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2 1Z2B1F % RANKL (receptor activator of NF-kB ligand) /RANK
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BlI3E 7 34 T & 72, RANKL/RANK (3B HIFRFEDE N D > 7
FIVELTHATH A7), AR RANK 1) 4~ F RANKL
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FOFEIZ LML T2 Y ik~ 07 7 — YT,
RANKL @ pre-treatment |ZC TLR4 3 £ O TLRY |2 & % IL6,
TNFo OFBATEICHFI SN2 Z LG shTsy 7,
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RANKL 35 & 0" RANK ¢ mRNA & fE 1M1l 4 B5[H] %7 & A 22507
TOFHDEML, WHERLROFEEIt~s a7 7 -2 -
I7UZYTHRINLDOGFEFEBRL T (Fig 1) . £k
ATl RAKL O 731 Lt 7% —Cd % OPG (osteoprotegerin)
7%, RANKL IZ & 20 E RSN O 3L 2 3 L T 558, &
@ OPG 73K¥E L, RANKL/RANK ¥ 7 F )Lt & T\ 5
OPG / v 7 77 b= ADOKE Tl IEHEREORA & 4%
HEEY A A A YoBHAPTHH S TEY, HENIZ
RANKL % #5- L 72 BT b FEROFR IR Sz T 72,
RANKL O WA S ClEli g AE oL, =2 —no
v ) TIRAMEAEMEIZ BV Cld RANKL A8 LPS 12 &
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LI z7ary 7 - xra7y— 05k &7z RANKL
AIRANK IZAEH L, TLR % i L 72 280 b & B4 2 A IS
EHT 22 e S»ERo72 " (Fig. 2).
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Fig. 1
48 h after middle cerebral artery occlusion in mice.
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Expression of RANK (receptor activator of nuclear factor-kB) or RANKL (receptor activator of NF-«B ligand) in the ischemic brain at

Although RANK and RANKL were not expressed in intact regions in ischemic cortex (A, F) as well as nonischemic cortex (E, ]), these
molecules were expressed in F4/80-positive (A-D) or Iba-1-positive (F-I) activated microglia/macrophages (M/M) in the border zone between

the intact and infarct region. (cited from our previous paper™)

N ¢

Neuron

Neuronal death % % . Inflammatory cytokines
3
y¥, <
## iié

Insufficient suppression of TLR-induced
inflammation — Worsening of stroke

X a
@ RANKL

*."+* RANK

DAMPs from
damaged cells

| Enhanced RANKL/RANK signal

- Exogenous
_/-
RANKL

) ) e o o
e 00.0
o °  aro
o . &
° o ° ° o .Q

-

\
¥ ¥8 ¥ ¥

B HSK

Sufficient suppression
—Protection of ischemic brain

Fig. 2 A schematic diagram of RANK (receptor activator of nuclear factor-xB)/RANKL (receptor activator of NF-xB ligand) signaling

in the ischemic stroke.

DAMPs (damage-associated molecular patterns) are released from damaged cells after stroke (1). DAMPs subsequntely induced
inflammatory cytokines through TLR (toll-like receptors) in the microglia (2). This resulted in neuronal death and expansion of the
infarct area (3). Although RANKL/RANK signal suppress the TLR-induced inflammation (4), OPG (osteoprotegerin) blocks this
inhibition (5) in WT mice. In OPG” mice or mice treated with exogenous RANKL, the augmented RANKL/RANK signaling suppress
TLR-related inflammatory cytokines (6, 7), resulting in prevention of neuronal death (8).
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Fig. 3 Therapeutic effects of MHP1-AcN after transient middle cerebral artery occlusion.
MHP1-AcN was intravenously injected with Alzet pump from 6 or 8 h post-ischemia. (A) The infarct volume was lower in the
mice treated with MHP1-AcN. (B) Temporal changes of neurological severity score after ischemic stroke. The treated mice

showed better outcome. **P < 0.01, *P < 0.05 vs saline-treated mice. (cited from our previous paper””)
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Fig. 4 Influences of MHP1-AcN (MHP1-7) on the effects of tPA-induced thrombolysis and hemorrhage.
(A) Typical flowmetry (upper) and laser speckle images (down) of FeCl3-induced thrombosis model in common carotid
arteries (CCA). A filter paper soaked with FeCl3 on the CCA caused CCA occlusion. tPA or combination of tPA
and MHP1-AcN began 30 min after occlusion recovered blood flow. (B) The duration between starting of tPA and

recanalization was measured and quantified. MHP1-AcN did not prolong the time to recanalization. (C) Typical images of

tPA-induced hemorrhage and quantitative analysis of hemorrhagic region. MHP1-AcN reduced tPA-induced hemorrhage.

##P < (.01 vs saline. (cited from our previous paper””)
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Abstract

Current status and perspectives in the development of therapeutic agents targeting post-ischemic
inflammation in the acute stage of stroke

Munehisa Shimamura, M.D., Ph.D."”, Hironori Nakagami, M.D., Ph.D.”,
Tsutomu Sasaki, M.D., Ph.D.", Ryuichi Morishita, M.D., Ph.D.” and Hideki Mochizuki, M.D., Ph.D.”

UDepartment of Neurology, Osaka University
“Department of Health Development and Medicine, Graduate School of Medicine, Osaka University
¥Department of Clinical Gene Therapy, Graduate School of Medicine, Osaka University

We have developed a partial peptide of RANKL (receptor activator of NF-xB ligand) that suppresses TLR (toll-like
receptor)-related inflammation via RANKL/RANK (receptor activator of nuclear factor-kB) signals in the acute phase of
ischemic stroke. This peptide has been found to be a therapeutic agent for ischemic stroke that can be used in
combination with tPA in a mouse model. Based on the findings, we are working on translational research to aim for
clinical application of this peptide through collaboration with pharmacy companies. However, the problem is that the
need for development of medication in the acute stage of ischemic stroke is currently low in pharmaceutical companies
due to the failure of many investigational drugs in the past. To overcome the problem, we are examining the effects of
this peptide in other diseases included in the company’s priority areas and explaining the environmental changes in the
clinical trials due to the development of endovascular treatment in the acute stage of ischemic stroke.
(Rinsho Shinkeigaku (Clin Neurol) 2020;60:253-259)
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