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OASIS BBF2H7

unfolded protein response (UPR)
PERK IRE1 ATF6

PERK IRE1 ATF6

OASIS
OASIS OASIS basic leucine zipper
(bZ1IP) CREB/ATF
OASIS OASIS
N bZIP
(ER stress-responsive element : ERSE) CRE (cyclic AMP-responsive

element : CRE) BiP




OASIS

OASIS
OASIS siRNA
OASIS
BBF2H7
OASIS 0OASIS CREB-H AIbZIP Luman
OASIS
OASIS BBF2H7
BBF2H7 OASIS bZIP
BBF2H7
BBF2H7 UPR
PERK-elF2a
PERK MEF
BBF2H7 CRE
1n vivo BBF2H7
BBF2H7
siRNA BBF2H7

BBF2H7

OASIS BBF2H7




2007

2007
knockout mice 2003



endoplasmic reticulum

unfolded protein response (UPR)
PERK IRE1 ATF6

(1, 2, 5, 6)
PERK PERK
(5) PERK
B (2, 6)
PERK
IRE1P IRE1PB
IRE1PB
(1) IRE1P



PERK IRE1 ATF6

OASIS (3)
BBF2H7 &)

OASIS 2 BBF2H7

. Bertolotti, A. et al. 2001. Increased sensitivity to dextran sodium sulfate colitis in
IRE1beta-deficient mice. J Clin Invest. 107:585-93.

2. Harding, H. et al. 2000. Regulated translation initiation controls stress-induced gene
expression in mammalian cells. Mol. Cell. 6:1099-1108.

3. Kondo, S. et al. 2005. OASIS, a CREB/ATF-family member, modulates UPR
signaling in astrocytes. Nat. Cell Biol. 7:186—194.
4. Kondo, S. et al. 2007. BBF2H7, a novel transmembrane bZIP transcription factor, is
a new type of endoplasmic reticulum stress transducer. Mol Cell Biol. 27:1716-1729.
5. Sood, R. et al. 2000. Pancreatic eukaryotic initiation factor-2alpha kinase (PEK)
homologues in humans, Drosophila melanogaster and Caenorhabditis elegans that
mediate translational control in response to endoplasmic reticulum stress. Biochem J.
346 Pt 2:281-293.

6. Zhang, P. et al. 2002. The PERK eukaryotic initiation factor 2 alpha kinase is
required for the development of the skeletal system, postnatal growth, and the
function and viability of the pancreas. Mol Cell Biol. 22:3864-3874.
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1-18 Fi®
1-1-1) [FCHIC
unfolded protein response (UPR)
(7, 9, 20) ( 1-1) PERK IRE1
ATF6
IRE1
IRE1  RNase XBP1 mMRNA
mMRNA mMRNA XBP1
basic leucine-zipper (bZIP) NF-Y
ERSE ER stress response element UPR
GRP78/BiP GRP94
XBP1 (2, 23, 24, 27, 28) ATF6
S1P(site-1) S2P(site-2)
(22, 25) ATF6 N XBP1

EESE ATF6
XBP1 UPR (26)
PERK

elF2a
elF2a ATF4 mRNA

ORF ATF4 AARE amino acid

response element  CRE (cyclic AMP-responsive element)

(8)



CHOP caspasel?2 IRE1-ASK1-JNK (10, 13)
UPR

1-1-2) 7R +bOY A ~THEET S 0ASIS DREE

(16) PERK IRE1 ATF6

PERK IRE1 ATF6

OASIS(old astrocyte specifically induced substance)

OASIS
(5, 15) OASIS bZIP(basic leucine zipper)
CREB/ATF (cyclic AMP responsive element
binding protein / activating transcription factor)

OASIS mRNA (reactive astrocytes)
(11)
(12)
OASIS OASIS
OASIS

10
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¥

(ERAD) \% ——  Golgi apparatus
o / -
% ..\O mﬁ'_
I %% ER k" ?/-\,_:’ % % ‘ \

s 8

PERK " * |RE1 atrs [N

/ l astrocytes
- 2 osteoblast
—

/ @ @ ‘ Golgi apparatus
@ ]\ o o
Nucleus . X!

OO o
CRE ERSE _ [ER chaperong]

UPR

-1 MaER FLRAGEDZEZR (0ASIS OFIE : 2005 R R)

unfolded protein response (UPR)
UPR UPR
UPR PERK IRE1 ATF6

OASIS
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1-28 MBEAE

1-2-1) FSRI K, bS2RT7xH¥ay, 9IREVTayvTFaoy

FLAG OASIS  cDNA (11) pCDNA3.1 +. OASIS
del56-OASIS FLAG-OASIS (374) OASIS (P392L, R423A,

L426V)  PCR ATF6 ATF6(373) XBP-1 pGL3-short
BiP promoter (-132)-luc
pGL2-long BiP promoter (-366)-luc Yoshihiro Omori ( )

C6 HEK293T

Lipofectamine Lipofectamine 2000 (Gibco BRL)
OASIS G418(Gibco BRL)

OASIS 17-253

ProtOn kitl (Multiple Peptide Systems)
FLAG (Eastman Kodak Company) KDEL

calnexin HSP60 StressGen Biotechnologies PARP (Cell
Signaling TECHNOLOGY) CHOP (GADD153, Santa Cruz
Biotechnology) actin (CHEMICON) ATF6
OASIS (3) hot SDS
Lowry assay (DC protein assay, Bio-Rad)
10%SDS

