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B-RIMBER IR T T | ATEE VIS

SW4804E 775 M e R 1=

x| B EvkE TR T OE #XE ARE EET
(BTN BR 2L AR R B, KK 163319)

WE A BV (peroxiredoxin V, Prx V)£ it A b4 B (peroxiredoxin) K& ¥ 49— i, |
ZAALE TR, BEERB R T, BA A B3 5 4a i R — Bk R (nitric oxide, NO)F=i& 4
#(reactive oxygen species, ROS)#9 2 ft. 1% X I# B B-4= tA AR (B-lapachone) 5 | A2 SW4804: M 7 4m it
BT A2 Prx VEg4E A AL AUH], AR AR B-42 A BR AL FSWAR0%m i %, iB i$3-(4,5- = F &
vE e 2)-2,5- — R Ak g 42 3 [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide,
MTT)iA. RARMECRAR. AXNMIER. HAOR LB TSI F 7 A MNmIehsEF, @ien
ROSAHKF-. @ A= AA R A TAIRE G RUKF B4, 2 RRY, B-32 tBRIE 1L 4 % Prx V
7J<+ B AR ML AROSHKF I &, #E KALMARI M A T 1842, T SWAB0%E M & e A . AF

R FAB T T B-IL A BRI K SWAS0LE M J& tm it & A B T e HLE|, A MR e E T RET &
EZ\Q

KgiR ARV, ISR AR T B-hr R

B-lapachone Induced the Apoptosis of SW480 Colorectal Cancer

Cell through Down-Regulation of the Peroxiredoxin V Expression

Liu Yue®, Jiao Bingyang’, Yu Nannan, Wang Chuang, Han Yinghao, Jin Chenghao, Sun Hunan*
(College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 1633419, China)

Abstract Peroxiredoxin V (Prx V) is a thioredoxin peroxidase included in peroxiredoxins family, which
is highly expressed in mitochondria, lysosomes and cytosols, and exhibits as scavengers for nitric oxide (NO)
and reactive oxygen species (ROS). This study is aimed to explore the regulatory effect of Prx V on B-lapachone
induced apoptosis of SW480 colorectal cell. To examine the SW480 cell viability, cellular ROS levels, apoptosis
and the proteins levels, the MTT assay, fluorescence microscopy, flow cytometry and Western blot assay were
performed. The results showed that B-lapachone treatments could decrease the Prx V protein level, which in turn
increased the cellular ROS levels, then eventually activated the mitochondria signaling, and resulted in inducing the
SW480 cell apoptosis. Our findings present a new therapeutic strategy for colorectal cancer.

Keywords  peroxiredoxn V (Prx V); reactive oxygen species (ROS); apoptosis; B-lapachone
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4 Wy & — FhoOE At SRR DL (R J e, [ 4
BULRM RS E. Al Ak, &k iiGir K
ZHCRH TR T7E, T IEEF AR R A7
AT . BT HIT m PR A BT R R E
M BT &t e SR N, 245 e KA IT I TR
BRI EAEANEIT ik, A RENH ARG RE
B, 7% 1 % (reactive oxygen species, ROS)TE £ il Ji
JiE AT 9 Th B R A O B, 2 54058
FEAH OG5 5 I B R T, A T 5 g 25, i
JiL A I ROS /K- 23 3 BUR A RIS B, 15 3 2
Ji AR T2, ROSHY T sy 8 e R A 52 3 525 1 04
A7, R A 8 Foe, WO I A K i (caspase) & 5 il
%, PRAEA M A AP T2 BRI, R — w4 s 4
WROSHI AT BT =& — M7 A B IEIR T
Jii%. HETEBILR I, — 2 heas i id 52 w4l
Jfl A ROSTK 14 31 % 8 s 4t B 1) H (988, B-hr A B
(B-lapachone) & — Fh R 28 R AR TR MUY, B 2= & Pk
BNz, AMRE S 3 g 2 M )35 4, 3k ] DA S
ROSAE 215 S 7R . Aig e eSS 2
Tl 240 e R A R 2010

