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Protective Effect of Icariin on DNA Damage Induced
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Abstract This study aims to explore the protective effect of ICA (icariin) on BLM (bleomycin)-induced
DNA damage in GC-1 cells and its molecular mechanism. GC-1 cells were divided into control group, 10 ug/mL
BLM-treated group, BLM+ICA (0.5, 1, 2 and 4 pmol/L) groups. GC-1 cells were pretreated with ICA at different
concentrations for 12 h and then added with BLM for another 6 h. Cells were then harvested, and the protein ex-
pression levels of DNA damage related proteins y-H2AX, DNA damage repair related pathway proteins (p-ATM, p-
Chk1, p-P53 and P21) and BER (base excision repair)-related pathway proteins (OGG1, APE1 and XRCC1) were
detected by Western blot analysis. The expression and localization of y-H2AX and 8-OHdG were measured by im-
munofluorescence analysis. Compared with the control group, the protein expression levels of y-H2AX, p-ATM, p-
Chkl1, p-P53, P21, OGG1, APE1 and XRCC1 were significantly increased in BLM-treated group. Conversely, I[CA
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diminished the expression levels of y-H2AX, p-ATM, p-Chkl1, p-P53, P21, OGGI, APE1 and XRCC1 in a concen-

tration-dependent manner. The results of immunofluorescence further showed that the number of y-H2AX positive

cells and expression of 8-OHdG were increased in BLM-treated group relative to the control group, whereas, the

expression levels of y-H2AX and 8-OHdG were down-regulated by ICA at different concentrations. In conclusion,
ICA attenuates DNA damage induced by BLM in GC-1 cells and down-regulates the ATM/Chk1 and BER signaling

pathways.
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Fig.1 Effect of ICA on the viability of GC-1 cells
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#P<0.001 compared with control group; *P<0.05 compared with BLM-treated group.
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Fig.2 Effect of ICA on the viability of BLM-treated GC-1 cells
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A: GC- 141 FIARR M RG(HEE A A 100x88 T AN AL T HER A X RSO IAE P X 35); B: GC-141H %R *P<0.01,5 1 % iR 20 L,
*P<0.05, **P<0.01, SBLMALHIAL LL 55

A: representative images of the GC-1 cell morphology (upper images demonstrate the cell morphological under 100%; lower images show the magni-

fied regions of the boxed areas); B: the number of GC-1 cells. “P<0.01 compared with control group; *P<0.05, **P<0.01 compared with BLM-treated
group.
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Fig.3 ICA improved the cell morphology and decreased numbers of BLM-treated GC-1 cells
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A: Western blot#lly-H2AX R [ (13215 /K F; B: )% 9 Yeik A illy-H2 AX R (A 1928 1A FIE AL, C: y-H2 AXPH M4 14 5 & 2415 #P<0.001, 5 1E

HOR R LU EL; #%P<0.01, **¥P<0.001, 5 BLMAbFEAH L4 .

A: the expression levels of y-H2AX was detected by Western blot; B: the expression and localization of y-H2AX were detected by immunofluorescence
assay; C: quantitative analysis of the y-H2AX positive cells. “*P<0.001 compared with control group; **P<0.01, ***P<(.001 compared with BLM-

treated group.

E4 ICARAE TEBLMiZFSHIGC-140y-H2AXEHRILE
Fig.4 ICA significantly downregulated the protein expression level of y-H2AX in BLM-treated GC-1 cells
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A: Western blot& Mllp-ATME [ 1) 1A 7K T+, B: Western blotf illp-Chk 12 [ 11 35 /K T, #P<0.01, #P<0.001, 5 IF & 4 B4 LL 5, **P<0.01,

##%P<0.001, 5BLMALEEAL LA
A: the expression level of p-ATM was detected by Western blot; B: the expression level of p-Chk1 was detected by Western blot. “P<0.01, **P<0.001

compared with control group; **P<0.01, ***P<(0.001 compared with BLM-treated group.
E5 ICA{IHIBLMIESAIGC-140/p-ATMFlp-Chkl EH KIA
Fig.5 ICA inhibited the protein expression levels of p-ATM and p-Chk1 in BLM-treated GC-1 cells
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A: Western blothiillp-P53 8 [ 1 IA 7K1, B: Western blothr llP21 85 H HIZIA/K T #7P<0.001, 5 1EH % R LLE; *P<0.05, **#P<0.015BLM
AbHELH LA

A: the expression level of p-P53 was detected by Western blot; B: the expression level of P21 was detected by Western blot. “*P<0.001 compared with

control group; *P<0.05, **P<0.01 compared with BLM-treated group.
El6 ICATA FEABLMiFSMGC-140Aap-PS3FIP21E HRIA

Fig.6 ICA downregulated the protein expression levels of p-P53 and P21 in BLM-treated GC-1 cells
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BLM &b P 20 40 it J5i v 8-OHAG I ik & i & 1
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A: the expression and localization of 8-OHdG were detected by immunofluorescence assay; B: semi-quantitative analysis of the fluorescent intensity of
8-OHdG. "*P<0.001 compared with control group; **P<0.01, ***P<0.001 compared with BLM-treated group.

