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= DH%% { OWFEE I X VIEEERN, KT, AN, =
A, FIRNE I 7 ERMEIERL S NEIIC B LT
Bz OFRENRENT. —H, KB TidE
HBORGBOEBERD ISy F— P iElhngL
{,pure »O+HEDIERSET LI EHATERL
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Fig. 1 Number of adult islet all grafts by year
performed from 1974 through 1993
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F—YBREBEEL SEALRFRIE Z BOE2ITY
BIFZEREEBL EMEL T3, # L T Ricordi
5t r I EBAHEREMLT 2 HEEEEL, K&
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2. ZBDRE

@ HERE

EEOSIBBERERCHLILAETT Yy P SEDR
72 7T HETY, BRIBOBEEE 1 VXY V36
THHML, &5 3~5HEBREL B % strept-
ozotocin FEFR 7 v b OFIIRIATEHE L 72, BEES B
FETHHITRFESBLRABEDA VR ) 53
REEELTBY (Fig. 2), ZOKBESBEMRNELY
DORRER b T30 DBEE R RIE L (Fig. 3), BRI
REOWUEB TR U, RicENREEEEEXH
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Fig. 2 Time-course study of insulin release from
preserved islets.
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Fig. 3 Fasting blood glucose levels in transplant
rats and diabetic rats. The shaded area indicates
the confidence band for fasting blood glucose in
normal rats.
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DB 1 BRIk LT, ‘
A THERFESEEARORE L & b kg
DORFHEEEBT OBE%E, MEEROEREOEK, FiX
DEHES R L > TRBD I E2RIPRET 2101
WEELRE?Z W, L TEELZEHNE LI-KED
7 BEORMRFEC I HEERENES EEZ NS,

@ HEERE

B, RMEREORMBRARE L VR E - - E R
BIESRRED S 2 THE R 2 FkTh 5, BE, B
AR EER LA 2 BWw 323, KELBROES,
WENIERIOBIRNAO—RLZEEIIRETHD, #H
falst okt & b iR, B & OHEBREES &
7oL L LTORBEL TR TE R, 2O,
FERBFEE /NI OEBETDH 2 72 DB ERR R —#
WEEL, REFRBEERENAREEEZOND, K
LSRR EORIN X, HEEHLFIOBER, WL &
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Fig. 4 Histological studies of fresh islet (left) and
cultured islet (right) (Orig. x100)

at isolation

6 weeks culture

Fig. 5 Histological studies of cytopreserved islet
(H-E staining Orig. X560)

Cryopreserved islet
(25°C/min)

VRS ORE R % ORER 2R T 2 L8N
» 5., EEMWIEX & U T Dimethylsulfoxid (BLF,

DMSO EBEER) % Glycerin 7t E83% 3 53, — @12 134
BAOREEORIFZDMSO S Hvush Ty
3. FESE, BROFBIEEENMLES 2T,

DMSO Zf\y, BHEHE 2 EEHEE (1°C/4) L&
BT (25°C/9) Wiy THERE L. 7 BEIEER
LW REET, k<12 DMSO O H315% T EY
oSl b RIFTh -7z, BRENCEET 5 L HER
7 B IR 7 BT AT, /M L L Tz s,
BV OE NP ETEBOBBEB LD oo
(Fig. 5). o va—AfBicBI 24 RY 45
WEEIE, BT ER 1°C/a8 L U25°C/r DRERE
BiCERRE s d 57z (Table 1), %7:300mg/dl
DOEEERSICR L Tk, 3EE b ICERINON 3
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Table 1 Effects of cryopreservation on glucose stimulated insulin release
from hamster pancreatic islets. Values of insulin release and expressed

as xU/10islets/60min

Islet frozen at 1°C/min

Islet frozen at 25°C/min

non-frozen cultured islet

Glucose concentration

300 mg/dl
(3rd hour)

146.0+37.5 ’ 158.1£38.7 f 419.8+101.3

*

- l

|

168.1+66.7 | 161.8+47.9 | 428.8+81.8

*

> |

162.1+10.7 | 159.6%+46.6 | 494.9+107.9

*p<0.01

Table 2 Effects of cryopreservation on insulin and DNA content of hamster pancreatic

islets

Insulin

(1 U/10 islets)