40 M 1 3 S8 A W) B (peroxiredoxin, Prx)sg —38
HATERR4HM AROSHE /) 18 H i, 721 AU i
MRS 2O EEERM. Prx VIEPx KR H I —
i, ELA I BR 4B WROSHTE 48 A R 25 14 FHO4,
FATHT B FT s R 2R, F— %4k A (nitric oxide,
NO)EAAAH 4t A4 (sodium nitroprusside dihydrate, SNP)
A1 i 22 B (lipopolysaccharide, LPS)4k FEBV2## 28 /)N Jiit
a5 EEPrx VIR H BUKF BT, 54 AROS/KF
7 RN, I HALER T Prx VIENOS T 1/ B
TR B PR 22 A B HT220% 173k 72 At B A R R DL
FHVICEIR, P53 M T T Prx VA R
Ry E AN, HEHPrx VIRERS LR AN 3
SlE 4N T, {H12, Prx VIEROSIE T 1145 e
AR T R R E AL AN B

IR e, A #F 78 F FH B-lapachone &b FESW4804E i
T A, 00 AT B-HL A B 51 AEESWASOZH A i 13k
T Prx VIRAE S AL o

1 MRS
1.1 ##

B-FL WA B ) H Selleck 2y ] ; SW4804Y, iz Jir: 41 i
K H BRI\ — R B R E MR F RSB 7724

52 0CET T SL R .
1.2 KSR

DMEM/ =5 77 558 H 5% E Hyclone A 7l; igf
135 W B3 3% ElGibeoA Hl; Hiimouse anti-Bel2. Bad.
caspase-3+ Prx V. Prx II. a-tubulin®. 77 [ $T & W
[ 3 & Santa Cruz/A7l; Annexin-V-FITCFICM-H2
DCFDAI [ ¥ [H Invitrogen A &]; ROSTH 4 77IN- 2. ik
-t = R (N-acetyl-L-cysteine, NAC)IH H 32 [F Sigma A
G

6L 4 B 5 7% I F196FL 241 a1 77 LI [ 2
Costary 7); Ji A (BD, FACS Calibur). 2 [
3% ENIE 22 40 5 5% [l Amersham Bioscience 2y 7]
1.3 #paiEs

SW4804H il £ 7= T DMEME; 7 3, N 510%
() K% B A2 B A4 15 (FBS) A 100 U/mL s 75 &K /4 5
% (Penicillin/Streptomycin, P/S), & 737 °C. 5% CO,
e R P 1 % 5 4 B 9
1.4 MTT:E&EM

¥ SW4R04H 4 M T-96FL 40 M 15 7= B, 4 Mk
J&E N1 x10%mL, £ 3522 hig F & 1% 3% 5 4 n
4 1L 7E(FBS) A2 100 U/mL7 % 2 /8% % % (Penicillin/
Streptomycin, P/S)35 7R AT YL AL EE2 hi 5 i
AB-FL A BRAREE, 43 73] %t R ZH(DMSOZH ) Al b 2 20
(0.10. 0.25. 0.50. 1.00. 2.50. 5.00. 10.00 pmol/L
B-FLMARR L), 4kLE0E E 24 h, JIA10 uL MTTIETRIE &
4 h, K, BEFLIA100 uL DMSOFE~] 10 min, 5l
FE570 nmib (R G REME, ik &G IR E . MU sER
BB IRESR.
1.5 ZHRETFIROSHIHE N

