Studies on Xenotransplantation of Pancreatic
Islets of Langerhans
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Abbreviations : B.W., body weight ; Cha., chamber ; D.Cha., diffusion chamber; D.C.T.,
direct cytotoxic test; D.M.E.M., Dulbecco modified Eagle’s medium; E.Cha., empty
chamber ; H.E., hematoxylin-eosin; 1.Cha., islet chamber ; K.R.B., Krebs-Ringer-bicarbo-
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Fig.1. Photograph of diffusion chamber. The
chamber is made of membrane filters (Bio-Rad)
with a pore size of 0.45 um, attached to both sides
of polycarbonate rings using MF® cement. The
polycarbonate ring has a hole to allow an
injection of the islets into the diffusion chamber.
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Yarvikhik L, Mk vy >

Table 1. Physical properties of membrane filter

Membrane source Chemical Pore size thli: clgr?éss

(catalogue no.) composition (m) (zm)
Fuji (FM-22) Cellulose acetate 0.22 135
Fuji (FM-45) Cellulose acetate 0.45 135
Fuji (FM-120) Cellulose acetate 1.20 140
Sartorius (SM 11306) Cellulose nitrate 0.45 130
Sartorius (SM 11303) Cellulose nitrate 1.20 140
Bio-Rad (313-0059) Polycarbonate 0.40 10

nate ; Mb.F., membrane filter; P.A.P., peroxidase anti-peroxidase; S.T.I., short time

incubation ; STZ, streptozotocin.
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K. R. B) &% 1ml iz 2 {E#HE S+, D.Cha.d
IFLEDEAL 72, ANFLIZ AL, i L e P
F 2—7 (Beckman®, ultracentrifuge tube) % 5
mmX 5 mm IR L 72 & D THEE L LCha. & L1,

3. short time incubation (S.T.1) ir & 2 2L 2 —
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1. MiRFERO RS

BRI TV F Y NARY—[iR L » EEL
fe. Thbb, NARY =k I—T VI THREMEIR
BFEOTRVESKEHEL, 0°COEREMNICAN
THRMOMFTEST LI WML A, Bz,
56°C30 7 CIEEML L 7-4BRIRIN¥E (Gibco Labo, Cat
#200—6140) % 6 BWEICHML 7- DMEM. 2R
Uiz, MlaSEmiE, (EEEME T Ty 5 1 FERRk
&K (Tatai eosinophil counter, # ¥ # ¥ EER T
R kD 3.2X105(E/ml IR, HIREFET-SRA
WBLUTOHDEFERL:.

2. PmEoRM

iz 56 CORB T T 30 2RIHE LIk L 72
bOREVE, FRRNALASY — S KEBHEZ 4 8
HBomEs DMEMEZ L ELHERL, 2007
MCEEMEERUT & 25 /4 FRB8 Mo ¥ OFRE
BIVOVBVEEEERLLDOT, I/4F/REMLFO
FRBEL L,
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WEEELEY R (Miles #H8) 2R, #
HRPME* & 2R CHEESEE RS2 2 L
KX DHEEED L OEERD TV 2 L 2HERR, 71
MEOFE L IR EHERTEBES 1/4 L L,

Fig. 2. Microscopic features of cells in a cytotoxic
test. These are typical microscopic features of
cells fixed in 0.59% glutaraldehyde solution
containing 20% of glycerol (X 100). Viable cells
exhibit typical lymphocyte morphology (small
arrow), while dead cells show an appearence as
large dark circles {large arrow).
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1) Mb.F.OFLEDHEE E:BM%

CVE—AT7ETF— & D% B MbF Tlt, ALEA
TNEN0.22, 0.45, 1.20 um TOEBE (g, /g,) 12,
TN a—ABE 100 mg/dl TFHZH 74.4, 71.2,
68.7%TH YD, Ele Il a—RWBEH 400 meg/d] DS
BETLENZNT6.9, 78.4, 18.4% &, FLED K/
L EEBRDB A SNLEH -T2,

TNV BT=R 44 b=+ 8O MbETI, ALE
0.45, 1.20 um OFHE LB T 2 L, N a—2DFE
BT 7L 3 — R RS 100 mg/dl T#h ¥ 87.3,
92.1% L EF% <, I/ N3 —AWEH 400 mg/d]
DIJFETHEN TN 9L .4, BOREEHLZERZ 5N
T, OTFNOARTY BFLER% ST L7,

2) Mb.F.OFMOMEE L F@Y

Table 2. Diffusion rate of glucose through membrane filter in relation to chemical composition, pore

size and glucose concentration.

; Original glucore Glucose concentration
Membrane filter Numbers of concentration of the after incubation Diffusion rate
made of pore size experiment medium outside inside (g1/82) x100%
(um) (mg/dl) (g2) (g1)

0.92 7 100 92.6%0.8* 68.9+7.9 74.4

: 400 371.9£1.8  286.1%7.3 76.9

Cellulose 0.45 7 100 94.3%0.5 67.1%£2.5 71.2

acetate : 400 374.4%+1.3 293.6%5.6 78.4

1.20 7 100 93.7t2.7 64.4+8.0 68.7

’ 400 371.1%4.8 291.0%11.1 78.4

0.45 7 100 91.6%1.8 80.0+2.8 87.3

Cellulose 400 371.745.8  339.6%16.1  91.4

nitrate 120 . 100 92.6+3.8  85.3%8.0 92.1

400 366.3%x2.9 347.9%11.3 95.0

Poly 0.40 10 100 91.1%x1.5 86.4%7.9 94.8

carbonate 400 366.8+10.4 338.0%11.5 92.2

A diffusion chamber made of each of different kinds of membrane filter was put into a glucose-
containing medium. After incubation for 90 min at 37°C, the concentration of glucose inside and outside
the diffusion chamber was measured. *, Values are expressed as mean+ S.D.

