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o
2

2 Al(nervous  system)© o547 Al(central nervous system)9} Tx2
(peripheral nervous system)Z TEHU TFAAA &3l ¥ H 49 3w

(gray matter)olA B As= DA oaa 2Eoz2 AFHAAZL i

(neuron) 217 & 7] (neurites)gt st FAHaxon)# F4HE7](dendrite)E°] 25
o]z o] olx3 A= ANAMEER AHst 7IeAd UMEYFAE FSdH(in
et al, 2012).

BxaZol S 94E AT, EFFSdA Eg R Hom AR

(Wallerian degeneration)©]|2}= S=AMHA o] a4 oz Aot} (Allodi et al, 2012).
ol Q& EFHA AAET] o] dAFe] BojAAL AATH TF IS BE
53 77t 7159 S Z e (Fitzgerald & McKelvey, 2016). 28 th2] A
¥ (macrophagy)”’} =48 FHHAIE R 3 & (infiltration)ste] S2PH A o2 Qla] whAY
st Ztsll(axonal debris)ES A2 AFE(autophagy) 22 AIATOZH AL A A
(neuronal regeneration)™} ZAM2jAl #(axonal regrowth)o] o] Fold 4 U&= FIHS
3t W 3t} (Zigmond & Echevarria, 2019). ¥kdol] FF3:A74& @2 AlA

A o] o] FolA = Al7I7F 3 AAH o] & H91e S4t, X (myelin sheath)
o} A 3 (glia cell), W3] A3 (endothelial cell)5 <] Zaf|&o] Auw]x o 3

Aa] AAAAH F4 Aol o|Fojd F i Fo] BuEA ol AeleHA

>

riot
oM,

o

f

L

z

3 & A kS 72 George & Griffin, 1994; Mietto et al, 2015). 28|22 FF41

A de wxA Ee B4 B9 A4 N5A A% )

]
>

[¢] o

D2 A A 9] 71 EA <l Al Aol Al X (neuroglia cell)Q] F75HA 3 (Schwann cell) &

F 7 fFEew vdg. o1 % sty g9 Al EX(Remak cell) &2 4
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flo

(non-myelin) F78FAlEoITh 29 A X 22 HAo =2tow A Q@

A7 FAt AEABA FAte] of7le] etk & sue FRE A e
2 Z2to g g AErd 2-3u= 2 FAA dA4H0] JdvhLiu et al, 2019).

o] F 7HA FREAIES] SA4F2 oAb, s TE S ATEARE Fx3bE AE
tho] Al A=A E(nerve impulse conduction)E 7}&3EEE Fo3 &S 3t
(Jessen & Mirsky, 2016). =2+ dA&4 o)A gom dAg tH0 2 A4S 1AM
Atk A kA ESEe] Abolol = oF 1uyme] |2 ZH(node of Ranvier)
o] Atg]dtar o] &5 A 9 (action potential)7} AH 3} AA AlolZ Hojd= =okA
% (saltatory conduction)E 3}7] wjito] ¥HS £LE  F7MAIZIYH(Carroll, 2017,
Salzer, 2015).

Eo Al EE A A o A AdEd AR oR Qs Hiss 24
(degenerated tissue)= A Adte] M =22 =2fo] AAAstL A 4% 3Hremyeliation)
2 F dE 4SS AFeH(Ceci et al, 2014; Zhou & Notterpek, 2016). HAH
2 Ayt 3 HxAAHE 71X 9(basal laminae) = AR W1y W=
(bands of Biingner)2t+= T8 3t® T Z(columnar structure)= we} 2} o] o]
Folxth & FRHAEZE AAEAY SAtake] Aol vAl dojuta gzt Al
Fo A oAl E3H(differentiation)E %13 ¥t (Gomez-Sanchez et al., 2017). a4 Rt
A7AEF F Moy Merr @8]7] Ao FAke] o] AR o] Fo A A FA H

i Aol E(fibroblast cel)7} frubAlE 9] AHE] S thalste] A7 Aol oA

o AAEdo R A%k 754 3o AlekS W=t (Jessen & Farraj, 2018).
FHAENE A X9 AF(extracellular sodium)¥} Z<5(calcium) 99 F7k+=

D2 A 71 A4 £ (mechanical insult)®}, A3} ArFgFo Aoz <ls) dt
et o= &% A9 (action potential) TS FEdF] =2} HIPS oprldt= ©
W23 & A (protease) @] calpain®} A|EZA S o] F = spectrin#e] 2FS FHWAA
BAHo R Fate] Fx7F o H7] Atk (He & Jin, 2016). ol2 g % 7] 22
St A £A A3+ Al EW mitogen—activated protein kinase family(MAPK):
extracelluar signal-regulated kinases 1 and 2(ERK1/2), stress activated protein
kinases(p38 MAPK) 2] i c-Jun NH, —terminal kinases(JNK)¢} #& 4z %

A dmd =S dA8A 7Y ERKL/2 417 A e 7 Z(signal cascade)=, A3 2ol A



GTPase Ras’} Raf-1 &45 &43H4]7]a, #o]of MEK1/2¢9 ERK1/2 wo= &
AztEct ol NZAGE RS o AEY AE(surviva)@ Z2) (proliferation) S
7} & tHBoyer et al, 2019). 12]al P38 MAPKS &A3sl:= dejwA o4 = &
A= A A Z(molecular signal) & shutol™ Zrg, AlW2e A7]|E Z4Aste
A rd 2 (neuregulin), 223l A folAlE A AdA-2(Fibroblast Growth
Factor-2, FGF-2) A& <77t v o =2 INKe T2 4EY & 794
Fo %23 A5 YeElE AARIAY c-Jun HEE o] T U= uls) Eio|th
guld Ao Ag A2 F sk EAHdownstream) ol A 9] c-June &4 wekyio] W
Aoz 8 wAS e Aok 7ubAlE Hk(proliferation) 2 HEE 1A @

of F 23 HAFQI A (transcription factor)©] tHSvennigsen & Dahlin, 2013).

oA H TERAAY VIAA EF F FA-FIAIEY A B A4S dis
A Fats B2 Al ek A (synthesis) S £83F 7] Ao|th, agrg FubA|xe] 3
A B4R A F9EY AR o] F(migration), Ll AF el #olstE A
A (molecular event)oll et A= AFAd AL 7154 & T8 Ao
= Az,

27 Aol dojupe Eotel wdYeE #we @Wd F suel, growth

associated protein-43(GAP-43)= 2749 A3 Aol HWHS d-o] da, FH4t

Shis

3 &% (axonal growth cone)® ¥g st AAAAY EA A (neuronal marker)
o] th(Curtis et al, 1992). Vaudano 5-2(1995) #HZA74 £4 & Aol dojye
Folol A GAP-439] @ =o] Fr7betdtta Raustd. 1

A7 =3 dd 34 53 2217 (denervation) 22 918 5 (muscle
mass¥ <A Z7|(muscle fiber size)o] ZAE XYk oy} LH=

(muscle atrophy)< @& ¥ 3 (protein degradation)®] &7}¢ @2 A (protein



synthesis)®] #A&= Qs Yehv= @40t (Schiaffino et al, 2013). =7
(skeletal muscle) Q1AM 71 & 7[#o® A9 40%9] Fs AAstL 2
G o] 50~70%7F ol ] vk wEkd S5%e] dae = B3
o] A 7l ZA A#so dth(Langer et al., 2018).

Hto] g2 AFoaA e FAAAY &F0l FAEAA S (aerobic capacity), A&

Wil
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2
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# 7]°5 (cardiovascular function), WA Z4(metabolic regulation)¥} &= o] <l
o FFFd = mng S v i BRasdt AN FARAY &5 o]g)

Aol ot duld wE S fFaATIaL ATP dA0 #ojsts nEZ=dor ¥

A3} A 3} (mitochondria biogenesis and dynamics)E ZZIA17]W, w3 < HT)
A4 gl g AS Z7kA7Itk(Konopka & Harber, 2014). wabd FAAA &%
2 kA TEE A Bk ojyet 259 A7]E S7HAZY. Konopka &

o(2010) ATAME 125 7ke] FAEAY £F0] & AAE Mok Q) 4o 27
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Akt/mTORE & A% xHo] 44 9&FS v A th(Maltzahn et al., 2012). %2
ATFA A A D Q3 insulin like growth factor-IIGF-1)¢] IGF-1 &
A(IGFR)°| Z2:(binding)3t ¥ receptor tyrosine kinaseo] ¢]&] insulin receptor
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AAE & vde AFA oz FgaitteE AL BoFATE Akt(protein kinase B)&
tuberous sclerosis  1/2(TSC1/2) <14F8tA]#A G protein RhebZ% o2 TSC1/29]

AgA sk, 7 ¢ GTP-bound Rheb-

L

o
o

GTPase-activating protein(GAP) &4
mammalian target of rapamycin(mTOR)E &4 3}A]7]3L ¢]+= ribosomal protein S6
kinase 1(S6K1)¢} eukaryotic translation initiation factor 4E-binding protein
1(4E-BP1)& <14tsh Azl ZAxpH o w S6K13t 4E-BP19| <14tshe= whild 34
S 273k 2 v E 72 tH(Yoon, 2017). 3tA 9 Tto et al, (2018) AFolA], &
B4 Z7)o A3 = IGF-1/Akt pathwayell
Yt &5& gl Axd Zg AR A dedes Td

48 717 295 Sa mTOR 283 ol 24 = nig 7448

1o o
EO-S
BN o
O
)
TN
S
o 1o
2 nE
r_%
rlo
r
=
=

>
3
ry
ol



%

A Al

=3
=1

S
L

]

kel

|

AA A m A

&A Akt/mTOR 4
ke

Hof #& Akt/mTOR

H A Sprague-DawleyAd #

]

A

A7 ZHe

=

A

)

A 2

)

=A
il

3

38 #E

g

AA &4

| =c
=

&% Fdo] Akt/mTOR A&7

42l

N

.H_

!

o 2l tH(Study D).

Fd .

[

-

1

s
3

°
=

H| & Z(gastrocnemius) ¥}
pe

o

=

&2}

=i
=

3=

A
~

=]
RN

-

g

regrowth)

A
3} e AT 74

1=

o

|

sto] o

243 % (axonal
[e)

T

= A
it

at7] ¢

=

R

u}

7FAm] (soleus) B} A 7] w

Al Al

Ao 7t

=
o

o
-
3.

4]

7Bol A GAP-43, p-ERK1/2, Akt, mTOR gL

ANZ Aol

=] O
d4s =

al
=

4E-BP19]

e

M
o|J
o
ol

.

4
ﬁo

M
R

0SS

o

N

<
N
o
o
e
~

4
ﬁo

i
)

Aol Al GAP-43, p-ERK1/2, Akt, mTOR & il



!

M
o|J

op
o
L

4
ﬁo

i
g

5
ol
e
.Z.fl
elil

4

e A7 A GAP-43, p-ERK1/2, Akt, mTOR

-
N

—

) X_!
ok
e
~

A4
ﬁo

M
K

e
=

e

2al 4E-BP19]

= =3 < g

F3l¥l 4EBP1 &7}

o1 A
LI B

o o
S

Z] A 0]
R B S

:H_

ok
vl

(3
~

4
ﬁo

Hi
¥

NS
N
~e
N
el
e

Gl
il

)

)
)

gof Fol

4.

3} &} (sciatic nerve and injury)

KeN
=

}o] 134 (hip joint)

Z+E

bol A A

5]

(sacral plexus)9

==
A

2elif

4

17

7310}1:}. A

]

A
9/]

o A A 7 =

-
R

14 (lower extremity)= o] 1}7}

5

A4y

]

B

SEEE

dE2Y A% delo) gaRt

4 A

7] 9]

=
T

2) 79tA ¥ (Schwann cell)

N
sl

B

|
E

)

ol
o0
B

o

o

2] (proliferation) ¥} ©]-5 (migration)

Nlo
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Z}-8-(metabolism) 2 A 2] 2H-&-(physiology)el 8.3 9&& Fth(Wei et al, 2019).
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& F4r2 wolsolk d A} glojo @ @ @

TEEA ok FAre] & ARME AT HW, A9 FHEFe 247w

factor)E W3t He & Jin, 2016; Heubner & Strittmatter, 2009; Svennigsen &

S
Dahlin, 2013). °lel@ Fele] Bg< Falr AFEFoR ods) ofrle EHz4 3

AL S ATy

o BAlAds 7 dolax A AdH & 4 Ak

Cell body

Misdirecting of
growing axons

Macrophages

0, Debris
) injury Schwann cells g 9 Regenerating
Pfﬂliferamqg\e /

Injury Degeneration Regeneration

https.// wwwiresearchgate.net/figure/A-Schematic-representation-of-the - Wallerian-degeneration/

Figure 1. Wallerian degeneration and regeneration process after peripheral

nerve injury
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et o] 98 o] importins¥ vimenting EFF @A S fubsto] A=
fr=sta, ATPE Eddtes @A dyneind} Aazt&sit;. 2822 ciliary
neurotrophic  factor(CNTF), neuotrophin 3(NT3) 2|3 fibroblast growth
factor(FGF)8} #& &4 3oz Qg TAsE ol o YEAEo|(trophic
molecules) FHAA o] W&& dod 4 u. o E 59, CNTF= HWYHsS
FE3k= AAFQIAQ] signal transducer and activator of transcription3(STAT3) <1
skt (Lever et al., 2015).

