columbia University / Division of Behavioral Medicine



MiSBIE Database overview



Overview and dimensionality of the MiSBIE study database.

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 



Spectral analysis/processing



Stress Psychophisiology Session

Vincenzo Lauriola
Columbia University / Division of Behavioral Medicine
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Task Name Task duration

ECG                                      
Beat-to Beat BP             

Respiration                             
Skin Conductance

Blood Saliva Affect Rating Temperature

Baseline 1 (Base) 360 ü

NADA2 (N2) 1440
- 5 min (Pre) 300 ü ü ü ü ü

Psychological Stress Onset (PrepTask) 120 ü

Psychological Stress Onset (Task) 180 ü

+5 min (Post5) 300 ü ü ü ü ü

+10 min (Post10) 300 ü ü ü ü ü

NADA3 (N3) 300
+20 min (Post20) 300 ü ü ü ü ü

NADA4 (N4) 300
+30 min (Post30) 300 ü ü ü ü ü

NADA5 (N5) 1500
+60 min (Post60) 300 ü ü ü ü ü

NADA6 (N6) 1500
+90 min (Post90) 300 ü ü ü ü ü

NADA7 (N7) 1500
+120 min (Post120) 300 ü ü ü ü ü

NADA8 (N8) 0
Deep breathing task (DBT) 420 ü

NADA9 (N9) 0
Standing Transition (ST) 420 ü

Standing Respiration Calibration (C3) 0 ü

Sit-Stand Test (SST) 420 ü

NADA10 (N10) 0
Cold Pressor (CP) 660 ü

NADA 11 (N11) 0
Metabolic Rate (MR) 600 ü ü ü



ECG

Skin Conductance

Beat-to-Beat Blood Pressure

Respiration



• Mean HR
• Standard deviation of the RR interval (SDRR)
• Root mean squared successive difference (rMSSD)
• Spectral power in the low (0.04-0.15 Hz (LF)) and high (0.15-0.40 Hz 

(HF)) frequency bands

• Mean Systolic and Diastolic BP
• LFBPV

• Respiration rate
• Respiration volume

• Total Skin Conductance Responses (SCRs)
• Tonic Skin Conductance Level (SCL)
• Mean Skin Conductance (SC)
• Tonic Period
• Maximum
• Minimum
• SCR Response
• Single Peak Measures: (Trough SCL, Peak SCL, SCR, Recovery Time)



Biospecimen processing and 
MiSBIE biobank

Mangesh Kurade
CUIMC - Mitochondrial Psychobiology Group
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5 x ACD-A
4 x Citrate plasma
2 x Plasma
2 x Serum
1 x Salivette
1 x Buccal swab

Plasma & Serum 
separation

Immune cell 
isolation

Morning PMBC 
isolation 

(Ficoll 1077)

Immune cells 
isolation via Ficoll
double gradient

(Ficoll 1077/1119)

1 x ACD-A
8 x Plasma
8 x Serum
10 x Salivette

Stress reactivity 
PMBC isolation

(Ficoll 1077)

Morning 
fasting 
collections

Stress 
reactivity 
collections

Sample type Aliquots

Fasting Plasma 8
Fasting Serum 6
Fasting PBMCs 7

Monocytes 4
Neutrophils 4

Lymphocytes 4
Platelets 4

Saliva 2

Sample type Aliquot
s

Stress Plasma 24
Stress Serum 24
Stress PBMCs 20

Saliva 20

Plasma & Serum 
separation

PBMC isolation

FASTING AND STRESS REACTIVITY COLLECTIONS
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Steroid hormones in 
saliva and hair 

Natalia Bobba-Alves
CUIMC - Mitochondrial Psychobiology Group
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2 hair strands

Saliva

Hair

26 salivettes

Sampling



Coverage
2 Hair samples
14 Clinic Saliva samples
12 Home Saliva samples

6 Steroid hormones
110 
participantsx x = 18,480 data points

70%  Obtained values

9%  Missed values
5% No sample
4% Technical problem

21%  Non-detected values
11% Corticosterone
4% Progesterone
4% Testosterone
2% DHEA
~ 0% Cortisol
~ 0% Cortisone



