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The endoplasmic reticulum (ER) in the eukaryotic cells is the first compartment in the secretory
pathway. Almost secretory proteins and membrane proteins are secreted through the ER, in which
post-translational modifications occur via diverse signals from the ER lumen to the cytoplasm and
nucleus. Only then are correctly-folded proteins secreted to the outside cells. Unfolded proteins that
accumulate in the ER cause a kind of intracellular stress, ER stress, and activate an unfolded protein
response (UPR) system. The 3 major transducers of the UPR are inositol requiring 1 (IRE1), PKR-like
ER kinase (PERK) and activating transcription factor 6 (ATF6), all of which are ER transmembrane
proteins. Recently, novel types of a new ATF6 family have been identified. Those commonly have an
ER-transmembrane domain, a transcription-activation domain and a basic leucine zipper (bZIP) do-
main—Luman, OASIS, BBF2H7, CREBH and CREB4. Each factor functions by regulating the UPR in
specific organs and tissues. Although the detailed molecular mechanisms of OASIS family members
are unknown, in this study we comprehensively introduce these molecular signals.
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< ER membrane®] $143t™ ER lumend A5 E cyto-
plasm¥ nucleus®] HEst= 45 o} [RElI= ERY| &4
dhe 199 HAFEUAEA, ER lumend| N-Zdo] ER
stressE Q4 5HH 28F3lsto] A XA Zof 9= kinase =W ¢
o] A71A4gtg o 24 IRE1EAHS] C-ZHo] ribonuclease
Er Qo] &dstdn. 2 A3 Fota o) UPRY 5ol# <
AARIA Haclpg ZE3F3L )& Hacr A4 mRNAO A
o] M9 g ZstA dAstL U+ introno] A4 ¥ WA Haclp
7t wdste] RAGHAY AAE FEY. TREEARE
yeast Irelp9t AEAHE Hole H#HFY dildo] 2% F
(IREla9} IRER)ZEA ke UPRY #oiste Ao dejA 9l
o &443t5 IRE1 23FA & XBP1 AAHI 4] mRNAE splic-
ingdte] THE0Z E T2 mRNAZF W E @9 XBP1gHo|
AARIAS &4 74 H2 Ao ofstd XBP1 ¢ E
< PI3K subunit?l p857F MAFIA7E ¥7] $isto] Aol &
T4Q 2102 ER #d AW ATl HE2E ArelE Agd
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3], eukaryotic initiation factor-2 (elF-2)¢] a subuint®] 51
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A g2 of 7Hdd wRE T AZAH E S} astrocyted]
ER responsezt©] 9} genome sequence dataE HIE O & 3+
bioinformatics™ % &.2 A &% ATF6 like ER stress sensor”}
SAHAY. ZHFENA ER stressd] dJE A Q] sensorZ &
PERK, IRE1, ATFo7F 214 Slth. o] 5o 4 ofsiA 2%
Ao g gz MH A, ER chaperone %, ER-associated
degradation (ERAD)7|1H S ZFAAY. MEZL 557FF
OASIS family (Luman, OASIS, BBF2H7, CREBH, CREB4)&}
I FEG o)5d ¥FHOE ER F#59 bZIP domaind
kinase domaing 7H £47 2% & 5422 7H) @A
oty &, 5579 ATF6 FAHT29] 2§ ¥ bZIP transcrip-
tional factoro|th. o] 52 &4 2138 0 & ofF WA #A
oy, F5d dHAFZR st Golgiol A site-1 protease
(S1P) %! site-2 protease (S2P)oll 9 sj A 2@A A& F
A AP E N-EodHo] AL o o] Fste] HAQIAR
A ZAsstA doh 28y ol 82 A4 2 5o AQd i
g e 7159 Aol A7 e target FAAF W&
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E£o] &<l ER stress response’} 7}tttk A2 T,

dm to,
M o

>

|

Luman (Fig. 2) (15, 17]

