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Effect of liraglutide on the human islet amyloid polypeptide aggregation and cell toxicity

ZHAO Xi—chen', JIN Yu—jing', SUN Xiao—wei', LI Dai-qing*,ZHU Tie-hong'

(1.Depatment of Endocrinology and Metabolism, General Hospital , Tianjin Medical University, Tianjin 300052, China; 2.Department of
Metabolism, Chu Hisen—-1 Memorial Hospital, Tianjin Medical University, Tianjin 300134, China)

Abstract Objective: To explore the effect of liraglutide on human islet amyloid polypeptide (hIAPP)aggregation and cell toxicity.
Methods: Thioflavin T( ThT ) binding assays were used to test the real time characterization of hIAPP fibrils formation kinetics. The
electron microscopy tests were used to test the morphology of hIAPP fibrils. Pancreatic islets were isolated from adult Wistar rats. The
experiment groups included normal islets ,hIAPP incubated islets,hIAPP and liraglutide co—incubated islets. The incubation time of three
groups was 24 h. Annexin V/PI double —staining was used to detect islet cells apoptosis. The expression of inflammation —related and
apoptosis—related genes was analyzed by reverse transcription—polymerase chain reaction. Results: ThT tests showed that 5 pmol/L, hIAPP
had undergone fibrillation after 1.6 h,reaching a maximum after 3.4 h, and the kinetic curve was S—shaped. When co—incubate with 500
nmol/L liraglutide (10:1),hIAPP fibrillation delayed. When the molecular ratio reached 1:1,the fluorescence signal did not increase
significantly,,and the kinetic curve was linear. Electron microscopy tests showed that 20 wmol hIAPP aggregates into the abundant fibrils,
whereas in the presence of 2 wmol liraglutide ( 10:1 ), the fibrils were much less and shorter. And when increasing the concentration
of liraglutide (20 wmol, 1:1),there were no fibrils. Compared with the blank control group,the mRNA expression of IL—1,TNF and
CCL-2 in amylin group was increased , while the expression in liraglutide intervention group was decreased with statistical significance
(F=429.68,48.79,153.39,all P<0.05). The annexin V/PI double-staining tests and RT-PCR showed that when treated with hIAPP, the
apoplosis increased , which was decreased by liraglutide (F=514.34,16.14,18.47 ,all P<0.05). Conclusion : Liraglutide inhibits the
aggregation of hIAPP and protects islets from inflammation and apoptosis.
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APP ELAT AL A S 4540 S5 E0RALE] . RIAS
FF 5 3 BT R PL S RO 75 7T DL o 1) hIAPP
RAEFFID hIAPP AH I 9 5 40 e 35347

1 #R5FE®

1.1 £ 250~300 g HEPE Wistar K EIE E A
FE] N i R 42 B 2 B 24 Bt T3 A 2 IR B B 2 A5 T
gL Oy SpF 9.

1.2 £2KA BJEREF(V ) ChIAPP 4 F Sigma
/5l 3 Annexin—V/PL 9 65 AR &0 A 72849
A BRI s FIRE R S v A i s wl Bt
1.3 %7k

1.3.1 Bif§ R T S8 7l B A% R T.hIAPP
HOEERE , 4393128 1 mmol/L 5 100 wmol/L, 7EE (% 96
FLAGFRAR A, AL I A RARFR RGN PBS ZZnf
WkEAE 100 L RVARZR GEffEE T 29454 10 wmol/
L,hIAPP KR 5 wmol/L, Bl I AH W v B
FIFERR (500 nmol/L A1 5 wmol/L)IL[EF 5 . g
T RO N B 7O Y m A O =3 S e o84
KL IRe B |, 37°CFE o £ Smin ¥ 10 s,
FE 10 s JEIE80 10 SHTE 440 nm 380K UK AT 485 nm
BT oG Bl ¥ sr 4 N2 AL, ARG
FUAA MG E BB R T AR, 25 2 e 2K
D5 Ry S CEH S AR AL DO B 1 221
1.3.2 WM OYE LR T EPE S
I 3 2K 20 wmol hIAPPOUBRIEZ ) .20 umol
hIAPP 12 wmol FIHAEAK 20 pumol hIAPP F1 20 pumol
FIFr K K SN 2= A 5, #E 37 CHlAR g
B 2 h 5, 20 L R A0 B AR S AE 200 H -
BRAL A b, B 3 min, JHIUEZ0 MR 90 J5 30 /0%
TR A RE S, T 200 Wl 19 M 50 PR v T e
3 min, 2 J5 FHUS AR T4 9 J81 30 22 A 0, ==
M T 5 P R T 95 T J R 2 S L d OB (Hi-
tachi—HT7700)7E 180 KV Jl H, . AG I 4% 20 e
RIEMRELT 4RI B B

