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Regulatory Effect of Prdx V on Streptozotocin-Induced
Apoptosis in MING6 Cells

Wang Chuang, Sun Hunan, Jin Chenghao*
(College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract Peroxiredoxin V (Prdx V) is a thioredoxin peroxidase involved in peroxiredoxins family, which
can effectively protect cells against oxidative damage caused by oxidative stress. This study is aimed to explore the
molecular mechanism of STZ-induced apoptosis in MIN6 cells and the regulatory function of Prdx V during the
process. We used the MTT assay, fluorescence microscopy, flow cytometry and Western blot assay for analyzing the
cell viability, the cellular ROS levels, nitric oxide production and apoptosis-related-proteinslevels in STZ-treated
MING cells, respectively. The results showed that the STZ-induced MING6 cell apoptosis was mainly resulted in
NO production regulated by p38 signaling pathway, and the Prdx V protein levels were also increased during the
process. Furthermore, knockdown the Prdx 7 gene expressions with Lenti-virus, resulted in decreasing of the cell
viability and increasing the cell apoptosis in STZ-treated MING6 cells. Our findings provide a theoretical basis for
the study of the mechanism of oxidative stress caused islet cell damage and death.
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MpER R T2 BFRRE B IRk D e
] 5] LB A A T, XA G| EAT LA R ) 3
RN Z —. — %4k K (nitric oxide, NO)& i P &
ZK(reactive nitrogen species, RNS)1 51 % 2H i 6 77,
e MUAN BENAEYEM, 252 P b Kow it
o NOW LAHHIDNAZ T2 &, TR T AH G &
H, a0 T H R R & R ORI R PR
(insulin-depend diabetes mellitus, IDDM)AE i & &
1 #5t  B JR 975 (non-insulin-depend diabetes mellitus,
NIDDM) LA K K PR A9 1 2 Ff 3 AO0E Hh 39 K A NO
(112 595, NOT LLid i i #EMAPKAE 538 % 7 &
PAHRYE T, IRl a5l Bk 5 15 S 7, 2
BB B 2R 0 H 1 AR 27 RAONE FREAIR, TR B B AR Bt
(insulin resistance, IR)7®, H i, G 2 i FRp4H i
WINO. i BAH I o 52 S8 A S5 17 L B Bl i 7T
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Prdx(peroxiredoxin) & — ZE 1 & 18 J7 1§ K,
F G R A A E R HLE S AR T
AECT. H AT CATPrdx 15 N 2820 35 6 FhAS [A] 1) 0 2R
(Prdx I~VD!", Prdx V/EAPrdxZK G — R, & T
e S RIS P R F BRPrdx K, |2 A7 (E T 48 B )i
BRLAR DL S S A P i A b, R AT RO T B 2 A
FIROSENO, K 4% — %€ [ R ¥ 1F HIM. A S =
A B 70 45 R R W, 5 46 S8 (sodium nitroprusside
dihydrate, SNP). £+ 24 B2 &1 A1 B~ H B8 75 5 %) 48 Jfd
TR APdx VNS Y, FF HH & A iKF
B85 40 i WROS/K 1 [ i 38 1T e 28, #2758 1 Prdx
VAE S A L S 20 B B8 T IR R 5 AR A
{2, Prdx V7 i & 40 M Tk A% Hh 0 1 i & 6L
il i AT 2

B IR Ac TRl 7% 25 (streptozotocin, STZ) A DLk FEE
HiFE N R B AT, 51 EEDNAKEIEAL, 75 Kk A N,
HET S 2R BB T Rk, STZHEAL A S h
PRI BV L - AGE A0, Tz A T i
RN RSN R 5 BB FE . MIN6JER 5 98 41 i 5
TEDyRE b5 IR 2 i, AR RSNt TR
PRI KR AL () B AL AT

AW FT ] HISTZF T MING6 i 1 78 241 Jfa 4
T2, [ B A T AL, $R9TPrdx VAT STZi% 3 MIN6ZH
Mo T RE MR A . B i R EOR, STZid i
p38 MAPK{E = il # ] # MIN64H Jg I T2, [FIR 5] &

