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Neurodegenerative diseases are marked by the accumulation of toxic misfolded proteins in neurons.
Therefore, strategies for the effective prevention and clearance of aggregates are crucial for therapeutic
interventions. Cytoplasmic dynein plays a crucial role in the clearance of aggregates by transporting
them to the cell center, where lysosomes are enriched and the aggregates undergo extensive autophagic
degradation. Previously, we reported evidence for the activation of dynein by N-acetylglucosamine
kinase (NAGK) and Reln. In the present study, we explored the effects of NAGK and Reln upregulation
on the clearance of aggregates. To upregulate NAGK and Reln genes in HEK293T cells (a human
embryonic kidney cell line), CRISPR/dCas9 activation systems (CASs) were used with specific plas-
mids encoding target-specific 20 nt guide RNA. The effects of this genetic modulation were analyzed
in Huntington’s disease cellular models, including HEK293T cells and primary mouse cortical cells,
where external mutant huntingtin (mHtt, Q74) aggregates were induced. The results showed that the
CAS activation of NAGK or Reln, or their combination, significantly reduced the proportion of cells
with Q74 aggregates (aggresomes). This effect was reversed by Ciliobrevin D (a dynein inhibitor)
and chloroquine (an autophagy inhibitor), indicating the role of dynein-mediated autophagy in aggregate
clearance. These findings provide the basis for therapeutic strategies aimed at enhancing neuronal

health through targeted gene activation.
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Introduction

Neurodegenerative disorders (NDs) are often referred to
as "proteinopathies", or "protein misfolding diseases", be-
cause their pathogenesis involves protein misfolding and ag-
gregation [15, 46]. Huntington's disease (HD) is one such
proteinopathy, where the disease occurs due to the accumu-
lation of mutant huntingtin (mHtt) protein aggregates. The
mHtt aggregation is caused by the polyglutamine expansion

in the protein, which is, in turn, due to a mutation in the
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gene. In HD, the CAG repeat expands in exon 1 of the IT-15
("interesting transcript 15") gene encoding the huntingtin pro-
tein [8]. Up to 35 CAG repeats are considered within the
range of normal variation, while 36 or more repeats are ab-
normal and associated with selective neuronal death, occur-
ring mainly in the cerebral cortex and the striatum, eventually
causing the brain to become smaller than normal [45].

In eukaryotes, there are two main mechanistic pathways
for proteolysis: the ubiquitin-proteasome system (UPS) and
the autophagy-lysosomal pathway (ALP) [2, 13, 23, 31]. It
is believed that short-lived intracellular proteins are mainly
removed by the UPS, while long-lived proteins, misfolded
proteins, protein aggregates, and damaged organelles are de-
graded by the ALP [23]. Aggregated proteins like mHtt are
inefficiently degraded by the proteasome due to their large
size. Therefore, autophagy is the main pathway to effectively
degrade aggregate-prone proteins like mHtt [27].
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As a cytoskeletal motor, dynein might play an important
role in the initial response to protein aggregation due to its
function in endosomal and lysosomal transport [6]. Dynein
plays a crucial role in autophagosome-lysosome fusion in the
ALP [46]. Misfolded protein aggregates like mutant alpha-
synuclein and mHtt are transported to the microtubule organ-
izing center (MTOC) by dynein retrograde transport, where
they fuse with lysosomes and are cleared by the ALP [11,
22, 38]. Indeed, autophagosome fusion with lysosomes is dis-
rupted when dynein function is impaired [46]. The number
of protein aggregates increases and they remain dispersed in
the cytoplasm during genetic repression of dynein [9], in-
dicating that dynein function is critical and essential for the
clearance of protein aggregates.

Therefore, it is a reasonable hypothesis that activation of
dynein transport may accelerate the clearance of mHtt
aggregates. One signaling molecule targeting the activation
of dynein is Reln, a product of the Reln gene. Upregulation
of Reln signaling promotes neuronal migration [16] suggest-
ing dynein activation. Binding of Reln to its receptors, very
low-density lipoprotein receptor (VLDLR) and apolipoprotein
E receptor 2 (apoER2), induces Disabled-1 (Dabl) tyrosine
phosphorylation, which acts as a hub to recruit different
downstream SH2 domain-containing proteins including Lisl
(reviewed in [14]). LIS1 is known to function as a micro-
tubule (MT) and MTOC-associated protein that regulates nu-
cleokinesis along MTs via the regulation of dynein motor
function [44]. LIS1 forms a complex including NDELI
(NudE isoform, NudE-like), which directly binds dynein [34].

