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Abstract

Numerous studies have shown that mitochondrial dysfunction contributes to consequential
phenotypes of Huntington’s disease (HD), a fatal and inherited neurodegenerative disease caused
by the expanded CAG repeats in the N-terminus of the huntingtin (Htt) gene. To maintain proper
function, mitochondria develop a dedicated protein quality control mechanism by activating a
stress response termed the mitochondrial unfolded protein response (UPR™). Defects in the
UPR™M have been linked to aging and are also associated with neurodegenerative diseases.
However, little is known about the role of the UPR™t in HD. In this study, we find that ABCB10, a
mitochondrial transporter involved in the UPR™M! pathway, is downregulated in HD mouse striatal
cells, HD patient fibroblasts, and HD R6/2 mice. Deletion of ABCB10 causes increased
mitochondrial reactive oxygen species (ROS) production and cell death, whereas overexpression
of ABCB10 reduces these aberrant events. Moreover, the mitochondrial chaperone HSP60 and
mitochondrial protease Clpp, two well-established markers of the UPR™, are reduced in the /in
vitro ABCB10-deficienct HD models. CHOP, a key transcription factor of HSP60 and Clpp, is
regulated by ABCB10 in HD mouse striatal cells. Furthermore, we find that mutant huntingtin
(mtHtt) inhibits the mtUPR by impairing ABCB10 mRNA stability. These findings demonstrate a

" Corresponding author at: Department of Neurobiology, Nanjing Medical University, Nanjing, 211166 Jiangsu, China.
guox@njmu.edu.cn (X. Guo) or Department of Physiology and Biophysics, Case Western Reserve University School of Medicine,
0900 Euclid Ave, E516, Cleveland, OH 44106-4970, USA. xxq38@case.edu (X. Qi).
These authors contributed equally to this work.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fuetal.

Page 2

suppression of the UPR™M! by mtHtt, suggesting that disturbance of mitochondrial protein quality
control may contribute to the pathogenesis of HD.
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Introduction

Huntington’s disease (HD) is a fatal and inherited neurodegenerative disorder that
progresses for 15-20 years after initial onset [1]. The main cause of HD is the expanded
CAG repeats encoding polyglutamine (polyQ) in the N-terminus of the huntingtin (Htt)
protein [2,3]. The genetic cause of HD (mutant Htt, mtHtt) has been identified for more than
20 years. However, the underlying mechanisms occurring in HD remain elusive.

Accumulating evidence suggests that mitochondrial dysfunction plays an important role in
the pathogenesis of HD [2]. For instance, mtHtt associates with the outer mitochondrial
membrane in different HD models, resulting in mitochondrial permeability transition pore
opening, calcium disturbance, reduced ATP production, mitochondrial membrane potential
loss, increased ROS production, and release of cytochrome c [4]. PGC-1a is a transcription
co-activator that regulates the genes involved in mitochondrial biogenesis [5]. mtHtt
interacts with PGC-1a and suppresses its activity in HD mouse striatal cells as well as in
HD transgenic mouse models [6]. Mitochondria are highly dynamic organelles, and the
balance between fission and fusion is important for maintaining normal mitochondrial
function. mtHtt interacts with Drpl, the master regulator of mitochondrial fission, leading to
Drpl hyperactivation and mitochondrial fragmentation [7]. We previously reported that
treatment with peptide P110 (a specific peptide inhibitor of Drpl) decreased mtHtt-induced
mitochondrial fragmentation, corrected defects in mitochondrial function, and reduced
neuronal cell death in both /n vivoand /n vitro HD models [8]. Moreover, in vivoand in
vitro HD models exhibit accelerated mitochondrial outer membrane protein degradation and
excessive mitophagy [9,10]. Collectively, these findings highlight the mitochondria as a
promising therapeutic target for the treatment of HD.

