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Effects of tacrolimus on the expression of protein phosphatase 2A and
P-AKT in rat hepatocytes
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[ Abstract] Objective To observe the effects of tacrolimus on blood glucose, insulin, expressions of protein phos-
phatase 2A and P-AKT in rats in order to explore the mechanism of hyperglycemic action of tacrolimus. Methods  Sixty
male SD rats (body weight 89. 83 +4.44 ¢) were randomly divided into tacrolimus group (n =40) and control group (n
=20). The rats in the tacrolimus group were administrated with tacrolimus 4 mg/kg daily. The rats in the control group
were given the same amount of normal drinking water daily. The rat body weight, fasting blood glucose concentration and
blood concentration of tacrolimus were measured monthly. All rats were killed at 5 months after the tacrolimus administra-
tion. The serum insulin levels were detected by radioimmunoassay method. The expressions of PP2A and P-AKT in liver
tissues were assessed by immunohistochemistry. Results After two months of administration, the blood glucose levels in

the tacrolimus group were significantly higher than those in the control group. The HOMA-IR in tacrolimus group was signif-
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icantly higher than that in the control group P <0.05). ISI was significantly lower than that in the control group (P <

0.05). Immunohistochemical examination showed that the expression of PP2A in hepatocytes in the tacrolimus group was

increased compared with the control group, while expression of P-AKT in hepatocytes of the tacrolimus group was decreased

than that in the control group. Conclusions Tacrolimus can induce necrosis of islet cells, decrease of the amount of islet

cells and insulin secretion, decease of sensitivity to insulin, and increase the resistance to insulin, therefore, leading to in-

crease the blood glucose level in rats. The expression of PP2A in hepatocytes in the tacrolimus group is increased, while

the expression of P-AKT is decreased. Interfering of insulin signal transduction pathways may be involved in the hyperglyce-

mic effects of tacrolimus.
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Tab.1 Comparison of body weights between the two groups
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Control group

262. 64 +27.89

291.13 +14.38 311.77 £14.02

T SXEAML, P <0.05,
Note. * vs. the control group,P <0. 05.



rf [ SRS B 2016 4E 6 45 24 #4553 ] Acta Lab Anim Sci Sin, June 2016, Vol. 24 No. 3 265

A K N W1 S =S R T B S
EHZE 1 2 A e 2wl 4] 5 X0 BB P2 9=
M A K TC R 255 (P >0.05) ;%5 3 4.5 HA,

by 5 5 ] A K R A I I A AP B T R A
HERAREM(P<0.05) (WFE2),

F2 LA A A PR B ) HE 45 (AL : mmol/ L)

Tab.2 Comparison of blood glucose levels between the two groups

g1 1 AR 2 AR 3K 4 AR 5 AR
(5 ” i End of the End of the End of the End of the End of the
roups 1*" month 2" month 3" month 4™ month 5" month
b 7 5 ] 4
ﬁ_jf.L%uJﬂ 4.61 £0.29 5.46 £0.29 8.13+0.67" 8.37+0.78" 8.96 +0.80"
Tacrolimus group
Xf B
4.53 £0.56 5.20 £0.47 4.76 £0.27 4.99 £0.29 5.25+0.31
Control group
e SR, P <0. 05,
Note. * vs control group,P <0.05.
2.3 KRR A MR ERRNE (WE2),

T 7 I At o B F) 20 R A v 5 R] 9 i 24 vk
W B 4E457E (8. 59 £0.59) ng/mL,
2.4 FHEXRBESENHDHIEH RS EZHRIEHF
RS EMMIB BRI
255 M HE, FREBRE TSR, R
FHTRC S S A3 92 0 5E INS 7K | 45 425 I8 1l 43
S R 2 A R e 5 3R 0 A 4 L R B 2R AU
ORI RICHTHREL, FIH SPSS BAEHR « i e
) 20 R R i 5 25 AR B e B R 553
AR TR, H2EA B EME(P<0.01) 5 E
STIBFEECIAR T X IR AL, 22 A WM (P <0.05)
(M#%3),
F3 PR RS USRS S
ST IR BUCRAEHTHE B0 LA
Tab.3 Comparison of HOMA-IR, HOMA-B and
ISI of the two groups

iRl HHTIEEL Iy UTEEL HURAEEL
Groups HOMA-IR * HOMA-B* IS1*
B4
1&%% R 4.59 46. 16 0.22
Tacrolimus group
apiE
X AR 3.37 164. 69 1. 00
Control group
T SXHRAAAE, P <0.01," 5X IR, P <0. 05,

Note. *vs. the control group, P < 0.01, *vs. the control group, P <
0.05.