E7 ICAREAE R/ BLMIESHIGC-144/E8-OHAGRIAE
Fig.7 ICA decreased 8-OHdG expression in BLM-treated GC-1 cells
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7, ICAH] LAM3E 4 BLMACHE () GC- 141 s DNA 73,
HALHI AT 5 5 U 1T BERE G A <.

3 Wt
W 0 2R R A AORS T 4T TR ot 9
WRE GRS RS T R . R T4 T

ARG /INEIRREIE |, 2 A 55 M AR TR A MR IR A, AT
A 22 53 24T RE S0 B 3 TE H LAV T 4 M %k
i, B R A TE A M AN SRR R TR P I
FLR B, ROS. 40 125 K 3= &R vl LA 3 52 hu Ak
K 40 DNAT 1, 5] kR 7 & AR RS, AT 3 805
PEAE B S BRARES, BLMAE N — Rl ik K P ik
2, TEIRR b mT 5 FoAh 25 e & F 138 97 52 AL
S 2R 4, AR FE AL 320 N 4 B 4 76 10 S iR
DNAIG-CHfIE S5 14, {15 H 2k o (a4 T2 B, {2 A8
B AR A, 5] ECDNARE W2, 2 im 5 3
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(A) (B)

0GGl1 — 39 kDa

P 3
T G S—— I —
APE1 37 kDa

OGG1/B-actin

W D SR SRR W e

XRCC1 85 kDa

BLM (10 pg/mL) =+ + + + +
ICA (umol/L) = = 05 1 2 4

© 5 0.

H

1.54

APE1/B-actin

BLM (10 pg/mL) - + + + + +
ICA (umol/L) = - 05 1 2 4

1
B-actin D G TEED GEE G E— 45 kDa H ’—T_‘
0 T T T

BLM (10 pg/mL) = + + +
ICA (pmol/L) = - 05 1
D
(D) N
H#i
£ 3
g
g *kk sk
S 2
Q
[
o ﬂ ﬂ
0 ﬂ . . .
BLM (10 pg/mL) - + + +
ICA (umol/L) = - 05 1

A: Western blot/N[] 2571 & ; B~D: Western blotZ& 1 2K EEAH 43 HT ; #P<0.01, #P<0.001, 5 IF# X HEZH LA ; *P<0.05, **P<0.01, ***P<0.001, 5

BLMALFEZH HL A

A: Western blot different strip images; B-D: anlaysis of Western blot strip gray value. P<0.01, **P<0.001 compared with control group; *P<0.05,

**P<0.01, ***P<0.001 compared with BLM-treated group.

E8 ICARLBLMESHIGC-14810GG1. APEIFIXRCC1EBRIE
Fig.8 ICA downregulated the protein expression levels of OGG1, APE1 and XRCC1 in BLM-treated GC-1 cells

OB HARH A . U T AN gET . Kb, B S
21 I DN A XL 5% 7 24(DNA double-strand break, DSB)
FEBLMP IR i B ZR AR, AU AT O %Th
HAZBLME FHIGC- 121 RDNAB 3107 [ st A
W 7T FEBLMAR B SRR FLICA S 15 AT L GC-141
HIDNA$1% «

HE A H2AXTE N H2AK R 7 2 — , TE DNA
% B Bk R ) 72 DSBEUHI Bt , H2AX 1) Ser1394%
IHT%BZ ATMﬁ?'iE”?PCﬁZE)E y-HzAxﬁ%%EU%ﬁ%B ;
EERCIVES
%,ﬁﬁUV—HzAXTf’EﬁDSB%&h %[2‘” Wt
B, H2AXWEIRIL S5 nT 48 55 DNAB & . Jeta )i s
K725 2 DNAWT AL i, Z 5B R . AR
F Western blot. #3258 HiE M ZZ ICAXT GC-141 g
y-H2AXEEHREW W, 4R BN, 5IEwE XTI
HA LG, BLMZH y-H2AX & [ 332 & 1 14 41 g 44
minE B SBLMAMLL, AR FITICALEE S

y-H2AXHE [ 3% 1A 5 R S 4 24 o 40 o A< 255 38 o 4 48
. PLESEREFY | ICAT M BLME S GC-1
HHDNAR, B Ry-H2AXE R IE = .