133 KREBES 2B SR 109K G HELNE
TSR Wistar KR, P 75% & BT 55 52 ik, TC
FIRE , DRSS R AT 218 A 4°C TR eI
itf p(0.8 &/L)8~10 mlL, i J& fif 7543 B K o B0l Ak
FE KBS, 3B 5 H T AR AL 2, D ORE 5 4 T R A 75
A 3 mL 4CHL R HE p B 50 mL 2.0l
37°CKIB AL 10~15 min, 37 3 8 48R0, i A
4°C & 10%H 441135 (FBS) Y Hanks #29 30 mL,
ZARTHAL, VKA 5 min FRffE PR R/INOIGEE B2
WA, RN 40~50 ml ¥K Hanks %, & 2 X,
FARILEE T T T HR ORI 1) 15 sl A (3 E 1

TR 5% AR M VAT o B J o 3 25 A 18 T 5% 240 L AT o A
&4 100 UmL #% % 100 mg/L 4555 £ 10% (4
1L %5 .10 mmol/L Hepes.11.1 mmol/L A 25 R 1Y) RP—
MI1640 F5FRI T, 5%C0, 37 CHEFRAa 3%

1.3.4 RHGHEUGEEE RS ETE 7296 fL
BRAFHE 0.A% K 6 Wy W T T 2 A TR 2 20 L ) 5 7
1:9 R4, 10 min NG N UEEANAE T D0 A4
il Ting , & W W5 T 28375 722 1 1) 40 5, 5 e
) DNA Z54 , (i HAE 6@, T3 40 M RERH. - Je ik A
MM . FET- AN R RO T AN £
1.3.5  4ifore  FRRIRm e i san L ik 3 4,
F2H 15 M 25 FORTIRZH(NC) s IRTER ZH (10 wmol/L
hIAPP) ; [ 25+ FH 8 K41 (10 wmo/L. hIAPP+100
nmol/L Lira)

1.3.6 Annexin—V/P1 %t Y (0, 7 A I JBR 5 2 ML /Y
AT FRIEH , BCEF Annexin=V/PL J8T- YL B
(250 wL Binding buffer,5~10 wL Annexin V-FITC,
10 pL propidium lodide), ITAZIT- 12 h J5 1S
W S TEEEDEIE E 15 min, Bl RIS T 9O 8 A L
2o IE W AT A O AUEn PR RO
4 M I T S IRSELL A5 . H Image proplus7.0
A Bt S A T H R

1.3.7  SERPOEE RGN mRNA KKK B0
JALBRSE RS | Trizol MEERHUBES ) RNA MRS Thermo
First Strand ¢cDNA Synthesis Kit #1755 58 [ b, &
J& cDNA 25 1§k . SRR RHPOLIEI AT RT-PCR 3°
AR, B £ A2 T Sybr—-Green qPCR Mas—
ter Mix(2x ), FiHRUERH 4356 A 2 IR BRI B30, A
%X LightCycler96 ZEGE it PCR /G T PCR 4741,
R 2722 M E B A, DA B-actin ISR
BEPNFEATHREAN, WLER 1

*1 PCRHERESI¥F5

Tab1 Primer sequences of genes in the PCR

- TR B
£H S5 —3") TIPII IR

Sk FE(bp) E(C)

