52 : 911

<V VRV LA (1)—1—=3>Mzrh : IEREN OB L B (Neuroprotection-Update)

HIF #EPE(E - Akt W PEL 2 BRI & U 72 0 BUIk PREESE O Bl 38

e Rty

(B ##% 2012;52:911-912)
Key words : HIF, Akt, JXEEIML, MxfeaEse

FUBHIC

IR S R LT, S 3 RERI DN @ rt-PA FiiE
B, JSE 8 iR £ T MERCI % PENUMBRA 7 E 0 [iiE A
BEPIHRTBI b Tws. L L, BRI & v ) B
AREAIED A 71 = X ZAR E L IR 1L, Rl
RENTWEZFIRAROEN TS, EBEMBIZEICB W
TIIMR M OFHEAHAR 2 1A, BRSBTS Cw
LODPOFBINEEIHE I NODOH L. bhvbhiioh
¥ C Advanced Glycation End Products (AGE) A& FH 2 30
Plasminogen activator inhibitor-1 (PAI-1) FHE#E?Y 7 ¥
7 v v T BRSPS DIEY 20 E O BN PR GE -
MM DOBREZ FHNTTE 2. Sllbb I EFEIGH %
HEFIZ AN, #7212 Hypoxia inducible factor (HIF) i ¥4:1L 7
W LI Akt I 2R & L2 MR SR OB R 2 o
72OTHET 5.

1) Prolylhydroxylase (PHD) BHEZE®

AR IS 5 B ORERED D ), BB IR R
T# % Hypoxia inducible factor (HIF) %&b $ 2 Z L 12 &
0, ZOFHMIIAMET %8z T# (erythropoietin, glut-1,
VEGF, HO-1 7% &) HttriEER 2 7257, HURFRIHER
PR AL K5 F IR RE IR A I A B 0%, il
KPR AT MR Ia R & & b2, bhubhid
MR LR35 A Pt o 5 BT, HIF 5535
PHD Ot % #il 3 % S H OIFERITH Y L A&, structure
based drug design & vitro biological assay % # & & b & T
R LRI BULEW E AWE L7 KEBEREANTEZD
RN RIZB W T, FrBl PHD BH %3 TM6008 @ 78
HIF % VEGF Z3io#hn, TUNEL BEMa oM+ &
72 L7z, Gerbil mifig s &4 € 7OV THat L7254, TM6008
WIEF A % &b b 37 O IR IER PRI HE I8 2 J L,
TUNEL FpfEfilndi e F B IS &€, R To Glut3 @
BHPELO LY. T2, vy AR KRERBEEETVICE
W, BRI R A & 72 U7z MR/ N ORI &L Ol

7 HH 5 — B

Hongbo R. Luo?

BIBEIZEE S A T2\ as, TM6008 3k 8B kB & UBige
BFE AR TR M AR & 3 S, AEREAEIC D
b DU FEMEAIA Sz, TACHE RS el b % Nz 72 TM6551
13, TM6008 D# 3 fi5iivs PHD FHEEHZR L2, 29 L7z
PHD MES L, oA BT, L, K, Bz egik
2RO M BE = 3 @S % L CTHRIURISH SN 5 T iEME % b o
TW5.

2) #M Akt EHELE (SC79)°

Akt 1Z PH (Plekstrin Homology) F X 4 ~ % N KIZHT 5%
Y V/AVF v FF—ETHDH. Akt DiFMHALICIE Thr
308 & Serd73 D 2 AT DY Y AL LETH Y, TD) Vg
1kiZ & & I phosphoinositide 3-kinase (PI3K) @ T it Tl &
hTwa”, 2%, PIBKICX o TR SN P13, 4,5 P3
APDK1 (Thr308 % YV »Mft5 % ¥ —+¥) & Akt ® PH
FAL ZCHEL, RS 05T 2B D & MR £ 12
#£HT, Akt O Y EELE D & B2 9. PI3K-Akt B 1T HE
KRR T 70 SR O EAFARME Y 7 F M REICB W TS
fEEZE L, Akt OTFMEILIX BAD, GSK3, FoxOs, CREB,
NOS, NF-kB & & D) Y E L% A L CHlkEM I ge % #i 5
%Y. LR HZ O Luo 51, MILE 2 SMIEB~D Akt OF
BEHEL, 2 oMBE T Akt-PH F X 4 ¥ &@INWICHE
L C Akt 2L 2 HiBLaM SC79 % BI% L 729, SCT79
iR R TV Y I S REEEIC X SIS &
il L7z, & 512~ AR RIMEIIR K A PH2EE 7 VAERK 24 TR
ORI ORI BT, sham # 58 & LT,
WAkt 12 5 ) VERAL Akt Hid SC79 455 TH EIS B
L7z =7 AR KRIBBIIRAK AP 2EE 7 VI BT, BYIRPH 2T
DI 5 TSI SCT9 2 IEHEPMICHES LT, 24 Bt 7
WL 7 HEOHER OB 2 fiNe A L DT