1-2-2) RSS2 E

15cmdish  70% OASIS
uM 12h
600G 10
3,000G 10
100,000 G 1

13



SDS-PAGE OASIS

1-2-3) /¥>JovTFa4 28 KURT-PCR

RT-PCR
(6) RT-PCR
OASIS-5, 5”-ATGGACGCCGTCTTGGAACCTT-3’
OASIS-3”, 5’-CTCAGCCTTGGTGAGGGGGAG-37;
BiP-5’, 5°~-GAAAGGATGGTCAATGACGCCGAG-3”
BiP-3”, 5’-GTCTTCAATGTCTGCATCCTGGTGG-3;
XBP1-5’, 5’~ACACGCTTGGGGATGAATGC-3’
XBP1-3”, 5”-CCATGGGAAGATGTTCTGGG-3";
B-actin-5’, 5’~-TCCTCCCTGGAGAAGAGCTAC-3’
B-actin-3”, 5’~-TCCTGCTTGCTGATCCACAT-37;
GRP94-57,5”-TACTATGCCAGTCAGAAGAAAACG-3’
GRP94-3”, 5°-CATCCTTTCTATCCTGTCTCCATA-3;
ATF6-5", 5" -GGATTTGATGCCTTGGGAGTCAGAC-3”
ATF6-37, 5°-ATTTTTTTCTTTGGAGTCAGTCCAT-3";
CHOP-5, 5”-ACAGTCATGGCAGCTGAGTCTCTGCCTTTC-3”
CHOP-37, 5”-CAGACAGGAGGTGATGCCAACAGTTCATGC-3";
PDI-5”, 5°-TCCAGCTGTGCGGCTTATTA-3’
PDI-3”, 5°-TTCTCAGCTGTCAGCTCGTCTG-37;
LYRIC-57, 5’-TTGAGTGCAGGTGAGGAGAAGTGGAAC-3’
LYRIC-3”, 5°-TGCATTCCAGTCTGAGCTAGGATCAG-3;
DYUIAL0-57, 5°-CCTTTTATTACTGATATTGACATGGGGAAG-3"
DYUIAL0-3”, 5”- GGCTTTNGGATTAANTTTCCAANGGAC-3";
protease16-5”, 5"~ AGTAAACCTTGAACCTCCAGGTCCTCTTAC-3’
protease16-3”, 5”- ATGCGGTCCACAAAACTTGGGATTG-3’

1-2-4) L7z 5—E-7yvtA(LER—2 - F7vEA)
C6 24-well

0.2ug SV40
pRL-SV40(Promega)0.02ug

14
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ug 46 200ul  Passive Lysis Buffer (Promega)
16 1uM

Dual-Luciferase Reporter Assay System (Promega) luminometer
(Berthold Technologies)

1-2-5) 4 O F o HRE XL (chromatin immunoprecipitation assays)

10cmdish ~ 80% C6 uM
h 4h DNA
1% 15 1.5M
0.15M PBS
(Upstate Biotech Inc., Lake Placid, NY) 5
10 24 100bp-400bp 5%  input
5ul OASIS H3
(Santa Cruz Biotechnology Inc.) 4° C
K (6 hat65° C) DNA
/ input
DNA PCR 35 5%
BiP PCR
225bp

5'-CATTGGCGGCCGTTAAGAATGACCAG-3” (forward)
5'-AGTATCGAGCGCGCCGGTC-3” (reverse)

1-2-6) BKIKEIFEEIE S 7 k (electrophoretic mobility shift assay : EMSA)

TNT Quick Coupled Transcription/Translation Systems (Promega)

in vitro [a -32P]dATP
(3000 Ci/mmol; Amersham) T4 polynucleotide kinase (Promega)
2ul (0.1 pmol; 79,000 cpm)

binding buffer (4% glycerol, 1 mM MgCI2, 0.5 mM EDTA, 0.5 mM DTT, 50 mM NacCl,
10 mM Tris-HCI (pH 7.5), 0.05 mg/ml poly (dI-dC)-poly(dI-dC))
running buffer (0.5 x TBE (Tris/Boric acid/EDTA))
200 vV 4 100

15



5'-CAGCTGGGGGGGCGGAGCAGTGACGTTTATTGCGGAGGGG-3" (CRE-wt),
5'-CAGCTGGGGGGGCGGAGCctgtcgactcATTGCGGAGGGG-3" (CRE-mt)

1-2-7) #HRSERER

LDH
(1) TUNEL DeadEndTM Fluorometric TUNEL System (Promega)

1-2-8) BBF2HT D/ w o F oV

OASIS SIRNA Dharmacon (Lafayette,
CO) OASIS siRNA
OASIS-K2 siRNA
5”-GCUUCCUGGACUUGGGAGAdTdT-3" (sense)
5”-UCUCCCAAGUCCAGGAAGCdTdT-3" (antisense)
OASIS-K9 siRNA
5”-GAGCACAGCUACUCCCUGAdTdT-3" (sense)
5”-UCAGGGAGUAGCUGUGCUCITdT-3" (antisense);
OASIS-K13 siRNA
5”-GAAAUGAGCCAGUUUCUCAdTAT-3" (sense)
5”-UGAGAAACUGGCUCAUUUCITAT-3" (antisense);
OASIS-K26 siRNA,
5”-GAGACAUAUACAUCAGAGAdTAT-3" (sense)
5”-UCUCUGAUGUAUAUGUCUCITdT-3” (antisense)

BLAST OASIS
lamin A/C siRNA (QIAGEN, Valencia, CA) 24
SK-N-SH 60% HyperFect
transfection reagent (QIAGEN) 0.8ug SIRNA
24 36

1-2-9) {ERBE. REBBILEE. insitu NnATVFSAEY T Y

ICR

16



12mm
in situ
in situ 5)
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1-3 81 #HER

1-3-1)0ASIS (X /MEFIZRET HFBRD ZIP FA Az { DEERFTHY.
IMREFER R LRICRIE L TYIiSh 5.

UPR
bZIP CREB / ATF
OASIS OASIS ATF6 ATF6
bzIP OASIS
(5, 15)
OASIS ATF6 ( 1-2A) OASIS
RSLL
S1P(Site-1 protease) RxxL 4, 21) (
1-2B) OASIS ATF6 SREBP-2
regulated intramembrane proteolysis : RIP) 4, 21
RIP
OASIS
1uM Ca2+-ATPase
3 ng/mi N 15
OASIS
OASIS  80kDa ( 1-20)
80kDa 50 kDa (P500ASIS)
OASIS
C6 ( 1-3A)
OASIS (80 kDa + 50 kDa )
OASIS MEF
Neuro 2A
OASIS C6 pSO0OASIS
( 1-3B) S1P S2P

18



OASIS pSO0OASIS

( 1-3C) OASIS  ATF6
S1P S2pP
OASIS C6 OASIS
( 1-2D) BiP  GRP94
KDEL
OASIS BiP  GRP94
OASIS PS00ASIS
OASIS  p500ASIS ( 1-3D)

