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(He)#h Fm CAP 7 B B 18] 40 22 28, 4 JitL fE 22 7R B B 8] CAP 40225, 5K R CCK-8 7 i3cAb il 2 L& 7y, i X, 2a JeAS A& 4m A
P TR IL, & B FP A A ) T AR K B B caspase Ar AL AR K B 6 Nif2 69 F ik RF . G5 R :He & 224 UST 4= Hela m
Rty 38 3 Ak h Fe B KA T PR e, CAP AL 32 5 M A I 5 4m e 6 4m e & 7y 38 B 25 AR, B KT 90 B _E A, caspase3 &
B e Nrf2 % @ 69 £ K 2 F 3 m  CAP & 22 Bt 1A A K, B AR 2, 518 : A SR IR 504 T 69 CAP 422 T 76 AR I 4m oL o)
YA, 5HiEF A T, AU T AL S CAP -F-8 09 AL A % .

[ KAEAS B T4 M8 e 20 s 5, A 1 ; AL B 38k

[ E 4255 ]R35;R730.2 [ cEktRERD A [xZ4211005-202X(2020)06-0769-05

Effects of cold atmospheric plasma on the proliferation and apoptosis of tumor cells and its

mechanisms
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Abstract: Objective To explore the effects of cold atmospheric plasma (CAP) on the proliferation and apoptosis of human
tumor cells. Methods Human glioma cells (U87) and cervical cancer cells (Hela) which were in logarithmic growth phase
were inoculated in culture plate or culture dish. When the cells grew adhering to the wall, they were randomly divided into
control group, helium (He) group and CAP groups with different treatment durations. After different treatments, the cell
viability was detected by CCK-8 method, and apoptosis was tested by flow cytometry, and the expression levels of caspase-3
protein related to apoptosis and Nrf2 protein related to oxidative stress were measured by Western blot. Results He treatment
did not affect the proliferation and apoptosis of U87 cells and Hela cells. Compared with those in control group and He group,
the viability of U87 cells and Hela cells in CAP group were significantly decreased, while the apoptosis rate was obviously
increased. Moreover, the expression levels of caspase3 protein and Nrf2 protein in CAP group were remarkably increased,
and the increase was more obvious with the longer duration of CAP treatment. Conclusion CAP can inhibit the proliferation
of human tumor cells and induce apoptosis under this experimental condition, and the oxidative stress might be involved in
this process.
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FHE NS, HATIG IR LIRS PR 322 R
FAR AT ST S G T 3 B — I 3L, A
I ARG AW R B RIVE R . Bt o R B, R
JE¥% %5 5 T (Cold Atmospheric Plasma, CAP) i 7
RPN ARG A KR O A AR A R
SR BICW REIVERT , o 1 RS e i FH A
CAP 53 b1, AR FH X3k AN 2377 A5 B S i AN
R AE A b8 240 B 1 [T, AN 2 S 30E W 2 2L
Pt , B A ARER AR TT IRE AE , C 8l
IZSIR AT Tz — 1

TF 5% 22 AN () 4 K Y 1) A4 e %o 45 2 1A A it
ST, HEHHE  HUE R 2~5 KV AR R 30 kHz 1
A5 B TR A B e T T e B RE 8 A0 ful g Bk
W/, IEAS 2t R AR 7, 1 S 00 45 B AR e T
SRR SN 7 B i 9 40 i SWO00 i 25 15 R4l , (H
XFOE H O R4 &K 4 I8 (Human Bronchial
Epithelial Cells, NHBE) %A W' ; L 3 kV il %
25 kHz Y74 %5 15 1 1A b B AT B AR IR 73 41 i keloid
(1) 3 7% 18 77 RIS BsIE WG, 1 X 1E 5 1 i 21 4 40 Jf )
HA A 45 35 F 8 KV, 10 L/min () CAP 4b 2 4
A &% R 40 B Jw (Head and Neck Squamous Cell
Carcinoma, HNSCC) 41 g (JHU-022, JHU-028, JHU-
029, SCC25) , 45 % & B CAP RE &Ik HNSCC 41 fifd %)
T 7, LA FHARICR 55 A B (] A R /DS54 56 (1
JENS IR b B 40 2 OKF6 1 NOKsi 1) 21 Jifd 7%
FIU&AE B R 7 2 BH T 200 R s 2 e 4
TR B BUBMEAN ] o AN [F] K U5 %) /988 200 B X CAP J2&
I ERURE 22 50 HATHATE R . AL
TAN () 2H 2 A 15 vk T2z 44 6 i Jg 5 A4t L U7 iy 33
e 4 Hela) A FFENT G2, 8350 CAP X LG FE A 1
(5% ) K mT e r AR AL .