Preliminary results – Cortisol awakening response
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Speech task
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Preliminary results – Cortisol stress reactivity
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Time (min)

*1 Control participant excluded



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 depleted1

•A study from our lab shows that patients’ immune cells show blunted immune response to a challenge2

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

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



Bioenergetics - procedure



Bioenergetics - procedure



Bioenergetics - procedure



Bioenergetics - procedure



Bioenergetics - outcome



Bioenergetics - outcome



Bioenergetics - outcome



Bioenergetics - outcome



Bioenergetics - outcome



Bioenergetics - outcome



Neuropsychological 
Assessment

Stephanie Assuras/Catherine Kelly
Columbia University Irving Medical Center



Single cell
transcripomics

Heart rate 
& blood pressure

Respiration

fMRI-BOLD

Structural MRI

Serum & 
plasma sampling

PBMCs & immune 
cell subtypes

Cellular
respiration

Mitochondrial
resp. potential

Saliva collection

Steroids

Cell-free mtDNA

Hair collection3c
m

Biochemistry & 
allostatic load

Proteome
dynamics

Home-based
assessments

Neurocognitive
assessment

Age & disease
related markers

Skin conductance

Psychophenotypes
& mental health



• Cognitive profile and trajectory  in 
adult mitochondrial disease 
poorly defined; changes in 
visuospatial functioning, memory, 
attention, processing speed and 
executive functions

• Conclusions have been hampered 
by small sample sizes, variation in 
genotype and the breadth and 
depth of assessments undertaken

• Current study used a 
comprehensive 
neuropsychological assessment 
to evaluate all cognitive domains

Cognitive Domains Measure Description
Premorbid functioning Test of Premorbid Functioning 

(TOPF)
Estimated verbal premorbid 
functioning

Intellectual functioning WASI-II - Vocabulary and Matrix 
Reasoning

General intellectual ability

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 
Recall, List Recognition

Verbal learning and memory

Executive functioning and 
attention

NAB - Numbers and Letters Attention and inhibition
D-KEFS - Trail Making Working memory, cognitive 

flexibility and speed

NAB - Digits Forward and 
Backward

Attention and working 
memory

D-KEFS - Color-Word Response inhibition
D-KEFS - Sorting Mental flexibility and 

conceptualization
RBANS - Coding Processing speed

Total time = 90 minutes



Preliminary findings:
Primary mitochondrial defects related to executive dysfunction

• Cognitive weaknesses in fundamental 
aspects of executive functioning 
relative to healthy controls

• initiation/fluency 
• verbal set-shifting

• Particularly significant given the 
relatively young age of this cohort 
(Mean: 36.9 years, range: 20-52)

• Opportunity to understand the 
energetic basis of cognition and brain 
circuitry without the confounds of age 
or accumulated brain pathology



Clinical biochemistry and 
allostatic load

Alex Junker
CUIMC - Mitochondrial Psychobiology Group
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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 
diseases1

- Decreased enzymatic activities 
- Lower respiratory capacity 

- MAL influences gene expression and cellular 
behavior2

- Mitochondrial defects alter HPA axis 
function in mice3

Is MAL a source of baseline, systemic AL?

How/is this visible in standard blood 
biomarkers?

1Picard & McEwen Nat Rev Endocrinol (2019) 
2Picard, Juster & McEwen Psychosom Med (2014)
3Picard et al PNAS (2015)
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Metabolic panel
Glucose, HgbA1C, calcium, sodium, potassium, CO2, 
chloride, BUN, creatinine, albumin

Lipid panel
Total cholesterol, LDL, HDL, triglycerides 

White blood cells
Monocytes, lymphocytes, neutrophils, basophils, 
eosinophils (absolute and %), WBC, IG%

Red blood cells and platelets
RBC, hematocrit, hemoglobin, MCH, MCV, RDW, 
MCHC, PLT, MPV
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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
Single deletion m.3243 A>G mutation

- Identify patterns of dysregulation related 
to baseline MAL (and its specific form)

- Relate these effects to immune cell 
mitochondrial respiratory capacity & 
bioenergetics

- Explore relevance for stress 
internalization & associations with clinical 
severity 
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Neuroimaging

