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[HE] B8 WERME Acyclosporin A, CsA) X FAIMIBEER b AKT (phosphorylated AKT, P-AKT) ik
FIRZM BRTT CsA T8RS FILPLALE] . 75k ARBISE WS . (1) HIMISE AR EE CsA (0. 1 pmol/L,1
pmol/L.5 pwmol/L) ¥EF T AF4H i ( HL7702 40 )48 h, ] Western blot 77 B4 Il P-AKT 25 [ 9235 7KF, (2) 1k
ST (BIPIsEEe ) BT R EE A 5 R 00 K OB ROMAR AR | FH S s 41LAL 7 vk i P-AKT 28 F3 704 TR 9w A BRI 41
FHIRBKE, R (1)4%E 0.1 wmol/L.1 wmol/L.5 wmol/L) CsA ZH 5% FRZE A Lt , HL7702 KT 41 g - Y P-
AKT 25 1R RIE BB N R, 2R A G2 (P <0.05 P <0.01 P <0.01), (2)FEFR A 5HERHIM
BTSRRI AE A 045 5 A, RECEEIMEN 9. 28 mmol/L, ULWIFRFZE A 1755 (0B PR R BRI <7 i,
Ty BE PRI R B2 M P-AKT 25 11 (9 3234 B AR T IR 25 B AE # X IRZL (P <0.05) . &8 IRANAITRIE A
T A SEOCRUMAETE T E A WHR BTN P-AKT 93535 T2 A M AF40H HL7702 ' P-AKT
RIFRIR , $7R 2 PI3K/AKT 15538 T RE R M3 A FEUR S ERILPLEHIZ —
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Effects of cyclosporine A on the expression of phosphorylated
AKT in human hepatocytes in vitro and rat hepatocytes in vivo
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[ Abstract] Objective  To observe the effects of cyclosporin A on the expression of phosphorylated AKT in
hepatocytes, and to investigate the mechanism of insulin resistance caused by cyclosporin A. Methods  This study
included two parts. 1. In vitro experiment; Human hepatocyte HL77022 cell line was cultured at different concentrations of
cyclosporin A (0. 1 pmol/L, 1 pmol/L, 5 pmol/L) for 48 hours. The expressions of phosphorylated AKT (P-AKT) in
HL77022 cells were measured by Western blot assay. 2. Rat in vivo experiment: SD rats were randomly divided into 2
groups. The rats in the control group were administrated with distilled water 1 ml./Kg/d. The rats in the cyclosporine group
were administrated with cyclosporine 25 mg/Kg/d. The total experiment time was 5 months. The levels of fasting blood
glucose and insulin were tested at the end of the experiment. The insulin resistance index and insulin sensitivity index were
calculated. The expression of P-AKT in the rat hepatocytes was measured by immunohistochemistry. Results 1. Each

group of the HL7702 cells treated by CsA (0.1 wmol/L, 1 pmol/L, 5 wmol/L) showed a significantly decreased
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expression of P-AKT (P <0.05, P<0.01, and P<0.01). 2. After 5 months of therapy, the fasting blood glucose level

of rats in the cyclosporine group was 9.28 mmol/L, indicating that cyclosporine-induced diabetic rat models were

established. The insulin sensitivity index in the cyclosporine group was lower than that in the control group (P <0.05).

The expression of P-AKT in liver in the cyclosporine group was significantly lower than that in the control group (P <

0.05). Conclusions

Therapeutic dose of cyclosporine has hyperglycemic effects on rats. Cyclosporine can reduce the

expression of phosphorylated AKT in hepatic tissue in rats and also decrease the expression of P-AKT in human hepatocyte

HL77022 cells, which indicate that cyclosporine may cause insulin resistance by interfering PI3K/AKT signal transduction