Another protein targeting the activation of dynein is N-ace-
tylglucosamine kinase (NAGK). In our previous report, we
showed that NAGK promotes dynein activation by interacting
with dynein light chain roadblock type 1 (DYNLRBI1) [18,
19, 39]. These interactions promote the clearance of mHtt
(Q74) aggregates with polyglutamine expansion [39], nuclear
invagination during cell division, cell migration [19], cell di-
vision [40], dendritic branch point & branching [19]. There-
fore, activation of the NAGK and Reln genes is reasonably
considered to accelerate the clearance of protein aggregates.

Recently, an exciting new genome editing technology
called the CRISPR/Cas9 system has been revealed. Clustered
regularly interspaced short palindromic repeats (CRISPR) and
the CRISPR-associated protein 9 (Cas9) system can be used
to effectively modify genes with the help of specific guide
RNA (gRNA) [37]. It has been developed to activate the ex-
pression of endogenous genes by targeting a fusion protein
of deactivated Cas9 (dCas9) and a transactivation domain to

synergistic activation mediators (SAM) via different combi-
nations of gRNAs [36]. This new system can be used to acti-
vate transcription factors at the normal physiological site of
the nucleus [37]. In the present study, we took advantage
of the CAS system to activate the NAGK and Reln genes
and investigated the clearance effects of mHtt aggregates in
cellular models of HD.

Materials and Methods

HEK293T cell culture

HEK293T cells were cultured in 24 well plates containing
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin strepto-
mycin up to 60-70% confluency. Cells were incubated at
37°C under 5% CO; and 95% air.

Neuronal culture

Cortical cells were prepared from mouse embryonic fe-
tuses at 17 days of gestation (E17). A time-pregnant (14th
day of gestation) ICR mouse was purchased from Koatech
(Pyeongtack, Korea) and housed in controlled temperature with
access to food and water ad libitum. After 3 days, the preg-
nant mouse was euthanized with isoflurane and the fetuses
were collected. All procedures were approved by the Institu-
tion Animal Care and Use Committee of Dongguk University
(approval certificate number I[UCAC-2018-06). The cerebral
cortices were dissected from the brain and dissociated neuro-
nal cultures were prepared as previously described with some
modification [4]. Briefly, the dissected cerebral cortices were
collected in Hank’s balanced salt solution (HBSS), and the
tissues were dissociated by trypsinization (0.25% trypsin in
HBSS) for 14 min at 37°C, and triturated with fire-polished
graded Pasteur pipettes. The dissociated cells were seeded
onto poly-DL-lysine (Sigma-Aldrich, St. Louis, MO, USA)
coated 12-mm glass coverslips in 24-well culture plates at
a density of 5.0x10* cells/em’. Cells were seeded in 2-days
preincubated plating media (serum-free neurobasal media
supplemented with B27, glutamate and B-mercaptoethanol)
and incubated at 37°C under 5% CO; and 95% air.

Transfection of NAGK and Re/n CRISPR/dCas9
activation system

To upregulate NAGK and Reln genes in HEK293T cell (a
human embryonic kidney cell line), CRISPR/dCas9 activation
systems (CASs) were used (Santa Cruz Biotechnology, Dallas,
TX, USA). The CAS plasmids are a synergistic activation



mediator (SAM) transcription activation system designed to
specifically upregulate gene expression, and consist of the
following three plasmids at a 1:1:1 mass ratio: a plasmid en-
coding the deactivated Cas9 (dCas9) nuclease (D10A and
N863A) fused to the transactivation domain VP64; a plasmid
encoding the MS2-p65-HSF1 fusion protein; and a plasmid
encoding a target-specific 20 nt guide RNA. For target-specif-
ic 20 nt guide RNAs, we used NAGK (sc-407809-ACT-2;
Santa Cruz Biotechnology), Reln (sc-401862-ACT-2; Santa
Cruz) and control CAS plasmids (sc-437275; Santa Cruz
Biotechnology). CAS plasmids were transfected into HEK
293T cells using plasmid transfection medium and Ultra Cruz
transfection reagent (Santa Cruz Biotechnology) according to
the manufacturer’s protocol. Briefly, cells (IXIO5 cells per
well) were seeded on 24-well culture plates in antibiotic-free
DMEM 24 hr before transfection and grown to 70% con-
fluence. Cells were transfected with 1.0 pg CAS plasmid us-
ing Ultra Cruz Transfection Reagents and incubated in cell
culture incubator (37°C, 5% C02/95% air). The transfection

efficiencies of all plasmids ranged from 70 to 80%.