2.5 KEBRBREZYLET

FH 40 4551627 1 58 W8 22 1 2H K BRLJBR i 2 7]
J % BREH K BB AR 487V 28 ] UL | iR vt 4 i 25 91
T, 4 6L T L B 8 %) A5 R R A A% A% AT T
JIR % 24 B G (0 A, e 38 A (ILIRT 1) 5 At 5 B2 W) 2
KBRS E AN B 402 5% 55 | J66 5% 41 i 2
i I D 2 LT N AT 22 BN SR Y 5 U
WYLt R S FR, BB 53 40 M I AZ 08 2% AT UL 3 A6 240 il

2.6 KXFRHAFHE PP2A #0 P-AKT FRikx/KE

5w 5 K B ERR A H PP2A C FHMES
80% ,XFHRZH PP2A C FHPEE R 10% , x¥° =17.0707
(P<0.005) , Ml Z=554 BEME (K3,4), fhrid
A4 P-AKT B PBH PR R 10% , %F BR4H Ry 100% , x°
=32.727,P <0.001, 254 W EM (K 5,6)

3 e

AT GG fth 5 3 R 20 A I B 24 4 vl o
TE 6 ~10 pe/L Z a3 2 H FTIG R GERE S e 1 il 1
A2, FRATIER 2 A 7e 5 ) 41 K fl s
JiE I s K SF - JF, HOMA-IR b JF, IST FR&, $2m K
AR A At e R 0] LA | IOBE T = R 2 A AN
JEFIER £ AT R BAAAE Tl 5w 5 w5 | S A4 R s
BRI X S RRATLAE R IT S AR, T
o 5w 5 R R 3R A AN R i L 2 A TR 2 0t
8, — B R e SR X By B 4 B A
FERE MRS B AN & A A T M T A R B
W, b 5e B R LR ST i 5 R A Bk, 7E
el SR JE KA R B R R, b re B m] R B R R
HEHLRIALEI AT . SEHUAK IR BERA AR
JE IRAE SR A kR T RE RS IR
=z NEIFRAE, SRR SRR B S E BT R
B, PN I B U5 40 A PP2A 1) 3% 38 B S 8 i P-
AKT 1 TRS-1 B1@ A/ ARZ M 5E L BAE I
W =PRSS, A PPR2A =
R N kY (AR 1 I o o 1 2 A
PP2A C FRik/K 380, 5B PP2A 7 PP2B il i
T (0 B8 2 A1 1 7)) S B AU ZE L Y T AR
Hl—E EH



266 [ S B R 2016 4F 6 45 24 %% 3 W] Acta Lab Anim Sci Sin, June 2016, Vol. 24. No. 3

1 XA R BUBR R IR AR S (HE G )
Fig.1 Histology of the pancreas of a

control rat. HE staining
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Fig.3 Expression of PP2A in a control rat liver tissue.
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Fig.5 Expression of P-AKT in a control rat liver tissue.

Immunohistochemical SP staining.
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Fig.2 Pathological changes of the pancreas in a

tacrolimus-treated rat ( HE staining)
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Fig.4 Expression of PP2A in a control rat liver tissue.

Immunohistochemical SP staining.
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Fig.6 Expression of P-AKT in a tacrolimus-treated rat

liver tissue. Immunohistochemical SP staining.



R 5256 S 2F IR 2016 4E 6 B4 24 453 M Acta Lab Anim Sci Sin, June 2016, Vol. 24 No. 3 267

PI3K/AKT 155 % 538 B2 N5 W7 HEE B 8% L
S5 RO S A4 1E H A ) B R Y
22/ 91 R BRI ( serine/threonine kinase, AKT) 5 IR
(% R R IR OE Y HAEIRS B 4y A= A7 A
Sl R S Em Y BT UESE , AKT i@ it 2
Ty R RS MR RAE T . (1) 5 B 41 ML
T-MICR, PBK/AKT 557 3@ A AR R
- /27 e 11 A= 7 S 18 oL 35 R S DA
PR, R A T E R o Y, (2) 5
[ B R, A8 IR ARSI, 58 5 2 00 Jox
PI3K/AKT {5 5 & 3 3 i i 16 F 0 &8 F e,
Joanne ZERFST AL BR AKT2 JE R (/N B, & B0 AT I

