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B 58, WIS AE TS e 2R L OB RL SRS s C IKOKSERAT B ShRE R 281k, SEAN S r X3 -
WSR2 A CRAPFE . &5 SZARMESMEMEIR B R AR EORAT R (P<0.05) 5 C AT =
(P <0.05); oK%, j&Ye. Hil, HFEIhEETCHE FENAE. 4he BRAMATEE sn] | oy 556 L #d %
T3 R (4 5 S Tl 25 /N E A — TR SR S AN R A SE O BT O TR 2L, O IR .
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Immunosuppressive Treatment Protocol of Islets
Xenotransplantation of Yunnan Miniature Pig into Diabetes
Rhesus Monkey

WANG Jue, LIPeng, WANG Ruo - tian, ZHAO Wei — shan, YU Hai — dong, LI Ru-hong
(Dept. of General Surgery, Affiliated Yan’an Hospital of Kunming Medical University, Kunming Y unnan
650051, China)

[ Abstract] Objective The purpose of this study was to explore the immunosuppressive treatment protocol of
islets xenotransplantation of Yunnan miniature pig into diabetes rhesus monkey, and observe the efficacy and safety.
Methods The purified porcine islets were transplanted into the liver of diabetes rhesus monkey. Sirolimus,
tacrolimus and mycophenolate mofetil were used as the immune suppression medications of post—transplant. The
changes of insulin dosage, blood glucose levels, glycated hemoglobin, serum porcine C—peptide levels, liver
function and kidney function were monitored before and after transplantation. Then the protection effect of
immunization programs on the pig—monkey heterogeneous islet cell was evaluated. Results After operative,
monkey exogenous insulin requirements decreased significantly (P < 0.05) , while C peptide level was significantly
higher than that before operation (P < 0.05) . Embolism, infection and hemorrhage were not observed. The
functions of liver and kidney were normal. Conclusion Joint use of sirolimus, tacrolimus and mycophenolate
mofetil can meet the need of islet xenotransplantation of Yunnan miniature pig—rhesus monkey, without significant
side effects.

[Key words] Diabetes mellitus; Pig; Islet; Xenotransplantation; Immunosuppressive treatment protocol

TE I RS AR ) 20 M S A2 AR R S R B JR#%  (insulin- dependent diabetes mellitus, IDDM)
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(2009CA010) ; mREHUBITRAMIRRESEIMIE (20102028) ; 2013 4E2Z [EFHEH R EEAAE A
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FREL, BEEERUR R, WESNEE .
{ELR R RMIEAR B B = S 7R B R AR 5T A 4R
R AP 7 /N RS AN AR AR IR TR R
TR SERR T T AT 28, APTFEN ARS B e 7
R TR, BTSRRI R mAE
S A BT HE SR T 5.

1 WS

1.1 SKIGENY

BAEHEEE R 4 H, 6.0~6.4ke, 5%, H
Hh ] B2 B B R 2R AR A TR, SCIR AL BEAF
B E bR

1.2 (EARERREE S

IR R (STZ) , S TE ] el DR A A
IR PR bRIE: IR R (R, £
TR R Ml R DR BT & T ) | AR IR =111
mmol/L 525 I M4 =7.0 mmol/L F47£E 2 Ji. &Y
FAFEANBERR S E (0.4 Ukg) B S09% 2 H.
1.3 =E/NESEREBAMRTE

2 A shalifl ik B Al AR 2 Fg /N A8 e 5 A
JRIS, 23 N 43 B A F R BRI R 5% 200 e 141
RN (3192+756) TEQ/ RIRAHL o, IEANNARN
(80.00 £0.47) % , &y ANEE PESEE IS il 45 4
P A5 .
1.4 3% - RRMERBHEZE

W i T ] Ahicie 52 IUAF 2 B /N H A TR 2 AL A%
T, ARG TR 24y, MR s
PR 2, MAFFEHIAE S ~ 10 mmol/L. RS 40 HES
L AR DA TEL TR BRI Js £ T DX A D ey A ke 1)
AR 50 mL A i B0 HIE W] B4 R 100
Ulkg RISk AISEME 100 me/kg, ™25 AR A K
AL (B 1) .
1.5 EEREREINHZAY