Faeaon Qs WA 47 e NS A4 e olTolurh &4

s
b
il
A

T cAMP S7h= obfE] ARl S dA g R Ay Fash 9ds . o=
cAMP9] 747} NGF9} brain derived neurotrophic factor(BDNF)9] @& oA &
ZYste ddoEA g & ok E3 Axe AAdA cAMPY fHae A4
of gist AstE R I tH(Knott et al., 2014).

ANAEA} T FE wksk HEE MAPK AlaAAe] @438kt SA9l c-Jun,

activating transcription factor 3(ATF3), SRY-box containing gene 11(SOX11) =L

2l STAT39 22 AARRIAE o] oA WEHEHAY QIAbsL dAn) o5 HAIA
B9 #d4ss GAP-439 F7ket ol &4 B wue fHA Hde| wWaE )
At 2 A3, A7 £ 59 Aol Helshs dujde wde FUAA &
qE AAe] sl E Aad AAoRY 2SS F3 8 TH(Patodia & Raivich, 2012).

1 Cligodendrocyte
,

https:// www.nature.com/ articles/nrnl253
Figure 2. Oligodendrocyte and astrocyte in CNS and Schwan cell in PNS

_12_



sto] wWojustAl "tk <Figure 3>¥ 9]

#ZH(endoneurial tube)S wel A

S

i}\é

e

d MM Al MEHE (growth cone) 2|

o}
1

XA
iy b
73

b

=

]

hus

A

a
(growth cone)<

3.
S

T M T T oy ] M = = am
Cee iz gExT
= ﬂ_uo —
E]E = - T = X ™oy
X o) ES S ~X Lt o —~ A_I
TN T W o L o e
i SRR
T oo, B o5 KO B3 _
T 4 T ow oo B
< & N B o = W_M =
~ —_ =y 0 o
Mo XKoo AF g L oo
= X g N %o
~3 woN N of N NJo X < B
RN <A .o L~ o
Za BN ) w ] L =T
4 —_ . X
T AT o TR NN
an K 5 © 4 ol o
ﬂ = 0 —
= Mﬂ ~— HT +— 0 ..AL 1_|.A e
e — N |5} o N E‘.*
oo WX Tl +
s oo B o 5 9
I R My T o W%
TrT R o Tog o, ETW
BT ow o B o ¥R A T
o B w - R g W 0
= Zw =2 E
i ' N 0 o m . T mo -
ﬁn_ A :ﬂ G o 5 m| ol = Fe
H T ~— ang 1]
LT R o o N R 3 J
2 0o g _ e 3 4 |
‘N‘._ o E 0 EE o EE Lf B ~ _ﬂﬁ — 0 _um
= — X Jv.A_lL X ‘U! Oga ‘M_l i % - =
BN X —_ o] — —_ ;Iﬂ_./l ﬂo ‘ZTI X R - n_
o — 0N NOOR = [ 0
o o< N o = T u X E:; — @ M
SR T T O T -
I O A
U o RZE X
IS R B
T B AL, iR
g P Y o g z
MM F ToT ONT T EE H RN T
®morT o N B o % A S S

https.// www.mechanobio.info/ cytoskeleton—dynamics/what-is-axon-guidance -and-the -growth-cone/
Figure 3. The growth cone: axonal elongation
- 13 -



oF
Y ") A Z(microtubule)d] +A4 ©
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Nlo
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e
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uﬂ@

&l

hyA
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, cyclic nucleotide L& A

toh GAP-437F 4

his

ofi
do
NI
;O.ﬁ

e

=2 (cytoskeleton) 3 AF

X579 AE

=2 A

(tubulin)

A}
2}

S gojrt, gk Rho family 9l

-

%)

3}A] ZIcH(Hur et al., 2012).

GTPase+

kel
R

o

14 Y 2Ol X} (neurotrophic factors)

ol F27 o

25

Aol HH A

%
A o]

il

w3
=

BDNF$} glial cell-derived neurotrophic factor(GDNF)o] iL
NGF, BDNF, NT-3 1g]a NT-4/57} Slth. NGF= 77}

R

-

-

e

12;

o
R

WA o NT-39F CNTF+= s (downregulation) ® v, 1%
Neurotrophin family

(motor ventral roots)® .t 7+7 5% A7 (dorsal root)ol A

1) Neurotrophins

(upregulation)
(Gordon, 2009).
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T, F WS AN By

A}

4

|
M

B

—_
fite)

z
N

M

ojpy

B

t}. Neurotrophins® &A=

Els

s+ o
==

oA 1 9

TrkAo]il BDNF$ NT-4/5 &A=

NT-32] =& o]th(Huang & Reichardt, 2001).

Trks familyo]tt. NGFe] A7 &4

TrkB 28] il TrkC

-
L

2) GDNF

transforming growth factor alpha-1(TGFa-1) family©] il

1
o

GDNF

Hlo

2]

A JFL vl

A
) ‘.T!
B
Gl

1

J GDNF family receptor alpha-1(GFRa-1)¢]

off

N At GDNF

Zl gtk (Walker & Xu, 2018).

dr

x3}=

3) Fibroblast growth factor(FGF)

Al

ol A

= AZAYE

FGF-2

o

ol
oV
r

H
o

X
To

FGFR-1&

2l

d

Z

AdE o713 FGF 4

Ak
Al

3 %

t}(Santos et al,

s

7] S At

A&

)

il

3

ERK¢} Akt pathwayol] ¢

2016).

4) Insulin-like growth factors

CPEN-ER

KeX
|

IGF-13} IGF-2

th IGFe] 99l

= o

A Aol

5
T
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7154 38S A7tk e 54174 dol(sprouting) S AEbeit) £AE A
& IGF-1, IGF-2 181 IGF binding protein(IGFBP) W& & Z7[A|A =214 4
I AN E FAA I HLewitt & Boyd, 2019).

5) Neuregulins

Neuregulin 42+ A7 £ 312l 2F(neuronal differentiation factor; NDF), @@=
d (heregulin), acetylcholin receptor inducing activity(ARIA), o}ulA|xX d %2l =}
(glial growth factor; GGF)E €4 3lA71tt. NDF$} hereguline #3t&5 3 A%
To A4S s, ARIAY GGFe rHbAl x| o] ojpojxe A4+ o
oA AAHAY. GGF= FAHAA o8 A 7|#ez Aol dojd uf,
AE A Ass S (Meyer et al, 1997, Syed & Kim, 2010).

i)
—z

e

>
o
(P>
o
-
i)
[dl
ol
o
ofN
)
o
A
e
ey
-3
>
g
)
Z,
lo
)
ofo
flo
Mo
offl
R
o
gt
N
1o,
re
o
o
o

inhibitory factor(LIF)= CNTEFS} H]S23t &%58 3t CNTFS} #o] WY daaz
W ZEch A &4 3 &4 99 L
Interleukin-6(IL-6)¢} 1 &A= AAA XL ek wdx v AAHAAS 7s)st

t}(Magno et al., 2019).
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5. FAA Mo &oist= MAIRIX}(transcription factors)

1) pb3

po3e FdAA A T U= A EAE (apoptosis), AlEF7]HA A, DNA A
A 283 50% o] Ao AWl E doy|e d #AAsi MAANAME, &4

S AE APE9 7]5S StH(Boyd & Vlatkovic, 2016).

[e]

of

O

ATF3= DbZIP A1 A9+ 3yl cAMP-responsive element binding
protein(CREB)9] d{elth, ATF3+= &4, SxAAES, AAAE &4 a8
NGFe 17 d2fo] HAsAS w Hddry, ATF3+= c-Jun¥ B SzshAl F4be] wt

of ¥ g AL #AVE Utk wE o] &8 o] d o] F A (heterodimer) =X 417 &
Ea
o

25 7=

W

A F, B4 BT FApdgel B

4) CREB

CREB2 DNAZ?| CREd Z&H o AMASFS T3k 5y 7)o #olsta A

N7 A RT 7)o E F% 98-S sttl. CREBL arginase I(Arg 1) &4

DS FAAA FAA A ot £ 59249 BDNF 23 & 243t 9
atS 3t} o)A d AAEY] A A(neurite outgrowth)S 93] CREB 49 =4
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Ao Az 4& e 938S shi(Moore & Goldberg, 2011)

STAT3E= AEAH 52L& cytokined} 22 AlxQ 257l Aol @ w7t 4
Aol Al di7)star Aot AlE7F MEe A F&7]e] A&E Il tyrosine kinase janus
kinase(JAK)7} 8704 &43tsd STAT3E ¢14stE o] 3l(nucleus) &2 o] %
gt} (translocation). ©] HAFRIZNE vlolel 2~ 7HY A & (interferon)S & sk
gl 2 9gs drh IL-69 LIFE STAT39] 924 STAT3E dste] WY
Hh&-of fofste] 217 &4 & A Fd3 7S =t (McLean et al., 2019).

6) nuclear factor of activated T cells(NFATc)

NFAT AARIARE NFATcl-4& 29kste] & 5 /2 olFolfom, AxuW &
a5x: St e wkeeth Ao NFATE AW~
(depolarization)ol] 2J3] &4 3}¥ o] DNAo| ZALEH+=d Aol oFste] STATS,
c-Jun, CREB 18|11 ATF3¢} #2 HARIASE 54 A4 &t NFATC2, ¢3 18
cde ANAFE7] A TAAQ 43 vzt

7) nuclear factor kappa-light chain enhancer of activated B cells(NFkB)

NFkB+= 2 RelA/p65, c-Rel, RelB, p50 18] il p522] 57}A] subunits¥ &3
22 o]Fo]FA| (homo or heterodimers)e] FEE FH3er} pb5, c-Rel 183l RelB
AALA S et ps0 po2e o) Al (dimerzation)ol whEl HMALES A g
NFkB= ol FAe] ez dgdo] EAst=d IKK Zaol o) NFkBe] o] FA|

sk 2eslo] HoE oFHu k

rir

A4 (sequences)oll A&H o ZH AAL 1=}

24 (spinal cord)ell sAlel dEd o wWARES o S slri(Aghas &

Moskovitz, 2009)
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8) SOX11

Sox 6712 971 Lde] A<t} Sox AAFIA= high mobility group(HMG) 2}
WofAAE o] #ojdit) o] DNA ZAEH ofud g AAIAEI}

=
FeAES . AANAM, Sox11d HEAH R Je Gk AANI A ATF30

Sox1l & FsEs AAE719 A4 vldsts DRG &4 Fo&, A z7]
A By W ol wxAlA o ghs A EA gt (Patodia & Raivich, 2012).

9) sloan-ketterning innstitue novel(SnoN) and E47
SnoN< tlH-# ski/sno/dac 992 7FA 3 Qth. SnoN-S Smad-transforming

growth factor beta(TGFB) AZAZAAZS JAsE 7|52 vl 202
SnoN @& =2 AJAS F=3cH(Moore & Goldberg, 2011).

[¢)]
r
=
o

g
I
40
A
30
N
ra
I
!

71

D @9d 34 4=: IGF-1 i3 =

i

Aol SHgE dodE FAASl IGF-12  phosphatidylinositol-3
kinase(PI3K)/Akt/mTOR pathway & &A1zt ohA] L3 &5& S8 o[
= %9 IGF-1 ¥a& S3IAA PI3K/Akt pathway Z7d3t5 o] Foldith. o=
IGF-1 ¢8-S %3 o4 FE(transgenic mice)ol A1A Akt/mTOR &S =7}
Al71aL AfpH o s L ujglE Blon yidoe| iy 3hge] AR L 95 B
o] thAtol Al Akt/mTOR pathway @A 371 28 A% 74" AL s £ 9]
At wEbd IGF-1& PI3K/Akt/mTOR pathway el A4 3E w9 & vgs =4
A7)+ F83 FAAeo] tH(Barclay et al., 2019).
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2) 2 HYE xAsE= AAALA=Z: PI3K/Akt./mTOR pathway<Figure 4>

IRS-1, PI3BK && mTOR® TA4#< W= mTORS sk¢l##4<el 4E-BP1S
Aarst AlA @l e SN Axe ArlE SXIAIRIY IGF-1°] mTOR

-

S FAANE F st E oprealb2 YgEo g mTORE A SAIA shefEat

=) PTEN ‘\U ~——

\ PI3K  4{mm
AN
; 1
A"

(P
QAKT mTOR
L
l RICTOR
mTOR P
GBL
RAPTOR

Regulation of protein
synthesis and cell growth

https://clincancerres.aacrjournals.org/content/22/11/2675

Figure 4. PI3K/Akt./mTOR pathway: cell growth

3) & & H g =& B2 GSK3B

GSK3BE Akto] 3t9 42 & HdE A3t} Eg GSK3RE 2 AAES
< HYE JAEE AT 2ol AT Akte] A 3lel o8] GSK3BE <U4kst
a1, o] GSK3Bel e Zgl A4 34 (glycogen synthase)S B A3} Al A o A

_‘rﬂj_

YAFS whefsle AS gAgg w3 GSK3RY wHE oAle Sujde AdE 1A
skoh, wheba JQAbstE GSK3B @ F7F 2 GSK3Be A= & HuE =4
st Tt EAFo] tH(Glass, 2003).

