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Abstract: Plasma is an ionized gas mixture, consisting of
neutral particles, positive ions, negative electrons, electroni-
cally excited atoms and molecules, radicals, UV photons, and
various reactive species. Also, plasma has unique physical
properties distinct from gases, liquids, and solids. Until now,
non-thermal plasmas have been widely utilized in bio-medi-
cal applications (called bio-plasma) and have been developed
for the plasma-related devices that are used in the medical
field. Although numerous bio-plasma studies have been per-
formed in biomedicine, there is no confirmation of the non-
thermal effect induced by bio-plasma. Standardization of the
biological application of plasma has not been evaluated at the
molecular level in living cells. In this context, we investi-
gated the biological effect of bio-plasma on living cells.
Hence, we treated the fibroblasts with Dielectric Bauvier Dis-
charge bio-plasma (DBD), and assessed the characteristic ch-
ange at the molecular level, one of the typical cellular res-
ponses. Heat shock protein 70 (HSP70) regulates its own pro-
tein level in response to stimuli. HSP70 responds to heat shock
by increasing its own expression at the molecular level in
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cells. Hence, we confirmed the level of HSP70 after treat-
ment of mouse embryonic fibroblasts (MEFs) with DBD.
Interestingly, DBD-plasma induced cell death, but there was
no difference in the level of HSP70, which is induced by heat
shock stimuli, in DBD-treated MEFs. Our data provide the
basic information on the interaction between MEFs and DBD,
and can help to design a molecular approach in this field.

Keywords: Heat shock protein 70, HSP70, DBD-plasma,
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1. INTRODUCTION

Zejzobs o] ot FhAR T, A, 7] M2k o A 4
_/] DXIALEH ‘%E}LHL uPo]r/} [1,2]. EE}ZU}‘* X{7];<4 o]
o] ofsf A= S AR, dole, AL A7]A
= ST YA 4, B, UV gL, vttt 24% 5
O 2 o] oA Qlrt[1].

18 Zglzul 7pA0l Ll 24 K (Kelvin)o] o] 2t
[1]. 2& Stz 7| A9 A9, 42520 E 2 2%
of Sef=nkE A4S (1] 2 avbs e d9 dm=of
71918E7] wizel v 5ol A Y f#ut ofy e} A A o 517]
T o o] WErt [3]. BHH A Zepznto] A9 At
N LEE §AT S Ak Ao dA T [1]. AL
Zotxobs w34 wT Q) Airolut [4-6) BT 22 %Ef&
AR 2] 2 7810 Ag5l0] et Ed AL Fepzut
£ WAL TE GRS [59], Al EF4E Z28k0 [10], A
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3L 9] transfectionS A= [11] 5 Y& L A E
ofol A theFstA A8 H AL itk AFE= e*u%i% 3
Aoll A Aoz Ag57] 3t A& Feh=ute] I o]
UlS RZEL glom ojo] g ¢Eo] Hojubal ok
[1,5].

Dielectric Barrier Discharge (DBD)+= 7}2~ heating®] §l+=
714 oz QHH%E EefzutE Aot Aow ‘”Ejlx‘l A
o} [1,12]. X571 & DBDe] 9]t & X}JHL Y =72
DBD-Zet2ut5 A 23t §, 7141 9] =5 S sHAU [13]
ZA UFO Q) P B A E O Hu|F A PO ¥
S sk Aol gl [5,13]. X Eek2uhe ok
ofol| Al A& 9 n]g-9] A 07 L7} ksl o] FofZ]
AL Qo). wheba] Fefzntol o et AA of EAHA B of
o Ao Dol FrkekaL loh. eyt of A 7HA] A A =
DBD-Z2t=nte] O3t & Ap=o] leAlE NZ4EY 74
A B oA ARt =22 AU Th