T8 I A A B AR 2 BT T SWAB0AH i I T AT 4H
i HNROS/KF-.
1.5.1 e AAem  UEEXT I ZH(DMSO4) Fl 4k
HHZH (2. 4. 6 pmol/L B-FiiHERZ )40, HE T 45A
ZEM R, e YR IC B Annexin-V-FITC(Invitrogen
A7)0 pmol/L, 7E Z i BE G 54 T 1 & 10 min. B
Bl FH 7 20 A A 4 T 10 0004 41 i, 45 vt 45 5245 3
MR TR . 3 A6, TEOFL AN i 35 % i 25 4
B AR 255 2 W, N2 6 FR 1 1 Annexin-V-
FITC(InvitrogenA #])10 umol/LF37 °CH% 7% 48 & )t
I & 10 min, R 56 BB BRI A, 206,
LS SIS EAR RS TS S L= IF- 2 N OB i a
IR M3 IRE R
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1.5.2  @ROS/K-FA4&M  BrEFEAG WA, HPBS
JEVE Lk, A1 10 mmol/Lf#) CM-H2DCFDA(Invitrogen
AT, FE37 °CHH 5 7548 i A6 10 min, ) FH 5256
SAEE  BIAR I 1 SRR TR IR GER s
IR ER .
1.5.3  #|AROSH & HA NAC(5 mmol/L) ikt
30 min/a, WX} B 41 (DMSOZL) A AL FEZH[5 mmol/L
NAC+4 pmol/L B-#7 M1 fE(NAC+B-lapachone4).
4 pumol/L B-H7MAEE (B-lapachoned )41 A, 435 it
It A AR 5 7 S S A ke T 40 O T S 4 L
ROS/KF2E 4k, o
1.6 EBRENEEDHT

3 ST B A R S () 40 MR i, LR, B e R
(0 2. 4 mol/L)4:FH24 h, 4 mol/L B-Hi I g kb FE A
[FIRFIEI0N 3+ 6+ 9 12 h), FHLAGIIPrx VIK-FAZ{K
) I TE) 94 B AR G, 4 mol/L Bz M Ak B AN ] B )
(0~ 3+ 6+ 9+ 12 h)FH ARG IR T A0 5< 8 (R AR 1k
TINEE A RZHRELAR, 12 000 r/min, 4 °C 3.0 AL
B3, B AR, 25 pedl i SR B AT
12% -+ - J8 FE B R BN 5 TR s I g 48 J FEL DK (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE), & H Jii ¥ #% 21| i IR 2F 4 & JE (3
Millipore’/a ®] ), ¥4, fPT-Bel2. Bad. caspase-3.
Prx V. Prx II. o-tubulin#:5¢ F£ 1144 °CHE & LK
F TBST[4 4 15 mmol/L [ NaCl(Tris-HCL, TBS)-
0.2% Tween-20- 10 mmol/L ] Tris-HCI] %% ¥ 51K,
X5 min, 5HRPFRic i B = H(1:5 000)iF F2 h, ¥
JE. ECLIRMIE - B, B, e g BT,
TSI MBI E .
1.7 GtEoH

BT 4 S CASB (EApm 1 22 R, 9 41 18] L3 A ¢
K6, P<0.0SAHZERAF LI EE L FALBHE
DEFIIN

2 HFR
2.1 B-HIMHERIF S SW4804E R 2 (A A =

I FHMTTIE s il B~ 171 B X SW4AR0ZH Hi 7 7%
SRIRIFEIA, R IO A B T R AR FEE )38 o, SW4804H
A7 2 0] B AR (B 1A) . A T BIRB-FL I R A 75
5 E 4 L N ROSZKF 1 BT, F-ATTH FHROSH# i ik
#IICM-H2 DCFDARE AT b ic, i ik 9% o't I 5% B AH

(7735 53 A I 1 B-Hi M ER(0 2+ 4. 6 mol/L)Ab
724 hJ5SW4804H it WROS/K T I8 ML . &5 B EIR,
It 240k B TR 3, 44 R I ROS 7K~ 2 T =i (&
1B). R, A FEWKEO. 2. 4. 6 mol/L)HIB-
i M B Ak FESW4804T 24 h, FH Annexin-V-FITCA!
PI-PESEATFRic, I % )6 5 Ak At =4t i A A il
SHRARLYE TR L o 45 W, Bl AT B-hr A B B 1 38 o,
SW4804H Hg I8 T2 1 B &5 1) F+ = (N C AT 1D) . 1%
— &5 FAEH, B-hr M BR AL T = 40 L W ROS/KF, I
S SWAB0A L R AE T T
2.2 B-HIMAHERIE S SW48045R7 AR A T T2+
FTROS7K I F2 M