pathway.
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BAE A JG W KA ( post-transplantation diabetes
mellitus, PTDM) 112 &% B AR A 2 0 UL Al i
N B IR AE Z —, Z B ATz R TE,
PTDM F 185 B AG% (2% ~ 53% ) LA ST SR (1) — L 3%
ARG SIS FEAR YR T O i 148 0 & AR
RRIGTNAE [F) A, W 3552 e B M S AR AL AR
St A A I 28, R d i R i 30 0 BF 50 35 B 4
W PES RGeS S RS SRR R S
il 7 R A AR T PTDM 19 fE R R 3, Horp
AR P AN S Bk A R R AR SR AN T Y T
B 0 A S — > AT 8 45 A 2 ST e B R 3R i
U RHEE 2 BRE A R ARG 0 S i
) 30 T2 AT 3 S AR B R SR R 0 8 TR Tk 4 1) 7
(calcineurin inhibitor, CNI) i K2, H BIA M HEE
TR R o ST A S 2 R A ] R
By RACHT BT =1, 107 CN S BUlobs 25 i Al
il i AVE A, B ATAIT SR, CNL S BUR ) B 41
P05 T, el R B 2R (insulin, Ins) B9 55 B3
Wh, e AR B = HEPE (insulin resistance, IR)P 4
B 5 2R 52 A5 K15 5 A% S AR TR K A fi i UL
FURH S IATT ) BRI 3R T 30 o W TR e LI 3
P/ 25 H P4 B ( phosphoinositide 3-kinase/protein
kinase B, PI3K/Akt) & 18 47 fiff 34 42 Q355 19 2
AE 0, PRI, PI3K/ Akt £ 53 % 14 % 3 e 107 2
IR BA Y B, AKT 2 —Fh 22/ 55 % R i 1t
( serine-threonine kinase) , K 5 25 BT A F14E 3
fitf C A5 AR & 0y ) 0R M, S SRR b B RS B
( protein kinase B, PKB) , H:4b T PI3K/AKT 17 5 i
P R AT Ao O TR A T 25 O TR A A A il S iy
PEAT, FEA ST PBK WG s AE MR RGeS, 18
et ORI DN 10 S s O N 2T S
SRR RN A B R R A AR AT
W 28 PG RR) B2 A PRI R A (CNT IR 2 —) I
KE, 7EMRZS 3 A A Ja B s i e, AR A
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VR BE R K BRI R 5 3R B 40 LAY IR FE Al
B RIS . MR ER A FEUR
By ZARPUOBLE], ABFSE 1. @ AR 8 5% |
FrEff R A XFIEH A 40 A (e 5 R 240 i
—) R 1k AKT ( phosphorylated AKT, P-AKT) #il
AKT FRIBRm 2. Sl S50, i Hr il R A
75 R B R R B IEZH 21 P-AKT #93RIK , IR 30
R A TS RG51L T U, 1875 55 7/ w2
Tt 10 1) 500 P v MR AL R

1 #RFsE*

1.1 ##
1.1 i85 #2354 BR 9 2 A (ceyclosporin A,

CsA) W H I Beyotime N, NIE T 48 M-
HL7702 4iffl 5, 04 H T B R Be i i, kiR
phospho-AKT ( Serd73) £ v Uik H 3 [# Cell
Signaling Technology 2\ H], R i AKT £ FLlE A
4 A E Cell Signaling Technology NI

1.1.2 sy

1.1.2.1 Zh¥.SPF %% SD Mtk 4 IR 20 R &
H(200. 0 +10.0) g, A U5 T 255 = 2 B} 2% e 5 5 5
Pt [ SCXK (%) 2014 —005) . oK B 35 76 AH 7]
R B R G, A BR BE 20k G B A B TR R
22°C +3°C ;12 h R, 12 h &M (B 7.00 JFAT) .
PRUERY BB . 545 0.98% , 85 0.75% , S it &
D3 1500 1U/kg, &58£ 0. 3% ; H 3K, AL T3
R BE e 2 SIS PO AT

1.1.2.2 25, R E (CsA) il A AR L,
¥ 24 i FHZE B K R e B PR 2 25 mg/mL, 25 MEEFR A
1.2 Hik

12,1 G405 WA A R BE AL 3R A X
NHF4AE (HL7702 246 j) 3R I8 B2 fk AKT F1 AKT
AT

12,11 259k 3 T S0 A 2 SE 0 43 R X BE A



20 o L S 2 2 2016 4F 6 14526 %56 ] Chin J Comp Med, June 2016, Vol. 26. No. 6

DMSO 4RSI A , X BELH AN AN s i, 25
ZH AN [A) R B %) CsA (0.1 pmol/L 1 wmol/L .5
pmol/L) . A CsA My FIARYE /K, A4l CsA #3371
W1, >k ] DMSO %5 i, 75 35 i DMSO 4H, DMSO 41
HUhn 40 B 85 35 WA DMSO, T CsA & 41 (0. 1
pwmol/L.1 wmol/L.5 pwmol/L) , 4355 DMSO Hy¥fk
0. 001%0.0. 01%o . 0. 05%o, it DMSO £H 1 DMSO
(U BE e AR BE 22 0. 05%0,