Immunocytochemistry

Cells on coverslip were fixed consecutively with paraf-
ormaldehyde and methanol [32]. Briefly, coverslips were in-
cubated in 4% paraformaldehyde in Phosphate-buffered saline
(PBS) at room temperature (RT) for 15 min, followed by
methanol fixation at -20°C for 20 min. Fixed cells were then
blocked using 5% normal goat serum, 0.05% Triton X-100
in PBS, pH 7.4 for 1 hr at RT. Primary antibodies were added
to coverslip and incubated overnight at 4°C. Subsequently,
the coverslips were rinsed with blocking buffer, then in-
cubated with fluorophore-labelled secondary antibodies at RT
for 1.5 hr. Coverslips were sequentially rinsed with blocking
buffer and PBS, and mounted on glass slides. The following
antibodies were used for immunostaining including tubulin
a-subunit (mouse monoclonal 12G10, 1:1,000 dilution; Devel-
opmental Studies Hybridoma Bank, University of lowa, lowa
City, 1A, USA), rabbit polyclonal NAGK (1:200; Genetex,
Irvine, CA, USA); rabbit polyclonal Reln (1:100; GeneTex).
The fluorescently labeled secondary antibodies Alexa Fluor
488-conjugated goat antimouse IgG and Alexa Flour 568-
conjugated goat antirabbit IgG were from Invitrogen (Thermo
Fisher Scientific, Carlsbad, CA, USA).

Western blots
At 24 hr incubation after transfection, cells were washed
with cold PBS and lysed in lysis buffer (25 mM Tris, 150
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mM NaCl, 1.0 mM EDTA, 1% NP-40, 5% glycerol; pH 7.4)
containing protease inhibitor cocktail (Thermo Fisher Scien-
tific). Equal amounts of proteins were electrophoresed on 8%
sodium dodecyl sulfate (SDS)-polyacrylamide or 15% Tri-
cine-SDS-PAGE, and transferred to polyvinylidene fluoride
(PVDF) membranes. Membranes were incubated overnight
at 4°C with primary antibodies (tubulin B-subunit (mouse
monoclonal 12G10, 1:1,000; Developmental Studies Hybri-
doma Bank), microtubule associated protein 1 light chain 3
(rabbit polyclonal LC3, 1:1,000; Cell Signaling Technology,
Danvers, MA, USA), a-actin (mouse monoclonal JLA20,
1:1,000; Developmental Studies Hybridoma Bank), Ubiquitin
(mouse monoclonal, 1:1,000; Santa Cruz Biotechnology),
Sequestosome-1/P62 (SQSTM1 mouse monoclonal, 1:1,000;
Proteintech Group, Chicago, IL, USA) and GFP Antibody
(PA1-980A, 1:1,000; Invitrogen, Waltham, MA, USA)). After
rinsing with TTBS (0.05% Tween-20 in TBS), membranes
were incubated with horse radish peroxidase-conjugated sec-
ondary antibodies (1:1,000; anti-mouse or anti-rabbit IgG;
Amersham Biosciences, now GE Healthcare Life Sciences,
Middlesex County, NJ, USA). The blots were detected using
an ECL detection kit (Abfrontier, Seoul, Korea). To strip
membranes, stripping buffer was used (LPS Solution, Dae-

jeon, Korea).

Measurement of GFP-tagged mutant huntingtin
(Q74) aggregates

HEK293T and brain cortical cells were transiently co-
transfected with GFP-tagged mutant huntingtin plasmid Q74
(pEGFP-Q74) which contains human HTT partial exon 1 Q74
(a gift from David Rubinsztein (Addgene plasmid #40262;
http://n2t.net/addgene:40262; RRID:Addgene 40262)) [33]
with each CAS plasmids using plasmid transfection medium
and Ultra Cruz transfection reagent (Santa Cruz Biotechnol-
ogy) according to the manufacturer’s protocol. Cells were ob-
served under a fluorescence (Leica Microsystems AG, Wet-
zlar, Germany) at 2x magnification at 24 to 48 hr after
transfection. The fluorescence intensity, size and number of
GFP-positive aggregates in HEK293T and brain cortical cells
were analyzed using Image J software (version 1.45, National
Institute of Health, Bethesda, MD, USA). In some experi-
ments ciliobrevin D (20 pM) and an autophagy blocker chlor-
oquine (CQ, 50 uM) was used to block cytoplasmic dynein
and the autophagy, respectively. In these cases, the inhibitor
was added to cultures after 6 hr of transfection, and cells

were observed after further incubation for 18 hr.



