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ABSTRACT

Although mitochondrial dysfunction is a consistégdture of Alzheimer's disease (AD) in the braid an
blood, the molecular mechanisms behind these phenarare unknown. Here we have replicated our
previous findings demonstrating reduced expressibmuclear-encoded oxidative phosphorylation
(OXPHOS) subunits and subunits required for thesletion of mitochondrial-encoded OXPHOS genes
in blood from people with AD and mild cognitive impment (MCI). Interestingly this was
accompanied by increased expression of some mitoclad-encoded OXPHOS genes, namely those
residing closest to the transcription start siteéhaf polycistronic heavy chain mitochondrial tramysic
(MT-ND1, MT-ND2, MT-ATP6, MT-CO1, MT-CO2, MT-C03) rad MT-ND6 transcribed from the
light chain. Further we show that mitochondrial DNApy number was unchanged suggesting no
change in steady-state numbers of mitochondriasMggest an imbalance in nuclear and mitochondrial
genome-encoded OXPHOS transcripts may drive a iweg&edback loop reducing mitochondrial
translation and compromising OXPHOS efficiency, athiis likely to generate damaging reactive

oxygen species (ROS).

Keywords: Mitochondria, Alzheimer’s disease, AD, gene expi@s, blood, biomarker, mild cognitive

impairment, MCI, oxidative phosphorylation, OXPHOS

ABBREVIATIONS: AD (Alzheimer’'s Disease), ANM (AddNeuroMed coho®TP (adenosine
triphosphate), DCR (Dementia Care Register cohB}; (electron transport chain), GEO (Gene
Expression Omnibus), MCI (Mild Cognitive ImpairmgniRP (mitochondrial ribosome protein),
MtDNA (mitochondrial DNA), NADH (reduced nicotinade adenine dinucleotide), ncDNA (nuclear
DNA), (Nicotinamide nucleotide transhydrogenase), OXPHO®8dative phosphorylationROS

(Reactive oxygen species)



1.0 INTRODUCTION
There are an estimated 35.6 million cases of damemridwide which is likely to treble by 2050 due
to an increasingly aging population (Prince anckdac, 2009). Alzheimer’s disease (AD), the most
common form of dementia, is characterized by sloagpessive loss of cognition and development of
behavioral and personality problems associated néhronal cell loss. Within the brain, there is an
accumulation of insoluble extracellular plagues sistimg of aggregated amylopl-(AB) and
intracellular neurofibrillary tangles of hyperphbspylated Tau. Their generation is believed to lead
the disruption of calcium homeostasis (LaFerla, 20@ollapse of neuronal synapses and loss of
connectivity (Terryet al., 1991), increased production of reactive oxygeaecss (ROS), oxidative
damage (Nunomurat al., 2001) and a damaging inflammatory response (ldangd Kettenmann,
2007) in wvulnerable brain regions. Although muclogsess has been made we still lack a full
understanding of the molecular pathology of AD, sthilne treatments currently available only

temporarily alleviate some symptoms and do not figdtle underlying causes.

Mitochondria are key providers of energy to thel dal the form of ATP through oxidative
phosphorylation (OXPHOS). OXPHOS requires 97 prstédo assemble in five multi-protein complexes
in the correct stoichiometry for a functioning sammolecular complex (Chabagt al., 2014). 84
OXPHOS genes are encoded by the nuclear genomkst &hiadditional 13 (complexes |, I, IV and
V) are expressed as polycistronic RNAs from thracehondrial DNA (mtDNA) promoter regions

(HSP1, HSP2 and LSP1) (Kyriakowtial., 2008). Mitochondrial gene expression is tightyirolled.

OXPHOS dysfunction can produce ROS and oxidatiresstleading to neuronal cell death in aging and

in AD brain (Deviet al., 2006). Complex IV appears to be particularly euéble in AD, with reduced



levels of many subunits within this complex leadia@ reduction in overall complex activity (Bosett

al., 2002; Kishet al., 1992; Maureet al., 2000; Mutisyaet al., 1994; Vallaet al., 2001). APP, A and
APOE have all been shown to accumulate in neuronidchondrial membranes (Dee al., 2006;
Manczaket al., 2004) and either through direct binding to OXPH@8teins, or indirect mechanisms
have been shown to perturb mitochondrial energgrua (Manczalet al., 2006). Even in the early
stages of disease, prior to a clinical diagnosifADf many of the nuclear genes encoding subunits
involved in OXPHOS are down-regulated in the braihpeople with mild cognitive impairment (MCI)
particularly in those brain regions most vulnerabl&D pathology such as the hippocampus and cortex
(Liang et al., 2008; Manczalet al., 2004). People with MCI are considered to be m sgmptomatic
pre-dementia phase of AD, displaying cognitive impant beyond what is expected for their age, but
not severe enough to affect their function andthus not considered to have dementia at that point
time. Many people with MCI will progress to AD, piaularly those with high levels of AD pathology

markers (Jackt al., 2016).

Similar OXPHOS changes and markers of oxidative afgemin AD brain appear to be mirrored in the
periphery including in platelets (Bosedtial., 2002; Cardoset al., 2004; Parkeet al., 1990; Vallaet

al., 2006) and white blood cells from AD patients (fFeluset al., 2011; Lunnoret al., 2012; Lunnoret

al., 2013; Mecoccet al., 2002; Mecocckt al., 1998; Sultanat al., 2013; Sultanat al., 2011; Wanget

al., 2006). We previously observed a significant reéidmcin OXPHOS gene expression in white blood
cells, even in subjects with MCI, many of whom weigsequently found to have prodromal AD
(Lunnonet al., 2012). Some of these changes were capable afglisghing AD and MCI subjects from
elderly controls as part of a biomarker panel (Bebial., 2011; Lunnoret al., 2013). In the current
study, we have sought to replicate these findings establish if they represent a decrease in steady

state numbers of mitochondria in AD, or may leadatoalteration in OXPHOS activity, in a step to



understanding the mechanism behind these changdeafias the context in which they could be used as

a biomarker for testing the efficacy of drugs tairgge AD.

First, we found that nuclear genome-encoded OXPlt@%cripts are down-regulated in MCI and AD
blood. Second, we analyzed mitochondrial genomedst OXPHOS subunits to see if they were also
decreased in a similar way to the nuclear-genom@3XS subunits, which might point to a change in
mitochondrial biogenesis or mitophagy. Finally weasured the relative abundance of mtDNA to
nuclear DNA to establish if there was an alterafiomitochondrial steady-state levels or whether th

changes we observed were more likely to represegduection in cellular respiratory chain activity.

2.0 MATERIALS AND METHODS

2.1 Subjects and Samples

Blood samples for DNA and RNA analyses were takemfsubjects participating in two biomarker
studies coordinated from the Institute of PsyckiatPsychology & Neuroscience, King's College
London; The AddNeuroMed (ANM) study and the MaugisRiomedical Research Center (BRC)
Dementia Case Register (DCR) curated by the Ndtiomstitute for Health Research (NIHR)
Biomedical Research Centre and Dementia Unit atfSbondon and Maudsley NHS Foundation Trust
and King's College London. Full details on samptalection and assessment are supplied in the

Supplementary Methods. Subject characteristics@amenarized in Table 1.

2.2 RNA extraction
Whole blood samples were collected in PAXgene t{iB&Diagnostics) and stored at -80°C until RNA
extraction. Total RNA was extracted, quantified @juality assessed as previously described (Lunnon

etal., 2012).



