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The purpose of this study was to investigate the relationship between
endoplasmic reticulum (ER) stress mediated by old astrocyte specifically induced substance (OASIS)
and astrogliosis in spinal cord injury (SCI). We used siRNA of OASIS and mice deficient for OASIS in

SCI models. In a mouse model of spinal cord contusion injury, a significant increase in OASIS mRNA
on day 7 and an increase in protein on days 7 and 14 was observed in injured spinal cords.
Furthermore, siRNA injection inhibited astrogliosis and hindlimb motor function recovery. On the
other hand, functional recovery was better in the 0ASIS-deficient mice than in the wild-type mice
after SCI. OASIS deletion did not inhibit astrocyte migration but reduced the excessive accumulation

of N-cadherin-expressing reactive astrocytes that formed the glial scar around the injury site. In
addition, OASIS deletion increased the number of serotonin-positive axons in spinal cord regions
caudal to the injury site.

OASIS



B X C—19, F—19—1, Z—19 (@)

1. WFIEBIAE S WOy 5

Wo BB SNEFHOB CBEIIRECHY . BRICBW CHFEE 212 ET 24807
TRFEIXAFTE LWy,

BEBFMOBEEIC L > TRRKOEEETEE 72 7 ) A — T Rk > TSNS 7V THIE T
b5, FHEEHOMIAIEIZ L > THREHSOT A had A MInosAdkbit, EDOHRIZT A K
oY A FOBAE WEEICL ST VA=V ANRZ 5, BEEZRHTO 7Y 4 — o TG~
WA LT E = RIEAIL 2 B BH A COA R Z2 Ml L, e (—kE8E) 128 VT
2 DRIER ElC X D “RBEEIGIT2&%E 2 R>, LU, HIEHICST 28727 ) 4—
VALK ST Y TREENTEEK S AL, MBI SR OMENEESND L LB, &bl
v Ra A F R E ORI E ZLET DM EE S EE SN D, JIVE TR
70 E Ok 2 FIETEHEMBARRIRA LIV, BEZSMER ) O S ClIsi S BR-C R AT
HT—EDOIRFNEDREINTETWDLR, BHEICKITHBETIEZ Y 7THERICEENTH
DIREANRENGE SN, FREAIEICBIT S 7 L —27 ZA)b—D7=dIid, @7 ) 4 —
VADHKIENZ LD 7 U THYEF R O] DS EE gk L 72D,

AWFE CIIHFMBEZ O 7 ) A — v AOHIEME & UMK R ML RAREICER L,

WA EIND & HIRO/NUEDOFIZARRE Y X7 PEBL THIRICY A—T 5525
UNRER R LR SR Z D, ZIVUCKIST 72 DIZ/iiaicix VhaE R b LR RE ) &M
L AT AMigb > TR Y, MAEA N L RISED VT TV EEROHIE B 2 Do
DN Z h L 2B —] THD, IMAEZ LA —I1013H S DD HIIC 2 B % & (T
HUTHHO L FFEOMIBICFFRCEBLT L0850 /MMaff A b L A& H—0ASIS 1T
HRRARR IS W T T A b MRFRRIICHBLL T D Ok 1), F£72. OASIS #4r L7=/Ma
BARNVRISENT A bat A hopfbaR#ET 52 L bESN TS CCHk 2), S HITHK
BEIZBW T, OASIS BUGNET A fathA MNMIRBLT 2R MERER - CTh 5 GSPG DX
BT 52 & biE &= (Gt 3) Okuda H, Imaizumi K et al. J Neurochem 2014) .

INHDOZ ENG, OASIS ZJr L7z/Mafk A kL R IR&ED, BHEETICBIT5 7 ) 44—
AR < BEE LTV D ATREMEDSHER S 47,

2. WEDHB
T ARt A MOERICRBET /AR R R L A —0ASIS 2 L7 FBiRER D S
U A — 3 A DR A iRRT 5,

3. WD ik

FEER 1. TREEEH O OASIS ORI E DIl & FEA AR O FEAf

O ~vUAHFHEEGEET VOERY

C57BL/6 = 7 A2 10 MaMERER BIER A 1TV . IH A > /87 X —CHEBEO T HBE 4 (ERl3 5,
©@ %1, 3,7, 14 BICHEEDERERES RNA BXOWF 87 24t L, real-time PCR &
VAKX 71y NTTOASIS DFBLEZFEAMN L., HERBIFROD A% 1T - 7= Sham #f & k35,

