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REEBTILZZRE FRESX
A BBk HaCat BB Y 5@ S IR P 1E A
B R X E OB R JEXRE PFREER OB KEH Ear

RN R AU B2 S P22 e YR BT R SR B A SR s M 215123)

THE  FAMNFEEEMLE MTD HEEENARKE EGCG 42 HaCat 4 24, 48 fl 72 h KA,
Wi EGCG MIBod/E IR 4405 st iRZE . EGCG BMb 34 . X SR BB st4H . EGCG B4 X 5
LR IR, T RETY SR B AR I EGCG Xt HaCat 41 I %8 58 £-47 /£ Fl s DCFH-DA R4 M ROS 281K ; Annexin
V-FITC RIUANE i T84k DNA BB i AT A B NI ARAS I 40 i R 3 AR Ak . &5 SRR 0,
EGCG 7 0—50 pmol/L & E P AT I HaCat ZNAEIGTE, Wy M A K, HAN 2 i R i b ;
50umol/L [ EGCG R s/t J§ HaCat 40 S FETE % EGCG REIH X S 2615 S H4IMM T, SHRaifi
SHEHARLE, 259+ RS H VR T30 e 9.25% R4 28 7.82%, Redliiil X S 4R T 10U 1 B AHEL T ali B 4H, EGCG
FRAE T X 912815 S H0 HaCat 4 Gy/M HFHA . 278 EGCG % A ik HaCat 4 B F f4HRY1EH; EGCG
AT REEITHNH] X ST 51 ROS, M0 41 A T A BEARAR 515 S I AN i Goy/M HABH i R A8 48 S AR Ve F o
EE RWETILARE TN, NSk HaCat 4000, RS, SRSB4, 40T, 4000 5

hE 4SS TL71, R811.5

JBUR 67 TSR 22 1) S P 1 PR S8 e 114
69T o TBURVE B IDRA 0 72 Bt R BT VR 7 Fh i LI -
FRNL, I AMZ S U P BB A7 4 5 —
FLFHNM . R, e IE R 40 M 5 45495 7% L
HR. FREGRDH, HPREETILRREER
TN (EGCG) & & i it e Jy EE [ —Fif
Hopo REZMBEATZRAEYN, FEOFHRR
AR PURRIE L PUR U R KRR A HEEAHTR
s AE AP 20 e 2 IEGCG eIz S MRS
P BRR (HIBE X S 2SRRI B kA A E
A RE . ASCHETE T EGCG X B Ik 4 i 4 5
B4 P S AR S B3 L o

1 SCISHRRGE
1.1 A EIRF

KEETILRREETIRE (EGCG) T3
Sigma 2~ 7; DMEM (Dulbecco’s modified eagle
medium) 5 F7EE T B s R AE RO EA TR A
F) s JH 4 I3 9 F 3€ [ Hyclone /A ] ; BEME W (MTT)
TT EH EM TREA IR A Annexin V-FITC #1-

HETH -

A& T AR R R AR AT, W&
AT & (Reactive oxygen species assay kit)
THEZRAEVEARBFIT

1.2 ‘MPRIEFE

N Bk HaCat 4RI T pa s DS AR &
BARAT, BHETE 10%B4MELEER. i
2% 100 U/mL ) DMEM }%3:9, 37°C. 5% CO,
AR R IR, 2 RAEA— K.

13 EEREH

¥ H%E RADSOURCE /A ) H £k ik 2%, 71 &
# 1.15 Gy/min, HI2EEEE 160 kV, TR, Wk
T RSB0 48 FH B USRI A 0 24 44 6 F1 8 Gy;
HARETS . TS A AT R IAGRI 2N 10 Gy.
1.4 EGCG Xt4Hpai&sE =2

e 4b T B K B 5 HaCat 20 By 46 ik B A
4x10*/ mL 4H B, #ERT 96 FLBL, 100 uL/AL,

L EE S IO EE 2508 04 5. 104 25, 50, 100,
250 11 500 pmol/L [f] EGCG, K JE 3 N FATFE,

EX ARB S EITE (81172597, 81102078). VLAE MK E AR E (11KJA310001) %)

F—E#F: B, 2o, 198747 AHAE, 2010 FELTFIRMRY:, BTN RS B 380 R 5 5 By S Bt fi A=
WIS W, M4SN, #d%, E-mail: jpcao@suda.edu.cn
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HREEREFE 20, 44 F168 h JGRFFLINA 20 uL MTT ¥
W, WE 4h, 3 EIE, BALIA 150 pL # DMSO,
WRBNEAR 10 min, EEFRX CF K 570 nmy %
B 630 nm) MFFLIRIEE (A {H.