2.3 Analysis of nuclear-encoded OXPHOS genes usiBgadArrays

Total RNA was converted to cDNA (200ng) and theatibylated cRNA according to the protocol
supplied with the lllumina TotalPrep-96 RNA Ampdition Kit (Ambion). Previously we studied
disease pathway changes in AD, MCI and controlesiibjby hybridizing blood RNA to Illumina HT-12
V3 (Lunnonet al., 2012), which is deposited in the Gene Expres€iomibus (GEO) (Batch 1, GEO
accession number GSE63060). For the current stedysed an independent set of subject samples that
were hybridized to lllumina HT-12 V4 according thet manufacturer’s protocol (Batch 2, GEO
accession number GSE63061). Gene expression wakresobtained using Genome Studio (lllumina).
Pre-processing and analysis of data quality indlgidsackground correction and normalization were
performed in R using the Bioconductor packages, iL((Bonzalez de Aguilaet al., 2008), MBCB
(Allen et al., 2009) and SVA (Leekt al., 2012). BeadChips with a very low detection rat®000), or a
discrepancy in XIST and/or EIF1AY gene expressidthwecorded gender were removed from further
analyses, leaving 370 Batch 2 samples availablariatysis. 240 probes on the array corresponded to
genes coding for OXPHOS-related proteins: 110 OXBHi@otein subunits, 10 probes encoding genes
required for mitochondrial transcription and 120tonhondrial ribosome protein subunits (MRP)
involved in mitochondrial translation. Of these,52@robes passed quality control within the Lumi

package and were carried forward to analysis (T2ble

The effects of age, gender, collection site and ®RBYe regressed out of the data and the correspgndi
residuals were compared between diagnostic groapstrpl, MCI and AD) using linear models
followed bypost-hoc t-tests. In line with our previous beadchip datanfonet al., 2012), probes were
deemed to be differentially expressed if FDR g<®é&njamini and Hochberg, 1995). A Fisher's exact

test was used to compare the number of probesnetich OXPHOS complex reaching g<0.01 between



our previously published dataset (Lunrebal., 2012) (Batch 1) and data from the new validatohort
(Batch 2), while a chi-squared test was used topewenthe number of significant probes between

OXPHOS complexes.

2.4 Analysis of mitochondrial genome-encoded OXPHOBanscripts using gRT-PCR

Genes from the mitochondrial genome are not assagedlumina HT-12 V4 Expression Beadarrays.
Therefore, specific primers targeting the 13 mitourial OXPHOS genes were designed for use in
gRT-PCR (Table S1). cDNA was synthesized from 256htptal RNA using the QuantiTect Reverse
Transcription Kit (Qiagen) and diluted five-foldrf@CR. Real time PCR was performed with 5x HOT
FIREPoI® EvaGreen®qPCR Mix Plus (ROX) (SolisBiodyn&he copy number of each sample was
generated from comparison to a standard curve whashfurther normalized using the geometric mean
of the housekeeping genes ATP5B and SF3Al (Prine=igp Ltd, UK), which we identified as the
most stable of twelve routine housekeeping genesguthe Normfinder application. Data was
transformed to achieve a parametric distributiod tire effects of age, gender, collection site aid R
were regressed out of the data within R, and redsdcompared between diagnostic groups using linear
models, with p-values adjusted for multiple testifi@enjamini and Hochberg, 1995). Genes were
deemed to be differentially expressed if FDR g<ORdrther details are provided in the supplementary

methods.

2.5 Analysis of OXPHOS protein subunits using Lumiex

Briefly, buffy coat samples were lysed using red tgsis buffer, followed by centrifugation and
removal of the supernatant. The pellet was resugzein 300 pl of Cell/Mitochondria Lysis Buffer
(Human Oxidative Phosphorylation Magnetic Bead Pamge-mixed with an EDTA-free Protease

Inhibitor Cocktail (Roche). Following mixing on ider 30 min, the lysate was centrifuged at 14,000 g



for 20 min at 4°C. The concentration of proteintie supernatant was measured using the Nanodrop

1000 Spectrophotometer (Thermo Fisher Scientific).

The MILLIPLEX®MAP Kit Human Oxidative Phosphorylation (OXPHOS) gteetic Bead Panel was

used according to the manufacturer’s protocol (EMIllipore). This 6-plex immunoassay measures
key proprietary subunits in complexes | to V. Ddtam each sample were normalized using
Nicotinamide nucleotide transhydrogenase (NNT) mesb in the same assay. Data was log
transformed and technical outliers >2 standardal®ris from the mean were removed. The effects of
age, gender and collection site were regressedfotlte data within R, and residuals were compared
between diagnostic groups using linear models, past-hoc t-tests. Further details are provided in the

Supplementary Methods

2.6 Analysis of mitochondrial DNA (mtDNA) copy numler using gRT-PCR

Total genomic DNA was prepared (Qiagen blood DNA &iom 100 pl of whole blood collected in
EDTA-coated vacutainer tubes. It was pretreateddnycation prior to extraction and DNA extracted
according to the manufacturers protocol (QiagerodI®DNA kit). Samples were assayed in triplicate
using the QuantiTelf SYBRgreen PCR kit (Qiagen), using primers compleag to unique regions
and genes of the mitochondrial genome (thus notifimg NUMTS) and the single copy nuclear gene
Beta 2 microglobin (B2M) in the presence of refeestandards, as previously described (Metli&.,
2009). Mitochondrial DNA content was quantified &g tratio of mitochondrial genome to nuclear
genome. Data was log transformed and the effecg@f gender and collection site regressed outrwith
R. Corresponding residuals were compared betwesgndstic groups (control, MCIl and AD) using

linear models, withpost-hoc t-tests.



3.0 RESULTS
3.1 Reduced expression of nuclear-encoded OXPHOSgs
We previously demonstrated reduced expressionsagraficant number of nuclear OXPHOS genes and
mitochondrial ribosome protein subunits (MRP genaesMCIl and AD blood compared to controls
(Lunnonet al., 2012) (Batch 1). We have replicated and exterldesk findings in a further independent
group of 370 individuals in the current study (Bef; Table 2). There was a significantly high degre
of overlap in the genes found to be differenti@kpressed and their direction of change betweetialon
and MCI/AD subjects between the two cohorts (FDR.G%) (Table S2) with 34/99 complex | to
complex IV probesets and 24/117 mitochondria ribwsoprotein subunits significantly altered in
disease compared to 44/99 and 26/118, previousyexpected, the majority of these genes had lower
expression in MCI/AD relative to age-matched cadstrdhe number of probes reaching q<0.01 within
each OXPHOS complex was similar between the twasgas (Table S3). Decreased expression was not
biased to any particular complex in either thisadat K? (5.044, 4),p=0.228), or the previously

published datasek{ (4.195, 4)p=0.380).

3.2 Increased expression of mitochondrial-encodedX®HOS genes

Having shown further evidence for decreased exjmessf many of the nuclear-encoded OXPHOS
genes and protein subunits of the mitochondriadsdime required for translation of OXPHOS genes
from the mitochondrial genome in AD and MCI, we wanterested to see if this impacted on OXPHOS
subunits expressed from the mitochondrial genomeired for complex I, lll, IV and V. Of the 13
OXPHOS genes encoded by the mitochondria, we waeeta successfully quantify 12 using gqRT-PCR
(Figure 1, Table 3, Figure S1). Unlike nuclear-etemb genes, the mitochondrial-encoded genes
displayed significantly increased levels of expi@ssn MCI and AD blood relative to controls in ooé

the seven mtDNA complex | genes, MT-NDE (12.9, 504),p=3.61x10%, g=1.08x10%, all of the



mtDNA complex IV genes, MT-CO1F((36.45, 501)p=3.05x10°, g=3.66x10%), MT-CO2 F (21.04,
501), p=5.69x10°, g=2.28x10°) and MT-CO3 F (9.48, 505)p=2.19x10%, g=5.26x10%), and, the only
mtDNA complex V gene assayed, MT-ATPBE (21.88, 500),p=3.73x10°, q=2.24x10°). We also
observed significantly increased expression of MI2N (p=5.1x10% g=1.67x10°), MT-ND5
(p=2.4x10% g=6.43x10%) and MT-ND6 p=2.40x10"; g=8.64x10°) from complex 1 in MCI subjects,

following a post hod-test.

3.3 Changes in gene expression do not reflect akkel mtDNA copy number

Having identified an overall increase in the legékexpression in many of the mitochondrial genes, w
were keen to establish whether the net effect efctitanges we observed are likely to represenedlter
mitochondrial biogenesis or mitophagy, or alteredPBIOS efficiency at the individual mitochondrial
level. No difference in the copy number of mtDNAsaxfaund between control, MCl and AD groups for
those subjects where blood was available for asssags(Figure S2)K (1.857),p=0.1766) on 1 and 85
degrees of freedom, with between group t-testgdécted for false discovery rate (FDR) (Benjaminil an

Hochberg, 1995)): control versus MCI p = 0.27; contersus AD p = 0.27; MCI versus AD p = 0.94.