612 BB ULTIX] 2024, Vol. 34. No. 9

Image acquisition

Phase contrast and fluorescence images (1,388x1,039 pix-
els) were acquired from a Leica Research Microscope DM
IRE2 (Leica Microsystems AG). The density quantification
was performed using an ImageJ Fiji program [39]. Image
contrast, clarity and brightness were adjusted using Adobe
Systems Photoshop 7.0 software (Adobe, San Jose, CA,
USA).

Statistics

All results are presented as mean+ SEM (standard error
of the mean). The Student’s #-test was used to compare two
groups, and one-way ANOVA with Duncan’s multiple com-
parison post hoc test was used for multi-group comparisons.
p values of <0.05 were deemed statistically significant, and
p values of <0.001 were considered very significant. Statistical
analysis was performed using GraphPad Prism v 8.0
(GraphPad Software, San Diego, CA, USA).

Results

Overexpression of NAGK and Rel/n genes using
CRISPR/dCAS9 activation system (CAS) /n vitro

Using CAS system, we induced upregulation of NAGK and
Reln genes, which is expected to promote dynein function.
As a first step we confirmed the upregulation of these genes
by assessing the levels of expressed proteins in HEK293T
cells. Cells were transfected with CAS plasmids and im-
munostained after 24 hr incubation using rabbit anti-NAGK
and anti-Reln antibodies. As shown in Fig. 1A the expression
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levels of NAGK and Reln were significantly increased in the
cytoplasm of the cells compared to the cells transfected with
control CAS plasmids. Statistical analyses showed the in-
creases were very significant (p<0.001) (Fig. 1B).

Using CAS system, we induced upregulation of NAGK and
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As a first step we confirmed the upregulation of these genes
by assessing the levels of expressed proteins in HEK293T
cells. Cells were transfected with CAS plasmids and im-
munostained after 24 hr incubation using rabbit anti-NAGK
and anti-Reln antibodies. As shown in Fig. 1A the expression
levels of NAGK and Reln were significantly increased in the
cytoplasm of the cells compared to the cells transfected with
control CAS plasmids. Statistical analyses showed the in-
creases were very significant (p<0.001) (Fig. 1B).

Upregulation NAGK and Reln reduces accumu-
lation of Q74-mHtt aggregates in HEK293 cells: syn-
ergistic effects

Having confirmed the upregulation of NAGK and Reln
expression by CAS, we next assessed the effect of their upre-
gulation on the clearance of mHtt aggregates. NAGK and
Reln activate dynein motor through different mechanism (see
Discussion). To explore whether activation of the two genes
by CAS promotes Q74 aggregate clearance, we co-transfected
HEK?293T cells with pEGFP-mHtt (pQ74) and CAS plasmids.
Live cell images were observed at 24 hr after transfection,
and cells were fixed and stained at 48 hr after transfection
with anti-GFP antibody to reveal Q74 aggregates. Representa-

tive fluorescence images were shown in Fig. 2A, and stat-
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Fig. 1. Upregulation of NAGK and Reln by CRISPR/dCas9 System. Expression levels of NAGK and Reln were assessed using
immunofluorescence staining. HEK293T cells were transfected with Control, NAGK and Reln CRISPR activation plasmids.
(A) After 24 hr of incubation, cells were fixed and stained with indicated antibodies. (B) The level of NAGK and Reln
expression were shown by mean fluorescence intensity (a.u., arbitrary unit). ***p<0.001. Scale bar, 10 pm.
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Fig. 2. Effect of NAGK and Reln CAS activation reduced the portion of HEK293T cells containing mHtt aggregates in cellular
HD models. HEK293T cells were co-transfected with pEGFP-mHtt (pQ74) and indicated CAS plasmids. After 48 hr
of incubation, cells with aggregates were counted and expressed as percentages of total cell counts (n=500). Note that
the portions of aggregate-containing cells were very significantly (p<0.001) reduced in gene-activated groups compared

with control. ***p<0.001. Scale bar, 50 um.

