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Abstract

Mitochondrial (mt) DNA haplogroups, defined by specific single nucleotide polymorphism (SNP)
patterns, represent populations of diverse geographic origins and have been associated with
increased risk or protection of many diseases. The H haplogroup is the most common European
haplogroup while the K haplogroup is highly associated with the Ashkenazi Jewish population.
Transmitochondrial cybrids (cell lines with identical nuclei, but mtDNA from either H (7= 8) or K
(n = 8) subjects) were analyzed by the Seahorse flux analyzer, quantitative polymerase chain
reaction (Q-PCR) and immunohistochemistry (IHC). Cybrids were treated with amyloid-f
peptides and cell viabilities were measured. Other cybrids were demethylated with 5-aza-2”-
deoxycytidine (5-aza-dC) and expression levels for APOE and NFkB2were measured. Results
show K cybrids have (a) significantly lower mtDNA copy numbers, (b) higher expression levels
for MT-DNA encoded genes critical for oxidative phosphorylation, (c) lower Spare Respiratory
Capacity, (d) increased expression of inhibitors of the complement pathway and important
inflammasome-related genes; and (e) significantly higher levels of APOE transcription that were
independent of methylation status. After exposure to amyloid-p1_42 peptides (active form), H
haplogroup cybrids demonstrated decreased cell viability compared to those treated with amyloid-
Bao_1 (inactive form) (p < 0.0001), while this was not observed in the K cybrids (p=0.2). K
cybrids had significantly higher total global methylation levels and differences in expression levels
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for two acetylation genes and four methylation genes. Demethylation with 5-aza-dC altered
expression levels for NFkBZ, while APOE transcription patterns were unchanged. Our findings
support the hypothesis that mtDNA-nuclear retrograde signaling may mediate expression levels of
APOE, a key factor in many age-related diseases. Future studies will focus on identification of the
mitochondrial-nuclear retrograde signaling mechanism(s) contributing to these mtDNA-mediated
differences.
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1. Introduction

Mitochondria (mt) are unique organelles with circular, double-stranded DNA containing
16,569 nucleotide pairs. The coding region of mtDNA encodes for 37 genes, including 13
protein subunits essential for oxidative phosphorylation (OXPHOS), 2 ribosomal RNAs and
22 transfer RNAs. (Wallace, 1992, 1994; McFarland and Turnbull, 2009) The non-coding
region of 1121 nucleotides, known as the MT-Dloop, is critical for mtDNA replication and
transcription. Most recently, it has been reported that biologically active mitochondrial-
derived peptides (MDPs) are encoded from the Z6sand 125 rRNA of the mtDNA. (Lee et al.,
2015; Yen et al., 2013) Geographic origins of populations can be classified into haplogroups
based upon the patterns of accumulated single nucleotide polymorphisms (SNPs) with the
mtDNA.

Studies show that mtDNA haplogroups can confer either increased risk or protection for
many human diseases, including Alzheimer’s disease (AD) and age-related macular
degeneration (AMD). (Wallace et al., 2007; Czarnecka and Bartnik, 2011; Ridge et al.,
2012; Strauss et al., 2013; De Luca et al., 2012; Fernandez-Caggiano et al., 2013; Canter et
al., 2006; Fernandez-Caggiano et al., 2012; Fesahat et al., 2007; Bi et al., 2015; Jones et al.,
2007; Canter et al., 2008; Udar et al., 2009; SanGiovanni et al., 2009; Mueller et al., 2012a;
Kenney et al., 2013a) Both Alzheimer’s disease and AMD are associated with inflammation,
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oxidative stress, specific ApoE allele profiles and amyloid-p deposits, along with risk factors
including smoking, obesity, elevated cholesterol, hypertension and aging. (Kaarniranta et al.,
2011; Zhao et al., 2015; Hyttinen et al., 2014) In these diseases, mitochondrial dysfunction,
retrograde signaling, and epigenetic abnormalities altering nuclear gene expression also
contribute to their pathogenesis. (Salminen et al., 2015; Hjelmeland, 2011; Guha and
Avadhani, 2013; Whelan and Zuckerbraun, 2013) Therefore, intense interest has developed
to understand the underlying mechanisms of these intricate mitochondrial-nuclear
interactions.

A major hurdle in identifying the effects of mtDNA upon cellular homeostasis is the
variability of nuclear genes from one individual to another. This problem can be addressed
by using the transmitochondrial cybrid models, which are cell lines with identical nuclei, but
the mtDNA from different subjects. Using the cybrid model, it has been demonstrated that
different mtDNA haplogroups mediate cellular bioenergetics, the levels of methylation, rates
of growth, and transcription of inflammatory, complement and signaling pathway genes.
(Bellizzi et al., 2009; Gomez-Duran et al., 2010; Chen et al., 2012; Pacheu-Grau et al., 2013;
Kenney et al., 2013b, 20144, 2014b; Malik et al., 2014) In addition, cybrids with different
mtDNA haplogroups have different responses to hydrogen peroxide or ultraviolet radiation.
(Malik et al., 2014; Mueller et al., 2012b; Lin et al., 2012) The conplastic mouse model,
which crosses the mtDNA from one strain of mouse into a different background, has
illustrated altered mitochondrial-nuclear interactions and increased susceptibility to
cardiovascular disease. (Fetterman et al., 2013) These studies support the hypothesis that an
individual’s mtDNA background contributes to baseline cellular homeostasis, making the
cells differentially susceptible to identical stressors and contributing to differential disease
susceptibility.

The UK cluster, comprised of both the U and K haplogroups, is defined by the A12308G
SNP. The group diverges with the G9055A that defines the K haplogroup. The K mtDNA
haplogroup (also known as Uk) has a 1-6% worldwide distribution (www.MitoMap.org).
Approximately 10% of the ancestral Europeans fall within the K haplogroups. One group
highly associated with the K haplogroup is the Ashkenazi Jewish population, which is
defined as Klalbla, K2a2a and K1a9 subsets. (Behar et al., 2004) Within the Ashkenazi
Jewish population, approximately 32% can be classified in the K haplogroup, a high
percentage that has occurred due to a genetic bottleneck. (Behar et al., 2004) The H
haplogroups are the most common European mtDNA haplogroup (www.mitomap.com).
Those individuals of maternal African-origin possess the L haplogroup, which is the oldest
and most diversified haplogroup. The diverse racial/ethnic populations have different risks
for specific diseases. For example, African-Americans are susceptible to developing type 2
diabetes, obesity and prostate cancer. (Hatzfeld et al., 2012; Mensah et al., 2005; Kurian and
Cardarelli, 2007) The Ashkenazi Jews are prone to having high levels of cholesterol and
lipid along with other cardiovascular diseases at young ages. (Seftel et al., 1989; Jenkins et
al., 1980) Scientifically, when studying the relationship between genetics and specific
diseases, it is helpful to study well-defined, homogeneous populations so genetic changes
can more easily be identified. (Guha et al., 2012) As a successful example of this approach,
it was the examination of Ashkenazi Jews females that led to the identity of BRCAI and
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BRCAZ genes being associated with breast and ovarian cancers. (Lancaster et al., 1997,
Berchuck et al., 1998).