Luman- herpes simplex virus VP169] cellular counter-
partZA A& g #Aolth. Luman® mRNAE 2577
g 22 TAHA T A= G AL L trigeminal
ganglion neuron, monocyte, dendritic celloll A%+ &<l € T}
& OASIS family$t &Y 3tAl SIP7F Q143 Wl ¥ & ER
lumen domain®] 7}A 3 loIA RIP (regulated intra-
membrane proteolysis)%H-&-ol oJei A Bhifjdeto] dojdo
W AAQAE 715 7HAAl B 1E Y ER stressol 2] 3
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Fig. 1. Predicted peptide features of bZIP transmembrane transcription factors and those evolutional relations. OASIS family members
including Luman (CREB3), OASIS (CREB3L1), BBF2H7 (CREB3L2), CREBH (CREB3L3) and CREB4 (CREB3L4) share regions
of high sequence similarity with ATF6. They have a transmembrane domain, a bZIP domain, and a transcription activation
domain. About 30 amino acids adjacent to the N-terminal end of the bZIP region are conserved in the Luman, OASIS, BBF2H7,
CREBH and CREB4 proteins, but are absent in ATF6 [22].
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Fig. 2. The putative signalling pathways and cellular functions
regulated by Luman. Luman, DC-STAMP and OS9 interact
with each other at the cytosolic site of the ER. Upon den-
dritic maturation, the Luman/DC-STAMP complex trans-
locates to the Golgi apparatus and Luman is subjected to
RIP. The Cleaved N-terminal fragment of Luman is moved
into the nucleus. In the absence of the interaction with LREF,
Luman forms a complex with the co-factor HCF-1, and
binds to UPRE-like or ERSE-II sequences to promote tran-
scription of Herp and EDEM. When Luman interacts with
LRF in the nucleus, Luman is rapidly degraded by the pro-

on,
/ teasome and transcription of the target genes is suppressed

[2].
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-mannosidase like protein (EDEM)%5 & A4 HAALE £

Lumanol| Z2%stE QA7 2 57 494 Jd. 1 59 AlZlth. 23y 62 kDa Zn-finger protein (LRF)<} 2 %3} Hd

3}1}7} dendritic cell-specific transmembrane protein (DC- proteasome®l| &] &l A F3 = A ofUH target frH o] A
STAMP)EA] osteosarcoma 9 (059)7 ER9| A E A Z ghof A AZF A9 A=, Lumane ERAD pathwayE &4 3130
45 AgE FEE EA3 . DCSTAMPE dendritic cellol 24 stressE ¥ ER lumend] 374 & 743t response”]
13

sh @ A=A ER%Yl F3aEetes FHE EA ol wfsths A& A4E T Dendritic cello] ]38 <
o] 23} dendritic cell’} dendritic differentiation signal = Luman®} DC-STAMP= A #3te] ERol ATh7t #3171

(LPS, cytokines)& Hrolx EROJA Golgi® o] &3 FA o = AN ZEE o] 5L GoligiZ ©] 53ttt 1 Fo Luman©] 2]
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éﬁrﬂﬁ N-Z% Luman®] 0.2 o] 5gozxn £37} Aos A N-Zgdgyo] 8 2 o] 53¢ dendritic cell®] +
S F T}, Host cell factor 1 (HCF-1)3 Z %3} UPRE-like & FAAZY oo} e @S HHE O 2 Dendritic cello]
ERSE-IIel A% 3te] ERADO| #4313 homocysteine- A Luman?] 7]%5& 98 7HA 2 2T 5t H29 A
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Ae A7AH#E, 2435 Lumane sensing nerve® axonal
ERY| injury 3| && /9 regeneration signal A3t 2
[14], nervous system& 7] 2 0.2 248t Z[19], Jun acti-
vation domain-binding protein 1 (JAB1) 52 COP9 signal-
osome complex unit 5 (CSN5)7} Luman®l] 2 %3¢ Luman-
degradations F3l4 &S A= 5] Fol B
I 9t} Dendritic cell®] #3445 Luman %& DC-
STAMP¢] o} B A 723t GolgiZ ©] &A1 71E4? Luman?]
At targeto] oJ® 7] O & dendritic cell®] &34 71 =A]?
oo &t 3™ 2 dendritic cell®] £3}o] 28-3}= Luman?]
AA W 715< odle + e F2% FA o,

Old astrocyte specifically induced substance (OASIS)
(Fig. 3) (11, 16, 24)