3.4 Changes in gene expression are not associatdathvalteration in protein markers of OXPHOS
complexes | to V

Having identified a significant decrease in manglear-encoded OXPHOS genes alongside an increase
in many of the mitochondrial-encoded OXPHOS gemeswanted to assess the potential impact on the
profiles of different OXPHOS complexes. The resufsa Human OXPHOS Magnetic Bead Panel
showed a significant decrease in the level of Cemplbetween groupg€0.045), reflecting lower

levels in AD cases compared to contrgis@.043) (Figure S3; Table S4). However, this did pass



nominal significance once multiple testing corrextvas appliedq=0.224 andj=0.570, respectively).

There were no differences in the levels of othenglexes with disease.

4.0 DISCUSSION
Our results have confirmed and extended previondirfgs of a perturbed mitochondrial OXPHOS
system in blood cells from people with MCI and ib Alatelets (Bosettét al., 2002; Cardoset al.,
2004, Feldhaust al., 2011; Lunnoret al., 2012; Lunnoret al., 2013; Mecoccet al., 2002; Mecoccet
al., 1998; Parkeet al., 1990; Sultana&t al., 2013; Sultan&t al., 2011; Vallaet al., 2006; Wanget al.,
2006). Complexes 1, IV and V appear to be partitylaulnerable with ~25%, ~30% and ~50%, of
nuclear genes, respectively, having reduced expresgile ~14%, 100% and 100%, of mitochondrial
genome genes, respectively, have increased expmessMCI or AD blood relative to controls, which
is predicted to be due to a block in their transtatThe changes we report are already evideneéaple
with MCI, many of whom are expected to have prodabdisease (Gauthiet al., 2006) and significant
AD pathology (Albert, 2011). The magnitude of diffatial expression in OXPHOS genes was greater
in people with an AD diagnosis compared to thogd WMCI, which either reflects the relative mildness
of pathology in MCI, or that not all people with M@ave AD pathology. We are unable to establish
from the present study which of the different AQthmdogical biomarkers these changes may be most

closely associated with.

Some of these changes appear to have culminatetlaimges at the protein level; there was a trend
towards lower abundance of the protein marker Kigtorrelated with the functional activity of
Complex | in AD blood. However, this modest charfgded to reach nominal significance after
correction for multiple testing, possibly becauae fewer samples were available for protein ansalysi

compared to that for gene expression. Although Gexnfy and V had the greatest number of subunits



with altered expression, this did not translatéoira change at the protein level in those with alise
Few studies have explored the association betwed@HDS gene expression and functional read-outs.
However, at least in one study there is modestcestson between levels of OXPHOS gene expression
and mitochondrial membrane potential, viability, ATMTT and ROS (Wagnet al., 2008). It appears
that this relationship can become disassociatedrurettain conditions, which makes precise preaficti

of functional outcomes from changes in gene expyesifficult. Further work, beyond the scope oéth
current study will be required to further verify athif any, the functional significance of the ches

we have found at the level of gene expressionpagh they do not appear to simply reflect a simple
alteration in the number of steady-state mitochiandue to altered biogenesis or mitophagy. We also
can't rule out the possibility that increased/desesl biogenesis and mitophagy together may result i

no net change in steady-state levels of mitochombich could explain these results.

Down-regulation of the OXPHOS system in blood lexjkes is usually only associated with their
migration to the site of tissue damage or pathageasion accompanied by their differentiation and
activation during acute inflammation (Saestal., 2014). However, recent data suggests in chraic r
exposure to stimuli, down-regulation of OXPHOS nimey also observed in circulating cells such as
monocytes as a result of epigenetic re-programmnaimgained immunity which enable them to respond
more readily to re-stimulation (Netetal., 2016; Saeeét al., 2014). Such cells activate a metabolic
switch to glycolysis that not only provides subtgsafor biosynthetic programs, maintains mitochaidr
membrane potential and provides energy in the fafr&TP to the cell in oxygen depleted environments
during an inflammatory response, but also geneitggsficant ROS which has important bactericidal
benefits (O'Neill and Hardie, 2013). Our resultsymeflect a systemic and general response to achro
pro-inflammatory environment in the brain foundnrany neurodegenerative diseases, including AD.

The changes we observed, particularly in Complaxd 1V, are expected to lead to inefficiencieshia t



OXPHOS system resulting in an excess of electrormladle to react with dioxygen which then
produce unstable and damaging free radicals (RG&yg and Chandel, 2012). Unchecked ROS can
damage biomolecules in their vicinity and for thieason Complex I, 1l and IV are particularly
vulnerable (Musatov and Robinson, 2012). Compldxasd 1V have previously been shown to have
lower subunit expression or activity in AD brainigk et al., 1992; Leutneet al., 2005; Maureet al.,
2000; Mutisyeet al., 1994) and in peripheral blood cells in AD (Bosettial., 2002; Parkeet al., 1990).
Changes in Complex IV are believed to have sigaifidknock-on effects on Complex I, which not only
produces the majority of ROS, but is itself pataely vulnerable to ROS (Musatov and Robinson,
2012). These changes may also contribute to traatxe inactivation of m-aconitase observed in dloo
and brain which is a source offfand HO, and believed to be a contributing factor to neaxisity in

AD (Mangialaschet al., 2015).

We did not find an increase in mitochondrial steadsgte levels to explain the changes in gene
expression we observed. The selective increaseveld of OXPHOS subunits from the mitochondrial
genome were more likely to result from a blockhe kevel of translation as large numbers of nuclear
encoded mitochondrial ribosome genes (MRP geneg)iresl for their translation were also down-
regulated in MCI and AD, whilst there were no chesign nuclear-encoded genes required for their
transcription. Furthermore, we observed selectiveeiases in adjacent genes, particularly thosehwhic
lay close to the mtDNA transcriptional start sit@dér are post-transcriptionally processed together
following initial transcription as a single polytignic heavy chain transcript (Figure S1). OXPHOS
genes from the mitochondria can only be transcribedone of two polycistronic transcripts. The
changes appear therefore to have arisen afterctiptisn and probably represent selective transcrip
turnover, perhaps in response to a translatiomakbtontributed by the lower expression of MRP gene

from the nuclear genome. Further work will be nektbeestablish if this is the case.



Recessive mutations in 16 of the 84 nuclear anchit@chondrial OXPHOS genes are associated with
brain disorders characterized by symptoms of deiameimcluding many of the genes altered in the
present study (Fattat al., 2006; Koopmart al., 2013). Interestingly Complex Il is the only OXPBO
complex where all subunits are synthesised by theear genome and where we did not see any
difference in MCI or AD blood. A study investigaimegional differences in the expression of nuelear
encoded OXPHOS genes in AD brain showed this wasotily complex to show no decrease in
expression in the entorhinal cortex, a region eflirain affected relatively early in disease (Liahgl.,
2008). This complex has however been shown to thecexl in Parkinson’s disease (PD) white blood

cells (Yoshincet al., 1992) suggesting there may be disease specHitges.

The overall process of oxidative phosphorylatiotightly controlled by transcriptional regulationthe
level of DNA and RNA, by substrate feedback inhdst and by post-translational modifications
including phosphorylation and acetylation. Ine#iai electron transfer through complexes I-1V letxls
various human abnormalities, which is due in para foss of energy metabolism and a deregulation of
critical enzymes, such as complexes I, Il andWithout proper regulation, the production of ROS is
known to increase. Some diseases associated wkined OXPHOS include diabetes, PD, AD, cancer
and the aging process itself. Many diverse clas$elsugs inhibit OXPHOS and induce mitochondrial
toxicity. Not surprisingly, the ability to monitdhe expression levels of the OXPHOS complexes is a
key element in the study of many diseases ande@tbcess of drug safety evaluation and to monitor

drugs which may have beneficial effects in AD.