Heat shock proteins (HSPs)= -3-=A]©] 1l (inducible) A
2 0 2 9ks (constitutively express)&+= ®rojid g o
2 thapg AR AzRE gud EAe Aago) 24
& =5 M|z 3AHAJE 8]t} Heat shock protein 70
(HSP70)2 misfolding%l T+l A2 refoldings}+= £} AFH| 2
O 2N 7|5 FE st FaT Al xehui ot} [14]. Al
= Ao A deoba 7] fls BT i AY S-S S35 Ht
S 3t} [15,16]. Heat shock protein 70 (HSP70)-2 & A}=+
UV, oxidative stress, y radiation 5 2] t}oFgt =0 2]3 heat
shock responseS U 0 71t} 17]. Heat shock response uj# 1Y

22 21 2t} Mo AaEA o 4 HSP700] heat shock
transcritption factor 1 (HSF1)@} A g ) Th7} A| 27} AE 4|
A2 uko o] HSP70Tt HSF1o] 2=l HSP70-2 A 1
of ~Ed| 20 oJ3) WA E T A Agksich. vhe, HSFI
S phosphorylation®} trimerization¥]o] # O g2 o]FoF =
HSP702] ¥&& x43l= 2R E Q] heat shock element
(HSE)ol Agsto] HSP709] & & S7kA1 X1t} [18,19]. o] 2
Sk A4S 74 HSP70& A2 vhe oFS 243}

Az & A=5 F=of A2 9 HSP70—4 e S7H17I
il olo w2 Al ol iAYSS A7 =E=ol AUt
[20,21]. HSP702 U937 Ao A 42°C 3029 & A=+ &
F 37°COIA] 124122 o shet S ) 1 o] S7hstedrhe
Bz} It [21]. E3F Al EAFE 9] U%<1 apoptosis2] I}
d F ATHeRE dojuh= 2> DNAS T3] [22],
U937A| £ o] 43°C & Ap=2 20+2 o] %= o DNAY| &
H3}7E43°C G A5 T Aol 7S “44 ZaETH
S7FFol AN Arks Hurk it [21]. ol 55 Sl
H, Al Z 7} 2 G AF=o] AlEZof| A HS709] Okg S7HA171
L, o] Ak=0] l‘L‘EP A8 A Y 745 DNAS| T3z Yot
L A ZAFE o] 83 % sl apoptosisS - E5kTh A 27}
o A3 o Al thol misfoldsl G A S o] 41w v

o] et A E2 A EZ Yol A $-F &AL heat shock response]]
o| 8} 278l HSP70o] ]3] 4] A B} [20],

AF7HA) A&t azel AEe] G Aol Fold 45 A
L A ) A2ES B ol BeES doth of
= RAA] Sl A EA AT WS v W3Sl A W
o 222 FE F7HIZIE HSPI0Y E4L o] gto]

i mO
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DBD-plasmac] ©]3F & #1=20] oj®g AEs70] HAA
R A 24 Tt

2. MATERIALS AND METHOD

2.1. N =<

ALE-3F MEF+= 8f 2 o 2 B g 14.5U4] E mouse embryo
(E14.5)2 58 Ea| AmAszolct, o] A2E 10% fetal
bovine serum (FBS, Life technologies, California)Z} 1X penici-
llin/streptomycin (50 units/ml of penicillin and 50 mg/ml of
713t Dulbecco’s Modified Eagles Medium
FH =

streptomycin)<
(DMEM, Life technologies)tlj x| | A 37°C, 5% CO,
weFste] 4ol A8ttt

2.2. DBD-Z&}=u}¢] 4 2
MEF+= 60 mm disho]] ¢F 80% confluence7} =| 7| vl &F 5} T
U Al Z+= dish®] HEof attach®] el = v QF el of] 271
Al DBD-Z¢}&u}o] & 27} o] o Fh. 2000 cc/min air gas
2 Z293lHA Eet&utE Z+7F 3, 5, 108S A3 3 7A]
k5 37°C, 5% CO, A Hl = i et 3 *ﬂi% A sFA

