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Abstract
Fas-associated factor 1 or FAF1 is a Fas binding protein implicated in apoptosis. FAF1 is the product
of a gene at PARK 10 locus on chromosome 1p32, a locus associated with late-onset PD (Hicks et
al., 2002). In the present study we investigated the role of FAF1 in cell death and in Parkinson’s
disease (PD) pathogenesis. FAF1 levels were significantly increased in frontal cortex of PD as well
as in PD cases with Alzheimer’s disease (AD) pathology compared to control cases. Changes in
FAF1 expression were specific to PD-related α-synuclein pathology and nigral cell loss. In addition,
PD-related insults including, mitochondrial complex I inhibition, oxidative stress, and increased α-
synuclein expression specifically increased endogenous FAF1 expression in vitro. Increased FAF1
levels induced cell death and significantly potentiated toxic effects of PD-related stressors including,
oxidative stress, mitochondrial complex I inhibition and proteasomal inhibition. These studies,
together with previous genetic linkage studies, highlight the potential significance of FAF1 in
pathogenesis of idiopathic PD.
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Introduction
Parkinson’s disease (PD) is the most common neurodegenerative movement disorder
comprising of motor symptoms that include tremor, rigidity and bradykinesia (Klockgether,
2004). The cardinal neuropathological features of PD include progressive loss of dopaminergic
terminals in the striatum with subsequent death of neurons in the substantia nigra pars compacta
(Hornykiewicz, 2002), and presence of cytoplasmic, α-synuclein-positive inclusions called
Lewy bodies (Forno, 1987). The causes of degeneration, cell death and inclusion formation in
sporadic PD is not clearly understood, though both genetic and environmental factors appear
to play a crucial role. Experimental animal models and familial cases of PD, though few, have
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provided crucial insights into PD pathogenesis. Defective clearance of modified, toxic proteins
via the ubiquitin proteasome system, mitochondrial dysfunction and oxidative stress appear to
play a key role in cell death and protein aggregation (Abou-Sleiman et al., 2006; Dawson and
Dawson, 2003).

One of the well-examined physiological pathways leading to cell death is programmed cell
death (PCD) or apoptosis and is a process intrinsic to a cell that when activated causes its
destruction (Vila and Przedborski, 2003). The key mediators of PCD are the proteolytic
enzymes called ‘caspases’ (Vila and Przedborski, 2003). Caspase activation can be triggered
by activation of death receptors such as Fas located on the cell surface of target cells (Nagata,
1997). FAF1 or Fas-associated factor 1 is a Fas-binding protein (Ryu and Kim, 2001), whose
the role in apoptotic cell death is not well understood. Interestingly however, the human FAF1
gene has been localized to chromosome 1p32 (Kikyo et al., 1997) at the PARK 10 locus, a
locus that has been recently associated with late-onset parkinson’s disease (Hicks et al.,
2002). Furthermore, in vitro evidence suggests that FAF1 can initiate or enhance Fas-mediated
aopototic cell death (Chu et al., 1995). Therefore, in this study we have examined the role of
this novel protein, FAF1, in PD pathogenesis. We demonstrate here that FAF1 expression level
is specifically upregulated in PD and in Alzheimer’s disease (AD) cases with extensive PD
pathology (AD/PD), and increased FAF1 expression in a cell model, with or without PD-related
stressors, is associated with cell death.

Materials and Methods
Collection and Preparation of human case material

Human brain tissues were obtained from the brain bank incorporated into our
Neurodegenerative Disease Center. The brain bank consists of an extensive postmortem brain
collection from patients with AD, PD, and related neurodegenerative diseases. When a brain
is accessioned at autopsy, a gross examination is carried out, and then the brain is sectioned
coronally. Selected slices are rapidly frozen between metal plates maintained at −70° C. The
remaining slices are fixed for 24–48 hours in 4% paraformaldehyde, and then equilibrated in
cryoprotectant following the removal of small tissue blocks from multiple brain regions for
paraffin embedding and microscopic evaluation.