The Ashkenazi Jewish population is an excellent model to study age-related diseases
because the number of founders is limited, there have been population bottlenecks (sharp
reduction in population size due to environmental or sociological events) and the population
tends to marry within their communities. (Atzmon et al., 2005) As populations age, then the
likelihood for individuals to develop age-related diseases is increased. In the present study,
we illustrate that although the human retinal pigment epithelial (RPE) cybrids all have
identical nuclei, the cybrids with K haplogroup mtDNA have: (1) significantly increased
expression of ApoE, a critical lipid transporter molecule associated with human diseases; (2)
higher degree of protection from cytotoxic effects of amyloid-p;_45 (active form); (3)
increased expression of inhibitors of the alternative complement pathways and important
inflammasome-related genes; and (4) elevated bioenergetic respiratory profiles compared to
the H cybrids. These findings suggest that an individual’s mtDNA may, by as of yet
unknown mechanism(s), contribute to lipid transport, cholesterol metabolism, complement
activation and inflammation, factors critical for AMD, Alzheimer’s disease and other age-
related diseases.

2. Materials and methods

2.1. Cybrid cultures and culture conditions

Institutional review board approval was obtained from the University of California, Irvine
(#2003-3131). Peripheral blood was collected in tubes containing sodium citrate and DNA
was isolated with a DNA extraction kit (PUREGENE, Qiagen, Valencia, CA) and quantified
using Nanodrop 1000 (Thermo Scientific, Wilmington, DE). Platelets were isolated by a
series of centrifugation steps and final pellets were suspended in Tris buffer saline (TBS).
ARPE-19 cells, are a human diploid cell line showing structural and functional properties
similar to RPE cells in vivo, derived from human retinal epithelia (ATCC, Manassa, VA).
(Dunn et al., 1998) The ARPE-19 cells were made Rho0 (deficient in mtDNA) by serial
passage in low dose ethidium bromide. (Miceli and Jazwinski, 2005) Cybrids were produced
by polyethylene glycol fusion of platelets with Rho0 ARPE-19 cells as described previously.
(Kenney et al., 2013b) Cybrids were cultured until confluent in DMEM-F12 containing 10%
dialyzed fetal bovine serum, 100 unit/mL penicillin and 100 pg/mL streptomycin, 2.5 pg/mL
fungizone, 50 pg/mL gentamycin and 17.5 mM glucose. A total of 11 haplogroup H cybrids
were produced and 10 haplogroup K cybrids were cultured to passage 5 for the experiments.
The age, gender, and sub-haplogroup data are described in Table 1.

2.2. Inhibition of methylation in cybrid cultures

Experiments were performed to determine if inhibition of methylation sites in the K and H
cybrids might affect the RNA expression for nuclear genes associated with age-related
diseases. The H cybrids (n= 3) and K cybrids (7= 3), each from different individuals, were
plated for 24 h, media were removed and replaced with the same media containing a final
concentration of 250 nM 5-aza-2”-deoxycytidine (5-aza-dC, Sigma-Alrich, St. Louis, MO).
The culture media containing 5-aza-dC was replaced every 24 h for a total incubation period
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of 48 h. Cells were pelleted, RNA isolated and cDNA synthesized as described below. Q-
PCR was performed with primers for APOE and NFx-B2, run in triplicates and the
experiments were repeated twice.

2.3. Amyloid-B treatment and cell viability measurement

2.4. Oxygen

The amyloid-p1_42 (active form) and amyloid-B4o_1 (inactive form) peptides (Anaspec
Protein, Fremont, CA) were reconstituted by diluting the initial stock in 1% NH4OH to 2.77
mM according to manufacturer designation. The amyloid-f stock solutions were further
diluted in 1x PBS to 100 uM, which were then stored in aliquots at —20 °C. At the time of
the experiments, aliquots were thawed and diluted with culture media to 20 uM amyloid-
[B1-42 prior to being added to the cells. The H (7= 6) and K (n7= 8) cybrids were cultured 24
h in 96 well plates (5 x 10% cells/well). Cells were treated with fresh media plus 20 pM
amyloid-B1_42 and the untreated samples had their culture media changed. After an
additional 24 h, 10 uyL MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
reagent (Biotium, Hayward, CA) was added to each well for 2 h, and then the reaction was
quenched by adding 100 uL. DMSO. Plates were read immediately with an absorbance
reader at 570 nm (MTT) and at 630 nm (background) (Biotek elx808 Absorbance Reader,
Winooski, VT). Background was subtracted from the MTT values and values were
normalized to the corresponding untreated value. For each sample, the treated cultures were
run as sextuplets and the untreated samples were run as quadruplets.

consumption rates and biogenetic profiles

The Seahorse XF24 flux analyzer (Seahorse Bioscience, Billerica, MA) allows for real-time
bioenergetic measurements in individual wells of the oxygen consumption rates (OCR)
representing the basal aerobic respiration of the cells, extracellular acidification rates
(ECAR) representing glycolysis, basal respiration, ATP turnover, maximal respiration, spare
respiratory capacity, proton leak and non-mitochondrial respiration (Fig. 1). Cybrids with
haplogroups H (7= 7) and K (n= 10) were plated at 30,000 cells/well and cultured
overnight at 37 °C under 5% CO,. Samples were run in triplicate and experiments repeated
twice. Plates were then washed and placed 1 h in a 37 °C incubator under air in 500 pL of
unbuffered DMEM (Dulbecco’s modified Eagle’s medium, pH 7.4), supplemented with 17.5
mM Glucose (Sigma, St Louis, MO), 200 mM L-glutamine (Invitrogen-Molecular Probes,
Carlsbad, CA) and 10 mM sodium pyruvate (Invitrogen-Molecular Probes). There was
sequential injection into the wells of Oligomycin (1 pM final concentration, which blocks
ATP synthase to assess respiration required for ATP turnover), FCCP (1 uM final
concentration, a proton ionophore, which induces chemical uncoupling and maximal
respiration), and Rotenone plus Antimycin A (1 uM final concentration of each, completely
inhibits electron transport to measure non-mitochondrial respiration). Total protein was
isolated with RIPA lysis buffer (Millipore, Billerica, MA) containing protease inhibitor
(Sigma, St. Louis, MO) and phosphatase arrest (G-Biosciences, St. Louis, MO). Isolated
protein was mixed with Qubit buffer and measured with Qubit 2.0 fluorometer (Invitrogen,
Grand Island, NY). Data from each well was normalized by measuring total protein levels.