istical analyses showed that the portions of cells containing
mHtt aggregates were very significantly (p<0.001) reduced
in both NAGK and Reln CAS-activated groups compared with
control CAS one (Fig. 2B) at both 24 and 48 hr after trans-
fection, indicating that NAGK and Reln CAS activation pro-
moted clearance of Q74-mHtt aggregates. In addition, cells
containing Q74 aggregates were more significantly reduced
when both NAGK and Reln are upregulated (Fig. 2B, NAGK-

Reln), indicating a synergistic effect.

Synergistic effects of MAGK and Reln CAS on Q74
clearance in cortical neurons

Similar effects as in HEK293 cells were also manifested
in neurons. Cultured rat brain cortical cells were co-trans-
fected. After 24 hr of transfection, live cell images were ob-
served under fluorescence microscope (Fig. 3A). After 48 hr
of transfection, cells were fixed and double-labeled with anti-
B tubulin and anti-GFP, and counter-stained with DAPI (Fig.
3A). Statistical analyses revealed that the portion of cells con-
taining Q74 aggregates was significantly (p<0.01) reduced
in single CAS transfected neurons (Fig. 3B). In addition, cells
transfected with combined NAGK and Reln CAS plasmids
showed very significant reduction (p<0.001), compared to
control CAS transfected neurons (Fig. 3B, NAGK + Reln).
These results indicate synergistic effects of NAGK and Reln

on Q74 clearance in neurons.

Role of autophagy in the clearance of Q74 ag-
gregates in NAGK and Rel/n upregulation

Unfolded proteins first form small soluble aggregates
throughout cytoplasm. These soluble aggregates are trans-
ported by dynein motor to the cell center and form large in-
soluble aggregates, which in turn form aggresomes [21].
Autophagy may be responsible for the clearance of the Q74
aggresomes. To confirm this hypothesis, we fractionated Q74
into soluble and insoluble fractions by centrifugation (15 min,
15,000x g at 4°C) and the fractions were subjected to immu-
noblotting. As shown in Fig. 4A and 4B the levels of soluble
and insoluble Q74 were significantly (p<0.01) decreased in
NAGK and Reln CAS transfected cells, indicating that autoph-
agy is activated. To prove activation of autophagy the same
Western blots were stripped off and subjected to immunoblot-
ting with autophagic marker proteins. As shown in Fig. 4C,
the expression level of p62/SQSTM1 was very significantly
(»<0.001) reduced, whereas the type II form of micro-
tubule-associated protein 1 light chain 3 (LC3-1I) was very
significantly (p<0.001) increased in both NAGK and Reln
CAS activation (Fig. 4D), indicating formation of autophago-
some and autophagy degradation of Q74 insoluble aggregates.

Since p62/SQSTM1 also bind to ubiquitylated proteins, in
addition to LC3 on autophagosomes form [3], we also inves-
tigated the expression level of ubiquitin proteins. As shown
in Fig. 4E, the expression level of ubiquitin was also very
significantly (p<0.001) decreased confirming activation of
autophagy. These results indicate the important role of au-
tophagy in the clearance of polyglutamine disease proteins,
which can be reduced by accelerating dynein function through
overexpression of NAGK and Reln.
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Fig. 3. Synergistic effects of NAGK and Reln CAS activation on Q74 clearance in a HD model of cortical neurons. Rat cortical
cultures were co-transfected with pQ74 and single or combination of NAGK and Reln CAS plasmids. (A) Typical live
fluorescence images after 24 and 48 hr of incubation after transfection. The 24 hr incubated cultures were double-im-
munostained with indicated antibodies and counter-stained with DAPI. (B) Aggregates-containing cells were counted and
expressed as percentages of total cell counts (n=500) **p<0.01, ***p<0.001. Scale bar, 50 pm.