Human brain tissue used in this study were derived from 39 autopsy brains, including from 12
subjects aged 52 to 76 years (mean = 72) with clinically and neuropathologically confirmed
PD, 8 subjects aged 69 to 92 years (mean = 77) with clinically and neuropathologically
confirmed Alzheimer’s disease (AD), 8 subjects aged 60 to 85 years (mean = 77) with both
confirmed AD and PD, and 11 controls aged 58 to 88 years (mean = 72). The neuropathologic
diagnosis of PD was based on the presence of nigral degeneration, Lewy bodies and α-
synuclein-positive inclusions. The neuropathologic diagnosis of definite AD was made
according to criteria of the Consortium to Establish a Registry for Alzheimer’s Disease (Mirra
et al., 1991). Control cases had no clinical history or neuropathologic diagnosis of neurological
disease. Post-mortem interval ranged from 3 to 12 hours and was similar among the different
groups.

Cell culture and transfections
Human embryonic kidney cells (HEK), were cultured in DMEM medium containing 5mM
glucose (Mediatech, Herdon, VA), 10% fetal bovine serum (Invitrogen, Carlsbad, CA), and
50U/ml penicillin and streptomycin. Cells were grown on Matrigel-coated cover-slips (BD
sciences, Franklin Lakes, NJ) for immunocyto-chemical analysis and on 60mm dish for western
blot analysis. Cells were transfected with human FAF1 construct (pLenti6, Invitrogen) or
vector alone or using Fugene 6 transfection reagent (Roche, Indianapolis, IN). FAF1 cDNA
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(MGC clone 3486) was purchased from American Type Culture Collection (Manassas, VA).
Using the Gateway System Vectors (Invitrogen, Carlsbad, CA), FAF1 cDNA was transferred
to the pLenti6 expression vector. The correct FAF1 sequence was confirmed by sequencing
reactions.

Immunoblotting and Quantitation
Immunoblotting methods have been described previously (Betarbet et al., 2006). Cells were
grown on 60mm plates, washed two times in PBS, pH 7.4, and incubated in 150µl of cell lysis
buffer (Promega, Madison, WI) containing protease inhibitors (Roche, Indianapolis, IN) for
45 mins at 4°C. Cells were scraped and lysate centrifuged at 10,000 xg for 10 mins. Supernatant
was collected as the soluble fraction. Protein content was assayed using Bio-Rad protein assay
(Bio-Rad, Hercules, CA) according to manufacture’s protocol. Human brain tissue samples
where homogenized in PBS supplemented with protease inhibitors (Roche, Mannheim,
Germany) and centrifuged at 10,000 × g for 10 mins. Supernatant was collected as the soluble
fraction. Protein content was assayed using Bio-Rad protein assay (BioRad, Hercules, CA)
according to manufacture’s protocol.

Protein samples were separated by SDS-PAGE on 12 % polyacrylamide gels and transferred
to PVDF Immobilon membrane (Millipore, Billercia, MA). Primary antibodies used were
polyclonal rabbit anti FAF1 (1:5000, kind gift from deCode Genetics, Iceland) and polyclonal
rabbit anti cleaved caspase -3 (1:100, Cell Signalling, MA). β-actin (mouse monoclonal, 1:20K,
Abcam, MA) was used as a loading control. AlexaFluor 680 donkey anti-mouse (1:10K;
Molecular Probes, Eugene, OR) and IRDye 800 goat anti-rabbit (1:10K; Rockland,
Gilbertsville, PA) secondary antibodies were used. Blots were dried, scanned, and quantitated
with an Odyssey Infrared Imaging System (Li-Cor Biosciences, Lincoln, NE).