When damaged protein accumulates in the mitochondrial matrix and exceeds the maximal
capacity of the protein folding apparatus, the defense mechanism called the mitochondrial
unfolded protein response (UPR™Y) s activated to process the cellular stress occurring in the
mitochondrial matrix [11,12]. Upon UPR™! activation, mitochondrial chaperones are
induced and imported into mitochondria to refold the damaged proteins [11,12]. On the
other hand, the mitochondrial matrix protease Clpp (ATP-dependent Clp protease proteolytic
subunit) cleaves unfolded or misfolded proteins inside the mitochondria into polypeptides
[13,14]. In worms, activating transcription factor associated with stress-1 (ATFS-1), a
leucine zipper transcription factor, is imported into the mitochondrial matrix for degradation
under normal physiological conditions [15]. Damaged proteins are then cleaved into short
peptides, which are exported to the cytosol via the inner membrane transporter HAF-1,
leading to ATFS-1 nuclear translocation [13, 15]. Consequently, ATFS1 facilitates
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transcriptional activation of UPR™ target genes [15]. It has recently been reported that the
UPRM js activated in diseases such as Friedreich’s ataxia [16], spastic paraplegia [17],
cancer [18,19], and aging [20]. However, little is known about the role of the UPR™ in the
pathogenesis of HD.

ABCBI10 is one of the components of the UPR™! pathway in mammalian cells [21]. In this
study, we found that mtHtt suppressed the expression of ABCB10 in various HD models by
impairing its MRNA stability. Deletion of ABCB10 induced ROS production and cell death
in HD mouse striatal cells. Moreover, ABCB10 was required for CHOP activation under
mitochondrial stress. We also showed that HSP60 and Clpp, two downstream genes of
CHOP [22], were decreased in HD cells. These data suggest a dysregulation of UPR™t in
HD, revealing a novel mechanism of mitochondrial dysfunction in the pathogenesis of this
devastating disease.

2 Results

2.1 ABCB10is reduced in HD models

To determine if the UPR™ is perturbed in HD, we first examined ABCB10 protein level in
the HdhQ111 and HdhQ7 mouse striatal cells. Western blot analysis showed that the protein
level of ABCB10 was dramatically decreased in HdhQ111 mutant mouse striatal cells, when
compared to that in HdhQ?7 cells (Fig. 1A). Moreover, the protein level of ABCB10 was
much lower in the striatum of HD R6/2 mice than that in wild-type littermates (Fig. 1B).
Consistently, downregulation of ABCB10 was observed in the dermal fibroblasts of two HD
patients (GM04693, GM21756) (Fig. 1C). We next expressed Myc-ABCB10 in HdhQ7 and
HdhQ111 cells, and we found that the expression of Myc-ABCB10 in HdhQ111 was less
than that in HdhQ7 cells (Fig. 1D). Reduction of ABCB10 in HdhQ111 cells was not
blocked by treatment with either the proteasome inhibitor MG132 or the lysosome inhibitor
bafilomycin A (BFA), indicating that a decrease in ABCB10 protein level is not the result of
the ubiquitin-proteasome system (UPS)-mediated degradation nor autophagy (Fig. 1E).
Furthermore, we performed real-time PCR to determine the gene expression of ABCB10.
The mRNA expression of ABCB10 was significantly decreased in HdhQ111 cells when
compared to that in HdhQ7 wildtype cells (Fig. 1F). OTCA is a mutant of ornithine
transcarbamylase lacking amino acids 30-114. Overexpression of OTCA has been shown to
induce the UPR™t [22—24]. We found that expression of OTCA in HdhQ7 wildtype cells
induced ABCB10 expression, but the same induction was not seen in HdhQ111 mutant cells
(Fig. 1G). Taken together, these data demonstrate that ABCB10 was suppressed in multiple
models of HD ranging from mouse to patient.

