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BackgroundMitochondria provide energy for brain cells by the process of oxidative phosphorylation.
Mitochondrial abnormalities and deficiencies in oxidative phosphorylation have been reported in
individuals with schizophrenia (SZ), bipolar disorder (BD), and major depressive disorder (MDD).



Mitochondrial Energetics
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Diagram of the mammalian mitochondrion showing the relationship between energy production, ROS generation, and regulation of apoptosis.

Mitochondria provide energy for brain cells by the process of oxidative phosphorylation. Mitochondrial abnormalities eledaesi in
oxidative phosphorylation have been reported in individuals with schizophrenia (SZ), bipolar disorder (BD), and majaovelepress

disorder (MDD).
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Protein abnormalities in dorsolateral
prefrontal cortex in schizophrenia and
bipolar disorder using Zlimensional gel
electrophoresis.

4 of 15 proteins found to be differentially
expressed in schizophrenia are associated
with metabolic or mitochondrial function.

25 of the 51 significantly differentially

_ expressed proteins in bipolar disorder

were associated with metabolic or
mitochondrial function.

Pennington et al, 2008, Molecular Psychiatry



Table 4 Changes in energy-rich compounds and pH in the brain of affective disorder patients

Subjects Brain area Differences compared with healthy controls Ref.

BD II* Frontal lohe | CP in BP II in all psychiatric states 118

Bl Frontal lobe | CP in left frontal lobe of patients in depressive state; 119

| CP in right frontal lobe in manic and euthymic states

BL* Frontal lobe = ATP; higher right to left ratio of PC (euthymic) 120

BLF Occipital lobe | CP after photic stimulation in nonresponders to lithium 121

BL Frontal lohe | Intracellular pH in euthymic patients, also drug-free; 122-124
pH normal in manic or depressive states

MDD Frontal lobe = ATP; | CP, more in severely 122
than mildly depressed patients

MDD Frontal lobe L ATP 125

MDD* Basal ganglia | ATP 126

‘Some patients treated with Li and/or other drugs.

"1-week medication free period before examination.

“Treated with lithium.

iSome patients treated with antidepressants and/or other drugs.
“Untreated.

{1 increase; | decrease; =no change.

For other abbreviations, see text.

Affective disorders, antidepressant drugs and brain metabolism. Moretti A, Gorini
A, Villa RF. Mol Psychiatry. 2003.



Table 7
Top-Regulated Pathway /GO Terms in the Meta-Analysis

Functional grouping Representative terms No. of genes % Reg. (p < 0.01) 1 T
Energy metabolism Oridative phosphorylation 100 47% 51 0
Protein turnover Proteasome 3 71% 22 0
Ubiquitin-conjugating enzyme activity 57 14%, 25 0
RNA Processing mRNA splicing 62 4%, 26 0
Transport Intracellular protein transport 235 36% 84 1
Stress response Heat shock protein activity 34 41% 14 0
MHC antigen response MHC class-1I receptor activity 15 B0% 12 0
Metallothionein Metallothionein 11 45% 0 5
MNotable literature gene sets
Oligodendrocyte/myelin -~ Oligodendrocyte /myelin 19 16% 3 0
Dopamine related Dopamine receptor activity 5 0% 0 0
Serotonin related Serotonin receptor activity 13 0% 0 0
GABA related GABA-A receptor activity 22 5% 1 0
Synapse related Synapse 28 29% b 0
Table 2
Summary of Study Characteristics in Meta-Analysis Studies
Study ID Samples Controls  Bipolar  Collection® Region Array type Probe sets
1 G 3 32 A Frontal BA4& Affy hgul33A 22283
2 40 20 11 o Frontal BA46/10  Affy hgul33A 22283
3 &7 a5 32 A Frontal BA4& Affy hgul33A 22283
4 28 14 14 (. Frontal BA& Affy hgul33 2.0+ 54681
5 56 26 20 A Frontal BA4& Affy hgul33 2.0+ 54681
A 52 28 24 C Cerebellum Affy hgut5Av2 12453
7 &7 34 a3 A Frontal BA4& Affy hgul33A 22283
5 58 40 18 C Frontal BA4&,/10 Ag,llent 12373
g 21 10 11 o Cerebellum Affy hgu%5av2 12453
10 71 24 a5 A Frontal BA4& C Ddelmk human 20K 19007
11 70 a5 a5 A Frontal BA4& cDMNA 14369
12 23 12 11 [ Frontal BAS/Q Affy Hgu95Av2 12453

A = Array collection; C = Neuropathology Consortium collection.



Gene groups related to energy shuttles and oxidative metabolism, as well as certain
amino acid metabolic pathways, exhibit reduced expression in schizophrenia.