Immunohistochemistry
50µm-thick paraformaldehyde-immersion fixed sections through frontal cortex, striatum and
substantia nigra were incubated in primary antibody for 72hrs, followed by 1 hr incubation in
secondary antibodies conjugated to appropriate fluorophores. The primary antibodies used
were polyclonal rabbit anti FAF1 (1:1000, kind gift from decode Genetics, Iceland), polyclonal
rat anti dopamine transporter (DAT, 1:500; generated in our lab and characterized previously,
(Ciliax et al., 1999; Miller et al., 1997)) and mouse monoclonal antibody to oxidized α-
synuclein (kind gift from Dr. Virginia Lee (University of Pennsylvania, Philadelphia, PA)) at
1:10,000 (Duda et al., 2002). Secondary antibodies used were Alexa 488 goat anti-mouse/rabbit
(1:200, Molecular Probes, Eugene, OR) and Cy3 or biotinylated goat anti-mouse/rabbit (1:200,
Jackson Immunoresearch Labs). For controls primary antibodies were (a) either pre-absorbed
with specific peptide sequence or (b) were omitted. Images were captured using a Zeiss
(Thornwood, NY) LSM 510 laser scanning confocal microscope. For final output, images were
processed using Adobe Photoshop 7.0 software. Autoflourescence eliminator reagent
(Chemicon, CA) was used to eliminate background autoflourescence in human tissue.

Immunocytochemistry
HEK293 cells were plated onto Matrigel-coated coverslips (BDbiosciences, Franklin Lakes,
NJ) and transfected with human FAF1 plasmids using Fugene-6 transfecting reagent (Roche,
Indianapolis, IN) the following day. Twenty-four hours after transfection, cells were fixed with
2% paraformaldehyde, rinsed in PBS followed by overnight incubation in primary antibody
(same as above) at 4°C. The following day, cells were incubated with fluorophore-conjugated
secondary antibody for 1 hour at room temp (Goat anti-mouse Cy3, 1:100,
JacksonImmunoresearch, West Grove, PA) followed by incubation in Hoechst 333258 (0.4
µg/ml; Molecular Probes, Invitrogen, Carlsbad, CA) for 3 minutes. Cells on coverslips were
mounted using Vectashield (Vector Laboratories, Burlingame, CA) and imaged on a Zeiss
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(Thornwood, NY) LSM 510 laser scanning confocal microscope. For final output, images were
processed using Adobe Photoshop 7.0 software.

Cell death assay
Cell death was determined using Sytox green (Molecular Probes, Invitrogen, Carlsbad, CA)
as previously reported (Sherer et al., 2003). Sytox green intercalates into DNA of dead cells
but is excluded from live cells. Sytox green fluorescence is detected with excitation at 485nm
and emission at 538nm, with a fluorescence microplate system (Molecular Devices, Sunnyvale,
CA). HEK293 cells were transfected with FAF1 vector or empty (pcDNA) vector using Fugene
6 transfection reagent. Twenty four hs post transfection cells were plated in 96 well plates at
75,000/sq cm, and at 48hs post-transfection cells were loaded with 1 µm Sytox green for 10min,
and treated with varying concentrations of H2O2, lactacystin, or rotenone. Control wells
received equal volumes of solvent. Treatments were done in five repeats. Using the plate reader
cell death was followed continuously for 24hs during treatment with readings taken every hour.
At the end of the experiment fluorescence readings were normalized to total plating density by
lysing the cells. The cells were lysed by freezing them at −80°C for 1hr and thawing in the
incubator for 1h. FAF1 transfected cells used for the cell death assay were plated in parallel
for evaluation for continued FAF1 overexpression using immunoblots.

Cell viability
Cell viability was determined using the vital dye trypan blue (0.25% stock solution) at 1:1
dilution. Trypan blue stains dead cells but is excluded from live cells. HEK cell were treated
with 200 µM H2O2, 50nM rotenone and 10µM lactacystin, 24hs post-FAF1 transfection. 24hs
post-treatment, cells were gently scraped and collected in media. 100µl of cell suspension was
used for quantitation while the remaining cells were lysed and used for immunoblotting to
confirm FAF1 overexpression. 100µl trypan blue solution was added to the cell suspension
and both clear (live) and blue cells (dead) were counted using a hemocytometer. Cell death
was presented as percentage of total cells for each treatment.