2.2 Deletion of ABCB10 causes increased mitochondrial ROS production and cell death

Deletion of ABCB10 increases reactive oxygen species (ROS) production in an ischemia-
reperfusion model [25] and activates ROS suppressing genes in HepG2 cells [21]. However,
the physio-pathological function of ABCB10 in neurodegenerative diseases like HD is
unknown. To elucidate the functional role of ABCB10 in HD, we lentivirally expressed
pLKO-sh-ABCB10 in wildtype HdhQ7 cells to downregulate the level of ABCB10, in order
to mimic the decrease in ABCB10 observed in our HD models. The expression of pLKO-sh-
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ABCB10 efficiently reduced the level of ABCB10 (Fig. 2A). We observed a great increase
in the production of mitochondrial ROS in the ABCB10-depleting cells, relative to that in
cells with control vector (Fig. 2B). Moreover, increased LDH release, an indicator of cell
death, was seen in the ABCB10 knockdown HdhQ7 cells (Fig. 2C). In contrast,
overexpression of Myc-ABCB10 reduced mitochondrial ROS and blocked LDH release in
HdhQ111 cells (Figs. 2D and 2E). Next, we assessed mitochondrial morphology in both
Myc-ABCB10 and control vector expressing HD striatal cells by staining cells with anti-
Tom20 antibody. As shown in Fig. 2F, expression of Myc-ABCB10 reduced the number of
cells exhibiting fragmented mitochondria when compared to those cells expressing control
vector (Fig. 2F). These data suggest that a decrease in ABCB10 level in HdhQ111 mouse
striatal cells causes mitochondrial dysfunction and subsequent neuronal damage.

2.3 Transcription factor CHOP is regulated by ABCB10

CHORP is a key transcription factor that binds to the MSR element to activate HSP60 and
Clpp expression in mammalian cells [22,23]. Overexpression of either OTCA or
endonuclease G (another protein that can accumulate in the mitochondria), elevates CHOP
protein level [22,26,27]. 3-nitropropionic acid (3-NP), an inhibitor of the mitochondrial
citric acid cycle, is a well-characterized inducer of ROS and may cause proteotoxic stress
[28]. We hypothesize that treatment with 3-NP may activate the mtUPR by increasing the
rate of ROS production and promoting protein aggregation in the mitochondrial matrix.
Treatment with the ER stress inducer tunicamycin (Tm) but not 3-NP elevated the ER stress
marker GRP78 (Fig. 3A), excluding the possibility that 3-NP induces the ER UPR. As
shown in Fig. 3B, the protein levels of CHOP are higher in the HdhQ7 relative to that in
HdhQ111 cells (Fig. 3B, first lane and fourth lane, respectively). Moreover, treatment of 3-
NP caused a greater rate of CHOP induction in HdhQ7 cells (Fig. 3B). These results indicate
that mtHtt inhibits 3-NP-induced mtUPR activation. We observed no differences of CHOP
protein levels between HdhQ7 and HdhQ111 cells in the presence of two ER stress inducers
tunicamycin and thapsigargin (Fig. 3C), suggesting that mtHtt selectively suppresses
activation of the mtUPR. Deletion of ABCB10 in HdhQ7 cells resulted in a significant
decrease in CHOP protein level (Fig. 3D), whereas overexpression of Myc-ABCB10
increased CHOP expression in HdhQ111 cells (Fig. 3E, first lane and fourth lane,
respectively). Furthermore, greater induction of CHOP by 3-NP was seen in Myc-ABCB10-
expressing HdhQ111 cells relative to that in control vector-expressing cells (Fig. 3E). These
results suggest that ABCB10 is required for mitochondrial stress-induced CHOP activation.

2.4 HSP60 and Clpp expression are decreased in HD cell cultures.

It is well established that CHOP associates with the promoters of HSP60 and Clpp to
promote transcriptional activation [22,23]. Because we found CHOP protein level was
down-regulated in HD mouse striatal cells, we examined the protein levels of HSP60 and
Clpp in two lines of HD patient-derived fibroblasts. The protein levels of HSP60 and Clpp
were significantly reduced in HD patient fibroblasts (GM04693 and GM21756) relative to
those in control fibroblasts (HDFa and HDFn). However, no change in the protein level of
LONP was observed (Figs. 4A and 4B). Consistently, lower protein levels of HSP60 and
Clpp were found in HdhQ111 cells than in HdhQ7 cells (Figs. 4C and 4D). The mRNA
levels of HSP60 and Clpp were also drastically reduced in HD patient-derived fibroblasts
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(Figs. 4E and 4F) along with HdhQ111 mutant striatal cells (Fig. 4G). In addition,
overexpression of Myc-CHOP enhanced the expression of HSP60 and Clpp (Fig. 4H).
Collectively, these results suggest that the mtUPR is inhibited in HD cell cultures

