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HE KA MTT(Methyl thiazolyl tetrazolium ) BaAar Il 22 b4 i %o (7] 76 5 AU A A 4u B s s 0 U Bl A Ao
Y A T AEROS) AR L B R SLIG K IAN AL DNA ZHilE6l; LRk & PCR(RT-PCR)LL K2 Western
Blot £l %K F E2 #H2<AF 2 (Nuclear factor-E2-related factor 2, Nrf2) £ F i st R I Hr 8L FL A (4 HOL.
NQO) MFRIEA M. SRFH], LG e AR T 75 K RVE TR AR, Rei D48 55 Fri& i) DNA 4%
B3, JFEeU B SRR S B E I U AL . B BERE Y mRNA K8 RIEAKCF . SRl s T Lot

R A e o 5 A (M S U R HE AR S B9 PR, AR LIRS Nef2 4756
XA S, RS TN, BT B2 SR T 2(Nrf2), FRE AT BT

FESES TL71

HL B AR S n] HiE5 e DNA FXURE KT 24 FN e £2
(T T 2 O RS S Ve A Ol =
(Reactiveoxygen spices, ROS), 2 5] 41 iy 32 & 1
PET- S M. A% T B2 M55 T 2 (Nuclear
factor-E2-related factor 2, Nrf2)& 1 1240 i 540 B i
A% O R ), P S 5 A SR
o7 P 38l B R A P, Nrf2 A R T S5 P4
k. [ N Je {4 (Antioxidant response element, ARE)IX
PR e 25 & 3G 0, &3 ad— RVIPTE L
Mg e 11 AHAREERG 1) 2RIA, B0 45 I 21 2 N4 (Heme
oxygenase-1, HO1). & JiFE A4 T KRR Ak 5 i
[NAD(P)H: quinone oxidoreductase 1, NQO1]5%, i
SPEMN RGN RIS TG, BRI A s MK
T, RN L ESAR R S R A om0,

ZEMIR e 2 I ZZRHE H BL CO, Il 52 B
TR R — P RIBEY), &8 Z PR AR
SRR, HAR S EA —E 1B HEER R
R, BbAh, CA B FUIE S A 1 22 5 2 m DU
SHNE SEU AT, R 2GR AR 1
S FHLEDIE AL Nef2!™), BEIIE 46 Nrf2 S8, #Bh
il R A S N i | D 1 e i
(Mesenchymal stem cells, MSCs)#R 1} 22 H A g X H,
BERS IBIER, N RIEYFT K —Fh
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B R S 5 47 2 B A SOG4
1 MRSEZE
1.1 WAxSHR

ROS KA & MTT (LG = RAEMHEAR
HIR AT, Trizol 7| (3£[E Invitrogen AF]), i
53087 & (H A TaKaRa A 7)), FastStart Universal
SYBR Green Master(Rox) (Fijt- Roche A #]). Nrf2
Fik. HOL Fiifk. NQOLI Hifk (3£[E Abcam A #)),
B-tublin. Pt Wbt (RMHELEAFD.

1.2  ¢HpEEFRS5EREY

5] 78 J5T T~ &1 e (MSCs) Hi [E 58 A2 A 78 A 0 1
%, HE 10%a4 Mm% (RE Gibco AF]D 1
DMEM-F12 F 37 C. 5% CO, M8 A11EFE 155 55 75/
AL IR, N OIS A Gammacell-40 'Cs y-
W2k O RJEFReA PR A F)D (4R B8 38 B X MSCs
BEATIEST, FEZFEN 1.02 Gy/min, JEEEE 15 cm.
ASEES it FH R SRR 4 Gy