B-actin  Forward CGTGAAAAGATGACCCAGAT 159 53
Reverse  ACCCTCATAGATGGGCACA

Bax Forward  GCGAGTGTCTCAGGCGAAT 14453
Reverse  CCCAGTTGAAGTTGCCGTCT

Bcl-2  Forward GACAACATCGCTCTGTGGAT 13753
Reverse  GACAGCCAGGAGAAATCAAA

TNF  Forward GCTACAGCTTCACCACCACA 94 58
Reverse  GCCATCTCTTGCTCGAAGTC

I-1  Forward TGGCAACTGTCCCTGAACT 27153
Reverse  GTGCTTGGGTCCTCATCCT

CCL-2  Forward GCACCAGCACCAGCCAACTCT 112 58
Reverse TGGATGCTCCAGCCGGCAACT

H: Bel-2: B kB4R -2 FED TNF: R SR P8 75 TL-1: 4
A E-1; CCL-2: i 4N etk 2 H -2
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1.4 Zit3as® K SPSS 22.0 HAMT , IEA 5
AR TORER s 7, ZHLI] HL AR FH P ST
FEA ¢ K56, 3 2l AL 4 A Fb 3Rk F B IR 2R T 2247
Br LSD A 5K o AE IS 4 A B9 ERER
Kruskal-Wallis H #FER: . P<0.05 W 2E 54501
2 #R

2.1 #)32E gkt hIAPP B 45 69 %0

211 BRBEE T SLIE5E 5 wmol/L BEyE R Hh
BB R, 28T 1.6 h 224 iR B TF, B ik n,
3.4 h R s 1R IR A SV AL S wmol/L JHEE R
55500 nmol/L A7 & BK (i FE b 10:1) I [R] B &
J& , BOE T HE 2.5 h 5 A TFIG BT, HaAER .
5 wmol/L EVEZ 5 5 wmol/L FIFLE KGR 1:1)
R, LT R B JgavE R RER S PER
(RS 50855 , A DL & TR 1),

2.1.2 BEHTHAESEHE 20 wmol hIAPP BN & Al
LR YRIR IR T, R AN E R 47 (18] 2A);5

2200 mmn

900, =—hIAP

800+ ——hIAP+Lira(500 nmol )
= —hIAP+Lira(5 pwmol/L)
= 700

— 600

i}

§ 500}

‘:LS 400}

1= 300134

= 200
100

0 " " " " ar—
1357 911131517192123252731333537294143
5 5 min BEEC, BEHFORMLEREL, G FORAART TR 5
hIAPP B I M AE Z2 1K ; Liva: AR
1 WMERTEELERER
Fig1 Reswlts of thioflavin T assays

{H 220 wmol hIAPP F12 pwmol FIF7 € ik (e BE 1 10:1)
I B G e e I wsb, I HREYIESK
R H 45/ (& 2B) ;20 mol hIAPP 1 20 wmol F]
Pre kR EE e 1) LRI E 5, J0ik 4% 2 hIAPP
FIT R LT e 4544 (8] 2C)

&

200 mm

H:: A:20 pmol hIAPP 41;B:20 pwmol hIAPP+2 wmol FIFi4E KA [FIFE 41 ; C: 20 pmol hIAPP+ 20 pmol 474 HRILFIFE 41

B2 BEHEETRAEMFTERRERL

Fig2 Formation of amyloid like fibrils in the electron microscopy tests

22 By BEEGERER G O
B3 FTm « B 43 15 1 R 5 20 L P RN — |, 2 RE
o BRIRITE , R 2240 o 40 it A 5 2, P e ds o
JoR 5 Ay B IR, £ I 0 e T 4 5 3
LPANEE e

3 ERBRBSARERERHARES
Fig 3 The natural islet and cell morphology after Trypan blue ex—

cluding test

23 REFHAKLmMEEEMERFHEALL
ik BOLE RS R WNE 4 Fin 525 F AL
LU, JERUE 2R 2H 09 1 48 A A 2% (IL) -1 g IR 38 B 5
(TNF) \ BLA% 20 ff s b A 11 -2 (CCL-2) JE A ) mR-
NA eIk, 435K 3.65+0.14 .2.41+0.29 .3.65+
0.44; FI 7 & Bk T 15 TL—1 . TNF . CCL-2 3t K 1y
mRNA k¥ T, 43518 1.44£0.12,1.36+0.18,
1.3320.17, 2 5 B A G115 8 L (F=429.68 .48.79
153.39, P1J<0.05), W3 2.