1-3-2) OASIS M mRNA (X. 7R FOY A FMZHEWVT/MEER FLRABFEMICHER
BEEIND,

C6
OASIS mRNA
OASIS mRNA ( 1-2E) 6
12
OASIS mRNA 200 nM UPR
OASIS mRNA
OASIS UPR
SK-N-SH
HEK293T MEF OASIS mRNA
C6
OASIS mRNA ( 1-2F)
OASIS OASIS
mRNA
ATF6 mRNA ATF6
OASIS ( 1-3E)

1-3-3) OASIS [%. BiP mRNA DEsE %{RET 5

19



OASIS N (pS00ASIS)  bZIP

OASIS
BiP (-366 to + 52)
(pGL2-long BiP promoter (-366)-luc)
CRE-like 3 ERSE
C6
2 ( 1-4B)
OASIS (OASIS (full)) ATF6 (ATF6 (full))
OASIS ATF6
( 1-4A) OASIS (full) ATF6 (full)
OASIS
p500ASIS  BIiP
OASIS N OASIS(374) HEK293T
BiPmMRNA ( 1-4C)
OASIS
BiP mRNA ( 1-4D)
chromatin immunoprecipitation assays
C6 OASIS BiP
(-25 -249) ( 1-4E)
OASIS  BIiP
2 4
( 1-4E) H3

OASIS

BiP
1-3-4) OASIS [&. BiP 7OE—% M CRE & ERSE #E41LT %
OASIS  CRE ERSE

CRE ERSE
(pGL3-middle BiP promoter (-304)-luc) ( 1-5A) ERSE

20
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OASIS (374)

20% CRE 50%
ERSE OASIS  CRE
ERSE CRE
ATF6 (373)
CRE ERSE
ATF6  ERSE
(27) OASIS (del56)
1-5B
CRE ERSE
CRE ERSE 35%
(electrophoretic mobility shift assay
(EMSA)) OASIS  BIP CRE
( 1-5C) OASIS  ERSE
OASIS ERSE
OASIS  UPR RNA
RNA double-stranded RNA-mediated interference experiments
OASISSIRNA 2 (OASIS-K13, OASIS-K26) OASIS
mMRNA ( 1-6A) C6
OASIS siRNA (OASIS-K13) OASIS
( 1-6, 1-7A) OASIS siRNA BiPmMRNA
6
12 50% ( 1-7A) OASIS
UPR BiP
OASIS mRNA
ATF6( 1-3E)
OASIS BiP mRNA
UPR OASIS siRNA
BiP protein
disulphide isomerase (PDI) ( 1-7B)
1-3-5) /Mafk OASIS

21



17, 18, 29 OASIS

OASIS
OASIS C6
C6
( 1-7CD 1-8A) OASIS
OASIS
OASIS siRNA
( 1-7, 1-8B) Neuro 2A
MEF OASIS siRNA
( 1-7F)
OASIS
OASIS BiP UPR
OASIS

1-3-6) HBERICH TS 0ASIS DK

(reactive astrocyte) OASIS mRNA

(5, 11) OASIS UPR
in vivo OASIS OASIS
OASIS mRNA
( 1-9AB)
in situ
OASIS 7 OASIS
( 1-9EG) OASIS mRNA
glial fibrillary acidic protein :
GFAP ( 1-9H-J)
OASIS mRNA
(proximal reactive astrocyte) GFAP

22



(19)

in situ

OASIS

(distal reactive astrocytes) GFAP

OASIS mRNA

OASIS mRNA
( 1-9K-M) BiP
OASIS
OASIS (
OASIS N
OASIS N

BiP mRNA

1-9N-P)

in vivo

OASIS
in vivo

UPR
OASIS

23



putative transmembrane domain

Leucine zipper
basic region l_ luminal domain RXXL
3 7 OASIS QTGT CLMVAALCFVLVLGSL\B)L PEFSSGSQTVKEDPLAADGVYTASQMPSRSLLFYD
OASIS / ATF6 RRVV/| CVMIVLAF I ILNYGPMSMLE| - - ----------- QSRRMNPSVGPANQRRHLLGFS
o SREBP-2 DRSR| ILLCVLTFLCLSFNPLTSLL| ----------- QWGGAHDSDQHPHSGSGRSVLSFE
1 292 314 353 374 394 519 *
S1P
ATF6 "'{
Ml 7
1 308 330 369 379 399 670
D KDEL OASIS Overlap
C
Primary astrocyte
MW. " Non TG Tm
(kDa) stress  15hr  15hr 0hr
68—
55‘* P500ASIS
———— BiP 12 hr
”r‘
3.0
20 Relative OASIS
10 Protein level
00 OASIS(374)
Non TG Tm
C6 glioma cell
Tm 3pg/ml TG 1uM STS 200 nM
0 3 6  12hr 0 3 6 12hr 0 3 6 12hr
- . - - == | OASISmMRNA
Loes | == | s
— | S | o
F Primary astrocyte SK-N-SH HEK293T MEF
TG 1uM TG 1uM TG 1uM
0 6 12 hr

0 6 12 24hr 0 6 12 24hr

OASIS mRNA

B 1-2 OASIS (X, FR bOY A FIHEWT/MEER FLRICRELTHERES W, RRALIE
E2IT5,

(A) OASIS ATF6 Basic leucine-zipper
(luminal domain)
(B) OASIS ATF6 SREBP-2 S1P (RxxL;
) OASIS S2P
(Cc) OASIS 1 uM (TG) or 3 pg/ml
tunicamycin (Tm) 15 OASIS 50 kDa
(p500ASIS) ( ) N
OASIS KDEL BiP OASIS
OASIS+p500ASIS)
(D) OAsIS OASIS C6 1 uM
12 OASIS KDEL
OASIS KDEL
OASIS OASIS(374)
(E)OASIS mRNA C6 tunicamycin (Tm,
3 pg/ml) (TG, 1 uM) staurosporine (STS, 200 nM) RNA
OASIS BiP pB-actin mRNA
(F) 1 uM OASIS mRNA
OASIS mRNA