Table Z. Ranking of metabolic genes according to £ load scores

UniGene GEM= GEM=s  Average £

Rank Gene name Gene group (category) Hs I}  present decrease £ load
(17 Astizyme inhibitor O mithine -polyamine {iv) 223014 o 7 249 1743
(2} Crystallin, O'mithine —polyamine {iv) 024 100 7 222 15.53
(3 Orathine aminstransferase O mithine -polyamine {iv) TH4E5 3 4 313 12.53
(47 Translocase of inner mitochondnal membrane 17 Mitechondrial-translocases (vin) 20716 o B 2106 1233
=) Ubiquitin-specific protease 14 Ubiquitin {vii) TA081 o 5 187 023
5y Glutamic-oxaloacetic transaminase L, mitechondrial Malate shuttle (i), aspartate—alanine (iv) 170197 10 B 1.2 B3
(7 3-Oxecacid CoA transferase Ketone body (1ii) 177584 10 3 1.59 793
(8] ATP synthase, mitochondrial F1 complex, o ETC WV (1) 155101 10 4 1.72 687
(2 Malate dehydrogenase 1, NAD (soluble) Malate shuttle (i), TCA eycle (i) TAATS 110 4 1.71 G855
(107 Ubiquitin C-terminal esterase L1 (thiolesterase) Ubiquitin {vii} Thl118 10 4 1.71 G.82

Gemnes in bold were chosen for én situ hybridization analysis. Category notation provided in Figure 1. CoA, Coenzyme A; NAD, nicotinamide adenine dinoclectide.

One of the most important functions of thmalateshuttle is to transfer hydrogen ions

[in the form of reducedicotinamideadeninedinucleotide(NADH)] from the cytoplasm
into the mitochondria. Therefore, schizophrenia may be associated with increased [H]
reducing equivalents in theytosol

Middleton et al, 2002Neuropsychopharmacology



Demographics: DLPFC was obtained from four groups of subjects. All subjects had
rapid death and absence of prolonged hypoxia prior to death.

pH Age (vrs) agonal stress rating Gender
" Aye sD Ave sD Ave =D Malefemale
BPD 12 6.87 0.16 a0 17 —0.2 .92 9/
MDD 15 f.06" 0.19 51 15 0.3" 0.81 100
5Z 14 6.87 0.24 45" 0 —0.3 0.82 11/2
0 37 f.81 0.19 5% 13 — 0.3 1.05 20/6

P = (.05 compared to controls.

ASRE =aponal stress rating; BPD =bipolar disorder; C =Control; DLPFC =dorsolateral prefrontal cortex; MDD =major depressive
disorder; S =standard deviarion; 5Z =schizophrenia.

Shaocet al, 2008, Annals of Medicine



The Mitochondria Common Deletion

As 4.9 kb in size.

AAccumulates in various brain regions during aging together with an OXPHOS decline
(CorraiDebrinskiet al., 1992, Nature Genetics)

Alays a major role in classical mitochondrial disorders (Wallace, 1999, Sdemeeiro
andDiDonatg 2005, Annals of Medicine)

As viewed as an indicator of long lasting mitochondrial oxidative stress.

Sabunciyaret al., 2007, Journal of Neural Transmission
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The mitochondrial common deletion is increased in aging and in psychiatric disorders.

Age and MtDNA Common Deletion By Diagnosis In DLPFC

092 0.06 0.08 0.22 0.36 05 0.64 0.78 0.92 1.06 1.2
Ratio of PCR Band (350 / 5000 bp)

The mitochondrial common deletion by PCR analysis was detected at significantly
higher levels in BD compared to controls.

Fold change compared

Group n controls Pvalue
Controls 37

BD 12 2.12 0.006 *
MDD 15 1.82 0.077

SZ 14 1.59 0.17

' shaoet al, 2008, Annals of Medicin



There was a strong effect of sex on mtDNA deletion,
most pronounced in the three psychiatric groups.

MtDNA Common Deletion PCR Specific Bands
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For example, female BD group was significantly elevated in the common deletion compared to the
female control group (2.9 fold change, p = 0.01), while the male BD group showed a trend for elevated
common deletion compared to male controls (1.8, p = 0.07).



Affymetrix GeneChip Mitochondria Resequencing Array

AGenomic DNA was isolated from DLPFC for 77 subjects

800 ng DNA was used to amplify the mitochondrial genome in 3 long overlapping PCI
fragments

AP CR reactions were quantified and equimolar amounts were pooled together to fragm
using the GeneChip Fragmentation Reagent

AUsing the GeneChip Resequencing Assay Kit, samples were labeled and hybridized t
arrays

Arrays were washed and stained on the Affymetrix Fluidics 450 station and scanned o
the Affymetrix 7G Scanner using GCOS software

AGSEQ software was used to create the output .CHP files

ArheAffyMito Analysis Application created by Eric

Wang, produced report files with call rates, rCRS

concordance differences and haplogroup

assignments in addition to intensity and base call

files.

Rollins et al, 200FPLoSONE