Statistical analysis
Statistical analysis used multivariate ANOVA or Students’s t test for independent samples.
Significance was set at p≤ 0.05. Values shown represent mean ± SEM.

Results
Our initial experiments were aimed at detecting endogenous FAF1 expression in human brain
tissue and determining if FAF1 expression levels and distribution were altered in PD. To detect
FAF1 we had access to four antibodies, two commercially available (Santa Cruz
Biotechnology, Inc, Santa Cruz, CA), one recognizing a N-terminal epitope(first 20 amino
acids) and the other a C-terminal epitope (last 18 amino acids) and two novel antibodies made
in collaboration with DeCode Genetics, Iceland, one recognizing the N-terminal epitope (first
17 amino acids) and the other recognizing the C-terminal epitope (last 20 amino acids).
Preadsorbing the FAF1 antibodies with the antigenic peptides or full-length recombinant
protein abolishes all immunoreactivity in immunocytochemistry and immunoblot experiments
(not shown), confirming that FAF1 antibodies are highly specific. The novel FAF1 C-terminal
antibody from deCode was most extensively used for our study since it provides the best
detection of FAF1 protein in human cell lines and tissue using both immunocytochemical and
immunoblotting techniques.

Betarbet et al. Page 4

Neurobiol Dis. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FAF1 expression in normal and diseased human brains
FAF1 has a differential distribution in the normal brain with specific regions of enrichment
and low expression in white matter. Both neuronal and glial cells express FAF1 but expression
level in neurons is comparatively higher. FAF1 expression can be detected in the frontal cortex
(Fig 1) where it is concentrated in somatodendritic compartments of pyramidal and non-
pyramidal neurons (Fig 2A). In contrast, FAF1 is expressed at low levels in the striatum (data
not shown). In the substantia nigra FAF1 positive neurons can easily be detected in both the
pars compacta (Fig 3A) and the pars reticulata region. In immunoblots FAF1 expression was
detected as 74 and 57 kd bands (Fig 1) using the novel C-terminal antibody. Preabsorption
studies with specific FAF1 peptides confirmed specificity of the antibody used. Therefore for
quantitation both the FAF1 bands were measured and normalized to actin levels.

Next, we investigated if FAF1 expression levels and distribution were altered in PD brains. To
confirm the specificity of the changes we also examined FAF1 levels in AD as well as in brains
with both AD and PD pathology. Using immunoblotting techniques FAF1 expression was
determined in cortical tissue rather than striatum and SN, the basal ganglia nuclei involved in
PD pathology, since (1) cortex is one of the final targets during progression of PD, (2) there is
extensive loss of dopaminergic nigral neurons in post mortem samples of PD and AD/PD cases
(Damier et al., 1999) and (3) striatum expresses very low levels (undetectable) of FAF1. FAF1
levels were significantly increased in PD samples as compared to control tissue (Fig 1).
Interestingly, FAF1 expression was also increased in AD/PD cortical tissue but not in AD only
tissue, suggesting that the alteration in FAF1 expression is specific to PD-associated changes.
Immunohistochemical analysis further confirmed the upregulation observed in FAF1
expression in cortical tissue (Fig 2). FAF1 expression was increased in both neurons and
neuropil in PD and in AD/PD cortical tissue. Furthermore, FAF1 upregulation was exaggerated
in AD/PD cases with extensive α-synuclein pathology in the cortex (Fig 2).