12012 20 AR 1 0% B2 ORI AR 1 e B 18 D .
HL7702 #fifp FsfLEG R, BEA =ZRAH
FEFAH G 24 h,

W U R SR, BEFLIINA S R R B CsA (0. 1
pwmol/L .1 wmol/L.5 pwmol/L) Y1 FE Wk . A4l B 57
WEL & DMSO AUREFEME 2 mL, ARSI 55 48 h, 2%
ANAULRIEFRI , PBS YEV I . fIIA 80 wL 24#,
43 244% 10 min, 10 000 ~ 14 000 r/min B5.0> 10 ~
15 min, BCF IS W, 193] HL7702 40075 1, Bk s
H1 peg/wl i BSA #0.1.2 .4 .8.12.16 .20 pL 4%
S EP &  #MINE 4k 2 20 wL, KehEE R
mnHS wL A BCA T AR, 7E/K IR 48 (60°C) ,30
min, 7EREARL FIE 562 nm K AR A,
HER IR,
1.2.1.3  Western blotting ¥kl P-AKT il AKT &
FIRYIK : (1) SDS-PAGE HL ik ; EIIFEFL N A5 A B
FEEE A (BN 50 g, 5% AR 2 xSDS L4
GepPRIR A WK IS PE 5 min, 1 000 r/min 2§
L> S min) FIFRHEE H Marker 5 pL, 50 V HLJE 30
min , FREVR Y 5 3158 40 525 1 55 Wk 4 e 52 A s T A
RS 90 V, 4622/ 7k 90 min, (2) %MK, (3) %
M, (4) g . @ B BB AR, 12 T — 41
(¥ P-AKT Fifk st AKT Hofk) B, 107, H
TBST %&£ 3 ¥, £HIK 5 min, @ ¥R T 1: 5000
TR EIRMEE 1 h, SRS TBST 3% 3 IRk,
BFR 5 min, (5)Odyssey WAL F G R G H
I A B
1.2.2 Zh¥sis.
1.2.2.1 IR A 5K 85 IR R RURE AL i 4
S 2eat 1 FE IS N A T K B AL S 2 4, R
10 H X REZH 2600 K 1 mL/(kg. d) , HR M0 R A 4.
HAEER A 25 mg/ (kg d) . B EHEWETELZ, R
FATUUA LI AL SR BT AR S50 FH 25 f [R) ol 5 4>
H ARSI A RN AR A 41K BN 44 25 1005
FET2 K D AL 2R 25T S 4G 20556 5 A H as

W, FH RS 6 928 o B 2 00 52 13 B 5 25 (INS) 7K
MR LA AR B F KBTS 50 ( HOMA-IR)
FIEE 5 ZHURFE B (HOMA-B ) : HOMA-IR = 25 i Jifi
B2 x 2R IMBE/22. 5, HOMA-B =20 x 231k 5
/(MR -3.5) A S R PAH mU/
L, 23 JE IBE A mmol/ L,
1.2.2.2  HSRREH AT 200 K BT 240 g P-AKT
MIFRIE il R 8UA B 00 R, 64T P-AKT 1%
REH ALY Ah,
1.2.3  Seit2forek R SPSS 19. 0 #E4T40 145
Br TR GORER A R 22 (1 £5) RN, A2
TV 2 AR | R B 3R 40 A K R ) R KB
B FLBCR ST BEAS ¢ G505 45 25 5 P 41 K R
FAY I R 5 3R 4 A kL TR 5 R AR B e iR
KFUIT 225307, LA 25 i K AR N By 2 8, P <
0.05 WZEFAG I X, KE P-AKT FKikiR
FLaR X2 Kl P <0.05 WEFA G 3 X,
NI (HL7702 4000 ) BERR fk AKT A9 2RIK 58 B L
BORHBR R I 247981, P<0.05 INhZESA
GiiteEm X, A B LR LSD ¥, P <
0.05 A ZEFAGIE L,

2 R

2.1 AEREHRME A X HL7702 05 AKT
i P-AKT E B RIZHIF N

ANTR) e BE ) BR AR A AE ] 48 h ), il
Western blot J5 A6l HL7702 JIF-41 fifd #+ AKT Al P-
AKT SRR ZER, Wk 1 Ui 78 AKT
TR, KU E CsA 4153515 XF B AL AH L, 24 6 B
B2ZER(P>0.05), 7€ P-AKT HEH M EIEH,0.1
pmol/L. 1 wmol/L 15 wmol/L CsA £H 435l 5 X} #8
ZUAH EL, P-AKT 0 23k 2 BB T B i 34, 22
SH G E X (P <0.05.P<0.01 P<0.01),
2.2 BAEAXNKRME FRSERRER RS
EHEIEHM N