Overall, our findings suggest a change in OXPHO®nitochondria from people with MCI and AD,

particularly in Complexes I, IV and V, which appearbe independent of mitochondrial biogenesis or



mitophagy. The decreased expression of nucleardec®XPHOS and MRP genes in MCI and AD
was accompanied by an increase in mitochondriabeéedt OXPHOS genes in a pattern suggesting a
selective block in their translation. These change®XPHOS genes are expected to drive a negative

feedback loop that further reduces mitochondregtation (Noldemt al., 2005).

5.0 CONCLUSIONS
Changes in OXPHOS appear before a clinical diagnafsAD in blood. It isn’t clear whether they lead
to maladaptive functional consequences, or meedlgat changes occurring in AD brain and have no
functional consequences of their own. Our findingich mirror some of the changes occurring in the
brain, could support efforts to identify compourmdsgenes upstream which may co-ordinately regulate
OXPHOS gene expression in efforts to mitigate pidéiy harmful downstream ROS production.
Further work would be needed to confirm and refthese pathways in the brain and blood, but
ultimately our results could be used for assessingg efficacy for target development and for

monitoring effects usingx vivo blood cell assays or analysis of blaadivo.
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Table 1: Subject characteristics of individualsused in the study. In total 370 individuals had genome-wide expressiata generated in leukocytes using

the lllumina HT-12 V4 expression beadarray. Forghgooses of the current manuscript only the 24fdean-genome expressed probes relating to
mitochondrial function were analysed. QuantitafReal-Time PCR (QRT-PCR) was used to measure ggiression levels of 12 mitochondrial-genome
expressed transcripts in 509 individuals. Thisudeld 181 of the 370 individuals for whom genomeengdpression data is presented in this manusanipt,

an additional 272 of the 329 individuals for whora previously published genome-wide expression @daganon et al, 2012; Lunnon et al, 2013 - Batch 1).
Luminex was used to quantify levels of functionalcéron transport chain proteins in a subset ahdiduals for whom both beadarray and gRT-PCRadat
was generated. Finally gRT-PCR was used to assé&sshondrial DNA copy number in 87 individuals, tteso had beadarray and gRT-PCR data generated.

MMSE: Mini Mental State Examination; CDR: Clinid@ementia Rating scale.

lllumina HT-12 V4 Arrays (batch 2) gRT-CR Protein mMtDNA

Control MCI AD Control MCI AD Control MCI AD Control MCI AD
Samples analysed 129 109 132 177 168 164 27 19 24 28 31 28
Gender (M/F) 52/77 48/61 50/82 73/104 77/91 55/109 12/15 9/10 11/13 12/16 13/18 11/17
Age in years (Mean+SD) 75.2 (5.8)| 78.5 (7.7)| 77.8 (6.7)| 73.6 (7.0)| 74.7 (6.4)| 76.8 (6.5)| 82.4 (2.7)| 82.2 (1.2)| 82.0 (2.5) 77.5 (7.7)| 77.0 (6.9)| 80.3 (4.6)
MMSE (Mean+SD) 28.3 (3.8)| 26.6 (3.5)| 20.2 (5.9) 28.9 (1.3)| 27.1 (1.9)| 20.8 (4.5)| 28.3 (1.6)| 26.7 (1.9)| 20.2 (4.5) 29.1 (1.0)| 27.3 (1.8)| 20.1 (4.6)
CDR sum of boxes (Mean +SD) 0.03 (0.12) 0.45 (0.15) 1.03 (0.53] 0.03 (0.12] 0.50 (0.06) 1.10 (0.52) 0.04 (0.13) 0.50 (0.00} 1.19 (0.44} 0.04 (0.13) 0.50 (0.00) 1.18 (0.51




Table 2: Expression of many nuclear-genome encod€XPHOS genes, mitochondrial ribosomal protein
(MRP) genes and mitochondrial transcriptional reguator genes are decreased in Alzheimer’s diseaSde
240 probes on the lllumina HT-12 V4 expression be@&y corresponding to OXPHOS genes, MRP genes and
mitochondrial transcription were selected for asmlyData was adjusted for co-variates such assagecentre
and RIN and subsequently analysed using one-wayWNI assess the relationship between disease gnodip
expression levels. Data was corrected using thgaBeni Hochberg method for multiple testing andyoadita

with an FDR g<0.01 was deemed significant. For datia q<0.01 post-hoc t-tests were performed t@sss
differences between groups. Genes highlighted id bave previously been shown to contain recessive
mutations known to cause disease with symptomeiwifehtia.

ANOVA Conirol-M CI Contr ol-AD MTI-AD
Gene Symbol lllumina Probe ID RefSeq ID C'Some FDR
correctedP log2
F value]P Value Value logZ FC|P Value FC P Value log2 FC |P Value
NDUFA1 ILMN 1784281 |NM_00454.2 |Xg24c 54.77 9.29E-13 173E-10] -0.27 1.5CE-05| -0.42 9.4CE-10]  -0.15 1.20E-02
NDUFA2 ILMN 324389 NM 00248:.3 5031.3b 53.63 1.54E-12 1.73E-10 -0.17 5.3CE-11] -0.18 7.1CE-10 n.s. Nn.< |
NDUFA3 ILMN 178464 NM 00454..2 19g1:.42¢ n.s| n.s /| n.s )| n.s. n.s| n.s. n.s| n.s. n.s |
NDUFA4 ILMN 175125i NM 002482 7p21.3b 11.12 9.41E-04 4.41E-03 -0.16 3.51E-02] -0.24 9.5CE-04 n.s. Nn.< |
NDUFAS5 ILMN_175997. NM_005001.2 7031.32k n.s| n.s | n.s /| n.s. n.s| n.s. n.s| n.s. Nn.< |
NDUFAG6 ILMN 323826! NM 002493 2291.2b 1C0.11 1.6CE-03 6.91E-03 -0.07 1.3CE-02] -0.08 1.6CE-03 n.s. Nn.< |
NDUFA7 ILMN_ 167523 NM 00500:.2 19pi:.2d n.s| n.s /| n.s | n.s. n.s| n.s. n.s| n.s. Nn.< |
NDUFA8 ILMN 175972 |NM_01422.2 |9g3:.2h 11.19 9.08E-04 4.35E-03] _ -0.06 1.02E-02| -0.07 9.1CE-04 ns. n.s,
NDUFA9 ILMN_176074 NM_00500..3 12p1i32¢ n.s, n.s, n.s, n.s. n.s, n.s. n.s, n.s. n.s,
NDUFA10 ILMN_ 222569 NM 004542 2031.3€ n.s| n.s | n.s| n.s. n.s| n.s. Nn.s| n.s. Nn.<
NDUFA10 ILMN_179111 NM_00454-.2 2031.3¢ n.s, n.s, n.s, n.s. n.s, n.s. n.s, n.s. n.s,
NDUFA11 ILMN 217571. NM 17561.2 19p1:i3hb n.s| n.s /| n.s /| n.s. n.s| n.s. n.s| n.s. Nn.s |
NDUFA12 ILMN 173773 NM 01883:.3 12g2:c-q22¢ n.s. n.s. n.s. n.s. n.s. n.s. n.<| n.s. Nn.< |
NDUFA13 ILMN 176713! NM 01596.4 19plille n.s| n.s | n.s /| n.s. n.s| n.s. Nn.s| n.s. Nn.< )|
NDUFAB1 ILMN 217901 NM _00500:.2 16plzilc n.s. n.s. n.s. n.s. n.s. n.s. Nn.<| n.s. Nn.< |
NDUFB1 ILMN 172436 NM 004543 1493212k n.s| n.s /| n.s /| n.s. n.s| n.s. n.s| n.s. Nn.s |
NDUFB2 ILMN 211733 NM 004542 7034c-934c 14.17 1.94E-04 1.2CE-03 -0.16 2.27E-03] -0.18 1.9CE-04 n.s. Nn.< |
NDUFB3 ILMN 211994! |NM_00249.1 |2g3:.1€ 14.21 1.9CE-04 1.2CE-03| -0.18 14CE-02] -0.25 1.9CE-04 ns. n.s,
= NDUFB3 ILMN 211993 NM 00249:1 203:.1€ 12.05 1.66E-05 1.7CE-04 -0.13 1.8CE-02] -0.22 1.7CE-05 n.s. n.s.
é NDUFB4 ILMN_177058! NM_00454'.4 391533k
(/8) NDUFB5 ILMN 180739 NM 00249:..2 302¢€.33¢ n.s| n.s)| n.s| n.s. n.s| n.s. n.s| n.s. n.s |
g NDUFB6 ILMN_236992. NM_00249:..3 9p21.18 18.65 1.23E-05 1.4€6E-04 -0.12 9.6CE-07] -0.1C 9.8CE-06 n.s. Nn.< |
é NDUFB6 ILMN 176314 |NM_00249.3 |9p2l.1s 16.75 5.26E-05 4.55E-04] -0.14 2.8CE-06] -0.11 4.4CE-05 ns. n.s)
NDUFB7 ILMN 181360: NM 004144 19p1i12c n.s. n.s. n.s. n.s. n.<. n.s. n.<| n.s. Nn.< |
NDUFB8 ILMN 166117! NM 00500-.2 1092431¢ n.s| n.s | n.s /| n.s. n.s| n.s. n.s| n.s. Nn.s |
NDUFB9 ILMN 324385! NM_00500:.2 8024.13c n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. Nn.< |
NDUFB10 ILMN 181175. NM 004541 16p1:3€ n.s| n.s | n.s | n.s. n.s| n.s. n.s| n.s. Nn.s |
NDUFB11 ILMN 174970 NM 01905.3 |Xpl1l.3¢ n.s. n.s. n.s. n.s. n.s. n.s. Nn.<| n.s. Nn.< |
NDUFC1 ILMN_173360: NM 00249:2 4q31.1c n.s| n.s | n.s | n.s. n.s| n.s. Nn.s| n.s. Nn.< )|
NDUFC2 ILMN 169427. NM 00454.3 11glzsle n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. Nn.< |
NDUFS1 ILMN 172881! NM 0050015 203:.3b n.s| n.s | n.s | n.s. n.s| n.s. n.s| n.s. n.s |