L ANOK T Skl ETF, FE8Prdx VE H KT 1)
EFte BN, Prdx VIERUTERSZIG 45 R, Prdx V
FE R R BAESTZH 3 FIMINGA ) 7 5 & W
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JATHLE B B EEREEE .
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Sk IR 1 55 20 T Sigma A 7] ; MING/JN B it
JEE 20 ok B SR e )\ — R B R AR fn kb H R B
A SR RS E .
1.2 I RILER

DMEM/ & b 15 77 2 8 T Hyclone A 7 . ifi 4 1fiL
15 W T Gibco A &) . B-ME T-GibcoA & . Pimouse
anti-Bcl-2. Bad. cleavage-Caspase-3. Prdx V. P-p38.
INOS. PB-actin .50 [EHLAE T Santa Cruz/A A .
DAF-FM DA(NO% Y6#7%41)+ Annexin V-FITCHICM-
H, DCFDAM T B3 = RAEHEARG R 27 . ROS
15 B& FRIN- £ 18t 21 Bt 2 B2 (N-acetyl-L-cysteine, NAC)
I8 Sigma/y &) . INOSH il 71 S- FH 5= 55 i JIR it iR 6
(S-methylisothiourea sulfate, SMT). PD98059(MEK ]I
#il71])~ SB203580(p3 8411l ). SP600125(INK 1] 7))
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1.3 ZApEtEsE

MINGYH A5 75 T 5 10% 50 K% A iR A 1L
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P/S) 2 1.443 pLIr)B-3ii % £, % (B-mercaptothanol, B-ME)
IDMEM#E; 2 3E 1, B 37 °C. 5% CO, KM AE &
IR AR IR
1.4 MTTER MBS

B 04 KA FIMING6 AN i, LS 000/FL#%Fh T
96FL A f 15 7R LA . A7 40 MO WS BE J=, FH 3 1% K
T BT AR iR 2R L (FBS) /2 100 U/mLis % R/8E % &
() R AT YLK AL R h, [ 5 43 BN [R)94 FE
STZ(0. 0.1. 0.5, 1. 5. 10, 20. 30 mmol/L)4k £
% H24 h, IIAN10 uL MTTIA WS B2 h, =8 L,
£ FLIA100 nL DMSOFE £]10 min, 6 Il 7£490 nm
A YW ' BE(D)E . 7 348 H 240 AR IR T ) e 3 R
R I M IR E A .
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1.5 #&NZmAET

1.5.1 AX@mpaRenx  WEXRASTZIRE
0 mmol/L)FIALFEAH 41 L (STZIRFE 1. 5. 10, 20,
30 mmol/L) & T Binding bufferd1, /N7 Y kric (1)
Annexin V-FITCFIPI-PE, 7F & iR B 6 241 T &
15 min. [# B 3 2040 B AR 43 #7710 000741 i, 15
IR L . WX IR R AL FE A A, R T
Binding buffers, 1765 1c [ Annexin V-PE, 7%
TR 2 NI E 15 mino B8 B FH R 40 AR 23 Hr
10 000/~ 4, 75 21k I 1] .

152 RAERMELNE  EHEFAHS mmol/LK
NACHIT mmol/LIISMTTikbFEMIN64Hi24 hf5, 3%
% LI WS FH R 3k 9% v (PBS)Pi2~33, 47 il
Jin A\Binding buffer, B J5 1\ % Y6 4% ic i Annexin
V-FITCFIPI-PE, & 37 °C. 5% CO,. HXH A1
JE(95%) 55 R A I 15 min, ) FH 96 54408 7 99
Rl 2006, GRS S ES T
RICRE

1.6 #&N—FHANO)KF

WERAC R A M, 3725 RIS WS B IR h o2 o
W(PBS)H2~33#, H1 A5 pmol/LIJDAF-FM DA(NO
PHRED), B T37 °C. 5% CO,HiE &30 min, %
I, B R AR S (PBS) Bk 1~23k, FI FH UK
YA HT10 0004 . AR EE 3R
1.7 EBR%ERZENIRE(Western blot)