Ke Bo/ Tor Wager
Dartmouth College / Cognitive and affective neuroscience 

lab
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Neuroimaging Protocol

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



Neuroimaging- task (Multisensory)

Visual 
cortex

Auditory cortex

Primary visual cortex

Multisensory
(5 min)
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Neuroimaging – other examples

Cold pain - Rest

Left Right 

Pain and body 
sensation regions

Cold pain task

Baseline

1:30
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Recovery

1:30

DWI-visualization of 
white matter tracts

Resting state functional imaging  
large scale brain networks

Dr. Michel Thiebaut de Schotten

Cold wrapper on 
the right arm

Room temperature 
wrapper on the right arm

Room temperature 
wrapper on the right arm



Cell-free mitochondrial DNA

David Shire
CUIMC - Mitochondrial Psychobiology Group
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Cell-free mitochondrial DNA – background
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Cell-free mitochondrial DNA – procedure
Overview of MitoQuicLy method

Michelson et al., 2023



Cell-free mitochondrial DNA – results

-5 5 10 20 30 60 90 120
80%

100%

120%

140%

-5 5 10 20 30 60 90 120
100%

125%

150%

175%

-5 5 10 20 30 60 90 120

250%

500%

750%

1,000%

1,250%

100%

Time (min)

cf
-m

tD
N

A 
co

pi
es

 / 
µL

(re
la

tiv
e 

to
 b

as
el

in
e)

870% increase

50% increase

20% increase

pl
as

m
a

se
ru

m
sa

liv
a

error bars represent
SEM

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



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

• Primary metrics:
• Total sleep time
• Sleep timing (midpoint)/Sleep Regularity Index
• Sleep fragmentation



Rest-Activity Rhythms and Physical Activity

Primary outcome:
• Amplitude
• Cosine
• Mesor



Saliva Awakening Proteome 
Dynamics

Molei Liu, Alan Cohen et al.
Department of Biostatistics, Columbia Mailman School of Public Health



Single cell
transcripomics

Heart rate 
& blood pressure

Respiration

fMRI-BOLD

Structural MRI

Serum & 
plasma sampling

PBMCs & immune 
cell subtypes

Cellular
respiration

Mitochondrial
resp. potential

Saliva collection

Steroids

Cell-free mtDNA

Hair collection3c
m

Biochemistry & 
allostatic load

Proteome
dynamics

Home-based
assessments

Neurocognitive
assessment

Age & disease
related markers

Skin conductance

Psychophenotypes
& mental health



Study Design & Data Structure
• From MISBIE dataset: 6 cases + 6 matched controls. 

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

Control

MitoD



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.



Results (1/3): tensor clustering analysis

Control
MitoD



Results (2/3): correlation of dynamic change

Control: MitoD:

Random: Random:

• 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.



Results (3/3): t-SNE clustering with elasticity

Control

MitoD



Age-related mitochondrial 
disease biomarker dynamics 

Hannah Huang
CUIMC - Mitochondrial Psychobiology Group
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Why are we interested in GDF15?

Tanaka et al., 2018

Davis et al., 2016

Kumer et al., 2017
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FGF21.png

Tanaka et al., 2018

Davis et al., 2016

Kumer et al., 2017

FGF21
Lehtonen et al., 2016
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Huang and Trumpff et al., in preparation n=861 n=2326

Plasma and saliva GDF15 is elevated in MitoD
patients



Huang and Trumpff et al., in preparation n=861 n=2326

Plasma and saliva GDF15 is elevated in MitoD
patients



Plasma and saliva GDF15 in healthy controls

Huang and Trumpff et al., in preparation

n=571 n=1476





Huang and Trumpff et al., in preparation

Psychological stress induced rapid change in saliva 
GDF15

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

TSST





Saliva GDF15 presents a robust awakening 
response

Huang and Trumpff et al., in preparation
n=68, 67% female, data shown as mean ± SEM 



Single Cell Transcriptomics

Anna Monzel
CUIMC - Mitochondrial Psychobiology Group
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Cryopreservation – procedure



Single cell transcriptomics – procedure + 
outcome



Single cell transcriptomics – procedure + 
outcome



Single cell transcriptomics – procedure + 
outcome



Single cell transcriptomics – procedure + 
outcome



Single cell transcriptomics – procedure + 
outcome



Single cell transcriptomics – procedure + 
outcome







Questions?
Columbia University Irving Medical Center

Mitochondrial Psychobiology Lab



Part III 

Future plans and discussion



Congratulations!

