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Als2 silencing affects the expression of two NF-kB targeted
genes via UXT in adult mouse primary spinal motor neuron

culture

Als2’nin susturulmasinin NF-kB hedefli iki genin ekspresyonlarina UXT

Uzerinden etkisinin yetiskin fare primer spinal motor néron kiiltiiriinde

arastirilmasi

M. Beyza CETIN OZANSOY!©, Mehmet OZANSOY?

ABSTRACT

Aim: Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative di-
sorder affecting motor neurons. Als2 is one of the genes that cause
ALS, and its mutations leads to loss of function in alsin protein. The
interaction between alsin, and UXT protein has been documented in
vitro. UXT is a cofactor in NF-kB pathway. Our aim is to investigate
the potential effect of silencing of Als2 on the activity of NF-kB path-
way in primary motor neurons.

Method: Neurons were demonstrated immunocytochemically via
reaction with anti-ChAT and anti-81Il tubulin primary antibodies in
spinal motor neuron culture of adult BalbC mice. Als2 was silenced
using RNAi method and confirmed by qRT-PCR. Expressions of UXT,
A20 and IL8 in motor neurons where Als2 was silenced were deter-
mined by gRT-PCR. TNF-a, an NF-kB activator, was also applied and
alterations in the expressions of A20 and IL8 were measured using
gRT-PCR.

Results: Expressions of Als2, UXT, and IL8 were reduced by 74.3%,
40%, and 84.4% by RNAi in immunocytochemically characterized
spinal motor neurons (for all, p<0.0001). whereas A20 expression
increased by 65% (p<0.0001). When TNF-a was applied to neurons,
IL8 expression increased by 17-fold, but the increase in A20 was only
29.5%.

Conclusion: In the light of these findings, correlation between exp-
ressions of Als2 and UXT has been proven. Decreases in the levels of
Als2 and UXT cause a reduction in IL8 expression, whereas expression
of A20 increases. This indicates that silencing of Als2 might reduce
inflammatory response while activating pro-apoptotic signals. When
NF-kB pathway has been activated by TNF-a, a considerable increa-
se in IL8 has been observed. Thus for the first time a functional link
between Als2, and NF-kB pathway over UXT has been confirmed in
primary spinal motor neuron culture , and the role played by key mo-
lecules as IL8, and A20 on NF-kB pathways has been demonstrated.
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Amag: Amiyotrofik Lateral Skleroz (ALS) motor néronlari etkileyen
nérodejeneratif bir hastaliktir. Als2, ALS’ye neden olan genlerden biri
olup, mutasyonlari alsin proteininde islev kaybina yol agar. Alsin ile
UXT proteininin etkilestigi in vitro olarak gésterilmistir. UXT NF-kB
yolaginda bir kofaktérdiir. Calismadaki amacimiz, Als2 geninin sustu-
rulmasinin NF-kB yolagi aktivitesine olan olasi etkisinin primer spinal
motor néronlarda arastirilmasidir.

Yéntem: Yetiskin BalbC fare spinal motor néron kiiltiiriinde, néronlar
anti-ChAT ve anti-8lll tubulin primer antikorlari ile immdinositokim-
yasal olarak gésterildi, Als2 geni RNAi yéntemi ile susturuldu ve gRT-
PCR ile dogrulandi. Als2’nin susturuldugu motor néronlardaki UXT,
A20 ve IL8 gen ekspresyonlari gqRT-PCR ile belirlendi. NF-kB aktivatorii
olan TNF-a kullanilarak A20 ve IL8 ekspresyonlarindaki degisim qRT-
PCR ile élgtildi.

Bulgular: immiinositokimyasal olarak gésterilen spinal motor néronlar-
da RNAi ile Als2 gen ekspresyonu %74,3 oraninda azaldigi (p<0,0001) ve
UXT ekspresyonunun %40 diistiigii saptandi (p<0,0001). IL8 seviyesinin
%84,4 azaldigi, ancak A20 seviyesinin %65 arttigi gbzlendi (p<0,0001).
Néronlara TNF-o uygulandiginda IL8 ekspresyonunun 17 kat yiikseldigi,
ancak A20 ekspresyonunun yalnizca %29,5 arttigi saptand.