.{
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4) < 95E FEste < MU ¥ B2 JA 715 <Figure 5>

=]

AArea & dhubel Foxo(forkhead box 0)¢] & IGF-1/PI3K/Akt pathway
A 3E 7HAA]7]3L atrogin-1. MAFbxmuscle atrophy F-box(MAFbx), muscle
RING finger 1(MuRF-1) 59 ©¥l R3] & A7} o]a2teS F7IAA & 955 29
shoh. Akt QA4S Foxod &43E 9 A8 A Wk PISK/Akt pathway &%o] 743}
A =\, AEZe Foxo QA4S At Foxo &  @wWdoe] Frpgt) o]
atrogin—-1/MAFbx 325 SdAA o+ 95& Fth(Mckinnell & Rudnicki,
2004).

Tyt Cheda L YT

N mTI:;t-\j
@ P
/uw + Protoin syrnthass
ir an:l'n-:

:|I.n:rn

Atrophy relaied genas { Yamopn.d, MuRF.1)

T Protsin dogredanon

https:// erj.ersjournals.com/content/34/4/975.figures—only

Figure 5. Foxo/atrogin-1, MuRF-1 pathway
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o] Akt/mTOR
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ool Yoy
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7] 9t e]

3T
it

7 Ay =}

%4

(reinnervation) 7|

I Al 74 £ (sciatic nerve

}/],

Tl A =

Y Al7ke] wo] RFET:

s

& =

13} th(Park & Hoke, 2014). u}2}A

3} A o] tH(English et al., 2014).
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e

Njo
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mjn
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A0 &

22 =

5|
pul

271k glFe] AR, 1o

g w

o]tH(Han et al., 2019).

A
=53

R

o] =
A -

NGF, BDNF, LIF, TGFB

4]

ol

Q 9lo]t}(Shiying et al., 2017). ©]

s

of T8

tH(Li et al., 2020).
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o

XM ow MAPK #7t
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=

-

H1

s} o} QlAbstEl ERK1/2% 9Wakel oz o] FHbAYESY F4S
stth(Hausott & Kimaschewski, 2019). Alth7), =749 AA Q] Al ZA A dEE =
!

YA Al

il
_l }Jr
o

% ATF3, c-Jun & CREB 5& #7d3tste] AAA K42
(regeneration associated genes)E-< 43k TFdAAZItt(Ma & Willis, 2015; Thong et
al, 2014). HEA APFHE FHAA GAP-43% ATF30 93] &Ass 1 o= =
A QS FHst] B RS BER R FAAE o) s FHEa RAIHI]
AAHE o] B HHGey et al., 2016; Fagoe et al., 2015, Ma et al., 2014). ¥#& A

YA mEW ATUAEY F, AADF] FA AYS BT BT F

(Menorca et al., 2015). BAl7d o= Qs ZATAAE & 5SS FAAII= AAL
o129l atrogin-1(MAFbx) &<& MuRF1 o] Z7sta & Ao Holdt=
MyoDE H&A7]x @uld S F3lete elF3f B3s 9AA 2 HH(Bodine &
Baehr, 2014; Bonaldo & Sandri, 2013). 22 A3}, &34 42F5S of7|ste] 4% &

EA 25l A AHE TbsShA st 2 AEFS WA IHKim et al, 2020;

Akt/mTORE <+ @9l §FAS #H9-ste dxA ASHALAAZN el
Akt/mTOR 2&S A 3A7 4E-BP1S 914kslste] o o Ao Hojsts o
Wz ds S 249 A7]E F A HBodine et al, 2001; Fanxing et al.,
2017, Zhang et al., 2016). Kim & Lee(2017)d] w2wW AL x=o] FAALAd 59]

mTORE 43 LHAMNA =4 275 FAgvL Hasksd
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o

&

]

4

a5

4 Z7)°| ERK1/2 AZALA A7 S4skso] dAAIA ATF3 £ c-Jun %

el

JvNO
1
o
_lﬁ

77 v

B!

(e

p—

hs

@ A

Aol o

)

)

]

il

el

t‘g:

jgase]

O;

A A o

!l
X
__O._

<

]

]

Akt/mTOR

1
1.

AT T A

BEEE

S

=

oty Y=

4

ofp

i

ATF3¢ ERK1/2

55 S8 2t @ Akt/mTOR Ao

o)
=

=

i

H] ol

=
=

*

A2 3}

|=c
=

_24_



D Ad 5=

2 AFE 938l <Figure 6>l A A|A|&}% Sprague-Dawley ZI<€ # (6 weeks old,
male, 190~200g; N=50)& AF&3l3th 2% 22°C, % 60% 2183l 12A13F 7HA 9
Stip gbo] SAE = L @AM Be HAW w9k # AR (commercial rat
chow; Samyang Co., Korea):= F3#3] T35t Ado ok F #Agel e 4
3 S FEATS AT 58 AR AIAE wEoH AFgstn & &8 9
239 521(2020-0010)= ¥EkTE <Table 1>oA #AAlsx 2 AFES 98] SDA
4 #F F 50" E FAE9E control 1%(n=10), &% 7Y *(n=10)/14¥ *}(n=10),
a8 HEE T 793Hn=10)/149 2H(n=10) Zt A HFo =2 ol

https.// ' wwwi.taconic.com/rat-model/sprague-dawley

Figure 6. The experimental animals in controlled environment

Table 1. Grouping of the experimental animals in Study I

Normal 7days l4days
control exercise sedentary exercise sedentary
n=10 n=10 n=10 n=10 n=10
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2) 43 AA

ool A AAE S <Figure 7>3 #t}

Adaptation of treadmill training(TMT) for a week

¥
Sciatic nerve crush injury(SNI)
Resting 2days after SNI
¢ !
No exercisegroup | Exercise group
I
)
low intensity TMT;
J' 8m/min/20min
T
v v
norma Tdays 14days Tdays 14days
1 after SNI | after SNI after SNI | after SNI

Dissociating tissuesby the 7days, 14days

¥

Experiment analysis in vivo

4

L b

Western blot Immunofluorescence
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Figure 7. The experimental design for Study I
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4) A=A 7 4 %&(sciatic nerve surgery)

AYFEEL &0l WPHE= Fob <Fiigure 9>olA AA S FYvtH A0
(Harvard Apparatus, USA) Wol] Zzd St A o] A= 2 9l (isoflurane) S AkAa
THEE 2-25%= AE3to] chambergt AT ES] vlFHE FEI Y FYFE

15-1.8% At&3te] sl vtHE FAstAth <Figure 10>9A4 = JF=414
&= BAS AR 4 A F5E EH 2 AR (greater trochanter) 7 9 %]
N ANE HAFs Z29S A2 1, hEZ(gluteus maximus)S 0] &7 Al

AE =E2AZ & EAl(a pair of forcep) o2 18/30%7 interval® &aFstdtt. Al

A g oliE delsa A $9E BFSdn vter A% gdely

Figure 9. Animal inhalation nacrosis control
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Figure 10. Sciatic nerve injury procedure
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Figure 11. Dissected tissues

2) Western blot analysis

(1) Sample =H]

A& 24

rlo

dulg WA g v

2 p300 lysis bufferdl 33l @7F 2535 o] &3to Ealstdt A& 93]
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0

2 20uge] AHEESlth Western blot 23S A4

bradford assayE ©|-&3] oA S G}

O

7] &) 2 sampleS <

Western blot 28-S 918t 4H] FH] &= <Figure 12>¢} #t}.

Electrophoresis Wet transfer

E=N

¢ Mini Trans-Blot cell.

1. electrode assembly

2. casting stand Fusbe P Wit Trars'e
3. casting frame : mpam

4. short plate Biotng Mertrae A~

5. spacer plate ‘{:;\_‘e“‘:,; I

6. comb(10/15well) T I

7.

8.

11 o -
gel lever ‘V’“"“"

sample lodaing guide

https:/ www.biocompare.com/12104-Equipment/2685687-MiniPRO TEAN - Tetra-Cell-and—-Power
Pac-Basic-Power-Supply/

Figure 12. Apparatus for Western blot analysis

(2) sodium dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE) WHs7]
Short plate®} spacer plateE %%l 5 casting stand®l 1A A casting frame

off Al ¥ ESkti<Figure 13>. separating gel(running gel)¥} stacking gels %A
Hl &0 wpg} w50} SDS-polyacrylaminde gelS €41 8151t
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sample comb

: sﬁcking gel

separating gel

Figure 13. Apparatus used for SDS-PAGE

(3) 7] % (electrophoresis)

<Figure 14># ¢ w50l gelS electrode assembly®] % i running
buffer(Tris 3g, glycine 14.4g, SDS 1g in DW 1L)Z A% ¥ gelo] dAE well

of @A marker®t A Fed ARE pipettes ©]-&3to loading¥rtE ¥tk Al
S5 (AGNA (HHER o]FatH dHdo]l Fiste AL teAolng o
T ARA gt Bkl 22 M AREH &9 ez "o mebA

S8 AEG AFE EARdW FAge Ao weh 2w,

http.// www.bio-rad.com/webroot/ web/pdy Ist/ literature/Bulletin_1658100.pdf

Figure 14. Electrophoresis
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(4) Wet transfer

cassetteo] oA AT AL ~EX kA, filter paper, PVDF
membrane(Pall Corporation, USA)2] A& 31 J&3 gelS HA AT
electrode assemblyol] G AZ]l ¥ transfer buffer(Tris 6g, glycine 28.8g,
MeOH 400ml in 1L)E 31 #H7]o]& AlFH Y. wet transfer 4= <Flgure 15>

s g},

Gel/membrane Protein transfer to
) Transfer system
sandwich cassette membrane

https.// link.springer.com/protocol/10.1007/978-1-4614-8794-4_14

Figure 15. Wet transfer

A ete] njEolx W3S W7 98] blocking buffer(1xTBS buffer, 3%
BSA, 0.1% Tween 20)el 303t ¥ESAI712 VA 12 A& A3z vl &
2A Wil 4°Coll A overnight's <t incubating Al Z T W& 4 membranes

T Aojdla, #A 23 FAE 1:20009] HEZ 8| A ste] Aol A 40+
b Adeta A g | Aot mA TS 2 membrane] -2 whEl A

o] Wo A7 93] <Figure 16>¥ 2 Westar ECL(Cyanagen, Italy) 1:1

rlot
et
2
2
w
z
a1

7 @7 597, Fusion Solo(Vilber Lourmat chemi doc,
Germany)°ll 7343 % Western blotting detection system©. & #23}3t}
<Figure 17>. ¥A3A  anti-GAP-43 mouse monoclonal antibody(1:1000,
Santa Cruz, USA), anti-p~ERK1/2 rabbit polyclonal antibody(1:1000, Cell
signaling, USA), anti-JNK rabbit polyclonal antibody(1:1000, Cell signaling),
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anti-ATF3 rabbit polyclonal antibody(1:1000, Santa Cruz), anti-p—c-Jun rabbit
polyclonal antibody(1:1000, Cell signaling), anti-p~CREB rabbit polyclonal
antibody(1:1000, Cell signaling), anti-p-Akt rabbit polyclonal antibody (1:1000,
Cell signaling), anti-p—-mTOR polyclonal antibody(1:1000, Cell signaling),
anti-p—4E-BP1 rabbit monoclonal antibody(1:1000, Cell signaling), anti-B-actin

mouse monoclonal antibody(1:1000, Santa Cruz) Z#] i anti-GAPDH mouse

i

monoclonal antibody(1:2000, Santa Cruz) @& %S A&E&i ).
ok AF3k 14 A #d oA A= anti-rabbit [gG 52 anti-mouse IgG

A3t o] 9+ horseradish peroxidaseZ ZF 1:20009] ®H]& = 2] 3F5 o).