Table 3. Diffusion rate of insulin through membrane filter in relation to chemical composition, pore

size and glucose concentration.

Glucose concentration Insulin levels

Membrane filter Numbers of of the medium («U/ml) Diffusion rate
made of pore size experiments T
() (mg/d) i in+ipee [ (i <100
0.22 7 100 22.0%£12.6* 58.1%17.9 37.9
: 400 46.7%23.8 109.2+33.0 42.8
Cellulose 0.45 7 100 16.6%6.0 41.8*11.5 39.7
acetate . 400 82.9+18.7 142.8+27.8 58.1
1.20 7 100 19.5x14.7 55.3%15.7 35.3
’ 400 54.2120.0 112.4%30.4 48.2
0.45 8 100 16.5%6.0 43.3+14.8 38.1
Cellulose 400 54.3%£34.9 119.7%27.6 45.4
nitrate 120 8 100 14.049.0  36.4%25.1 35.7
400 70.5%£20.2 127.2+38.3 55.4
Poly 0.40 8 100 22.2%+10.0 61.9136.5 35.7
carbonate 400 88.6132.7 150.8%44.4 59.0

A diffusion chamber containing 2 islets was put into the medium containing two different concentra-
tion of glucose, incubated at 37°C for 90 min, and then concentration of insulin  inside and outside
the diffusion chamber was measured. *, Values are expessed as mean +S.EM.; *, insulin levels,

inside (1) and outside (i) the islet chamber.
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MbF.DFLE0.40 um HE DB E R SEORM
T T3 &, SN a—-RBEH 100 mg/dl T, *
Va—R7EF —F, Ao —AF A4 br—F, KY
H—RA—-hOEBRRIZFNFNT1.2, 87.3, 94.8%
THD, LNVO—AT LT — IO 2EDOEM L
NTINI—ADEEENE > Twiz, Fra—RE
Eo400mg/dl DFED, LA T —X T L F— bt
A% THBDIZL, o= F 4 bL—FiF
91.4%, RV A—RF— b2392.2% LBTHICH L% 2
HEOEAECERL TV,

2. 4 AV OIBE

BEMbFIZ L34 YR OIBEREBRIL, &
BEERIITRL.

1) ZREBL1E%VOA VYR VEER

DCha WA DBEI DEHENALTKRE1MEND
DA A VEEE (1,+i,) &, 73— 100mg/
dL i3 50.1+27.4 (Mean+S.EM., RATHER)
pUTHotz, —FH 7V a—2R 400 mg/dl Hl 8T i1
127.4+35.8 U L, ZVa—ABEDLRIZLINE
WA YA VEEBRRLT,

2) Mb.F.OFLEOMEE & L8R

BARICE2AVR) VEERESD E, ErO—
A7 X T7T—bDFE, 73— 100mg/dl HlE T
i, 0.22, 0.45, 1.20 um OEFLEFIWC BT 5 YEBEE (i,/
L +i) I ZFNFNIT.Y, 39.7, 35.83% L Eixir b o7,
73 —2 400 mg/dl FlETH, 2 EFh 42.8,58.1,
82U L EEDEXRD o7, Elzkla—R S
4 M= OBELERKRIC, FLEOHEEICLSA VR
Uy OIBERECERRS shimo i,

3) Mb.F.ORMOMHEE & HLEE

FLEHM0.45um (e LRY H—FF— M2 0.40
um)THB L, 7V a—2R 100 mg/dl FBDBE O
BRI, VO —RT X F— N TiF 39.7%, Lio—
AFA ML —1FTW38.1%, KU A—FFZ—+TH
BIREEHMERNICEIZ 2L, £72400mg/dl TH #
hzh58.1, 45.4, 59.0% & 1ZIZRBOEE R LI,
FRAENL2um TV TR T RTF— b, ¥
O—2Z74 br— MR BEEDE R L,

4) DCha#t 7' N a— ABEOIHEICS L 28

WTFNOMBEB L UVABREBEVTY, 4 Fa—
FETO Chatb 7' Vv a—ABENE W, T4bb D,
ChaN4 ¥ RY ELEEHNKE VWED.Chab Dk
BMEEIEL, v a2—-2100mg/dl Al & T
35.3~39.7% ThH - IHEEEIE, 73— 2R 400 mg/
dl FI# Tk 42.8~59.0% & L& L 7=,