@ FHEEGH 7 BICHEMARY T 2 1ERL L. OASIS, GFAP [Zx9 2 Pk & W =g et &
1TV, OASIS DFEBL AT DWW T 5,

FEER 2. OASIS KNV A — 2 L FRIHEREIRIEIC 5 % 5

O ~UAFHEEET LOIER

FRRE% 5 B BICHEEHFRIC OASIS @ siRNA Z1EA L T K972 OASIS DRBKTET
NEVERIS %, F7-. Fiif7e OASIS BEEKRIBET /L E LTOASIS / v 7 7 7 b~ ZIZx%f L
T, bRt & RRICEREE 2 1ERT 5,

©@ HHEE% 1,3,5,7,14,21,28, 35,42 HI|Z Basso mouse scale (BMS) &\ /=Axa7 U > 7
£ B %I OEENEREREN A 1T O .

@ B 1 T OASIS OBl EFANFRD b HFHIC &b T, HIEMEREHME) D RNA B X
OZ X7 R L, real-time PCR & 7 = A% > 7 11w kT OASIS DI HL AR LT 5,

@ HHEHEER 7, 14, 42 BIZEBEHEALE) A 2 /E8R L. GFAP, F4/80, N-cadherin, cleaved caspase-3,
MBP, 5HT |Z%f 3 2 Hiik 2 W e e ta 270 7 ) A — v A DR, ~ 7 1 7 7 — Y O,
7V TRERIER., TR b= A iR EA R IOV TEHET S,

4. WFIERLE
O HFraEE% D OASIS DIEHZAAL,

AR~ T A TOFRBEEICI T 5 OASIS ORBAHEH% 1,3,7, 14 BISGHME L& Z A,
MRNA LUV TI3EE# 7 A BICARICEREN LH L. 14 B BIQIERENMET LTV (K 1),
BRI LV TIIEE#R T HE L 14 HRIZABIZEIN EF LT\ (M2), 8Bl EFDOX
A IV TIIEMBERO )V A— 20K BLE—FHLTVDELEEZ LN,



X 1

-
N
*

i =N
1

Fold induction (Oasis/B-actin)
=2}

Sham Day1 Day3 Day7 Day14

X2 Sham Day3 Day7 Day14

o

B-actin . — — — D RN NN e

0.8 -

0.6 -

0.4

Fold induction
(OASIS/B-actin protein)

0.2

Sham Day3 Day7 Day14

WIZHEE#% 7 B B OFBERESOU R TRtz it o7z & 2 A FHEEEEBHIZ GFAP 5
T A hat A FPOEEERD, ZOMERIZ—E LT, OASIS Mtz 0 Loz (K 3),
FHBEZDO ) A — ZADIZEE L TWAT A haHA 2 OASIS BNERICHKELL T\ 5 &
EZ2 b, U A —3 ZA~D OASIS B FH OGN RIBI N,

3
A GFAP B OASIS C Merged

G Merged

D GFAP E OASIS F  DAPI

@ —FFAY72 OASIS FEEMHIIC K 5 B

1% 5 B BIZHEEHFREIZ OASIS @ SiRNA ZEA L7ZET LV E/ER L7z, siRNA OFHIZ K
> THEE% 7 B B TiX OASIS ® mRNA OFBENAZIZIHE S (K 4), 227 L-ULTid
5% 7, 14 B H T OASIS OFBINAFEICHH STz (K 5), ik 7,14 HEIZBITS
GFAP fa et Ok B-Tld, siRNA O 52 L » THERHBER DO 7 U F— 2038 & il &
. BESEEOT A heY A FOBIENED LT (K6), &5I2, BMS 2K 5 EEHEEE
P CIX. SIRNA O HIZ X - THE 7 H BHUBEOESHIKEDORIENMET LT\ (K7),

INDORERNG, v~ AFHEETT VITxT D OASIS @ siRNA # 5.(2 X 5 —Kpiy 72
OASIS DFEMMHIC L » T, HEHEO 7Y F— ZAIH S, FREEEERIE IR S5 =



ERHBMNE o7, F72, OASIS TG EFICEM L7127 A b a WA MR EAR
EBZoTWBZ ENHALMNE o=, (SUHK4)

X 4

X 5

X 6

Day 7

Day 14

X 7

Fold induction
(OASIS/B-actin protein)

BMS score
(=] - N w E=8 [4,] [=)] ~ (o]

2
s 18 -
[«
g 16 -
> 14
§ 1.2 -
~— 1
C
_g 08 -
S 06
©
£ 04 -
=]
5 02
g !
control scrambled  OASIS siRNA
siRNA
sk
BB = * = control