Impairment of dynein function leads to failure of
Q74 clearance

Previous reports from our laboratory indicated that NAGK
activates dynein [39], and Reln also upregulates dynein ex-
pression [16]. Therefore, we assume that the promotion of
Q74 clearance by the upregulation of NAGK and Reln is
due to the accelerated transport of Q74 clusters by dynein
to the cell center, where they form aggresomes that eventually
fuse with lysosomes. To prove this assumption we used
Ciliobrevin D (a cell-permeable, reversible and specific in-
hibitor of AAA + ATPase motor cytoplasmic dynein) and CQ,
which blocks the autophagic flux by impairing autophago-

some-lysosome fusion [28]. Ciliobrevin D (20 pM) and CQ
(50 uM) were added to the HEK293T culture medium after
6 hr transfection and further incubated for 24 hr. Typical live
cell images were shown in Fig. 5A. Statistical analyses re-
vealed that the portions of Q74 aggregate-containing cells
were dramatically increased in both CQ and ciliobrevin D
treated cells (Fig. 5B) transfected with single or combined
NAGK and Reln CAS plasmids, with synergistic effects in
the latter. These data prove our assumption that NAGK and
Reln accelerate intracellular transport of the disease proteins
by dynein, formation of aggresomes, and eventual clearance

by autophagy.
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DISCUSSION

In this present study, we have shown that upregulation of
NAGK and Reln genes by CAS activation induced significant
reduction of Q74-mHtt aggregate formation in both HEK293T
and cortical neurons. The combination of the two genes re-
sulted in more significant reduction compared to single acti-
vation, indicating a synergetic effect. When dynein is in-
hibited by Ciliobrevin D and CQ (autophagy inhibitor), the
clearance effects were erased indicating that this effect stems
from activation of dynein.

Neurodegenerative diseases (NDs) are characterized by the
accumulation of toxic proteins, caused by an imbalance be-
tween production and clearance in the central nervous system
(CNS). For example, using metabolic labeling, [29] measured
APB42 and AP40 production and clearance rates in the CNS
of participants with Alzheimer’s disease (AD) and cognitively

normal controls, finding that clearance rates for both Ap42
and AB40 were impaired in AD compared to controls. This
indicates that the common late-onset form of AD is charac-
terized by an overall impairment in AP clearance. Therefore,
although numerous factors contribute to the production of im-
paired proteins, effective clearance of their accumulation
emerges as an attractive therapeutic strategy for NDs.
Mutant proteins such as B-amyloid (AB), o-synuclein, and
mHtt, which are associated with AD, PD, and HD, respec-
tively, are aggregate-prone, forming small, diffuse 'soluble’
aggregates in the cytoplasm. These 'soluble' aggregates are
transported by cytoplasmic dynein to the MTOC, where they
aggregate to form a large 'aggresome' that fuses with lyso-
somes to undergo aggrephagy. Aggrephagy is the selective
degradation of protein aggregates by autophagy [35]. There-
fore, accelerated transportation of 'soluble' aggregates to the
MTOC could be a strategy for efficient clearance of cytoplas-
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mic aggregates.

Previous reports from our laboratory showed that NAGK
upregulated dynein’s function in aggregate clearance [39], mi-
gration [18] and neuritogenesis [19, 20, 25]. Interestingly, the
upregulation of dynein function by NAGK was not NAGK’s
enzyme activity by a structural role [25, 26]. Later, we found
NAGK interacted with the Roadblock-1 subunit of dynein
[19, 39], indicating that dynein activation by NAGK is due
to a structural interaction between the two proteins.

The large extracellular matrix glycoprotein R [7] regulates
neurodevelopment and has been implicated in neurological

diseases [5, 42]. Binding of Cajal-Retzius cell-secreted Reln

lipoprotein receptors triggers a cascade of events resulting
in the activation of kinases that modulate MTs during neuro-
nal migration and hippocampal dendrite development [5, 12,
17, 24, 43]. Reln, a secreted glycoprotein controlling neuronal
positioning, functions by clustering its receptors VLDLR and
ApoER2, causing the activation of src-family kinases (SRKs)
and the phosphorylation of the adapter molecule Dabl
(reviewed by [43]). The phosphorylated Dabl recruits Lisl
[1], which regulates the function of cytoplasmic dynein/dy-
nactin motor complex [10, 30, 41, 47].

Cytoplasmic dyneins play a crucial role in clearing protein
aggregates, by retrogradely transporting aggregates to MTOC



for lysosomal degradation. In this study, we employed the
CRISPR/dCas9 activation system (CAS) to activate NAGK
and Reln genes, which in turn promote dynein-mediated
autophagy. In conclusion, the present study provides evidence
for the improvement of cell health by efficient clearance of
mHtt through CAS activation of NAGK and Reln genes.
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