II. BRES v b ~OSRERBBHENR

1. PR EERAERE

FERER 3 a xR, FIRATEAERE 6 IT o I E
13, FEAERT 46231 (Mean+SD., LIFRE4HE) mg/dl
EEEERL TS, BAE% L B 169188
mg/dl EEEDET2RLK (p<0.001). LAL3
HE W 312+119 mg/dl L B EREDEA % &%, 5
HE Wik 369145 mg/dl L BAERIEICLL L EEE %
RoHF, LBRMESFEREL 2. B, BEmmoe
5.3%0.8 g/day/100 g B.W. & B {# % = L 72 28, BiE%
1HEIZIZ 0.6+0.5g/day/100 g B.W. & 8z
Ui, LinL, IEEO LR & & ic 3EBIIIE 2.5+
1.7g/day/100g BW. B ERE%2xRL, 5 HEICIEE
MEREICE L, —F, A4 > 2 ) o {ERBHER
16.745.9U/ml THol- 4, BHEEZ 1 HBIC®
76.6+16.8 uU/ml L EWH% LR 2 A2, ZOEIE 3
AEMUBE L VRRCBL &L L0000 14 HE £
TEBEIMECELEROBMEEFE L. RERY
BB T L, BHETTOKES 100 T2, 14
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UEOR LD, BMEE 3 ~5 B EEICILIERKIE

P -
100l  soof fo @ 77 3
- § £
g 3 {y @ {80 >
N 2
00| = ot
- £ {8 3 {so
£ - -y »
o 90 ® 300} {8 2 H
3 o w 140 3
H 2
- E] 1% o c
k= 30 =
3 ™ 200 2 N
@ |3 IR
R 2 J2 @ 120 7
8oL @ 100} ° g
Jo £ o 8
> a
¥l 2
100} _ soof 1o o 17° &
> 5 v
8 E 4+ 8 eo::l’
400t 2
- E =
s < 80
£ -
w > »
S ool @ acol s 3 H
3 H N 140 &
> [ 4 2 -
) ~ c
E ™ 2001 2 1* 3
v 43 3 E
N Pins
80l @ 100 2w H
1 £ o 3
3 a

Days after transplantation

Fig. 3. Effects of xenotransplantation of islets into
STZ-induced diabetic rats via portal vein (a) and
peritoneal cavity (b) on the body weight, blood
glucose, urine glucose and plasma insulin level.
Each value represents the mean of 6 (a) and 4 (b)
animals. 1, Intravenous injection of STZ; 11,
islets transplantation; O, % body weight; @,
blood glucose; A, urine glucose; &, plasma
insulin levels.
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PHBL, LEGIETFLE L0 LHEahT:,
2. BENEEEEDEN
HEREE 3 bizsw L, BHEEITL 4 EoRiE
WE%EMJ%i%mQ&T&vt~@E&15EK
13 190+29 mg/dl L HEITIET L7228 (p < 0.01), 3
HEIWCE 445261 mg/dl « BHEATEIZ/E L, Ll 21
HE % T 400 mg/dl PEosmmbgeimL -, R
&, BMEEED 5.7+0.6 g/day/100 g B.W.iztk L,
Bl 1 HE DA 1.3+0.4 g/day/100 g BW.LtERE
DIET (p < 0.001) R L7:2%, 3HEICIES5.04+1.2
g/day/100g BW.L Bz sz < & o 7, (KERA
uﬁauﬁﬁutwi@ﬁ&14Eﬁmu@mﬁﬁtﬁ
BRI 20 Lislr -5 55 L7z,
MEOREREY, MENEERERETE, FRA
B L 0 RENCIE RIS REL 72 5 0 EEzZ 5N
7z,
Il #RB T v b~ LCha ik RIEBHHR
LBOZEL, BHOEIZE B4 2R LD
ElRsasngho 72DT, REBIEICH V7 D.Chalx
BR) A —R 32— i Mb.F. 2R L /-,
1. E.Cha fe#ise
HBELTAEDS Yy bz S KB %4 2 72 LE
Cha. ZBMEL 72, MEEEE, BHEZ 2 BHE 2 CET ¥
B C &% < 400 mg/dl BAL o i R i L (B 4
a), RELINR 1 B8 ), BENO 5.1+0.5g/
day/100 g BW.ACH L HED =13 72 48 o 7 (4 D).
FrIAA R o E b BRI 10 wU/ml BT, 8
MWAME =R en o7 (M4 c),
2. 1,500 > 5 KEE A 1.Cha FohsRs
6D Z v iz 1,500 {EEA LCha. O IR AE %
117570, MBEERBESZ V0 400 mg/dl BLED
fEZRL, EChaBMEEL KL THES IS b - 7
(K4 a), RE, BHE% 1R 2.010.9g/day/
100 g B.W.& E. Cha. BAEBD 3.6+1.2 g/day/100 g
BWICILLEEDEM (p <0.05) 5L LDOD,
SHHEIIZ5.140.9g/day/100 g BW.LH L8 %5
U E R 6 L - (4 b)), —Hmb4> 2>
@u,@ﬁﬁlaﬁumwgiwdyUMﬂt%E@
ERL, LMEWET 2 %20 BE it E.Cha®
R REROE (p<0.05) %4, (F4c), Big
TREBEODA YA ) VRO LTS S 7o,
3. 6,000D 7 KEE A 1.Cha Bt
DCha WOHA S KEH % 6,000: L T5mD
7y MCBHEL, BREZOELZICOLTHES 0L
7z,
IMFEEE 5 T 2 PLizgg Bt i (M5 a), +
OB 1EEBEEIHIELD 207mg/dl LIETL,
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Fig. 4. Effects of xenotransplantation of islet
chamber (1,500 islets) into STZ-induced diabetic
rats on blood glucose (a), urine glucose (b), and
plasma insulin levels (c). T, Intravenous injec-
tion of STZ; 11, chamber transplantation; O,
empty chamber (n=4); @, islets chamber (n=6),
Results are given as mean+S.D. *,
p < 0.05; **, p < 0.01; ***, p < 0.001.