288 RNA RNA



C6 MEF

Neuro 2A

Non TG Tm
Stress 15hr  15hr

Non
Stress 15hr 15hr

Non
Stress 15hr 15hr

» e _ - h
— e — — e —— e | BiP
m—— — —— —— e - p-actin
30
20
Relative OASIS
protein level
10
0.0 -
Non TG T™M Non TG TM Non TG T™M
c6 MEF Neuro 2A
B C Wild  R423A/L426V
TG (14 M) Type P392L
M.W. 0 3 6 12 24 hr (WT)  (S1P/S2Pmt)
(kDa) [
::-ﬂ — o — Pulength | R " Ful
55— _ |« p500ASIS |
42| =
| — < p500ASIS
— N — —— B
E c6 MEF Neuro 2A
D S’\:ﬁ:enss ;r;r S’\:::enss ;r;r gt(n)'gss 12ﬁr
Lysate TG TG+ OASIS(374)
S— — — i & Full-length
OASIS
- — . [ = e
’ —— - - ‘ o —
) BiP mRNA
l . —— B — - ’ Calnexin
{-_.__ ‘ Hsp60
= e
B 1-3 O0ASIS DELZMLTIFE &R
(A) c6 MEF (Neuro 2A) OASIS OASIS  C6
OASIS ( OASIS + pSOOASIS)
) MEF Neuro 2A OASIS, p50:
p500ASIS N OASIS
(B) OASIS C6 OASIS OASIS
(p500ASIS)
(C) OASIS s1P S2P o3
FLAG OASIS S1P S2P
OASIS (R423A/L426V, P392L) C6 24 1uM
4 FLAG
(D) OASIS N OASIS 1uM 12
PARP calnexin Hsp60
(E) ATF6 mRNA  OASIS mRNA 1 M 12
RT-PCR ATF6mRNA
OASIS mRNA C6 MEF
Neuro 2A
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A
basic ZIP TM B c

. OASIS
GL2-long BiP promoter(-366) -luc ——
g:::;(;lg) [ T 7L ] P 9 BIF p (-366) Mock 374  del56 ATF6(373)
W .
-366 i .
OASIS(del56) i \ 4 Lue . b A
" r o
ATF6(I) | ] 7] ] B EAl4 ,
ATF6(373) [ T | — o — — |B—actln
vector e 50
Il 2
Mw.  OASIS ATF6 OASIS(Full) < 40T
(kDa) Mock dels6 374 full  Mock 373 ful g 30 |
€
82 - - ATF6(Full) & .0 |
o
68 - 0ASIS(del56) 5 10 f
55 — L] ‘ £ 00 H -
4 0.0 05 1.0 Mock 374 del56 ATF6(373)
“q4 = Relative activity OASIS
D E
Rat BiP promoter
c6 OASIS stable primer . ATG
0 6 9 12 15 0 6 9 12 15hr forward f;:g?sre
— o — S S W W | BiP mMRNA A 1| L] A
-249 CRE ERSE3 ERSE2 ERSE1 TATA -25

- e | [ - - W | p-actin
50 Input anti-OASIS anti-H3

~ |locs
40 , 0 2 4hr 0 2 4hr 0 2 4hr

30
20
10
vl mlb

0 6 9 12 15 (hr)

——

Relative BiP mRNA level

B 1-4 OASISIZ&BBiP TRE—2—DFEHIE

(A) OASIS(OASIS (full)) C OASIS(OASIS (374)) - OASIS(OASIS
(del56)) ATF6(ATF6 (full)) C ATF6(ATF(373)) basic (basic) leucine zipper(ZIP)
(TM) C6
OASIS () ATF6 ()
(B) Cc6 (reporter plasmid pGL2-long BiP
promoter (-366)-luc) 16
1 uM (TG) (m) @) Error bar
n=4
(C). (D) BiPmRNA (C): HEK293T
(D): C6 OASIS
C6 1u M RNA  BiP mRNA
BiP mRNA
(E) oAsIs in vivo ER stress BiP BiP
(ChIP) C6
1uM
DNA
PCR DNA OASIS H3
DNA PCR 5%
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pGL3-short BiP promoter(-304) -luc
Primary astrocyte

-3 Luc
H FAld
Tx OEE
E \ée:é?sr(au) 0 4 8 12 16
% 9 ATF6(373) Relative activity
0 OASIS(del56)
0 1 2 3 4 5 6 7 Neuro 2A
Relative activity ERSE
vector + -
C OASIS(374) - + + + + - %
ATF6(373) - - - - - *
competitor:wt - -+ - - - —~ mEm oTG -
competitor:mt - - -+ - -
anti-FLAG - - TG+
1 XX X %
OASIS 0 1 2 3 4
supershift Relative activity
OASIS
in vitro_translation
OASIS ATF6
?ﬁ[\)’\;) Mock 374 Mock 373
55— — 55+ ——n
K 1-5 CREYA FHEKWERSE YA FITHITS 0ASIS DFHE
(A) BiP CRE ERSE1-3
pGL3-Basic vector (pGL3-middle BiP promoter (-304)-luc) ()
(B) ( ) Neuro 2A( )
5 16 (TG)
(C) OASIS CRE 32P BiP CRE FLAG-OASIS
(374) in vitro 100 CRE
(lane3) FLAG (laneb) in vitro OASIS (374)
ATF6 (373)

27



TG 1uM 12hr

siRNA

B
0o g £ OASIS siRNA
ol S i si
9. a¥> v Q % g Non siRNA
Q90 a9 O F
c [ B )} €
S < &£ < < S
Z o0 0o o o 2 S8

K2 K9 K13 K26

. El OASIS

N terminal basic zZIP TM  C terminal

B-actin mMRNA

o -

TG 1uM 12hr

siRNA

Non
OASIS
Cont.