24 B TR T AR AR AR B KA
# A Annexin-V/PI % Y6 4L 4 40 & 5A Fiiw
10 wmol [ hIAPP T 24 h Ji5 , [ 4 M i T4
T 229 £%(17.16% vs. 0.75% ) ; R HLE ik T 15 5 U4
o EW 0 (3.33% vs. 17.16% ), 22 5% A G
X (F=514.34,P<0.05),
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RT-PCR Z5%U11&] 5B Fis : 525 FAXTREZHAR L, SRR G (P 1<0.05); S5k EHMIL,
JERTE Z AL T 5L Bax mRNA AH X3k 14 0 FIFrEHRA] Bax mRNA FA A N> (1.20£0.05 vs.
(1.2120.05 v5.1.00£0.05) , HLI T I A Bel-2 mRNA 1.21+0.05), LA T-IEA Bel-2 FAHEN(0.78+0.08 vs.
AR FH A B3 R (0.5120.12 v5.1.00+£0.09) , 2% 0.5120.12), 25 HA G2 L (P $1<0.05), WL3& 2.

5.0,
S 5.01
451
) 4.51
4.0 A e
3.5
I 3.5 I\
H g = i 35
=< .54 -
) w® 2.5] 15 2.5
K 2.01 = 2.0 o
- z & &
o 1.54 — 5 1.5 — A |
= 315
e S | T
0-31 0.5 0.57
0.0 0.0 0.0
NC  hIAPP hIAPP+Lira NC  hIAPP hIAPP+Lira NC  hIAPP hIAPP+Lira

T 1= 1A 3= 15 TNF YR IRBE A 15 COL-2: A A A P38 1 5 NC:2s PN B s nIAPP:BRE 2 41 hIAPP+ Lira : JBRJE 2 +FIH7 £ Ik 41
B4 AEFHRAKERERXER IL-1.TNF,CCL-2 mRNA f95&i%
Fig4 The mRNA expression of the inflammatory factors, including IL-1, TNF and CCL-2 in different group

®2 BRABRLDAMREATHEIERNZWL ()

Tab2 Comparison of apoptosis related genes in each groups(xzs )

ikl IL-1 TNF CCL-2 Bax Bel-2
25 X IR 1.00+0.06 1.00+0.05 1.00+0.09 1.00+0.05 1.00+0.09
TAPP 41 3.65+0.14 2.41£0.29 3.65+0.44 1.21+0.05 0.51+0.12
TAPP+Lira 4 1.44+0.12 1.36+0.18 1.33+0.17 1.20+0.05 0.78+0.08
F 467.60 40.46 83.27 16.71 20.48
P <0.001 <0.001 <0.001 0.001 <0.001

L1 AN R -1 INF R IRSE R F ; CCL-2: U AN A L 2R 11 -2 5 NC:2S AR HRZH s hTAPP:JBEJE R 4L s h APP+Lira: JBEJE R+ A8 Ik

201 1.57 1.5 1

hIAPP ‘

hIAPP+Lira

151
1.0 1

i
101 |

5- # *
= i

0 NC hIAPP hIAPP+Li 0.0 0.04
+lara NC hIAPPhIAPP+Lira NG hIAPP hIAPP+Lira

Fiktht
s

0.5 4

Bax X} 3
Bel-2 AHXF
(=]

Blank  annexin PI

I 2 A R 7 PR T A A S A B A% )

TE A T R R @O0, AR IR T B Gk IR L OIS MM MR T B A2 A T N Bax SHUIH T Bel-2 1Y
AR B S X RRALMI LE , #P<0.05 |, *#P<0.01 ; 5 [#%E 41T H, *P<0.05,#P<0.01; NC:45 A% REZH s hTAPP B TE 2841 s hIAPP+Lira : %6 2+ i1
Ak
B 5 HAMEATIER
Fig5 The apoptosis of each groups
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WS LE TR hIAPP A B B RAENE, I H.
5 1 5 40 i AR [R5 75 ), 412 1 R RE R T3R5k 4 i
PAT, DL W] hIAPP X &) 40 M A 2R
55 2 HAFSE — 35000, FRIE KT DLk BE AR A
hIAPP HFREREE - H 5 hIAPP MR & B Auians
SAE SGANNRLIRT I8 D X A A — e PP R