Immunohistochemical techniques allowed analysis of FAF1 expression in surviving nigral
neurons in PD and AD/PD cases versus controls. Most of the surviving dopaminergic neurons,
as identified by their size, had increase FAF1 expression (Fig 3) compared to control SN
neurons. Co-localization with α-synuclein, to simultaneously detect Lewy body pathology,
demonstrated FAF1 upregulation to be specific to neurons with α-synuclein-positive inclusions
(Fig 3). Further, co-localization of FAF1 with dopamine transporter (DAT), to identify
dopaminergic nigral neurons, demonstrated that FAF1 levels were increased in cells with
reduce levels of DAT (data not shown). Smaller neurons of SN pars reticulata did not
demonstrate any changes in FAF1 expression levels (data not shown).

Endogenous FAF1 expression and PD-related stressors
To further investigate the association of FAF1 in PD pathogenesis, endogenous FAF1 levels
were determined in vitro in HEK cells following exposure to PD-related stressors.
Mitochondrial complex I inhibition (Betarbet et al., 2000), oxidative stress (Jenner, 1998) and
α-synuclein overexpression (Singleton et al., 2003) have been associated with PD pathogenesis.
Therefore FAF1 expression was determined in HEK cells (1) exposed to rotenone, a potent
complex I inhibitor and (2) hydrogen peroxide, a common oxidizing agent for 24hs and in cells
overexpressing (3) α-synuclein or (4) amyloid precursor protein (APP) associated with AD
pathology, and compared to normal HEK cells exposed to solvent alone. As demonstrated in
Fig 4, endogenous FAF1 is elevated in HEK cells following complex I inhibition, increased
oxidative stress and overexpression of α-synuclein. Interestingly overexpression of APP in
HEK cells did not result in FAF1 upregulation.
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FAF1 overexpresson facilitates/potentiates cell death
FAF1 levels are upregulated in cortical and nigral tissue from PD and AD/PD patients as well
as in vitro in cultured cells exposed to PD related stressors. To investigate the functional role
of FAF1 and examine the effects of FAF1 overexpression on cell survival, we used HEK293
cells that were transfected with a FAF1 vector or an empty vector (pcDNA) to serve as a control.
First, FAF1 overexpression was confirmed using ICC and immunoblots as demonstrated in
Fig 5. FAF1 expression could be detected > 72hs post-transfection, a time period required for
the cell death assay (see method section). In addition, continued FAF1 expression was
confirmed along with every cell death assay.

We studied the effects of FAF1 on basal as well as stressor-induced cell death. Cell death was
assayed using Sytox green fluorescence. Sytox green intercalates with DNA of cells in which
the plasma membrane has been perturbed, and as such measures both necrotic and apoptotic
cells. As with the previous experiment, we chose PD-related stressors including, lactacystin,
a proteasomal inhibitor, rotenone, a complex I inhibitor and H2O2, a common oxidizing agent
to analyze FAF1-potentiated effects on cell death. As observed in Fig 6A, FAF1 overexpression
itself, induced cell death compared to control HEK cells. Furthermore, as evident in Figs 6B,
C & D, FAF1 overexpression potentiated lactacystin, rotenone and H2O2-induced cell death.
At basal levels, none of the PD-related stressors, other than rotenone, induced significant cell
death however increased FAF1 expression significantly increased susceptibility of cultured
cells to PD-related stressors. An end point cell death assay using trypan blue stain confirmed
the effects of FAF1 on cell survival (Fig 6E) with or without treatment.

Next, FAF1’s role in apoptotic cell death was investigated. Activated or cleaved caspase 3 is
a reliable and a commonly used indicator of apoptotic cell death (Fernandes-Alnemri et al.,
1994; Nicholson et al., 1995) and can be detected as 17 and 19kd bands. We used
immunoblotting techniques to determine if FAF1 induced caspase-3-activated cell death in
HEK cells. Control and HEK cells overexpressing FAF1 were treated with either 10µM
lactacystin or vehicle for 16 hrs and harvested and assayed for cleaved caspase 3. FAF1
overexpression did not by itself-induce detectable levels of activated caspase 3; however, FAF1
overexpression appeared to potentiate lactacystin-induced cell death and caspase3 activation
(Fig 7). We failed to detect caspase 3 activation in FAF1 overexpressing cells treated with
hydrogen peroxide and rotenone at the doses used in the present study.