OASISE= & Azt F<k v %3t astrocytec] A 5] 3} A
Hdste AARRIAIT OASISY N-T i (transmembrane
domain)& ATF6%} 31%2] &&4E Hol A% C-2HH(ER lu-
men domain)& FE4S BolA ¥tk 18y CEde
SIP 14 5= RSLLA7IM < 7FA 3L 3tk CNSY as-
trocyte©] &] ol = M 2] (osteoblast), 43}2(goblet cells in the
large intestine), salivary glandol Al 7-3}7A L&ttt OASIS
+ ER stressE WO H Tujol| A AhEof p50-OASIS7} TH&
oA Aol Bl lth AA el A ] E3HA Eof A &

BMP2
Osteoblast

differentiating stimuli
P osteoblast

7~ N
/ N

Physiological ER stress \
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Fig. 3. Putative mechanisms responsible for bone formation by
OASIS. During osteoblast differentiation after treatment
of mesenchymal stem cells with BMP2, which is required
for bone formation, mild ER stress is induced in osteo-
blasts and OASIS is activated in response to the ER
stress. ER stress in osteoblasts induced by the BMP2 sig-
nalling pathway is associated with a high demand for
synthesis and secretion of bone matrix proteins. Activat-
ed OASIS directly binds to the CRE-like sequence in the
Collal promoter region and induces its transcription in
osteoblasts for osteogenesis [13].

HASAZR 2318 wo o Fe] o244 (bone matrix
proteins)ll 93t M EZE oF3tAl ERY stressE A ATHA
2] 2 ER stress (physiological ER stress)], ©| &+ physio-
logical ER stress®ll ™ & responseZ Al OASISS| =i & tho]
Yolubs AL Z AZHET OASISAErHf- 28 ofA mhe-2
of Hlste] A AL 25 AokAAR, AAZAAA= W P4
715 0] @A 3HA Fel A A femoral fracture’t HEH 7= g
o}, Osteoblasto] A OASIS®] %A} targets 9 stut7} type-l
collagen©| t. Type-I collagen fr# 7] promotor® & ol &
cyclic AMP-response element (CRE)S} -AFgt Hl & (-1584~
1591 nt)o] &A1tk OASISE CRE frAtugol A st
type-I collagen®] HAE &4 35}5tod A bone matrix¥ A& %
Z3tA €. Full-length OASISE normal condition®l A &
A 3= A 5 physiological ER stressol A 2318 A A
A HEHE AT

0
genesis imperfecta (OI)°] B 5 o9t} O1¢] 7+ E4 2l
Bele B4 AN A oIY. FHEA & 34 2%
3 A 1/A, B, v g Sl #2Ey, o] A
Foll FAAEAN A3 OASISHAA A G AEo] 1y
AT OASISE CNSY astrocyted] A = % 312 1k
Eupg2o A AAAFAEANA astrocyteZ S £317} A
AHTE CNSel A OASISY target gene> A7 A Lo A]
astrocytet-3Hol] 42 Q1 glial cell missing 1 (Gem1)o]th. Al
AATFAEZAA astrocyteE &3+ W o= physiological ER
stress7} dojub= A 02 Kol OASISE= 9F3h ER stressol re-
sponsedte] &/43}1E 0] Gemle] BHFES ZAFOEZN A
BATFHEAA astrocyte3HE ZAAIE AR 74
ot 2 9o OASISA <12+ large intestine?] goblet cell
o] 34N E 7H-th. OASISZ &0k dextran sulfate
sodium (DSS)& o] &3t thA ¢ (DSS-induced colitis) S
LA 7] H goblet cell B Aol 2 Qlete] tjg o] SE= A
ATH8]. o]¥ e chemical chaperone (tauroursodeox-
ycholic acid)& AHstd F4de] 3l Zox Hop
OASISTH # ER stresso} 42 @A o] Sle A0 Helt
Ho] #d AT 2 A EE, OASIS7} injured cerebral cortex
o A chondroitin 6-O-sulfotransferase 1 (C6ST-1) 9 27
HAALE A3k 21[20] OASIS7} bone?] fracture healingol
8% 98< 3t A[7], Apolipoprotein E4 (Apo-E4) do-
main©] OASIS$ Z3te] ER stresss T34 71522 as-
trocyte &35 Zeste ZAB0] 5ol BaH ot o3 2
< AT AHRE v O Z astrocytei3holl o3k OASISY
ARAA 71sd 7 dastn,

