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B E: AR MR KK (angiotensin 11, Ang )X INS- 1/ & 4 M I T K i S04 (AR 5. ) 2 1 (thioredoxin-
interacting protein, TXNIP)ZEE RN, I H TR fVE FALSI . A4 oM JUIE 77 0K BRUBR B 40 MO BRINS-1, A A CCK-8i I &
AR ) 34 P58 RN AS [7 442 FiBSF 18] ) Ang TDGF £ B 7795 SR A0, e 2 A A A1 IR P B AR I T AT < 10°° mol/LAI24 hy 7 ik
W RE S AE I 2640, 44 FH v 20 4i g AR 22 Western blotha U 4T i T-; Western blothsil] Ang II%f TXNIP. B /KAL &) s M G
{45 & 5 A (carbohydrate response element-binding protein, ChREBP) }7 Ifll 1 5 5K 11 174 52 {& (angiotensin II type 1 receptor,
ATIR)ZE 134 M 84; Real-time PCRE I TXNIP ZChREBP mRNA#%i%; IF/ICCHEMZETXNIP., ChREBPZATIR {15745
o 455 R Ang TR FEAR R PE J IRt [A]48 a PE th PR AR 4 I 75 77(P < 0.05, n = 6) I EIRTXNIPIRIA(P < 0.05, n=6); 5Xf#
HAHLE, Ang AN T3 . ChREBP K ATIR[MZRIEYIH B (P <0.05, n=6). {#HATIRZ A&7 E Kb 1H (telmisartan,
TM)J&, Ang ITXTINS-12H fE TXNIP & ChREBP# 75 3 AF F 4 1] (P < 0.05, n = 6),  Ang T 3 FRI4H 0 3% 77 BRI S 4 o 1 T v
Wi, FIRSEREY, Ang IFIEILATIRIEAIChREBPIEAL I _EIHTXNIPHIZRIE, (et T, $R/mTXNIPH] REAEHE R
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Angiotensin Il promotes the expression of TXNIP through angiotensin II type 1

receptor in islet f§ cells

FENG Yan-Jin, WANG Jin, CAO Zhu-Jie, LI Dan, HUO Hai-Yan, ZHANG Xu-Mei, JIAO Xiang-Ying
Department of Physiology, Key Laboratory for Cellular Physiology of Ministry of Education, Shanxi Medical University, Taiyuan
030001, China

Abstract: This study investigated the effect of angiotensin II (Ang II) on apoptosis and thioredoxin-interacting protein (TXNIP)
expression in INS-1 islet cells and the underlying mechanism. INS-1 cells cultured in vitro were treated with different concentration of
Ang II for different time, and the viability was measured using cell counting kit-8 (CCK-8). After treatment with 1 x 10°° mol/L Ang
IT for 24 h, flow cytometry and Western blot were used to measure the cell apoptosis, and Western blot was used to analyze the protein
expression of TXNIP, carbohydrate response element-binding protein (ChREBP) and angiotensin II type 1 receptor (AT1R). Real-time
PCR was used to detect TXNIP and ChREBP mRNA expression. [F/ICC was used to observe the TXNIP, ChREBP and AT1R expression.
The results showed that Ang II reduced cell viability and induced the expression of TXNIP in a dose- and time-dependent manner (P <
0.05, n = 6) compared with the control group. Ang II induced apoptosis and up-regulated the expression of ChREBP and AT1R (P <
0.05, n = 6). AT1R inhibitor, telmisartan (TM), blocked Ang II-induced TXNIP and ChREBP overexpression (P < 0.05, n = 6) and
inhibited Ang II-induced apoptosis. Taken together, Ang II increased ChREBP activation through AT1R, which subsequently increased
TXNIP expression and promoted cell apoptosis. These findings suggest a therapeutic potential of targeting TXNIP in preventing Ang II-
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induced INS-1 cell apoptosis in diabetes.
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5 [ (carbohydrate response element-binding protein,
ChREBP) $ii {& ) H Abcam 2 & ; $1i Caspase-3 Fll
Cleaved Caspase-3 $i 7 ) H CST /A & ; i B-actin
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(% 12% FBS. 1 x 10’ U/L #H % &A1 100 mg/L 5 7F
%), THFMAEEFE INS-1 4. 45k 36 h 5
R kL, YK A 80% I 3R AT AL A Bl S ak b B
H4 40T 08 A K B I 20 B Bt AL 23 % HE (control) 2H.
FT Ang 11241, X REZH FH B 5 4 55 75 2 0 JU 8% 7%,
Ang T4 1 x 10° mol/L Ang II f) % 95 5 5 9%,
BIRE SR 24 h JE RSN M AT J B SE50