Islet frozen at 1°C/min
Islet frozen at 25°C/min

5,3161,291

non-frozen cultured islet 7.952+2.062

BFEOA R MR oI, T ENME 1 EY7
DDA YAR) v EBRLHERET 200D, 1A
) >/DNA TiE, WIh b EFHEEE2TED R, -
7z (Table 2), & 5iZ labelling index X D &7- 5 B4
FOESIRE b S TCERTED -, LS HE
FEEI LD 7 BENRICEZS G &, HENILE
WWIEDMSOBREW I e Yo, EEL
HHSEORBERETD I ENTE T, X5 IHER
HIBOREME2RI2HNT, "ARY—%2Hw
1,000 D7 B+ BEEETBEL FO%E 2B+
%L, MEEEXERLL, BEOBMb Ront, %
LCS6HBERZE2BMEL - BgE2EE T 2 &, i
B, EEREHOmRC L TEOAKE LE»E
shi: (Fig. 6).

3. BHEERAL

BAEERNZ & LT Kemp 59 PIIRASAEE 55, T
WHBIEZEIDPLDEHENTHY, BETEL
300~600{ECHEXNTH % £ LT\v> 35, Ballinger, Lacy
5213400~6001H D 7 & % ERRIFER 7 v b DREREN
WCEIRBHEL /- & & 5, streptozotocin R v i

6,138+1,629 .

DNA Insulin/DNA

(ng/10 islets)

0.44+0.04 13,756+1,114
0.46+0.06ﬂ' 13,057£2,000
0.59+0.07

13,420+2,370
*p<0.01

Fig. 6 Blood glucose level of streptozotocin dia-
betic hamsters implanted into the renal subcap-
sular space with about 1,000hamster islets. Ne-
phrectomy was performed on the 56th day after
transplantation.
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IRANWCHEAT % 2 & T, FHLERBREOLREZ A
Tw3, LI37T, 7E5BESME L THAR, Bk
N, ETZEPRALNTERD, FIIREVEAL,
FrcEE S €3 FEBLIBHRVOEELHITTV5S,
ZOEBELTE, FRORSEETHY, Bicfik
M3BRESVa—2, 73/ BPEEEtE sV E
VEEATEY, 7RBOEE, ERFCENTHASZ
b, ¥45MWs A v AY Yk ETHEEE, TR
WeEL S CHEERNEEbNE I L, BEBEZLN
5, LhLEHNKC A2 777 FOBRETRE R 72
TEOHE YLD, SERH L ATRERS %, &
TSEE, RO T BEBEREGRIC L DEHE ST
BERABHEL, ERKEZ v F OMFEDOEEL RN
bl DBELU L, SRS HREA e UTOHEES &
BETENOBERE*ZTTE D, KEMEKE,

4, IEMRIG OIS

5 BRI BT L OIS & Rk, il
HFHMEH SN B, F\UTIX, 15-deoxy spergualin @ K
5 RBEYMEOB EREMBIRSHREOEI NS LD
otz hs, R & LT recipient 23t 2 BHERAR 7
BT aREERERTE R, —F, ZEBHEOR
fr LT, SEEEORRTEM T BOTURME % &M
T% %I kH5, immunoalteration 2 & % fEHE DM
HBFAA SN T &, RERMEICE WV Tdonor &
recipient O FEAFBHEHUE (Major Histcompati-
bility Complex : LAF, MHC LBEE) 2BE 385 2
R EE T 2 0ICEBETH B, TEORD
X Class [ IR ORR XA 5 1% BMEGURO
FCR LN RHIERTH 2 Class PRI RRL %
WERRTWBD, Lichi> THASWEBROEBEL
W BEBIET 20X 0 REREITHER/NE W EE
ZoNTER, &I307ENICIERS ROt
Class II Hi % #3195 passenger leukocyte & FEIE
NAMIEBPEELTEY, FiIREEsET5L b,
WH B FEE RN (antigen presenting cell:
APC) ELTHE, HRICEERTILHI>NS
WE 7222, 2L TIHE TIZ IO passenger leuko-
cyte FBRED D VIEAELS ¥ 2 I e THEERICE
ET 284 s FEBHRE SN T3, Lacy 5235
ERUCTTHMEELD, BUOEBERETT
7 HiG¥E#E 4 % & & T passenger leukocyte % k&
L, HEEREEIHL 22 ERELTHE, EE0OH
FTRUTWCARRS FETZ 5O immunoalterlation
BRATHD,
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1) T BOERRG