NDUFS2 ILMN 178934. NM 0045513 19232 n.s n.s | n.s | n.s n.s n.s Nn.s| n.s n.s
NDUFES3 ILMN 175635! NM 00455.1 11p11.2b n.s n.s. n.s. n.s n.s n.s n.<| n.s n.s
NDUF$4 ILMN 181231. |NM_00249.1 |5g1l.2c 11.80 6.59E-04 3.2SE-03 n.s ns| -0.16 6.7CE-04 n.s n.s
NDUFS5 ILMN 177610 NM 00455..1 1p3<3z 52.23 2.87E-12 2.15E-10 -0.22 4.6CE-05] -0.36 3.0CE-12 -0.14 9.2CE-03
NDUFS6 ILMN 179430: NM 00455:.2 5p1£.33c n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUES7 ILMN 1669961 NM 024403 19p1i3i n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUFS8 ILMN_179413: NM_00249(.1 11gl1i2e n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUFV1 ILMN 178671 NM 00710:.2 11gli2¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUFV2 ILMN_208641 NM_02107-.1 18p11.22¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUFV3 ILMN 238773, NM 00100150.1)21g22.3b n.s n.s n.s n.s n.s n.s n.s n.s n.s
NDUFV3 ILMN_ 176550 NM 02107.3 2192:.3b n.s n.s n.s n.s n.s n.s n.s n.s n.s
— |SDHA ILMN 1744211 NM 00416:1 5pl1t.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
g SDHA ILMN 205123: NM 00416:.1 5plt.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
(/8) SDHB ILMN 166725 NM 00300(.2 1p3€.13¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
% SDHC ILMN 232336! NM 00103551.1)192:.38 n.s n.s n.s n.s n.s n.s n.s n.s n.s
é SDHC ILMN 174624, NM 00300..2 19238 n.s n.s n.s n.s n.s n.s n.s n.s n.s
SDHD ILMN 169848 NM 00300..1 11g2ilc n.s n.s n.s n.s n.s n.s n.s n.s n.s
CYC1 ILMN 181511 |NM_00191.3 |8g243g 9.96 1.73E-03 7.33E-03 n.s ns| 0.06 1.7CE-03 0.05 2.68E-02
UQCR10(UCHILMN 178198 NM 00100368.1]22q1-.2¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
UQCR10(UCHILMN 236671 NM_01338'.3 22q1z.2¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
UQCR10(UCHILMN 236671 NM 013383 2209l:.2¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
_ UQCR11 (UQQILMN 174504 NM_00683(.2 19p1i3h n.s n.s n.s n.s n.s n.s n.s n.s n.s
?L UQCRB ILMN_ 212848 NM 00629-.2 80g2:.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
§ UQCRB ILMN_175945: NM 00629-.2 802z.1d 18.81 1.86E-05 1.82E-04 -0.07 2.0CE-02] -0.12 1.9CE-05 n.s n.s
% UQCRB ILMN 325149 NM 00629-3 80g2:.1d n.s n.s | n.s /| n.s n.s n.s n.s| n.s n.s
é UQCRC1 ILMN 167119 NM 00336.2 3p21.31¢ n.s n.s. n.s. n.s n.s n.s n.s. n.s n.s
UQCRC2 ILMN 171885, |NM 003362 |16pl:lc 14.60 1.56E-04 1.0€E-03 n.s ns| -0.07 1.6CE-04] -0.05 9.97E-03
UQCRFS1 ILMN 170174 NM _00600:..1 19912« n.s n.s. n.s. n.s n.s n.s n.s. n.s n.s.
UQCRH ILMN_179213! |NM_00600.1 |1p33¢ 10.13 1.58E-03 6.91E-03 n.s ns| -0.07 1.6CE-03] -0.06 8.10E-03
UQCRH ILMN 223293 NM _00600-.2 1p33c 44.59 8.98E-11 4.04E-09 -0.19 5.8CE-04] -0.35 9.5CE-11 -0.15 6.21E-03
UQCRQ ILMN_166647 NM_01440.4 5031.1c 13.10 3.36E-04 1.94E-03 -0.19 7.1€6E-03] -0.23 3.4CE-04 n.s n.s
COX4l1 ILMN 165220 NM 00186.2 16021b n.s n.s n.s n.s n.s| n.s n.s| n.s n.s
COX4l12 ILMN_181563 NM_ 0326042 2091121k E E E E E E
COX5A ILMN 170447 NM 00425'.2 15¢2<1hb n.s n.s n.s n.s n.s| n.s n.s| n.s n.s
COX5B ILMN 166351 NM 00186..2 20911.2b n.s n.s n.s n.s n.s. n.s n.<| n.s n.s
COX6A1 ILMN 1783631 |NM_00437.2 |12g2+31¢ 16.56 5.78E-05 4.67E-04] -0.10 1.7CE-04] -0.10 5.4CE-05 n.s n.s
COX6A2 ILMN 175248 NM 00520:.2 16pll.2c g g g g g g
% COX6B1 ILMN 215467, NM 00186:..3 199g1:.12¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
%L COX6B2 ILMN 172554 NM 14461.3 199142k g g g g g g
§ COX6B2 ILMN 217646 |NM_14461.4 |1991i42k E E E E E E
é COX6C ILMN 165415 NM 00437-.2 802z.2b 15.19 1.16E-04 8.38E-04 -0.13 2.78E-02] -0.21 1.2CE-04 n.s n.s
° COX7A1 ILMN 166241 |NM_00186-2 |1991i12k E E E E E E
COX7A2 ILMN 170129: NM 00186'.2 6g1<1s n.s n.s| n.s/| n.s n.s n.s n.s| n.c n.s
COX7B ILMN_218404! NM_00186(.2 |Xg21l.1le 12.54 4.5CE-04 2.41E-03 n.s ns| -0.17 4.6CE-04 n.s n.s
COX7B2 ILMN_167465 _|NM_13090.2 |4pl2t E E - i ] ]