1.3  MTT 2%

BB KR 4n i, R E 2 3x10°
ANmL, PAEEFL 100 pL #2601 96 LAk, &R

AR 2B, 2, 1990 £ 9 HliAE, 2013 LT I AR IR AR 0lk, B o 2 2 B e U 12 2 9T 52 TR

S B 2 g e A
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12 4PATFL, 4B, B 0. 107°, 107,
10741 107 g/mL 20 3T 55 92 3, 135 AR 7 I
[ JEEEFLIIA 10 uL MTT(5 mg/mL), 37 ‘CH#$ 5 4 h,
W sk, 440N 150 uL DMSO, FEIKFEH RS
5 min, BEFFRY 492 nm P E K LB EIE -

1.4  RAMEEARICIG

SERG N 4 M IR HEZH(Control, Ctrl).
254 (Treat, Trt): AL 107 (b Ig . RS
“H(Irradiation, IR): 4 Gy y-SZEHRST INZ5Hc & B4
(Trt+IR): 10 ZMBASIEN 2 h &, 4 Gy y-514%
M. MRl TFapRsdARLEE 24 h, &R
1:1000 FJC i K5 72 M % DCFH-DA, {EZiKk %
N 10 pmol/L, HEANMEFEAINA 1 mL, 37 CHYHfiaks
FEFAPIEE 20 min, FH IG5 40 BB SR 00 4 L
3R, LB AR ML 1) DCFH-DA. 2 J5 7] LA
F 565 B BB W g2 5O B, IF i Ak,
&8 S IR N A S i S 6 AU

15 BUEEREX (BE) X

B AHIR] 1.4 799 AR 4 Gy y-S Zda iR
24 h J5 A RGN AR o SR TE 4 a5 B s B 5x10°
AN /mL L ER 20 uL 5 60 pL ARHE 2SR (7.5%)
REFEMTE—Z L R mRH 4°C 25 h 3
fifts FLYKI R 4 °C 20 min f#iE; 4 °C 20 min HiK(30
V, 40 mA); 4 “C 20 min Hfl, 4L Z%E(EB, 2 ug/mL)
Jett 30 s, HAKIEGEE T 26 BsE o LU Ot
T IHFBENLIANE, ] CASP B Hrdmie, G
EK. B &R DNA 008 &,

1.6 RT-PCR #&l mRNA 7K FZ5 1,

AT B KA MCSs #H473R85,  Trizol
AT RNA, 2 B0 4 S 500 6 Ui B P e 1 1
3% mRNA N cDNA, #RJ5 Real-time PCR ikl
ROX, 25 pL B RiFATIRE . 51WH i TAY
AIRA R E &, WA 1.

# 1 Real-time PCR RFLFTFEI W
Table1 Primersin RT-PCR

BRI Gene  FUF#FI4F  Forward primers TWESI Y 7%  Reverse primers

Nrf2 S'TCAGCGACGGAAAGAGTATGA 3' 5S'CCACTGGTTTCTGACTGGATGT 3'

HOl1 5S'AGAGGGAATTCTCTTGGCTGGCTT3' 5'ATGCCATAGGCTCCTTCCTCCTTT3'

NQO1 5'AGGAAGAGCTAATAAATCTCTTCTTTGCTG3' S'TCATATTGCAGATGTACGGTGTGGATTTAT3'
GAPDH S'TGACTTCAACAGCGACACCCA3' 5S'CACCCTGTTGCTGTAGCCAAA3'

1.7  Western blot ¥ E B K ET L

KRB KR MSCs BEH TG, & AR
WHREU S R 1, BCA VEBHTEAERE. Bl 20 g
T H AT SDS-PAGE #EIRHLIK, KT B E
TT R B R w8 LG IE(PVDF) (110 'V, 130
min), 1%BSA ¥/ 1h, —Fi 4 °Cid%, f#H TBST
VMR 3 K, BFIR 15 min, SIAFHN ZHr=EFFE 1 h,
5 TBST Bt 3 K, BK 15 min, ECL {4
R, B UE R AR .

18  HitFESH

FHBHEH x +s Kox, KA SPSS 19.0 it
34T B G T, PR LU R SRR A t 46
1, p<0.05 AZERAFRIT#E L.