Luminol/enhancers solution Peroxide solution

http.//isogen.nl/blot-chemiluminescent

Figure 16. Westar ECL substrates
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Figure 17. Fusion Solo with Western blotting detection system

3) & 447 d(Dorsal root ganglion)¥ FHHAI XS] U2} 8] F(primary culture)

R

ules
=
L
o

a7l 98, 85 4-5¥olA E2¥ DRG(dorsal root
Ay FFFAA AL E  EYskTh 2Eld HAXEs
=

poly-L-ornithine®} laminin®] &3grof o

ol

o,

ganglion) 7+ZHA1

pre—coating ¥ coverslipY el ¢+#3}ar
PBS(phosphate buffered saline; 4% paraformaldehyde, 4% sucrose)oll 45% &
ob gol AAAZT. o] AE= 12A3E et W sal, F3kel DMEM(5% FBS,
5% horse serum, 200 mM glutamine, 12|31 1% penicillin/streptomycin) & %
v FAT DRG v o AAE7] A4S #Ee7] Slal AxES 48X 7HE St
Hj ¥ ¥ 31, anti-neurofilament-200(NF-200)  antibody(1:700, Sigma-Aldrich,
Germany)”} HAFFFHE SEl A& Tt Hoechst(25ug/ml,
Sigma-Aldrich) 3 g4& 0.25% hoechst &7} ¥ PBS &40z gy
Atk
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4) 2484 HAFFIAY

=2
fetl
BN
o
o
i)
=)

(Thermo fisher scientific, Loughborough, England)el 4] 20um +
Har Fehel= flell FoAY. WadANgES fld, dude EA(section)E 4%
paraformaldehyde®} 4% sucrose &3 PBSZ AF2oA 4087+ A3tk 18

L oA 4N ZEEE, 05% nonidet P-409]

A
o
L
a°)
os)
0P}
t
+n
:Ll
>,
~
E
0o
3

horse serum} 2.5% bovin serum album® 2 2}eHs} 3 T}

oAy WgERAANE s AFEE dA A= anti-GAP-43(1:1000,
Santa Cruz)®t  anti-NF-200 antibody®|t}. = ¥ 158 rhodamine-goat anti
rabbit secondary antibody(1:400, Molecular Probes, USA) 32 fluorescein—goat
anti-mouse secondary antibody(1:500, Molecular Probes) &]A3}o] 1A 7Hg ot Ab
o A wkSA AT AR Z2-S Nikon fluorescence microscope(Nikon, Kawasaki,
Japan) o2 & = olu 59 o]ux &= Adobe Photoshop(Adobe CS6, CA, USA)

o8 EAaq.

4. X=X

w
4
&
o]
0,
2
[N
)

eviation) & AF&ESIA Y. dE¥ 5 AolE Lol 7] s ¢

o
L
ofo
ol
Ol

A BEAHEA (one-way ANOVA)
3t A TS5 Tukey WHS o] &3l BE B9 A4 Fo4F P05

= A4t
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2 ATl AE #2074 £4 F Ed=1 £%o0] DRG AAE7|e] et )

= 9% B4 98 WYY GANe SSRGS NF-200 FAE

Table 2. Descriptive statistics of neurite outgrowth in DRG afer SNI

(unit: (m)
Normal Sedentary Exercise F D post hoc
305.8+118.5 675.6£114.1 841.51£99.0 61.17 0.001 N<S<E

Values are mean+standard deviation; SNI, sciatic nerve injury; DRG, dorsal root ganglion;

E, exercise; S, sedentary; N, normal

NF-200 Hoechst Merge

1000
Normal 800

600

Sedentary
200

Mean neurite length (um)

=

Post injury

%,

Exercise

Figure 18. Immunofluorescence staining with NF-200 and hoechst substrates in DRG neurons
after SNI (A) Second panels showed significant increases of neurite outgrowth of DRG in
sedentary group than in normal group and exercise group significantly facilitated neurite
outgrowth compared to those in other groups. (B) Right panels are quantitative comparison of
mean neurite outgrowth among three groups. ###p<(0.001 vs. normal group, ##p<0.01 vs.

sedentary group; Scale bar: 200um.
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2) A2474 &4 F GAP-43 ¥ H A 9 8%

rr
Mo

Western blots 33} th. <Table 3
GAP-43+= =217 &4 % controlatell Whell H]EEa 793 140 3o
oJFoAL, EFEY 53 HE3 FEwo] HEwwol wE] 793 149

GAP-43 2&o] FolatAl Skt

>0} <Figure 19>3 oA H= ZHAAH,

Table 3. Descriptive statistics of GAP-43 expression levels after SNI

(unit: R.F.U)
Normal Tdays 14days F D post hoc
Cont Ex Sed Ex Sed
899 001 T
0.533+0.08 2.71+0.21 1.42+0.10 2.96+0.14 1.78+0.16 C<145<14E

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;
Sed, sedentary; 14E, 14days exercise; 7E. 7days exercise 14S, 14days sedentary; 7S, 7days

sedentary; C, control; RF.U, relative fluorescence units

- 3 control
7dpc 14dpc g 4 Bl cxercise
£ B sedentary
Cont  Ex Sed Ex Sed S ] #
&
GAP43 L e b w— = [T
3
Actin — S—  — — — 0l
control Tdpc 14dpc

Days post crush

A B
Figure 19. Expression level of GAP-43 by TMT after SNI. (A) GAP-43 was deeply induced in

injured nerve at 7 and 14 days post crush(dpc) and was significantly increased in the treadmill
group. Actin is performed as a role of loading control. (B) The right panels show quantitative
comparison of GAP-43 protein level among groups. dpc, days post crush; Cont, control; EX,
treadmill exercise; Sed, sedentary; TMT, treadmill training; SNI, sciatic nerve injury; ##p<0.01 vs.

sedentary group; ##p<0.01 vs. control group
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<Table 4>¢} <Figure 20>°A H& AAHH, 274 &4 F 74 S57oA v

Egto] HE] Z=2F Ao Zhsketl. e GAP-43 w33 2 g o] A=

Table 4. Descriptive statistics of immunofluorescence with NF-200 and

GAP-43 in injured nerve after SNI (unit: R.F.U)
Control Exercise Sedentary a D post hoc

NF-200 12367+138  6617+1202  39.67+792  83.17 001 S<E<C

GAP-43  4.83+2.56 47671944 2567602 6261 001 C<S<E

Values are meanzstandard deviation; SNI, sciatic nerve injury; C, control; E, exercise;

S, sedentary; R.F.U, relative fluorescence units
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Figure 20. Immunofluorescence staining with NF-200 and GAP-43 proteins in bmm distal
to the injured nerve. (A) The GAP-43 signal with NF-200-labeled axons, co-localization of
GAP-43 with NF-200 was higher in exercise group than other group. (B) NF-200
flourescence intensity was more higher in treadmill exercise than sedentary group (C)
GAP-43 expression was more induced in treadmill exercise than other group. #*#*#p<0.001

vs normal group, #p<0.01 vs sedentary group; Scale bar: 200pm.
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ERK1/2E 22274 &4 F AAdo] Adx=
FHE = MAPKs A9 & stuEA 4 A4 8- dAIa 2ds 5
Atk 2 APl E H=ald &4 F
2= 59 235 F9sly] 98] Western blotS 383 th <Table 5>
<Figure 21>14 Be AAY, EP=EE 5 A s 793k p-ERK1/29]
A Fo]l v s vlaa] FosHAl FFeAL &5 149Ake] VA FEoR

Hoj ATl 18] 3 controlT ¥} M| 52 Zpol= Ho|X| ¢kokt)

™
>

¢

Table 5. Descriptive statistics of p—~ERK1/2 expression levels after

SNI (unit: R.F.U)
Normal Tdays 14days F D post hoc
Cont Ex Sed Ex Sed
0.17£0.05 1.24+0.09 0.38£0.06 0.20+0.04 0.19+0.03

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;

169.2  .001 TS<TE

Sed, sedentary; 14E, 14days exercise; 7E. 7days exercise 14S, 14days sedentary; 7S, 7days

sedentary; C, control; RF.U, relative fluorescence units

1.54 aok
o 3 contral
H W cxercise
7 dpc 14 dpc < gl BB sedentary
Cont Ex Sed Ex Sed g
5 0.5
pERKIZZ | = o o = o *| -
fa
Actin _---—| (TR
contral Tdpe 1ddpe

Days post erush

A B
Figure 21. Expression level of p-ERK1/2 by TMT after SNI. (A) At an early stage of sciatic
nerve regeneration, p~ERK1/2 level was significantly increased in injured nerve at 7 dpc and was
dramatically dropped at 14 dpc in the treadmill exercise group. (B) The right panels show
quantitative comparison of p-ERK1/2 protein level among groups. dpc, days post crush; Cont,
control; Ex, treadmill exercise; Sed, sedentary, TMT, treadmill training; SNI, sciatic nerve injury,

##2p<0,001 vs. sedentary group.
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5) FENAE &4 F A% A 7] CREBY Q143 £3d vx& 259 &%

CREBZ 417 A #d d@ujd S TdA 7= dARIA 5 sfhb2 ERK1/29]
LB AN FHEAE &
4 % Z7]d CREBY <4tst 3o mxl= 359 &dE Qs s
Western blotS 433t th. <Table 6>3 <Figure 22>o4 H¥E ZAX Y Ed
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Table 6. Descriptive statistics of p—~CREB expression levels after SNI

(unit: R.F.U)
Normal Tdays 14days F D post hoc
Cont Ex Sed Ex Sed C<T5,
.001 TS<TE,
+ + + + +
0.13£0.03 0.55+£0.03 0.32+0.05 0.28+0.03 0.21+0.02 US<1E

Values are meanzstandard deviation; SNI, sciatic nerve injury; Cont, control, Ex, exercise;
Sed, sedentary; C, control; 7S, 7days sedentary; 7E. 7days exercise; 14S, 14days sedentary; 14E,

l4days exercise; R.F.U, relative fluorescence units

0.8+

o a control
s el £ —feiricot
Cont Ex Sed Ex Sed E 0.4+
DCREE [ QD W w— | g -
Aﬂinl—-—--| ™

control Tdpc 14dpc

Days post crush

A B

Figure 22. Expression level of p-CREB by TMT after SNI. (A) p-CREB level was significantly
increased in injured nerve at 7 dpc and 14 dpc by treadmill exercise (B) The right panels show
quantitative comparison of p-CREB protein level among groups. dpc, days post crush; Cont,
control; Ex, treadmill exercise; Sed, sedentary;, TMT, treadmill training; SNI, sciatic nerve injury;
#p<0.05 ###p<0.001 vs. sedentary group, #p<0.05 vs. control group.
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Table 7. Descriptive statistics of JNK expression levels after SNI
(unit: R.F.U)
Normal Tdays l4days F D post hoc

Cont Ex Sed Ex Sed
137.0 .04  C<14S<l4E
1.07+0.02  1.40+0.06 1.24+0.05 1.64+0.07 1.46+0.06

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;

Sed, sedentary; C, control; 14S, 14days sedentary; 14E, 14days exercise;

RFE.U, relative fluorescence units

2.0+

* [ control
# :
7 dpc 14 dpc 2 15 .zzgtﬁary
Cont Ex Sed Ex Sed £
©
- - -——- ———— - - - —
JNK oy < - _%ns-
AN | e o— — — — 0.0-
control Tdpc 14dpc
Day post crush
A B

Figure 23. Expression level of JNK by TMT after SNI. (A) JNK level was significantly increased
in injured nerve at 14 dpc by treadmill exercise. (B) The right panels show quantitative
comparison of JNK protein level among groups. dpc, days post crush; Cont, control; Ex, treadmill
exercise; Sed, sedentary; TMT, treadmill training; SNI, sciatic nerve injury; #p<0.05 vs. sedentary

group, #p<0.05 vs. control group.
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Table 8. Descriptive statistics of ATF3 and p-c-Jun expression levels

after SNI (unit: R.F.U)

Normal 7days l4days F D post hoc
Cont Ex Sed Ex Sed TS<TE<C,
ATF-3 1165 001
0775002 048+004 015004 166018 1.04+0.08 USEE
TS<TE,
p—c-Jun 0.71£0.06 096015 068+007 1.23+0.08 086008 6412 03 ’
14S<14E

Values are meanzstandard deviation; SNI, sciatic nerve injury; Cont, control;, C, control;
7S, Tdays sedentary; 7E, 7days exercise; 14S, 14days sedentary; 14E, 14days exercise;

RF.U, relative fluorescence units
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2.0+

1.54

1.0

0.5

ATF3/actin ratio

0.0-

contol

ATF3
p-c-Jun

Actin

##

Tdpc

Days post crush

7dpc

14 dpc

Cont Ex Sed

Ex Sed

-

—

- D e S S |

#

14dpc

3 control
Il exercise
I sedentary

p-c-jun/actin ratio

0.5

0.0

*x . [ control
Il exercise
T I sedentary
T
control 7dpc 14dpc
Days post crush

Figure 24. ATF3 and p-c-Jun were shown as exercise-dependent proteins at an early stage

of nerve regeneration after SNI. (A) ATF3 expression level was significantly increased in

injured nerve at 7 and 14 dpc in exercise groups compared to those in sedentary groups. In

addition, treadmill exercise significantly increased p—c—Jun levels in injured nerve at both 7 and