SERHICETHRL, Tho2EERETSZ
L2k D RIEEMBAREL T B AL, kL
LTt 4 75 %48 % EDTA - Dispase #2912 T4
B, S5 HBBREEERCCREL T 2 AMRE
EiFotz, MRIZITCHEEE I TREL 2085 ORGE
WaE L L. 2 L THESSER NG5 L, 8582 ~3
H 3w cluster #FELIZLD, W1EBBTHYH® S
“pseudo islet” (BT, F.CLC L#&E0) &2 -7:, &
NESEEL-% L BREELESEEEESE (OUT
Cl LBSED) 2R & Ui L7, MR ¥
%y, F.CLC 3o Clickb~e /N OfERNC i
» 5 b OOMIEEN, HEEHRLEOELEFEDLSh
3, Cl L BREROEELZ2EL Tz (Fig. 7). &
5 CHBYIEIEED A4 R o REEERE/ 27 5
WAaoERL > BREERE AV TAET 5L, %
DILEZIZERETH o7, EhA YR U iTihEE
HT b EERESW, SBREO VI —AREEEOA VA
Y MR E B IEIZABOERR LT (Fig. 8), A~
ZY B LUDNASERRIWTIR Y FCLC DA

Fig. 7 Histological studies of FCIC and CI (H-E
staining Orig. X400)

FCIC Cl

Jfig. 8 Glucose stimulated insulin release from
FCIC and CI. Values of insulin rerease are expres-
sed as pU/10islets/60min
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Fig. 9 Effect of isogeneic FCIC transplantation on
blood glucose levels. Blood glucose levels of three
streptozotocin diabetic rats to Transplantation
of FCIC isografts. Nephrectomy was performed
on the 8th day after transplantation.
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Fig. 10 SDS-PAGE of proteins derived ftom each
group of islet cells
FCIC (lane a) : Pseudoislets wich were formed
from dissoclated islet cells in vitro culture after
freezing-thawing process.
PI (lane b) : Pseudoislets wich were formed from
dissociated islet cells in vitro culture.
CI (lane ¢) : Non-frozen cultured islet.
IC (lane d) : islet cells directly after dissociation.
Moleculer weight standards are listed on the
right.
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CliclbNTRA L Twied, SELTEY:DDA >
AV VEBETRFCICLCIoMizERE sk
Motz F.CLC OREFRREMHIZ, BHE T o #Esl iR

H#EAEEt 29% 38

T2 2 e (HERLRBEMNTRETH D, F.CLC B
BRE S ICIMIEEO IEHL 2R, BiE 8 HH B
2179 LIMBEEORE LB 2oz (Fig. 9). fHL~
BOMEBYI 8L, B FCLC 2 s
BALFLREICTRRE T2 EBWIETICA VA Y vz
& % viable ZHINER* B HED 72, £ - FIEBHEIC
BWITFCLCHIE CIHCHNTHEENRTEES
HERZRD . K7 B GERE ORI LS
ST EH W D v Tsodium  dodecyl sulphate
polyacrylamide gel electrophoresis (LLF, SDS-
PAGE L B8E)) X 2B EAORN 21T57
(Fig. 10), 8L 7:EEO 7 B (1.0) oMl
HEIIZEARR 2 B EH O band BEEH SN -72, i
ST B 1 BRMgRcEBE IR PD ik
band OB A SN FHs, WBE L-FESE#HTE (C.
D) L8%Y band B3P % <, L»d ClassIIHE o
B L UL D33~35kDa, 27~29kDa & % I i3
band B3F®H bk hoiz, FCILCO/ <5 —> % Pl
LIARRTH D, Class I BUFHHIKIC 12 band 25 S h
Thpote, PAEX O FCLC Iz & b R o By
SIS Y (A