R 2 T 2 K B2 T i b 2 S O W (P >
0.05), SEEI R EAMIE A 41K ERIKE B 42510
istr-2 H, B255 AN AREABEERE A AFR8 AR
L2 B I B 2 K F 7.0 mmol/L, S 34 1fiL 4 4 9. 28
mmol/ L, ¥ JR I & A 2Rk 1009% |, B FR S AR HR 5T
T 2 T8 R R 4525 5 A A Ja Sx AR L,
PR R AL IMME 22 4 & (P < 0.05) , 45 25105 /Y bk
XF 45 2 I MBS TC 25 5205 45 25 5 A H s 5 IRl
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FHLE, 596 2 20 e 5 AR Ho s B0 e 2 1 5 (P <
0.05) , 25 25 if Ji 5 22 HKPL T8 BN 45 24 ) Jik 5 R 4K
YU EOC B350 5 4525 5 > H 5 S0 RRALAH L, 26
16 3R 2 B 5% F U AR B I RN (P <0.05) , 45 2)
IR £ 2% SRS BO0T 45 24 5 e B 2 Uk O Bk
FW(FR2),
2.3 IRME A KR P-AKT RiZF 0

53 HIAE 100 15 H1 200 £5 5627 0 5058 T S8 M 2
KERIFAEAL L P-AKT B fpedlfb ik, HYE 41
PR AT DR B € ORETBOEE A3 A, B} R AR P
<0.001, ZRAGIIFENL(E3),

3 itig

HAER A(CsA) Je—Ff el B AR AR A5 11
AN IER B I IE 22 IR W) 5, 30 2o 40 o) o 22 55 2R
HOERT T 4l #2915 5 % 5, 3 T
20 M A3 FE AN 234k, 38 B S ] R RCR, T 20
20 80 AR IR 2 W T A B RS ALAR JS o Il R
ol WA A Al DIBE I a8 5 B AR AR 5 W I s

B R A KU A BIFSE 2 SD R BUIR FH I R 36 97 )
HIHRR A TERZ 5 A, KRR T,
IR EIHE R 2 WbR e B ST T R A A
ARV BRpS AC BRURSEIRY i PR R BRI e 5 ZHIK B 48 8%
BB, DLW BRI 2R A HLAG B 0 JBE 5 AR
YEH .

AKT J& PI3K/ Akt {5 5 i [ 19 S S PR 1T, 2k
WS, W LATE AL 2 RO, 7 AR ) R A AR
N, AKT 306 19 32 ZEHLHE SRR AL, T e i B R 1k
FBERAL , 75 25 Thi308 Fl Serd73 TR L3755
FeWH . Thi308 137 T AKT HIMEALIR A0 5 10 380%
IR 10% 1) AKT 6 2 5 1 Serd73 4 F
AKT 9 98 75 18, J& AKT 52 4 B 1R 1k fr 6 75 19 132
A2 Thi308 il Serd73 AN 1 A # Bk R 1k
Bf, AKT 35 31 fe KB IR &, A0 58 50 7 19 02
Serd73 Wil At AKT, 45 & 2 i i 1l ¥ 7 25 33k
FFIE BB AL BB A SR 4l 2005,/ F T 4 i i
B 5 R A2 A 0 1R &) 3R 32 AR i 2 R 7 o5, I B R AL
TR b UK 1) R 15 2R A2 AR e 5 R A2 AR - 1
(insulin receptor substrate 1, IRS-1) & = WEiR 1k,

K1 ARRVEEMNHEE A MEHFAIH HL7702 J& ,P-AKT AKT & HHIFEE (x£5)
Tab.1 Expression of P-AKT and AKT of HL7702 hepatocytes after CSA administration in different concentrations(x +s)

A5 Groups

AKT/ACTIN

P-AKT/ACTIN

P-AKT/AKT

X HEZH Control
0. 05%0 DMSO
0.1 pmol/L CSA
1 pmol/L CSA
5 pmol/L CSA

1. 407 £0. 056
1.412 +0.045%
1.414 0. 052%
1.391 0. 0404
1.403 +0.063%

0.414 0. 047

0.411 +0.043%
0.303 £0. 060"
0.205 £0. 045
0.200 +0. 063"

0.294 +0. 023

0.291 +0.021*
0.214 £0. 036"
0. 147 £0. 028"
0. 142 +0. 039"

05X R, 4P >0.05, " P <0.05,*P <0.01,
Note. Compared with the control group,®P >0.05, # P <0.05,*P <0.01.