2.5 mtHtt suppresses mtUPR by regulating ABCB10 mRNA stability

The nuclear accumulated mtHtt interacts with several transcription factors, such as PGC-1a
[6], CBP [29-31], TBP [32], NCoR [33], and REST/NRSF [34], leading to transcriptional
alteration. We performed reporter gene assays to measure the promoter activity of ABCB10
in HD cell cultures. Surprisingly, there was no apparent difference between wild-type striatal
cells and mutant striatal cells (data not shown). To determine whether mtHtt affects
ABCB10 by reducing its mRNA stability, we measured steady-state levels of ABCB10
MRNA in the HdhQ7 and HdhQ111 cells by treatment of Actinomycin D, an inhibitor of
RNA polymerase [35]. After transcription inhibition, mtHtt accelerated ABCB10 mRNA
degradation in HdhQ111 striatal cells (Fig. 5A left panel). By contrast, the mRNA stability
of the other mitochondrial membrane protein induced myeloid leukemia cell differentiation
protein Mcl1 was not affected by mtHtt (Fig. 5A, right panel). Finally, we examined whether
deletion of mtHtt could abolish the defects of the mtUPR in HD cell cultures. Upon
knockdown of Htt in HD mutant mouse striatal cells, we found that the decreased mtUPR
components were all restored (Fig. 5B). These data support the above findings and suggest
that mtHtt inhibits the mtUPR at least in part by impairing ABCB10 mRNA stability.

3 Materials and method

3.1 Reagents and antibodies

Anti-ABCB10 (sc-25750, 1:500), anti-HSP60 (sc-13115, 1:1000), and anti-c-Myc (sc-40,
1:1000) antibodies were purchased from Santa Cruz Biotechnology. Anti-Clpp (ab124822,
1:1000), anti-Tom20(ab78547, 1:2000) antibodies were purchased from Abcam. Anti-LONP
(15440-1-AP, 1:1000), anti-CHOP (15204-1-AP, 1:1000) antibodies were from Proteintech.
Pan-actin (A1978, 1:5000) antibody was from Sigma-Aldrich. Full-length Htt (MAB2166,
1:1000) antibody was from Millipore. Anti-GRP78 (ADI-SPA-826, 1:1,000) was from Enzo
Life Sciences. Peroxidase-linked, species-specific antibodies (31430, 31460) were from
Thermo Scientific. Proteasome inhibitor MG132 was from Tocris Bioscience. 3-NP(3-
nitropropionic acid), Bafilomycin A1 (BFA), Antinomycin D and cocktail of protease
inhibitor was purchased from Sigma-Aldrich. Lipofectamine®2000 Transfection Reagent
was purchased from Invitrogen.

3.2 Constructs and transfection

OTC and OTCA plasmids were gifts from Dr. Hoogenraad (La Trobe University,
Melbourne). Lentivirus packaging plasmids were obtained from Addgene. Myc-ABCB10
and Myc-CHOP were generated by inserting PCR-amplified fragments into the pPCMV-Myc
vector. Control plasmid pLKO, sh-RNA against ABCB10 (TRCN0000113448) and sh-RNA
against Huntingtin(TRCN0000100349) were from Sigma-Aldrich. Cells were transfected
with Lipofectamine®2000 transfection reagent following the manufacturer’s protocol.
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3.3 Cell culture.

Immortalized HdhQ111 mutant striatal cell lines and HdhQ7 wt cells were obtained from the
CHDI Foundation. Cells were cultured in DMEM supplemented with 10% FBS, 100 mg/ml
penicillin, 100 mg/ml streptomycin, and 400 mg/ml G418. Cells were grown at 33°C in a
5% CO2 incubator. Cells within 14 passages were used in all experiments.

HD patient fibroblasts (HD1: GM04693, HD2: GM21756, purchased from Coriell Institute,
USA) and normal fibroblasts (Con 1, fibroblasts from adult, HDFa; Con 2, fibroblasts from
juvenile, HDFn; purchased from Sigma-Aldrich) were maintained in MEM supplemented
with 15% (vol/vol) FBS and 1% (vol/vol) penicillin/streptomycin. All of the above cells
were maintained at 37°C in 5% CO2-95% air.