NT BRI G SR EE T AR
1 s AROS/K - (1) Ft v #H 2%, FRATTRI HIROST K 77
NAC(5 mmol/L)Tii &b £ 41 f230 minJ5, Y 4 % R 41
(DMSO)F1 4L FE 2 (4 pmol/L B-F7 I EE+S mmol/L NAC
F14 pumol/L B-Fir WA )4H AL, 43 il e it i U4 i R 5
D¢ ' S AR B ARG I 40 B U T 5 A A N ROS K - ) AR
fho 45BN, M TNACZ J5 41 il PIROS/K *F- B
N FE(EI2A), RS2 B0 T A R B a7 F
T HnHI(E2BRI E2C). E2C i i i Xl AR AR
I Annexin-V-FITCH L 4 o 1215 . 1X — 45 5
E B, B-Fir WA 175 5 SWABOZ Mt % A= 8 T~ 15 41 i Y
ROS/K- EFHE VIR
2.3 B-HMAERXATHEHXEBRKAPrx VERAR
KBS0

Prx VAENPrx K IR 1 — 51, 75 40 i o B A5 B
ROSHIZRE. Ay 1 A I B~ A i 175 3 I SW4AB0 4 Jifd
JHT R R Prx VAL 5 KT8 4k, T A [ B2 1 B-
FIMAER(0 2 4 pmol/L)AbFESW4804Hfiu24 h | K il
AR M Prx VER H UK Z(EBA). SR BoR, B
F ALK FE 3G I, A P Prx VEE UK R
Bo I, FH4 wmol/L 1) B-Fir P T Ak FEE 4 fif A [+] s []
(0~ 3+ 6+ 9+ 12 h), KILKEE IS EIHERS, Prx ViR
5T 7K 3225 AR, T R — SR I Prx TR K AR
A F3 AN, T R DB~ E P 5 5 SW4A0ZH it 1
TXRE, AR 1 B-Hi M4 pmol/L)4b EESW480
1 i A [ B 0 B P 9 T AF 56 B KPR A (B
3C). ZEHRRH, HUITIHE EBel2/K P BRI, 1 {274
T 8 HBad/K -V 2 2 T &, [5) I AiDE 4 Ik -3 (pro-
caspase-3)7K-F- B i T %
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(A) (B)
120
100 |

DMSO 2 umol/L
QCF-DA

4 umol/L

x®
(=]
T

S
=)

Cell viability
of control (% )
(=)

(=}

[
(=]

(=]

DMSO 0.10 0.25 0.50 1.00 2.50 5.00 10.00

Concentration (umol/L)

(©) (D)

2 umol/L 4 umol/L 6 pmol/L

Annexin-V,

*

 mem . EE

Light . : g DMSO 2 4 6
X X Concentration (umol/L)

Increased fold of cell apoptosis

Az MTTIA I -2 118 Yot SWABOAI ML 77 RIS B: B~ AR X SWASOLI L P ROSZK V11 BRI (5 e At LA ); C: B~ B e SWAS 0T g
RS2, 4896 A Annexin-V-FITCHeta, 2156 APTHth, Merge NZIE 5446 E &, Lighty A6 R RIAMADIRZ, FrN=100 pm; D: @il A 4ui AR
R0 NI T AR LS ) 52 AL 2 A, 45 R DASMEARHEZEROR, n=3. *P<0.05, ***P<0.001, 55 DMSO4L L4 .

A: effect of B-lapachone on SW480 cell viability by MTT assay; B: effect of f-lapachone on SW480 cellular ROS levels (fluorescence microscope
images); C: effect of B-lapachone on SW480 cell apoptosis. Annexin-V-FITC (green), PI-PE (red), Merge (yellow) and light images were measured by
fluorescence microscope, scale bars=100 pum; D: increased fold of cell apoptosis was represented by the mean£S.D. (n=3). *P<0.05, ***P<0.001 vs
DMSO group.