HH T DSBS 5 H2AX 1B R At 3= 238 ik ATMIEL
A5 20 — ey SN R A . A3, DLAL
AR WRATIIRUEE, A S DSBITE DNAT M
% (DNA damage response, DDR) [V, SE8EAH KB E
{55 T 2 DNAWI LA, (45 DL SRR AP AE T 48
A% 1) ATM Ser198 14 1 F B FR AL RN B, , G
T H2AXE . ChklE 54T, Ha@idfEH T
PS3EE IS4 ALE B, DNAMSE R4, L4k
FFESEDR 20 1) 56 BEVE RN AL IR 1 ThRe . WF S RN,
LR O N B 40 M PR 7 G/ MBS S H B
FT; T ATMEL ChK IR et 45, P A4 i
P2 Z T RN T 0 GyMIARR N S T2, AW T
R EIR, BLM+ANER EICAZL Y o] LU R fp-ATM. p-
Chk 18 ARIL/KF-, X — S 3 HIICAX BLM5 31



1328

DNA#HA R ER . TR DNA$RS , P53iEL
S T kST R P213E R 2Rk, AT A JE R
R A5 B8 (cy clin-dependent kinases, CDKs) v 14,
BH - 20 B G A 21 SHA, 9820 %2457 DNA E i) 5
FUE, 7 DNATR B B8 5, PS3tU T BiiA &
SHARPE TN, BRI, I AT 55 B 423 PS3F
y-H2AX R, 5.3 i FiFP21. PUMA. Bax
A mRNA A &, Pyxinol 1] LU 1] P53 ()
WOE TR DNASGG T G B /NE AR T 20 A
IR I, ICAT- T BLM i 5 1) GC-141 i 5 p-P53.
P2IEE FARIEKTH FBE. LU ESE B4R, BLMAT S
T GC-141/0 & 4= DNA#;, Filp-PS3FIP215RIA &,
432 45 DNA K HIIAR 2 11 ICAT] LA DNA#AT]
JEIT ATM/Chk 1iE % R i p-PS3FI P21 3Rk &=, PLKE
IEE I 2%,

WFFE SRR, A0ARAE ANE AL A 25 I BLM, K
FERE SRR, &7 1t & ROSK i DNA
B2, JE 2 PR AL =W, X S8 = v d R LI
8-OHdG /2 & M4 55 )\ A7 i S 7 28 A B U T2 A 1T
H AT A DNASE A 1 bR & 2 —P, B
R, AR R S T ls 2 #0153 ROS
B, Bl 8-OHAGIE i~ DNAFIEE A i &L Ik £ |
it il 52 AL 2 2 A AL RS B AR 40 BT A S SR A
PER ARG ICAXT GC-140 2 8-OHAG R iE A&
RfgmR, KIICAT- ] LAk DNASE A%, B
BN BLM 5 (1) 8-OHdGER & B 10, k2> 41 i
o 8-OHAGI R E . N IE &AL, L%
5] A2 DNABSIESR 17, BERME & S isde 4 15 19
BRI E Y, APEI. XRCCI. OGGI#: BER#:
B SR, APE1RT DL 2% bR 52401 A L I D) 1
APAL fU P XRCC1H] 5412 5 1 B DNAS A5 &
K UIR I BERE H 2% OGGI fig i v IR 3 341
F#8-OHAG, MMk IEH 1G-CELX Y. B FLfiRiE,
FEXTFIEH B, ANE BRI G-ChlEE X} K
P EFEPY, 4 BERIBAHFHET S, 4520 i DNATZ
e 1 E 240, DNASRGRE N, 25 ks 7 k&
FEHAE B, RAMSEIG R, AR T O
A SIS T B AT 4R i DNATR 1, 2245
HPEREE ™, A FEs R RoR, 5 BLMACERZAR L,
BLM+AN AR E ICAZH ) OGG1. APE1FI XRCCI
FARIEREY TR, XEgEREH, ICAREYNE
GC-12H i DNAF A%, T 4 BLMid B2 B0E 1

BERGH % #H 5¢ £ [ KAk Ko

2i FFTER , ICAT 4 BLMIE S [0/ B GC- 14
JR 40 DNA 1%, i ATM/Chk1. BERIE & H 1.
ARSI N ICABGE AEAS A A5 497 , 697 S A= i o
RERRASERAL T3 1 B, N IR ICAXS AR FE AN
Jfl DNABR A5 [ R4 1 I 2S5 T — e Btk 2877, B
T/ BLMAC B AT AR BER 355 ICAS 5, H4, ICA
X AR B 2 i DN A5 495 (4 OR37 4 F A2 R A TIC A i
{482 T BLMIE S0 DNATR ), I8 /2 ICAIG 5% 1
BLM % 3 (40 fa 5 453 s B 52, A0 Fe R AR 1 —
WIHETT . R, J5 A SRR K R AR I EL 3R
TCATRUAL 33 3L b 35 1 5 T 00T B AE 20 GC- 1R
JE AN DNAA H FIFEH
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