H B LA 5 2R AR RS B 0T IR 5 2 A0 SR B I /N
SUAEAE TR AR B 055, $2 7R T AKT2 J2 1E AR
PP AT T SR (3) 58 A W G
£ Xﬂ‘%ﬂl&%ﬂ%d‘%%ﬁ%%é@ﬁﬁéﬁ%%%%ﬂiﬂﬁi,7;i
PR BRICA A B0 2 Bl K BRI AR I Ik
SRR B 2 M 25 dk IR % 2R 43 B 7K T [ s AT
AT UL, AKT 76 98 15 1085 /K S ) o 7 v 22 56 &
B AR K Bt T 5 R 4 R RO IDE 41 2 R 1k
AKT ik B W3z 2090, IR HE T, b 5 52 7] 7] g
SRR PP2A [k fiff AKT L#EIR 1L KIS,
AT BELIT JB &5 2= 17 %538 % ( PI3K/AKT {55 1% 38
%), T 20m s &

by 5 5 ) 35BN RIR A A5 REAR | s
S FR 0530 AR A B 1 3R MR | 1 o e 5 R AL
RO B & . Ath 5 5 R BOKR BURIE PP2A
235, i AKT L8 iR 4k imi 2% 1% , BH K PI3K/AKT
B I OB 20 O T AR B R &
"+,

& % X

[ 1] Mazali FC, Lalli CA, Alves Filho G, et al. Posttransplant diabe-

tes mellitus; incidence and risk factors [ J]. Transplant Proc,
2008, 40(3): 764 -766.

[2] Shah T, Kasravi A, Huang E, et al. Risk factors for develop-
ment of new-onset diabetes mellitus after kidney transplantation
[J]. Transplantation, 2006, 82(12) : 1673 - 1676.

[ 3] Meier M, Nitschke M, Weidtmann B, et al. Slowing the progres-
sion of chronic allograft nephropathy by conversion from cyclospo-
rine to tacrolimus; a randomized controlled trial [ J]. Transplan-

tation, 2006, 81(7): 1035 —1040.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Soleimanpour S, Crutchlow MF, Ferrari AM, et al. Calcineurin
signaling regulates human islet B-cell survival[ J]. J Biol Chem,
2010, 285(51) : 40050 —40059.

Mistafa O, Aram G, Sandeep K, et al. Purinergic receptor-medi-
ated rapid depletion of nuclear phosphorylated Akt depends on
pleckstrin homology domain leucine-rich repeat phosphatase, cal-
cineurin, protein phosphatase 2A, and PTEN phosphatases J].
Biol Chem,2010,285: 27900 -7910.

BERET, AR R, IRAR, 55 M sw B w) 0 K R Y R e K
HHUHRI AR (1], hE S, 2012, 20(2): 74 -
77.

Niu Y], Shen ZY, Xu C, et al. Establishment of tacrolimus-in-
duced diabetes in rat model and assessment of clinical treatments
for post-transplant diabetes mellitus [ J]. Clin Lab, 2013,59.
869 -873.

Hye-seung J, Hwang K. High-fat diet alters PP2A, TC10, and
CIP4 expression in visceral adipose tissue of rats [J].

2008, 16(6): 1226 - 1231.
Cohen PT,

Obesity,

Philp A, Vazquez-Martin C. Protein phosphatase 4
— from obscurity to vital functions [ J]. FEBS Lett, 2005, 579
(15) . 3278 —3286.

Yan L, Guo S, Brault M, et al. The B55a-containing PP2A ho-
loenzyme dephosphorylates FOXO1 in islet B-cells under oxida-
tive stress [ J]. J Biochem, 2012, 444(2) ; 239 —247.

Galbo T, Olsen GS, Quistorff B, et al. Free fatty acid-induced
PP2A hyperactivity selectively impairs hepatic insulin action on
glucose metabolism[ J]. PLoS One, 2011, 6(11) ; e27424.
Ziegler E, Filer 1] ( Editors). Present Knowledge in Nutrition
7" Edition [M].
1996, 11(2): 282 -282.

Cantley LC. The phosphoinositide 3-kinase pathway [ J]. Sci-
ence, 2002, 296(5573) : 1655 - 1657.

Lingohr MK, Buettner R, Rhodes CJ.

International Life Science Institute Foundation,

Pancreatic  beta-cell
growth and survival — a role in obesity-linked type 2 diabetes
[J]. Trends Mol Med, 2002, 8(8) :375 —384.

Dudek H, Datta SR, Franke TF, et al. Regulation of neuronal
survival by the serine-threonine protein kinase AKT J]. Science,
1997, 275(5300) : 661 —665.

Cusi K, Maezono K, Oaman A, et al. Insulin resistance differen-
tially affects the PI3-kinase-and MAP kinase-mediated signaling
J Clin Invest, 2000,105(3) : 311 —320.

Cho H, Mu J, Kim JK, et al. Insulin resistance and a diabetes

in human muscle [ J].

mellitus like syndrome in mice lacking the protein kinase AKT2

(PKB beta) [J]. Science, 2001, 292(5522) : 1728 - 1731.

[F=HHI] 2016-01-06