23. 94 R3] A

Az woFalo] dx 2] S so] 37°Ca} 4CTEA) Z17he)] &
22 29 F Ax 712 HoFS A7 T F X )
opel o mA|g} 7o) xR AR et 8o |
£ £k o] £olrhrh ujopol g AAT 1 F 7k 4]
7] oFo Hjop o = Lzﬂ 5 24A17E 59 37°C, 5% CO, A+
g2 doFat % A S A

2.4. 49 E 29 (Immunoblotting, IB)

"l %3t MEFE scraper® ¢ harvest 2, RIPA lysis buffer
[20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.1% SDS, 1%
Tryton X-100, 1% sodium deoxycholate]®} protease inhibitor
9] mixtureZ suspensiond}&] iceo]] 3057} incubationd} &3 th.
Cell debrisE A A3}7] Y3 A 4°Col A 13,200 rpm O 2 305
7} centrifugationdt &, cell lysateS 3]4~3}%3th. Bradford pro-
tein assay (Bio-Rad, CA, USA)Z cell lysate U] T3] ==&
A5} t}. Protein sample (25 mg)2 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)E- A&
slo] Balstgich "I E2E B3 93 gel2 nitrocellu-
lose membrane (Whatman, German) ©. 2 transferA] %} T}. Nitro-
cellulose membranes blocking£-2 (5% non-fat dried milk in
TBS-T)of g o] Ah-2of A 30& %9t incubationdt %, TBS-T
[10 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.1% Tween-20]=
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10571 33] BFE A2 3}9) o). Nitrocellulose membrane& £
Z 7] gMo] B-tubulin antibody (Sigma) 1 /2000, B-actin anti-
body (Sigma) 1 /5000 2] 32 HSP70 anti- body (stressgen) 1/
100002 Z}7} 3| A3t &M o) 1A]7F 52t incubationd} $] T}
T12] 31 HRP-conjugated secondary antibody”} 1/ 50005.2 3]
AE ERFEHOR 4204 1A]7F 5t THA] incubation
skl S0 Al HS TBS-T= 107t 33] vHEskich. nhA|
9O & nitrocellulose membrane-S 3}81H17| E (ECL, Amer-
cham Bioscience, UK) 8-20]] 257} incubationdt &, X-ray
I = (AGFA, Mortsel, Belgium)of| & A3} T

2.5. J]ZAE B4 (Apoptosis assay)

M| ZZALE (Apoptosis)+= annexin V stainingS 0]-23f =743}
4 th. MEF A 3 o] 2000 cc/min®] Air gasE ¢ 5H A Z&}
2u0bS 747} 3,5, 10822 A2 5 7A17E Bok mopstelth
M| 32 9] ufjoFol-S& A 73} phosphate-buffered saline (PBS)
2 587 23] M| A5} 18] 2 annexin-binding buffer (BD
Pharmingen, 559763)5 ¥ 1l 557t AF-2-0] A incubationd} &
T}, Annexin V-Alexa Fluor647 (Invitrogen, A23204)5 5 pL
Y 9g 2pgt AFefoll A 1587k incubation AT, \hA|
u} O 2 annexin-binding bufferz 5387+ 23] Al| 25t & & u] 7
oz B