AT 25 T JCIR e IR, ML SOk
1B Je 2231 Edmonton 5 58, 3 FHI I 5 240 Bf0 #5124
P 3 #h: P EEE] (Sirolimus) , P42 EEE]
Ml (BEBEw]) , Aedull 2 A R vl 7
f AT B 5] (Tacrolimus) , 7 52 /] IR (FKS506,
IR, wrFRmZy () ABRARE™
B Z W lE  (Mycophenolate Mofetil) , 5% 57 %
Mfg AR (B, FIRMIZS (hED) ARE™.
1.6 EERATELFRBEIFZEY ML RE

BT, B/NAREIHR S T2 A E ey
M5y, S5 N2k EEARME AT I %, 5
) H b i 259 B IR iR 424 20 )6, 20 JH)5

1524,
1.7 ZFEREEIEEIRAIE

J R W S P AR ARAE L IR AL
B, KRS MR AR L. ISE MUt . PRVE . IR
. mAAl . VSR L& A CBOKF
1.8 GitZAhE

K SPSS BT AT b, B LSSt
PRifEZE (xxs) Fom, AR EECRA LSD-t K551
Tk, P<0.05 WZESAGIEE L.

2 R

PRI 2 B /N B T ) A B AT AR R v L
TR 4 1, S g S ARl 9355 TEQ/ 14
H kg
21 BEFRZIEER

W 5HE: 6 mL/d, qd, FRa5MEH 60 mL
IKHERR , PR 60 mL /K EMR s 1 249 FE4ERFTE 9 ~
12 ng/mL. A Z5w]: 1.5 mg, bid, FRMEE 4%
—IR, BRI FKRERR s I 250 FE AR5 4 ~
6 ng/mL. MR ZIE: 625 mg, bid, FRAE
AW, FERE FKHEAR. 2 W VG B ] IR E
HARIMZTHSE R 6 ~ 8 d; AT 5L ] 353 H bk i 254
JER 6 ~10d; 252530010 i 259 B T e kAR, 15
2 Jr U T
22 BEARNANMETG
22.1 BRFEANGBENEEE. BAODIE
BTN BRRBRR TSR E . B
5520 JEIRE, M FEAERT (P<0.05), 20 JilJ5
WA HT PR ARBIKF, WE 2, £ 1.

BRI RS S M A 208 K FEfk . B
PRI R ML 2T R 1655 6 T IR TR, 56 10
JJEHE (P<0.05), FPEdiReiok-r-25 24 14,
24 J& G AR 2T 26 LB Wk 2 B K (P>
0.05), WK 3, F#I1.

2.2.2 MERFBBERERE C IKEMEZL 2Kk
TR R S R B C K AR AL eSS 1
JikE ¢ BOKSEIFRG BT, 26 6 TR SRS C RkaKF
BT, 10 ~ 18 A FFEE R K, KT 0.60
ng/mL, 5 22 FJ5% C KGR TR, 26 JBG
TREE 0, 2.

2.2.3 HERFETGEBETELEKERERER
AE 2GR MK KoM PE R 2
HEERER . KPR AT R REEIL (P<
0.05) , AMEMEEES R B AT B> (P<
0.05), W% 3.
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*1 MBERABBENEEEMRELLIEQNTH
(X+s)
Tab. 1 Changes in body weight and glycated hemoglo-
bin after transplantation in diabetic monkeys
(X=+s)

o hE (k) Wb eI EE (%)
ARHET 1A 452+0.35 8.88 +1.33
FARYEXK 45+029 8.98 + 1.35
ARG 2 A 425 £0.26 8.68 +0.89
ARG 4 4+0.15 8.78 + 1.11
ARG 6 45+038 754 +0.82
AR5 8 B 47 +£0.49 6.54 +0.75
RJG 10 J& 421027 5.29 +0.45%
ARG 14 J8 43+0.38 5.35+0.32%
ARG 16 & 471045 5.46 +0.72°
ARG 18 J& 4.8+0.30 5.12 +1.05%
AJF 20 54+042" 5.23 +0.96%
ARG 22 J# 5.2+0.45 5.6+1.73%
ARG 24 J& 5+045 5.8 £0.69°
ARG 26 & 4.7 +0.44 6.9 <137
ARG 28 J& 4.6+0.54 7.6+ 1.63
AR5 30 A 45+029 83+1.44