14 dpc than those in sedentary group. (B) The lower panels show quantitative comparison of

ATF3 and p-c-Jun expression level among three group. dpc, days post crush; Cont, control;

Ex, treadmill exercise; Sed, sedentary; SNI, sciatic nerve injury; *p<0.05, ##p<0.01, #*##p<0.001

vs. sedentary group; #p<0.5, ##p<0.01 vs. control group.
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8)

A
T

32 A% &4 F, /P02l A ERK1/2 Q43 220) 0 £59 a3}

ERK1/2= IRS 19 &0 &) Ras/Raf/MEK &4 3& §Ldtn ZHoAe=
A7 oA okl TSCL2E A B Afoxs A4 &4 5 &

oA ERK1/2¢] ¢14tst £xo] mA= &2 2345 &<9s7] 918 Western

blot& 33ttt <Table 9>3 <Figure 25>°A H&= AAH, &4 & &5 7
Aol ZpAfmE] el Al 1ARStE ERK1/2 wrd o] Wt ¥ Hlals] fo] A
FF EEE AS #ledd aga e UdAtd VA Felr dojxlon
controlw % H]&F - 79| xpo]= Hol A ekttt

Table 9. Descriptive statistics of p-ERK1/2 expression levels in
ipsilateral soleus after SNI (unit: R.F.U)

Normal Tdays 14days F D post hoc

Cont Ex Sed Ex Sed
0.78+0.02 4.34+0.02 057+0.04 0.81+0.04 0.72+0.03

7960  .001 TS<TE

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;

Sed, sedentary; 7S, 7days sedentary; 7E. 7days exercise; R.F.U, relative fluorescence units

E 3 sartrel
7dpc 14 dpc x 4 Bl moeroise
E 1 sedantary
Cont  Ex Sed Ex Sed -
o 2
p-ERK1/2 == 5 = -
i -
cAPDH | (D WD NN O S| - : .
- - - control

Tdpo

Days post crush

1ddpc

A

B

Figure 25. Expression level of p-ERK1/2 by TMT in ipsilateral soleus after SNI (A)

p~ERK1/2 level was significantly increased in ipsilateral soleus at 7 dpc by treadmill exercise, and

was significantly dropped at 14 dpc. GAPDH is performed as a role of loading control. (B) The

right panels show quantitative comparison of p~ERK1/2 protein level among groups. dpc, days post

crush; Cont, control; Ex, treadmill exercise; Sed, sedentary; TMT, treadmill training SNI, sciatic

nerve injury; #*##p<0.001 vs. sedentary group.
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Table 10. Descriptive statistics of p-Akt expression levels in

ipsilateral soleus after SNI (unit: R.F.U)
Normal 7days l4days F p  post hoc
Cont Ex Sed Ex Sed
0.68+0.09 0.72+0.11 0.78+0.03 1.15+0.5 0.88+0.05

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;

2055 .001 C<145<14E

Sed, sedentary; C, control; 14S, 14days sedentary; 14E. 14days exercise;

R.F.U, relative fluorescence units

. 1.5+ - 1 control
= Il exercise
7dpc 14dpc :':3 - 4 I sedentary
=}
Cont Ex Sed Ex Sed 3 T
= 0.5+
PrAKE | s o s “ E
x a

GAPDH [N S S ——— |
. control 7dpc 14dpe

Days post crush

A B
Figure 26. Expression level of p-Akt by TMT in ipsilateral soleus after SNI (A) p-Akt
expression level was significantly increased at 14 dpc in ipsilateral soleus of exercise group than
that in sedentary group. (B) The right panels show quantitative comparison of p-Akt protein level
among groups. dpc, days post crush; Cont, control; Ex, treadmill exercise; Sed, sedentary; SNI,
sciatic nerve injury; ##p<0.001 vs. sedentary group, #p< vs. control group.
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10) 32NF &4 F, 7pAE 24 44929 p-mTORY $d 220 v
Ae 59 13

mTORE Akte] as1¢1zboln] wuld 4 A4 WAL %747]% 4E-BPL

+

AAsE FRAIZL 2 AFolME A4 &4 F ZFo4 p-mTORY 43
o] wAE 59 S Fedr] s Western blots 33T}
<Table 11>%}<Figure 27>°|A R& AAH, J204 &4 & EYed &5 7
Axfel 144zt 7hAbA] ol A p-mTORe] Hd o] Hlgw o Hlal] 2] stA

=7 ek Atk 3 controlT ¥ H] s 7F] Ao]= Ho|A| ESkTE

Table 11. Descriptive statistics of p—-mTOR expression levels in

ipsilateral soleus after SNI (unit: R.F.U)

Normal Tdays 14days F D post hoc
Cont Ex Sed Ex Sed <
25.85 .001 75‘ I,
0.48+0.04 0.74+0.05 0.55+0.05 0.49+0.05 0.37+0.04 145<14E

Values are mean+standard deviation; SNI, sciatic nerve injury; Cont, control; Ex, exercise;
Sed, sedentary; Cont, control; 14S, 14days sedentary; 14E. 14days exercise;

REF.U, relative fluorescence units

1.0+

% 3 control
® ] ¥ Il exercise
7 dpc 14 dpe z o sedentary
Cont Ex Sed Ex Sed X ks
g 0.4 -
PmToR | e SN RN SR PO G o
L t— ' '
control Tdpc 14dpc
Days post crush
A B

Figure 27. Expression level of p-mTOR in ipsilateral soleus after SNI. (A) p-mTOR expression
level was significantly increased at 7 and 14 dpc in ipsilateral soleus of exercise group than that in
sedentary group. (B) The right panels show quantitative comparison of p-mTOR protein level
among groups. dpc, days post crush; Cont, control; Ex, treadmill exercise; Sed, sedentary; SNI,
sciatic nerve injury; #p<0.05, ##p<0.01 vs. sedentary group.
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1) #2874 &4 F, /A4e2dA 993 §4 A4 p-4E-BP19 2d

p-4E-BP1& ©wid ¢4 A 2SS F=st AkshA AL 28l os) 2
sh PIEZEEob Al QAR PGC ladl oJsiM = wde] Hxdrh & 4

=9 guE sy Y&l Western blotE F338t T <Table 12>3
E

<Figure 28>°|A H& AAH, HSAH &4 £

1440 7kApm) ol A p-4E-BP19] @ o] v&-Ew 3 Has] frofstA 57t

Aes & AT =3 TR HlEFao] controlw ¥ H]uLEte] 2]} A

Table 12. Descriptive statistics of p—-4E-BP1 expression levels in

ipsilateral soleus after SNI (unit: R.F.U)

Normal 7days l4days F p  post hoc

Cont Ex Sed Ex Sed C<IS<TE,
80.32 .001

0.68+0.09 0.72£0.11 0.78+0.03 1.15+0.5 0.88+0.05 145<14E

Values are meanzstandard deviation; SNI, sciatic nerve injury; Cont, control, Ex, exercise;
Sed, sedentary; C, control;, 14S, 14days sedentary; 14E. 14days exercise;

RF.U, relative fluorescence units

51 [ control
4l Il exercise

7dpe 14 dpc
Cont  Ex Sed Ex Sed

p-4E-BP1 [ S BN * 0

sedentary
3
: i
capoH (D D WD SN SS

Days post crush

-

p-4E-BP1/GAPDH ratio

A

Figure 28. Expression level p~4E-BPI in ipsilateral soelus after SNI. (A) p-4E-BP1 expression
level was significantly upregulated at 7 and 14 dpc in ipsilateral soleus of exercise group than that
in sedentary group. (B) The right panels show quantitative comparison of p-4E-BP1 protein levels

among three groups. dpc, days post crush; SNI, sciatic nerve injury; Cont, control; Ex, treadmill

exercise; Sed, sedentary; ##p<0.01 vs. sedentary group, ###p<0.001 vs. control group.

_49_



IV. @7 II: 3473 &4 A, & Eged 259

Hl &3 7ibu 2 A S5 1A wAs IF

1. 79 E2Yy

ZATE FAFd oA ¥ d(genotype)e] W flo] 2o iFEFA
(phenotype)ell 7PHA S wl=

3l i AtAaolgF

e
0(1
N,
i)
&
:L
el
>,
o
=X
e
o
>,
o,
ko
i)

A8
ol
=

4 277 v 4 9l

o
ol
ol

7} A (plasticity) & &
T St 2 ss WA SEiA gdd 5 FHe TV AdEHAH
(Frontera & Ochala, 2015; Lieber et al, 2017). g%o] AL 48, =
AlZE aRlal 5 £ 5o S we 2AFEY] 5AI Visel 747 gEy
(Ferraro et al., 2014).

TAFE AR R 5 &S o A Z(slow-twitch)¢F & (fast twitch) &
2 BEFHan AgdgydozE acting myosin® Z2g ko o EFETH
(Okumura et al., 2005). 2719 52 actin®] troponin¥} tropomyosin® 24 3%
o] 3ol myosin#e] AF 7137} ATEA Gevh AR & FHS 915
AA Do A ZFol WEHI actinl AFE  troponin¥ tropomyosine] 2]
(Franzini-Armstrong, 1999). EAJol myosin® ™o ZALw ofdg =il o]<lal
(ADP, adenosine diphosphatae) + F+7]04HPi)o] 2] myosin® W& 7} actin
of A3t % thick filament W&o 2 EHoJIFA power strokes 9 271tH(Sengen et
al, 2006). AMUAE AE3 ATP7F ©9A] myosin® wWElo] F&EW  actind
myosin® ZA<E£# S oFef X il power stroke AT AEHATE olw ATPaseo]| 93

myosin M 2]e] ATP7} ADP + PiZ 7h4 2o F2st= Fej7F vhoal s

r H

o)

o
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actin¥}2] A4S FH|sth(Arata, 2020). €€ HAH F Zgo HEH FFE5LE,
myosin W #ldl A%&¥ ADP + Pi9] a8l 28]l ATPased &3] ATP7} ADP +

PiZ 7} a5 E £5 2ol & £33 £52 2 AA S vH(Karatzaferi et al., 2017;

-~

Sweeney & Hammers, 2018). ®3F myosin heavy chain(MyHC) & 45 vz
Aol ot A rwroz o3 o]l A7) type 1 fibers, type Ila fibers
28] 3 type IB/IIX fibers® ## ¥ th(Boyer et al., 2019).

FAHCR Type 1 A
metabolism)ol] 98] ¢-AdA oz #ggr) o5 YA At tiiE 71H ME

Zoelol R, A% WEo B3 AUA BAE 9% TP AR A3 Ba

rr

A AR AEE oAb 2HE-(oxidative

e go] ol FAAA A A Fo] g¥dth(Pette & Spamer, 1986). Type I
& Aol 1o FE W (myoglobin) o] ol HE&AS wln myosin
7} actin®] 2 9 AW wet P wdo| ety Type la A+

g tAH(glycolytic metabolism)et A8t thAlE 2% EEsta o a1dE==

of Hla] thAk "ozl EAo] r}t. T3 low glucose transporter 4(GLUT4) 59
Hy ol&d 7ZHAl(insuline sensitivity) = type I A1t} "ol A th(Bourdeau et
al., 2018; Fitts & Widrick, 1996; Reyes et al., 2015).

AWt o7 AT o AY 9 Akt/mTOR AZAGAAZ #A=sle] &%
o A7 F7bel #HAsta A A 5L serine/threonine T4 AMPK=Z <l3|
peroxisome proliferator-activated receptor gamma coactivator 1-alpha(PGC-1a) 2
dE Fsto] mEZEg ol FU#EE A8ttt (Cantd & Auwerx, 2009). whebA]
oo A7|RTE AbskA AL 2gel gesitta Gl gl shARE AP &
oY d% dkot AdT &4 Fte AL olF THS A3
gta o= MEZE=ZoL Mok AR d3Fs A% 2 Ao @A #
ofgto g < HE 742 = AH(Solaini et al, 2010; Wessel et al., 2010).
gy Absh sl AolE Hole ZAFY FdEd wE AT 59 AHEo &

BAJQA Eel mA= Gl tial a4 A vEE AAon

-



o] Wz o A A4 HAL 1 o

"

=
)
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el
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3} A o] tH(Kunthiro
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& Akihiko, 2011). &}~
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80)

#(6 weeks old, male, 190~200g; N

=

fe=]
¢ # A} (commercial rat chow; Samyang Co.,

o

=

& Sprague-Dawley 7

)

‘?4
7} AFEE AT 2% 22°C, % 60% 18] 12417k 7H

=

=

e

O
R

g FAoAM A H Ao

X

L

Q)
=

R

<

bl
iy

™
o
F
3%

Mo
Mo

—_—

o

Ao

Korea) =

|

A
pu

Hr o
T =

10), =

[e)

=

Normal I
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10) 22ja =

19 Th<Table 13>.
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21(2020-0010)

Ea

A8 <
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+5v(EAL n

e}
T

FA] 98 sedentary L& (SAL n

5]

10), #H=A14

(EBIL, n

10),

(Norm, n

=
=]

A= BH

A
A}

100 51FS

o

EBAI
n=10

EAI

n=10
717+& 7HA T EBI %53

EBI
n=10
Norm, normal;, SAI, sedentary after injury; EBI, exercuse before injury; EAI, exercise after injury;

SAI
n=10

5 (EBAL n

Norm
10
Ag AA

Table 13. Grouping of the experimental animals in Study II
=

EBAI exercise before and after injury.
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re
>
g

o] A HAE <Figure 29>9F 2t}

Norm
(no exercise, no injury, 1=10)

SAI
{with SNL n=10)

EEI
(group 1. n=10

TMT for 2weeks
hefore SNI

EAT
(group 2. n=10)

Resting 2days after SNI

TMT for 2weeks after SNI

Dissociating tissues by exercise duration

l

Experiment analysisin vivo

I

¥

y

Western blot

-GAP-43
-p-ERK1/2
-p-Akt
-p-mTOR

Muscles: gastromemins & soleus

!