Using the XF Reader software from Seahorse Bioscience, the bioenergetic profiles for the H
and K cybrids were analyzed. The OCR is determined by measuring the drop in O, partial
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pressure over time followed by linear regression to find the slope. The ECAR is determined
by measuring the change in pH levels over time followed by linear regression to find the
slope of the line that represents ECAR. The percentage ATP Turnover Rate is calculated by
the following formula: 100 — (ATP coupler response/basal respiration x 100). The
percentage Spare Respiratory Capacity represents a bioenergetic value for cells needing high
amounts of ATP in response to demands placed upon them. This is calculated by the
formula: Electron transport chain (ETC) accelerator response/basal respiration x 100. The
percentage Proton Leak equals the ATP coupler response-non-mitochondrial respiration.
Data from these experiments were exported to GraphPad Prism 5 (GraphPad Software, La
Jolla, CA, USA) where they were analyzed, normalized and graphed. Statistical significance
was determined by performing two-tailed Student #tests and p < 0.05 was considered
significant in all experiments.

2.5. Whole mtDNA genome sequencing

The sequencing method was a modified version used by Zaragoza.(Zaragoza et al., 2011)
The PCR for whole mtDNA genome sequencing was performed in two parts with a high
fidelity PCR system (FailSafe™ PCR System, EpiCentre Biotechnologies, Madison, WI1).
Part A was with primers hmtL569 [AACCAAACCCCAAAGACAC] and hmtH12111
[AAACCCGGTAATGATGTCGG], while Part B was with primers hmtL11727
[GCCCACGGGCTTACATC] and hmtH1405 [ATCCAC CTTCGACCCTTAAG] (Integrated
DNA Technologies, Inc., Coralville, 1A). PCR products were run on a 1% agarose gel and
then a single step enzymatic elimination of the unincorporated primers and dNTPs was
performed (ExoSAP-IT, Affymetrix, Santa Clara, CA). Samples were sent to ELIM
BioPharm for sequencing with internal primers (ELIM Biopharm, Hayward, CA).
Sequencing results were analyzed with DNA variant analysis software (Mutation Surveyor,
SoftGenetics, State College, PA).

2.6. Isolation of RNA and amplification of cDNA

Cells from cybrid cultures (H cybrids, 7= 8; K cybrids, 7= 9) were pelleted and RNA
isolated using the RNeasy Mini-Extraction kit (Qiagen).(Kenney et al., 2013b) Individual
RNA samples (100 ng) were reverse transcribed into cONA with the QuantiTect Reverse
Transcription Kit (Qiagen) and used for Q-PCR analyses.

2.7. Gene expression arrays and statistical analyses

For gene expression array analyses, equal quantities of RNA isolated from H cybrids (7= 3
different individuals) and K cybrids (N = 3 different individuals) were combined (250 ng/uL
per sample) into two different samples for analyses by the UCLA Clinical MicroArray Core
Lab (Affymetrix Human U133 Plus 2.0 Array).(Kenney et al., 2013b) The INGENUITY
Systems pathway software (Redwood City, CA) was used to analyze the gene expression
results.

2.8. Quantitative PCR (Q-PCR) analyses

Q-PCR was performed using different primers (QuantiTect Primer Assay, Qiagen) for genes
associated with the atherosclerosis signaling pathway (APOE, APOC1, COLAI and
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MMPI); amyloid beta precursors (APBB1IP, APBBZ, and APBA1I); inflammation and
inflammasome pathways (/L-6, /L-33, IL-1B, IL-18, CASPI1, TGFA and TGFB2);
complement pathway (C3, CFH, CD59, CD55 DAF, CFHR4, CFP, C4B, C1S, C1QC, CFD,
and CF/); and signaling pathways (THBS1, HSPG2, ITGB5, ITGBS, NFxB, MAPK8and
MAPKI0). Primers for ApoB, ABCA4, NLRP3and NLRP14were also used, but extremely
low expressions for these genes were found (data not shown). Total RNA was isolated from
individual pellets of cultured cells of haplogroup H cybrids (n = 8 different individuals) and
K cybrids (n= 9 different individuals) as described above. Previous studies have shown that
mtDNA can modulate the expression of various genes associated with epigenetic pathways.
(Atilano et al., 2015) Therefore, in this study we also analyzed HAT1, HDACI, HDACS,
HDAC11, SIN3A, MATZB, MBDZ2, MBD4, DNMT1, DNMT3A and DNMT3B. Q-PCR
was performed on individual samples using a QuantiFast SYBR Green PCR Kit (Qiagen) on
a Bio-Rad iCycler iQ5 detection system. Primers were standardized with the HPRT1,
HMBS, ALASVv1, TUBB or GUSB housekeeping genes. The mtDNA copy numbers for the
H and K cybrids were determined by Q-PCR using 18S to represent nuclear DNA (nDNA)
and MT-ND2 to represent mtDNA (TagMan, Life Technologies). All samples and analyses
were performed in triplicate.

2.9. Histochemical staining

The ApoE protein was analyzed by staining the H cybrids (n7=6) and K cybrids (7= 7) with
the polyclonal antibody apolipoprotein E (GeneTex, Irvine, CA). Briefly, cells were plated
onto 4-well tissue culture slides (Millipore, Billerica, MA), incubated for 120 h, rinsed in 1x
PBS and then fixed with 2% paraformaldehyde. Cells were rinsed three times in 1x PBS and
were treated overnight with ApoE antibody (diluted 1:100 in Triton X-100 with 0.02%
bovine serum albumin (BSA)). The secondary donkey anti-rabbit antibody (GeneTex, Irving,
CA) was incubated for one hour (1:250 in Triton X-100 with 0.02% BSA). Upon washing
with 1x PBS (five minute each) solution, the nuclei were stained with DAPI dilactate by
incubating for fifteen minutes (Invitrogen, Carlsbad, CA). Slides were then mounted with
50/50 glycerol/1x PBS for imaging. The ApoE staining was visualized with the Nikon
Eclipse E600 (Nikon, Tokyo, Japan); images taken using the CoolSNAP fx (Photometrics,
Tuscon, AZ).

2.10. Statistical analyses

Data were subjected to statistical analysis by ANOVA, GraphPad Prism (\ersion 5.0).
Newman-Keuls multiple-comparison test was done to compare the data within each
experiment. P < 0.05 was considered statistically significant. Error bars in the graphs
represent SEM (standard error mean).