PO RN AT S DN A ST S R
fiff, 4 °C. 12 000 r/minf 0230 min, [2] 4§ b & (&
F5) e SR 12% 1 e 255 5 R A2 1A s Ik e 4
JiZ H, 7K (SDS-PAGE) %20 pg4il g &1 5 (4 32 B 4 i3t
ITHLVK. SRJE, T B B R 4 4k & I, &
M, JLBAD(1:1 000). Bcl-2(1:1 000). cleavage-
Caspase-3(1:1 000). P-p38(1:1 000). p38(1:1 000).
iNOS(1:1 000). Prdx V(1:1 000)F1B-actin(1:2 000)—
Fi4 °CHR AR & it . FITBST[ &4 10 mmol/L (Tris-
HCL, TBS). 15 mmol/LHINaCl, 0.2% Tween-20]
Ve SR, & XS min, 5HRPFR T 1 B 8% = Bt
(1:5 000)# &1 h, YefE. ECLIRMIMER . HEAR
TIE NI RGBT, B, ER SRS,
A S A FEE 3R
1.8 Prdx VERETEAEMING6ZHfE R

U B0AE K 3 FOMING AT A 1 25 &) Fp 2] 1240
BE R LN, AR T 250 1 S5 AR A P8 3 N B

¥4 % 45 ShPrdx V-5 Mock Prdx V() 18955 55 4) 1) % 4
MIN64H I, F£43 5 4y 4% N ShPrdx VAL 5Mock4, *
e IMINGZH f/E A2 0T B4 48 Al AN 129144
3% R LA W4 38 B 2 A K 2010 em3B FRIL)5, F5F
R 77224 hit) & 240 R BE 4 9 5 A S ng/mLIE % 25
# (puromycin) I DMEM 77 ¥ Hh 2 AT P itk i ik, £
0% J5, A1 FH Western blotX 2 [ & 1A #E4T 2047 .
1.9 FiZE9Hh

FI A &5 R LSS E+bR 1 22 32 R, FFHSPSS 13.0
BRA T BT B AT R 5, P<0.05 9 % = G it 2
B, BHERHZRADELIIR

2 R
2.1 STZZTMINGZHRERET- RSN

A FESTZ X MINGZH i A7 2 () 0, 3 AT
ANFHREO. 0.1. 0.5, 1. 5. 10+ 20 30 mmol/L)
fISTZ Ak FEMINGZH fi24 h, F) FIMTTIZ & MIMING
AU RIS . 45 A RoR, BE A STZH FE 1) 34 I, MIN6
Y1 L A7 R B PR AR 1A Ak, A ETEFESTZ
MIN6ZH i T () 2, AN FEHREE(O 1. 5. 10,
20. 30 mmol/L)fJSTZ Ak FEMINGZH 124 h, F| FH i
A A AR AT MIMINOZ H I JH T 1B Bl o 45 S B, Bl
5 STZIK B 1948 in, MINGAH M i) F- i # (B 1B~
ID)A T Hb 2 B B v, S 0 MR R FE AR
2.2 STZiBidp38iE S B AIENON=EMIFES
MAAT