15  TEPEFRRSEIS

5 A K B Y A 2% A B, X
ASFEIAS FA A TN fLieR, B 0L 2. 4.6
18 Gy A& AL, BENFIE SR 3 A PATHE, £
HNLEEZS T EGCG 4K EEN 04 50 pmol/L, k4L
Redt 2 h G He2 IR, ZkSRiEaR 14 K, FEEEE,
Giemsa 447 30 min, THEF 50 M4HA LA B )40 AR
BRI, TP AITHEEAER: wEAEE (%) =

CAEFRZH v P U IR S FE 2D <100%. LI E
=R, BCFIIME. SR« 2 R T A T G BT
435 tE (Sensitizer enhancement ratios, SER): SER=
ARG 2H Do (E/ MRS+ 25902 Do fH . « 2 B A
A5 FE: SF=1-[1-exp(-D/Dy)]N, Dg= DyInN, HH,
SF NHHMIAEE R, D NHUNTIE (Gy), D&
PIEERE, Dq AARAERGFIE, N SMER. 2]
YRR A R

1.6 EME (ROS) &M

WIEF XA Az ., MOrH., i+
24, KB K HaCat 40 iR 40 5 e h T
ANFLER A, fEH R 60%—70%1) % . BT 2h, 1E
29 IR H IMNIREE N 50 umol/L 1)
EGCG, MRS RIS +2541H 10 Gy X S48
SN, #kEEREIR 6 h JE, LBRARES IR, PBS
ewyak, NN 1 mL #5845 ¥ DCFH-DA(#2 8 1:1000
FHJE I3 55 78 0 B8 ), (E 29K 29 10 umol/L, F
37TCHIEEE IR NI T 20 mine. TG ILIE R I8k
A 3 Wk, Loy BBR RGN
DCFH-DA . fiff #0656 £ B H W2 4n i iy
e R

1.7  ¢RBECATN

Bt Bk K IR HaCat 40 M7 4k DL 24 %5 1 22
FhF7SFLbk . difGEE 5, TR BRT+259H
HII N FE A 50 pmol/L ¥ EGCG, 2 h J5 H 010 Gy
X SRR ANAL, 4REE TR 48 ho O N4 M ACk:
W FJRBEEACAR N, 64 AP E, TR
WEE S 10°Ay/mL, B0 2 3 (1000 t/min, 5 min),
BEVFMM, Annexin V FI PT 444K, #GZL 15 min J5
WA OUE T, @DNA B 4T : SR
FEKZH DNA, #14% 2%BR flebiktis, 535S

35V, HLiK 6 h, HFRERERIMT TSR, IF
PR G R GE A

1.8 “HAGEHEAI

F 0t H AR K I HaCat 20 I A DLIE 24 %5 B 5
FhT7SFLMR . AHMGEE f5, FEZ5M2H . HRET+252
HIN NI FE A 50 pmol/L ] EGCG, 2 h J5 H 016 Gy
X STERRRS AN, ka7 24 h 5 HRRGHAL,
AN R, PBS JRIRANHE 2 IR, 70%¥ LBEIH
EE R, RIET D PI 4 th (4°CHEEYESE 30 min) J5
i A BRSO WU 40 A A

19  SFHitFAE

LIS EE =R B X £ K ow; A
SPSS18.0 73 M4, 4HHAT 1% 26 S e BTV il K H
FEEMEW T 208, MIRHETF KL
HB R RN T Z 08, WA t 5%, LA
p<0.05 NZEFA G55 Lo

2 #R
2.1 EGCG ¥ HaCat 4 K200

mFE 1 Prx, MTT EAFERER EGCG 1EH
AN AN HaCat 4HAHI A K ZY. . EGCG 1E 0—
50 umol/L & [l {2 3k HaCat 40 M 13858 , 39 58 26 bl 4
2 AR FH R D) FR A TR 3 - (F=244.553 .
149.401, p<0.05), FMf[H-FEMFKFR. EGCG
KRR g A K, EH 72 h JE4kEE T
100 pmol/L I A #IHI1E, 7] WL, 50 pmol/L #1124
WA A 25 B[] s T 241 i I 2 14 A P LB B4R P A
R, R R AR — 2B SR IR AT