Bl 5, 7, 10 HEIE w9 b 200 mg/dl LIF o fE
EHRFLI2S, W HBLE X DELAZRLE. o
—ETE 1~7 B E & 7T 200mg/dl BT o M E %
R L 7228, 10 HBE L X 9 12 300 mg/dl 2o i
EERLL. LOLEYO3EIEBMEL B HIET
BAzERL 7205, 3HE LD 400 mg/dl L & B
Bz L.
@%u?xt@%?@ﬁ&laamdlyMWNo
g BWLUTO®EERL: (K5b), L»aLS HE %
T2g/day/100g BW.LIF O &R L7 b i
FEED FiE% 272 200 B T, H0 3MIE 5 HE 1z ik
T Tz 4g/day/100 g B.W.D RS %R L 72,
MAFA > 2 AfE, MEE, FEORESS -7
R EREA(HS5c), 1ETR, BEE1H H
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Fig.5. Effects of xenotransplantation of islet
chamber (6,000 islets) into STZ-induced diabetic
rats on blood glucose (a), urine glucose (b) and
plasma insulin levels (c). 1, Intravenous injec-
tion of STZ; 11, islet chamber transplantation ;
¥ and 11, both of them showed an effective
clinical response (i=5).

BARE 50.7, 48.2, 61.0, 53.4, 38.3xU/ml &£ 10 HE
2T, ¥ 1IETH, FBAEE 86.4, 91.3, 98.0,
73.24U/ml - THEE CHREZRLLY, MEHLD
WO L7, RO O 3CIEBiES | BRI IEBE
DEERLSNTLDD, DIBIEE R R L 7.
BEX D 5EOBESR 2 RIcBEENH -z L
EZzehi,

IV. BT KENEBIHNBRE

FIIRARSIER 7 B B 0BG TR, BHEIKER
FARRIMICREG E LTEE s, Lo L, PAPEKI
IOBRBTR A EROFERROONZ DD, FK
BEHEIREI TS, TREBNEIC L PEED
THEIBEI N, 23 KREABIRY > 5k
BIROERLBEE A, ERRICORBRNIRRE N

F

(®6a, b). —H LCha IRRENTEHERE T 1.Cha. D
7 4V —REZAIRANZ 7 4 7V RO B O ERY
BTHbATIIV 2 3RFERCRBTRIEA S hz
Mol (B7). £EBENRBECREAIRIEIR

ek

Fig. 6. Islets of Langerhans of hamster at the 7th
day after xenotransplantation into the portal
vein of diabetic rats. Hematoxylin-eosin (a, X
100), and immunoperoxidase staining for insulin
(b, X 100). Extensive lymphocytic and monocytic
infiltrations are observed around the trans-
planted-islets.

Y BT

Fig. 7. Photograph of islet chamber in the peri-
toneal cavity at 1 week after transplantation.
The chamber is encapsulated in a thin fibrous
material and shows no evidense of apparent
granulation or abscess formation around it.
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Fig.8. Islets of Langerhans of hamster enclosed
into the diffusion chamber at 1 week after the
transplantation into the peritoneal cavity of
diabetic rats. Hematoxylin-eosin (a,>x200) and
immunoperoxidase staining for insulin (b, X 100).
These islet cells are found to be partly degenerat-
ed compared with freshly isolated cells, but
lymphocytic and monocytic infiltration are not
observed.
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Fig. 9. Cytotoxic activity of islet-transplanted rat
sera against hamster thymus cells. Three rats
are selected for each study.-
—, Intraperitoneal islet chamber transplant-
ation ;
---, direct islet transplantation into abdominal
cavity ;
~+-, direct islet transplantation iz portal vein.

BOEMEEHENED SN (8 a, b). LaLyY
YARPHEROBEIIZED oY, Mlok3n oK
BOEMBERRGE WD L0 bir L 2 RuEEDNR
RefEgans,

V. D.C.T.i2 & 58/ AR E — 4B EDORE
FURABER TR, MIEECRARBEE3~5HE
EHEDBRICERLIZUD, 6~10HBREY—2 12
ELZ, TR UEBEHBEEECIE, L0 RS2
~3HHEL VMBETRO LERASNR, 4~5H
BiclkdTwee— 22 L, i FIRA SR b
VERIUEL 2. £72, BREEOIFFTR 50% %
B2 5 BB FIRABERT 6.0+0.7 HTH b, fEkE
NBERTIZ3.840.7 H L N HEETE R I &
mola, TabbEENBREEETE, PIIRABRICE
L&D EICIERBIC RT3 L #2 5417z,
—77 LCha JEREMTEAERE T3 308 & b HEFASET- R
FREALNT, BEEHRRIGIC L 20 AR5 —#
OGO LRI 2w b o L ifegan: (9).