3.4 Lysate preparation and Western blot analysis

Cells were lysed in a total cell lysate buffer (50mM Tris—HCI, pH 7.5,150 mM NaCl, 1%
Triton X-100, and protease inhibitor). Total protein concentration was determined by
Bradford assay. The protein was re-suspended in Laemmli buffer, loaded on SDS-PAGE, and
transferred onto nitrocellulose membranes. Membrane was probed with the indicated
antibodies, followed by visualization with ECL and detection by chemiluminescence
imaging system (Tanon 5200).

3.5 Mitochondrial ROS production

To measure mitochondrial ROS generation, cells were incubated with 5uM mitochondrial
ROS indicator (MitoSOX™, Invitrogen Life Science) for 10 min at 37 °C and washed for
three times with PBS. The cells were collected by centrifugation (400 rcf, 3min) and
resuspended in 1 ml of PBS. Fluorescence intensities in cells were analyzed by flow
cytometric analysis (BD FACSCalibur™).

3.6 Real-time PCR

Cells were washed twice with ice-cold PBS. Total RNA was isolated from the cells using
TRI Reagent®(T9424,Sigma-Aldrich). cDNA was synthesized by reverse transcription
using 0.5ug of total RNA with ReverTra Ace® qPCR RT Master Mix (FSQ-201
-201,TOYOBO). For real-time analysis, cDNA was 10-fold diluted. Quantitative real-time
PCR reaction was performed using THUNDERBIRD™ SYBR® gPCR mix (QPS-201,
TOYOBO) on a LightCycler®96 PCR system (Roche). Relative quantitative plots were
constructed for quantity of RNA input and for each gene of interest. The following primers
were used for real-time PCR:

Target gene Forward primer Reverse primer

mouseABCB10  5-GCCGTCTCCTCTCGGATATG-3' 5'-CTGGCGAACAGGGGATGTG-3'
mouse hsp60 5-CACAGTCCTTCGCCAGATGAG-3' 5-CTACACCTTGAAGCATTAAGGCT-3'
mouse Clpp 5-GCCTTGCCGTGCATTTCTC-3' 5'-CTCCACCACTATGGGGATGA-3'
mouse MCL1 5'-AAAGGCGGCTGCATAAGTC-3' 5'-TGGCGGTATAGGTCGTCCTC-3'
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Target gene Forward primer Reverse primer

mouse GAPDH  5-TGGCCTTCCGTGTTCCTAC-3' 5-GAGTTGCTGTTGAAGTCGCA-3'
human Clpp 5-TTGCCAGCCTTGTTATCGCA-3' 5'-GGTTGAGGATGTACTGCATCG-3'
human hsp60 5-ATGCTTCGGTTACCCACAGTC-3' 5-AGCCCGAGTGAGATGAGGAG-3'
human GAPDH  5-GGAGCGAGATCCCTCCAAAAT-3' 5-GGCTGTTGTCATACTTCTCATGG-3'

3.7 Cell death assay

Medium from the cultured cells was harvested. Cell death was determined by measuring
LDH release into the culture medium, using LDH-Cytotoxicity Assay Kit Il (Roche, USA)
by following the manufacturer’s instruction.

3.8 Immunocytochemistry

Cells cultured on coverslips were washed with ice-cold PBS, fixed in 4% (w/v)
formaldehyde and permeabilized with 0.1% Triton X-100. After incubation with 1% (v/v)
BSA (to block non-specific staining), fixed cells were incubated overnight at 4 °C with
antibodies against Myc (1:200 dilution, Santa Cruz) and Tom20 (1:2000 dilution, Abcam).
Cells were washed with PBS and incubated with Alexa Fluor® 488-conjugated anti-rabbit
and Alexa Fluor® 568-conjugated anti-mouse secondary antibodies (1:500 dilution,
Invitrogen) for 60 min. Coverslips were mounted on glass slides and imaged by NIKON Ci-
S microscopy.

