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Introduction

The extent of remyelination in multiple sclerosis (MS) lesions is often incomplete (Patrikios et al. 2006). Oligodendrocyte progenitor cell (OPC) death can be a contributing factor for
such incomplete remyelination (Dincman et al. 2016, Maus et al. 2015, Moore et al. 2015). The precise mechanisms underlying insufficient repair remain to be defined, but oxidative
stress appears to be involved. Several studies support the view that oxidative stress has a strong connection with the integrated stress response [ISR; reviewed in (Cao & Kaufman
2014, Santos et al. 2009)]. To what extent such an oxidative-ISR crosstalk exists in oligodendrocytes is not well understood. Here, we used in vivo and in vitro approaches to
investigate a causal relation of oxidative stress and endoplasmic reticulum stress signaling cascades.

Results

Chemical hypoxia induces the expression of key integrated stress response Sodium azide treatment induces loss of mitochondrial membrane potential
tra nscription fa Cto rS 4 CELL HEALTH PROFILE 4 CELL HEALTH PROFILE
Atf4 mMRNA Ddit3 MRNA . | A di d B 3 Depole;rized/Dead | Dea:)d C) & DepoI%rized/Dead _ Deaod
1000- 25000- —-— Figure 1: Atf3, Atf4, Ddit3 and ( ) — 100- S ( ) {5706 % ’47 ° ( ) 3863 % '0'.2 &
Grp94 mRNA expression in 2, —
800- iy 20000+ , £ 90
= . I OLN93 cells, stressed with 3 . .
% 600- e 150007 different respiratory chain N - % %
< 4004 ok iy 2888 e inhibitors and the N-linked § 707 = =
R 3000- . glycosylation inhibitor o 60
200- 2000- : : : =
1000- tunicamycin. The following 2 50 i 5 S
NN O @ & & & & S NN 5 o « o . « o cCOncentrations were used: : :gcse.sglgéized/uvéf:. 17'8|_7i\:£ : :gt'sc?l;fized/uv; 5'33\:{;
& & K\ K\ N & O O K\ N N K\ & . . - =
@ée’}*\ 0&0@\;@1 (io@od@o&& o°‘$é§§ O&o@&;&i@&;@i@ooo& rotenone (1uM), antimycin R IR SRR B R T SR B
< @606\ N V&Q\ 606\ < @606\ N \OQ\ 606‘ (10“M)’ sodium azide Low MITOPOTENTIAL High Low MITOPOTENTIAL High
(10mM), oligomycin (10uM), Figure 2: As shown in (A), numbers of depolarized cells after 1h sodium azide treatment were significantly higher
Gro94 mRNA tunicamycin (50ug/ml). compared to control cultures. Representative plots [control (B); sodium azide (C)] show the gated cells with four
Atf3 MRNA - 0. P Significant differences with distinct cell populations: dead cells with a putative unspecific intact mitochondrial membrane potential (upper right);
:gggg bl respect to control cultures are B dead cells with a breakdown of the mitochondrial membrane potential (upper left); viable cells with an intact
20000- ek 20007 indicated by *** p<0.001. In mitochondrial membrane potential (lower right); viable cells with a breakdown of the mitochondrial membrane
10000 — 15001 contrast to Atf3, Atf4 and potential (lower left). Significant differences with respect to control cultures are indicated by *** p<0.001.

% of control

20007 2007 Ddit3, inhibition of the

1500 N o respiratory chain did not

500- _ 50- regulate the expression of the Chemical hypoxia induces oxidative stress in OLN93 cells
0- 0- heat shock protein Grp94.