Discussion
Our observations demonstrate that (1) FAF1 expression levels are increased in PD-related
cortical tissue and in surviving cells of the SN, (2) endogenous FAF1 expression levels are
increased in cells exposed to PD related stressors, and (3) in vitro, FAF1 overexpression can
initiate cell death and can markedly sensitize cells to further PD-related insults. Taken together
our data suggests that FAF1 is associated with PD pathology and may have a role in PD
pathogenesis.

FAF1 and PD pathology
Our initial step was to detect FAF1 expression in normal human brains and we were able to
do so using both immunohistochemical and immunoblotting techniques. This is the first time
that expression of FAF1 protein has been detected in human brain tissue though FAF1 mRNA
has been detected in brain previously (Ryu et al., 1999). In cortical brain tissue, we were able
to detect FAF1 as a predicted 74kd band (Ryu et al., 1999), using immunoblotting techniques.
However, in addition we also detected a 57kd band that was specific for FAF1 as confirmed
with preadsorbtion studies using specific antigenic peptides. This second band at 57kd appears
to be a proteolytically cleaved product of FAF1 since we see the 57kd band in HEK 293 cells
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transfected with the full length FAF1 (see figure 1 and figure 5) as also reported previously
(Ryu et al., 1999). Thus, as mentioned in the ‘results’ section for quantitative analysis, both
FAF1-immunoreactive bands were included for intensity measurements and normalized to
actin levels.

Interestingly, FAF1 levels were increased in cortical tissue from PD and AD/PD patients. In
addition, qualitative analysis demonstrated that FAF1 levels were increased in surviving SN
neurons with α-synuclein inclusions. These alterations in FAF1 expression levels were specific
to PD-related pathology since cortical tissue from AD patients did not demonstrate elevations
in FAF1 expression levels.

Endogenous FAF1 expression
Next, we demonstrated that stressors, specific to PD, including oxidative stress, mitochondrial
complex I inhibition and increased A53T mutant human α- synuclein expression could
significantly increase the expression levels of endogenous FAF1 indicating that endogenous
FAF1 levels can be modulated by exogenous insults. Interestingly, as demonstrated in
postmortem cortical tissue samples, it appears that FAF1 modulation is specific to PD-related
insults since APP, a protein associated with Alzheimer’s disease pathogenesis (Offe et al.,
2006; Selkoe, 2000), did not change the endogenous FAF1 expression. Thus, our data indicates
that FAF1 expression levels can be specifically modulated by PD-related cellular stress.

FAF1 and cell death
To understand the significance of increased FAF1 expression in PD pathogenesis we examined
the role of FAF1 overexpression in cultured cells. Our studies clearly demonstrated that FAF1
overexpression induced cell death. In addition, FAF1 overexpression could markedly
aggravate the toxic effects of oxidative stress, proteasomal inhibition and mitochondrial
complex I inhibition as suggested by increased cell death in response to these treatments.
Further, FAF1 overexpression potentiated proteasomal inhibition-induced caspase-3 activated
cell death, implicating FAF1’s role in cellular degeneration. Our data corroborated previous
studies that demonstrated that FAF1 could potentiate Fas-induced apoptosis when transiently
expressed in L-cells (Chu et al., 1995) as well as directly initiate cell death in BOSC23 cells
without extrinsic death signal (Ryu and Kim, 2001). Taken together the data suggests that
increased FAF1 expression can induce as well as potentiate cell death.