B-box binding transcription factor 2 human homolog
on chromosome 7 (BBF2H7) (Fig. 4) (12, 23)



BBF2H7E 724 0% OASISY otF & ERZ#FY 2
ARRIAFo] ). OASIS9F 2] ER stress & response® 4] ER
g2 to] o] Fo] A pe0-BBF2H7 (N-ZHh)o] whEoj it
BBF2H7 # ¥ ER stress, 9 A physiological ER stressZ 4] sex
determining region Y-box 9 (Sox9) signal® 59| 23] A
e e extracellular matrix (ECM)o] ¥<lo]t.
BBF2H7W41}€ }0)\‘— 7 Hlﬁ«] /\-lxloq—x—%r/} Eo] o:]
540 Zad e ECM< A4+t proliferative zone

of A3 vy, o] 3to] EA k=
o< type-Il collagen¥} cartilage oligomeric matrix protein
(COMP)EQI AE7140] GolgiZ ol F< %3 FHl= hFe
2 ZZAFo|9olA RAANAOE WAH wYoF HITH
%, 192439 ER storage disease (ERSD)T/d< Helth.
BBF2H7¢] A A} target®] stu}7} ER-GolgiAtole AX4%
(vesicle traffic)oll B2 Q] Sec23a©lth. Sec23acl &3+ &1 7}
w2 ¥9 ECM

chondrocyte®] ER lumen

# [coat protein complex II (COPII) vesicle]>

[ Secretion of ECM prateins ’
chondrocyte \

Sox9 signals | Physiological ER stress

Golgi apparatus

COP I vesicle

Hyperproduction of
ECM proteins

fulldength
BBF2H7

P60 BBF2H7 .  [Sec23a
; \

. | Secretory
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<
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Fig. 4. Putative mechanisms responsible for cartilage formation
by BBF2H7. Transcription factor Sox9 is essential for
chondrocyte differentiation. Sox9 facilitates the synthesis
of various proteins for chondrocyte differentiation and
induces physiological ER stress in chondrocytes by hy-
perproduction of cartilage extracellular matrix (ECM).
Physiological ER stress activates BBF2H7 during chon-
drocyte differentiation. Activated N-terminal BBF2H7,
p60 BBF2H7, directly binds to the CRE like sequence
within the Sec23a promoter region and facilitates its tran-
scription in chondrocytes. Sec23a has crucial roles in
COPII vesicle formation and anterograde transport of
cargo proteins from the ER to the Golgi. Sec23a recruits
other components of the COPII vesicle, including Sec13
and Sec31, and completes the complex before trans-
porting secretory proteins from the ER to the Golgi. The
axis of the BBF2H7-Sec23a pathway is essential for the
ER stress-coupled protein transport system from the ER
to the Golgi in chondrocytes [13].
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& AE9)F3bel HEY. I BBF2H77E A< H ™ chon-
drocyte©ll A Sec23a®] HAL7E dojutA] 7] W&ol ojm) gt
Eol7l AEF714 0] ERA Golgiz ©] 5 & §IA = ER
of MF2A dn. 2oz dxr|de] WA $A
ot BBF2H79] N-Z (A A A} CRE-like domain®l 2
kel matrix ¥HB2E 243}8HA ¥ BBF2H79| ER lu-
menZ domaingl C-2H2 AE ¥o 2 R0} Az
Indian hedgehog homolog (Ihh)e} 2% 3}4 o] g chon-
drocyte®] protein patched homolog 1 (Ptchl)< A= 3}
paracrine wH ¥4 0.2 M EZF2A & FET A5 BBFR2H7+
A% 2L wHA e FAA AR dEA A B4
A 9gE ok 2y o] 89 HxxHI|HL oA & RE
£ dHolth Ao R d7As ] oty BBR2H7=
growth plate cartilage®l /] ATF5-myeloid cell leukemia 1
(MCL1) pathway< &4 35}3 0 24 apoptosisE A gt
Zolth9], ol A¥+= BBR2H7S ] &3 A& A 5 drtegl &
AZ Aoz Bt

cAMP responsive element-binding protein, hepatocyte
specific (CREBH) (Fig. 5) (21, 29]