1.5 Real-time PCR 47t 4435, # %
R 9%E, 2 000 r/min 250 5 min WCEA M. R
FIE UL PBERAE, SRA 2 EIEE . TXNIP -
BT AR 5°-AGTGATTGGCAGCAGGTC-3’, F
WS T 1R 5°-GGTGTCTGGGATGTTTAGG-3” ;
ChREBP _Lji# 5141741}y 5°-GCATCCTCATCCGACC-
TTTATTTG-3’, FliE5I¥)F 51k 5°-ACCCTCTGT-



TG ats, I TR EE 11 1R S A 5 AT D TX NI P 26 i 151

GACTGCCCTTGTG-3" ; GAPDH L7 51 ¥ & 51l
5’-ATGGTGAAGGTCGGTGTG-3", F i 5| ¥ )% %
4 5°-AACTTGCCGTGGGTAGAG-3’.

1.6 Western blot 5 #fr A s, FTEE:
FJE, 3500 r/min B0 5 min YA, 5§ RIPA
ZLA (& PMSF 1 pL) 42 HUAm i &L &5 . i A
BCA vEM & Hk )G, A& & EH T SDS-PAGE
HLVKREAT 70 B, FLUKSS R4 8 B B4 BN % PVDF Ji
b, BEEHIEE T 5% BREYH =R A 2 he —
P14 °C 15 F 1% (TXNIP: 1:1 000 4% ; ATIR: 1:500
#ifE ; ChREBP : 1:1 000 #% %% ; Caspase-3 : 1:1 000
#ike ; Cleaved Caspase-3 : 1:1 000 # B¢ ; B-actin :
1:5 000 F4%E ), WEMLE AT R ZHE (1:5 000 % )
FIIFE 2 he Vel BB ECL R R (G, M
H UVP Bt A% RS0k E G . 8 %05 KB
{4 Image) B AF3E4T 20 M, FEULH 8 B K E
45 B-actin A FE AR 1) LUAE AR H 08 A X RIA &
1.7 ®RERKE (F) BEMBELE ICC) ENH
VP B e 3 BT ARG s A At i L e
AR B E K IR BT AR B, 24 h e 3 A ES
kL, 4% Z R E 418 10 min. PBS #32iH
e 3 K, 0.05% Triton X-100 = i& i i% 10 min, {#
FHED AL 2 i 37 °C 1M 1 h, £ PBS jid¥k: 3
UG MM BE L — 1t 500 puL (TXNIP: 1:250 FikE
ATI1R : 1:20 7% ; ChREBP : 1:500 #78 ) 2 4Hffar,
37°CHEE 2h, EERMEW, H PBSIEHME3 X5,
IO REAF ) — 41 500 uL, 37 °CH¥H 1 he L&
o FH AR I A A B AR 10 (1) 9T (1:5 000) HE4T 0
H, I DAB#HTRERNE, HAKERT G MM

_\
N}
=

—
o
o
é

*

6071
40
0+

Cell viability (% of 0 mol/L)
oo
o

0 1x10% 1x107 1x10° 1x10°°
Angiotensin Il (mol/L)

1. Ang LR 8 T2 I [B] At 14 (I INS - 1 40 3T 77

1 min JFH] H SRR bk, B8 60 VR i3
Fs PG H AR D6 4T (1:100) BEATEROGIEF
JFF DAPI X 4B MAZ AT 2 4%, 3, ERIGEM
BT M KR

1.8 RAAPARSEPAT YIRS,
FE B IR, {f R EDTA f J65 B 5 1k 40 i,
800 r/min & 0> 5 min Y £, I A 500 pL Binding
Buffer 27740, A 5 uL Annexin V-FITC F1 5
ul BUAK TR I (propidium iodide, PI), 25 J 386 2 J3
15 min, A9 GHHACR I .

1.9 GitFESH S04 R DL mean £ SEM £k,
KH SPSS 16.0 it AT it 7 dfr, 24 IE %=
SRR E T Z 00, AR EECR ¢ K
PL P<0.05 HZEFA G 7R Lo

2 R
2.1 Ang II5[#2INS-140Bf5E 1P

CCK-8 Z5 R H IR, 5 0mol/L ML, B
Ang T FHRBE RO TF i, INS-1 4035 F138 85 T B,
£ 1 % 10° mol/L B { F & 3 [(78.50 + 4.11)%, P <
0.011( B 14) ; {1 x 10° mol/L Ang 11 55 9% &
INS-1 41 6. 12, 24, 48h, 5 0h 4L, Angll
YEH 24 h B 4B iE IR 25 T B [(77.17 + 8.58)%,
P<0.01]( &l 1B).
2.2 Ang ILESINS- 1405 E T 1#8m