| RS

1.1 35

DMEM 7= 4 1% 35 3t (Hyclone ) , i 2 1fiL i (U 2=
T),0.25% [BE-EDTA # M (R 35 ,BCA H K JE
R B (35 25 K ), CCK-8 3 7 ko Il ik 57 &5 (-
oy E]) AR A TR R & (R 3R DR
caspase3 LA (abcam) , TPt Nrf2 Hii & (abcam ) , /N i
Pt GAPDH #i 1& (invitrogen) , 111 3 3T % 1gG(H+L)
(Invitrogen) , LI E$T B [gG(H+L) (Invitrogen) .
1.2 CAPHIRKE

A B v R T 2 e BE AR Y CAP Kk A A

CAP-Med, W& 1a fi7n . I3 E AR A TIEHER-5E
TIAERERHZ AL (PHSG ) , B4 o R AL L AL B L5
AU B A B Bl 25 R i R s A7 ) e AR AR
1) 4l 289 A 5 BH 4% L ( Dielectric Barrier Discharge,
DBD) % B TR A g, A5 B TR A A 28 T 7
W% 11 RR IS H S AL BN MR TR . AR AR A
WA b R, BARN 1.00 mm K8 22 4 FAE & R
A, THETR R UL Sy LRI , A4 A 1) 8 T 40 7 i V5
o4 1.00 mm A AT SE A4 TZ , DA S8 TE] AT )
B 98 B2 A 1.50 mm, VU9 SRR A 5 2 AL AR
A g AMIN FRUE S UM AYER SR £<17.00 kHz, i,
HLHE V,=2.57 kV, L LI 1,=8.33 mA, K ATIIPR P, =9.65
W, SS9 & [ % i 0=10.81 slpm (standard liters per
minute) o AbIHEH AR, 45 4 B A R A i T g e
TAHREEFEROE 752 3 mm Ak, 38 i B B mEE S
ARSI BE

PTFE #}5%

1 CAP Med BB ()M AR F &S T L £ =& (b)
Fig.1 Picture of CAP Med (a) and the schematic structure of

dielectric barrier discharge plasma generator (b)

%] 2 J2 ] F§ ICCD (Andor, DH334T-18U-03) £ &
A PRIEE TR O TE BLFE B 3 mm b SR R SPGIE, Tl
LA Hh e TR At AL A o BEL 4 i A5 8 A R A A 7 AR
B A AN B T R SR T TR A
KETETEAE A, I NO . OH, FE K H T8 1
RS T AR T 5 S AP AR S F (N, 0,
H,O) [ WA EAEH . FEix se 5L Jl b, NO 7 5 Bl 41 i
HET I FNA F A AR T RCR T
P I 2 5 B R B 2 v B A2 SR TR T MR T 2 —
OH TEWAH A5 1F T Al Wi 4 19 HL,O, 43 F, i 1 ]
YRR IR i ) 38 S 5 5 o110
1.3 fpaEFS5ER

N8 I8 59 40 L 22 U8 HI1ES #0197 2 i) 2 Hela
P393 T 10% i 48 103 i) DMEM = il 35 77 v
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Fig.2 Emission spectrum of helium plasma jet

BT 37°C, & 5% CO, My IE IR ik 1735 3% . 5 H W
S M AR RSO0, R . 40K 2 80% Rl A
J& , J10.25% (B EE-EDTA I W AL LR
1.4 CCK-8 &l 21 A 14 55

BRAL TR R UST Fl Hela 4001570 T 96 FL
M, BEFLEERR 3 00041, RFLH I S AR L. Al
BIEH R IRZE (AARBR) , He ZbBRZH , CAP AbSHAS [ s ]
(30.60.90 s)4H . AbFESEEE S ik TrE MG SR, T
AP 24 .48 72 F1196 h, JiIn A CCK-8 125, i IR 77
BFASCRG I 450 nim 96 1 A 14 8 6 B2 {1
1.5 3= 20 Rl S 4G i) 28 B o 1=

BB KA Y U7 Fl Hela ZH 042270 T 6 cm 15
FENLAR 43 A IE B X R 2 He AbBRZH . CAP AL FE 60 s
2o, A % R 60% e A7 i), CAP AZb B, 7F 4k B
J&i 24 hiE AR AN , AR F R S Ul B e £, i sX
0 EASCRI , A3 A R TR A ARk
1.6 REENTERTNEQRIX