E5HE DRI ZA,, B] 1% 24 15 R 1 2 — PP R T
PR , BRI RS AR Z K, R
(B o Rl , 2R BT R 250 SRS 1) S IR v R B
FFr & K A B T 1] LA D AR ZE R AR K A, vk
BT IR 2 U SR S A AR R PN BB TR, DA 5
FAYICAZINHEND, Park ZEMILL NI &5 AR ME R &
PR, B s IR AR K (GLP)—1 28258 n] DI [ 15 38
PR AR K B (TR D o P8 O 75 T LA
L A I 22 IR B 3R R A sl R 8l 2 i
&P TR B B A AR B AN . A
R LA 2 T 28635 50 U%E hIAPP 1 2R 4E 3
J1%, ZREMEIRK S IR TAPP ATl 5256
SR FH B B 30004190 240 i S 56 SR P R 5 IR FH 440
Ji 2 e e e I UE 25 R R KL 10:1 4y
e L[] I RUE 2R R AR A R AL S, 4R R R
IR IE (LD 5, e =R ] 8R4 3 %
Mgkl S AUAR N HLZRRL, I b —25 i S e B ) 52
8 SR [RVRE s T R B JER T L v JEE RS 1 7
hIAPP [ FRERAEMME A  Flhr & K 5 A e 2 4L 1A
W% o AT A 50 B b R R R R R T
hIAPP [EREE , W5 7 S FEHR KA REA il Jok e R
AR R Fr K5 AR R 2 5 sl e 9 g 7K
YEFARR R M EE, sl HEAT i e 22 SR ARV
fiE. V2R FASHIAH AR ISR AT B T
AT SR AR LU BRI BE

AV ZH BE AR 57 (87 - hIAPP 38 A 9 i & 41
MIJE T 5 IR e -1 15530 Bk 7r Hrh & 4%
TEEAEHN, AR AT LD B R 25065 B 1)
B—VE MR BEHRAHSC I S AE A5, AR YR S I 25 5 b
JNFEFIPLE K5 hIAPP 3L [6] 9% & A, IL-1 . TNFa
CCL-2 RAE T35 T . AN S I
I RIS R R H S KB — e iR . Flr
BT LIS GLP-1 ZARZE A i S iy PKA
T [k /D 9 i R - 1 835, DT S 3] 240 B R 4 4
FHEO, SR, AWFIE & IRAEARIMH R B S, P58 T, ]
PG R AT DA P2 0 ) 1 0 23R 1 SR AR, Rk 2> hi-
APP BRAE SRR 0 B 7 W A0 R K A
LAy B R R 2 —

SR 28 hIAPP W5, I AR T LR
BETN, Bax mRNA ZRIAHEIN, HTRT-HEM Bel-2 mR-
NA F3K T R o $ 78 BRI 28 5 S04 M A T4
hIAPP n] B2 A I A eaZ P, 38400 oA S I i A
T Wi 50 2R S AR A i 5 0 Y D B S A s -
R R RIS, BR AL N 5 RIK R RS, B
T-HEN Bel-2 RN, AT LA . hIAPP
FHOR A 20 A5 5 -5 R AR B DA OG , FIRL &
JOR R A T4 o 410 ) G 3R S M sl o ok
PR AL PR I 12 20 e v o 2 SE TR AT o
SZ L hIAPP 0] DL RS % 2 28 e 473 , 384
Jig 8y AR T, ML O T A o J e R R A
IHPIL-1  TNFo . CCL-2 4 5E P F 3k, #4m
Bel-2 HLIHTHE DN, R0 B A O 44 L S A
B IR TE AR DR P 18] 1) 5 2R 4 (R AL AF 5 TE 45
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