22 HERHSLIEVE EGCG Xt HaCat ZHBERY
tRSTREPYER

EGCG Bk & X $14:AF H 5 HaCat 20 i ve B A7 1%
S0 LI 1L B 5N EGCG 41, 5B 41AH L, HaCat
YIIAAE D BB E N, 2. 4. 6 f1 8 Gy Fll & Mm%
FEG R Y (1=4.743. 10.02. 12.494. 16.745,
p<0.05). HaCat 407 &E 1735 i £k 1) 3 E S 4L
B IR O RS +EGCG 4L BUE & (D)
530N 2.43 F12.63 Gy, #ERIFIE Dq 7518 1.78
Gy. 2.53 Gy. HaCat ZHf1f¥] EGCG i 41 5 Faf
HRATAARLE, “FIBULRIE D, HIG K, #HERF&E
Dy fE¥E K, HhZr B L7 IR ZERD 1/Dy &/, JH
XK, #" EGCG Fikt# )5, HaCat 4H04E 571
148
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F£1 FREIREEGCGALIE X HaCat4 sk K i S nak S 14

Table 1 Effect of EGCG on the growth of HaCat cells OD value (X +s)

EGCG ¥ /pmol-L"! B8] /h  Time

EGCG concentration 24 48 7

0 0.491£0.051 0.571%0.025 0.67010.064
5 0.5851+0.046 0.719+0.036"° 0.843£0.038 ¢
10 0.5754+0.028* 0.717+0.028" 0.859+0.012°¢
25 0.6461+0.026* 0.824+0.032° 0.869+0.027°¢
50 0.6791+0.038* 0.807+0.037° 0.858+0.025°¢
100 0.68+0.047° 0.817+0.011° 0.6761+0.021
250 0.54240.041 0.466+0.023" 0.267£0.007 ¢
500 0.391£0.014 0.343+0.015" 0.188+0.013°¢

W: % 5 24h, 0 pmol/L HHEL, p<0.05;°, 5 48 h, 0 pmol/L Ak, p<0.05; ¢, 5 72 h, 0 pmol/L # kL, p<0.05.
Note: *, compare with 24 h, 0 umol/L, p<0.05; b, compare with 48 h, 0 pumol/L, p<0.05; ¢, compare with 72 h, 0 pmol/L, p<0.05.

e
T
| ]

Survival fraction

o
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T

o [R-alone

& [R+EGCG

0.001 ! . ' !
0 2 4

Dose / Gy

[=))
[}

El1 EGCG Hhlik & X ST ILA 425 HaCat ZHEH
SO
Fig.1 Clonogenic survival rate of HaCat cells after EGCG
treatment (50 pumol/L) or with X-ray irradiation

23 EGCG X X §#} HaCat 4R ROS IS

HEURAT 2 h, EGCG TilAb B Y 35 #01H] X 52k
7551 HaCat HI5EAL NI 253, DCFH-DA 41 )5,
LT T R A N RO R IA RS, SRR
B 10 Gy X SIS G 98 e RIA B B0, 487 M
W ROS S E N, Xt 4 LF WA B R IE,
EGCG AbHEZH %% i fE B R IR A PRI, $278 EGCG
WE R T A SR ROS B4, LA 2.

EGCG(50 umol / L)

24  RTHHh

EGCG M X %25+ HaCat 4078 T- 281k 1) 5210
DL 3. HE 3A TTUL, BEARRERER ko g2 R, I
U AH BB E R 240 L DNA A B 180 bp A A THTS
FECIH B, T HaCat 20 254 Bk & FR A2 5 o
afi FE G 2H A Lb, B B AR T XS4k A2 1) DNA T
FrB. mE 3B AT, 10 Gy X STk MB5T S, 40
TR AR LL I 3 i, SR PREA t 45640
Mr X $1465 EGCG A XF 40 M 8 T 1 5%
50pumol/L EGCG Bt & 10 Gy X SRR 5 5 5 Faali g
SHERAELL, HMRIHT-23EH 9.25%M% % 7.82%, A
Gt R (1=1.691, p<0.01). K 3B g AR
K gm g T, FIFEIESE EGCG 248 & IR 4 ]
BEARSES S A T