L J

Western blot Immunofluorescence
- p-ERK1/2 - identifying muscle

- p-Akt fibers with laminin

- pmTOR for recognizing fiber
- p-4EBF1 type composition

Figure 29. The experimental design for Study II
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=
r2
-

b

3) EF =Y Ed# oY (TMT) protocol
B 4G Solrby] Aol AFBRES AFAR LEHE AL 7
[A AFgH Ay sdg EFed 732 AMEHAT EFed &5 3HF 208
7F 15m/min, A7 % (low intensity)®= %3 & it}
3. BT U wy
1) 244%
= AT e Ads 98l rm+v-, SAIv, EBIT, EAIV 18] 31 EBAI9] #3421
740 2g]al R s A ESHY t<Figure 30>, AE% 2452 WS 9
8 —70°Cel WE B
: Gastrocnemius Soleus
Sciatic nerve P ‘
Ipsilateral ~ Contralateral : Ipsilateral ~Contralateral

Figure 30. Dissected tissues
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2) Western blot analysis

A& 22 @iz WAlS = proteasome inhibiter cocktail 1:100 4755 2.
= p300 lysis bufferol <3 ®7F 2535 ol &ato] Zafstitt. dds 93l
A 20uge] AEE AT 4 sampleE S Bradford assayS o] &3 dwlzd A
Fs ¢ F, western blot w41S AHAAEAT A dwWAde 12%
SDS-polyacrylamide gel “delA #H719% ¥, PVDF membrane(Pall
Corporation, USA)d A 7]o]& At}

A ete] vl Eold whg-S WA3t7] 93l blocking buffer(1xTBS buffer, 3%

BSA, 0.1% Tween 20)°] 307t WHSAI 7122 YA 124 A& A v &l gt
A ¥l 4°Coll A overnights ¢t incubating A1 Zth W& EWl membranes &

olgk & Mol ¥ 22 FAE 1:20009] HlEE 3 A 5le] Ao 40F
b Agstar vA] gF W Aol Witk vEA ¥ o2 membranedl] -2 @A o]
of 7+x1% 7] 98] Westar ECL(Cyanagen, Italy) 1:1 &3] 3~587F &7}

>{|E4‘ Olﬂ

ol

-

A7, Fusion Solo(Vilber Lourmat chemi doc, Germany)ol 7333k
Western blotting detection systemC. 2 #A3}0t}  anti-p~ERK1/2 rabbit
polyclonal antibody(1:1000, Cell signaling, USA), anti-GAP43 mouse
monoclonal antibody(1:1000, Santa Cruz, USA) anti-p~Akt rabbit polyclonal
antibody(1:1000, Cell signaling), anti-p~-mTOR rabbit polyclonal antibody(1:1000,
Cell signaling), anti-p-4E-BP1 rabbit monoclonal antibody(1:1000, Cell signaling),

anti-B-actin  mouse monoclonal  antibody(1:1000, Santa Cruz) 18]l

]_

Ol

anti-GAPDH mouse monoclonal antibody(1:2000, Santa Cruz) ©# 3 %S Ak
k.

b AT 14 FA B o

(

}8} A= anti-rabbit IgG 52 anti-mouse IgG

A3t o] 9+ horseradish peroxidaseZ ZF 1:20009] ®]& = 283} oh.

<% Z2< Tissue-Tek Optimal Cutting Temperature compoundS ©]
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M W B 3 AXAZIFANA 20im FAR 24 A Sl 9

TAANZAT. HHE FZ & 5% bovine serum, albumin, donkey serumo] o7t

PBS® blockAl Itk 18] aiuA dab &AE F31 A2l A incubate 331t
Ao A9y Faag S 98 AeE dak dAE= vhed 2th anti-laminin

antibody(1:500, rabbit polyclonal, Sigma-Aldrich), anti-MyHC-1 antibody(1:5,

>

flo

mouse monoclonal, Developmental studies hybridoma bank) &1 3 A1

O

0.25% hoechst &7} ¥ PBS £z HYHIPY 1 & 5SS
rhodamine-goat anti rabbit secondary antibody(1:400, Molecular Probes, USA) &
2 fluorescein-goat anti-mouse secondary antibody(1:500, Molecular Probes) 3]*
ko]l 1A e Rl WESAAT ddE 24> Nikon fluorescence
microscope(Nikon, Kawasaki, Japan)2.& & < 2 5% ojux]= Adobe

Photoshop(Adobe CS6, CA, USA)°o. & 243513t}

4. Xt2X 2

Ao AL Ag Hok 7+ do]E 2 mean + standard deviationE AtE&FS]
o AR 3 248 A o AstEA zpolE dolr ] S ddWEE EA

B4 (one-way ANOVA)Z ol 834908, fo37h vhehd o] vg AFgze

Tukey W& ol &st3la e 49 SA4 FoaEd P06z AA3Hh

¢
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GAP-43= &4% T2 subAl s 3= dude,

Sest= Fag Aot & AddAM e H2AE H, F EHEYE &0
GAP-43 Z3s& W3t ®lu 43871 98] Western blot<
<Table 14>%} <Figure 31>°1A H&= ZAH 3274 &40l GAP-43 23 &
sttt 538 HF2AE 4 F 5] GAP-43 @S FofstAl FXA

o shAI W EBAIC A =

Table 14. Descriptive statistics of GAP-43 expression
performed pre and post SNI (unit: R.F.U)

v S =i Hlaws] 693k xpolzl ot

A A

%kt

level by TMT

Norm SAI EBI EAI EBAI F

D post hoc

0.49+0.01 1.65+0.11  2.06+0.1  3.03£0.11 153+£0.16  144.6

.001

EBI<EAI

Values are meantstandard deviation; TMT, treadmill training; SNI, sciatic

nerve injury; Norm,

normal; SAI, sedentary after injury; EBI, exercise before injury; EAI exercise after injury; EBAI,

exercise before and after injury; RF.U, relative fluorescence units

Norm  SAl EBI EAl EBAI

GAP-43 [ ——--—-—-\

|__-— —+

-

GAP-43/actin ratio

Actin

\ ev.\.

Time point of exercise

A

B

Figure 31. Expression level of GAP-43 by TMT performed pre and post SNI (A) GAP-43 expression

level was further elevated in EBI group and was the highest in EAI group. Actin shows as a role of

loading control. (B) The right panels show quantitative comparison of GAP-43 protein level among

groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI, sedentary after injury,

EBI, exercise before injury; EAI, exercise after injury; EBAI, exercise before and after injury;

#p<0.05, ###p<0.001 vs. sedentary group
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2) #2 47 £4 A, ¥ €3 A4l BE ERKL/2 A%3g] Aol

ERKI/2E 247 &4 F Aol Adss 27l 4w 242 99

ofy
ol
28
D
fu
%
Ay
it
E)
ox,
o3l
r o
(e
R
>~
=
o,
>
iy
=
¢
o
Jpu
™
>

W& E = MAPKs A<
2t 2 A7 s #2304 4 A, F E4E AAdA Eded &5 AA
of W& ERK1/2 214tste] Wsts vl #24317] 93] Western blote 5 3t31
t}h <Table 15>¢} <Figure 32>°|A Hi& AAH, <AkstEl ERK1/2 W ol

EAIZ EBAIZ A #olatA & 2dd A & & 5 33l

Table 15. Descriptive statistics of p-ERK1/2 expression level by TMT

performed pre and post SNI (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

0.18£0.18 0.24£026 0.22£001 0.34£001 0.36£0.01 1287 001 EAI<EABI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI, sedentary after injury; EBI, exercise before injury; EAI exercise after injury; EBAIL

exercise before and after injury; R.F.U, relative fluorescence units

ek

04 bR
= -
® 03]
= -
Norm  SAl EBI EAl  EBAI £ g2
o
p-ERKﬂZI P . —_— | Eo.i
Actin |__-_ —-| QM
' : N > N ~
‘\0‘6‘ P e & P &\?
Time point of exercise
A B

Figure 32. Expression level of p~ERK1/2 by TMT performed pre and post SNI (A) p-ERK1/2
level was significantly increased in EAI and EBAI groups. (B) The right panels show quantitative
comparison of p~ERK1/2 protein level among groups. TMT, treadmill training; SNI, sciatic nerve
injury; Norm, normal; SAI, sedentary after injury; EBI, exercise before injury; EAI exercise after

injury; EBAI exercise before and after injury; #*#p<0.001 vs. sedentary group.
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3) HEAZ &4 A, F &% AA mE p-Akt TP FE=o o

p-Akt= EAQ AU IGF19] sheldA=s AL el dofsiy

g @4 pEEt B ATdAE A2 44 &4 4, F Edel 8%

Mo

Ao wE p-Akte] T FEo WslE vlu EA317] 98] Western blot=
F83th <Table 16>3 <Figure 33>°14 ®BE AA Y, EBIolA p-Akt 2
G

| S7Fetslat EBAIZ Ol A 7Hd i gho] =9kt

(
oL
O

Table 16. Descriptive statistics of p-Akt expression level by TMT
performed pre and post SNI (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

047£0.03 0.52£0.03 0.71£0.04 0.54£0.04 1.18%0.16  41.48 .001 EBI<EBAI

Values are meanzstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI, sedentary after injury; EBI, exercuse before injury; EAI, exercise after injury; EBAI,

exercise before and after injury; R.F.U, relative fluorescence units

1.54 o
o
= 10
Norm SAI EBI EAl  EBAI £ .
o
_ E

-
3 | |

Acin | o a— G w— —
0.0 T T T

"

"3 "
‘@.‘é‘ F & & &

Time point of exercise
A B

Figure 33. Expression level of p-Akt by TMT performed pre and post SNI (A) p-Akt expression
level was upregulated in EBI group and was highest in EBAI group compared to those in
sedentary group. (B) The right panels show quantitative comparison of p-Akt protein level among
groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI, sedentary after
injury; EBI, exercuse before injury; EAI exercise after injury; EBAI, exercise before and after

injury; #p<0.05, #**#p<0.001 vs. sedentary group.
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4) F2NE &4 4, F Ed=E &5 A3l & p-mTORY 2d

FE9) Fol

mTORE Akte] shgielztelm whald gk <z} WS = A7)+ 4E-BP1

AWBE FANAY B ATAMNE A3 44 &4 4, F EdS

of WZ p-mTORY W& Fx9 W3lE vlu #4317 984 Western blot
F33kth <Table 17>3 <Figure 34>0l4 B ZAAE, EAIS EBAITo] A

p-mTOR Zd o] felatA S7hatsirh.