0.7 1
@ OASIS siRNA

Day7 Day14

scrambled OASIS

eantrol SiRNA SiRNA

g - 44— N =#=control
* o - * "
) | - -—h -8 scrambled
* * . "
* siRNA
* PRl
7 -4 OASIS
siRNA

/,F\—::.
2

0 1 3 5 7 14 21 28 35 42 Days after SCI
{7 siRNA injection



@  FHEiRY72 OASIS FELURIRIC X B2

WIZOASIS / v 7 7T U h~T A TOHERBEET VEIER L T, FHciy7e OASIS KENHEHE
BEHE#RO T VA=V A ED X I B % 52 50 >0V TiRaF LTz,

£, BMS (2 & 2 EEERETTAM TlZ. siRNA 1T K 2 — WA 72 S BAMH] & 13O B AR < o
AT OASIS /v 7 7 U h~vUAO R EER 7 B BURICEBICEEEEDRIE N LA
LT\,

FHEE% OGS T, 5% 7 BIZBIT 5 GFAP 38 X O Nestin (2 X DR T 2 b1
YA P OGIEYEATOFMME T, OASIS / v 7 77 MIEBT7T A b A FIEAE~DEEITRD
Lotz X 5ICHEER 14 H TO GFAP 1T L A ME et CHRIEMEFH~D T A ha A K
DL FAI80 Bitht~A 7 a7 77—V DERBITBWTH OASIS / v 7 77 hOEEITFED B
einotz, 7L, BIEEEFEICER L GFAP Btk 2 ha A h OEFEIEE S OASIS / v
T b= RIBWTRNE W EERRD SN (K 8), £Z T, % 42 Al T
GFAP X U N-cadherin {2 X 2504t 247\, 77 THREERIZBE 35 N-cadherin 5tk 7
A bhvHA NOEBNOASIS /) v 7T U h~TAZBWTHEILNS o7z (K9, Zhbd
Z LB OASIS A L/ Mafk 2 b L 2137 U THEEA~OR b HF5 L Tnh 2 &
BRI, (OCHR5)

DAPI DAPI+F4/80

8
GFAP
) --
. --
9

N-cadherin GFAP+N-cadherin

<5 3CHk>

1. Kondo S, Imaizumi K et al., OASIS a CREB/ATF-family member, modulates UPR signalling in
astrocytes, Nat Cell Biol. 2005; 7(2):186-194

2. Saito A, Imaizumi K et al., Unfolded protein response, activated by OASIS family transcription factors,
promotes astrocyte differentiation, Nat Commun. 2012; 3:967

3. Okuda H, Imaizumi K et al., OASIS regulates chondroitin 6-O-sulfotransferase 1 gene transcription in
the injured adult mouse cerebral cortex, J Neurochem. 2014; 130(5):612-625

4. Takazawa A, Kamei N et al., Endoplasmic reticulum stress transducer old astrocyte specifically
induced substance contributes to astrogliosis after spinal cord injury, Neural Regen Res.
2018;13(3):536-540

5. Sumida Y, Kamei N et al., The endoplasmic reticulum stress transducer old astrocyte specifically
induced substance positively regulates glial scar formation in spinal cord injury, Neuroreport. 2018;
29(17):1443-1448

Ratio of N-cadheerine to GFAP+ area



Sumida Y, Kamei N, Suga N, Ochi M, Adachi N 29

The endoplasmic reticulum stress transducer old astrocyte specifically induced substance 2018

positively regulates glial scar formation in spinal cord injury

Neuroreport 1443-1448
DOl

10.1097/WNR.0000000000001128

Takazawa A, Kamei N, Adachi N, Ochi M 13

Endoplasmic reticulum stress transducer old astrocyte specifically induced substance 2018

contributes to astrogliosis after spinal cord injury

Neural Regeneration Research 536-540

DOl
10.4103/1673-5374.228759

5 2 1

Naosuke Kamei, Yoshikazu Sumida, Nobuo Adachi

Relationship between endoplasmic reticulum stress and astrogliosis following spinal cord injury

The 28th Japanese-Korean Combined Orthopaedic Symposium

2018

RNA

18

2017




Naosuke Kamei, Yoshikazu Sumida, Kazuyoshi Nakanishi, Nobuo Adachi

Deletion of endoplasmic reticulum stress sensor OASIS inhibits the glial scar formation after spinal cord injury

48

2019

2019

251

2020

(Miyaki Shigeru)

(10392490) (15401)




(Adachi Nobuo)

(30294383) (15401)

(Ishikawa Masakazu)

(60372158) (15401)