CREBH+ RIP-regulated liver-specific transcription factor
2 A5 BuHglon, liverd A ZstA @ sk OASISS
BBF2H77 593} A| ER stress responseZA] SIP9} S2Pe] 9]
A 2 AE TS Wokx L4 stEE F4 e FHF T Proin-
flammatory cytokineZ} LPS9| AF=of 9|3 A4] A S ER stress
of 9ajA TEo]% CREBHS N-Z2 ATF6S| N-Zo
3} 2 F 79 homo/heterodimerE &35} acute inflam-
matory response™ o] W@ 3= serum amyloid P-component
(SAP)} C-reactive protein (CRP)9] =& positivestA| 31
N o &N A ] GFNHEo #Hqste 202 AZHT
a3 o] #A iron homeostasisE Al ¢} 3} Hepcidin
peptide hormone®] #At7]% 3} innate immunitys %7 gt
© BRI 9t} o] & M9 de 247 thekd N-CREBH/
p50-ATF69] BFA P o] 59 Ja5xd7]4 g RIPY 9
% CREBHS} ATF6°] ¢ Zd w71 o] AL Solz o= o
AUEAE R2E el

# o] CREBH #d @7 3 5% ¥k Zlo2e oo
& 215 o] Stk CREBHY| #4& &34 Alpha lipoic acid
7} hepatic fibroblast growth factor 21 (FGF21) 2 A-9] 2@
< FZ38E A[3], Melatonin®| reactive oxygen species
ROS)E A 713 UPRE 4-SAZASZH HAE Y stress
Z4%tE Z1[10], CREBHO| hepatitis B viral protein
HBX)JJr ¢ 328319 hepatocellular carcinoma?] F4& &
A7) 4], CREBHC] fat specific protein 27 (Fsp27) 3
o] AAE 24302 lipid droplet® ¥ hepatic
steatosisE Z 3= A [6] 5°] Tt CREBHS #4714

o

lor
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Proinflammatory cytokine and LPS stimuli

liver cell

Golgi apparatus

ER stress

fulHlength CREBH  full-length ATF / 2~
N- CREBH. . 050 ATF6

/7

Homo/heterodimer of
CRBH and ATF6

[CRE-like | [ CRP/SAP, hepcidine 4

Acute phase response/
iron homeostasis

Fig. 5. Putative roles of CREBH in the APR and iron homeostasis.
Proinflammatory cytokines and LPS induce ER stress fol-
lowed by cleavage of CREBH and ATF6. These activated
fragments of CREBH and ATF6 form homodimers/heter-
odimers and promote transcription of APR genes such
as CRP and SAP. Hepcidine, which is a peptide hormone
that is secreted by the liver, and controls body iron ho-
meostasis, is also induced by CREBH after proinflamma-
tory stimuli or ER stress [2].
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Cyclic AMP-responsive element-binding protein 3-
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Fig. 6. Putative signalling mediated by CREB4 in spermatozoa.
The murine CREB4 gene is preferentially expressed in
testis and generates two types of proteins, CREB4a and
CREB4b, differing by an N-terminal extension of 55 ami-
no acids. C-terminal lumenal domains of both isoforms
act as negative regulators of S1P-mediated cleavage.
CREB4b has the potential to bind to the UPRE sequence
(TGACGTGG) and promote transcription of RAMP4
(ribosome associated membrane protein 4), which acts
to stabilize transmembrane proteins. In contrast, CREB4a
suppresses the transcription of RAMP4 by masking the
UPRE in RAMP4'’s enhancer region. The number of sper-
matozoa in the epididymis of CREB4 knockout mice is
significantly reduced, suggesting that CREB4 plays a role
in male germ cell development [2].