3.9 Statistical analysis

Data were analyzed by Student’s t-test (for two group comparisons) or a Kruskal-Wallis
one-way ANOVA (for more than two group comparisons). In animal studies, we used n=6
mice/group for biochemical analysis. In cell culture studies, we performed each study with
at least three independent replications. Data are expressed as mean + SEM. Statistical
significance was considered achieved at value p <0.05.

4 Discussion

Mitochondrial dysfunction is one of the main pathological mechanisms of HD. Perturbation
in mitochondrial function causes mitochondrial stress and activates a series of mitochondrial
unfolded protein response (mtUPR) signaling events, including CHOP up-regulation and
HSP60 and Clpp transactivation, which in turn reduces the excessive mitochondrial
proteotoxic stress [22,23]. Therefore, control of the mtUPR may be important for
mitochondrial homeostasis. Upon mtUPR activation, CHOP is induced and recruited to the
promoter of HSP60 and Clpp for their induction [22,26,27]. Furthermore, the misfolded
and/or unfolded mitochondrial protein will be re-folded or degraded by mitochondrial
chaperones and proteases [11-14]. A recent study reported that ABCB10 is required for
maintaining mitochondrial chaperone and protease expression, suggesting its critical role in
controlling the mtUPR. Although the physiological function of the mtUPR has been reported
in several diseases [36,37], little is known about the relationship between the mtUPR and
HD. In this study, we demonstrated that the protein levels of the mitochondrial inner-
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membrane ABC transporter ABCB10 were reduced in HD cell cultures and HD R6/2 mice,
which in turn led to downregulation of CHOP, HSP60, and Clpp. Notably, overexpression of
ABCB10 rescued the levels of the mtUPR related genes, improved mitochondrial function,
and attenuated cell death in HdhQ111 mutant striatal cells. Moreover, we found that mtHtt
inhibited the mtUPR pathway by promoting ABCB10 mRNA degradation. Thus, inhibition
of the mtUPR by mtHtt may be added to the list of proposed mechanisms of mitochondrial
dysfunction in HD.

Multiple studies report the disturbance of mtUPR machinery in neurodegenerative diseases.
Polyglutamine diseases, also known as PolyQ diseases, are autosomal dominantly inherited
diseases, including spinocerebellar ataxia (SCA) [38], dentatorubral pallidoluysian atrophy
(DRPLA) [39], Machado— Joseph disease (MJD) [40], and HD [41, 42]. Expansion of the
PolyQ is the main cause of these diseases [43]. In the neurons of the model organism
Caenorhabditis elegans, PolyQ40 expression is sufficient to activate the mtUPR, but the
activated mtUPR can be inhibited by deletion of ATFS-1 [44, 45]. However, we observed
that the mtHtt carrying 111 CAG repeats suppressed the mtUPR machinery and induced
striatal cell death. It is possible that the length of PolyQ expressed in the neuronal cells
disrupts the mtUPR with different mechanisms. In Alzheimer’s disease, Beck et al. revealed
that specific markers of the mtUPR are upregulated in both sporadic and familial AD [46].
Expression of ATFS-12MTS exhibits dopaminergic neurodegenerative phenotypes in C.
elegans. Hyperactivation of the mtUPR was found in a-synuclein over-expressing animals
[47]. In addition, we also found that Clpp was selectively elevated in the LRRK2 mutant
expressing HEK293 cells (data not shown). These findings establish a link between the
regulation of the mtUPR pathway and Parkinson’s disease. Interestingly, a-synuclein and its
mutant induced the mtUPR in a life span dependent manner, implying that the activity of the
mtUPR associates with the development of disease and progression of age. Thus, it will of
interest to investigate the changes of the UPR™ in a chronic animal model of HD, such as
YAC128 mice, which exhibit progressive mitochondrial deficits.