RESAR 1 FHE, "P<0.05; Bk EAKES
ARETHE, 2P<0.05. n=4.

F2 WERFHBRBEREHNSE CHMAE [X+s), ngmlL]
Tab. 2 Changes of porcine C-peptide in diabetic mo-

nkeys after transplantation [(X+s), ng/mL]

A B[] ¥ C KK (ng/mL)

14 0.15+0.03

24 0.26 +0.02

6 JH 0.35+0.03

10 J& 0.73+0.17

14 J& 0.74+0.21

18 Ji 0.65+0.27

22 J4 0.22 +0.01

26 JH 0.0 = 0.00
n=4.

*3 ZHERFEBRBEWIIELEKERIMNEERSER
ETH Xx9)
Tab. 3 Changes of glucose levels and exogenous

insulin dosage in diabetic monkeys (X +s)

e n AH AIF
M (mmol/L) 4 36.17+10.61 19.33+922°
SNEYERRS EHE W 4 3.51+0.53 1.32 +£0.33%

MBS AT AL, "P<0.05;5 SMEERRS A& 5 AT
F#, “P<0.05.

A 4 RAEIITERBAE )G SR 4 JR KR T
R, o 8 JEEAMKE BIIEH KF, #5223 16 A,
16 JA 5 A K220 i s AMEYER S RS
MAEACEAEAIE L, 7E55 8 ~ 16 JE I 5 5 5t 25 AR
PER R RAIRTT, WK 4, 5.

23 HREARRPBERRMEMETEMS - ERFEE
AR E R R E G 2iX18%E C BAkF
T
W DR BT A R A I 45 i ] S R 6 4 C

BROKEAS R 565 8 JA . &5 12 Bl &5 16 Bl 55 20

JEIRIZE 24 JEHE C K w5 20 Wi s e, )%

Ja HPLIEE , HAE 12 B 16 A E{E =1.0

ng/mL, & 4.

2.4 BEARNEREMITME
W PR TR AR AL A T s D RE |

HsbR AR L.

2.4.1 ERFIETRBERNEFINEEIERNTL

VPRI TR T AEATS 4 ~ 12 JRMR 2 N % 2

TR KR TR (P<0.05), {HTE

16 JEJ5 I REZ VK EH, L3k 5.

242 MWERHBFENBEEEINESNEEERTK

W PR PR R AR I AL R 28 R 3 IR

EYE N UE s, B IhReJC B B el (B k51

H) .