B4 40 T B0 3 19 UST 1 Hela 40 il 45 70 2 6
FLAR, K 2 60%~70% il & 5 , BEHL S A 1E 5 X RR A,
He AbHEZH , CAP 4 FEAS[RIHFH] (30,60 .90 s) 41, 4b B
Jii 24 h, H RIPA 24 fiff W 24 fift 40 MO $2 U 11, BCA ¥
INER I o SR A 12% B9 F 2 I8k 17 SDS-PAGE Hi
WK FER S L 5% U415 TBST = IR B A 2 h, 555 F
—PT, /NPT caspase3 (1:1 000) , Hdt Nrf2(1:1 000) ,
4 °Cb ARG 90, 1L FEHi 4 (1:50 000) FT1l)
FHr/NE (1:100 000) , B4~ 20 JRHER H TBST 3% 3
U, BRI 10 min, 55 023 & UE R FH Tmage 3
ST R IR TG DL
1.7 iR IBRSZ T o

K HISPSS 19.0 B A AT b B . TS s
DISAPE bR i 22 37, 2 REAS (] (9 3550 L A FH B TR
EIE =0 TN R = 2 N TR GRS N VA = RN
55, P<0.05 FmER AR X,

2.1 CCK-8#ulgR

CCK-8 £ I 45 2R 1 s, 5 X BZH AH L, U7 A1l
Hela 41 224 He 4b PR J5 , FEAM MO IG E A8 0 %A 3%
54k, Hela 41 i1 28 30 s CAP AL B , 40 A ) 354 5 fig
Rz 1) i 00, UST 41 s sE oIl B AEfk (K13 .4)
WG 400 6 25 60 1190 s CAP &b B IS | W45 2457 3] I 3%
P (&1 3.4) , % UST 4H AN 7 , CAP Ab B [H] A<,
B FE AR P

1.51
-+ Control
-& He 30s
1.0 —— CAP 30s
ol
| - CAP 60s
% —» CAP 908
S
0.5
O.G L] T L] L}

24 48 72 96
t/h

[E]3 Hela #1242 CAP T [B]RHE] AL HR fE B0 K 1B
Fig.3 Proliferation curve of Hela cells after CAP

treatment for different durations

1.57
-e- Control
- He 30s
1.04 - CAP 30s
P -+ CAP 60s
5 -+ CAP90s
~0.54
0.0 T T T
24 48 72
t/h

4 UST4BAZ: CAP AR BRI R M E K IEM
Fig.4 Proliferation curve of U87 cells after CAP

treatment for different durations

2.2 ARET NS R

i AR AR TR 25 R B, SRR AR L
He 4 PR J5 U87 Ml Hela 41 il A4 98 TR A . & 451k,
JH CAP b H 60 s J5 24 h, PP 4 4 8 TR 5 0 R 41
AR EEI4 S 238 n (P<0.01) (& 5.6) -
23 REHTER

B R EN 4t S R, 50 FR AL AR HE , He AbER4H )
PET- M52 1 (caspase3 ) A AL N 3 B B 1 (Nrf2)
IKF-BEAT AR Ak, CAP AL HUAS TR st a] i, D 41 i
1Y caspase3 Fl Nrf2 ik 7K °F- il CAP 4b B Bt 5] 7Y 1
i, B E (& 7.8) , 7R CAP I LU i
TR T, B 5 S AR G
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FH30.60 F1 120 s, AT -5 Z50 076 240 A C 3 37 4 0 4 e
A BT O i e T | BB Y S A B DR R
S 5 7 o A A AR Y, B 20 kV 9 CAP 4b 3
US7 FIE # A I 4 Ml E6/E7 J5 & B, UST B’ T
FIEE6/ETHY 345", Conway 25" &I 120 kV,50 Hz
P14 ¥4 5 B AR T % 28 AT N i 52 S 78 240 b 3R U373 RN
209 4 B R Hela (995 J7 , OF H LA HI/E ] 5 % 55
T AL B ] 52 ARG, i — 0 WF 58 Kk BE, Hela 41 Y
B U3T3 A R Rk . AR SR Bon , AT
i1 U7 FN'Ey 20195 41 il Hela 22 CAP AL B , WP 410
JL )36 O 34 2R B, HL 5 AR B R A OC |, Hela 21
TEANTH 30 s J5 HoIE 7 B kA S 3 BRAI, 11 U8 T 4H e 7F
CAP LI 60 s J5 1% 141035 T 6, 16 BT e ek g 248 L
XF CAP 1Y HUR A — & 1 22 5% , Hela 41 il 55 UST
20 it B R AEURR , 25 S 5 Conway 25 & B8 2L 25
P o 2 2 A SR 00 4 9 T 45 R U, 28 CAP Ab
PR 60 s J5 24 h, 9 R e 40 g A R T R AR I B T
[ A caspase3 £ [ FRIAIE NN . caspase3 /& T
b R Y OGS B VT, IR K P Bl CAP Ab BB
V1] B 8 a0 7 484 0, 2% B CAP &b B ] 4, P T R 2R
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Fig.7 Results of western blot (a) in Hela cells after CAP treatment and the expression levels of caspase3 protein (b) and Nrf2 protein (c)

*P<0.01, **P<0.001 vs. Control
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