COX7C ILMN 179818 |NM_00186.2 |5g1<.3d 1331 3.02E-04 1.78E-03 n.s ns| -031 3.1CE-04 n.s n.s
COX8A ILMN_ 180949! NM _00407-.2 11glile n.s n.s n.s n.s n.s n.s n.<| n.s n.s
COX8C ILMN 174443, |NM_18297.2 |1493.13¢ E E E . ] ]
ATP5A1 ILMN_176449. NM 004044 18g21.1¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5A1 ILMN_234136: NM 004044 18g2..1¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5B ILMN 177213. NM 001683 1291i3e n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5C1 ILMN_170126! NM_00517-2 10p14c n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5D ILMN_ 165359 NM 001684 19p1:3i n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5D ILMN_167917: NM_00168.4 19p1i3i n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5E ILMN_175667. |NR_00216..1 13qlz.2b 38.61 1.4CE-09 5.28E-08]  -0.17 6.1CE-04] -0.29 15CE-09] -0.12 1.99E-02
ATP5F1 ILMN 172198 NM 00168:.4 1pli.2d 17.22 4.15E-05 3.74E-04 -0.14 2.8CE-03] -0.18 4.1CE-05 n.s n.s
ATP5F1 ILMN 167219 |NM_ 001684 |1pl:.2d 19.44 1.36E-05 153E-04| -0.08 1.5CE-02] -0.14 1.4CE-05 n.s n.s
ATP5G1 ILMN 167639: NM 00100202.1)17922.32c n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5G1 ILMN 171243\ NM 00517.2 17921.32c n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5GZ ILMN 166057 NM 005174 1291:313f n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATP5GZ ILMN_180779: |NM_00100203.2/1291:13f E E E E E E
% ATP5GZ ILMN 166910: NM _00517.5 1291:313f n.s n.s n.s n.s n.s n.s n.s n.s n.s
g ATP5G:S ILMN 177046/ NM 00100225.412qg31.1¢g n.s n.s n.s n.s n.s n.s n.s n.s n.s
§ ATP5H ILMN 166637. NM 00635(.2 17g2t.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
é ATP5H ILMN_179491. NM_00100378.1)1792%.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
° ATP5I ILMN_ 1772501 |NM_00710.2 _ |4p1€.3d 17.23 4.12E-05 3.74E-04] -0.06 4.3CE-03] -0.09 4.1CE-05 n.s n.s
ATP5I ILMN_172660: NM_00710.2 |4pl€.3d 36.90 3.11E-08 8.75E-08 -0.17 5.9CE-04] -0.28 3.2CE-09 -0.11 2.87E-02
ATP5I ILMN 170341/ |XM 94330.1 |4p1€.3d E E E E E E
ATP5. ILMN_ 2348009: NM 00100369.1)21922.3¢ 28.57 1.59E-07, 2.98E-06 -0.19 3.9CE-04] -0.26 1.6CE-07| n.s n.s
ATP5. ILMN _177292' |NM_00100370.1121g21.3¢ 31.01 4.95E-08 1.24E-06| -0.18 7.9CE-04] -0.28 5.0CE-08 n.s n.s
ATP5. ILMN 165280 NM 00100370.1)21922.3¢ 18.26 1.49E-05 1.6CE-04 -0.07 1.0CE-03] -0.09 1.5CE-05 n.s n.s
ATP5J2 ILMN 231062, |NM_00488.2 |7g2:.1b 9.67 2.02E-03 8.25E-03|  -0.09 1.6CE-03] -0.09 2.0CE-03 n.s n.s
ATP5J2 ILMN 230788: NM_00100371.17g2z.1h 9.93 1.76E-03 7.33E-03 -0.11 2.4CE-04] -0.09 1.66E-03 n.s n.s
ATP5L ILMN_207928! NM_00647.4 11g2:.3d n.s n.s | n.s /| n.s n.s| n.s Nn.s| n.s n.s
ATP5L ILMN 181263 NM 006474 1192:.3d 23.84 1.56E-06 2.34E-05 -0.17 3.1CE-04] -0.21 1.5CE-06) n.s n.s
ATP5L2 - - ; : : : : : :
ATP50 ILMN 179133, |NM_00169.2 |21g2:z11c 37.23 2.66E-09 8.55E-08]  -0.20 3.7CE-04] -0.32 2.7CE-09] -0.12 3.63E-02
ATPIFL ILMN_172733. NM_17819.1 1p3Et.3h n.s n.s n.s n.s n.s n.s n.s n.s n.s
ATPIF1 ILMN_ 168597 NM 17819.1 1p3t.3h n.s n.s n.s n.s n.s n.s n.s n.s n.s
TFAM ILMN 171566 NM 00320.1 10g21.1€ n.s n.s n.s n.s n.s n.s n.s n.s n.s
g TFB1M ILMN 173356: NM 01602(.1 602£.32 n.s n.s n.s n.s n.s n.s n.s n.s n.s
% TFB2M ILMN 206770: NM 022361 1qg44c n.s n.s n.s n.s n.s n.s n.s n.s n.s
é TFB2M ILMN_206770! NM_02236(.1 1944 n.s n.s n.s n.s n.s n.s n.s n.s n.s
% MTERFD1 ILMN 204461 NM 01594..3 802z.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
g MTERFD1 ILMN 178250 |NM 01594.3 |8g2z.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
% MTERFD2 ILMN 168989 NM 18250..2 20931.3f n.s n.s n.s n.s n.s n.s n.s n.s n.s
s MTERFD3 _ |ILMN 238851 |NM_ 025193 |12g2%3c E E E E E E
MTERFD3 ILMN 168015! NM 00103305.1]12g2:.3c n.s n.s n.s n.s n.s n.s n.s n.s n.s
POLRMT ILMN_177035! NM_00503.3 19p1i3) n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRF63 ILMN 220380 NM 02402.4 1391211k n.s n.s n.s n.s n.s n.s n.s n.c n.s




MRF63 ILMN 177431. NM 024024 13q1z11k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL1 ILMN_ 207665i NM 02023(.2  |4921.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL2 ILMN 176326. NM 015953 6p21.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL3 ILMN_ 223059: NM _00720:.2 392z.1b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL3 ILMN 171314: |NM 00720.2 |3g2z1b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL4 ILMN 180420 NM 01595(.2 19pl1i2c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL4 ILMN_168123 NM_14638:.1 19p1i2c ] ] ] ] ] ]
MRPL4 ILMN 235204 NM 146381 19pli.2c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL9 ILMN_177371 NM_03142(.2 1921.3s n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL10 ILMN 169547. NM 14888'.1 17921.32k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL10 ILMN_ 239600: NM 14525!.2 17921.32k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL11 ILMN 2316541 |NM_01605t.2 |11glile 12.12 5.58E-04 2.85E-03] -0.07 5.8CE-03| -0.08 5.6CE-04 n.s n.s
MRPL11 ILMN_ 167645i NM 17073.1 11glile n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL11 ILMN 169037 NM 170731 11glile n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL12 ILMN_ 169960: NM 00294:.2 1792t.3f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL13 ILMN 167115/ |NM_01407i4  |8g2412¢ 12.77 3.99E-04 2.1SE-03] -0.06 4.96E-02| -0.10 4.1CE-04 n.s n.s
MRPL14 ILMN_ 207260: NM 03211.2 6p21.1b n.s n.s. n.s. n.s n.s n.s n.s, n.s n.s
MRPL15 ILMN 2103721 _|NM_01417.2 |8g11.23¢c 10.50 1.3CE-03 5.87E-03 n.s ns| -0.07 1.0CE-03 n.s n.s
MRPL16 ILMN_173068! NM_01784(.2 11g1:.1d n.s n.s.| n.s.| n.s n.s n.s n.s| n.s n.s
MRPL17 ILMN_179793: NM_02206..2 11plt4c 22.26 3.38E-06 4.75E-05 -0.10 1.1CE-04] -0.11 3.2CE-06 n.s n.s
MRPL18 ILMN_ 180447 NM 01416.2 602¢t.3f n.s n.s n.s n.s n.s n.c n.s n.s n.s
MRPL18 ILMN_223067. NM_01416.2 602E.3f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL19 ILMN 177114 NM 01476:.3 2pl2 n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL20 ILMN 218942 NM 01797:.2 1p3€.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL20 ILMN 169335; NM 01797.2 1p3€.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL21 ILMN 174483! NM 18151.1 1191i2b 10.74 1.15E-03 5.27E-03 -0.09 2.4CE-03] -0.08 1.1CE-03 n.s n.s
MRPL21 ILMN 165425! NM 18151:.1 11ql:i2h n.s n.s.| n.s.| n.s n.s, n.s n.s, n.s n.s
MRPL21 ILMN_ 234805! NM 18151.1 1191i2b 14.18 1.93E-04 1.2CE-03 -0.06 3.77E-03] -0.07 1.9CE-04 n.s n.s
MRPL22 ILMN 1663221 |NM_ 014182 |5g3:.2h 14.68 1.50E-04 1.05E-03] -0.05 3.91E-02| -0.09 1.5CE-04 n.s n.s
MRPL22 ILMN 174881 NM_00101499.1]593:.2h 15.20 1.15E-04 8.38E-04 -0.10 6.03E-03] -0.13 1.2CE-04 n.s n.s
MRPL23 ILMN_180612: NM_02113-.2 11p1t5h n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL24 ILMN 169557/ NM 1457241 1g2:.1s n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL24 ILMN_239899! NM_02454(.2 1g2i.1s n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL27 ILMN 175397 NM 14857(.1 17921.33k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL27 ILMN 172755i NM 14857.1 17921.33k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL27 ILMN 181132 |NM_14857.1 1792133k 16.06 7.44E-05 5.77E-04] -0.05 1.0CE-02| -0.07 7.6CE-05 n.s n.s
MRPL28 ILMN 169495 NM 00642:.3 16p1a3f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL30 ILMN 176615. NM 14521.2 2q11.2c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL30 ILMN 166103 NM 14521.2 2911.2¢c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL32 ILMN 174943; NM 03190:.1 7plsle n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL33 ILMN 170632 NM 14533(.2 2p2:.2h 24.91 9.3CE-07 1.4GE-05 -0.19 1.2CE-08] -0.15 6.0CE-07 n.s n.s
MRPL33 ILMN 172641 |NM_00489.2 |2p2:.2h 25.06 8.62E-07 148E-05| -0.10 1.7CE-04] -0.13 8.3CE-07 n.s n.s
MRPL34 ILMN 178368 NM 02393'.2 19plille n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL35 ILMN_181277 NM_01662..2 2p1l.2f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL35 ILMN 175301/ NM 01662..2 2pli1.2f n.s n.s n.s n.s n.s n.s n.s n.s n.s