FAF1 and PD pathogenesis
Our data, using human brain samples and cultured cells, suggest that the increased FAF1 levels
detected in PD cortical and nigral tissue is in response to or as a consequence of cells being
under stress. Endogenous FAF1 levels were significantly and specifically elevated in cells
exposed to PD-related stressors. Stressors or insults including oxidative stress (McCormack et
al., 2006), mitochondrial complex I inhibition (Sherer et al., 2003; Zhu et al., 2004) and
accumulation and aggregation of α-synuclein (Periquet et al., 2007; Singleton et al., 2003) are
known participants in PD pathogenesis (Dawson and Dawson, 2003). Thus increased FAF1
levels found in brain tissue indicate that cells are under stress as also supported by our
observation that FAF1 levels are increased in surviving SN neurons with α-synuclein
aggregations and not in apparently normal neurons.

Furthermore, we demonstrate that FAF1 overexpression can both initiate and potentiate cell
linkage studiesdeath. This along with increased FAF1 expression in PD neuronal tissue
suggests that FAF1 could be involved in pathogenic progression of the disease – increased
FAF1 expression could not only be responsible for neurodegeneration but could further
exacerbate the toxic effects of genetic or environmental insults.
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Finally, increased FAF1 in PD cortical tissue provides further evidence that PD pathology and
symptoms progress beyond the basal ganglia into the neocortex (Braak et al., 2006), areas
responsible for non-motor PD-associated symptoms including dementia and cognitive
dysfunction.

Though linkage studies have identified PARK 10 locus on chromosome one with increased
susceptibility for late-onset idiopathic PD (Hicks et al., 2002), the responsible gene has yet to
be identified (Farrer et al., 2006). A suggestion that FAF1 could be a candidate gene comes
from merging mouse transcriptome analysis with PD linkage studies by Gherbassi et al., where
several classes of candidate genes for PD mutations were identified (Gherbassi et al., 2007).
Thus, our study, together with previous genetic linkage analysis, suggests that FAF1 may
be an integral component of progressive neurodegeneration in PD pathogenesis. Further
studies will be required to better understand mechanisms of FAF1-induced cell death and
neurodegeneration.
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Fig 1. FAF1 expression in cortical tissue
FAF1 levels were determined in cortical tissue homogenates from control, PD, AD and AD/
PD cases. An example of an immunoblot is demonstrated in (A). FAF1 levels (green bands)
were normalized to actin (red bands). FAF1 expression levels were selectively increased in PD
and in AD/PD cortical tissue compared to control tissue but not in AD cases. Results presented
as histograms (B) are mean±SEM. Number of cases analyzed in each group is given in
parenthesis. * p<0.05, comparison of the three groups and statistical significance was
determined using multivariate ANOVA.
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Fig 2. FAF1 expression in cortical tissue from AD/PD patients
Paraformaldehyde fixed frontal cortex tissue from control (A, C) and AD/PD (B, D) patients
were immunostained for FAF1 (A & B) and α-synuclein (C &D). FAF1 immunmoreactive
cortical neurons can be identified in the control cortex. FAF1 expression can be observed in
cell bodies and proximal dendrites while the nucleus appears to be devoid of FAF1 expression.
Note increase in FAF1 expression in cortical neurons and neuropil and extensive α-synuclein
pathology including Lewy bodies and neurites in AD/PD brain.
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Fig 3. FAF1 expression in ADPD nigral neurons
Sections through the substantia nigra (SN) were double-stained for FAF1 (green) and α-
synuclein (red). Neurons from the control SN (A, B, C) have normal FAF1 expression in the
cytoplasm and proximal dendrites and no α-synuclein pathology. However, in AD/PD cases
(D, E, F), neurons with α-synuclein positive inclusions have increased FAF1 expression. In
the same panel note the cell without α-synuclein positive inclusion (arrow) has normal levels
of FAF1 expression. Bar = 20µm.
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Fig 4. Endogenous levels of FAF1 were specifically increased following exposure to PD-related
stressors
Endogenous FAF1 expression levels were determined in HEK cells. HEK cells were exposed
to PBS (control), an oxidative stressor, hydrogen peroxide (400µM – 24h), a complex I inhibitor
rotenone (100nM– 24h), or HEK cells were infected with human A53T mutant α-synuclein,
or transfected with overexpressing amyloid precursor protein (APP) and FAF1 levels were
determined using immunoblotting techniques. Panel A shows representative blots for each
condition. FAF1 is in green while actin, alpha-synuclein (a-syn) and amyloid precursor protein
(APP) are in red. Panel B is a graphic representation of FAF1 levels, following different
treatment, normalized to actin levels. Histograms are presented as percentage of FAF1 in
control cells ± sem. Interestingly levels of endogenous FAF1 increased in cells exposed to PD-
related stressors but not in cells overexpressing amyloid precursor protein APP. *p<0.05
compared to control (PBS) cells. Statistical significance was determined using unpaired one-
tailed t-test for comparison between control and treated groups as well as multivariate ANOVA
for all groups.
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Fig 5. FAF1 overexpression in HEK293 cells
FAF1 levels were detected in transfected HEK293 cells, using immunocytochemical (A) and
immunoblotting techniques (B). (A) Note the increase expression of FAF1 in some cells, both
in the cytosolic and nuclear compartments as compared to endogenous distribution of FAF1
that is mostly cytosolic. Scale bars- 20µm. (B) Transfected FAF1 cells (H-F) demonstrate an
increased expression of FAF1 protein compared to HEK cells with vector (H-C) alone. HEK
cells were transfected with vector (H-C) alone, or with FAF1 plasmid.