3. RESULTS

3.1. Oxygen consumption rates and biogenetic profiles

For the H cybrids and K cybrids, the OCR to ECAR ratios (8.1 + 0.88 versus 6.5 £ 1.04, p=
0.28), percentage ATP turnover rates (48.4 = 1.8 versus 43.6 + 3.1, p= 0.25) and Non-

mitochondrial Respiration levels (31.6 + 1.8 versus 33.3 + 3.2, p=0.7) were similar to each
other (Fig. 1a). The K cybrids had significantly lower Spare Respiratory Capacity compared
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to the H cybrids (133.2 + 4.8 versus 153.6 + 5.3, p=0.01), but had elevated levels of Proton
Leak (23.6 = 1.1 versus 18.6 £ 1.04, p=0.02).

3.2. Levels of expression for mtDNA encoded respiration genes

The expression levels of the mtDNA encoded genes in respiratory Complexes I, 111, 1V, and
V of the OXPHOS pathway were measured and the H cybrids values normalized to 1 (Fig.
1b). The K cybrids showed significantly higher gene expression levels of ten of the twelve
mtDNA encoded genes compared to H cybrids: Complex I, mt-ND1 (2.1-fold, p=0.0011),
mt-ND4/NDA4L (1.6-fold, p=0.0078), mt-ND5 (3.0-fold, p < 0.0001); mt-ND6 (2.5-fold, p
< 0.0001); Complex 11, mt-CYB (2.2-fold, p < 0.0002); Complex IV, (mt-CO1 (3.4-fold, p
< 0.0001), mt-CO2 (2.2-fold, p< 0.0001), mt-CO3 (2.1-fold, p < 0.0001); Complex V, mt-
ATP6 (2.0-fold, p=0.0005); and mt-ATP8 (2.3-fold, < 0.0001). Fig. 1c shows that the K
cybrids had lower mtDNA copy numbers (nDNA:mtDNA ratio) compared to the H cybrids
after being cultured for 1 day (o< 0.0001) and 7 days (p < 0.0055).

3.3. GeneChip arrays analyses

The cDNA from K cybrids and H cybrids were analyzed with the Human Genome U133
Plus 2.0 Array and Ingenuity Software Program. Results from the Atherosclerosis Signaling
pathway showed differences in genes between the K cybrids versus H cybrids (Table 2). The
APOE genes had a 6.19-fold higher (Probe Set ID 203381 and Public ID number N33009)
and 4.12-fold higher expression (Probe Set ID 203382, Public ID number NM_000041). In
addition, the K cybrids showed higher gene expression levels for MMP1 (4.74 fold, Probe
Set ID 204475/Public ID number NM_002421) and APOC1 (2.89-fold, Probe Set 1D
204416/Public ID number NM_001645) but lower levels for APOC1 (-4.9 fold, Probe Set
ID 213553/Public ID humber W78384). The COL1AL1 gene variants were also expressed at
lower levels in the K cybrids (=3.56 fold, —4.19 fold and —11.1 fold, Probe Set IDs 202,310,
202,311 and 1,556,499/Public 1D number K01228, A1743621 and BE221212, respectively).

3.4. Differences of gene expression in H cybrids versus K cybrids

Q-PCR analyses on individual H (= 8) and K (n= 8) cybrid samples were used to verify
the GeneChip Array results (Table 3). The K cybrids had a 9.3-fold higher ApoE
(NM_000041) expression level compared to the H cybrids (p < 0.0001). In contrast to the
GeneChip results, the Q-PCR analyses showed that the APOC1, COL1A1 and MMP1 genes
were similar to each other in the H and K cybrids.

Amyloid-B, inflammation and complement activation contribute to the pathological
processes of both AMD and Alzheimer’s disease. The genes related to the amyloid-p
pathway (APBB1IP, APBBZ2and APBAI) were analyzed and expressed similar levels for
the H and K cybrids. The K cybrids had significantly increased expression of /L-1f (4.1-
fold, p=0.001), /L-18(2.6-fold, p=0.0007) and CASPI (2.5-fold, p < 0.0001) compared to
the H cybrids. The K cybrids had significantly elevated expression of the C3 gene (4.4-fold,
p<0.0001) and also genes related to inhibition of the complement system (CFH, 2.4-fold, p
=0.001; CD59, 2-fold, p=0.004; CFD, 1.8-fold, p=0.009 and CF/, 2.2-fold, p= 0.025)
compared to the H cybrids. There was lower expression in K cybrids for CFHR4, a cofactor
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of CFH (0.4-fold, p=0.01). The transcription levels for the pro-inflammatory cytokines /L-6
and /L-33were similar to each other in the H and K cybrids.

Specific integrin/binding genes associated with AMD and Alzheimer’s pathology were also
analyzed in the cybrids. The K cybrids showed lower levels of 7HBS1, an adhesive
glycoprotein that mediates cell-to cell and cell-to-matrix interactions compared to the H
cybrids (0.4-fold, p= 0.0009), but increased levels of /7TGB8 (1.5-fold, p< 0.0001) and
NFKpPZ2 (1.5-fold, p=0.005) compared to the H cybrids. The MAPK&and MAPK10
expression levels were similar in the H and K cybrids.

3.5. Immuno-histochemical staining for ApoE

The H cybrids and K cybrids were cultured on chamber slides and stained with a polyclonal
antibody to ApoE protein (Fig. 2a). A representative H cybrid showed regular punctate
staining pattern along cellular periphery, while the K cybrids showed larger, globular
staining patterns. The cultures stained with secondary antibody alone showed no fluorescent
staining. The levels of ApoE fluorescence were quantified in H (7= 6) and K (n=7) cybrids
(Fig. 2b). The intensity of ApoE staining was significantly higher in the K cybrids (1.14

+ 0.034) compared to the H cybrids (1.00 + 0.036, o= 0.007).

3.6. Response of cybrids to amyloid-f treatment

ApoE levels have been correlated to the elimination rates of amyloid-p. The H and K cybrids
were treated for 24 h with 20 uM amyloid-p1_4, (active form) and the cell viabilities were
measured (Fig. 3). Some cultures were treated with the amyloid-B4,_1 peptide (inactive
form), which served as a control. The H cybrids showed a 31% + 2% decrease in cell
viability after exposure to amyloid-p1_42 compared to untreated H cybrids (p < 0.0001). The
cybrids K cybrids had a 16% + 2% decrease in cell viability compared to untreated K
controls (p < 0.0001). The cybrids treated with amyloid-B42_1 peptide (inactive form) had a
10% = 3% decrease in cell viability compared to the untreated controls (o= 0.01). The H
cybrids treated with amyloid-B1_4o (active form) showed significant decline in cell viability
compared to H cybrids treated with the inactive form (amyloid-B4,_1 peptide) control
samples (20% + 4%, p < 0.0001). In contrast, the K cybrids treated with amyloid-p1_4
(active form) were not significantly decreased when compared to K cybrids treated with
inactive, control amyloid-f4,_1 peptide (6% + 0.05, p=0.2).