STZAAL 7] LAE ANOBE A, 38 v] 3d it #) ] =
R R 77 A K BROSMY, Ry T R MISTZ i &
28 O T 2 5 5 40 N ROS . NOAH 2%, AT
Fl| INAC(N-Acetyl-L-cysteine, — FFROSIE % 71l)) 5
SMT(S-methylisothiourea sulfate, — FRiNOSH] ] 7))
i kb FEMINGH AE30 minj, S ASTZ(20 mmol/L)
AbFR24 h, 8 i 7 % SRR AT Western blot#s: 1] 41 A
FTIEW AT HXEA R REEL . ERE
7~, SMTH] LA 2% Hb 2% fi# STZ 75 5 BFIMING6ZH il 17
T2, [FJES FEAK 41 Y P9 cleavage-Caspase-3 1) 1A 7K °F,
1M 11 AROSE B AINACKTSTZi% 5 FIMING6H Hd 17
T e HoAH SR 8R A Jo R0s B 0 A 77 A 2 e (2 AR ]
2B). N T 1 BISTZ 15 S MINGZH M T~ 1 HL
ifill, FA1H F Western blotAs: il 41 g Py MAPKAH 5% &
B RIS &L, 458 K, fESTZAL FEMIN6ZH
M1 g, p38HHE IR AL /K ~F 1k 2 T, INK 5 ERK
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(A) ® , o , .
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= & =
~ 120 MTT assay (STZ) m.’g; ; 3.:"9; . I.é; 5
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NS 10271010 10 102710 T 10° 10 102710 10 10
< 60 FL1-H FL1-H FL1-H
2 10 mmol/L STZ 20 mmol/L STZ 30 mmol/L STZ
:‘E 40 E’QLUL(GOl%) | Q2-UR (1.94%)| fQIVUL (0.02%) Q2-UR (4. 05%1: fQLL‘L ©0.07%) | Q2-UR (9.95%)|
< 1 1 |
=20 &1 &f =
3 Tz ze) ]
[ At} o o
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= = =
STZ (mmol/L) ml =1 ol = .
E éi‘?.‘;’:!;‘g.' SOl QL | QLLR (6.25%) | éi?};’:.'; (70.33%) = QI-LR (25.60%) NS:‘QI»LL (53.90‘5@‘)1 QI-LR (2‘5 08%)
[o» 107100 10% 108 107100 10 10° 10T 108
FLI-H FLI-H FLI-H
Annexin V-FITC
6
© (D) 45
5 4.0
s g 35
25 200
0 a3 =225
gz g 2
o = 2 * a8 = 20
S g Lo
S8 EE 15
1 = 1.0
0 0.5
0 1 5 10 20 30 0 o 1 s 10 20 30
STZ (mmol/L) STZ (mmol/L)

A: MTTIEAIISTZ X MINGA I /1 )50 B: LU ARAG I A Rl I STZAE BEMING AT 24 W, A T 0L, C: FaRan AR 4m i
LI AR LS 024 52 T 28T D AT QI AR D200 e U T LS 2K g B M. *#P<0.05, ##%P<0.001, 50 mmol/LI¥ISTZAL L4

A: effect of STZ on the viability of MING6 cells detected by MTT assay; B: the apoptosis of MING cells treated with STZ for 24 h detected by flow
cytometry; C: increased fold of cell early apoptosis was represented by the mean=S.D.. D: increased fold of cell late apoptosis was represented by the

mean+S.D.. *P<0.05, ***P<0.001 vs 0 mmol/L STZ group.

E1l STZ3IMIN64RAETHIF M
Fig.1 The effect of STZ on the apoptosis of MING cells

i TR A /K T BB T 488 i (2C) . R, I = FloA
6] M APKAH 5% 410161 7 [SP600125(INK. MAPK 11 i)
#). PD98059(ERK MAPKIl| 7)) F1SB203580(p38
MAPK A 1 7511)] 4 531 7l &b FEEMIN64H A9 30 minJi, Jn
ASTZAb#24 h, F A AR AR . 45
R, = FMAPKHHFIH, R SB2035808H &%
fESTZ 5 S IMIMIN6AH JE I8 T2 (KI2D), #E7~p38(s 51k
Sl B STZE S IIMINGZH I JE 1=, N T 1 W
41 s ANOF= 4= 5p38 MAPKAS 53 i (1) A H. 5% &,
FHSB2035804b 2 24 fiy A5 Wl 4 . 9 [FINO 7 = 5 1
TAHRE HRIEKF M. 4558 TR, SB203580
R Hb AT 1) 21 B INO 7 & Fllcleavage-Caspase-3 45
F KT (E2E R E2F).
2.3 Prdx VERFETEIE INSTZE SMIN6ZH iR
TiEE