2 HR
2.1  MTT &M= M BEXT MSCs B4R E 4

ANTR) A FEE 1 22 VRl B IR X MISCs I g A K 152 1
I 1,

150 -
- Kok 0
-:-:- IO*(»
Ed10

107

103

100

50

Cell viability / %

Time / h

1 [EFFAETIRAILE /1, **p<0.01, ***p<0.001, n=3
Fig.l Cell viability of MSCs, **p<0.01, ***p<0.001, n=3
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P 1R, R RRZE (BRI 0 ZEahm A4 ML,
T 107 g/mL SIS MSCs 192E K AT %
B RHIE FH (p<0.01). T 107°, 107 F1 107 g/mL
2 3t B AR X 1) 78 B T 40 i L T A A A
(p>0.05). FITLARH 107* g/mL 223k g 1 A Ji5 4852
IR

22 RAMEARNEMEFENR

DCFH-DA(2\,7'- — &K% M ¥ X L TR #h) & — Fh
AT DAIZE A B (R, 0 N2 L e 200 P P s
IKAEAE R DCFH, 17 48 B P )35 14 28 (ROS) AT LA
TGS DCFH A 9856 DCF . £ AN [A] kb3
Je P 1) 70 5 4 Bt A I &5 SR Pl 2 R 3R 2 s
MATET LG, RS S 6 1) 78 5 40 i N 3 PR SRk
B 2 T R (p<0.05), 156 B LS i T A P 1 Ak
JSE3s T 22 R R BB R ZE 400 A P P SR KT
A HT R F£(p<0.05), o 22 i i T LR FESR S B 3
YER, BRASEHME A 136 P 4K

2 B[R TTIEAL P ) 78 )5 40 B (MSCs) Y
A PEE(ROS) A
Fig.2 The ROS images of MSCs after different treatment
methods

®2 MM AERHES 2B R TE R T4 ML (MSCs)iE HE &,

(ROS)IEmH
Table 2  Effects of ginger oleoresin on ROS induced by
radiation (X +s, n=4)

2451 Groups TEMESEIKSE ROS level

Ctrl 101.70+1.72
Trt 159.00+13.96
IR 248.40+10.13°
Trt+IR 130.704.99°

2.3  EMWBEEXTEI TR T4HAE DNA EiZA9s2im

H R SLIGNE SRR 3 s, WTLVEH, W
SHEHIREA DNA S, BB IR 4]
WHIN(p<0.01). RIS AT LUIE B Y] DNA 15
fio MR AEIE G U 4L rh, E RS fEhn
A YR A, 5 RS 4L b 22 5 W (p<0.05), Ui B
2 i i TIA B A S RT DA B4 i AT DNA 2 8,
RAERH BT o

w3 RN RS K H 8 R T4 (MSCs)
HE

B
Table 3 Effects of ginger oleoresin on comet cells induced
by radiation (X +s, n=4)
A7) A B#DNA  RK J=t i
Groups  Jiu%k oH Tail length ~ Tail
Counting  Tail DNA /pm moment
cells /% /pm
Ctrl 200 9.20+1.13 43.73+1.98  5.45+1.27
Trt 200 11.60+4.12  52.9843.92  6.55+0.53
IR 200 38.11+0.89"  100.7+0.03"  16.75+1.65"
TrtHIR 200 19.5042.60°  50.25+3.41°  8.57+0.77°

Ve CSOTHRLAMILE, p<0.05; P SEEGTALMLL, p<0.05.
Note: * compared with control, p<0.05; ® compared with IR,
p<0.05.

Ve CSOTHRLLMILLE, p<0.05; P SEEGTALMLL, p<0.05.
Note: * compared with control, p<0.05; ® compared with IR,
p<0.05.