Bl B-RIIAER IS S SW4AS0LRRE T
Fig.1 p-lapachone induced SW480 cells apoptosis

3 TWig

s e B e m SOt R, HUT M &%
FEASRRE B, AT DR AR R I 2 o, I EL
o N AR IE 5 40 A — s f 45, TR, R 9 39 L 4%
FAREVRIT 25 LE AT

CL 0 B4 PR 75 S PSR 70l 4 e 0
S 3 S L D 4 D A R A g 1 1 22
fE A0, AR IE R B, B-r ) FT LA i S SW480
G e 0 D R A T, 9 EL AT BUA 8O 4R 4
ROS/K T, 3 — 45 5L 15 Ho At 5256 = (19 W 9 48 L —
S, U A P-4 I 4 o e Lt A B S5 e AR v
TR . AT 0, ROSTT LAt 2457 4 ot i 75 1tk

BALIETF AL, 4000 6 R B SR 12, WS 4
JOR -3 01 5 1k 51 S 2 B 0 T2, A, R R
AR R T RIS, Bel2 5 H AR IR T B RO R AR
B A BRI TAB M, #4071 B 2R i A E, 5l
Mt ey T T 5 H AR U8 o R R
TR, BN T TR Bel2 ) B A S 7R H,
A DL 3R 40 M A R TR, B, 43R A1 FHROS
T BRI RO E BRI WROSZ J&, B-hr MARE 7
(ISWABOLH i 1232 21| 1 BH 2 4], 78 53k B B-
$7 1A i 75 3 I SW4AB04H ffd 1 T 15 41 g ROS K ~F
BA B A, 7RI, 45w 4 i
SW4S0TE £ ik B~ H g b B3k 5 Joe 4 AR -3 4 v AL,
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(A) ®)

B-lapachone+NAC f-lapachone

f-lapachone B-lapachone+NAC

DCF-DA

C
(© 128 =DMSO
B-lapachone+NAC
== B3-lapachone
g
>
s}
0 2 .
10° 10! 10? 10° 104

Apoptosis

Annexin-V ,

A: NACTHALHEAHI30 min/5, B-HMARRALHE24 h, FilISW4AB0LH L A ROS/K (% AR T); B: NAC FALEEAHNE30 min)5, B-HiAIfEALHE24 h,
IS WABOZN i A T (KI5 L (b AMEE ), Zo% 9 Annexin-V-FITCHL 1, Z16 APISL B, Merge WAL 4¢3 I, Lighty 56 4RI
A% C: NACTIALFEAH30 min/&, B-RiMAERALHE24 h, 4T Annexin-V-FITCHL Y, KrillSW4AS0LH I I T 17 5 (7 =AM M SR ), 26 e At R 2H, 7R
AN IB- R IR SNACIE R AL B, VR A (A 20 25 - R AR AL B ZH . b7 R=100 pm.

A: the SW480 cells were pretreated with NAC for 30 min, followed by B-lapachone treatment for 24 h. The cellular ROS levels were measured by

fluorescence microscope. B: the SW480 cells were pretreated with NAC for 30 min, followed by p-lapachone treatment for 24 h. The SW480 cell

apoptosis was observed with fluorescence microscope images. Annexin-V-FITC (green), PI-PE (red), merge (yellow) and light images. C: the SW480

cells were pretreated with NAC for 30 min, followed by B-lapachone treatment for 24 h. The SW480 cell apoptosis was measured with FACS cytometry.
Control (black), B-lapachone (gray thick) and B-lapachone+NAC (gray thin). Scale bars=100 pum.

&2 B-lapachonei@id FEROSK 15 S SW4S0LHAEE =
Fig.2 p-lapachone induced SW480 cells apoptosis through ROS accumulate

Bel27K K [, MiBadsK~F b7+, Ui BH B 4 K -3
Bel24& HLig 52 5 21 B-H IH R 175 5 (I SW4S0ZH il 1)
FT .