OASIS mRNA

LYRIC mRNA TG 1uM 12hr

Non OASIS siRNA
DOUIA10 mRNA

150nM 50nM 15nM

S protease16 mRNA

OASIS mRNA

B-actin mRNA

B-actin mRNA
OASIS-K13siRNAigaaatgagccagtttctca ECHOP
OASIS mRNA l 19
5 19 T — — actin
LYRICMRNA o oo « N p-actl
DOUIAIO mRNA | 15= XXX 10 F o
) 17 05 | Relat_lve BiP
protease16 mRNA XXX 4 > XX I I I protein level
00 Non OASIS Cont.
B 1-6 siRNAITx9 Ha> bO—/LEE
(A) siRNA OASIS mRNA C6 siRNA 36
12 1uM (TG) RNA OASIS mRNA
RT-PCR OASIS mRNA siRNA
(B) HEK293T GFP OASIS OASIS siRNA non-silencing siRNA
(control siRNA) Non-siRNA siRNA
30 OASIS siRNA GFP-OASIS
siRNA GFP-OASIS
(C) OASISSiRNA  OASIS
OASIS-K13 siRNA 3 mRNA  OASIS-K13 siRNA
RT-PCR
(D) OASIS siRNA OASIS mRNA C6 OASIS
siRNA OASIS siRNA
(E) oAsIs siRNA OASIS siRNA
OASIS BiP
CHOP
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control siRNA

TG 1uM 15hr
SiRNA
2]
R — | OASIS




TG 1uM

Cont. siRNA

OASIS siRNA

0 6 12

24 hr

0 6 12 24 hr

|/ XBP1-u mRNA

- e \ XBP1-s mRNA

-_ e

12
o — 10
@ 208
02
=< 06
©Z 04
S
g E02
00 ——
0 6
O cont. SiRNA
C
OASIS
Mock
D 40
k]
< 30
=
g5
3 20
3 15
O 10
5
0
c6
]
E
30
g 25
£
z 20
3
=15
[}
o

10

Non
SiIRNA
O Non ER stress
W TG 1pM 24hr
STS 200nM 24hr

12 24(hr)
7 OASIS SIRNA

TG 1uM 12hr

Non cont. OASIS
siRNA siRNA siRNA

I
I

TUNEL LDH
30 10
—~ 9
5 X s
0 2 :
5 5 *%
% A ok
0 I ;
5 9 H
A 0 . 0
Mock OAl OA2 C6 Mock OAl OA2 C6 Mock OAL OA2
TG 1uM 30hr TG 1uM 30hr W TG 1uM 30hr
STS 200nM 30hr STS 200nM 30hr
F
MEF Neuro 2A
50 50
40 240
£ £
%30 3 30
o °
g 20 320
10 10
0 0
cont. OASIS Non cont. OASIS Non cont. OASIS
SiRNA  siRNA SiRNA  siRNA  siRNA siRNA  siRNA  siRNA

O Non ER stress

B TG 300nM 24hr

O Non ER stress
B TG 300nM 24hr

OASIS mRNA

BiP mRNA

GRP94 mRNA

ATF6 mRNA

CHOP mRNA

PDI mRNA

p-actin mRNA

B 1-7 OASIS (X UPREEE & /MR b LAFEMOMREICH T SRBERICHFET 5,

(A) OASIS siRNA (OASIS-K13) o BiP mRNA
SiRNA 36 1 uM (TG) RT-PCR
OASIS siRNA OASIS mRNA BiP
mRNA 12 24 BiP mRNA
OASIS siRNA
(B) OASIS siRNA Ccé SiRNA 1M
12 BiP PDI mRNA
(c) Cé (C6) OASIS (OA1,0A2)
(Mock) 1u M Mock  OASIS
(OA2) 1u M 36 TUNEL
OASIS
(D) staurosporine 30
TUNEL LDH
(n=4 *p<0.05 **p<0.01)
(E) OASIS siRNA C6 staurosporine
24
(F) OASIS siRNA MEF Neuro 2A
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(A)
(B)

C6 OA1 0OA2
Non TG Tm Non TG Tm Non TG Tm
Stress 15hr  15hr Stress 15hr  15hr Stress 15hr  15hr

—_——— N

& Full-length OASIS
4 Partially glycosylated or
Nonglycosylated forms of OASIS

¢ p500ASIS

— — — e S S

B-actin

OASIS

Non ER stress

cont.
siRNA

OASIS
siRNA

(OA1

OA2)

OASIS siRNA

TG 1uM 24hr

30

(C6)

OASIS

siRNA



control injured

control injured

s | «— Full-Length
OASIS mRNA OASIS

BiP mRNA ~ew | «— PS00ASIS

XBP1-u mRNA T === | BIP protein
XBP1-s mRNA
ATF6 mRNA — s | B-actin protein
. 40
p-actin mRNA 38 Relative OASIS
10 protein level
0.0

control injured

control

Necrotic JOJASIH]

Distal

BiP mRNA

OASIS Protein BiP Protein Overlap

™

B 1-9 KR & IZ& (T 5 IERIBEFEERD 0ASIS DFEB

(A) OASIS BiP XBP1 ATF6 pB-actin mRNA 7
RNA RT-PCR
(B) OASIS BiP XBP1 B-actin OASIS (Full-length
OASIS + p500ASIS)
(c), (D) H.E.stain
1-2 D C
(reactive astrocytes) ( )
(E) OASIS mRNA in situ OASIS mRNA ( )
(F) ., (G) (F) OASIS ( )OASIS
(reactive astrocytes)
(H—J) OASIS mRNA in situ GFAP OASIS mRNA
GFAP
(Proximal reactive astrocyte; Ridet et al., 1997) OASIS mRNA  GFAP
GFAP
(Distal reactive astrocytes)
OASIS mRNA
(K—M) OASIS mRNA  BiPmRNA insitu
(N—P) OASIS BiP OASIS

BiP
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OASIS UPR
OASIS
OASIS bZIP
OASIS N OASIS
BiP ERSE C
OASIS BiP OASIS
UPR BiP MRNA
OASIS UPR 1-10
CREB-H BBF2H7  bzIP
OASIS (14)
OASIS  ATF6

regulated intramembrane proteolysis : RIP)

UPR
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ER stress

\ﬂ,' ER

/ \SlP,SZP
\

nucleus

OASIS
protein

| Astrocytes |

OASIS
MRNA

OASIS
— ——— ‘L

OASIS-N NF-Y ATF6 OASIS-N ?