2) XN 5

BLWEHESVIRENHO—Fik: LT XBER
izl 2BHEHMEERA. EREY L LTACI &
Lewis DT v F 2 v, FERBHES & URIERE
BV TSRS ORRERET Lz, ST B33
HEO#SERZ I X RBHEML, 5 cHEOKEE
L7 BB AW, OB & 2 wERBH
TOMBEEOHEEOEMTHS &, OGy BTz
#®1~2HT, £7:20Gy & 40Gy BECI3mEIR 7 B
Wi MEEEDEFE2 A 507z, L L80Gy, 120Gy,
160Gy & BRHNEDE { B2 Ldt - T, MEEDIE
HibZB\oh T, 80Gy U EOEEIZ T BEADEER
MO EEZ Nl FEBHETOMBE IR 2
&, DPEEROFEET BB L UEBO A T X HiHE
Dl OGy FETREHIOH IR I MBEDE LR 434
iz, THICH L20Gy BT 6 #ith 3 4320 5 fH
Pl EWC720200mg/dl AT O IEEE 2 3% L7 &
7240Gy BETH 6 fith 2 Bl LB b 72 D 200
mg/dl BUF D IMIFEE 2 #ERF U, IEMOBIIIRE S
7z RICHBEZ B® MHC @ Class I HiES & Uf Class
N#FEZ %/ 7 0 —FAbitk® Rk cgea s
% &, Class HHEBMEHPBNECEECET
LWz, %7z Class 1HiRIZ 7 B0 NS IR O
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B i < et s e S IRETHE L SRR OMIC R E
HOERBI AN r o, L EOHKR LY X iREEH
W& D Class I HiEBHMROBRESEZY, 20K
EEEOREINE U B S h T,

3) Hybrid B AT

Hybrid ®IA TEE, 28%2Z20FEBET 50
TRk, BoTEEYOLERE CHaLBET 2
D, BEOEENERL S LERE (Im-
munoisolation) L & 3 w35 b DThH %, BHE
Hybrid 2 A THEEIX, w3 ADEMOREED S,
Diffusion chamber %, Hollow fiber &I, Microcapsule
iz KAlsh 305, WIFhoBIIBWTARADHTE
i, 7EEHATIESTFHREEE SO LS RFEM
TEIHEVRI L THE BENZEORMGEE LT,
D Zra—aRf YR vz EOLBRHES T0W
BiZEBRES A0 RES 07 Y E L &
BEBEERLELIRFERRFOZ E,2) 7 B3R
RIMRE S 2 BUERMEFIL 5 5 2 &, 3) BlEI NI &H
WTREL, EE#EEENLI VI L, RERETLN
5, BELRITHAO—ADOFEEEHAVAILT, <
4 7ai 77 BEFRLUBHEEREZT> T
3, %A 7ah T e EHSPOHETITY, A
TS BOMRERE~ A 7 ah Tt 2T, BEkE
DRBEMOIE LTAH TEVOEREDNE L, 9% R
R—ADH HEHEABELIFEINTE . FHLD
F v b OBEERNIZL 00D~ A 73k 72N 2 5H
L, 100H%82 245F%2A T35, Lil, 470
BTN BUHEREL R { o TG T o R R
WHrSEINT 5 2 L EFEECE# LY, 2 CTHE, &
FHoXARAET CHE S8, ML HEEL 72 KEA
DAR—ARZH 7T B2 BET 2 EBRERAS
TBYRIFEERVIGEOhDDH S,

BT, Soon-Shiong 521X, 8 ADICIEPE L v 58t
LIzE b IBETAT ATV BRTH T 2
1k 19,9571/ kg % | BUBEIRFBE OEENICBHEL
PERIFIREED & A Ll b |E L T b, Thic
X2k, BREEUEFEMNCIETEEML, BHE
120.1ng/ml 7257z C-peptide ix, 8 » H H 2 131.0
ng/ml &% 0D, 1 HSE~0ULBETHo7ef VA
BE5y 9hABIBLER o LTWESE, IO
EOBKTORIFIbImRESNE L SR> TET:
B, BT BRI SCHBEPLEEVL S,