In summary, data from the GeneChip arrays, Q-PCR analyses and staining techniques
showed that the even though all cybrids had the identical nuclear genome, cells with K
haplogroup mtDNA showed increased expression of APOE expression. When amyloid-B1_42
peptides were added to the cybrids cultures, the H cybrids depicted the greatest degree of
damage, while the K cybrids were significantly more protected.

3.7. Altered expression levels of genes associated with epigenetic pathways

The K cybrids (1= 6) were compared to the H cybrids (n7= 6) for their expression levels of
eleven epigenetic genes measured by Q-PCR (Fig. 4a). The K cybrids had lower expression
levels for HATZ (0.8-fold, p=0.04), SIN3A, a transcriptional regulator protein which
promotes deacetylation (0.7-fold, p = 0.0006); MBD4, which binds specifically to
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methylated DNA (0.5-fold, p < 0.0001); ODNMT1, which methylate CpG sites (0.6-fold, p <
0.0001); and DNMT3B, which methylates DNA de novo (0.6-fold, p = 0.002) compared to
the H cybrids. The DNMT3A expression was significantly higher in the K cybrids compared
to the H cybrids (1.4-fold, p= 0.03). The expression levels for, HDAC1, HDAC6, HDAC11,
MATZB, and MBDZ2 genes were similar in the K and H cybrids.

3.8. Elevated levels of global DNA methylation in K cybrids versus H cybrids

Previous studies have shown that the J mtDNA haplogroups have a 3.1-fold higher level of
methylation compared to the H cybrids. (Atilano et al., 2015) The H and K cybrids were
grown under identical conditions for 48 h and total global methylation levels were measured.
The 5-mC% mean values were 0.005 + 0.001 for the H cybrids and 0.032 + 0.009 for the K
cybrids (p=0.13), which represents a 6.2-fold higher level of total global methylation for
the K cybrids (Fig. 4b).

3.9. Methylation inhibitor studies

Experiments were conducted to determine if methylation was involved with the elevated
expression of APOE. The H and K cybrids were treated with 5-aza-dC, a known inhibitor of
methylation, and then the expression levels of APOE and NFxBZ2were measured (Fig. 4c).
In the K cybrids, the APOE transcription levels were significantly higher in both the
untreated (2.3-fold, p=0.001) and 5-aza-dC treated cultures (3.8-fold, p < 0.0001)
compared to the H cybrids. In contrast, the NVFxB2expression levels were altered after
inhibition by 5-aza-dC. Prior to inhibition, the K cybrids had a 3-fold higher expression of
NFxB2 (p=0.004) compared to the H cybrids, but after 5-aza-dC treatment there was not a
significant difference (1.5-fold, p= 0.07). These data indicate that the mtDNA variants can
influence transcription levels of methylation and acetylation genes, the total global
methylation levels and also the expression levels of NFxB2, a major signaling molecule.
However, the differences in APOE expression in the H and K cybrids are not due to
methylation status of the cells.

3.10. mtDNA haplogroup patterns of the H and K cybrids

The entire mtDNA from each of the cybrids (H cybrids, 7= 7 and K cybrids, 7= 9) were
sequenced and compared to the Cambridge Reference Sequence (Fig. 5). The flow chart
shows the assigned haplogroup subset, which is based upon the accumulation of specific
SNPs. Each box describes the SNPs defining the subsets, some of which are non-
synonymous and the amino acid changes are listed. The specific haplogroups of the H (Fig.
5a) or K (Fig. 5b) subjects used in this study have bolded boxes. None of the SNPs found in
either the H or K cybrids were associated with diseases when compared to the
www.MitoMap. org. Reported Mitochondria DNA Base Substitution in Diseases section or
the Coding and Control Region Point Mutations section. Our sequencing data supports our
theory that the different accumulations of SNPs representing the K haplogroups versus the H
haplogroups results in amino acid changes within the mtDNA genes.
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4. Discussion

In this report, we demonstrate that cybrids containing the K haplogroup mtDNA express
higher levels of APOE than H haplogroup cybrids, even though all cybrids have identical
nuclear genomes and tissue culture conditions. Our data support the hypothesis that mtDNA-
nuclear retrograde signaling mediates transcription levels of APOE, a common element in
many age-related diseases, including Alzheimer’s disease, AMD, cardiovascular disorders,
cancers and diabetes (Fig. 6).

A key pathologic feature is the accumulation of amyloid-p peptides within the Alzheimer’s
brains (Dorey et al., 2014; Murrell et al., 2006) and retinal drusen of AMD patients
(Kaarniranta et al., 2011; Ratnayaka et al., 2015). Verghese and co-workers (2013) have
reported that ApoE protein can affect the metabolism of soluble amyloid-p via interactions
with cellular receptors/transporters and membrane surfaces. (Verghese et al., 2013) In our
study, we exposed H and K cybrids to amyloid-B1_4, peptide (active form) and amyloid-
B42_1 peptide (inactive form) and measured cell viability. The H cybrids treated with
amyloid-B1_4» demonstrated a 31% decrease in cell viability (p < 0.0001) when compared to
untreated cultures. By comparison, the K cybrids treated with amyloid-p1_4» declined only
16% in cell viability (p < 0.0001). When cybrids were treated with the amyloid-B»_1
peptide (inactive form), there was a 10% decrease in cell viability (p = 0.01), indicating that
the presence of the inactive peptide alone promoted a small amount of toxicity. The cell
viability for the amyloid-p;_45 treated K cybrids was not significantly different from the
cybrids treated with the inactive amyloid-p4,_1 peptide (84% versus 90%, p = 0.23). We can
speculate that in the K cybrids, the significantly higher levels of ApoE may play a role in
higher clearance of amyloid-f and thereby, promoted cellular protection. However, further
experiments are needed to elucidate the mechanism(s) for these specific interactions.