Table 17. Descriptive statistics of p—-mTOR expression

performed pre and post SNI (unit: R.F.U)

level by TMT

Norm SAI EBI EAI EBAI F

D post hoc

0.18£0.05  0.33£0.02  0.35£0.03  0.71£0.08 0.77£0.05  86.09

.001 EAI<EBAI

Values are meanzstandard deviation, TMT, treadmill training; SNI, sciatic

nerve injury; Norm,

normal; SAI, sedentary after injury; EBI, exercise before injury; EAI exercise after injury; EBAI,

exercise before and after injury; R.F.U, relative fluorescence units

1.0+
- ek * ok e
‘:..é 0.8 T
é 0.6+
Norm SAl EBI EAI EBAI 9
E o
p-mTOR S e — o— = ==
T 0.24
Actin ‘ —— — G w— _{ o | |
0.0 T T T
N S
& ) < <& &

Time point of exercise

A

B

Figure 34. Expression level of p-mTOR by TMT performed pre and post SNI (A) p-mTOR
expression level was upregulated in EAI and EBAI groups. (B) The right panels show quantitative

comparison of p~mTOR protein level among groups. SNI, sciatic nerve injury; TMT, treadmill

training; Norm, normal; SAI, sedentary after injury; EBI, exercise before injury; EAI, exercise after

injury; EBAI exercise before and after injury; ##*#p<0.001 vs. sedentary group
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5) A& AF &4 A, ¥ EdET ¥ AFAd wE 7hAA 2 A ERK1/2

[t

rlr
r
oX,
o3t
19
2,
ro,
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wm
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il
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>
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=
rte
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-
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jild
>
o,
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o

A, & EGEE 5 Al whel hAbu el A ERK1/29] Q1Aks FX& vl
X371 9l A Western blot2 433} th <Table 18>3} <Figure 35>°l 4]
B AAY, EBITA ERK1/27F SAlTol vls] frolatAl S7hstsl e EBAI
ol A 2 aF3 vaste] ERK1/27F FEEA S7HskA

Table 18. Descriptive statistics of p-ERK1/2 expression level by TMT
performed pre and post SNI in ipsilateral soleus (unit: R.F.U)
Norm SAI EBI EAI EBAI F D post hoc
0.27+0.01 1.03%0.09 1.4+0.21 0.91+0.08 4.44+0.18 430.6 .001 EBI<EBAI

Values are meantstandard deviation; TMT, treadmill training; SNI, sciatic nerve injury; Norm,

normal; SAI, sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI exercise before and after injury; R.F.U, relative fluorescence units

*kk

2
[T
I
g s
Norm SAl EBI EAl EBAI -
_N_ 2 >
p-ERK12 | ———— - | g
1 = —_—
w
| | S | b

& F 2 S
e‘)‘ %quy.éb

Time point of exercise

A B
Figure 35. Expression level of p~-ERK1/2 by TMT performed pre and post SNI in ipsilateral
soleus (A) p~ERKI1/2 level was further increased in EBI group, and was significantly increased in
exercise group performed pre and post injury than any other groups. GAPDH is performed as a
role of loading control. (B) The right panels show quantitative result of p-ERK1/2 expression level
among groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI, sedentary
after injury; EBI, exercise after before injury; EAI, exercise after injury; EBAI, exercise before and

after injury; *#p<0.01, **#p<0.001 vs. sedentary group
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6) 247 £4 A, ¥ EA=Y £3 A4 BE ARV TN p-Akt B
529 2ol

p-AktE EZH S A IGF1Y A zM AE A Holsiy o
WA A #ARET 2 AFNAE FE A
Aol wel Zhpr 2o p-Akte] W sRE Al A 57] 918 Western
blotg 433}%tt. <Table 19>¢} <Figure 36>°]4 X+ ZA A9, EBAIT©] t}

2 gl v p-Akt B9 FE7F Fel3l 27189

i

B} A, F EREY % A

Table 19. Descriptive statistics of p-Akt expression level by TMT

performed pre and post SNI in ipsilateral soleus (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

2131028  3.32£056  3.76+0.2  4.59+0.2 6.4+0.51 34.37 .008 EBI<EBAI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI exercise before and after injury; R.F.U, relative fluorescence units
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Figure 36. Expression level of p-Akt by TMT performed pre and post SNI in ipsilateral soleus
(A) p-Akt expression level was upregulated in EBI group and was highest in EBAI group. (B)
The right panels show quantitative comparison of p-Akt protein level among groups. TMT,
treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI, sedentary after injury; EBI,
exercise after before injury; EAI, exercise after injury; EBAI exercise before and after injury;
#<0.05, #*xp<0.001 vs. sedentary group.
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7 H#HEANG &4 A, F EAdEE ¥ A & JtATZ9A p-mTOR
4d FEY Aol

mTORE Akte] as1¢1zboln] wuld 4 A4 WAL %747]% 4E-BPL

AMEE AT B AT #Fo A4 &4 A, F EdET &5 AA

of we} 7hAkE oAl m-TOR ¥d FEE& vlu 4317 913 Western blotS
F33td Tt <Table 20>3 <Figure 37>°14 ®i= A9, EBI® EAlTo] &
el ws p-mTOR & o] frofsiA S7hstginh. 3k EBAI oA SAI
of v frolatAl daad =l

=

Table 20. Descriptive statistics of p—-mTOR expression level by TMT

performed pre and post SNI in ipsilateral soleus (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc
0.59£0.03 0.86£0.09 2.13#0.09 2.44+0.16  1.3+0.07 130.6 001  EBAI<EBI<EAI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI, exercise before and after injury; R.F.U, relative fluorescence units

-2 ke
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o
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v
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E
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& F & S
& F 9 T
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Figure 37. Expression level of p-mTOR by TMT performed pre and post SNI in ipsilateral soleus
(A) p-mTOR expression level was significantly upregulated in EBI and EAI groups. Also, EBAI
group further increased p—mTOR protein level. (B) The lower panels show quantitative comparison
of p-mTOR protein level among groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; EBI, exercise before injury; EAI, exercise after injury; EBAI exercise before and after
injury; #p<0.05, #xp<0.01 ##xp<0.001 vs. sedentary group.
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8) FH=AA &4 A, F EdEE T AFd wE JMAE A

p4E-BP1E v 9b4d QA e & feste] wEZEZ oL tAF 1Akl PGC
laol 9N = LFo] ZXHEL, E Ao I &4 d, F Ededd &
T Aol we ZhAtulZel A 4E-BP1e] <Q1AFske] AtelE Wl A7) 919
Western blotg 33ttt <Table 21>3 <Figure 38>°l4 H+ AXd, EAI9
EBAI oA p-4E-BP1¢] &5 =7t & 155 vus] fofstA 5789

olN

Table 21. Descriptive statistics of p—4E-BP1 expression level by TMT

performed pre and post SNI in ipsilateral soleus (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

0.12£0.01  0.1+0.01  0.11£0.02 0.15£001 0.21£001 4823 .003 EAI<EBAI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI, exercise before and after injury; R.F.U, relative fluorescence units

0,254 ek e
i)
E 0.204
I sk
2 0.1 -
Norm SAl EBI EAl EBAI % 2
— = 0.104 —_
p4E-EBP1 | el 38 e &
W 0.054
GAPDH | WD w—— es — c— 1
0.001— - -
Y " " %
& F e &

Time point of exercise
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Figure 38. Expression level of p—-4E-BP1 by TMT performed pre and post SNI in ipsilateral
soleus (A) p-4E-BP1 expression level was further upregulated in EAI group. In addition, regular
treadmill exercise performed pre and post injury significantly increased p-4E-BP1 protein level. (B)
The right panels show quantitative comparison of p-4E-BP1 protein levels among groups. TMT,
treadmill training; SNI, sciatic nerve injury; Norm, normal, SAI, sedentary after injury; EBI,
exercise after before injury; EAI, exercise after injury; EBAI, exercise before and after injury;
##p<0.01, ###p<0.001 vs. sedentary group.
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9) T A4 &4 A, F EF=T &5 AR wel vEZolA ERK1/2 4kske] Aol

ERK1/2E IRS 19] 2dS %3] Ras/Raf/MEK ZA3tS Fxsle] Z&ollH e &
A7 oA <1zkel TSCLR2E AN 2 AFdMs (3474 &4 4, & Ef
&5 Al weEl WlEZelA ERK1/29 Q4tstE wlan EAsh7] 93
Western blot2 4783} th. <Table 22>9} <Figure 39>°|A X A=, EBITol
A p-ERK1/27} SAI°l Hl&| #¢fstAl F7Fetl o EBAIfolA thE 153 Bl
gto] ERK1/27F S8tk 57183

=

st

Table 22. Descriptive statistics of p-ERK1/2 expression level by TMT

performed pre and post SNI in ipsilateral gastrocnemius (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

0.82£0.03  0.43£0.03 049002 0.57£003 0.57£0.02  58.88 002  FBAEA<Nam

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI exercise before and after injury; R.F.U, relative fluorescence units

1.0 4
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Figure 39. Expression level of p~ERK1/2 by TMT performed pre and post SNI in ipsilateral
gastrocnemius (A) p~ERK1/2 level was further increased in EAI and EBAI exercise group. (B)
The right panels show quantitative comparison of p~ERKI1/2 protein level among groups.. SNI,
sciatic nerve injury; TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI,
sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury; EBAI exercise

before and after injury; #*#p<0.01, *##p<0.001 vs. sedentary group.
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10) #2474 &2 4, F EdED &35 AFHA @& HEZA p-Akte] ¥
FE9 Ao

p-Akt= HIEAQD AR IGF19] s =A AEZ Aol wofsty o

\Y
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<Table 23>3} <Figure 40
frelet ddd HAa EBIZ Ol S7ketalth. shA Rt EBAI AN e @<

13

Table 23. Descriptive statistics of p-Akt expression level by TMT
performed pre and post SNI in ipsilateral gastrocnemius (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

5.19+0.17  6.92+045 8.24+0.39 9.31+0.33 564034 484 003  EABI<EBI<EAI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI, exercise before and after injury; R.F.U, relative fluorescence units
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Figure 40. Expression level of p-Akt by TMT performed pre and post SNI in ipsilateral
gastrocnemius (A) p-Akt expression level was upregulated in EBI and EAI group, but was
decreased in EBAI group. (B) The right panels show quantitative comparison of p-Akt protein
level among groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI,
sedentary after injury; EBI exercise after before injury; EAIL exercise after injury; EBAI, exercise

before and after injury; #p<0.05, #*#p<0.01 vs. sedentary group.
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11) #2473 &2 A, ¥ Ed=d &35 AH = v EZAA p-mTOR

[
r!

mTOR= Akte] sheiQlafeln] @ufd b4 <14 HdS F2A7I= 4E-BP1 Q14
st HAAT 2 AFdA s F2AE H, F Eded &5 Aldel wet vE
oA p-mTORe 2d L& vl 4317 93] Western blots G333 th
<Table 24>¢%} <Figure 41>o|4 HE ZAXY, p-mTOR @2 2w
I+ EBAI Ol A frolatAl Jadd s lvh ARt EAIOIA SATwol el 74 &

FE Btk

Table 24. Descriptive statistics of p—mTOR expression level by TMT performed

pre and post SNI in ipsilateral gastrocnemius (unit: R.F.U)
Norm SAI EBI EAI EBAI F D post hoc
EAI<SAI<EBI
<EBAI

Values are meantstandard deviation; TMT, treadmill training; SNI, sciatic nerve injury; Norm,

0.86£0.05 1.26£0.07 1.71£0.05 0.88£0.02 1.73£0.06 1369 .001

normal; SAI, sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI, exercise before and after injury; R.F.U, relative fluorescence units

2.04 e e

1.54

Norm  SAl EBI EAI EBAI

p-mTOR ‘-—-— e — -—-‘

- 0.0

p-mTORIGAPDH ratio
|

NP
eo“'f’?/@é‘.a

Time point of exercise

A B
Figure 41. Expression level of p-mTOR by TMT performed pre and post SNI in ipsilateral

gastrocnemius (A) p-mTOR expression level was upregulated in EBI and EBAI group, but was
decreased in EAI group. (B) The right panels show quantitative comparison of p—-mTOR protein
level among groups. TMT, treadmill training; SNI, sciatic nerve injury; Norm, normal; SAI,
sedentary after injury; EBI exercise after before injury; EAIL exercise after injury; EBAI, exercise

before and after injury; ##p<0.01, #*#p<0.001 vs. sedentary group.

_68_



—

p4E-BP1E v 9b4d QA e & feste] wEZEZ oL tAF 1Akl PGC

=

H

lao] oM ® Lde] HAAT B AFoAs A2 &4 A, F Ed=E ¢
& Aol met vlETalA p-4E-BP1 @] B s vla 2437 98
Western blotS 4383} th. <Table 25>9 <Figure 42>°A ®:= A&, EAIS
EBAI 1504 p-4E-BP1 2 &o] frojulstA S7hskaich. vlE oM 5 Zawhs

o gl mAA FRA EBIA = 9% 57 B

Table 25. Descriptive statistics of p-4E-BP1 expression level by TMT

performed pre and post SNI in ipsilateral gastrocnemius (unit: R.F.U)

Norm SAI EBI EAI EBAI F D post hoc

432+0.05  2.06£0.17  2.75+0.16  3.71+0.09 578+0.15  94.20 001  EBI<EAI<EBAI

Values are meantstandard deviation, TMT, treadmill training; SNI, sciatic nerve injury; Norm,
normal; SAI sedentary after injury; EBI, exercise after before injury; EAI, exercise after injury;

EBAI, exercise before and after injury; R.F.U, relative fluorescence units

Norm  SAl EBI EAl EBAI

p-AE-BP1 | = —— |

[
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‘ > > > N
R o&‘ F & s Q’e'?‘

Time point of exercise
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Figure 42. Expression level of p-4E-BP1 by TMT performed pre and post SNI in ipsilateral
gastrocnemius (A) p-4E-BP1 expression level was significantly upregulated in EAI and EBAI
groups. Also EBI group further increased expression level of p-4E-BP1. (B) The right panels show
quantitative comparison of p—4E-BP1 protein levels among groups. TMT, treadmill training; SNI,
sciatic nerve injury; Norm, normal; SAI, sedentary after injury, EBI, exercise after before injury,
EAI exercise after injury; EBAI exercise before and after injury; #p<0.05, ##p<0.01, =##p<0.001
vs. sedentary group.
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13) 3244 &4 F, ARV A2 AF DEsh 94 AT I HAE
259 a3

B oATNAE AFU S F AT AR AR 2% 278 944

E odEd WAL ¥ &3S B A8 WIYR GNP sdsan

Laminin &A= 7FAbn] o] & A 7F3A8]E 92382 MyHC 1+ type I A+
& A= FAolH Hoechest® AEe & Qs tagzel E4do|t
<Table 26>¥} <Figure 43>°A H+= AAHYH, S5 AAAXS] & A7 =79
2] 2] EekA Rk v sl vl YIAAE ) FHE FACE AR RV

oat7l Frara.