% -3

JREREHE I, 1892 £E12 Heden " 23 EEREVIZ S AT DI
HBE 5, D% Ssobolew™ I HERBORBTE L LT
BRENERSFERTHS 2 L 2R B L7288, 1922 4
DAYAY ORERIZLD Z2OMEE k-7 B2
oo LinL Z0H, MESNBS 2 EBBEERLE
LTERL:BHERESOEH T4 v, Lichtens
tein 5'OMEYEIC L 3 2RBEERHL D% 55
DI ELTHUENEBUS LS kot L2
FUZ & - THBEIR, (>R ) VBRI EERE .
EFEEERARIBRECHROS 2 Z L L I S
, FREREVICISHERR IR T 2/ N ERE 0T L
Blahd 2 eSS L TH 2100 %72 WED
NEFMTOESIE 2w, BES L SERA L
LML REBA T AabaiIcniz D, 20N
REREFBET2ERTY, BBEE X S EEY
EBLTETVWREEDbNS, BEIGEIZHLD
19825 HE T iThbh/-ERSE B 2 KR
MO LERARRERISNE 223 [ 208 B 35 & 08, iz 1980
Frn 19824 5 A& TOH 2 FH 1212 126 41 & A
RN % & T 520,

&L THEREIR, MEWEIC L 5 2FBHE L mE
MIED R NS KEBBIE L CKRITE 543, BERNICS
T % 2 2 50, B3 o lEs o b L R 2 R
D <, HRICBIT 2 200CLLE DRI TR ASAT B A
RAEBELEBILTLES. 2L CNEOBKTD
st S g 2 B E O BIRTIE, 08 b Bk
RS X2 2B THRICHANES TS 3, ZhcHL
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5 REBEI 7 OUSTR & RIKR, ATRER, T
B KR B Z E T E, FHREIC L MEY)
St  BIRIGRAV AR Z BB LR 2,

SREBMEIC BV TREER, 7RBEFIFURMES
BBEERRIGHEI DT dhTyu. L
L, Reckard 5™ #E# T H & M 0 8\ (strong
histocompatibility) B COBIE, T2HDBT7 4 v
v v — (Fisher) (Ag-B) 7 v +-7KE% ACI (Ag-
BY v M OREEMIARBETIE 3 BEPRICHER
s, REBTESMHOE: (weak histo-
compatibility) BIREICORAE, T4bb ACI (Ag:
BY v b« 7KE#%DA (Ag-BY) 7 v + ORI
Ao BHETL FEEEMZ 8. 1A Th o bR
&L T3, %7 Marquest 52, Kb b FARE &
BRMELTHY, BETEIEBEE LRV
EETLLEEZONTVS, 8T, Z s OIEHRIG
ZEE L EHOBE T RBAS 2T 2 dICi,
EREEEC—RT 2 b0 EBIRT 5 L, RERYE
ERNCT 5 b, BHEEREIEO B 12 S WEBHIA
BT Z L, BRsREINBEEsERAT s Y
DFENELSND, F I TEPE CIIERRIEDHE
ErEET2H, MbFEFIELL D.Cha. % {ESY
L, BiER (5 EKB) & recipient O fRfFE Ml & O
EEEMmrEET 2 AEEEIRLL R
recipient % v MR L TRETHLNLAT —+ 7
KE#% DChamicsALTLCha b L, £D STZ ¥&
R T v bEEABE L AERFREOUEDR
¥, L.Cha.\z & » RIERSHEM O TEHE SIG BRI R 24
gL 7.

NAAZ—FEL D DT RESEE, IhETiTab
NEEEDS Y MEL D OFEDE BRRICT RS
7o, Lo UBEOBLLEI 2 OFTOFEICERZ <
—[EH7: D300 HD 7 KREEZFMLELOTINE
ERLUT., BohicnbAT— - FRERI v b7
KB L, A RS Ra BRSO fER 2,
I ogigs, FLTEDABOIRETH I, N4
25— SREBRDENEHTHY, FNT7KEHD
5w ORI ~4ET, SRELERZHDA A )
VAMBLHES®IT Y O LEERT EWEL
Twb,

Sy heTKELEYDD, 0 SMICBTEL YA
Y vEEE R DWW T, Lacy 543 30 mg/dl 7 v
T — A KT 95 U, 300 mg/dl 7 v a—ARET
13256 uUTh-o7zEL, & 72 /NEYNE 100 mg/dl 7 v
2 — ARBT 110 £ U, 300 mg/dl 7/ v 2 — AR T
211 yU DA ¥R ) Y FlHH NI EWHELTW
3. Lo LEFZETO D.Cha i AL 7 KB 1L {#

=

HizhDA4 YA yAHBRIZ IS DWEL D PPE
BEERLE. 2hid Chals Lo —ABESA Y Fa
~N—FETD 0mg/dl 2 S EEOREBA & & BT R
tERT a0, SERBCHLECRSBEEICLE SV
g — AREAEFE A T, 00 HEDA VR bR
BETT2b0EEz N, LAl Chaftsva—
APBEEH 100 mg/dl 2> 5 400 mg/dl ~ e EFT 5 &,
SEKEDA YAV VMR ZORIBUIIG T 3~5 &

LRI 5 Z L5, Chaths v a—ARIBICRIGL
BrZrR3HLHITHS.