It has been shown that ApoE protein isoforms have direct interactions with amyloid-f to
enhance the clearance.(Verghese et al., 2013) In neural cells, the ApoE 2 allele suppresses
the amyloid-p inflammatory response while the ApoE &4 allele promotes it.(Dorey et al.,
2014) The ApoE ¢4 allele, which confers higher risk for lobar cerebral micro-bleeds,
(Romero et al., 2014) has also been used to determine the initial responses and subsequent
outcomes for acute brain injury (Graham et al., 1999) and is linked to elevated low-density
lipoprotein (LDL) cholesterol levels. In a recent study, subjects with the K haplogroup are
protected against traumatic brain injury and strong interactions were found between the
ApoE &4 allele and K haplogroup. (Bulstrode et al., 2014) However, if patients lacked the
ApOE &4 allele, then the K haplogroup did not have any impact on the outcome against the
traumatic brain injury. (Bulstrode et al., 2014) In Alzheimer’s patients, the K haplogroup
neutralizes harmful effects of the ApoE e4 allele. (Carrieri et al., 2001) In our cybrid model,
the host RPE cells have ApoE €3, e3 alleles, and therefore, both the H and K cybrids have
the same ApoE &3, 3 alleles. Therefore, the increased APOE gene expression in the K
cybrids is likely due to retrograde signaling of mtDNA variants influencing the
mitochondrial-nuclear interactions, which is a new concept for the production of APOE and
promotes the importance of evaluation of the mtDNA variants for subjects with ApoE-
related diseases.
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It should be noted that ApoE is associated with AMD for European populations, but it is not
a susceptibility factor in the Chinese population. (Sun et al., 2011) One can speculate that
having the ApoE 4 allele on the K haplogroup background might confer different risks
compared to having the same allele on the Chinese haplogroup background, since each
ethnic/racial population has every different haplogroup-defining SNPs. This is an especially
attractive theory since reports show that specific mtDNA haplogroup backgrounds can
increase the severity of a disease when coupled with either mitochondrial or nuclear
mutations. For example, in patients with Leber Hereditary Optic Neuropathy (LHON), there
is higher risk for vision failure when the mt3460G > A mutation is present on the K
haplogroup background and there is a significantly lower risk if the mt11778G > A is on the
H haplogroup background. (Hudson et al., 2007) It is also true for subjects with the nuclear
mutation in the adenine nucleotide transloactor-1 (ANTZ) gene, which causes
cardiomyopathy. If the patients have the U haplogroup background, they have a more rapid
and severe course of the disease compared to subjects with the H haplogroup. (Strauss et al.,
2013).

Studies have demonstrated the mtDNA can mediate the epigenetic status of cells. (Atilano et
al., 2015; Bellizzi et al., 2012; Smiraglia et al., 2008; Naviaux, 2008; Wallace and Fan,
2010; Bellizzi et al., 2013). In the present study, we examined the methylation- and
acetylation-related genes in the K versus H cybrids. These differences in methylation status
may help explain the personalized responses of individuals or populations to diseases and
drug responses. The K cybrids had altered expression levels for two acetylation genes
(HAT1 and S/IN3A) and four methylation-related genes (MBD4, DNMT1, DNMT3A and
DNMT3B) compared to the H cybrids. Measurement of total global DNA methylation
depicted the K cybrids had significantly higher levels compared to the H cybrids (6.2-fold, p
= 0.013). Other studies have also shown that mtDNA can influence the methylation status of
cells in vitro and it is highly likely to also affect cells in vivo. For example, increased total
global DNA methylation levels have been reported in the J cybrids cells (3.1-fold, p=0.02)
(Atilano et al., 2015) and the osteosarcoma cybrids with J haplogroup mtDNA. (Bellizzi et
al., 2012) These differences in epigenetic gene expression levels and methylation status can
influence the retinal cell’s mitochondrial homeostasis. (Smiraglia et al., 2008; Naviaux,
2008; Wallace and Fan, 2010) In addition, methylation levels have been associated with
disease outcomes in atherosclerosis, late onset Alzheimer’s disease, AMD, cancers and other
age-related diseases. (Wallace and Fan, 2010; Grimaldi et al., 2015; Di Francesco et al.,
2015; Pogribny and Rusyn, 2013).

In an effort to determine if the altered expression levels of APOE were mediated by
methylation status, the cybrids were treated with 5-aza-dC, a methylation inhibitor, and
downstream nuclear genes were evaluated. Our results suggest that although the mtDNA
haplogroup within cells can significantly influence epigenetic profiles (expression levels of
methylation and acetylation-related genes and influence total global methylation status) the
expression levels of the APOE was not modulated via the methylation process. The APOE
gene expression levels in the K cybrids before and after 5-aza-dC treatment were
significantly higher that the H cybrids, indicating that the regulation for APOE was not
related to the methylation status. In contrast, the NFxB2 levels in the untreated K cybrids
were significantly higher (3-fold, p = 0.004) compared to the untreated H cybrids but after
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demethylation, the expression levels were similar to each other (1.5-fold, p= 0.07). This
suggests that methylation status plays a role in expression of NFx B2, similar to what has
been reported previously with the H and J cybrids. (Atilano et al., 2015).

4.1. Bioenergetics of K haplogroup cybrids

One potential mechanism of retrograde signaling is via the respiratory metabolism and ATP
homeostasis. (Zhang et al., 2013) The K cybrid cultures had significantly higher expression
levels of ten of twelve MT-RNA genes (range 1.62-fold to 3.43-fold), which are critical in
the electron transport chain (ETC) and oxidative phosphorylation (OXPHQS). In a previous
study, cybrids with L haplogroup mtDNA (African-maternal lineage) had significantly
increased expression of nine of twelve genes (range 1.57-fold to 2.11-fold) and lower
expression of one mtDNA encoded gene (0.16-fold, p=0.0048) compared to the H cybrids.
(Kenney et al., 2014a) In stark contrast to both the L and K cybrids, the J cybrids, cultured
under identical conditions and with identical nuclei, preferentially use glycolysis and had
significantly decreased expression of seven of out of the twelve measured mtDNA encoded
genes (range 0.43-fold to 0.68-fold). (Kenney et al., 2013b) These findings are consistent
with those reported in osteosarcoma cybrids (Gomez-Duran et al., 2010; Arning et al., 2010)
and demonstrate that the mtDNA profile representing different haplogroups can influence
the mode and efficiency of energy production, in spite cells having the same nuclear
genome.

Prior investigations show that mtDNA variants in different ethnic/racial populations can
mediate different responses in the complement/inflammatory systems. In our previous
studies, we reported either unchanged or lower transcription levels for complement inhibitor
genes (CFH, CD55, CD59) in the African-maternally inherited L cybrids compared to the
common European H cybrids. (Kenney et al., 2014a) In the present study, we analyzed the
complement genes and found the K cybrids had significantly elevated expression of
complement inhibitors genes (CFH, 2.4-fold, p=0.001; CD59, 2-fold, p=0.004; and CF/,
2.2-fold, p=10.025), which would block activation of complement pathways. Compared to
the H cybrids, the K cybrids also showed significantly elevated expression of important
inflammasome-related genes (/L-1p, 4.1-fold, p=0.001, /L-18, 2.6-fold, p= 0.0007 and
CASP1, 2.5-fold, p< 0.0001). These findings suggest that cells with the K mtDNA might
favor the inflammasome pathways rather than activation of complement pathways. If this
would hold true in K haplogroup populations, then these groups would have a more robust
inflammasome response and perhaps less complement associated diseases, thereby
contributing to the difference in disease susceptibilities. Future studies should strive to
identify mtDNA-nuclear retrograde signaling that acts as a “master switch” to influence the
gene expression levels of critical gene expression pathways common to many age-related
diseases.