BbhUIZ
YlkoZE <, OPHD %% L€ HIF 4L % X2 HH#H

LA TM6008 - TM6551 %2, @OMINBE A & Ml i~o Akt
DORH & HE L2 OMIBE T Akt 2 WAL 2 HBULEY

VBRI NFL RN AL (T259-1193  #hos I BL AR s o 143)

?Department of Pathology, Harvard Medical School (Boston)
(%ZAHH 201245 A 23 H)



52 : 912 FRERMRIES 52%11% (2012 :11)

SC79 &, TNF TIZEWH L3 &7 MDD HMmE
HHTHLH, WIND <7 ZOMEIE TV TH S 2 i
HEHZRLTWAA, S bR HZ I AN
TORRHEOKEIME TV E D BbwizBEe, HERABRTO
HRRBERE O BIVFHIIE O UL 7 A S . MRESE I
Z OB M OTHRE B LTI )T A S A2 ZE] A & i
SV E CHEMERE CEESIRE IR 5 2 LA2STE, ritPA
iHER MERCI & E oIl f7 &M LMl HbE L Z LT,
therapeutic time window Z ¥\ F AR EAMEE SN D, T2,
MATFEM TR SN AL Z & ORIWER 2k c& 5
RS 5. 29 LANRERIZZOZEMEDP AR TE
M, iPS 7 E ORI L Wil 2 72 L C, S OMBE R
RGO LR %2 B ISEVW R W E s N 5.

AT L, BIRTRE COLIRRBIZH 5 A3, Mk RIE
FWIFNdFY FHA.

fectiveness on anti-coagulation and anti-fibrosis. Arterio-
scler Thromb Vasc Biol 2008;28:672-677.

3) IzuharaY, Yamaoka N, Kodama H, et al. A novel inhibitor
of plasminogen activator inhibitor-1 provides anti-
thrombotic benefits devoid of bleeding effect in non-
human primates. ] Cereb Blood Flow Metab 2010;30:904-
912.

4) Takizawa S, Dan T, Uesugi T, et al. A sartan derivative
with a very low angiotensin II receptor affinity amelio-
rates ischemic cerebral damage. J Cereb Blood Flow Me-
tab 2009;29:1665-1672.

5) Nangaku M, Izuhara Y, Takizawa S, et al. A novel class of
prolyl hydroxylase inhibitors induces angiogenesis and
exerts organ protection against ischemia. Arterioscler
Thromb Vasc Biol 2007;27:2548-2554.

% ik 6) Jo H, Mondal S, Tan D, et al. Small molecule-induced cy-
tosolic activation of Akt rescues ischemia-elicited neuro-
nal death. Proc Natl Acad Sci U S A 2012;109:10581-10586.

7) Cantley LC. The phosphoinositide 3-kinase pathway. Sci-
ence 2002;296:1655-1657.

8) Zhao H, Shimohata T, Wang JQ, et al. Akt contributes to
neuroprotection by hypothermia against cerebral ische-
mia in rats. ] Neurosci 2005;25:9794-9806.

1) Takizawa S, Izuhara Y, Kitao Y, et al. A novel inhibitor of
advanced glycation and endoplasmic reticulum stress re-
duces infarct volume in rat focal cerebral ischemia. Brain
Res 2007;1183:124-137.

2) Izuhara Y, Takahashi S, Nangaku M, et al. Inhibition of

plasminogen activator inhibitor-1: its mechanism and ef-

Abstract
Novel neuroprotective agents: a HIF activator and an Akt activator

Shunya Takizawa", Eiichiro Nagata” and Hongbo R. Luo”
"Department of Neurology, Tokai University
“Department of Pathology, Harvard Medical School

We here presented two new neuroprotective agents; a HIF activator and an Akt activator. Hypoxia inducible
factor (HIF) plays a pivotal role in the adaptation to ischemic conditions, and its activity is modulated by an
oxygen-dependent hydroxylation of proline residues by prolyl hydroxylases (PHD). We discovered a unique com-
pound TM6008, which inhibited PHD and stabilized HIF activity in vitro. Oral administration of TM6008 pro-
tected neurons in forebrain as well as focal ischemia. The protection was associated with amelioration of apoptosis
but independent of enhanced angiogenesis. Next, elevating Akt activation is an obvious clinical strategy to pre-
vent progressive neuronal death in neurological diseases. We identified a small molecule SC79 that inhibits Akt
membrane translocation, but paradoxically activates Akt in the cytosol. SC79 specifically binds to the PH domain
of Akt. SC79-bound Akt adopts a conformation favorable for phosphorylation by upstream protein kinases. In a
hippocampal neuronal culture system and a mouse model for ischemic stroke, the cytosolic activation of Akt by
SC79 is sufficient to recapitulate the primary cellular function of Akt signaling, resulting in augmented neuronal
survival. Thus, HIF and Akt activators may be the new therapeutic strategy against cerebral infarction, and be
expanded the therapeutic time window for hemolysis.
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