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WFFER S OBEEL (323C) : Plasma in electrical discharge is a partially ionized gas, containing radicals,
electrons, positive and negative ions, and various excited atoms. Recently, many types of
low-temperature atmospheric plasma devices have been developed for medical applications. In the
present study, we investigate the effect of low-temperature atmospheric plasma exposure on
proliferation and differentiation of C2C12 myoblast. The low-temperature atmospheric pressure
gas-plasma was generated through an electrical discharge in an argon gas. One min of plasma exposure
every 24 h inhibited the cell proliferation without cell death. Cell numbers in plasma exposure groups
were 42.2% and 32.9% when compared to the control groups at 24 h and 48 h after the plasma exposure,
respectively. On the other hand, the marker proteins for the myoblast differentiation, such as myogenin
and myosin heavy chain expressions were not affected by plasma exposure. Plasma exposure increased
the phosphorylation of extracellular-regulated kinase (ERK) and c-Jun N-terminal kinase (JNK) at 30
min after the exposure. However, phosphorylation of ERK and JNK was markedly decreased less than
control levels at 1 and 4 h after the plasma exposure, respectively, and returned to the control levels at
24 h. By flow cytometric analysis, it revealed that plasma exposure increased the % of the cell in the
G2/M phase at 8 h after the exposure. It was found that down-regulation of cdc2/cyclin B1, which
regulates G2/M checkpoint in plasma-exposed cells. The expression of p21 Waf-1/Cip-1, which was
known to control the entry of cells at the G2/M phase transition checkpoint was also elevated in
plasma-exposed cells. In conclusion, low-temperature atmospheric plasma exposure retarded




proliferation of C2C12 myoblast by G2/M arrest. Down-regulation of ERK and JNK activity and
modulation of cell cycle checkpoint proteins may be involved in plasma exposure-induced cell cycle

arrest.
SERFIRTE A
(G - )
BT R & i
AR E R 2,900, 000 870, 000 3,770, 000

WRIETHT © G wEk

IR D 50FE - MILE : B - 2K — Y FL - K=Y

U= R ARV

1. WFFEBHAE 4O 5

7T A=, Bk - mBUGCE LR &
ERBICERTE D Z LB LV
BIRFIRE/RR Z b, Zh b ORRENE 25 H
L 72 WFERCPEE A~ DI BRI I T T
W5, ZTNETIE, &R, b MERED
PEESBTT TIERLS Z EDOTE RWEIRF
Lo TN, L TR, REKEFTOI
BT XA~ LT DTN ER, A
F  EESHCORMLIEE > T D, EE
SETIE, v A 7 ulEE T A2 RAL
7o s HOa% i O 03 M T oA, YRR IR
BN THN TS, TR, EEENT
ARSI B T T X~ 2 BE -+ 2058
HIThbNTW\W5,

7T A I A OWEERE (4>, B
IGERRFR, TV WNVE) 2EATHD, Th
ST, AR L FRIVE 2 K E T
T LT Lo T, MEEEST AR Y X2

BILHZENRESNTND, LLRRDb,

ZOFEMIR AT =X KON T2
B 5 2MTIT 72 > TRy,

2. WMEOEW

AWFFETIL, BEEHRAMRICT 577
AvWHOEELRFT A2 2B ET
Do BASIIIEEOE FIZMEL TS Z L
MNHEBREHE LTO ST X~ BE O R4
ELTCHTESRBEMERXH D, £2C, &
F& A5 DL D B VE % B o i 2 i sk o BE 2
JaTH s C2C12 Mifldzxfge & L, A5t % %
fiti U7z,

3. WD Ik
(1) C2C12 M D RE#&

FRRF R, HEFHROEEMETH S
C2C12 #fi % V7=, C2C12 ML CO, A1
Fa2R—F—NT, 4U=VT 4= (1.9

cm¥/well) T 0.5 ml DR T CH# LT,
BEHE B HZ 1T 10% 7 U RG R IS B L UYL
W) 8 % & T Dulbecco’s modified Eagle’s
medium (DMEM) % FV 7=, 43538 o ks
ZiEL 2%IF Y v iiE R L OAEME % &
DMEM # M\ o, o bafighs ild 24 Kefd]
LT LT,

Q) KRR 7 7 X~ O W& 4
KELEIKIR T 7 X<id, ~A 7 vl lEIZ
X ORASE, 7T XRERD F—F13,
ATV AOEmE TV = ADOME
MIZERELELOERHA L, v 7 0 ikdaE
JREEE D 2,45 GHz DAL T F—F NI
ML, BAEENLIISW CTirolz, 77
A2 DRAETAEL LTT /NI % 1L/min T
F—FHNICH LT, ~A 7 0 EIC L 05
LTI 7T X0 bR
FIME COFEMETH 7 mm IZREL. B %
1To7z, EERRP oMk LT, 10 3>
6 AT GH1 o) 077 X<=a M Lz (X
D,