Betarbet et al. Page 14

Neurobiol Dis. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 6. FAF1 overexpression potentiates effects of PD-related stressors
FAF1 and vector (cont) transfected HEK cells (A, n=4) were exposed to 10µM lactacystin
(B, n=4, lac) or 50nM rotenone (C, n=4, rote) or 200µM H2O2 (D, n=4, 200H) for 24hrs and
cell death monitored during the 24h period. Results are expressed as percentage (of total cell
death) cell death ± SEM. Total cell death is determined at the end of the assay by freezing cells
and taking a final reading. * p<0.05 control cells versus FAF1 cells. Statistical significance
was determined using multivariate ANOVA. FAF1 overexpression induced cell death by itself
(A) and potentiated/enhanced cell death following exposure to PD- related stressors including
proteasomal inhibition (B), mitochondrial complex I inhibition (C) and oxidative stress (D).
(E) Trypan blue end point cell death assay. FAF1 and vector (cont) transfected HEK cells
(n=3) were exposed to 10µM lactacystin (n=3) or 50nM rotenone (n=3) or 200µM H2O2
(n=3) for 24hrs. At the end of the treatment period cells were counted using the trypan blue
staining protocol. Results are expressed as percentage cell death ± SEM. FAF1 overexpression
induced cell death by itself and potentiated/enhanced cell death following exposure to PD-
related stressors including proteasomal inhibition, mitochondrial complex I inhibition and
oxidative stress. * p<0.05 control cells versus FAF1 cells. Statistical significance was
determined using unpaired one-tailed t-test for comparison between control and treated groups
as well as multivariate ANOVA for all groups.
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Fig 7. FAF1 expression potentiates caspase 3 activation and apoptotic cell death
FAF1 overexression by itself does not activate caspase 3 however in presence of proteasomal
inhibitor lactacystin (10µm, 16hr) FAF1 can potentiate caspase 3 activation and therefore
apoptotic cell death. Minimal cleaved caspase 3 (17–19kd bands) is detected in HEK cells with
vector alone or with lactacystin treatment or with FAF1 overexpression. The red bands denote
β-actin as a loading control. * p<0.05 control cells versus FAF1 or lactacystin-treated cells.
Statistical significance was determined using multivariate ANOVA.
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