4 J N ROSIY b7+ 2 4R 2 5 84t g o B i 4
BRI . AR RPUL EALYIEE, Prx VEENS A%
YL FIROS/KF, = 54 iifE 5 # T AIEE. #
ToAE AR . AW IS5 F R, B R 0 Ab B 5 2%
HAH] T Prx VEE E UK, 1 R — S5 B Prx 11]
WAL AR, UL B-FE B o] feilE T N I Prx V
ik, MM 51 40 i WROS/K P 1) Tk . {H & %t
FPrx VA& A& 41 i P P — ot B-Fo7 1 S 0B8R R Prx 5
EARER—PHIAERT . RIS RE
R T B-Fr A R 175 5 SWAB0LE [i7 9 41 it & A= R 1
IR X Prx VE A UK, 5L ROSE 5

(1) 235 e 20 L O TR AL TR B R AR R o BLAR, YT B-
AR EAEPrx VAR 15 K T I AL DL A Prx V
o B4 VR 75 5 110 435 i e 200 IR 0 P R 4 P R L
MU WA e 2, (EARHT 45 4R, B-hu Ml vl i
Prx V, #1410 fg WROS/K - L FF, £ — e 2 I
7R T Prx VITROSE T 45 9 41 A 3 1~ 40 1 45 1
A

gi b id, B iy B I i H0 I SW4A804E iy
Y i Prx VAR B K, 514 i WROS/K F Tt =,
WO e A< IKE-3. BelR&F & gl i i 123842, S5
SW4S04H i & LEJH T, gk e 0 I IR V6 97 Wt FL
B R, JUIHR N DA = 4 I ROS /K- 5 i
o 20 PRL R TR TR TR BRI, oA TR
R 45 e 16 97 25 D (L LAt o
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(A)

B-lapachone (24 h) E’ Prx 11 E Prx V
0 2  4(umollL) £ 120 £ 120
| 100 100 ok
Prx 11 E 80 :g %0 b
— S 60 < 60
v [ "] 5 40 5 40
b g 20 g 20
a-tubulin g 07 2 4 g 0 4
L | = Concentration (umol/L) = Concentration (umol/L)
(B) B-lapachone (4 umol/L) = Prx I s
0 3 6 9 12(h) 2120 2
21 2
o - %
o o
I f
g 20 g
R i S 0 2
o-tubulin _ g 0 3 6 9 12 2 07036 9 12

Treatment time (h) Treatment time (h)

©

B-lapachone (4 umol/L)

—_— Pro-caspase-3 Bad
0 3 6 9 2 2120 P 120 Bel2 140 e
*
Pro-caspase-3 _ 100 HH ek 100 * 120 P a
: 80 80 o 100

60 60

Bcl2
40 40

O-tubuiin 0 3 6 9 12 0 3 6 9 12 0 3 6 9 12

Treatment time (h) Treatment time (h) Treatment time (h)

Increase fold of protein
Increase fold of protein
Increase fold of protein
oo
S

:

Ar AN [ L 9 B-r MF B T SW4ASOH i Prx 11, Prx VAR FH 5 BV A1 /K1 Y 52 0, B: AN (7] I () B A B2 B-4 1 i Xk SW40ZH il Prx 11, Prx V)
R B MK RS C: B-4 ETE X SWABOZH [ ] T4 3¢ 8 AT IDE A& K AB-3+ Bel2, Bad/K T [R50 12 5€ B A6 73 #r; #P<0.05, **P<0.01,
#4%P<().001, 5 RAFLL(0 pmol/L) L EL

A: effect of B-lapachone treatment with different concentration on the protein levels of Prx II and Prx V in SW480 cells; B: effect of p-lapachone on the
protein levels of Prx II and Prx V in SW480 cells treated in defferent tim; C: effect of B-lapachone on apoptosis related proteins, pro-caspase-3, Bel2 and
Bad levels in SW480 cells treated in defferent time; *P<0.05, **P<0.01, ***P<0.001 vs 0 umol/L group.

[E3 p-hifAEEXIBcl2. Bad. BtZBAES-3LAKPrx VEHRKFEAIF M
Fig.3 Effect of B-lapachone on the protein levels of Bcl2, Bad, pro-caspase-3 and Prx V
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