(3) HHARIETHE D 53 AT

FOAREETE L N U R T =Y TN,
M & 545 Z LIC K VR LTz, 372
B, ar e —HfiRE X7 T X~ S
JaZz 0.25% kU 73 —-EDTA A& THIR L.
0.2% kU /X7 —"TCYethth, MERFHHK A
O TS F oz it Lz, R YR
VT —TYh SR W A A AR &
L7,

@ vZARETuyT 4T

SRRSOV IO £-TR - Jre 5 qF i) OF
& 7 '8 % SDS-PAGE 2 X 0 45 HE %
PVDF [EIZHRE L, FrEAFUAEEZ Az y =
RAB T yT 4 v TIETHRIT LT,



| Microwave generator

1. 77 A= seikn L R okt

(5) M Ac ) g

AH R JE R BT 1% . Cell cycle phase
determination kit (Cayman Chemical Company,
Ann Arbor, M) CfTo 7=, 7726, Miax b
U 7' —EDTA ¥R Tl | 8 7E 5 L 0N
AL ATV, I U7 m e T A (P
T DNA OYtax1T o7z, Ytk OMifaz 7
o —H% A h A—%— (FACS Cantoll Flow
Cytometer, BD Biosciences, San Jose, CA) T
Hr L7z,

(6) ahnsm
T A TR R E TR Le, — ook
B3 L O Il E DO BT th . A RER O 2E
DO EIL Scheffe 7 A hTiTo7z, = b
— e T XSO O EERE I
KN D 72U T-test TITo 72, P<0.05 ZHE &
L7z,

4. WFFEEk R

(1) HIRRIEIEIC R4 2 7T X~ FRET o
24 BifffE D 1 oMo 77 X< HEHT, Ml
WaFHETDH L < Lo B HE & ] L
oo BURUT I —TYett S5 SEHMIE ST
e 100 fEH7=0 0~2 fHTHY, =2 bR
— R E T T XA BB B Z T 20
ST, TTRABKEEO Y =)V Y 7- ) Ol
iz, P9 RX~BE 1 B#TIZ=y hr—L
BED 422%TH Y 2 AL TIE329% Th -7
(K2A), —JF. DY =0 DE NI
X, 77 X< 2 B TR, 2 hr—b
BTkt LTS R~ B BE O 3Rl %

>

60 -

§ C
S 504
3
= 40
[
=
o 301
o
£ *
2 204 B b
) *
© 10 A a a

o[ mim

Cont Plas Cont Plas Cont Plas
0 day 1 day 2 day
B
160 4 c

'g., 140 4
= 1201
© *
2 100 c
£
o 4
S 80 5
S 604 b
&
S 404 A 2

20 - ’_—.

0

Cont Plas Cont Plas Cont Plas
0 day 1 day 2 day

2. 77 ARE N HIZEE (A) BV
s ERE (B) ICRIETRE
Plas; plasma-exposed cells. *Significantly
different from control (Cont) cells in same
day. Values with different letters are
significantly different (P<0.05).

B (X2B), EOfERIZ, 77 X~
SHE C2C12 A OHEE A Pifl 325 2 & 2R
LCWb, £z, Milgke s rgaEmsD
BRI D, 7T X~ IR CIIiE 18 & 7=
WoE R EENRa Ly ha— LY &
W EDRIBE LT,

(2) M EIcRd 5 7T A~ R o
C2C12 MifliZ, Fr LS TR+ 5 &

FHPRIEFE S Hl S D & & bR O RS
MERE S, ZEOFHE M ET 5, %
_’C 7T X< RED C2C12 MR D4k

TRBERG LTz, TORRE, mmzﬁ%

it~ —F —TdH 5 Myogenin B L O
Myosm heavy chain OFEBLEITILT 7 X~ M
FoOEBIBDOLNRN-T-, ThbL, 7
7 X~ AT c2c12 Milao s bicide s
RIEE N2 EBNHALNE 25T,

B)ERK B L WNINK © VU U fbickt+ 57 Z
XvE,B%—J-@EJ}EB



7T R B N R B L R E TR
DA N ALEWHENTT DD, F8H0
O ORI KIG L, MIENEREZEICED
extracellular-regulated kinase (ERK) (X 3A)
& U ¢c-Jun N-terminal kinase (JNK) (X 3B) @
) ‘/ﬁﬂt@ﬁﬁ%ﬁ‘xﬁﬁ’] RN LTz, # O
Ho1 MO T X< HE 30 451213 ERK
BEIOINK OV Ui fbs EA L, LU
235, ERK @O U U LIEIRST 1 R &I 1T =
Yhue—Lfilao Lk BT L,
INK DU R Bz T 8 BRI 4 IFfE % T =
b=V LULLL R E e o te, BREF 24 B
M# 121X, ERK & INK ® U UL L~UL (X
ay ha—LOMEETREELEZ, DOk
Rix, 77 XA~ RHFEHITIL, ERK BELD
INK OV U iz —REIC ER-3 528, 20
BERMICDIE> TR T T 570, 77X~
R O E 72 5K HH ThH D 2 L AR
LT3,

A
Cont Plasma Cont
0 05 1 4 8 24 24 (h)
5 == _—==
c
8 —O— Control
P - @ - Plasma
S 200
g A A
¥ 150 -
o -
w -
5 1004 Ot —
5 -~
& 50 {B *?— -
> S B -
g 9 *
&
g 01 4 8 24
o Time after plasma exposure (h)
B
Cont Plasma Cont

0 05 1 4 8 24 24 (h)

W— — -

—QO— Control
- - Plasma

200

150

100

50

01 4 8 24
Time after plasma exposure (h)

Phosphorylation of JNK (% of 0 h control)

X 3. 77 X<MEICL % ERK (A) BLW
INK (B) DU (LD IRFRIZAL
Values with different letters are significantly
different (P<0.05).