] 1 x 10° mol/L Ang 11 5 & INS-1 ZHfif1 24 h,
W5 AR T 0. 3@ 3T Annexin V-FITC/PI 4%,
i, SgRER, X RAML,
Ang 11 ZHAA ML 122 T+ [(13.19 £ 2.70)% vs (5.30 +

1201

1004 .

oo
o
1

601
401‘

Cell viability (% of 0 h)

0 6 12 24 48
Time (h)

Fig. 1. Ang II concentration- and time-dependently reduces the cell viability of INS-1 cells. 4: INS-1 cells were treated with the

indicated concentration of Ang II for 24 h, and cell viability was determined by CCK-8 assay. B: INS-1 cells were treated with 1 x
10 mol/L Ang II for different time. Mean + SEM, n=6. P < 0.05, "P < 0.01 vs control group.
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Fig. 2. Ang II induces INS-1 cell apoptosis. A4: INS-1 cells were treated with 1 x 10°° mol/L Ang II for 24 h, and the apoptotic rate
was analyzed by using flow cytometry. B: Cleaved Caspase-3 and Caspase-3 protein levels were assessed by Western blot. Mean +

SEM, n =6. P <0.05 vs control group.
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Fig. 3. Ang II concentration- and time-dependently induces the expression of TXNIP in INS-1 cells. INS-1 cells were treated with
indicated concentration of Ang II for 24 h (4, C) or 1 x 10 mol/L Ang II for different time (B, D). TXNIP mRNA levels were deter-
mined by RT-PCR (4, B). TXNIP protein levels were determined by Western blot (C, D). Mean + SEM, n = 6. "P < 0.05, "P < 0.01
vs control group. E: INS-1 cells were treated with 1 x 107° mol/L Ang II for 24 h, and the expression of TXNIP was observed by optical
microscope using immunocytochemistry. Brown granules represent TXNIP. Scale bar, 20 um.
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Fig. 4. Ang II raises the expression of ChREBP in INS-1 cells. INS-1 cells were treated with 1 x 10~° mol/L Ang II for 24 h, ChREBP
mRNA level was determined by RT-PCR (4), and protein level was determined by Western blot (B). Mean = SEM, n = 6. P < 0.05 vs
control group. C: Representative images show the expression of ChREBP (red) in INS-1 cells as using DAPI to stain nucleus (blue)

and being detected by fluorescence microscope. Scale bar, 20 pm.
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Fig. 5. Ang Il increases the expression of ATIR in INS-1 cells. 4: INS-1 cells were treated with 1 x 10 *mol/L Ang II for 24 h, and the
protein level of ATIR was examined by Western blot. Mean = SEM, n = 6. "P < 0.05 vs control group. B: Representative images show
the expression level of ATIR (red) in INS-1 cells as using DAPI to stain nucleus (blue) and being detected by fluorescence micro-

scope. Scale bar, 50 um.



TG ats, I TR EE 11 1R S A 5 AT D TX NI P 26 i 155

A
1201
o #i#t
= = =
8 90 1 o
"6 -
X
< 60+
=
8
> 304
©
(@]
0 { L] L] {
9 x> x
o’i\6 & & vgo)
O Ne %
&
B Control Angll TM TM +Angll
Cleaved Caspase-3 | [ . SN S|
4-
a2} 6.\ *
$ o 3-
o= 8
2¢a T
L@
0 £0 24
o &2
o O
gaf g
[0} o al
S Eo
o
0 T L] T T
N >~ NS
S s B
Q° N N

*
N

6. B AR Vb AN Ang 1175 T HIINS- 140 EIE 7 B A% S 40
FT T

Fig. 6. Telmisartan (TM) inhibits the changes of cell viability
and apoptosis of INS-1 cells induced by Ang II. INS-1 cells
were treated with 1 x 10°° mol/L Ang II for 24 h after pretreatment
of TM for 1 h, cell viability was determined by CCK-8 assay (4),
and cell apoptosis represented by the ratio of Cleaved Caspase-3/
Caspase-3 was analyzed by Western blot (B). Mean + SEM, n =
6. P <0.05, P <0.01 vs control group; “P < 0.05, P <0.01 vs
Ang II group.