Table 26. Descriptive statistics of muscle fiber size in ipsilateral soleus

after SNI (unit: um)

Norm Sedentary Exercise F D post hoc

418.17+11.55 197.13£9.73 268.44+14.05 5400 008  Sed<Ex<Norm

Values are meanzstandard deviation; SNI, sciatic nerve injury; Norm, normal;, Sed, sedentary; Ex,

exercise

Laminin ST Hoechst Laminin/ST  Laminin/ST/Hoechst

Normal
500

Sedentary

Average fiber size

Exercise

500 um

Figure 43. Immunofluorescence staining with Laminin and MyHC-1 staining in ipsilateral soleus.
(A) Exercise group significantly increased muscle fiber density around satellite cell nucleus than
sedentary group (B) The right panels show quantitative comparison of average muscle fiber size
among three groups. ST, slow twitch muscle fiber; #p<0.05 vs. normal gorup, #p<0.05 vs

sedentary group.
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(1) FFA7 &4 ¥ £%o| DRG neurite outgrowth®} =2t AJAAA GA A

H st A2 50l 1 FALS AAFSHE Molteni 5-(2004) A7 &4 &

GAP-43¢] 4 3}= ERK1/2, ]NK9} p38MAPK 2-& MAPKse #H&3t: ol vy
o] ¢lo] A|Ee BAsE B2 WA A Fo Aldox #olste] ANA A AaFS
n Tk Canon ol ©3tH(2004) 417 A #A F, &4 Z7] ERK1/2 #do=
AE A¥H9 CREBS ¢14hst AlA dlow ol frdate] vl -3t CREsel 2
&3t 2AE7] A AXE AL vlddtta Bustsih 2 A5 study 1 A3

NN B HIAAE £4 & $% 743 p-ERKI2 Z3E i £%F 14Y 74
F#02 Wolg ot 1 a51# A9l p-CREBS Wdge] &35 7975 14d7pe] &
g5 FhE AL mel AW &4 2719 £ FW ERKIZ 4% @@L 1

Ao BelFoRM Ay dFe Ans SR A B AN

GAP-43 Zd ¥} d3#d & MAPKs 02 & syl INK7F #2349 Efed &

T T 1 ddwe]l FUHsE HoFth o APgAToA dFshn £449

278 INKe 32 oA o] dAIAEQl ATF39 c-Jun®| 24 3tel] £x14 <

S v Buske] om(Blom et al, 2014; Ruff et al, 2012), °]&= GAP-439 2
] Gl

< ARBEFAAE FAAA S Al dolshs Gl THo] 7)ot
2=



et al, 2004), o] ATF3% c-Jun< JNK #&do| o]Est= oA ddE &= HAQI
2l A & ATE Fl FAsdinh A AgEdd wEY, kA de

2t CREB, ATF3 183 c-Jun & #2074 &4 F A FA &4 2A6dA &
AstE Bt HuEFY(Lindwall & Kanje, 2005 Ma & Quirion, 2001;
Seijffers et al., 2006).

# AA

o

(2) #2074 &4 F QA4 958 AA4H 2 AAE £59 1

2001). 53], Akt/mTOR A ZdGAA el &5+ 7 A <+ A49x F
sltbo]tH(Bodine et al, 2001). &+&& &8 + 55 ZLo] dojuyw 5 AE9
Azl A IGFL 8719 IGF1 FFAA7E 25 &

A A= Akt/mTORSIMSIE HXIAA g d 34 Al 4E-BP1S 14tstE o]
o] & vdiet #AAE dd WS A 71k (Schiaffino & Mammucari, 2011).
aEal o o= RAS/RAF/MEK ANEHGAAE A4z 243 A7)
i o]& ERK1/2 2% #doe=m fEstd mTOR 2dS IdAste= A
TSC1/2(tuberous sclerosis1/2)9] &435 A A1A mTORY 9&E& td + Jd=
= A A8 = (Miyazaki & Takemasa, 2017).

2 A7 1 2FolM e F2474 E4 F AXE EYed 50| ZFAH| 2o A
ERK1/2 &dle] AlAolA e aa Fat o] 7TdAtel] FostA A3 TdEda
144zt 714 o2 "HojHrh, dhde] p-AktY WAL & TEA7MA = 2o
£ HolA 4uprt &5 149A o] o Hd S B ol AdATE
A HAs %, p-Akte] & A9 T 2 75 s A8 A8 T EAE A
L3t GSK3B 2rkstE e ¢ oz AEstlal o]  mTOR 2ddd JF3 2
o7 AR 9 (Case et al, 2011; Sakamoto et al., 2004). p-Akte] ¢d Ay o}
2 p-mTOR= & 729t 1442 BFolA foju|siA 3 LA o=
UM MPyPAFoA AFsA%, mTORE =4 %71 5 7YAo] ERK1/2 #d o]

A

d
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oM HelE Y &4 F 2T R HHAYL 2ol A=A Al dF=

nXt= A3E s so(L, et al, 2020; Wang et al., 2019; Wei et al., 2019).

iy

(4 F424 ¢35 AEA BE Adus NB2qN 2 43 2 P v

&% & serine/threonine kinase$¢l p-Akt WaS Zxsto] AE A, AF 5
o Zgste o AT A AAEN A{ITE Ziaalding 591(2017) A2 &
dol Zh ARt Akte] 39 #AF9) p-mTORS 2@ o] EBI &%w3 EAl &%

FAME st F7teg oy EBAI S5 dolA @@ o] F IF3 uuE

Za Zas As g0 & 5 QAT ole o AFeAME Bastg] ko], faka
A xS Es AstA fgix} Zgoew 9 wEEE AMPK(adenosine

monophasphate-activated protein kinase)”} mTOR @& A& #F=3 Ay
E F A (Woo et al, 2016). mTOR®] AL Aok &3t ¢ &A
p-4E-BP1> EAIS} EBAL ol A fofakAl 43 @ -BP1°] mTOR9] ]
EHOE BHE= SRRl AT FARA S 3 MEZ=Fol YAl 7w

r.‘%
_O‘L
>'

o
WS
m
DU

of ZF83  <Qx<  PGClalperoxisome  proliferator-acctivated  receptory
coactivator-1a) & #X& F3o] 4E-BPlo] 54 79 tiabdl A% #ojs)
71 S8 2 FAE oloi7b= Aol AAEHH(Tsai et al, 2015).

type I & A<l 7FAbu 3 Bl usle] glycolytic fast twitch muscle type H|£9]
F& HEToA Y gl BES AduEd fFARAY 5SS T8 ERKL/2 2ol
EAIS} EBALFOl A fofstAl S7tstqinh. ol= Abst# il Z&<Qlel® type 1T <
Aol el #gS AAbeTh B GlolA SE olojA = MEFVIE AE F
2lo] o] Folx= Al7]o]B® 1o olsh= ERKI1/29 o] HXETa Mad+
= E3 HuHEdYBertoli et al, 2013; Tapinos & Rambukkana; 2005). ©]9l
Normw ol A ERK1/29] 322 Al T4 A7)0 Fo] Ak Atzdn. 1y
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axonal regrowth and muscle hypertrophy after sciatic nerve injury.

Figure 44. Schematic presentation of effet of treadmill exercise on
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<Abstract>

Effect of regular exercise on axonal regrowth, and

soleus and gastrocnemius hypertrophy

Ji-Eun, Kim

Department of Kinesiology
Greneral graduate school of Jeju National University

Jeju, Korea

(Supervised by professor Young-Pyo, Kim)

The purpose of the study was to identify the effect of regular exercise on
axonal regrowth, soleus and gastrocnemius hypertrophy via inducing
Akt/mTOR signaling pathway (study I: axonal regrowth and muscle
hypertrophy proteins activation, study II: differences of axonal regrowth and
muscle hypertrophy between muscle types by time point of exercise.) The
experiment animals recruited in study I and study II were divided into 3
groups and 5 groups that is, the experimental groups were classified into
control (n=10), sedentary 7 days (n=10) and 14 days (n=10) after SNI, and by
exercise for 7 days (n=10) and 14 days (n=10) after SNI of study I

respectively. Also study II was classified into normal group (Norm, n=10),
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sedentary after SNI (SAI, n=10), exercise before SNI (EBI, n=10), exercise
after SNI (EAI, n=10), exercise before & after SNI (EBAIL n=10) respectively.
The rats in exercise group were forced to run on treadmill device (study I
8m/min, study II: 15m/min) for 20min once a day for 2 weeks. Identification
of GAP-43 expression level and DRG neurite outgrowth length around
nucleus, and muscle fiber size in ipsilateral soleus were analyzed by
immunofluorescence method. Also, expression level of proteins for axonal
regrowth and muscle hypertrophy was analyzed with a Western blot.

The results obtained in this study were as follows;

Study I: axonal regrowth and muscle hypertrophy activation

1) Axonal regrowth

(D Neurite outgrowth length around nuclei in DRG showed more significant
differences in exercise than sedentary group.

@ Expression level of GAP-43 showed significant difference in injured sciatic
nerve of exercise than sedentary group.

@ Axonal regrowth involved GAP-43 expression showed significant increase
at nerve distal to damaged site in exercise when compared to that in
sedentary group.

@ Expression level of ERK1/2 in exercise group showed significant difference
at an early stage of regeneration after nerve injury.

(® Expression level of CREB in exercise group showed significant difference
at an early stage of regeneration after nerve injury.

® Expression level of ATF3 and c-Jun as transcription factors in exercise
group showed significant difference at an early stage of regeneration after

nerve injury.

2) Activation of muscle hypertrophy
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@D Expression level of ERK1/2 showed significant difference in ipsilateral
soleus of exercise than that of sedentary group.

@ Expression level of Akt showed significant difference in ipsilateral soleus
of exercise than that of sedentary group.

@ Expression level of mTOR showed significant difference in ipsilateral
soleus of exercise than that of sedentary group.

@ Phosphorylation level of 4E-BP1 showed significant difference in ipsilateral

soleus of exercise than that of sedentary group.

Study II: axonal regrowth and muscle hypertrophy between soleus and

gastrocnemius

1) Axonal regrowth

D Expression level of GAP-43 showed significant differences by time point of
exercise at pre and post sciatic nerve injury.

@ Expression level of ERK1/2 showed significant differences by time point of
exercise at pre and post sciatic nerve injury.

@ Expression level of Akt showed significant differences by time point of
exercise at pre and post sciatic nerve injury.

@ Expression level of mTOR showed significant differences by time point of

exercise at pre and post sciatic nerve injury.

2) Activation of muscle hypertrophy in type I muscle

D Expression level of ERK1/2 by time point of exercise at pre and post SNI
showed significant difference in ipsilateral soleus.

@ Expression level of Akt by time point of exercise at pre and post SNI
showed significant difference in ipsilateral soleus.

@ Expression level of mTOR by time point of exercise at pre and post SNI

showed significant difference in ipsilateral soleus.
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@ Expression level of 4E-BP1 by time point of exercise at pre and post SNI

showed significant differences in ipsilateral soleus.

3) Activation of muscle hypertrophy in type II muscle

(D Expression level of ERK1/2 by time point of exercise at pre and post SNI showed
significant difference in ipsilateral gastrocnemius.

@ Expression level of Akt by time point of exercise at pre and post SNI showed
significant difference in ipsilateral gastrocnemius.

@ Expression level of mTOR by time point of exercise at pre and post SNI showed
significant difference in ipsilateral gastrocnemius.

@ Expression level of 4E-BP1 by time point of exercise at pre and post SNI showed

significant difference in ipsilateral gastrocnemius.

4) Differences in activation of muscle hypertrophy between type I and type II muscles
@ ERKI1/2 expression showed significant difference between type I and type II muscles.

@ Akt expression showed significant difference between type I and type II muscles.
@ mTOR expression showed significant difference between type I and type II muscles.

@ p-4E-BPI expression showed significant difference between type I and type II muscles.
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