mRNA splicing A1} system< 314 homeostasisg 4
st Aoz AaEn. ofd thE 727} in vitroo) A=
AARJAZA Y 7]5AT7F LA QAT in vivod A & A
Ao 71 B A e & @A Feka e AElolt CREB-
4 AEms2e AAAOR oy Sdo2s AU |
35 THEY ¢ AT 2248 A Q0 A2 F spermatogonia
] apoptosisel &3 HAzAe AAG AT HEET O
A3 CREB-4+ spermatogenesis®]l 28 98& st 22
2 HT1]. 718187 02 CREB4 alpha/betad] &4}, Golgi
W negative regulator?} CREB-49] negative site, CREB-4 al-
pha/beta®] N-2&o] F3AA 28 2 H4O= sfAsof &
Ta% FAEIH od Aol 3 spermatogenesis®] =
ANAE AR & sAolH

A
=

M

AZ7F v el wste] tfg3st7] 15t unfolded protein
response (UPR) systeme A7 2102 Szt 18y



9 o948 A7 2% B2H UPRE @A A Z 9 homeo-
stasis FFAI & 93 7% © °ﬂ 5574 Eojyod 93 Ay
g Adste AL A HAY. d7]d A= UPRY

transducers 9| atu<l
(ATF6)S} T34 02
cally induced substance (OASIS family) [Luman, old as-

activating transcription factor 6
A 5579 old astrocyte specifi-

trocyte specifically induced substance (OASIS), B-box bind-
ing transcription factor 2 human homolog on chromosome
7 (BBF2H7), cAMP responsive element-binding protein, hep-
atocyte specific (CREBH), Cyclic AMP-responsive element-
binding protein 3-like protein 4 (CREB-4)]¢] #7}7]5& &
Mgk, ol ZAzte] A A& ER lumenol A 2152121
mis-/unfolded protein®] AAd = F&FS v AA FA T Al

EE3 3 g o)de 7 sk 24 ZA A Bolrt dA st
F AzoAM g FF AEZAYTYE ety
. 53] ok AuetA AlzATE 2Hsk= 2 ER stress
QA E] 2| ER stress (physiological ER stress) 7} ¢ "8 A UPR
o zAHEAL o2 Hdsok & 2 AAoln 19
OASIS family 5 9l & ER stressoll 984 43157 & 2
€9 714, & OASIS familydl %3t AAAA7F ER mem-
brane $lo1oF 3= ol & FUIEF FAoIH ER 7]5
2ol o AZ L3}/ 5] AAYl FHEAHE oA F
7ol ER%} #dd Astad 8 A5 283 AZAY FY
A &8 AR Jgerh

References

1. Adham, I. M., Eck, T. J., Mierau, K., Mtiller, N., Sallam, M.
A., Paprotta, I, Schubert, S., Hoyer-Fender, S. and Engel,
W. 2005. Reduction of spermatogenesis but not fertility in
Creb3l4-deficient mice. Mol. Cell Biol. 25, 7657-7664.

2. Asada, R., Kanemoto, S., Kondo, S., Saito, A. and Imaizumi,
K. 20111. The signalling from endoplasmic reticulum-resi-
dent bZIP transcription factors involved in diverse cellular
physiology. . Biochem. 149, 507-518.

3. Bae, K. H,, Min, A. K., Kim, J. G,, Lee, 1. K. and Park, K.
G. 2014. Alpha lipoic acid induces hepatic fibroblast growth
factor 21 expression via up-regulation of CREBH. Biochem.
Biophys. Res. Commun. 455, 212-217.

4. Cho, H. K, Kim, S. Y., Kyaw, Y. Y., Win, A. A,, Koo, S.
H., Kim, H. H. and Cheong, J. 2014. HBx induces the pro-
liferation of hepatocellular carcinoma cells via AP1 overex-
pressed by ER stress. |. Biochem. [Epub ahead of print]

5. DenBoer, L. M,, Iyer, A., McCluggage, A. R, Li, Y., Martyn,

10.

11.

12.

13.

14.

15.

16.

17.

18.

Journal of Life Science 2015, Vol. 25. No. 4 479

A. C. and Lu, R. 2013. JAB1/CSNS5 inhibits the activity of
Luman/CREB3 by promoting its degradation. Biochim.
Biophys. Acta. 1829, 921-929.

. Felmlee, D. ]. and Baumert, T. F. 2013. Hepatitis C virus

co-opts innate immunity component for lipid droplet
formation. ]. Hepatol. 59, 1118-1120.