25 BEHEADHh

EGCG M X $F£&%} HaCat 41 i J& 1454k () 50
W 2 FE 4. SxIIEAMLEL, salizZg¥H 54 i
SARE, X2 IG5 RE I 24 i HaCat 40 Go/M
g L], 50 umol/L ) EGCG BEA X Hi £k I bt
J& 5 Al IR SHE A EE, Goy/M 4R i EL ) B4,
HEitE L (1=2.30, p<0.01), &7~ EGCG Tkt
BEAT DA XS 20 HE o5 350 % 40 ) B ) g

Radiation (10 Gy)

_ + - +
2 EGCG st & X ST R4S HaCat 40 ROS HI221L
Fig.2 Changes of ROS of HaCat cells after EGCG treatment (50 umol/L) or with X-ray irradiation
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(A)

200 bp-
100 bp

Radiation

-+ - 4 EGCG(50

5 ‘ e " ~  Apoptosis

umol /L)

fragments

The percentage of apoptotic cells / %

10 (B)
*
8 [=J)
m 50 pmol

6
4
2
L

0 10

Dose / Gy

3 EGCG K X HF£ffHIJa, HilifE HaCat 20/l DNA, ZRARHHEENC ok WEIH T DNA 7 Br (3A), kAL HaCat 4101,

TG AR T 0 T B 5 R AR R A L, *p<0.05 (3B)

Fig.3 Extract the HaCat cell DNA after EGCG and radiation, then use the agarose gel electrophoresis to observe the apoptotic DNA
fragments (3A), trypsinization digest the cells, the apoptotic cells were detected by the flow cytometry. Compare with the single

radiation group,*p<0.05(3B)

F 2 EGCG kK X H41EFJE HaCat 41 H #H4k

Table 2 Effect of EGCG on cell cycle distribution of HaCat cells (X £5, %)
4341 Group Gy/G, S G,/ M
%t & 2H Control 50.43+0.82 32.5640.95 16.97+0.42
2544 Drug 50.56+0.89 32.3740.58 18.58+0.78
@B ZH Radiation 23.40+1.93 36.1741.02 40.431+1.40
k44 Combination 40.05+2.98* 32.2342.04 27.7243.55%

E: SEEAMLL, *p<0.01,

Cell number

Cell number

720

600

480

360

240

120

840,

Note: compare with the single radiation group, *p<0.01.

Control

420

350

280

Cell number

140

70

Radiation

96 128 160 192 224
DNA content

256 0

700

560

420

280,

140

Drug

96 128 160 192 224 256
DNA content

32

660

550

440

330

Cell number

220

110

96 128 160 192 224
DNA content

256 0

Combination

PN oot

32 64 96 128 160 192 224 256
DNA content

B4 AFE4AFEZH A HaCat 4HHEE #A5A1
Fig.4 Cell cycle distribution of HaCat cells in different groups
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3 Wit

A P A1 SIZBR I 7T 3% BH SRS S L 2 oy aet £ R
MK R Va7 EHID T, Beah, IR %
IR 2% SRE R AR R R A S B AT R R R B
EGCG i by 240 PRI 1E 5 24 Pt 5 O s, L e AR
iR A R T, ELREVE S I AR B i A,
Refg ek N B R A KUY, EEIE EGCG R o
iR 4 i o S 28 (e S AR L, (E AR LR I
i M PR S USRI T, ARSI 2 5 T F
SXoF TE 5 24 0 2 S AR A S 5 R 3 L AT g
IR o

AH 5 MTT Al 45 R 2718 EGCG 7 50 umol/L
WP LAR, 24, 48 Al 72 h =IFIE] A%t HaCat
YUMol AR EVE A, R RHE IE R 2R R 4 i A
Ak, IXTTRES EGCG %% p57 RIEE <P, ik
ASLIEFE 50 pmol/L ¥ FE HEAT 4R B 4 1 F it
Feo 70T B S S I 20 0 B AR R A R
B, A5 B SIS AT 7T 50 1 KRR EGCG A FRST
N 201 P 5 A7 05 2R i T B R 2 (p<0.05), 15
EGCG F&{% T N JZ ik HaCat 4 X 52k % 55 i
JECE, s T RS PUE M. RN, SN U U
PR/ BB & Do fEH3G N, K8 EGCG Xt
HaCat 4HH0A SR ER . FT-SL5IESE EGCG
WREBH 4 U 2615 S 10N R A e 98 T, T Rkl
T caspase-3 REFARUALILT I, caspase BER
TR B B g A b AN [R] ISR B 4
MBUBRMEANE, b Gy BIAT M AL i U . 45
ST DA AR 20 i AR, S Gy/M IR
Bk, S GyM AR, DMETER 2524008 3
BSERIEE . ARSIt EGCG ARHE 4 it &
X SRR Gy/M HAZH B PR A=, e
MFEIE A 2 53 B4R KA, %o 44 i b 21 4 o
FER