AT AT I 45 R BoR, ZEBR R H . SNP

-1 1 R 255 3 A M 0 T R R, 4 Y Prdx V
BIgeke 2 — & MIEEER . AR NSTZiE $MING
A B P T AR A Prdx VK SF B9 A8 4k, K T
STZ(20 mmol/L)At FEMINGZH it A [7] i 8] BEPrdx V
)Rk K. g5 SRR IR, BE 45 STZAb B (5] 1 3
I, Prdx VL [ R R 0A K 5 08 T A R B AR
cleavage-Capase-3fllcleavage-PARP/K ¥ #4H B & I
THEI3A). i — B 5TPrdx VAESTZi% FMING
2 R T O A R TR AR AR, FRATIR AR R e
FoR, W3 7 Prdx VEEDR JTBR A (shPrdx V)T 25 244
MING64 il 2 (Mock) i 41 g &2, H. F| Ff Western
blot#F AT %08 . 45 BRI, M Prdx VIEERJTER Y
MIN64H il A Prdx V1) 8 BRI R R, nTH T
Jo 5 SIS AN R (3B N T KGN Prdx V3R R T 2R
XTSTZi% 5 HIMINGZH A7 1% 22 A T2 R 5210, Mock
A FshPrdx VZAMINGAH i 5373l FH A [R) ¥R B (9 STZ Ak
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STZ STZ B
(A) Control B) SIZ  STZ
Control STZ +NAC +SMT
Bcl-2
-_— — — —
PARP
Annexin -

V-FITC 100 um 100 pm 100 pm 100 um

Cleavage-Caspase-3 [T 50 @ L

practin | g - - -
Treatment time (h)
0 1 3 6 12 24

— — <y e (C) popss|wn D o = = =
< o P33 [ —————
Spum [ 7 g oum N - -

P-ERK = = = == i

ERK = = & & & =

[-actin| S—_——————

STZ  STZ
(D) (F) Control STZ  +SMT +SB203580
Cleavage-Caspase3 “-' .’ .
sk ok ks g P s »
| . B-aClin} — e -‘
9 o
s 8 5 35 1.6 .
227 =-83.0 5 L4
£80 E%2s s 12
235 o O 2o
£2 2.22.0 25 1.0
o g o & 02
S 3 ==1.5 @ 9 0.8 *%
g 2 2510 825 06
1 0.5 g 04 sk
0 0 0.2
Control  STZ _ STZ STZ STZ Control STZ STZ STZ 0
+SP600125 +PD98059 +SB203580 +SMT+SB203580 Control STZ _ STZ STZ

+SMT+SB203580
A: NAC. SMTTi4bH 40 230 min/&, STZAL 24 h, A& JIMINGA i 7 1155 B9 6 i 5 Be B F), %% % N Annexin V-FITCYL (1, 416 NPT 4
Merge N1 546 E 00, Light 16 R FIAIARIRES; B: NAC.SMTHUALHELN 30 min)&, STZALEE24 h, A8 41 2 P38 T~ AH G 28 (1 s KT {’JE{JL;
C: i 1 Western blotiHilISTZ(20 mmol/L)ﬂLﬂMINsém JAS I TR] i, MINGZR V\]MAPKSMJE% 17K A1 L; D: FIHISP600125. PD9I8059.
SB2035807) | AL P30 min/e, I ASTZALTE24 h, 38 3d it 0240 M AAS I FC R T2 A5 00, I %0 2L R AT 3 5 B 03 A ***P<0.001. E: FIHISMT,
SB20358073 I AL B30 minJ, A ASTZAETE24 h, 38 i i A0 ML AAS I AR ML FINO; *##P<0.001 . F: Al IISMT.SB203580%) 5 Fil 4 2230 min=,
HINSTZAL 324 h, 6 40 P I T2 4H OC £ 1 F cleavage-Caspase-3 /K- F 484 . #P<0.05, #*P<0.01, ***P<0.001, 5 X} 2 LL#% .
A: the MING cells were pretreated with NAC and SMT for 30 min, followed by STZ treatment for 24 h. The apoptosis of MIN6 cells was observed under
fluorescence microscope. Annexin V-FITC (green), PI-PE (red), merge (Yellow) and light images were measured by fluorescence microscope. B: the
MING cells were pretreated with NAC for 30 min, followed by STZ treatment for 24 h. The apoptosis related protein levels were determined by Western
blot. C: MING cells were treated with STZ (20 mmol/L) for different times. The MAPKs-related-proteins levels in the MING cells were analyzed by
Western blot. D: the MING6 cells were pretreated with SP600125, PD98059 and SB203580 for 30 min, followed by STZ treatment for 24 h. The apoptosis
of MING cells was detected by flow cytometry. ***P<0.001. E: the MING cells were pretreated with SMT and SB203580 for 30 min, followed by STZ
treatment for 24 h. NO production was then detected by flow cytometry. ***P<0.001. F: the MING6 cells were pretreated with SMT and SB203580 for
30 min, followed by STZ treatment for 24 h, the level of cleavage-Caspase3 protein was determined by Western blot. *P<0.05, **P<0.01, ***P<0.001
vs control group.
E2 STZi#Eip38 MAPK{E =B IRIHIENORI 24
Fig.2 NO generated by STZ-induced p38 MAPK activation in the MING cells