Sonug: Bu bulgular isiginda Als2 ile UXT arasindaki gen ekspresyonu
seviyesindeki korelasyonun saglamasi yapilmistir. Als2 ve UXT seviye-
sindeki diistis IL8 seviyesini azaltirken A20’yi yiikseltmektedir. Bu veriler
Als2’nin susturulmasinin enflamatuar yaniti azaltirken pro-apoptotik
sinyalleri A20 lizerinden tetikleyebilecegini diistindiirmektedir. TNF-o
kullanilarak NF-kB yoladi aktive edildiginde, IL8 artisi lizerinden ger-
ceklesen enflamatuvar bir yanit gériilmektedir. Béylece Als2 ile NF-«kB
yolagi arasindaki islevsel baglantinin UXT (zerinden gergeklestigi ilk
kez primer spinal motor néron kiiltiiriinde dogrulanmis olup, IL8 ve
A20 gibi NF-kB yolagindaki kilit molekdillerin bu baglamda rol oyna-
digi gosterilmistir.
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INTRODUCTION

Amyotrophic Lateral Sclerosis (ALS) is a neurodege-
nerative disorder characterized by the selective loss
of motor neurons. Degeneration of motor neurons
leads to progressive weakness, muscle atrophy and
death that generally ensue within 2-5 years after di-
agnosis. ALS has a yearly prevalence of 2/100,000
and a lifetime risk of 1/800. Approximately 10% of
the cases have hereditary transmission and the rest
is sporadic'. Although several genes and chromoso-
mal loci have been described for the cause of familial
ALS (FALS), the underlying molecular mechanism still
remains to be identified.

Recent findings have shown the involvement of va-
rious molecular pathologies such as endoplasmic
reticulum stress, excitotoxicity, oxidative stress, neu-
ronal inflammation, axonal transport dysfunctions in
the progressive pathology of ALS**.

Als2 (alsin), one of the causative genes of ALS, resides
on chromosome 2qg33.1; its mutations lead to a pre-
mature termination of translation or to amino acid
substitution, causing an autosomal recessive juvenile
onset ALS through the loss of function of the alsin pro-
tein. The 184 kD Als2 protein (alsin) consists of three
putative Guanine Nucleotide Exchange Factor (GEF)
domains; the regulator of chromosome condensati-
on 1 (RCC1) domain, the Dbl-homology/Pleckstrin-
homology (DH/PH) domain and the Vacuolar Protein
Sorting 9 (VPS9) domain. In addition to these three
domains, there are eight consecutive Membrane Oc-
cupation and Recognition Nexus (MORN) motifs bet-
ween DH/PH and VPS9 domains>®.

Current research have shown that alsin might have
a role in endosomal trafficking through its VPS9 do-
main, and that it could also function in intracellular
signalling pathways with its DH/PH domain’. In re-
lation with this data, alsin plays a regulatory role in
autophagy-endolysosomal system?.

It is also known that alsin expression has a neuropro-
tective role when mutant SOD1, the major gene lea-
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ding to ALS, is expressed in the same motor neurons®
11

Enunlu et al previously showed that the Ubiquito-
usly Expressed Transcript protein (UXT) is a novel in-
teracting partner of Als2?2. The UXT gene is located
on chromosome Xp11.23-p11.22 in humans and its
protein is approximately 18 kD. The UXT protein is a
member of a-class prefoldin-like family proteins. It is
known that UXT acts as a coregulator in the androgen
stimulated transcription via binding to the Androgen
Receptor (AR)®. It has also been demonstrated that
UXT is a cofactor in the NF-kB enhancesome complex.
NF-kB mediates the expression of crucial genes pla-
ying roles in development, immunity and inflammati-
on. Silencing of the expression of UXT directly affects
the NF-kB activation and decreases the expression of
NF-kB-dependent genes such as IL8 and A20%.

In this study we silenced Als2 gene in primary spi-
nal motor neuron culture and aim to investigate the
changes in the expression levels of UXT and NF-kB
activated genes, IL8 and A20.

MATERIALS and METHODS
Primary Spinal Motor Neuron Culture

Our study was approved by the local Experimental
Animals Ethics Committee, and the experiments
were in compliance with the international guidelines
on the ethical use of animals.

In this study 15 6-week old adult female Balb-C mice
were used.

