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Mouse models of mitochondrial dysfunction. Mice with normal mitochondria are compared to mice with mtDNA mutations in genes encoding 
ND6 (NADH dehydrogenase subunit 6) and COI (cytochrome c oxidase subunit 1), decreasing electron transport chain and respiratory capacity. 
ANT1-/- (adenine nucleotide translocator 1) animals have impaired ATP/ADP transport across the inner mitochondrial membrane, and NNT-/- 
(nicotinamide nucleotide transhydrogenase) animals are deficient in a major intra-mitochondrial antioxidant system. 
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Mitochondrial defects modify HPA axis function. (A) Plasma corticosterone levels during 30 minutes of restraint stress and 90 minutes of 
recovery, in mice with normal mitochondria (WT), mtDNA mutations in ND6 and COI genes (left), and nDNA deletions of ANT1 and NNT genes (n 
= 8-9, two-way ANOVA, Holm-Sidak’s vs WT, * P < 0.01, ** P < 0.01, *** P < 0.001). (B) Plasma levels of corticosterone and ACTH after 60 
minutes restraint stress. Note that NNT animals have the lowest CORT levels with the highest ACTH (n = 7-10, one-way ANOVA P < 0.001 and 
0.02, Holm-Sidak’s vs WT, * P < 0.05). (C) Ratio CORT/ACTH at 60 minutes (n = 7-10, one-way ANOVA P < 0.001, Holm-Sidak’s vs WT, * P < 
0.05). Data are means ± S.E.M. 
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Mitochondrial defects modulate stress-induced metabolic perturbations. (A) Blood glucose levels during stress and recovery in mice with WT 
mitochondria, ND6, COI (mtDNA mutations), and ANT1, NNT (nDNA deletions) (n = 8-9, two-way ANOVA P < 0.001, Holm-Sidak’s multiple 
comparisons). (B) Glucose-related CORT sensitivity plot showing means and SEMs for ΔCORT and Δglucose between 0 and 30 minutes of restraint 
stress. (C) Plasma levels of NEFAs (n = 7-9, two-way ANOVA P = 0.054 (mtDNA) and P < 0.001 (nDNA), Holm-Sidak’s multiple comparisons). (D) 
Plasma levels of triglycerides (n = 9-15, two-way ANOVA N.S., two-tailed Student’s T tests). (E) Plasma concentration of alanine in unstressed and after 
60min restraint (two-way ANOVA main effect of stress P < 0.01 and genotype P < 0.0001 with Fisher’s LSD test). See SI Appendix, Fig. S3 for data on 
all amino acids. (F) Heatmap of relative normalized changes (stress-resting) in amino acid levels across genotypes, with dendrograms illustrating 
hierarchical clustering of pattern similarity across metabolites (left) and genotypes (top). (G) Partial least squares discriminant analysis (PLSDA) of delta 
stress-resting amino acid levels, sorted by variable importance in projection (VIP) scores for the first component (66% of variance). Data are means ± 
S.E.M., * P < 0.05, ** P < 0.01, *** P < 0.001.
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Sympathetic Adrenal-Medullary (SAM) Axis
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Mouse models of mitochondrial dysfunction. Mice with normal mitochondria are compared to mice with mtDNA mutations in genes encoding 
ND6 (NADH dehydrogenase subunit 6) and COI (cytochrome c oxidase subunit 1), decreasing electron transport chain and respiratory capacity. 
ANT1-/- (adenine nucleotide translocator 1) animals have impaired ATP/ADP transport across the inner mitochondrial membrane, and NNT-/- 
(nicotinamide nucleotide transhydrogenase) animals are deficient in a major intra-mitochondrial antioxidant system. 

Figure 1
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Do mitochondria regulate the stress response in humans?

Mouse models of mitochondrial dysfunction. Mice with normal mitochondria are compared to mice with mtDNA mutations in genes encoding 
ND6 (NADH dehydrogenase subunit 6) and COI (cytochrome c oxidase subunit 1), decreasing electron transport chain and respiratory capacity. 
ANT1-/- (adenine nucleotide translocator 1) animals have impaired ATP/ADP transport across the inner mitochondrial membrane, and NNT-/- 
(nicotinamide nucleotide transhydrogenase) animals are deficient in a major intra-mitochondrial antioxidant system. 

Figure 1
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Mitochondrial Stress, Brain Imaging, and Epigenetics — MiSBIE
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Mitochondrial Stress, Brain Imaging, and Epigenetics — MiSBIE
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Figure 1

Total N = 110

• Healthy controls         (n = 70) 

• mtDNA defects  

   3243A>G (group A)  (n = 20) 
   3243A>G (group B)  (n = 5) 
   Single deletion         (n = 15)    
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Dalile et al. Neuropsychopharmacology 2020
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How does information about mitochondrial health  
reach the brain ?

GDF15



What does GDF15 mean to the organism?

Expressed in >90%  
of somatic tissues

Triggered by cellular 
stressors (ISR)

Signals on the 
brainstem

GDF15

Activates canonical 
stress axes

GDF15

Hypothalamic-pituitary 
adrenal (HPA) axis 

CORTISOL

Sympathetic activation 
Catecholamines (NE)

Lockhart et al. Endocr Rev 2020



What does GDF15 mean to the organism?

Expressed in >50% 
somatic tissues

Triggered by cellular 
stressors (ISR) Signals on the brainstem

GDF15

Activates canonical 
stress axes

GDF15

Hypothalamic-pituitary 
adrenal (HPA) axis 

CORTISOL

Sympathetic activation 
Catecholamines (NE)

Monzel et al. Life Metab 2024

Psychological stress 
transiently increases 

GDF15 in humans



Molecular reactions

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

rRNAComplex IComplex IIIComplex IVF0F1 ATP synthasetRNAs

mRNA

non-coding

Mitochondria

Total Energy 

Expenditure/ Resting 

Metabolic Rate 

rRNA
Complex I
Complex III
Complex IV
F0F1 ATP synthase
tRNAs

mRNA

non-coding

DNA, Genomes

rRNA
Complex I
Complex III
Complex IV
F0F1 ATP synthase
tRNAs

mRNA

non-coding

Cellular integrity

Organs, Systems

Metabolites, messengers

Endocrine hormones 

Cytokines

Nervous system

INTRINSIC HEALTH

ENERGY

COMMUNICATION STRUCTURE

Alan Cohen, Dan Belsky 
Columbia Science of Health Group



Knowledge Gaps

•What proportion of interindividual differences in the magnitude 
and nature of stress responses in humans is driven by 
interindividual differences in mitochondria? MiSBIE


• How variable is mitochondrial biology, within a person, over 
time? Likely variable


• Can we study mitochondrial stress regulation in vitro, in simple 
cellular systems? Complexity of stressors, feedback


• Are the health benefits of interventions like exercise on 
physiological systems, mental health, and aging driven by 
mitochondrial adaptations?



Research Opportunities

• Studies among individuals across a wide spectrum of 
mitochondrial energy transformation capacity/health (genetic 
mitochondrial defects — MiSBIE)


• Exogenous metabolite supplementation (SCFAs)


•Understanding the basis of health and resilience, in 
exceptionally healthy individuals


• Psychobiological studies of resilience beyond biology and 
physiology
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