24 RT-PCR #MAEAIEEHE+H &EFEME

AN TR b B 5 41 i Hp 5 R DR ) SRR 4 R an ] 3 B
N [HFERTAIMLE 4 ANdd ) Nef2 Z K
mRNA /KPR R, (H2&ZMM IR G R
WHH AP H R HO1.NQO1 ) mRNA ik /K F i
TRl N IS LRI S 2E, 2 B B St
H X (p<0.05)-

opF *k
« — B cn
* A\ Trt
af A £ R

'|' Trt+IR

mRNA express level (fold)

Nrf2

B3 ARG & E KT p<0.05; “p<0.01; n=3
Fig.3 ExPression level in different groups:
p<0.05; “"p<0.01; n=3

040201-3



WA HE RS RS L2 %M 2015,33:040201(5)

25  Western Blot #&MARAIBEAEFEHK
FERETE

ANFAEER S, 40 M K AR S R A
4 ffizn. [RFE TN 4 A d k& A KT
AL TP AR A — B, &40 Nef2 B2 4
AR, T2 IR BCG AT 1 HOL
FINQOI 8L 7K T B A N 22 i % g 2H R G
UNEE

Ctrl Trt IR Trt+IR
Tublin A ——

N2 e e Rl SN

4 A[FIALEE S AR R E KT R
Fig.4 The level of protein in different groups

3 g

FL S i 2 S B M AL R DNAL B 0UEE Wy
2, VIRsgm 2R NS S Sk, AP
AU 2 S R A 0 B — P R B0, R
WEFCR I, 107" g/mL 20 I T 40 #1535 A A1 PR
BRI A P ROS 7KT, kb S ol Fr 4 P
DNA #iffi. FEIHH] ROS 774, BR{K DNA {5
I i I A S B A B L,

w4 Nrf2 5538 O 2N E B
W 1 3 B A SRl U AR IR HOIRAS R L Nrf2
507 F BB A I B ) Keapl AHELS5 A, MIfid
e ER A, JRBZ R-R AR
Keapl +&'E St AR RO, £ &2 A
FALIE VRS HFE A% . 440 A 7T H B i s At
A ELMHBT, Keapl EIIEMBME MG K
A P38, 51 Keapl/Nrf2 £ AW 2, B Nrf2,
I RIAHMZ N 5 Ty — T R UG 4 48 2R 1 45
&, DRI R 5 456 5] ARE b, R
J45 11 M A3 5 DR R 4R A B B TR e s 1
AW TCR I, AN A2 B 22 A T T Ak A0 R S 3
SE I BIEEEAE AN REAL Nrf2 5% BB KF I
e MRS ARIE A B 2H R, PR Nref2 45 1
RHTEMEFHOL) L 1 AHEFEEE(NQO1) ) mRNA .
HAK T LIRS A . 3o 32 i R A48 5 B

PR FH IR AT REMLA] /2 Nrf2 2% B (¥ 5% . B KF I
B RAERRKAN, RERE T A H N 2
BN RS AL AR, #E I B SR R R H
(¥ 10 AHBERAE, BEARRI A AL AT, SRR Ay
BB RE.

g3 ik, AR R AT LOE I T Nef2 {5 5l
IS BR S B AR, BA TR — A R
Bl RIR S AR -

P

1 Riley P A. Free radicals in biology: oxidative stress and
the effects of ionizing radiation [J]. International Journal
of Radiation Biology, 1994, 65(1): 27-33.

2 Que L, Wang H, Cao B, et al. The regulation and
functions of transcription factor Nrf2 in cancer
chemoprevention and chemoresistance [J]. Journal of
Chinese Pharmaceutical Sciences (in china), 2011, 20(1):
5-19.

3 Hirota A, Kawachi Y, Yamamoto M, et al. Acceleration of
UVB-induced photoageing in Nrf2 gene-deficient mice
[J]. Expermental Dermatology, 2011, 10(8): 664-668.

4 Kannan S, Jaisual A K. Low and high UVB regulation of
transcription factor NF-E2-related factor 2 [J]. Cancer
Research, 2006, 66(17): 8421-8429.