24 h, A HAMTTVE G AR LI AR BTA/K-F B RAR T MockZH.(KI3F). Z5 LTIk, STZAE
RGP T BB 45 F W, ShPrdx VAL FIMING ShPrdx VZH4H il N 38 1 1305 Caspase-315 5 18 #% 5] &2
Y1 14D A7 3% 2 B A T-Mock 41(E13C), 4 H 41 a7 ShPrdx VZH4HMIJH T

T 26 B 2 15y T-Mock41(EI3DA E3E). [ i), i@ it

Western bloths JlISTZAb FiMock 41 41 g 5 ShPrdx VA 3 i5Fif

20 W A [R] s 1] B 440 B P 9 T AH o0 B A o 7K P AR MR [ s B JK 93 1% & 2 (International Diabetes
1L, 45 8RB0, ShPrdx VZH 4N {2 125 A JfiBax 5 Federation, IDF)4t 11 it &5 ¥& 75, 1 [E20154E ¥ JR %
Bad/K V- B ¥ /5 F-Mock2H, ¥ T2 #H 5% & H Caspase-3 R TTPNEA§ R S R K VAR T N8 e
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(A) 4 (B) (©)
Treatment time (h) Control Mock  ShPrdx V 120
0 3 6 12 24
Prdx V l s S = 100 ok k%
rrar| a8 @ - @ @ g
; A l =
-act S
Cleavage-Caspase-3 | " s = = & B-actin | cu— — a— < 80 B Mock
ook &S 60 [Jshprdx v
Prdx V| ase «» @ 49 € 1.2 z
o 10 Z
. & <
Pactn QEPWES @D @R @B < 03 g 40
g =
5806 S 20
8504
2 02 0
0 0 1 5 10 20 30 50 100
Control Mock ShPrdx V STZ (mmol/L)
(D) 45 » (E)
40 L
235 - Mock (h) ShPrdx V (h)
?33'0_ M Mock 01 3 6 12 2401 3 6 12 24
& -
2 Ty |- s e e = < SN
Z 20 ¢ * :
* ’
Y B The Ll
S 1.0 |
o5 k Cleavage-Caspase-3 | i s s s s 5 - - - .~|
0 0 ) s 10 20 30 ﬁ-actinl------------‘

STZ (mmol/L)

A: 120 mmol/LIISTZ AL FEMINGZH A AN [F I 8] 5, F F Western blot#illPrdx VR H 57K F; B: FJFH Western bloti& il Prdx V4 R MIN6ZH il 7
HiPrdx VI{Fik; C: FIFIMTTH ISTZAFShPrdx V415 Mock 4L FHMINGA I 5 (41 #4755 3 (¥ 82 0; D: A AT A1 i AR A IS TZ % ShPrdx V
ZH 5 MockZH P FMINGHH it £ ()08 T 17500 i 520 E: i FH Western bloth&: U8 T A0 26 85 1 i /K FAE (K . #P<0.05, #*P<0.01, **¥*P<0.001 .

A: MING6 was treated with STZ (20 mmol/L) for different times. The proteins level of Prdx V was determined by Western blot. B: the expression
of Prdx V in the ShPrdx V MING6 cells and Mock MING6 cells detected by Western blot. C: effect of STZ on ShPrdx V MING6 cells and Mock MIN6
cells viability detected by MTT assay. D: effect of STZ on ShPrdx V MING6 cells and Mock MING6 cells apoptosis detected by flow cytometry. E: the
apoptosis-related-proteins levels were analyzed by Western blot. *P<0.05, **P<0.01, ***P<0.001.

E3 Prdx VEREERRFSTZESMINGH AR T
Fig.3 Silencing Prdx V promoted STZ-induced apoptosis in the MING cells

75 R PRI 1 B R R 22—, BT A ] g2 B4t i 17
TR FUHE PRI (0 A LR LA BB ) S
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