BiP

CRE ERSE

B1-10 7R rAYA MZEWT, UPRIZETS 0ASIS DFRIESH H#%E

OASIS OASIS
S1P S2P N
CRE ERSE OASIS
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2-1

2

2-1-1) FRA+OY A FTEBATIFRNDMREXA LR FSURTa—Y—
0ASIS D EIE

OASIS(old astrocyte specifically induced

substance) OASIS
(16)
OASIS basic leucine zipper (bZIP)
cyclic AMP-responsive element-binding protein (CREB)/ATF
OASIS
OASIS N bZIP
(ER stress-responsive element : ERSE) CRE (cyclic
AMP-responsive element : CRE) BiP
OASIS
OASIS
OASIS  siRNA
OASIS
(16)

OASIS

2-1-2) OASIS FITELLBE. D OASIS 27 2 U —HFHL/MEEX LR FSUX
Ta—Y—THH LT HHMEMNEL:

55 bzIP (26)
bzIP 16
OASIS/CREB3L1 CREB-H/CREB3L3 AIbZIP
(androgen-induced bZIP)/Tisp40/CREB4/CREB3L4  Luman/LZIP/CREB3
OASIS OASIS I
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OASIS OASIS

UPR
CREB-H bZIP CREB/ATF (27)
CREB-H (regulated intramembrane
proteolysis (RIP) serum amyloid P-component (SAP)
C-reactive protein (CRP) acute phase response (ARP)
(39) AIbZIP/Tisp40/CREB4/CREB3L4
/ unfolded
protein response (UPRE) (24, 31)
Luman ERSE Herp
(19)

2-1-3) FHFHOASIS 77 =) —4F BBF2HT DH R

BBF2H7 (BBF2 human homolog on
chromosome 7)/CREB3L2 (CAMP responsive element binding protein 3-like 2)

OASIS BBF2H7 low grade fibromyxoid
sarcoma FUS (fusion)
C 2003
(32) BBF2H7
BBF2H7
( 2-1)
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unfolded protein response (UPR)

UPR UPR
UPR PERK IRE1 ATF6
OASIS
(1 ) OASIS CREB-H AIbZIP Luman
OASIS
OASIS BBF2H7
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2-281 MMEAHE

2-2-1) #HRAIEE. HEdh, MIRASERER

C6 (rat glioma) HEK293T Hela MEF ( ) MEF
(PERK ) 10% Dulbecco’s modified Eagle's medium
DMEM SK-N-SH ( ) 10% a

-modified Eagle”s medium (a -MEM; MP Biomedicals, Irvine, CA)
(tunicamycin) (thapsigargin)
A (brefeldin A) Sigma, St Louis, MO, USA)
MG132 (Calbiochem, La Jolla, CA, USA)
staurosporine (Sigma) cycloheximide (Sigma)
Actinomycin D (Sigma) Hanks”
balanced salt solution (HBSS; Invitrogen) 24

2-2-2) 7S5 AI K, BEFEA. ik, YTRE2TOvT0T

pcDNA(3.1+)-Flag-mouse BBF2H7 MEF RNA
RT-PCR  BBF2H7 cDNA (1566bp)BBF2H7cDNA  EcoRI
Xhol PCR BBF2H7
Flag-BBF2H7-376, Flag-BBF2H7R427A, L430V, R427V/L430V
ATF6-373 CRE-ERSE (pGL3-short BIP
promoter(-304)-luc) OASIS-FL
OASIS-374 pGL3-short BiP promoter (-304)-luc (16) C6
HEK293T SK-N-SH Lipofectamine 2000 (Gibco BRL)
maltose binding protein (MBP)  BBF2H7 (amino
acids 1-292) GST BBF2H7
(amino acids 1-292) HiTrap
NHS-activated HP Column (Amersham Biosciences)
BBF2H7 OASIS (16) FLAG
(Eastman Kodak Company), KDEL (StressGen Biotechnologies), calnexin
(StressGen Biotechnologies), CHOP (GADD153, Santa Cruz
Biotechnology), ATF4 (Santa Cruz Biotechnology), phospho elF2a
. (StressGen Biotechnologies) anti-actin (CHEMICON) ATF6
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BBF2H7
hot SDS (7) 7.5-12.5% SDS
Lowry assay (DC protein
assay, Bio-Rad)

2-2-3) /¥rJayvT 4 2TEKLURT-PCR

RNA QIAGEN RNA kit (QIAGEN, Hilden, Germany)
RT-PCR
(14) BBF2H7 bZIP
1020 bp (NM_178661: nucleotides 1441-2460) cDNA RT-PCR

human/mouse/rat-BBF2H7-5", 5'-CCTTTCCTCTCAGAGAAGAG-3'
human/mouse/rat-BBF2H7-3", 5'-TGGCTGTGATGGTCAGAGTGACAG-3';
human-XBP1-5', 5'-CAGCGCTTGGGGATGGATGC-3"
human-XBP1-3', 5'- CCATGGGGAGATGTTCTGGA-3";
mouse-XBP1-5", 5'-~ACACGCTTGGGAATGGACAC-3'

rat-XBP1-5', 5'-ACACGCTTGGGGATGGATGC-3"
mouse/rat-XBP1-3', 5'-CCATGGGAAGATGTTCTGGG-3';
human-BiP-5", 5'- GTTTGCTGAGGAAGACAAAAAGCTC-3"
human-BiP-3", 5'-CACTTCCATAGAGTTTGCTGATAATTG-3";
human-CHOP-5", 5'-GTCCAGCTGGGAGCTGGAAG-3'
human-CHOP-3*, 5'-CTGACTGGAATCTGGAGAG-3';
human-PDI-5", 5'-AAGGGCAAGATCCTGTTCATC-3"
human-PDI-3", 5'-GGCTCATCAGGTGGGGCTTGA-3";
human/mouse/rat-p-actin-5', 5'-TCCTCCCTGGAGAAGAGCTAC-3'
human/mouse/rat-p-actin-3*, 5'-TCCTGCTTGCTGATCCACAT-3'

2-2-4) REHN

HelLa 60-mm CELLocate Coverslips (Eppendorf,
Hamburg, Germany) 4% paraformaldehyde 0.3% Triton X-100
BBF2H7 1:50 4
calnexin
1:100 fluorescein-conjugated goat anti-rabbit
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I9G alexa-conjugated goat anti-mouse 1gG
(LSM 510; Carl Zeiss, Jena, Germany)

2-2-5) Woox5—€ TFvtd

24 C6 0.2ug
0.02ug
0.1ug BBF2H7-FL BBF2H7-376
OASIS-FL OASIS-374 46 200 ul  Passive
Lysis Buffer (Promega)
16 1 pM

Dual-Luciferase Reporter Assay System
(Promega)
2-2-6) (electrophoretic mobility shift assay: EMSA)