A
8 h after plasma exposure

70 4
» *
& 60
@
&
© 50 4
o
3 40
S 304 *
S
2 20
8 *
5 104
2

0

Cont Plas Cont Plas Cont Plas
G0/G1 S G2/M
B
24 h after plasma exposure

70 4
w
2 60
©
<
a 50
o
S 401
8 30
£
©» 20 4
8
w 104
(=]
= 0

Cont Plas Cont Plas Cont Plas
G0/G1 S G2/M

4. 77 X~MBE 8% (A) BXW

24 el (B) DA A 4 o A 5
DEIE
Plas; plasma exposed cells. *Significantly

different from Cont (control) group
(P<0.05).

(4) i E IR D 7T A~ R o
MPE SIS /- DNA B2 HIET S
7ua—H%A hA MY —IETHNT LTz, 1 55
D77 A~ BEHT, RS 8 BEf# 121X GO/G
HBIOSHOMBOE G2 AEITIE T I,
G2/M Bl D EIE 2 BN & 7= (K 4A)
~j7 MRS 24 BERIRRICIR. A E# ot
Ridar ba— L IIERNRD N0
071 (K 4B), ZNHDOFERIT, 77 A~
FHIT—FERIZ G2/M Tz JE 1 2 42 1k étk
HILHERIBLTWS, 75 A<REIC
G2/M i o m% X 6 L:%ﬁé%ﬂﬂ:*ﬁﬁﬁ”é
72, METF = v 7 RA v MDD
Wz R EORBE T LTz, T DR E,
G2/M Bl DRATIZ LB 7 cyclin Bl DR EI E
FLTWwen (K5B), MNEHHTHBL Y o
el cdc2 OFRBE 7T X< TEHLTW
7= (K 5A), ZDZ LixfiansicBb s



cde2/cyclin B1 complex DIEMENME T LTV 5
ZEERRELTVND, 62, GL#ING G2
B~ 0 H B J5 8 o #E4T 2 Bl 3 5 p2l
Waf-1/Cip-1 ®#8ilt B LTz (X 50),
INGORERIL, 7a—H% A FA MY —TH
DIV 7T K~ BT X 2l B JE ) 2
FHRHLTWD,

>
W

Cont Plas Cont Plas

200

_—
150
100
50
0

Cont Plas

N

o

o
*

-
o
o

(% of control cells)

(4]
o

Cyclin B1 expression

Phospho-cdc2 expression
(% of control cells)

Cont Plas

Cont Plas
2 200 [
*

150

100

50

Cont Plas

p21 Waf-1/Cip-1 expression O
(% of control cells

K5 77 X"Jﬁﬁ%ﬂ“ﬁr’ﬁﬁiﬂ@ﬂ@?: 4
A | LR

Plas; plasma exposed cells. *Slgmﬁcantly
different from Cont (control) group (P<0.05).

AWFZEOFRER LV, 1 B 1H 1 H5EOKRK
E~A 7 aiiE 7o X~ B, C2C12
JED ST B L 72V AS, & OBl % 58 <
Tfﬂﬁ%ﬂﬁ‘é_é:#ﬁﬂ Linklpol, FORRKE
LT, 77 A~HBHIZERK BLX O INK © Y
Vb E RIS E O D, 0% ) ViERb
l/f\“/l/fzﬂf%?é-bfé’ LT o TR A

IR RIT L, IO SR EZRET S
ZEWIRIEI N,

5. TR IE
(WFFEERA . WFZE5 4R e O HERT 7238 12
=N

(MEREam S0 (B0 1)

(FRFE] G2f)

(D Naoya Nakai, Fuminori Kawano, Yoshinobu
Ohira, Retardation of cell proliferation by
low-temperature atmospheric plasma
exposure on C2C12 myoblast, Experimental

@ HIEH

Biology 2013, 2013 44 A 23 H. Boston,
USA.

o, WEF R, KERE, KKUE
a7 T A~ R 3 B A% B 2 M A L
FTRE, ARENEFSRS. 2012 F
94 14 A, &

6. HFFTHEARR
(D) WFgez=E

it B (NAKAT NAOYA)
KRR « R RIFRRL - HEHER

T B F 5 90324508

(2) B 7e oy
L ( )

TETT

(3) HfEHFIEE
A& Fn4E (TAKAHASHI KAZUO)
T T2 R« LB 2228l - S
%
T B 5 50335189