S &P & &SSO S P &SSO
oo<$ é§<§ O&)o\@oo;@i&&&@(’o é@o Ooo* 006‘\ é@é\ va@o&ool @C’@%@qo (Q\\Oo é@(’ 005\* ( A) . (B) 100 : ROS(.) ROS(+) (C) 100 ] ROS(] ROS(H)
N\ \ 3\ N N \ N 7 *kk . . . . : i
\ SNSRI \ @606\» NI E o1 73.0 250 0l 121 | 880
§§ 200+ ] .
® e o ° ° ° $ o ED_ ED_
Oligodendrocyte progenitor cells express DDIT3 and ATF3 in vitro & in vivo 1S g - g -
: : c 2 100- 3 - g _
(A) Ddit3 mRNA Atf3 mRNA Figure 4: (A) Ddit3 and Atf3 § 2 40 7] 407
. MRNA expression in primary rat = _ _
. 0
1400- oligodendrocyte cultures stressed 207 207
1200- . . . -
5 1000- = with the respiratory chain ) -
S so0d = inhibitor sodium azide (10mM) or T 1 5 3 0 1 5 3
5 T 5 the N-linked glycosylation b N 0 1 b N 1 .
S ‘;’gg' N inhibi .g Y y | fluorescence intensity fluorescence intensity
ISn | .fljcor ttug.lfc;‘camycm (Zsig/m ) Figure 3: (A) Mean fluorescence intensity after dihydroethidium staining in control and stressed oligodendrocytes (1h),
ignificant differences wi

determined by flow cytometry analysis. Representative plots [control (B); antimycin (C)] show the histograms of gated
cells with two markers providing data on two cell populations: reactive oxygen species negative and positive (ROS-
and ROS+) cells. Significant differences with respect to control cultures are indicated by *** p<0.001.

respect to control cultures are
indicated by * p<0.05, ** p<0.01,
or *** p<0.001.

(B) Immunoflourescence-double-
labelling to demonstrate DDIT3
expression in OLIG2+

Chemical hypoxia — mode of action

. . v Figure 6: Chemical hypoxia induces
oligodendrocyte progenitor cells elf2a = == = =-38kDa 555 of mitochondrial membrane
: : : : : A
in an in vivo remyelination model. / o2® p-elF2 RTINS - 38 kDo . " »

F inf : P \a e control sodium pOtentlal (Awm) (A) Leaky
or more information see Poster e | ‘ "
No. 25 B electrons can escape from the
0. 25. . .
A4 @ | respiratory chain and reduce 0,,
€
ROS i resulting in the generation of

Chemical hypoxia-induced ISR activation is NRF2-dependant superoxide, the primary ROS (B). As

o~ a consequence, NRF2 is released
(A) Ddit3 mRNA (B) Atf3 mRNA Figure 5: Ddit3 and Atf3 mRNA L ﬁi@% from KEAP1 and translocates into
sk . expression levels after treatment ® 6 6 the nucleus where it binds to the
' with the complex IV inhibitor it vt D antioxidant response element
- c sodium azide (24h; 1mM) in the m ‘ W Y(\\\,\{@ (ARE), thereby activating the
% % murine oligodendrocyte cell line w | 4 \ transcription of Atf3 and Ddit3 (C).
S S OliNeu, in which Nrf2 or Keap1l — —
§ § gene expression was silenced by 2 NADH WINAD™ FADH, FAD ;
g ke lentiviral sShRNA delivery.
) ) Significant differences with Rotenone Antimycin Sodium azide Oligomycin
respect to control cultures are
indicated by ** p<0.01, or *** chemical
p<0.001. hypoxia

Discussion

In this work, we show that key elements of an ISR, namely Atf3, Atf4 and Ddit3, are induced in OPCs through experimental ISR stimulation, but as well through inhibition of
respiratory chain activity (i.e.; chemical hypoxia), which is paralleled by ROS accumulation. Induction of Atf3, Atf4 and Ddit3 expression by mitochondrial chain inhibitors occurred
despite the absence of chaperone induction (i.e.; Grp94). Hyper-activation of NRF2-signaling by Keap1-knock down boosted ISR induction, whereas blocking of the oxidative stress
response by Nrf2-knock down prevented ISR induction in cultured oligodendrocytes. This study provides strong evidence that oxidative stress in oligodendrocytes activates
endoplasmic reticulum stress response in a NRF2-dependent manner and, in consequence, might regulate oligodendrocyte degeneration in MS and other neurological disorders.
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