TNT Quick Coupled Transcription/Translation Systems (Promega)

in vitro [a -32P]dATP (3000
Ci/mmol; Amersham) T4 polynucleotide kinase (Promega)
2ul (0.1 pmol; 9,000 cpm)  HelLa

(Promega) binding buffer (4% glycerol, 1 mM MgCI2, 0.5 mM EDTA, 0.5
mM DTT, 50 mM NaCl, 10 mM Tris-HCI (pH 7.5), 0.05 mg/ml poly
(d1-dC)-poly(dI-dC)) running
buffer (0.5 x TBE (Tris/Boric acid/EDTA))
200V 4 100
5'-CAGCTGGGGGGGCGGAGCAGTGACGTTTATTGCGGAGGGG-3" (CRE-wt),
5'-CAGCTGGGGGGGCGGAGCctgtcgactcATTGCGGAGGGG-3! (CRE-mt),

5'-CAGGGCCTTCACCAATCGGCGGCCTCCACGACGGGGCTGG-3" (ERSE-wt),
5'-CAGGGCCTTCAgtcgaCGGCGGCCTgagatACGGGGCTGG-3" (ERSE-mt)

2-2-7) kABSFrkED (Permanent focal cerebral ischemia)

24-34g C57BL/6J (Japan SLC) 2.0% isoflurane
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heating pad 37.0° C

37.5° C (left middle cerebral artery : MCA)
8, 9) (Xantopren; Bayer
Dental, Osaka, Japan) 8-0 nylon monofilament (Ethicon, Somerville, NJ)

(left middle cerebral artery : MCA)

2-2-8) HBFH L UREEBILEF

MCA 24 sodium pentobarbital 4% paraformaldehyde
in 0.1 M phosphate buffer 4% paraformaldehyde in
0.1 M phosphate buffer 12 25% 24 OCT
(Optimal Cutting Temperature) 10 ym

hematoxylin-eosin BBF2H7

MAP2(microtubule-associated protein 2) (SIGMA)

2-2-9) BBF2HT D/ v o 5o >

BBF2H7 SIRNA Dharmacon (Lafayette,
CO) human-BBF2H7 siRNA
5'- GAGUCUUGUUCAACUGAGAITdT-3" (sense)
5'- UCUCAGUUGAACAAGACUCATdT-3" (antisense)

BLAST BBF2H7 lamin
A/C siRNA (QIAGEN, Valencia, CA) 24
SK-N-SH 60% HyperFect transfection
reagent (QIAGEN) 75ng siRNA
36
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2-3 8 R

2-3-1) BBF2H7 [X, bZIP FAAL VZFTHHHRO/PMEREREREZEERFT
ASIS 773 —ICEL. MEFEX FLRIZIEELTEESQ., VIERIT5,

OASIS
BBF2H7 (BBF2 human homolog on
chromosome 7) BBF2H7 Bbf-2
(32) BBF2H7
OASIS ATF ( 2-2 ) BBF2H7 a
basic
leucine zipper (bZIP) BBF2H7  bZIP OASIS
OASIS CREB-H AIbZIP Luman OASIS
BBF2H7 51% ( 2-2 ) CREB-H (BBF2H7
42%) AIbZIP ( 34%) Luman ( 37%)
OASIS
OASIS CREB-H AIbZIP ATF6
(16, 23, 24, 31, 38, 39) 2-2 BBF2H7 OASIS
ATF6 BBF2H
RNLL 427
-430 2-2 S1P
RxxL BBF2H7 OASIS ATF6
regulated intramembrane proteolysis : RIP)
(23, 38)
BBF2H7
1uM Ca2+-ATPase
BBF2H7
BBF2H7 ( 2-2)
85 kDa (full-length BBF2H7)  60kDa
(p60BBF2H7) p60BBF2H7
BBF2H7(full-length BBF2H7) BBF2H7
p60BBF2H7
BBF2H7
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MG132 ( 2-2) 60 kDa
MG132
BBF2H7 p60BBF2H7
(4)
BBF2H7 BBF2H7
BBF2H7
BBF2H7  S1P HEK293T
brefeldin A
S1P BBF2H7 ( 2-2)
BBF2H7 OASIS ATF6
S1P
BBF2H7 Hela
BBF2H7 cDNA BBF2H7
( 2-3)
calnexin BBF2H7
calnexin
MG132 MG132 (4) BBF2H7
calnexin
BBF2H7 (BBF2H7-376) HelLa
BBF2H7
(p60BBF2H7)
OASIS ATF6
BBF2H7

2-3-2) BBF2H7 & /89 &, AKX FLRIZKRIG L TEIERLRIL T R

BEEIND,

BBF2H7
C6
RT-PCR

MRNA

HEK293T
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10 ( 2-4A) BBF2H7 mRNA

( 2-4 ) BBF2H7 MRNA
activating
transcription factor 4 (ATF4) eukaryotic
translation initiation factor2 alpha (elF2a )
ATF4 ATF4
integrated stress response (ISR)
(10, 20)
BBF2H7 ATF4
MEF cycloheximide (CHX)
Actinomycin D (ActD)
ActD BBF2H7
ATF4 ( 2-5A) CHOP
(10) CHX
BBF2H7 ATF4 CHOP
ATF4 BBF2H7
BBF2H7 ATF4 PERK-elF2a
MEF PERK MEF
PERK MEF
ATF4  CHOP
BBF2H7 MEF PERK MEF
( 2-5B) BBF2H7
PERK
elF2a BBF2H7
elF2a
BBF2H7 ( 2-5C)
elF2a BBF2H7
BBF2H7
PERK-elF2a
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BBF2H7