Primary spinal motor neuron culture was performed
according to the protocol in Bektas et al.'*. Briefly, the
mice were sacrificed under anaesthesia, induced by
intramuscular administration of ketamine at 60 mg/
kg (Ketalar; Eczacibasi llac Sanayi, Levent, Istanbul,
Turkey) and xylazine hydrochloride at 6 mg/kg (Rom-
pun; Bayer llac Sanayi, Sisli, istanbul, Turkey). Spinal
cord was dissected out and placed onto Leibovitz’s
Medium (L-15, cat. no: L5520, SIGMA, USA). The an-
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terior part of the cord was chopped up into small
pieces and these pieces were transferred into Neuro-
basal Medium A (cat. no: 10888022, ThermoFisher,
USA) containing 2 mM Glutamax (cat. no: 35050061,
ThermoFisher, USA), 100U penicillin, 100 mg strep-
tomycin, 250 ng amphotericin (cat. no: A5955, SIG-
MA, USA), 6U papain (cat.no: P4762, SIGMA, USA)
and 2% (v/v) B-27 (cat. no: 17504044, ThermoFisher,
USA). The tissue pieces were incubated at +4 C° for
30 minutes and then they were agitated on an agita-
tor at +4 C° for 15 minutes. For mechanical dissocia-
tion trituration was performed for 7 minutes.

In order to isolate spinal motor neurons selectively,
Percoll gradient centrifugation was used, and mec-
hanically dissociated cell suspension was centrifuged
at 3,000 rpm for 25 minutes at +4 C°. Isolated spinal
motor neurons was spinned down at 700 rpm for 3
minutes at +4 C°, pelleted cells were resuspended by
adding Neurobasal A medium with the same com-
position as described above. Cells were cultured on
35-mm culture dishes coated with poly-D-lysine and
incubated in a cell culture incubator at 37 C° with
5% CO, for 2 hours. Then, the culture medium was
replaced with L-15 containing 2 mM Glutamax (cat.
no: 35050061, ThermoFisher, USA), 100U penicil-
lin, 100 mg streptomysin, 250 ng amphotericin (cat.
no: A5955, SIGMA, USA) and 2% (v/v) B-27 (cat. no:
17504044, ThermoFisher, USA) and the cells were
incubated at +4 C° for 72 hours. At the end of the
cold incubation period, the culture medium was rep-
laced with Neurobasal A medium containing above-
mentioned reagents and spinal motor neurons were
incubated at 37 C° with 5% CO, for further experi-
ments.

Plasmid constructs

In order to generate short hairpin RNA (shRNA) spe-
cific for the DH/PH region of the Als2 transcript, we
used the pSilencer™2.1-U6 (Ambion, ABI, USA) vec-
tor. The following oligos were annealed and cloned
into the vector according to the manufacturer’s ins-
tructions.

Als2(KD)F:5'GATCCATGACGGATTCCTTGAGGATTCAAG
AGATCCTCAAGGAATCCGTCATTTTTTTGGAAA 3’
Als2(KD)R:5’AGCTTTTCCAAAAAAATGACGGATTCCTTG
AGGATCTCTTGAATCCTCAAGGAATCCGTCATG 3’

Immunocytochemistry

Immunocytochemical analysis was done with motor
neuron marker primary antibodies, against choline
acetyltransferase (ChAT) (cat. no: ab181023, Abcam,
UK) and anti-Blll tubulin antibody (cat. no: ab18207,
Abcam, UK) in order to prove that cultured cells
were spinal motor neurons. For this analysis neurons
were fixed in 4% (v/v) paraformaldehyde and then
permeabilization/blocking solution containing 0.1%
Triton-X-100 (cat. no: T8787, SIGMA, USA), 3% (v/v)
bovine serum albumin, 1% chicken serum (cat. no:
16110082, GIBCO, USA) was applied for 30 minutes
at +4 C°. Then, cells were incubated with anti-ChAT
or anti-Blll tubulin antibodies overnight at +4 C°.
Next day secondary antibodies (cat. no: ab150073,
Abcam, UK; cat. no: ab150108, Abcam, UK) were
applied and the neuron were visualized by using la-
ser confocal microscopy.

Als2 Silencing

Cultured primary spinal motor neurons were trans-
fected with 2 ug expression vector pSilencerTM2.1-
U6 (Ambion, ABI, USA), containing shRNA, specific for
the Als2 transcript or control vector having scramb-
led shRNA sequence provided by the manufacturer in
FUGENE HD Transfection Reagent (Roche, Germany).
After 72 hours of transfection, the Als2 gene expres-
sion was measured.

In a second experimental setting Tumour Necrosis
Factor-a (TNF-a, cat. no: T7539, SIGMA, USA) was
applied to the motor neurons in Als2 knocked-down
background.