. Funamoto, Tl., Sekimoto, T., Murakami, T., Kurogi, S.,

Imaizumi, K. and Chosa, E. 2011. Roles of the endoplasmic
reticulum stress transducer OASIS in fracture healing. Bone
49, 724-732.

. Hino, K., Saito, A., Asada, R., Kanemoto, S. and Imaizumi,

K. 2014. Increased susceptibility to dextran sulfate so-
dium-induced colitis in the endoplasmic reticulum stress
transducer OASIS deficient mice. PLoS One 9, e88048.

. Izumi, S., Saito, A., Kanemoto, S., Kawasaki, N., Asada, R,,

Iwamoto, H., Oki, M., Miyagi, H., Ochi, M. and Imaizumi,
K. 2012. The endoplasmic reticulum stress transducer
BBF2H7 suppresses apoptosis by activating the ATF5-MCL1
pathway in growth plate cartilage. J. Biol. Chem. 287, 36190-
36200.

Kleber, A., Kubulus, D., Rossler, D., Wolf, B., Volk, T., Speer,
T. and Fink, T. 2014. Melatonin modifies cellular stress in
the liver of septic mice by reducing reactive oxygen species
and increasing the unfolded protein response. Exp. Mol.
Pathol. 97, 565-571.

Kondo, S, Murakami, T., Tatsumi, K., Ogata, M., Kanemoto,
S., Otori, K., Iseki, K., Wanaka, A. and Imaizumi, K. 2005.
OASIS, a CREB/ATF-family member, modulates UPR sig-
nalling in astrocytes. Nat. Cell Biol. 7. 186-194.

Kondo, S., Saito, A., Hino, S., Murakami, T., Ogata, M.,
Kanemoto, S., Nara, S, Yamashita, A., Yoshinaga, K., Hara,
H. and Imaizumi, K. 2007. BBF2H7, a novel transmembrane
bZIP transcription factor, is a new type of endoplasmic retic-
ulum stress transducer. Mol. Cell Biol. 27. 1716-1729.
Kondo, S, Saito, A., Asada, R.,, Kanemoto, S. and Imaizumi,
K. 2011. Physiological unfolded protein response regulated
by OASIS family members, transmembrane bZIP tran-
scription factors. IUBMB Life 63, 233-239.

Liang, G., Audas, T. E,, Li, Y., Cockram, G. P,, Dean, ]. D.,
Martyn, A. C,, Kokame, K. and Lu, R. 2006. Luman/CREB3
induces transcription of the endoplasmic reticulum (ER)
stress response protein Herp through an ER stress response
element. Mol. Cell Biol. 26, 7999-8010.

Lu, R, Yang, P, O'Hare, P. and Misra, V. 1997. Luman,
a new member of the CREB/ATF family, binds to herpes
simplex virus VP16-associated host cellular factor. Mol. Cell
Biol. 17, 5117-5126.

Murakami, T., Kondo, S., Ogata, M., Kanemoto, S., Saito,
A., Wanaka, A. and Imaizumi, K. 2006. Cleavage of the
membrane-bound transcription factor OASIS in response to
endoplasmic reticulum stress. ]. Neurochem. 96, 1090-1100.
Myllyharju, J. 2014. Extracellular matrix and developing
growth plate. Curr. Osteoporos Rep. 12, 439-445.
Nagamori, I, Yomogida, K., Ikawa, M., Okabe, M., Yabuta,
N. and Nojima, H. 2006. The testes-specific bZip type tran-
scription factor Tisp40 plays a role in ER stress responses



480

19.

20.

21.

22.

23.

24.

BBULRIX| 2015, Vol. 25. No. 4

and chromatin packaging during spermiogenesis. Genes
Cells 11, 1161-1171.

Oh-Hashi, K., Hirata, Y. and Kiuchi, K. 2013. Transcriptional
regulation of mouse mesencephalic astrocyte-derived neuro-
trophic factor in Neuro2a cells. Cell Mol. Biol. Lett. 18, 398-
415.

Okuda, H., Tatsumi, K., Horii-Hayashi, N., Morita, S.,
Okuda-Yamamoto, A., Imaizumi, K. and Wanaka, A. 2014.
OASIS regulates chondroitin 6-O-sulfotransferase 1 gene
transcription in the injured adult mouse cerebral cortex. J.
Neurochem. 130, 612-625.