MbE.OZNa—ABLUVA A Y »OERECH
LTi, Theodorou 5243 D-[6-*H] 72 —AB &
1195 ] dabelled 4 YA Y Y RERL, 2OFELHE
DEVIC L B EAMOEEEREL T 5, FHAT
REBOBERIRC L DEHMSES L ZEHBEL
7, ChaWiz s EEEHAL 0FDSTLETA-
tz. 4 v % a~— MRS, ChadtZ v a—Rid Cha
MIZEEL, 207 Va3 — R & D ChaN 7 KEHH
WEnA YA Y ESBL, BESNIZA A VN
Mb.E. %@L T Chat i+ 5 2 L #EEL T,
A vFa—EOSVI—AEREEA VAU XD
PR R HIRET L7z, S o —ADEBRER, kv
O—AF7EF— b TRREEERLIY, ELE—A
FA4 PL— bR h =R — b TRABORANE
M@  BIFAEER L, — A4 v AU VIEEET
BFABICRL, HAREREESZ LN TET, Cha
S a—AEEMNIOmg/dIRIBOSHET
35.3~39.7%, 2L J—RA JEE 400 mg/dl HI# T b
42.8~59.0%12 & ¥ & o7z, Z#1id Theodorou®® b {#
BT a ko, 1A ) rORES L MbFADK
EaAxsEREZELNL, Ll R DR
BADWRET, FTENA A VBES—ERM LR
ZEfafir A DEERICRERR IS KL ET IR
wmy H Y, BEOBHE T L.Cha Iz i 1,000 L
oo EREREASR LChalDA YA VIRERS
BRI B0, BHEBICEIDENA XA VRE
ENBoNL LHELT.

e RN R R A L 72 LCha.d Mb.FAC i, K
H—HKir— IO L DEBIRL 2, RSBz E <,
RY A —R 32— N8O Mb.FIZ OB L TR
TNa—ARA YA COEBEICFNT L LEE
20, Lal, B 10um L, ALoBR
bRLOHEN A K VROEEE L > T L DITL
1EIOBEKRTHY, FLELETHLD 10MEL,
T4 NI —RRED 12% AL L, BENBERD 2
KEAZCIEREROBBENTHLLE LN
F7-n 5 TH5, Maratos 5 FE UEETR Y A —F

|
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F— MO MbFOFE2IEHLTBYD, &5 WHAE
HOHTH 0.40 um 3V >S5k E OEME T 20
ASukEsEBbns,

5 R EBAEIZ, Ballinger 52742 X 1 400~600 &
DIEERS v FOEBACLHANCRRBEL, B
RIFREOEHLUEBI LA E OREICHE 5.
Kemp 523 STZHER B 7 v b et L, KT~
850~970 (St 890) {#, REMEPI~ 600~850 (£ 770)
8, MERER~ 400~600 (i 550) {HOFHET KE %
BHEL, PIIRASE LSRN EBERMNTHZ I L%
¥ 18 L /2. Reckard 2%, MEBRNBHE TR
800~1,200{f D 5 KB F LB L T 20MRABET
i 300~600 fHTHITH B EBRTVE, ZDEIHK
ARG & D ERERE 2 WE T 2O CLELE IR
B R 5%, A8V TR S & RN
EEBEOBRBEL 7 KBH 1,500 8, hon
MELVEZTLTABHESREGECE 2 EKLEE
A FRUCHL b o, BiER 1 BEICEE
Bl L v R ) VD EREZRICE LD
MEHEDE Fha sz b, 3 AR IEFIIRNTE
FEEET 3124119 me/dl L U L&, BEHNENT
% 445461 mg/dl & ¥ T BHEAECELL. Zh
i, RSO T —NLFrNLAY—F5 KB % donor
L L7 STZHRBES v F ~OMIRNEEEER T,
1,600 B0 > KE+*BHEL BEE, EFHEFDHE
3.0£0.6 THhotc b DI|EL BT BT IHERTH
3, ZhoofERICBEL T, BEBOHBRF RS
TRRAICRZESR L TR s h 3 7 KBEMICY »
Bk S0 BUER O R A AR A A4 s his 2 e %, D.C
TR EOBES Y FMBEFOH AR Y —HHBHIE
DEENRBEN LR, BETKEHOEK
TRBFERET 2508, BREEBRKSCL DL
%Xi SiLA,

D.Cha iz B8+ % W23 Algire ©%2 £ b S R
2T BB E L THD S, YH N~ — R
(Harderian gland)®®, KgAgeY, SR, BESGHAS,
AR % % D.Cha Wit AL, BSHEBOEERZD
BEEEICBI L TOMEATT b LTz, TEEAD
IG5 I Reemtsma® s &) 7 KB % D.Cha.NIZ & A
LTHERRE T v F OMERICBEL, 3 BREOERE
REOWELBBELLOHRE 5, %D Strautz®
3 E(E MR < 7 A (Hereditary-Obese Mice, obob)
DO BEREEMIZ non-obob = 7 X D T K& % 200~250 {&
#HAL71Cha s BEL- 22, 14 HE & b IM¥EE
DET2RAH S HEHETHEL LREL TV 2, &
7z Maratos 52213 STZ $#5RK CBA =7 A DEHEN
12 10,000 B0 7 KB %# A L7 L.Cha. 2 BE L, #ER

