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Analysis of the mechanism for efficient rehabilitation using cell signaling mutant c
ells
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In this study, we carried out experiments using cell signaling mutant cells to imp
rove nerve regeneration and efficiency of rehabilitation with the aims of elucidating the mechanism of reh
abilitation at the molecular level and establishing a method for recovery of paralysis due to cerebral inf
arction. In the experiments, we used three newly developed cell signaling mutant cell lines and found that

(1) rehabilitation stimulus by, for example, thermotherapK, promotes nerve regeneration by acting p38 Kin
ase in the cell signaling pathway, (2) acetylcholine, which acts to improve hemiplegia caused by cerebral
infarction, activates EFK enzyme in the same signaling pathway, and (3) Akt enzyme functions for long-term

survival of neurons.

p38MAPK JINK Akt PI3K ERK Aging Anti aging



PC12
NGF
PC12
PC12 NGF
PC12
NGF
PC12
NGF
PC12 PC12m3
PC12m3 MAP
(ERK)
p38
MAP
PC12m3 PC12m1i1
.PC12m3-S
1. PC12m3
MRNA

MAP

p38 JNK
MAP
p38 JINK
MAP
p38 JNK
PC12 MAP
(ERK)
p38
MAP
PC12m3
PC12ml1
PC12ml1
PC12m1l1 1
PC12m1l1
PC12m3-S

PC12m3



PC12m3-S

PC12m3-S

p38

PC12

p38

p38
JINK

JINK

PC12m3

JINK

PC12
PC12m3-S

PC12m3

p38

PC12m3

p38

PC12

Rockville, ME

American type culture collection

10 %
80p g/ml
DME

37

5%

5% CO?
3

1~3 x 10* cells/cnm?

Hoechst 33258

p38MAP

M NaCl 1.42%
M NaCl
v
p38MAP
PTK
p38MAP
PC12 PC12m3 100
25
P38BMAPK
8
P38BMAPK
p38BMAPK
2.PC12m11
PC12m11
1
HOC2
PC12m11
PC12m11
HOC2
PC12m11
PC12m3
PC12m3
MAP ERK,
p38MAPK INK
PC12m1l
MAP



PC12mll
HIC2

3.PC12m3-S

PC12m3-S

cm?

DT BRI 2 52 1 ~ 2 RS

{E ~K 8 L 272 KRR T b REIM AT 2,

PC12m3-S
PC12m3-S
PTK
MAP
PI3K-Akt
PTK
PDGF
p38MAPK Akt
p38MAPK Akt
PTK
p38MAPK Akt
PC12
PC12m3 PC12m3-S
100 25
10%
8
p38MAPK Akt

p3BMAPK Akt

Akt

1 PC12m3
PC12m3
p38
p38
SB20358
JNK
PC12m3
p38
PC12m3 100 25
44 3 5 10
p38MAPK 44 20
PC12 p38MAPK

Parental PC12m3

Phospho p38 MAPK 8 @gﬁ — —— —

Heat shock g 3 5 10 20 0 3 SRS OF20
(min)

P38MAPK
p38MAPK
PC12m3 PC12
PC12m32 100 25
PC12
PC12m32
p38 MAP
P38MAPK
PTK
PC12n3
P38MAPK
PC12m3 4410
P38MAPK
PC12

ERK  p38MAPK
PC12m3



P38MAPK
PC12n3 P38MAPK
PC12
P38MAPK  ERK
P38MAPK
SB203580
CREB ERK
U0126 ERK
P38MAPK CREB

2 PC12mill

PC12mll

ERK

PC12m3-S

p38 Akt
PC12
PC12m3-S NGF, EGF, FGF
Akt PC12
Akt
PC12m321
Akt

Parental

PC12mutant
Phospho Akt Vs

NGF -+ - - - + - _.
EGF I S
Insulin - - -+ - - - %

Akt
Akt PI3K
PC12m3-S
PI3K

PC12m3-S
Akt

PI3K
Akt
Bad
Bad

PI3K-Akt

PI13K-Akt

PI3K-Akt
PC12m3-S PI3K
PC12m3-S PI3K
p85a p&56
p858
TRPV1
TRPV1
p38MAPK
p38MAPK
p38MAPK
PC12m3-S
PC12
(PTK)
PI3K p85B
p85p3 p85P3
Akt
PI3K
p110 p85
pl110
p85  SH2
P85 p85a p85i3
PC12m3-S p853
PC12m3-S
p85a
Akt PC12m3-S
PTK
(PTK-PI3K-Akt)
PTK
PI3K-Akt
Akt



Phospho Akt

NHDF e —
PDGF 2 e e
Extract S

Koike Y, Kondo H, Kondo S, Takagi M, Kano Y.
Effect of a steam foot spa on geriatric
inpatients with cognitive impairment: a pilot

study. Clin Interv Aging. 2013;8:543-8.

doi: 10.2147/CIA.S44005. Epub 2013 May 16.
. . Akt
PC12
(1345-479X)14
Page45-48(2013.03)

Myogenin Myosin
(1345-479X)14
2013, Paged4 -4

(1345-479X)14 2013, Page -

Misae Shinomiya, Kenji Kawamura, Emiko Tanita,
Megumi Nagoshi, Hirotoshi Motoda, Yoshiko
Kasanami, Fukumi Hiragami, Yoshio Kano Neurite
Outgrowth of PC12 Mutant Cells Induced by Orange
Oil and d-Limonene via the p38 MAPK Pathway
Acta Med Okayama

2012, 66(22) 111-118

PC12
(1345-479X)13 2012, Page9-13
PC12
PI3K
PC12m321
(1345-479X)13 2012,
Page47-50

CKC

(1345-479X)13 2012, Page9-27-30
Hirotoshi Motoda, Yosiho Kano, Fukumi Hiragami,

Kenji Kawamura and Hideaki Matsumoto Changes in
rupture formation and zonary region stained with
Evans blue during the recovery process from
aluminum toxicity in the pea root apex PLANT
signaling & behavior 2011, Volume 6,
Issue 1 98-100

51 8l L U Y —F =7 BEJE - RN FEHR
2014
0

@
KANO, Yoshio
20224553

@
KAWAMURA, Kenji
40278974

A