Mitochondrial Ribosome Proteins

MRPL35 ILMN 234195, |NM_14564.1 |2p11.2f 16.55 5.81E-05 4.67E-04] -0.10 2.8CE-03| -0.12 5.8CE-05 n.s n.s
MRPL36 ILMN 180019 NM 03247.2 5p1Et.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL37 ILMN 204132 NM 01649:.2 1p3Z.3h n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL38 ILMN 171965 NM 03247:.2 1792t.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL39 ILMN 177873 NM 08079.2 21921.3¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL39 ILMN 172639 NM 01744.3 21921.3¢ 14.14 1.97E-04 1.2CE-03 -0.05 2.01E-02] -0.08 2.0CE-04 n.s n.s
MRPL40 ILMN_168740: NM_00377(.2 22q12.21c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL41 ILMN 170546. NM 032471 9g34.3f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL42 ILMN_235689 NM_17217.1 12922t n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL42 ILMN _235689! |NM 17217.1 |12g22t 9.41 2.31E-03 9.2SE-03 n.s ns| -0.04 2.0CE-03|  -0.03 2.15E-02
MRPL42P5 ILMN 204234 NR 00220:¢1 1591t.1b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL43 ILMN 170047 NM 03211:.2 1092431¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL43 ILMN 225877. NM 03211:..2 10g2¢431¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL43 ILMN 165214 NM 17679:.1 1092¢31¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL44 ILMN 167145. NM 02291.2 2q3¢.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL44 ILMN 214152 |NM 02291!.2 |2q3¢.1d E i - | ] _
MRPL45 ILMN 174865! NM 03235.3 17912¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL45 ILMN 180830 NM 03235.3 17912« n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL46 ILMN 172283 NM 02216..2 15¢2¢t.3d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL47 ILMN_239152 NM_17798:.1 302¢€.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL47 ILMN 168703! NM 020402 302¢€.33¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL48 ILMN_177336! NM_01605.4 1191i4b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL49 ILMN 168132. NM 00492'.2 11gliic n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL50 ILMN 166483 NM 01905.1 9g31.1b 13.02 3.52E-04 1.98E-03 n.s ns| -0.11 3.6CE-04 n.s n.s
MRPL51 ILMN 209742, |NM_01649.2 |12p1i3ilc 50.85 5.32E-12 2.9SE-10] -0.15 6.8CE-05] -0.25 5.5CE-12| -0.10 9.10E-03
MRPL52 ILMN 231104 NM 18130.1 14911.2f n.s n.s. n.s. n.s n.s. n.s n.s, n.s n.s
MRPL52 ILMN 171396! NM 18098:.1 14q11.2f n.s n.s.| n.s.| n.s n.s, n.s n.s, n.s n.s
MRPL53 ILMN 181368. NM 053052 2plilb 5.77 1.68E-02 4.71E-02 -0.05 2.5CE-02] -0.05 0.017¢ n.s n.s
MRPL54 ILMN 1658481 |NM 17225.1 |19p1i3e 8.65 3.47E-03 1.28E-02| -0.07 1.11E-02| -0.07 3.5CE-03 n.s n.s
MRPL55 ILMN 179928 NM 18146..1 194z.13c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL55 ILMN_234809 NM_18146:..1 1g4z.13c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPL55 ILMN 181381 NM 18145.1 1942.13c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE2 ILMN_181504: NM_01603-2 9q9343h n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS5 ILMN 176044 NM 03190..3 2g1l.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS6 ILMN 172387 NM 03247(.2 2192z.11c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS7 ILMN_ 181338 NM 01597:.2 1792t.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS9 ILMN 181320 NM 182641 2q91z.1d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS10 ILMN 166366 NM 01814.2 6p21.1f n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£11 ILMN 240591! NM 17680.1 1502%.3d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS11 ILMN 172290! NM 1768041 15¢2¢t.3d n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£12 ILMN 237196 NM 03336..1 19g1i.2¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS12 ILMN 175486! NM 021101 19g1:.2¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS£12 ILMN_ 171451! NM 03336..2 19g1:.2¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£12 ILMN_181086! NM_03336..2 19q1i2¢e n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£14 ILMN_ 177942 NM_02210(.1 1g2t.1b n.s n.s n.s n.s n.s n.s n.s n.s n.s