FREBOKE L BEL TWwa, —F Gates 5T H4E
BY¥FOBES D.ChaWICHAL, =2 —Y—7 U F
fE#~ 7 A (New Zealand Obese mice) DIEIEMNIZ
BT 5 &, MFEE, M4 R fES X CREDHE
AFRBROKEL & 517208, 6:8% i D.Cha. 2§
Lt ZAMBEEOREREEZBETNTIEC LA LR
&L Tw3, L#»L Theodorou %% 1,100~1,400
BosKE% DChaWitHAL, STZHREZ v b
DOHEENICFEREEE R4 45 1288 OBREH/ T
FERRREEOURE R S ok b ol LR TW 3, I
D& 512 1Cha DBERE L TELTL b WMER
EERESNTVLB EiFWV 2R, EHO LCha il
NBEERT, HASKEHL,500ETi, EChai
FEEE & LB L CIBEECREOHE 2B  CiZEo i
ot L LIRS R Y EIRBEER 1 BB
T 409U L BEERL, UEBELBEEHMFE
Cha BHHBE L D HFRICHEERMER L, WA >R Y
CEMSEEIC S p b o F IEHE R REEOWE L &
sl ik, ZRBHOTENRETSHS &
EioNln I KEBHE 6,000 HicH- L THIEL
Hate, FOME, 5Hh 2460 7~10 HE & THHE
EOET L EHE BT 2 0H 41 > A Y SEOHEEE
Rtz LCha WO 7 KEHIT Gates 5913 200
Bo<r A« KET, Strautz*® 1% 200~250 {FD < v
2« ZRET, EE~w 20 L+ BEERE 2R
Tz LT3, UL reciplent L D KEWVLT v b
DOFETIE, BENCEEBHELEBETH Kemp
22843 600~850 @, Recard 524 800~2,400 {E3&%
BWTHhBELTEY, &5ZDChaMcHATE L
Theodorou 53"A5R T Z & { 1,100~1,400 @D 7 K
BRTCRBENRERET IV >TESY, K
MEOHERNLOEZ TH b 7 REHIIZL, 6,000
A ERHETHA S EBbii,
DChaICEH AL 7t 7 KED AT HEE I
IO EL L, KEERT, 6,000 E%E AL [.Cha fHE
Bl5 LD 5 b 3PEIZBEEDOBE M A A ) >~
BoLEBBEEBs L »rof, FMO20EE 7~10
Higiziz, BUMEED LEXA S0, 2o DR
e LT, EEmREC LD 1L.ChaNd s KBEEN
MIEMENE Zene, JRBEFCLELRERG
FEBRED—2& LTEZ S iz, Theodorou 537
i, ZOREM7 45 —REOBHEIFMEEOTE P
LEIZASND LCha AEHO MBI H 5 L fEfL
Tw3, KE3ETH, D.Chad=F L A F 44 KA
AL PHHEEBHECE L TOBELSHEI LT,
BEORA L TR, Lhl, 74107 —REOD
R L Bbh 3 B ERIOBRZIZLA LD
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Plizaoh, 4 >2) COIEECRERDBEIIL -
TRERBELRZ->TWLE I ENEZ SN, Jolley
53913, Porath &% Cuatrecasas'’D/FHEIZ& D 2
SyF—¥Perutr—¥iE MbFIffES®, Ihx
HEELD.Cha THEL & 2 ABMEFMROE
NHELNTRFSBEBENESALELTBY, &
BRETREAELELISND.

DC.T.13, MR E L RBEIERISOR
Mk LT Gorer *21C X DEAF 2 h, EEREPHE
BESROMFCREELRFELZ>TWw D, FEH
BTN LAY — T REEFIPRMICEBHE L, BETRE
REOEEEENHRICODVTDCTREVTANLR
B EERELEBL TS, XERTHD.
Cha. 0 REFHENEOHE W DCT.2RSWE X
VB O EEICHE U TTR - . SRR 0 #IE <, &
SIRIMIASYTN—ERANTVWENI I TRV
FAFE Rk 3 EEEETE, TOEFEENMME
EEMEC L DHET A AROEAVI. TSI NVT
NFEREEBEER, PRI AL—ZEEb0&
n Yy EREOBENTRTHD, LVEERTELE
bhs.