Quantitative RT-PCR (qRT-PCR)

In order to determine the expression levels of Als2,

UXT, IL8 and A20, total RNA was isolated from the
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cells by using the High Pure RNA Isolation Kit (Roche,
Germany). QRT-PCR was performed using the iTaq
Universal SYBR Green One-Step Kit (cat. no: 172-
5150, Bio-Rad, USA) and CFX96 Touch Real-Time PCR
Detection System (Bio-Rad, USA). The following pri-
mers were used:

Als2F: 5 TCCAGTTCTTGCTATGAGTCTCT 3’

Als2R: 5" GGAATCCGTCATTTTCCCAGG 3’

UxtF: 5 TTGGGCTGTAACTTCTTCGTTG 3’

UxtR: 5 AGGAGAGAACTCTTTCGGTCAA 3’

IL8F: 5" ATGCCCTCTATTCTGCCAGAT 3’

IL8R: 5" GTGCTCCGGTTGTATAAGATGAC 3’

A20F: 5’ TGGGTGCCCTTTTACTTTGAAT 3’

A20R: 5" GCTCTGCTGTAGTCCTTTTGAAA 3’

B-ActinF: 5" GGCTGTATTCCCCTCCATCG 3’

B-ActinR: 5" CCAGTTGGTAACAATGCCATGT 3’

Med Med J 2018;33(3):227-234

QRT-PCR experiments were repeated at least three
times independently and the B-Actin transcript level
was used to normalize the data according to AACq
method. In order to evaluate the normalized data
statistically, Student-t test in the Statistical Package
for Social Sciences (SPSS) Version 10.0 software was
used. When the p values were less than 0.05, the
difference between the experimental values and the
control values were considered statistically signifi-
cant. In order to test the normality of data, Anderson-
Darling (AD) test was used. It is known that AD sta-
tistics is one of the best for detecting departure from
normality, even when used in small sample sizes
(n<25). So the p value found was greater than 0.05,
indicating the normality of the normalized data.

RESULTS

Figure 1. Imaging of cultured primary spinal motor neurons. (a) Light microscopy showing a spinal motor neuron with its prominent
growth cone (40X); (b) Laser confocal microscopy imaging of spinal motor neurons with anti-ChAT antibody labeling (40X with oil
immersion); (c) Laser confocal microscopy imaging of spinal motor neurons with anti-Blll tubulin antibody labeling (40X with oil im-

mersion)
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Imaging of Primary Spinal Motor Neurons

Primary spinal motor neurons were visualized on the
fifth day of culture by light and laser confocal micros-
copy. Figure 1la showed a spinal motor neuron with
its prominent growth cone by light microscopy. These
motor neurons were also labelled with anti-ChAT and
anti-Blll tubulin antibodies and they were visualized
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by laser confocal microscopy in order to confirm that
they were motor neurons (Fig. 1b and c).

Alterations of UXT Expression when Als2 expression
was changed

After primary spinal motor neurons were transfec-
ted with pSilencer™2.1-U6 (Ambion, ABI, USA), con-
taining shRNA specific for the DH/PH region of the
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Figure 2. Data of gene expression alterations of Als2 and UXT. (a) Relative gene expression of Als2 after RNAi (Als2 KD) with respect to
control (Als2 Cont.); (b) Relative gene expression of UXT in silenced Als2 background (Uxt Als2 KD) with respect to control (Uxt Als2

Cont). (*) symbol indicates that p<0.0001.
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Figure 3. Gene expression changes of IL8 and A20. (a) Relative gene expression of IL8 in Als2 knocked-down neurons (IL8 Als2 KD) with
respect to control (IL8 Als2 Cont.); (b) Relative gene expression of A20 in silenced Als2 background (A20 Als2 KD) with respect to control
(A20 Als2 Cont); (c) Relative gene expression of IL8 after TNF-a application in Als2 knocked-down neurons (IL8 Als2 KD) with respect to
control (IL8 Als2 Cont.); (d) Relative gene expression of A20 after TNF-a application in Als2 knocked-down neurons (A20 Als2 KD) with
respect to control (A20 Als2 Cont.). (*) symbol indicates that p<0.0001.
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Als2 transcript, total RNA isolation was performed;
followed by qRT-PCR in order to check the Als2 trans-
cript levels. In motor neurons 73.4% Als2 transcript
decrease was observed with respect to the control
cells (p<0.0001, Fig. 2a), UXT expression was also
measured using the same method. In Als2 knock-
down background, UXT expression was found to be
decreased by 40% (p<0.0001) (Fig.2b).

Changes of the Expression of NF-kB activated genes
when Als2 was downregulated

It is known that UXT is a part of the NF-kB enhan-
cesome complex and it has a role in the activity of
NF-kB activated genes such as IL8 and A20. In this
study, we used these two genes to address the pos-
sible effects of Als2 downregulation on the NF-kB
pathway through the changes of UXT expression. In
Als2 knocked-down background, IL8 expression was
found to be decreased by 84.4% (p<0.0001) (Fig.
3a). A20 expression was found to be upregulated
by 65% in Als2 knock-down in spinal motor neurons
(p<0.0001) (Fig. 3b).