5. FiEFZ BEBEOE K

WEFE»S DT E (islet-like cell clusters, ICC)
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Table 3 Effects of cryopreservation on glucose
stimulated insulin release from new born hamster
pancreatic islets. Values of insulin release are
expressed as xU/10islets/60min

Glucose concentration

30 mg/dl 30 mg/dl 300 mg/dl

| (1st hour) (2nd hour) (3rd hour)

3days cultured 1.5240.26 | 1.43+0.43 3.34+0.49
1week cultured | 63.82+13.39|14.61+£3.24 | 73.40+11.35

2weeks cultured |106.10+6.57 I91435i11.07 197.00+18.02

SEIHYI U RIEE T 5 2 LT, WA S AT
25, 205 2FEFEERIREOLHD 2EEDEL,
SEBRELREREEELTWAI LSS 7bEL
TEREEZOND, FELIHFEFT BEOEYFN
BEEARRL, £ O L BFESRCOVTUTO
FEEBITH 130, FHEFT—NTFUNLAY —FEEE
TRBERES N CRIFMICEE T 2 &, MITILCERTRE
N - S5 IS EEL S BOFELH TR
mol, LrUEEN LEHCKRRPOEEORES:
HLizonBonk, 750MBFMIRR L HE. #
T TEET 3 L, HSEBOTEIRR L, MiEE
M, LRG0T LREDSRT, BT —VT
VINLAY—FELDEEL T T B & IRk RS
EFRLTWI, EA VAV YBLIUI VA T VIEHH
R s, BB bCRBT VT UNLRT —
SBLYAETH . FEFTEDO0mg/dl o7 v
I—RBEIZE DA VA Y UOUEER, HEERS, T,
14H L EHERESER I Oh, FOERMWRERZIN
FREPLIINE R Uz, —77, 300mg/dl BED 7
D RERIZBTBA VR UBEE bR AR
tonTEIL, FOMLEFESWED 2~ 3FL
RS Bzl & -7 (Table 3), Z7-84EFT
ERNOA YAV BEUDNASERIIEHIHET
WEhbEBEERLES, 1HEH, 2B LT,
By 5 B E %1 X plateau WE L2,
BbYIC

e, BEREREIC BT 2 REBEOBEM LN
BRL TR LV B, BE, RROEH DfRTE
BERIESTHNS L 512D, BIFRERERERE
sh2 Lk ehkot. Ll IhsoRBREMETE
Bl YOS s b, FROLHRERR
EHHEDS S ERAL  ORERERLTWwS.—7,
BRESHERRREZERNE L TR 2t h s, RS
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RO A =BT 3 7 BRI, Toker, F
OFEFES, BVRLEBSOUREER Eo 54N F
FEwz s, 357 BBHEOFAE L L Tin vitro T
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Transplantation of Pancreatic Islets

Gizo Nakagawara
First Department of Surgery, Fukui Medical School

Islet transplantation in Type I insulin-dependent diabetus mellitus (IDDM) has some advantages over
vascularized pancreas organ transplantation, such as the easy and safe technique of transplantation, and
the possibility of immunomodulation of the graft. But data from clinical studies have shown that some
scrious problems still need to be overcome. One of the problems islet transplatation is the islet storage.
There are some preservation methods, including culture, low temperature preservation, and cryopreserva-
tion, but cryopreservation may be the only possible method of long-term preservation. Islets can be
cryopreserved without loss of their biological activity by using the cooling rate of 1°C/min and 25°C/min.
And cryopreserved isolets can normalize the blood glucose level of diabetic hamsters in isogenic trnas-
plantation. To reduce the immunogenicity of the islets, isolated pancreatic islets were dissociated into
islet cells and cryopreserved. There was a significant prolongation of survival of dissociated and
cryopreserved islet cells in allogenic transplantation in rats. Irradiation of islets and encapsulation of
islets were also examined and these methods were useful for controlling rejection in islet transplantation.
We believe these approaches will permit application of these methods to the treatment of diabetes in
human with allorgrafts xenografts.
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