HEINS-1 41 1 h, M EL TXNIP K ChREBP ffj 3k
. 45 RN, N ATIR #0057 8 Kk vb )5,
5 Ang II A4 ., TM+Ang II 40 TXNIP ] mRNA
AR K35 W 55 PG (1,05 + 0.31 vs 4.70 + 1.07;
1.21 £ 0.26 vs 2.57 + 0.27; P < 0.01)( & 74. O);
Ang 11 5|2 /) ChREBP mRNA A4 7K 7 _F i t 4
oK yb Y (1.09 +0.20 vs 2.10 +0.33; 1.33 + 0.34
vs 3.98 + 1.04; P < 0.05)( & 7B. D). L\ E&5 i)

Ang II ;2 i i ATIR 5 3 | TXNIP Jz ChREBP [
Fik L.

3 i

RAS JEAR N B Z BT RGiz—. okl
Z TR, RAS MUFE TN RS, 25
T 7KW 48 25 R VR T i ELAE =) 8 s 4 2 A i
B R R N g Rk, FEREEA
FRR R AR . Horb, RAS FERA L 3R
BT OB R R AR AR R A B R M. K
&2 I R AL BF 70, #n LIFE (Losartan Intervention
for Endpoint Reduction in Hypertension). VALUE
(Valsartan Antihypertensive Long-term Use Evalua-
tion). CHARM (Candesartan in Heart Failure-Assess-
ment of Mortality and Morbidity) 5%, AT1R i
FRNFIAS Y T 4 2 ARG g L PR N TR EE PR 1 T 126 12,
AT EAN, FEIRET, RAS RGpHEGE, HE%E
EVE ST Ang TUKFTh, PTG RO & B 40 Dl g
M AECE B U fEARRE T, FRATIAE B Ak
KAFHAESE T Ang 11 7] 175 5 INS-1 40 f o =3 I,
B BARHLHE AT 2E

TXNIP 2 R I % s B AL 2 28 T s ) — Fof
HE, DA TIESE, &R, R
TXNIP & ik s FRATTHF 78 20 UE S 4 i s 25 ik
Ik TXNIP Al @ A B N3, RS iR A2 55
IEHPERRES IR 264 INS-1 S gu e & A T 1,
B EbE T 5] A TXNIP Fh 4, FRATHTHE T SR,
W PRS2  A 9 H en B  BE TR  RLRE T S
TXNIP =3Rik, I35 B AT LA Eseiesesy
UEM] ¥ TXNIP 28 B IR & B 40 452 405 v 473 35 5
HESM O, A, RO TR Ang 11X
TXNIP {5 & B A Frfe i ? A B 5 45 R 2R,
Ang I 7] [ TXNIP [5RIA, 0w HA W B K
I RO (R RS, 278 TXNIP [R5 T Ang 1T
S B AT

ChREBP /2 i %) ¥ 1 12 5 A% b ) B B R S A 7
Z 543 TXNIP {J3&IL T . Minn S5 AT 7R 9,
BT ChREBP LRI, NGNS
Mix (Max-like protein X) JE R — 54k, 45HT TXNIP
B AL 91 B K AL & W S S TG F (carbohydrate
response element, ChoRE), 2 J&5 i i 5548 3L iis [A]
F p300, HIFHEEH H4 44k, 23t RNA pol 1T
bz, AIMTAE TXNIP 85 5c19 2, 55 TXNIP Rk



156

(o]
1
*
*

N
1

N

1
F*
F*

TXNIP mRNA level
(Relative to GAPDH)

O %
N
C
Control Angll TM TM+Angll
TP [ - -
B-actin — — —
3- Ak
3T JE
=g 2
ge e
a O
o3
=T© 1-
§ o)
a3
0 T \I T \I
SEFEVOEE
s ¢ N &

HEPR2EH Acta Physiologica Sinica, April 25,2018, 70(2): 149-157

B
T~ 37
&% :
<% ar
z 4
xO?2
E O
i #
o
m.g IC T
W 14—
m_
g
ox
0 \l T T \I
S = =
£ g £ 9
S G N
g
D
Control Angll TM TM + Ang Il
ChREBP | s D —

B-actin [ s— — —

6
i *
P '|'
Qo c
5§54
B A
s e
e
E%Z- #
0:_
_CGJ
ox
O \l T T \I
@) ~ ~
& ~
o Q& S vgo’
O < o
N

B 7. B Kb ] Ang 115 5 (9 INS- 140 s TXNIP &, ChREBP ik

Fig. 7. Telmisartan (TM) inhibits the TXNIP and ChREBP expression induced by Ang II in INS-1 cells. INS-1 cells were treated with
1 x 10°° mol/L Ang II for 24 h after pretreatment of TM for 1 h. TXNIP (4) and ChREBP (B) mRNA levels were determined by RT-
PCR respectively, and the protein levels were determined by Western blot (C, D). Mean + SEM, n=6. "P < 0.05, "P < 0.01 vs control

group; “P < 0.05, ¥P < 0.01 vs Ang II group.
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