Omori, Y., Imai, ]., Watanabe, M., Komatsu, T., Suzuki, Y.,
Kataoka, K., Watanabe, S., Tanigami, A. and Sugano, S.
2001. CREB-H: a novel mammalian transcription factor be-
longing to the CREB/ATF family and functioning via the
box-B element with a liver-specific expression. Nucleic Acids
Res. 29, 2154-2162.

Saito, A. 2014. Physiological functions of endoplasmic retic-
ulum stress transducer OASIS in central nervous system.
Anat. Sci. Int. 89, 11-20.

Saito, A., Hino, S., Murakami, T., Kanemoto, S., Kondo, S.,
Saitoh, M., Nishimura, R., Yoneda, T., Furuichi, T., Ikegawa,
S., Ikawa, M., Okabe, M. and Imaizumi, K. 2009. Regulation
of endoplasmic reticulum stress response by a BBF2H7-
mediated Sec23a pathway is essential for chondrogenesis.
Nat. Cell Biol. 11, 1197-1204.

Saito, A., Hino, S., Murakami, T., Kondo, S. and Imaizumi,

25.

26.

27.

28.

29.

30.

K. 2007. A novel ER stress transducer, OASIS, expressed
in astrocytes. Antioxid. Redox Signal. 9, 563-571.

Saito, A., Kanemoto, S., Kawasaki, N., Asada, R., Iwamoto,
H., Oki, M., Miyagi, H., Izumi, S., Sanosaka, T., Nakashima,
K. and Imaizumi, K. 2012. Unfolded protein response, acti-
vated by OASIS family transcription factors, promotes as-
trocyte differentiation. Nat. Commun. 3, 967.

Stelzer, G. and Don, J. 2002. Atcel: a novel mouse cyclic
adenosine 3',5"-monophosphate-responsive element-binding
protein-like gene exclusively expressed in postmeiotic sper-
matids. Endocrinology 143, 1578-1588.

Wang, M. and Kaufman, R. J. 2014. The impact of the endo-
plasmic reticulum protein-folding environment on cancer
development. Nat. Rev. Cancer 14, 581-597.

Yadav, R. K., Chae, S. W., Kim, H. R. and Chae, H. J. 2014.
Endoplasmic reticulum stress and cancer. J. Cancer Prev. 19,
75-88.

Zhang, K., Shen, X, Wu, ], Sakaki, K., Saunders, T.,
Rutkowski, D. T., Back, S. H. and Kaufman, R. J. 2006.
Endoplasmic reticulum stress activates cleavage of CREBH
to induce a systemic inflammatory response. Cell 124, 587-
599.

Zhong, N., Ramaswamy, G. and Weisgraber, K. H. 2009.
Apolipoprotein E4 domain interaction induces endoplasmic
reticulum stress and impairs astrocyte function. ]. Biol.
Chem. 284, 27273-27280.

B
Jhu

>
JO{
x
4
lo
o
b
2
rlr
M
R}
it
oft
oft
j"h
rlr
%
18
2
N
)
o
+
=
o
M
o

me
2
< (o
e, f
1z
L
=
t
%
lo
fi
e
=)
i
&
N
Kl
__)u“_l"
=
2,
>
e
)
ok
b
m
ool
o
e
2
<
N
&2
o

T

tor 6 (ATF6)°] A
CREB4) & %%

o
fru
F

g
2

a4 Aot

P AEHAEYA MM OASIS familyel X718

ot

M
)2
2
o
=?i:‘:‘
X
o
Il
)
il
offt

EY2(AEA2EG 2)7) H] unfolded protein response (UPR)AI 28-S 25 Al 71th UPRS A5 A7) &
| 29 A 2 inositol requiring 1 (IRE1), PKR-like ER kinase (PERK), activating transcription fac-
A2 HEE FFY ATF6o] 5= AT ©]E-&(Luman, OASIS, BBF2H7, CREBH,
G HFIY, B YA, bZIPY S = 7HAH SolxA 3 Az BAA 75< 7F
Atk AZAE OASIS familye] AEd £A71d A2 oAg AT, £ 2 FoA o5

TANEE TFHOR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