As an extension of these experiments, 10 ng/ml mo-
use TNF-a was added to spinal motor neurons in or-
der to see the effect on the NF-kB activated genes in
the Als2 knock-down background. Addition of TNF-a
reversed the effect of Als2 silencing on IL8 expression
(17-fold increase), when compared with the IL8 exp-
ression without TNF-a addition (p<0.0001, Fig. 3c).
When Als2 was silenced, A20 expression was found
to be increased by 29.5% in the presence of TNF-a
(p<0.0001, Fig. 3d).

DISCUSSION

Although a set of genes responsible for the develop-
ment of ALS, when mutated, has been described so
far, the underlying molecular mechanisms remain to
be elucidated®.

Als2, one of the causative genes of ALS, encodes a

protein, which has several functional domains, but
the exact function of this Als2 protein has not been
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characterized, yet. Knowing that the Als2 protein in-
teracts with UXT, and UXT is a cofactor in NF-kB en-
hancesome complex, we designed this study to exa-
mine the role of Als2 gene silencing on NF-kB activity
in primary spinal motor neurons of mice. To the best
of our knowledge silencing of Als2 with RNAi in pri-
mary spinal motor neurons isolated from the spinal
cord of adult mice has not been studied before. Our
data confirm the previous findings that Als2 knock-
down directly affects UXT gene expression in our in
vitro setting and the downregulation of UXT affects
the expressions of two genes in the NF-kB pathway.
Interleukin-8 (IL8) expression, as a pro-inflammatory
cytokine, decreases during Als2 silencing and this co-
uld indicate that the alsin knock-down does not affect
an inflammatory response mediated through IL8. On
the other hand, the gene expression analysis of A20,
a proapoptotic protein involved in NF-kB pathway, re-
veals that its expression increases significantly when
Als2 is silenced. This implies that alsin knock-down
would drive the motor neuron to apoptosis via a A20-
mediated route!® 8, This could provide a support for
the findings of Ozdinler et al. where alsin knock-out
mice show pathologies in dendrites, soma and orga-
nelles in their corticospinal motor neurons and these
aberrations make these neurons more vulnerable to
death®. It is also known that when A20 is induced
by NF-kB stimulation, it inhibits canonical NF-kB ac-
tivation, namely forming a negative feedback control
loop. The silencing of Als2 in our study might trigger
the A20 expression via an unknown mechanism to
suppress the canonical activation of NF-kB pathway
and it may provide a neuroprotective effect to the
spinal motor neurons?. It should also be noted that
the possible pro-apoptotic effect of A20 might be
in parallel with the neuroprotective effect, because
triggering apoptosis is one of the general protective
effects in living organisms to limit the spreading of
pathologies.

When TNF-a, a well-known NF-kB pathway activa-
tor, has been applied, the IL8 expression exhibits a
considerable increase??3. However, increase in A20
expression is lower in the presence of TNF-a when
it is compared with Als2 knock-down alone. It could
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be concluded from these observations that in the ab-
sence of TNF-a, silencing of Als2 alone would lead
the motor neurons towards A20-mediated neuronal
death. When TNF-a is used, the non-canonical NF-
kB pathway is activated through the stimulation of
tumor necrosis factor family of receptors (TNFR)?.
With the activation of this route the possible pro-
apoptotic and/or neuroprotective effect of A20 is
overwhelmed by the boosting of IL8 expression and
its pro-inflammatory activity.

The involvement of NF-kB pathway within the con-
text of Als2-silenced spinal motor neurons has
also to be considered together with the cross-talks
among different intracellular signalling pathways. In
neuronal cells persistent stimulation of NF-kB indu-
ces PI3K/Akt pathway which is a central pro-survival
signaling route. In addition, MAPK signalling pathway
also interacts with NF-kB pathway. Inhibition of p38
and ERK suppresses the NF-kB transactivation, whe-
reas inhibition of JNK increases NF-kB stimulation via
phosphorylation of its p65 subunit?.

All of these data provide a confirmation and elabo-
ration of a connection between alsin, UXT and NF-kB
enhancesome complex in the mouse primary spinal
motor neuron culture and it may also provide a new
starting point in the investigation of mechanisms
of motor neuron degeneration in ALS and related
disorders2,
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