ﬂl{tl oL

3. RESULTS AND DISCUSSION

3.1. Observation of physics term: Evaporation of steam
from cell culture media for 1 min- DBD-plasma treatment
) 9-2] ©] ¢ P50 | MEF A ] argon-plasma jet (Ar-
PI)E A 2lsto] Al Nge] Fagt oz a7l Al
W 24F2E olF = AR A" 24525 51
A7lE dAE WS [23]. ol u) ARE-SFAY injector=
o] Fej =, Fet2nte] AR A MEF Al 250] 229l
© TeE 5 44 B0l AFH O o] RO o] £
(dead zone) Q] AL &2 EE]| %] 2 3 of 93] cover glassZ
Bl WA U717 & 3H AL 24212 thE zones &) Al Eof |
A= ol Aol 7k A [23]. -] = Seh=nkE 2AS)
7] $17t A &2 settingsh= ol A 1] FEf <l plasma
jet= = A Q1 Aol &gt a3E wjAIE 7} fltk= Aol
S0t webA Al ZS0] E25h= A S Wl FUsHA =
gtznts A o Ql= DBD-Edt2utz 2AFSEIH. &
ot Seh=ukE Aol A-8-5h7] HafiA= AL AR =
oA Z=f=ubrt 2AREo]oF SHELE, A5 60 mm)
dishofl 52} (attach)¥l A v FH o] = el Al Zet=nt
o] H2]7} o] 2ol At} (Fig. 1).

13 5ot Sekxrke] Ao 5, Sehxok Hol ool
e dishe] opo) 9]%0 2 2577k Walt AL WA
T % Ak ol Fekxbt wpolo] A AT o] 4
Z717 AR Ao Sk 187 Btk 2

-

Culture media

. _ A
A

DBD-plasma

Fig. 1. Schematic setup of the DBD-bio-plasma treatment on the
cell. Cells were attached to the bottom of the 60 mm that was filled
with media. Under these conditions, cells were treated with DBD-
plasma.

gt DBD-Z2f2ut 714 9] 257} 30°C n]Rho] il 54
3192 1 device?] L7} 35°CE 92|35} tts =
S E| T} [13]. SHARE 4 Aol of] 7] A4 9] &7} 5°C
Zrom 187F Zapzul ZAES 2he ujofolof A 4
U7 g ol Zelzulo] ofa) A E7} v 2 -
2h= - o 3l 2elal & F et ol

0 o

S
ol

M

A O T2

T

2
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3.2. Observation of microscopic term: Induction of cell
death by DBD-plasma of MEFs

-2 MEF A|2£of Zeh=u} A 2] shale o o H ek Hs}
£ do7|=A Fds) )2 sk EetzukE A2
AEE] Yej 2 BT Ak A EAPE 0] Aolut 2 Bhel
T AlZAE o] Aol Belshs AP HBHY
OF. 21 1RF HQl WY 0 R FehxubE 3,5, 108 A d F A
E A - E35] apoptosis - marker= €& 2l Annexin VE2 ¢4
2% 5 Anl AL Bol FAugrch Sekxorg el
o2 MEFA| 22 9] B A2 geto] A28 57] 8 71 3
Hskal ] fibroblaste] 1% Al FE|E H Ik vHH 3,5, 10
2o Zapxul 4 A 7ko| uhet MEFA| 2 52 wopo
S AZAEo] Aot Mz 57k F7HE AL B 4
ot} 7L2) 31 Zebzute] 22 A|7ko] Z7}8H4E Annexin V
of ol 8} ato] B AlEO| 4 Ee F7hek A & 4 Ak
(Fig. 2). o] 2 Eehznts Ao A5S F0] A ZAME S
FEDTHE 2 T 45 gov] ot Hir} 4T Bepx
opof o A FRQIA] 9bA 952 A|7I7E Eol AYste] A7
w3}l %) Bhele) £ W g7} Qlrka wrekaigir).

3.3. Observation of molecular term: No response to DBD-

associated heat stimulus of MEFs

AlF7H Al AEpEoA A miAYSE Sl & A=
MIOHEA S BHolsh R e glglh M E v 4§ Ao

so] 2A4H 9 AL ZE A0 7]vf o] o

AHE HEAZIT [24-26]. 17| ol ol Al 2

Fg wore ) shelsp] i3] o Aol w2

%

_>E. o F_E f
2 o

2 A H1 e
ue o oo

N
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Fig. 2. DBD bio-plasma induces cell death - apoptosis - of MEFs. After treatment with DBD bio-plasma for 0, 3, 5, 10 min, MEF cells
were stained with annexin V-Alexa Fluor647 and analyzed by a fluorescence microscopy (upper, Axiovisoin LE Rel 4.4.). Untreated cells
were primarily annexin V negative, indicating that they were viable and not undergoing apoptosis. Plasma-treated cells were annexin V
positive. This indicates that they were death and undergoing apoptosis. And Morphology of DBD bio-plasma-untreated and treated MEF
cells were visualized by a microscope (lower). Arrows indicate that cells are undergoing apoptosis. Scale bar = 50 um, red: stained with