243 MWERHFEANBEEENELE NIERTK

ZHBERAEAR T Z 100 Ukg, ARG HELE 3

d, REAMBRIE ZEBARE 14, Rp R

JEIESE 4 d ff FHSL A SEME 100 mgrkg, A & A ke

FEBR,  IUHE AR N A L B R G, B e

I FTAHRE . 2148 B R I /IS A 2 76 1 8RS BRI i

8, ST E IR bR B RS

B, IH

3 iTig

H AR S A R A SR A5 A SRR AU R 11
Tk, AMUBER LN EPER S, BB AR
et AL P It AR P2 A ST R S I R, (AR
A ST AT I R AR . (R R R A
R (LR IR R Z I 32 B, S5 RIS AR B8 R 1 9% 42
AL BEDHGE SN SR AR 4 3 AN A,
T A5 T 5 200 B R B8 R 43R RE . TR AR 5%
EFH 2 A/ N VR AR, H S R 4E B
nERA, B TSR, SRR
SRR AALA. VB S AR R R 2 —,
WAL AT LUE L STZ 2590775 5 bR, 1 H 175
S H R AR R g R T DA Ao VR B NI R S R A5
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* 4 FHEBEBEEREAENEEMEIREE C AT k9
Tab. 4 Receptor monkeys' porcine C-peptide levels of glucose tolerance test with different time (X+s)
T 3t 3R v A% I TE] AL A € ROKSF - (ng/mlL)
0 min 5 min 10 min 20 min 30 min 60 min 90 min 120 min
AE1H  019+0.01 0.18£0.02 0.2+0.01 026+0.03 0.3+0.01 032+0.03 0.3+0.01 0.25+0.02
ARIE4F  028+0.02 035009 0.45+0.1 0483+0.03 045+002 044002 041+£0.02 0.35+£0.02
ARIE8F  043+0.11 045+£0.09 05+0.05 092+0.12 095+0.12 0.82+0.15 047+0.02 0.44+0.05
ARE 12 054+0.11 0.65+0.11 127+0.14 158+020 155+022 052+0.11 047+0.05 0.44+0.09
ARFE 16  056+0.13 0.68+0.11 0.72+0.17 1.14+022 0.83+0.15 052+0.12 045+0.07 0.41+0.06
ARJE20# 022+£001 035+008 045+0.15 032+003 023+0.03 024+001 0.34+0.02 0.35+0.07
ARJE 24/ 012+£001 015+001 021+0.03 022+001 034003 0.17+0.01 024+001 0.25+0.03
AJE 28 0.12+£001 0.15+001 0.18+0.03 023+001 033+0.02 0.14+0.01 0.14+0.01 0.13+0.02

AT AR C IROKFR 0, BIARABEG #4058, n=4.

B 1A

*5 ZEBRLEARESMMESEHIEKFE X5
Tab. 5 Receptor monkeys' serum ALT and AST levels (X +5)

JFoaE AT - AE ()
_ FARYK
(U/L) 14 4 8 12 16 20
ALT 5527 +15.72 54.68 £10.87 150.66 +36.78" 139.88 +33.69" 125.55+21.30° 80.22+16.44 68.44 + 12.20
AST  662+17.35 79.5+11.69 156224457 16529+47.88° 156.2+37.54°  123.1 +24.66 77.5 + 18.55

5RHET 1 FES, "P<0.05; n=4.
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Fig. 5 Changes of exogenous insulin dosage in 4 dia-
betic monkeys
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B R IR SR K B R, R AR P 15
V1T BAE 2 B/ INE A 0 5% 20 B RS R v 7 AR s T ]
R S IR A 5E.

SR R R ST R, 325 — U = R/ E
¥ — R B 5 AR MR RS A R S S e b HE SO ik
TTHRR. cm bbb i sE, 2R X%
T A S 25 Al . RS I 8D AR S AR
Edmonton J5 % I RZ 56 FIA & SZBRist - F R
Jik 5 A M B P 2 58] (Sirolimus) | Ath 7T 52 H]
( Tacrolimus) . 3 % 32 % W Ii§
Mofetil) (5l 4.

R, VEP A EAMP S FK 456 E A
-12 (FKBP-12) %54, Hhal FKBP-12 Gy &
G, WE AW S WA 3R SRLBA 4 +
(mTOR, —FhCHERG IR P4mE) 256 90 il H s
PE, I A00 R G131 S I8y & JR. 40 i K
TIEMA % 2 (IL-2) . IL-5 Fl CD28/B7 i
BOEFR TS mTOR,  SIR-FKBP & 495 mTOR 45
By KRR RIAE RO A AT 5 w] 5 20 B Y
FK 255 EA4G, TWEAEYIEENE 5% .0%
BEY SN LSS E A —, MmFH
VT et 255 2 1 ) AR 0, (S AR S AR 17 R
WIEE 2, SECIL-2 &ML, H&mi 7
B IL-2 A3 0 T 4 A bk B0 N 22 22 1 g
RPN KIRNEBER (MPA), MPA 2Btk
T A PR AT 390 (R VR M A T — Tl P O Sl A1 o 5D
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