The role of ABCB10 in controlling the mtUPR in HD pathogenesis raises many questions.
For instance, silencing of ABCB10 by RNAI reduces expression of mitochondrial
chaperones (HSPD1, DNAJA3) as well as mitochondrial protease (LONP), which leads to
increased ROS production [21]. Consistently, we found that higher ROS level was detected
in both ABCB10 deficient HD mouse striatal cells and in ABCB10 knocked-down wild-type
striatal cells. However, mitochondrial protease Clpp, but not LONP, was downregulated
significantly in ABCB10 deficient HD mouse striatal cells. It is possible that specific
mechanisms might occur in different cell models. Transcription factors such as GATA-1 and
those belonging to the E2F family have been reported to regulate the expression of ABCB10
in G1E-ER2 and HEK293 cells [48, 49]. mtHtt suppresses gene expression by blocking the
association of transcription factor to response element [6]. In the present study, we examined
ABCB10 promoter activity and found no significant changes between HdhQ7 and HdhQ111
cells (data not shown). Interestingly, the half-life of ABCB10 mRNA was greatly reduced in
the HD mutant striatal cells, compared with wild-type striatal cells. Thus, a further
investigation on how mtHtt promotes ABCB10 mRNA reduction is worthy. In addition,
HAF-1 serves as a short peptide transfer channel under mtUPR activation in C.elegans[13],
but ABCB10, the mammalian ortholog of HAF-1, has no effect on peptide export from the
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mitochondria matrix to the cytosol in mammalian cells [21]. How ABCB10 regulates the
mtUPR should be more carefully investigated in future studies.

In conclusion, we present new evidence that mtHtt inhibits ABCB10 expression by reducing
its MRNA stability. Deficiency of ABCB10 causes mtUPR dysregulation and subsequent
mitochondrial damage and cell death. Our findings thus provide a new insight into the
mechanism by which mitochondria become dysfunctional in HD.
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Highlights

. ABCB10 is decreased in HD cell cultures and HD R6/2 mice, which in turn
leads to inhibition of the mtUPR.

. Overexpression of ABCB10 rescues the levels of the mtUPR related genes,
improves mitochondrial function, and attenuates cell death in HD cell
cultures.

. Mutant Htt inhibits the mtUPR by impairing ABCB10 mRNA stability.
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Fig.1: ABCB10 is downregulated in models of Huntington’s disease.

(A)Whole cell extracts of HdhQ7 and HdhQ111 mouse striatal cells were harvested. Western

blot (WB) analysis was performed to determine the protein levels of ABCB10 using the
indicated antibodies. Actin was used as a loading control. The data shown in the histogram
are mean + SE from three independent experiments (n=3). (B) Total lysates were harvested
from the striatum of HD R6/2 and wildtype mice. ABCB10 protein levels were determined
by WB analysis. The shown blots are from three independent experiments (n=6). (C) HD
patient fibroblasts (GM04693 and GM21756) and normal fibroblasts (HDFa and HDFn)
were harvested. ABCB10 was detected by WB analysis. The data are mean + SE of three
independent experiments (n=3). (D) HdhQ7 or HdhQ111 cells were transfected with Myc-
ABCB10 plasmids for 24h followed by immunoblotting with anti-Myc antibody (n=3). (E)
HdhQ7 or HdhQ111 cells were treated for 12 hours with proteasome inhibitor MG132 or 4
hours with lysosomal inhibitor BFA. Protein extracts were immunoblotted with ABCB10
antibody. The shown blots are representative of three independent experiments (n=3). (F)
Total RNA was extracted from HdhQ7 or HdhQ111 cells. ABCB10 and GAPDH mRNA
levels were determined by quantitative real-time PCR. The data are mean + SE from three
independent experiments (n=3). (G) Total cell lysates were immunoblotted by indicated
antibodies after transfection of control vector, myc-OTC, or myc-OTCA for 24h. The blots
shown are from three independent experiments (n=3).
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Fig. 2: Deletion of ABCB10 causes increased mitochondrial ROS and cell death
HdhQ?7 cells were cultured and infected with pLKO (Control) or pLKO —-sh-ABCB10

lentivirus for ABCB10-knockdown (KD). (A) Total protein was extracted from cells and
immunoblotted by using ABCB10 antibody. Actin was used as loading control (n=3). (B)