Annexin V-Alexa Fluor647.

Sk A BISHE glel 7| = sholt).

MEF| Eet=uto] A 2] = tf 7] Foll A o] Fo] Fit. o] Al
iZ5o| Fefzutof| ot & A& WekEAlE EAEol
Al gelstr ] HOH A E7o] tf7] Foll A MEFA| 20| &
A Aol ¥hg-sh= A Sl s Eotof gF
= Hokqﬂ,% 217} 37°Co} 45°CE RS S3th 1
2]aL 771 o] 2 of| ol sl i FH O & J.]_x‘ﬂ S M| 32 Hl
9F¥5}:= incubator7} ofd Zbzto] L g urE Xz tfo|o B
of 12 ¢ Yol Rtk 1 5, Zh7ho) wjefll& A A st
STCE| WA AT £ 2N WYL

HSP70-2 & A}=of §h-3= sh= _‘,__x} AFH| 20 2 4], U937
Ao 42°C 30¢4 A A=E & F37°Col A 124 7HE v
FotS o T ol skt [21]. $-2]+= MEF9| & 7t
== EFfo] oA At oy Al ZE vt incu-
batoro]] H|8| =7} Hold 7HeAE Qlo] G A= 2EE
45°CE AAsqlch B3k 9-2f= o2 W19 APS o &
gp2mk] 2 A} o] 3w QFAITEo] Ao AW M| ZE0] =t
= Ag Yo Alzsoe ] %5 73 HSP700] Al 32 ujof A]
%7}0}% S & 4 gl7] g 2ol s FAIS TAEe =
A5kl

MEF 4| %0 45°C2] vjofol & 22|50 o, B-tubulin®]

O

o] QA HSPT0S] oL cf 2o vl 3} Z71e A o
% gtk o] Ylolel i MEF A|E 7k & Aol uhg-aho] u
AIZE 59 A Wl A4 HSPT0S] oF& Z7HA ek 212 1}
ElWit 22U DBD-Z et 2nl2 3,5, 1050 2 32 A7
SSo] BT Y223 vl s A HSPT0S] SFo]

37t glvks AS 4 4 oAtk (Fig. 3). MEFA| o] & 2=

%S o HSP702] 0501 S7Vst9l oy DBD-Z et 25 x%
23t = WEh glddoh o] ﬁ#—ﬁ eI R
DBD-Z g} 2 0h= MEFA| Zof| A ZAPE-& =351 o] gt
A ZAPE S & Zp=o] 95t A o] oty E}t & HSP700] 2}
= 2R o] FUHeHA e B & 4 Uk Edh
DBD-Zet2ut= HSP70& S7HA1Z 2] A=-& Ao
7| =t} DBD-Zet2utE A2 S wf Al Wol A AF
2o g 285h= EA1Ql HSP702] oo Z718hA] erdkch
+ A2 DBD-Z et 207} A 2 oA & Ak=of 2t 1
& A Fechl T 4 Qo k3 HE b adt =

MEF +/+
Heat shock
DBD-plasma (45°C)
Time (min) 0 3 5 10 0 1
HSP70 | == == —— o=— - @ | HSP70
B-actin | e e— —— -—-H — — ‘ B-tubulin

Fig. 3. There was no DBD bio-plasma-mediated increase in the
expression of HSP70. The expression of HSP70 was increased in
MEFs after 45°C heat shock treatment of our system. We inves-
tigated whether the heat-induced increase in HSP70 expression was
caused by DBD bio-plasma treatment. No difference in the HSP 70
expression was observed in MEFs, regardless of DBD bio-plasma
treatment.
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oA Ar-PJof| O3t A2 Wf ZA 29| 3o B3 At

7} & 2p2o] 93k Aol of gt AL A AFSHT [23].