5 Huang H C, Nguyen T, Pickett C B. Phosphorylation of
Nrf2 at Ser-40 by Protein Kinase C Regulates Antioxidant
Response Element-mediated Transcription [J]. Journal of
Biological Chemistry, 2002, 277(45): 42769-42774.

6  Natarajan V T, Singh A, Kumar A A, et al. Transcriptional
upregulation of Nrf2-dependent phase II detoxification
genes in the involved epidermis of vitiligo vulgaris [J].
Journal of Investigative Dermatology, 2010, 130(12):
2781-2789.

7 Phillips J, Moore-Medlin T, Sonavane K, et al. Curcumin
inhibits UV radiation-induced skin cancer in SKH-1 mice
[J]. Otolaryngology Head and Neck Surgery, 2013, 148(5):
797-803.

8 Shishodia S, Singh T, Chaturvedi M M. Modulation of
transcription factors by Curcumin [J]. Advances in
Experimental Medicine and Biology, 2007, 595: 127-148.

9 Wu J L, Wu C, Lei C, et al. Chemical- and
irradiation-induced mutants of indica rice IR64 for
forward and reverse genetics [J]. Plant Molecular Biology,
2005, 59(1): 85-97.

10 Kawachi Y, Xu X, Taguchi S, et al. Attenuation of

040201-4



2 W54 ZEMA IR I Nrf2 G 5K A S 0 S B 1

11

12

UVB-induced sunburn reaction and oxidative DNA
in UVB-induced skin
carcinogenesis in Nrf2 gene-deficient mice [J]. Journal of
Investigative Dermatology, 2008, 128(7): 1773-1779.

Fan Z L, Wang Z Y, Zuo L L, et al. Protective effect
of anthocyanins from lingonberry on radiation-

damage with no alterations

induced damages [J]. International Journal of
Environmental Research & Public Health, 2012,
9(12): 4732-4743.

Yu X, Kensler T. Nrf2 as

a target for cancer

chemoprevention [J]. Mutation Research/fundamental &

13

14

Molecular Mechanisms of Mutagenesis, 2005, 591(591):
93-102.

Itoh K. An Nrf2/small Maf heterodimer mediates the
induction of phase II detoxifying enzyme genes through
[J]. Biochemical &
Biophysical Research Communications, 1997, 236(2):
313-322.

Shibata T, Kokubu A, Gotoh M, et al. Genetic alteration
of Keapl

antioxidant response elements

confers constitutive Nrf2 activation and
resistance to chemotherapy in gallbladder cancer [J].
Gastroenterology, 2008, 135(4): 1358-1368.

Radioprotective effects of ginger oleoresin through Nrf2 pathway

LIQing XU Chang WANG Yan DU Liging WANG Qin WANG Lu LIU Qiang
(Institute of Radiation Medicine, Chinese Academy of Medical Sciences, Peking Union Medical College,
Tianjin 300192, China)

ABSTRACT The cell toxicity of different concentration of ginger oleoresin on mesenchymal stem cells (MSCs)

was judged by MTT(Methyl thiazolyl tetrazolium). Flowing cytometry experiment was taken to observe the change of

reactive oxygen species (ROS). Comet assay was used to detect the DNA damage. RT-PCR and Western Blot were

used to detect the expression level of nuclear factor-E2-related factor 2 (Nrf2) protein and two typically recognized

Nrf2 downstream genes, heme oxygenase-1 (HO-1) and NAD (P) H quinine oxidoreductase 1 (NQO1). The results

showed that ginger oleoresin can reduce the level of ROS and the DNA damage of MSCs, induced by irradiation, and

increase the expression of HO1 and NQO1 in mRNA and protein levels, which suggests that ginger oleoresin can

reduce the oxidative damage of radiation, performing the role of radioprotective. Its mechanism may be related to

Nrf2.

KEYWORDS Ginger oleoresin, Mesenchymal stem cells (MSCs), Nuclear factor-E2-related factor 2 (Nrf2),

Radioprotective

CLC TL71
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