Thank you!



Mitochondrial Stress reactivity & 
Allostatic load Multi-omics Neuroimaging Clinical 

and Psychosocial

Genetic diagnosis [categorical]
- m.3243A>G
- Single deletion (size, position, 

genes affected)
- Heteroplasmy (sequencing) in 

blood, buccal, urine
- mtDNA haplogroups

Allostatic load
- Blood chemistry
- Immune and inflammatory
- Metabolic/neuroendocrine
- Diurnal Cortisol
- Hair Cortisol

Epigenetic and genomic
- Genome-wide (EPIC 850K)
- Epigenetic clocks
- Telomere length 
- Multiple tissues (blood, buccal, 

urine)

Activation
- Task-elicited

- Speech prep
- Cold pressor

- Positive control task
- Checkerboard + sound

Disease severity
- Columbia Neurological Score
- NMDAS
- NAMDC CRF
- Functional capacity
- Autonomic symptoms
- Data-driven clinical phenotypes 

Mitochondrial bioenergetic 
phenotyping [continuous]
- OCR
- ECAR
- Metabolic flexibility (+UK5099)
- Biochemical activities 

(CI, CII, CIV, CS)
- mtDNAcn

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

Gene expression
- RNA-Seq (monocytes, 

lymphocytes)
- Pre and post-stress
- scRNAseq PBMCs
Fecal sample
- Microbiome composition and 

complexity

Functional connectivity
- Resting state
- Task-evoked

- Speech prep
- Cold pressor
- N-back

- Brain-wide signatures of 
mitochondrial defects

Neuropsychological testing
- Working memory
- Cognitive function
- Cognitive impairment
- Psychiatric symptoms

Psychosocial factors

Mitochondrial molecular 
phenotyping
- PMPC single-cell RNAseq
- Single mitochondrial or nuclear 

genes
- MitoPathways
- Mitotype signatures

Metabokines/Mitokines
- FGF21, GDF15
- cf-mtDNA (plasma, serum, 

saliva, urine)

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

Metabolomics
- Plasma
- Baseline and stress reactivity

Proteomics
- Plasma and saliva 
- Baseline and stress reactivity

Structural
- Voxel-based morphometry
- Cortical surface area
- Diffusion imaging & 

tractography

Age of onset
Demographic
Psychosocial factors

Progression 
(score/yr change)

Outcome variables
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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.



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



(PENDING) MiSBIE Stress-disease follow up R01

(PENDING) MiSBIE Resilience & health R01 (Cohen)

(PLANNED) MiSBIE Multi-tissue Aging Resource R61/33

MiSBIE R21CTSA Irving Institute 
R01MH113011
PO: Meinecke

MiSBIE parent R01
R01MH122706 
PO: Meinecke

MitoBrain RF1

RF1AG076821
PO: Max Guo Other questions/grants



INDIVIDUALS

ORGANS

CELLS

MITOCHONDRIA
& ORGANELLES

COMMUNITIESCreating a 
more accurate
model of 
human health



MitoBrainMap v1.0



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 



MANUSCRIPT

A Psychobiological Data Platform to Map the Mind-Mitochondria Connection

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

Target submission: April 2024

Data dictionary

Questionnaires

Clinical and laboratory proceduresFigures



Using MiSBIE Data and Samples



Using MiSBIE Data and Samples

• Parent MiSBIE R01MH122706 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

Mitochondria-
microbiome

Energetic 
regulation of 

biological aging

Stress reactivity 
& mental health

Clinical disease 
biomarkers

Brain-immune 
regulation

Single-cell 
immune 

mitochondrial 
phenotypes

One-day forum to share, 
synthesize, and integrate 
new knowledge from the parent 
MiSBIE study and ancillary 
studies 

Invitations to be sent early 2025

Contact: Vanessa Giardino
vg2318@cumc.columbia.edu



Slides and Recording

Downloadable 
presentation slides

Link to slides and recording will be sent by email



Thank you !



MiSBIE Transition meeting

Wine & Cheese
PH1505