TS A= 025508 7 A T SR B e L S A i T L B
A AW = A 0 B SRR, SR — &
TG RE . B IR AR = iRk
EATHHES. Kk, REESOERENEEE
HH 3 A2 L B AR S (B 3 (B . EGCG REHE Bhid bk
R R S SR P A B E B 3E, PR TR R AR
OH- 535 MR H B2 T 5 BUR ARl AL E I KF,
M B S A B (15 47, BT BAF H EGCG R id it il
YT B 4 ST 5 77 AR PR T SR 1 T A AR e 5 2R B Bt
P, XN EGCG &4 B4 FINLHI R T4k . 15
A JE B A2 — R BT IR R %, BT A A

21 B J A R T S R A R R e
FEHHI R 1. X HEEE EGCG 5l Gy BAFH
/DA EES cyclinB. cde2 R HA K.

ISR A B JER A5 4 S F IR SO YR 9T B DL R
hiE, 29 87% MU B o HINALBE J H UL B st
PR R IR IRRE o P M TS 1 B JER A 1 15 52 R Bk A
(] P2 AR VG PR (ROS)  J it 48 M s b2 [ 7 5 304
MR T A K. B AR FIE BR Bt B SRR ST B 37 259
DARNEE, A CERIRIE B HEER AR i 5
AN S S TR A B R S AR A T A S B
€ | EGCG %f N IEH Bz 4B )5 s B e, I
WP ERDT T HBiypLEl, EA5= EGCG Xl A
FZ R HaCat 2 4 5453493 1) 3 AL IR A BIE 7T
AT FORGAE T — 25 1 S8 FH G 8 B e 5 0 3200
IR A RIE K, W% EGCG RE 5| EmlLe 4
(RN N =S E =R AR (PN R S

gx b, 2 Wt T Im PR R R R T A 2 A
B R A 3 R TR 5 4R 97 LR B
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(-)-epigallocatechin gallate inhibits apoptosis induced by

Radiation protection effects of EGCG on HaCat cells of human skin

GE Yangyang GU Qing LIUJing GE Xin TANG Yiting
LUO Judong CHEN Guanglie ZHANG Shuyu CAO Jianping
(School of Radiation Medicine and Protection, Medical College of Soochow University,
Jiangsu Provincial Key Laboratory of Radiation Medicine and Protection, Suzhou 215123, China)

ABSTRACT The radioprotecting effects of EGCG on Human HaCat cells of epidermal keratinocytes irradiated by
X rays were investigated. MTT assays were used to evaluate the impact of different concentrations of EGCG on
HacCat cells for 24, 48 and 72 h to find the optimal concentration. HaCat cells were divided into four groups: control,
EGCG treatment, X-ray exposure, and EGCG combined with X-ray. Cell survival rates were analyzed by clonogenic
assays. The changes in ROS were measured by the DCFH-DA method, and cell apoptosis was detected with the
Annexin V-FITC cell apoptosis kit and the apoptotic fragments were analyzed with DNA fragment analysis. Flow
cytometry was employed to analyze cell-cycle progression. An increase of HaCat cell numbers was observed after the
HacCat cells were treated with EGCG at 0—50 pmol/L, showing a time-dependent manner, while a high concentration
of EGCG inhibiting HaCat cell growth. EGCG (50 pmol/L) increased the cloning efficiency of HaCat cells after radi-
ation. EGCG reduced the apoptosis of HaCat cells by X-ray irradiation, compared with single radiation group, the
apoptosis rates of the medicine and radiation group decreased from 9.25% to 7.82%; EGCG reduced the apoptosis
fragments of HaCat cells by X-ray irradiation compared with the single radiation group. The G,/M phase arrest popu-
lation of HaCat cells decreased after X-ray radiation, which was induced by the EGCG pretreatment. EGCG can pro-
tect HaCat cells during radiation. Radioprotection of EGCG for the cells from apoptosis is associated with its inhibi-
tion of ROS induced by radiation, meanwhile, the decrease of radiation-induced G,/M phase arrest may be involved.
KEYWORDS EGCG, Human HaCat cell, Reactive oxygen species, Radioprotecting effect, Apoptosis, Cell cycle
CLC TL71,R811.5
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