5. Conclusion

Although K and H cybrids have identical nuclear genomes, the variants within the mtDNA
result in differences in transcription levels for MT-DNA genes as well as nuclear genes (e.g.,
complement inhibitors, inflammasome-related genes, lipid transport and epigenetic genes).
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Moreover, the H haplogroup cybrids demonstrated decreased cell viability after exposure to
amyloid-B1_42 peptides (active form) compared to K cybrids. Our data suggest a role for
mtDNA-nuclear retrograde signaling in regulation of APOE, a common element in many
age-related diseases. Future studies should focus on retrograde signaling from the
mitochondria to the nuclear genome that is responsible for these mtDNA-mediated
differences.
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Abbreviations

5-aza-dC  5-aza-2’-deoxycytidine

AD Alzheimer’s disease

AMD Age-related Macular Degeneration
APOE apolipoprotein E

ARPE-19 retinal pigmented epithelium cell line
ATP adenosine triphosphate

BSA bovine serum albumin

DMEM Dulbecco’s modified Eagle’s medium

DNA deoxyribonucleic acid

ECAR extracellular acidification rate

EDTA ethylenediaminetetracetic acid

ETC electron transport chain

FCCP carbonyl cyanide 4-trifluoromethoxy-phenylhydrazone
IHC immunohistochemistry

LDL low density lipid

LHON Leber hereditary optic neuropathy

uM micromolar
MDP mitochondrial derived peptide
Mt mitochondrial

Neurobiol Dis. Author manuscript; available in PMC 2018 April 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 15

Thaker et al.
MT-CYB  mitochondria encoded cytochrome B
MT-ND1  mitochondria encoded NADH dehydrogenase 1
MT-ND4  mitochondria encoded NADH dehydrogenase 4
MT-ND5  mitochondria encoded NADH dehydrogenase 5
MT-ND6  mitochondria encoded NADH dehydrogenase 6
MT-CO1  mitochondria encoded cytochrome oxidase 1
MT-CO2  mitochondria encoded cytochrome oxidase 2
MT-CO3  mitochondria encoded cytochrome oxidase 3
MT-ATP6 mitochondria Encoded ATP synthase 6
MT-ATP8 mitochondria Encoded ATP synthase 8
NFkB2 nuclear factor of kappa light polypeptide gene enhancer in B-cells 2
OCR oXxygen consumption rate
OXPHOS oxidative phosphorylation
Q-PCR quantitative polymerase chain reaction
PCR polymerase chain reaction
Rho0 lacking mtDNA
ROS reactive oxygen species
RPE retinal pigment epithelial
SEM standard error mean
SNPs single nucleotide polymorphisms
VO2max maximal oxygen uptake
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Symbol Gene Name A:C:?.F';Id Hp‘f:élﬁe
MT-ND1 NADH Dehydrogenase subunit 1 1.0720.27 /2.10 0.0011
MT-ND2 NADH Dehydrogenase subunit 2 0.63120.37 / 1.55 0.1073
MT-ND3 NADH Dehydrogenase subunit 3 0.59£0.41/1.51 0.1762
MT-ND4/ND4L NADH Dehydrogenase subunit 4/4L 0.70+0.23 /1 1.62 0.0078
MT-NDS NADH Dehydrogenase subunit 5 1.61£0.12/3.05 <0.0001
MT-ND6 NADH Dehydrogenase subunit 6 1.31:0.18/2.48 <0.0001
MT-CO1 Cytochrome ¢ oxidase subunit | 1.78+0.19/3.43 <0.0001
MT-CO2 Cytochrome ¢ oxidase subunit || 1.1440.22/22 <0.0001
MT-CO3 Cytachrome ¢ oxidase subunit Il 1.07+0.21/2.10 0.0001
MT-CYB Cytochrome b 1.1520.24 / 2.22 0.0002
MT-ATP6 ATP synthase FO subunit 6 1.0320.24 / 2.04 0.0005
MT-ATP8 ATP synthase FO subunit 8 1.20£0.22 /1 2.30 <0.0001

Positive values indicate up regulation of the gene. Negative values indicate down regulation of the gene.
H cybrids are assigned a value of 1. Fold = 2 84¢T

Fig. 1.

Day 1 Day 7
H Cybrids 1.44 +0.014 1.33 £ 0.031
K Cybrids 1.29 £ 0.014 (p < 0.0001) 1.19 £ 0.033 (p < 0.0055)

(1a) Schematic representation of oxygen consumption rate (OCR); showing basal aerobic
respiration, ATP turnover, maximal respiration, spare respiratory capacity, proton leak and
non-mitochondrial respiration measured by Seahorse XF24 flux analyzer. No differences
were found between H and K cybrids for the OCR/ECAR ratio (p > 0.27); ATP turnover

after oligomycin treatment (p > 0.24) or non-mitochondrial respiration (p>0.73). In

response to antimycin A plus rotenone, the K cybrids showed significantly decreased spare
respiratory capacity (o< 0.014) and increased in proton leak in K cybrids relative to the H
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cybrids (p < 0.022). Haplo, haplogroup. (1b) Table shows the different levels of expression
for mtDNA-encoded genes in the H cybrids compared to K cybrids. Although all cybrids
have identical nuclei, the K cybrids have upregulation of ten genes compared to the H
cybrids. (1c) The K cybrids had significantly lower mtDNA copy numbers compared to H
cybrids at Day 1 and Day 7 incubation period. The mtDNA copy number was determined by
measuring the ratio of nuclear DNA (18S) and mtDNA (MT-ND2).
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a ApoE Staining in Cybrids

Cybd H Secondary
antibody
only

b Hv K Mean Brightness Intensity
150+ %
0 ——e

% Relative Fluoresence
8

o

Fig. 2.

In?munohistochemistry studies show K cybrids had increased ApoE staining compared to H
cybrids. H (n=6) and K (= 7) cybrid cell cultures were stained with polyclonal ApoE
antibody and nuclei were visualized by staining with DAPI (blue). Cells were examined and
photographed with fluorescent microscopy. Representative staining are shown for H cybrids
and K cybrids. The H cybrids showed a punctate, peripheral staining while K cybrids
showed larger, more globular staining. Secondary antibody staining was negative. Scale bars
represent 20 pm. Cybd, cybrid.
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Cybrids Treated with
Amyloid-f142 Peptides
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Fig. 3.