MRPS15 ILMN_168070: NM_03128(.2 1p3<.3d n.s n.s.| n.s.| n.s n.s, n.s n.s| n.s n.s
MRPS1€ ILMN 177574 NM 01606.3 1092z.2¢ n.s n.s. n.s. n.s n.s. n.s n.s. n.s n.s
MRP<17 ILMN_180485._ |NM_ 015962 |7p11.2b 28.96 1.32E-07 2.7CE-06] -0.05 2.0CE-03| -0.09 1.4CE-07 n.s n.s
MRPE18A ILMN 173039 NM 01813.2 6p21.1c n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS18B ILMN 172133 NM 014042 6p21.33k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£18B ILMN 212128 NM 01404(.2 6p21.33k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£18C ILMN_165841 NM_01606.1 ]4921.23¢ 20.47 8.18E-06 1.08E-04 -0.10 2.1CE-02| -0.18 8.4CE-06 n.s n.s
MRP<£18C ILMN 208590 |NM_01606.1 |4921.23¢ E E E E E E
MRP£21 ILMN_166029: NM_01899.1 1921.2h n.s n.s. n.s. n.s n.s. n.s n.s. n.s n.s
MRP<£21 ILMN_165576! |NM_01899.1 |1g21.2b 29.93 8.30E-08 1.87E-06] -0.14 1.0CE-03] -0.21 8.5CE-08 n.s n.s
MRPS22 ILMN 165537 NM 02019:2 3023 12.38 4.87E-04 2.58E-03 -0.08 1.58E-02| -0.11 4.9CE-04 n.s n.s
MRPS23 ILMN_168735! NM_01607(.2 17922¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£24 ILMN_ 180255: NM 03201-.2 7pl3¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPS25 ILMN 179882 NM 022493 3p2¢.3€ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£26 ILMN 167602 NM 03081.3 20p13¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE27 ILMN 213843 |NM 01508.1 |5q1:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE27 ILMN 171141 NM 01508-1 5q1:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP<28 ILMN 171842. |NM_01401.2 |8921.13¢ 11.23 8.86E-04 4.33E-03 n.s ns| -0.06 9.0CE-04 n.s n.s
MRP£30 ILMN_172674. NM_01664(.3 5pl12¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE31 ILMN_165455: NM_00583(.2 13q1s11e n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£33 ILMN 177272. NM 01607.2 7034c¢ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE33 ILMN_174126. NM_01607.2 7934¢ 12.93 1.07E-05 1.34E-04 -0.07 1.6CE-02| -0.13 1.1CE-05 n.s n.s
MRP£34 ILMN 221048; NM 0239311 16p1:.3€ n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRPE35 ILMN 218999: NM 02182.2 12p11.22k n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRRF ILMN_168067! NM 199171 993:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRRF ILMN_ 229895! NM 13877.2 9g3:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRRF ILMN_ 241594 NM 138772 993:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRRF ILMN 170130 NM 19917.1 9g3:.2b n.s n.s n.s n.s n.s n.s n.s n.s n.s
MRP£36 ILMN_180709! NM 03328.5 5qli.2e n.s n.s n.s n.s n.s n.s n.s n.s n.s




Table 3: gqRT-PCR was used to determine the differezes in expression of genes expressed from the mthioadrial genome in blood samples from
control, MCI and Alzheimer’s disease Datais shown graphically in Figure 1. Regression p values and post-hoc t-tests were corrected for multiple testing
using the Benjamini-Hochberg method (correcting for 12 ANOVA tests and subsequently 36 t-tests). n.d. = not determined.

ANOVA Control-MCI Control-AD MCI-AD
Complex Ge | Evaued o |pvaue ovaue [ZPNpo vawe |ovaue [TP™Mp vave [BHP vaue| TP b vaue  |BHP Value
change change change

MT-ND1 12.9(] 504 0.00036| 1.0¢E-03 ™ 0.00002/ 0.00009¢4 1 0.00041(] 1.4€E-03 J 0.507820| 6.12E-01

MT-ND2 2.18| 502 0.140000( 1.87E-01 0 0.00051( 0.00166! N 0.153270| 2.21E-01 N 0.043470| 7.45E-02

MT-ND3 5.41| 489 0.020400( 3.96E-02 ™ 0.472100| 0.606986 J 0.018400| 3.90E-02 J 0.00230( 6.4ZE-03

Complex| |[MT-ND4 0.33] 491 0566000 6.17E-01 J 0.040700| 0.0745201 1 0.526600| 6.12E-01 ™ 0.008600| 1.94E-02
MT-NDA4L 0.12| 495 0.732000( 7.32E-01 ™ 0.760000| 0.829091 J 0.720000| 8.10E-01 J 0.570000| 6.12E-01

MT-ND5 2.01| 494 0.157000( 1.88E-01 T 0.002401] 0.00642 N 0.170400| 2.36E-01 J 0.101800| 1.59E-01

MT-ND6 5.19| 505 0.023100( 3.96E-02 ™ 0.00000!] 0.00000! ™ 0.026800| 5.36E-02 J 0.00340( 8.1€E-03

Complex Il [MT-CYB 3.21| 484 0.074010( 1.11E-01 J 0.836000| 0.874286 ™ 0.067000| 1.10E-01 ™ 0.043000| 7.45E-02
MT-CO1 36.4f 501/ 0.00000( 3.6¢E-08 T 0.00000{ o0.000044 1 0.00000.] 4.0EE-0& ™ 0.130000| 1.95E-01

Complex IV |MT-CO2 21.0¢] 501] 0.00005| 2.2¢E-05 N 0.00000 0.00004: ™ 0.00000| 4.62E-0& J 0.960000| 9.60E-01
MT-CO3 9.4¢| 505 0.00219 5.2€E-03 ™ 0.00001{ 0.00008: ™ 0.00250( 6.4%E-03 J 0.214700| 2.86E-01

Complex V MT-ATP6 21.8¢ 50C| 0.00000] 2.24E-0% ™ 0.00000! o0.000044 1 0.00000!] 4.0FE-0& ™ 0.850000| 8.74E-01
MT-ATP8 nd.| n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.




Figure 1: Differences in expression of mitochondrial genome genes in circulating white blood
cellsin control (CTL, n=177), MCI (n=168) and AD (n=164). gRT-PCR was used to determine
the difference in the expression levels of MT-ND1 (A), MT-ND2 (B), MT-ND3 (C), MT-ND4 (D),
MT-NDA4L (E), MT-ND5 (F), MT-ND6 (G), MT-CYB (H), MT-COL1 (1), MT-CO2 (J), MT-CO3 (K)
and MT-ATP6 (L) in control (CTL), MCI and AD samples. Linear regression demonstrated between
group differences for ND1 (F=12.90; p=3.61x10"% =1.08x10°), ND3 (F=5.41; p=0.0204;
0=0.0396), ND6 (F=5.19; p=0.0231; g=0.0396), CO1 (F=36.45 p=3.05x10° q=3.66x10®), CO2
(F=21.04; p=5.69x10° (=2.28x10°), CO3 (F=9.479; p=2.19x10> =5.26x107) and ATP6
(F=21.88; p=3.73x10"®% g=2.24x10®). Regression p values and post-hoc t-tests were corrected for
multiple testing using the Benjamini-Hochberg method (correcting for 12 ANOVA tests and
subsequently 36 t-tests). Full datais provided in Table 3. Key: *=p<0.05; **=p<0.01; ***=p<0.005

in post-hoc t-tests after Benjamini-Hochberg correction.



Figure 1

ND3

ND2

ND1

ap | | |2 a | |5
[ | [ |
| 1€ o fd | b
| B
[
* 2%
o
................ . .|E | |.
V 8 [ |
() (T
© © ¥ ® « - © © ¥ ©® « -
sa1do) anieley sa1do) aAielRy
3l [, o .. |
[ | < [ |
| | 1l | el | L
_ I 12 O
. =2
_ | ..|8 [ | .
[ I 1§ [ |
(6]
[aa] w
© B T ® « - © ©w v ©® « -
saido) anijejy saido) anjejy
s | [ = I U B N
_ e i A
| [ Fo T o | PO I N O
|l -2 g |
X =2
s
+- 4 | ] | -
< ()]
© B ¥ ® « - © ® ¥ ©® &« -

sa1do) anjeley

sa1do) aAielRy

MCI AD
Cco1

Control

MCI AD

CYB

Control

MCI AD

ND6

Control

sa1do) anneey

sa1do)) aAle|ey

V .................. - 5 * ............... A 5
A1 | o ol |l | L
Al 1 |2 % . V _
* u A * H

1 E 1 .

[ & [ |
(@]
-— -
© v 9w ©® « - © v T ©® « -«
sa1do) annePy sa1do)) aAle|Ry
d | |,
V 2 _ _
| I 15 enll |
[ ) _n |
Q| *| 4
_ - | .
[ | S [ |
T © ~
© v ¥ ©® & - © ®w w ®» & -
saido) aneRy saido) anijejey
[ | 5 s | |
[ I [ ﬁ
’ _ ................... _ SN __ __
o
* * C *| %
i _ X%
. * ............... A .| | | ..
s [ ]
(]
O -
© © v ® « - © © v ® « -

MCI AD

Control

AD

MCI

Control

MCI AD

Control



Highlights

¢ Decreased OXPHOS and mitochondria ribosome nuclear genes in Alzheimer’s disease blood
¢ Increased OXPHOS mitochondrial genes in Alzheimer’s disease blood

¢ Changes appear to be independent of mitochondrial biogenesis or mitophagy

e OXPHOS efficiency may be compromised leading to damaging reactive oxygen species