AT A ARE FHHORE Eef2utE A 85k A=l
Z713kal ot [1,23,27]. AEAPE Q] EF ol = apoptosis2}
necrosis7} QU=tl, S2h=0HE A 2ske] AL A apop-
tosisE == A2 Eo] A ATt [1,13,28]. S2k=nt
7FEEAENE ARt dF4aEo] solual ole Al
ol Al, %E}ZU}% ﬂﬂfﬂ *1]:‘—5011 A HSP709] o] F715]

A etthe -9 9 date Sefzuto] 93t 4 Aol gt
o< HHZﬂ?’L T O‘E} whepA Ao 288 F5 Et
zoto] tf gt BAE-Z dod 7t AE EY = Ao As

A AFREE

ERF %2 o] mwollA AF7HA 9] AL EetEn) =
SoA A7 o] E A=9 o] 5 229 ﬂﬁ S RHE
= Al Z9 dUP*‘ FEf oAl Blojuf Al 2] BAA 3
ol A gl skich. Eek=ntol 2% A== HX}@ mAY
&9 Bl BEstE =& H2H ol oz 9| Hiol 2
Stz At fEofol g2 7] & & Aol

|

=
L

1

O

4. CONCLUSION

2 A1 AT0) A= DBD-Z 2t 2u}7} MEFA| 30| 285 9]
= U A ZAPE O] FEE Gl om o]2)gt Al ZALE ] d A=
of oJgk A o] 0}14 2= AS G Ao HEsshe Ao ® oy
2 A AbH 2 HSP70«] ol HakshA| ke Sl B
Ak & A= e A ZE0 = misfold Tl 2 S o] YA
o o] A5 A E Yol A -2 ] 31 heat shock response
of olslf 571l HSP70°] <] 3f 7‘1]745]4-[20] A7 A A&
Shalol, Al 2ol G Ap=o] oA - Al 2= A Y Al A
S B ol 3 MSES AOIT A F A Bebzuto)
A ool A= A Eefzute] o3t d A= o 7o) g
ARl EA7F A=A oL QU 2= F A= AR E
22 Qo] 93 Feholu A ze] dvl A Yeel Wt
£ e aas oy Al oA dojub= &4 s AY S
< o]-&sto] Eelstitt. $-8= o] ==& &l DBD-Z2}
Z0b7F MEFA| 220 2 2] & & wff Al W #£AF2) =320l A
A A= A ka2 W th 3, DBD-E2t 20 A
23S o Al Woll A HSP709] Fo] F7FshA] akekthe= A
2 DBD-Z2t 207} M| 2 oA E A507 QI 93 E
FA Gevde Ade g Aok
Z12]31 HSP70& M| ZAFE 7| Aol A A ZAFE & A A|sH=
oahS s [29,30], o] 27t 71 & Fal o9 oFEolu A
= tigt o= wofst= Aoz odeA Slrt [31-35].
o] &=zl Al DBD-Zet=ntof| o3 A|xZAtd o] =g Hhi
HSP709] Z4}9] ¢Fo] F7}akA] 9 Qtth= A ¥h= DBD-Z¢2}
zup7k A o A-8-d 7 A71E FAgol Tt Ths A=
2ol 2 7ol
Zet2ntE AR Alx

o 24o] 245 B Lot A4

2 el A7 B S Sebute] o3t
Hm52 BAH AU Z71A Tejsfordich. olelg ¥
HolA o] o] o 20| Fekzuke] (o] B 7|0l
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