Tr?e H cybrids were more sensitive to amyloid-p1_4p toxicity compare to the K cybrids. H
and K cybrids were treated 24 h with amyloid-p1_4» peptide (active form) or the amyloid-
B42_1 peptide (inactive form) and cell viability was measured. All values shown are percent
relative to untreated (100% value). The cell viability for amyloid-p1_4, treated H cybrids
was 70% * 2.3% viable (p< 0.0001). The viability for amyloid-B1_4» treated K cybrids was
84% + 2.0% (p < 0.0001). The inactive amyloid-B4,_1 peptide control was 90% * 1.5%
viable (p=0.01). Cyhd, Cybrid; Unt, Untreated; Tx, Treated.
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a
GanBank Hvs. K Hvs. K
?__> Symbol Gene Name s Function p-value AAC,/ Fold
[ . NM_001033085 Adds acetyl 1 otes 04202
g HAT1 Histone acetyltransferase NM 003642 i .pntgngmup prom 0.04 0.8.1cid
= Class | histone deacetylase
= involved in control of cell 0.06 + 0.13/
D HDAC1 Histone deacetylase 1 NM_004964 profiferation, differentiation, 06 "1+l
5 growth and apoptosis; ’
c Represses transcription.
8 HDAC6 | Histone deacatylasa 6 NM_006044 Class Il histone deacetylase. 0.0 g il
%- Class IV histone deacelylase
— localized to the nucleus; 02202
HDAC11 Histone deacetylase 11 NM_024827 Involved in regulating 04 0.0-fold
interleukin 10 expression.
= e NM_001145357 Transcriptional regulator for
SIN3A a'::n";;?f(“’;fs’:{ag‘“a‘“ NM_001145358 | STAT3; 0.0006 g
Y NM_015477 Promotes deacatylation. '
Catalyzes the biosynthesis of
Methionine S-adenosylmethionine, the 0.02+0.1/
MATZE adenosyltransferase |l, beta NM_013283 major methyl denor; L 1.0-fcld
Regulatory beta subunit.
> Part of nuclear protein family
- related by the presence of a
'—j" methyl-CpG binding domain
: (MBD). Binds specifically to
S MBD2 mtmgpe binding domain | \uy 003927 methylated DNA: reprosses 0.16 o
= transcription from methylated ’
gene promoters; functions as
% a demethylase to activate
c iption.
g Binds specifically to
Methyl-CpG binding domain methylated DNA; 0902
=. MBD4 protein 4 NM_003625 Involved in protein <0.0001 0.5-fcid
-9,. interactions, & DNA repair.
M;mwatas CpG residues,
DNA (cystosine-5) NM_001130823 | Preferentially methylates 083202
DNMT1 s hemimethylated DNA. <0.0001
methyliransferase 1 NM_001379 Associates with DNA 0.6-fold
replication sites in S phase
maintaining the methylation
pattern in newly synthesized
strand, essential for
epigenetic inheritance.
Methylates de novo during
Z oNMT3A | DNA (cystosine-5) g development. 008 05402
5_" methyltransferase 3A NM 175629 Important for genomic ' 1.4-cld
o) - imprinting.
= NM_001207055
= NM_001207056 Methylates de novo during
DNMT3B DNA (cystosine-5) NM_006892 development. 0.002 0.7 0.2
% methyltransferase 38 NM_175848 Important for genomic i 0.6-fold
c NM_175849 imprinting.
n NM_175850
(@]
=.
'9_ Positive values indicala up regulation of the gene. Nagaliva values indicate down regulation of the gene.
The values for the H cybrids are equal to 1. Fold = 2407 ;
N = 6 to 8 biologically different cybrids in the H and K groups were evaluated with three replicate values for each sample.
>
c
—
>0
o
=
<
Q
>
c
n
(@]
=.
©
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b Total Global Methylation
Comparing H Cybrids versus K Cybrids
0.08-
Hvs. K
- 0.06 P=0.013
?J Mean H: 0.005 + 0.0012 N=6
£ 0.041 —_— Mean K- 0.032 + 0.000 N=6
b & Diff Btwn Means: -0.027 + 0.009
0.02-
0.00-
HCYBDs K CYBDs
C
H Cybrids vs K Cybrids H Cybrids vs K Cybrids
(Untreated) (5-aza-dC Treated)
Symbol p-value p-value
AAC+/ Fold AAC+/ Fold
" 0.001 <0.0001
APOE 1.21+034/23 2+031/38
i 0.004 0.07
NFxB2 156+ 0.47 /3 0.53+027/15

Value greater than 1 indicates upregulation of the gene.

Value less than 1 indicates downregulation of the gene.

K cybrids, n = 3 different individuals; H cybrids, n = 3 different individuals.
The H cybrid were assigned a value of 1.

Each sample was run in triplicate and experiment was repeated twice
Fold = 2 8%¢7

*versus housekeeper HMBS.

Fig. 4.

(421) Shows differential RNA expression of epigenetic genes in the H cybrids (7= 6)
compared to the K cybrid (7= 6). Q-PCR analyses were performed and the H cybrid values
were equal to 1. Fold differences were calculated using 222CT. The gene symbols, full name,
GenBank No., and brief description of function are described. (4b) The K cybrids (1= 6)
had a 6.2-fold higher global methylation level compare to the H cybrids (7= 6) (p=0.013).
(4c) Expression levels of APOE and NFxBZ2before and after treatment with 5-aza-dC, a
methylation inhibitor are shown. The APOE transcription levels were significantly higher in
the K cybrids for both the untreated and 5-aza-dC treated cultures compared to the H
cybrids, indicating differences in expression levels are not due to methylation status of the
cells. In contrast, the untreated K cybrids had a higher levels of NFxB2compared to the H
cybrids, but after 5-aza-dC treatment the NVFxBZ2expression levels were similar. CYBD,
Cybrid.
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Fig. 5.

a and b Flow chart showing the K haplogroup and H haplogroup subsets of individuals used
to create cybrids (bolded boxes). The amino acid changes are listed next to the non-
synonymous SNPs.
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APOE

Fig. 6.
Schematic figure shows that ApoE has been linked to systemic physiological impairments,

which have underlying implications in a variety of diseases.
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Background information for cybrid samples.

Cybrid no. Gender Age Haplogroup
10-03 M 24 H

10-04 M 33 Hb5a
10-07 M 49 H66a
11-10 M 30 H4ala
11-23 F 22 H1la2a2
11-35 F 30 H1
13-45 F 45 H

13-49 M 26 H1

13-52 F 58 H1
13-56 F 21 H

13-65 F 52 H4ala
11-08 M 24 Kicl
11-25 M 22 K2a
11-34 M 66 U8blal
13-47 F 38 Kladal
13-57 F 45 Klal
13-64 F 38 Klalbla
13-75 F 56 Kic2
13-77 F 57 Klalbla
13-80 F 46 Klalb2ala
13-103 F 25 K

Table 1
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