BBF2H7
12 BBF2H7
BBF2H7
BBF2H7
(  2-5D) OASIS
BBF2H7

BBF2H7

2-3-3) BBF2HT [&, CREH A MTEEHFEE T S & T, BHNEGFOEEZEE
THRENZEEL D,

bzIP BBF2H7 N
OASIS ATKH4 cyclic AMP-responsive element (CRE)
ATF6  XBP1 ER stress-response element (ERSE)
BBF2H7 UPR
BBF2H7 CRE ERSE
CRE 3 ERSE
BIP
BBF2H7 CRE-ERSE
BBF2H7(BBF2H7-FL)  OASIS
CRE-ERSE
( 2-6A) OASIS BBF2H7 30%
BBF2H7 CRE-ERSE CRE ERSE
CRE ERSE
CRE-ERSE ( 2-6B) ERSE
BBF2H7-376 40%
CRE 60%
BBF2H7 CRE ERSE
OASIS CRE
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CRE ERSE electrophoretic mobility

shift assay (EMSA) ( / ) BIP
CRE ERSE ( 2-6C) EMSA BBF2H7 CRE
ERSE BBF2H7
ERSE ERSE
ERSE
BBF2H7 CRE

2-3-4) Invivo IZBULVT., BBF2H7 2 o /\H Bk, THORKABFRRKENLETIL
ICEVWTRBIRHAFEESII D,

BBF2H7 mRNA 19
RNA RT-PCR BBF2H7 mRNA
( 2-7A)
C6 ( 2-2D)
OASIS (16) BBF2H7
in vivo BBF2H7
(5, 13, 22)
(17, 33)
middle cerebral artery MCA)
24
( 2-7B 2-7C ) BBF2H7
BBF2H7
( 2-7E)
BBF2H7
(12)
BBF2H7
BBF2H7
BBF2H7
MAP2 (  2-7F-H) BBF2H7
glial fibrillary

acidic protein : GFAP

GFAP 2
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BBF2H7

2-3-5) BBF2H7 I&. f{E#faZ/NAERX FLRICK Y FE IS HFAEL S 3

%,
BBF2H7
2- E-H)
BBF2H7
SK-N-SH GFP (Mock)
BBF2H7 BBF2H7-FL BBF2H7 BBF2H7-376
24
BBF2H7 BBF2H7 BBF2H7-376
( 2-8A) BBF2H7
BiP
BBF2H7  BiP CRE-ERSE
( 2-6A) SK-N-SH
BBF2H7 BiP mRNA  BiP
(  2-8B) BBF2H7  CRE-ERSE
BBF2H7 SK-N-SH BiP
BiP
CRE
BBF2H7
BBF2H7
BBF2H7 SsiRNA SK-N-SH
24 BBF2H7
(  2-8C)
BBF2H7
SK-N-SH BiP XBP-1 CHOP PDI
MRNA
BBF2H7  siRNA XBP-1  mRNA
(  2-8D) BBF2H7
XBP-1  mRNA

BBF2H7
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A putative transmembrane domain B

. Leugne Zipper luminal domain
basic region

BBF2H7/CREB3L2
BBF2H7 OASIS/CREB3L1

1 296 318 357 378 398 520
_|:CREB-H/CREBSL3
AlbZIP/CREB3L4
y

onss | Ml 7

1 292 314 353 374 394 519
Luman/CREB3
ares | Wl 7
1 308 330 369 379 399 670
C Transmembrane region Luminal domain S1P site

427430
BBF2H7 QTGT | CLMVVVLCFAVAFGSFFQGY | GPYPSATKMALPSQHPLSEPYTASVVRS | RNLL | IYE
OASIS  QTGT | CLMVAALCFVLVLGSLVPCL | PAFSSGSMTVKEDP | AADSVYAASQMPS | RSLL | FYD

ATF6  RRAV | CVMIVLAF IMLNYGPMSMLE | ————-—-—— QESRRVKPSVSPANQR | RHLL | EFS
RxxL
D 1uM Thapsigargin
MW. o 3 6 12 24(hr)
(kDa)
81.8 - e @B g | — full-length BBF2H7
684 = v wwm @ | _ cleaved BBF2H7

(p60BBF2H7)

|-H__“| BiP

| ——-——-—-—-| B-actin

E
TuM TG + 2ug/ml Tm +
1uM MG132 1uM MG132 1uM MG132 200nM STS
0 3 6 12 24 3 6 12 24 3 6 12 24 3 6 12 24(hr)
818 ¢ - ' - full-length BBF2H7
o - - ~ unglycosylated
BBF2H7
68.4 18 ow - - 1o J— . cleaved
- BBF2H7
i _: B-actin
F 1ug/ml brefeldin A
WT R427A L430V R427V/L430V
M.W.
(kDa) . full-length BBF2H7
618 = — unglycosylated BBF2H7

- s e
68.4 ~ S1P-cleaved BBF2H7
. S S | — S2P-cleaved BBF2H7(p60BBF2H?7)

2-2 IMHARR R LRICIHEL T, BBF2HT 2 /A BRFESAERNTE 22115,
(A) BBF2H7 OASIS ATF6

(B) BBF2H7 BBF2H7 OASIS CREB-H AIbZIP Luman
(C) BBF2H7 OASIS ATF6 S1P (RxxL)
(D) BBF2H7 1uM thapsigargin  TG)
BBF2H7 85kDa (full-length BBF2H7)
60 kDa (p60BBF2H7) KDEL BiP
(E)
BBF2H7 1 uM TG 2 pg/ml tunicamycin (Tm)
(N-glycosylation inhibitor) 1 uM MG132 200 nM Staurosporine (STS)
2H7 60 kDa (p60BBF2H7)
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bZIP, basic leucine zipper; ER, endoplasmic reticulum; UPR, unfolded protein response;
OASIS, old astrocyte specifically induced substance; BBF-2, box B-binding factor-2;
BBF2H7, BBF2 human homolog on chromosome 7; CREB, cyclic AMP-response
element-binding protein; ATF, activating transcription factor; ATF6, activating
transcription factor 6; IREI, inositol requiring 1; PERK, PKR-like endoplasmic
reticulum kinase; AIbZIP, androgen-induced bZIP; CRE, cyclic AMP-responsive
element; ERSE, endoplasmic reticulum stress response element; elF2, eukaryotic
initiation factor-2; FUS, fusion; EDEM, endoplasmic reticulum degradation-enhancing
-mannosidase-like protein; RIP, regulated intramembrane proteolysis; SIP, Site-1
protease; S2P, Site-2 protease; BiP, immunoglobulin heavy chain-binding protein; GFAP,
glial fibrillary acidic protein; MAP2, microtubule-associated protein 2; uORFs,
upstream open-reading frames; IRES, internal ribosome entry site; ERAD,
ER-associated degradation.
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