*2

25 2T VB R SRARP AR 20 bl B R MU B e

Tab.2 Comparison of the blood sugar, insulin resistance index, and insulin sensitive index before and after drug administration

415 Z3 J5 1L FBG B 2 ZRARBUHE £ HOMA-IR g & 2R BURHE £ HOMA-B
Groups J& After J& After J& After
Nl ZZH CSA . )
lﬂ?f_ﬂg) 5.29+£0.97  9.28+2.11*7 8.28£1.93*7 5.87+1.01*7
JHEZH C
AR Contzol 4.97+0.99 5.08 +1.05 4.08 £0.95 8.08 +1.87
(n =10)
. SIRITHTHAL, * P <0.05; S5 RB41 A, 2P <0.05,
Note. Compared with that before medication, * P <0.05. Compared with the control group, 4P <0.05.
F3 WML AKT ZE R BRAFAEZ 20 9 S di 4k 3Rk
Tab.3 Phosphorylated AKT expression in the rat liver tissues. Immunohistochemical staining
215 Groups BH: Negative B Positive ST Total
IR A 4 CSA 16(88.9% ) 2(11.1%) 18(100.0% )
X BB ZH Control 1(5%) 19(95.0% ) 20(100.0% )
B3t Total 17(44.7% ) 21(55.3%) 38(100. 0% )

Hox? =28.97,v=1,P<0.001 (),
Note. x> =28.97,v=1,P <0.001 (both sides).
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IRS-1 I % 2 b 1) % 20 % 5 W BB Ik WL BE-3 4 i
(PI3K) 454, 1E L PI3K T 4, 5- B2 g ik L
fi (PIP2 ) A8 Jy B AR IR LI 3,4 ,5- =W IR (PIP3 ) ,{H
PIP3 JEANBE B H20800% AKT, & AU A] DLfi AKT B4
FIRLANAAR I, %2 A F G2 O, 08 T AT LA s 1
LB 4K d6i PE 34 B8 1 ( phosphoinositide-dependent
kinase , PDK1) #1% , PDK1 #] ffi AKT fi% % B 2 1k
NS BERR AL, AKT 58 2 3005 , bl J5 9l g 1k 19
AKT(P-AKT) A AfLIEE Bl ok e e BRI N
5 A B ER Ak B N, B 2 ¥ T i R AR FL 4
S A A RGN

FEIRLZR A 15 R WOBH PR R B 4 e e, 38
fTT& B P-AKT A9 33k A MK T FH 25 1 0 1E % X R
M, TERANEE IR R4 HL7702 F A CsA,
FRATIFIAE & B0 4 Jfd o @ 1R 4k AKT ( P-AKT) &
HIZEIRFEAG, HLBEE CsA MR B934 i, P-AKT A4 i
WRRR AL BRI B, $E7% CsA JZ T4 AKT W2
TR AT IR 2 I B AKT BOBERR T /K SF-FT CsA 1Y
WU L

BRI AKT EZE o DL AR YRS
5 RIEIES R R AT (1) R
Fein R (R ER A IZ R 4) NANHE PN 55 RS 2 40
JRLREE ) & 45 e B A A O VE L (2) iR A T
fiti 3( GSK3) Ser i s B2 AL , #0H GSK3 14k, , ik
Bl E A R ( glycogen synthetase, GS ), i&G1LHY) GS
REE LR TE WS G i BB Az, (3) ATl Sk %
SEEF 01 (forkhead box protein O1, FoxO1) B4k
Jei A% D T A R X S 4E JE R PEPCK 1 G6P 1)
SRR AR, P R A BE 4R (4) fff PDE3B 3%
I, BEAI cAMP BY7KF 3] PKA XT A 177 1 04 93400
IR 2 ff . (5) % S F PGC-1 BEER 1k, 411
il P40 LA 5 2 A R g I TR 48 A

ARS8 2o 20 i 355 77 0 B ) S 0 2% B 34 4
A MHIFAIIE P-AKT B335, AR E A 5
LR 5 AT AIPLRI SR T — SRR
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