Control cells and ABCB10 knockeddown cells were stained with MitoSOX (red). The

0.
Con sh-ABCB10

Page 15
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pr g
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mitochondrial ROS was determined by Flow cytometry. The data are mean + SE from three
independent experiments (n=3). (C) Cell death was determined by the release of lactate
dehydrogenase (LDH). The data are mean + SE of three independent experiments (n=3). (D
and E) HdhQ7 or HdhQ111 cells were transfected with control vector or Myc-ABCB10 for
48 hours. The cells were stained with MitoSOX (red). The mitochondrial ROS was
determined by Flow cytometry. The data are mean + SE from three independent experiments
(n=3). Cell death was determined by LDH release. The data are mean * SE of three
independent experiments (n=3). (F) Control vector or Myc-ABCB10 expressed cells were
stained with anti-myc and anti-Tom 20 antibodies. Enlarged mitochondrial morphology were
showed in the lower panels. At least 100 cells per group were counted. The data are mean +

SE of three independent experiments (n=3).
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Fig. 3: Transcription factor CHOP is regulated by ABCB10
(A) HdhQ7 cells were treated with Tm or 3-NP at the indicated concentrations. Whole cell

extracts were prepared, and the expression of CHOP was analyzed by WB. The data are
mean + SE of three independent experiments (n=3). (B) HdhQ7 or HdhQ111cells were
treated with 3-NP for 16 hours at the indicated concentrations. The levels of CHOP and actin
were examined by WB analysis. The data are mean + SE of three independent experiments
(n=3). (C) HdhQ7 or HdhQ111 cells were treated with ER stress inducers Tg or Tm. Total
cell lysates were harvested. CHOP and actin expression was determined by WB analysis.
The shown blots are representative of three independent experiments (n=3). (D) HdhQ7 cells
were infected with pLKO-sh-ABCB10 and pLKO-sh-Con lentivirus. ABCB10 knock-down
stable cells were collected after puromycin selection (3 pg/ml, 1 week). ABCB10, CHOP,
and actin were analyzed by WB. The data are mean + SE of three independent experiments
(n=3). (E) HdhQ111 cells were transfected with control vector or myc-ABCB10 for 24
hours followed by treatment with 3-NP at 2.5 or 5 mM for 16 hours. Total cell lysates were
harvested and analyzed by WB. The data are mean £ SE of three independent experiments
(n=3).
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Fig. 4: Mitochondrial UPR components HSP60 and Clpp are decreased in cell culture models of
HD.

(A and B) Total cell lysates of HD patient fibroblasts (GM04693 and GM21756) and normal
fibroblasts (HDFn and HDFa) were harvested. Mitochondrial chaperone HSP60, proteases
Clpp and LONP were examined by WB analysis. The data are mean + SE of three
independent experiments (n=3). (C and D) Protein extracted from HdhQ7 or HdhQ111 cells
were used for analysis of HSP60, Clpp, and LONP with indicated antibodies. The data are
mean + SE of three independent experiments (n=3). (E and F) Total RNA was extracted
from patient fibroblasts (GM04693 and GM21756) and normal fibroblasts (HDFn and
HDFa) cells. HSP60 and Clpp mRNA levels were determined by quantitative real-time PCR.
The data are mean = SE from three independent experiments (n=3). (G)The mRNA levels of
ABCB10 in HdhQ7 or HdhQ111 cells were determined by real-time PCR. The data are
mean + SE from three independent experiments (n=3). (H) HdhQ7 or HdhQ111 cells were
transfected with Myc or Myc-CHOP plasmids for 48 hours. Total protein levels of HSP60
and Clpp were determined by western blot analysis. Shown blots are from three independent
experiments (n=3).
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Fig. 5: Mutant Huntingtin regulates ABCB10 mRNA stability
(A) HdhQ7 cells were treated with 10ug/ml AntinomycinD for 16 or 24 hours. Total RNA

was extracted, and the mRNA levels of ABCB10 and Mcl1 were determined by quantitative
real-time PCR (n=3). (B) HdhQ111 cells were infected with pLKO (Control) or pLKO-sh-
HTT lentivirus for mtHtt-knockdown. Total cell lysates were extracted and immunaoblotted
with anti-huntingtin, anti-ABCB10, anti-HSP60, anti-Clpp, anti-CHOP, and anti-actin
antibodies. The data are mean + SE from three independent experiments (n=3).
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