Barker 54" Ag B compatible ® DA 7 v b D7
EE® ACI 7 v MicBET 3 &, PIRABIE T EE
EREAT0NY 30.5 B &, MEREAEEROR 11.5 Hictt
L3 ELERET 5 2 2 e, FofiREesETaE
BWENHB I LEFRE LS, BEEDDCTIE VA
NLAS —FEERULFHET Y, BREROIETE
2 50% % #E2  BEFINRABIET6.0£0.7HE,
BERENRAED 3.840.7 HE DEAS M ICER L, RTES
Bz BWTHHEEABESL D L FIIRABHEIC L DR
EENELND I EET L7, Kolb &40k, BEHUME
HBEEPIRNICBREL 258 4 > 2 BRI Y
COSHKTE T L v /a7 r—YIREDERELT
VwBA, TOEIRERLEZEDLEERECGHEL
BEbnb,

& T Teodorou 5293, Maratos 5%, Gates 53¢
13, Mb.F.o B & S iE Ui = o2 B
B2 2 kb5 DCha s IR RIGE R EH T
LEEEREOH B I EETBL TWAY, TORLERL
shTwiYL, I I THELX LChaEEABHEC S
i BN LR Y — O TR, 2 EEORIE R
hed PR A, o7, ZOFEEIFED.ChadbD
FERGEEDR TR L THE0LEZLSN D,

L.Cha REREMRIE I, REIRIIC DT 5 FERFIRED
W, ThbbEHMO D.Cha NS KEBDEEREE VD
A, FIRNSEERAOBIEICELIDESDIR
EMELEL T2 ERY, BRENDSHELER

x13, Lo UEBEEECS L CERRICZTRLE
ZEREMEMNH B ik ELPIETHY, KRENIEE
RABES & 8B 5 2 &2 & D BRI LS ARTRER 7T
mEEL SN,

&

diffusion chamber RIZEHALIZ/NLRAY —» T ¥
F oy AKE (islet chamber) OFERTZ v b ~D
REBE A, ZORBELSR L diffusion chamber
W & B B R GE B RS BE L RET L 72,

1. Z7Va—2ABLUA ¥R »O&Emen-
brane filter iZ & % i& 8 M % 90 57 @ short time
incubation 12 & D BB L 728, /v 31— ADE#ME
Bera—2XF4 b —hrRRYI—KRE— 4, &
Na—ATETF—bEDFRTOR, El2A YAV ¥
DOEHRIEIMBERAEOMEC L > TELE T, v
NOBETbLEA v A Y VEEED 35~60% DI
2B, IHOOEELD, UBOERIEZELLT
BYAH—RA— DT 4Ny —2FERALL.

2. FAIRA B & CERERAD T KEOEEBERT
W, BEREIICERRIEOHRNS S NBERO
HERVBHEI .

3. islet chamber JEREFREBE T, HATRE
#ht 1,500 (B0 BE, BiEkmp( A Y Y EOER
HH SN b ODOMBEESRIEORBELHZICEED
ot LHALIEREBEE6,000Msd 568 7~10
A, BERRREOHE»H >Nz,

4. LAY — FTRERERET v P OFRAIZE
EREL -EA 1, BN KBEERORYE, [
BEAD Y v SEROBIROEEN & 5 4, SEFERIEE
FiEsniEgant:, Lol islet chamber O RERE
T3, ZOREICT7 4 7V HEUEOIEN A SN
2%, SAERMEOBMEIE A S o, RIREY
BO7 4 NMY —BREErLL LEbNE IREDE
HRERPEHE S N,

5 . direct cytotoxic test i & D HIE L 7zHIN LA
g —HETRORE T, PIRABIEE L IERE SR
H USRI LR SEBR TFE L 2. T islet
chamber [ERENRAERE T3, BEMbHUEIEO L&
F O Y R A IR A

Ao R & diffusion chamber % iV 72 558 2
EEOEFEPFBEE, REHREIC X 5 EERIT % [
TR LR E-oTREBRZEDLIBOLEEZL SN
7z,

E 3

Eil 53
Wiz 2 b D, EEE, HEE 28 - B R
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Studies on Xenotransplantation of Pancreatic Islets of Langerhans; Special Reference to an
Assessment of Pancreatic Islet Cell Transplantation using Diffusion Chambers  Masayuki

Note, Department of Surgery (I), School of Medicine, Kanazawa University, Kanazawa, 920 —J.
Juzen Med. Soc., 94, 39—53 (1985)
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Abstract

In order to examine a xenotransplantation of islets of Langerhans obtained from the golden
hamster into the streptozotocin induced diabetic rat, a diffusion chamber was devised for enclo-
sure of the islets using polycarbonate membrane filters. Preliminary test of six kinds of filters
showed no significant differences in the permeability of glucose or insulin into or from the
chamber. In the case of intraperitoneal xenotransplantation of the islet diffusion chamber
containing 1,500 hamster islets. the plasma insulin levels of the diabetic rats were significantly
elevated for a week after transplantation but the blood glucose levels remained unchanged.
However, 2 of § diabetic rats with the chambers containing 6,000 islets transplanted showed an
increase in the plasma insulin level and decrease in the blood glucose level for about 10 days with
a lowered level of urinary glucose. In contrast, direct xenotransplantation of islets gave no sig-
nificant effects on the diabetic status of the rats, except for a slight improvement within few
days of transplantation. Histological examination of the islets in the diffusion chambers xeno-
transplanted into the diabetic rats showed no significant infiltration of immunocompetent cells,
but degenerative changes of the islets were observed. These changes were probably due to an
interruption of permeability of nutrient substances through the membrane filter. On the cont-
rary, severer immune rejection responses and destruction of implanted islets occurred in the case
of direct xenotransplantation. Anti-hamster antibody in the xenotransplanted rats was deter-
mined by a direct cytotoxic test to evaluate the immunoprotective effect of the diffusion cham-
ber. In the diabetic rats which received islets directlyvia portal vein or peritoneal cavity, the
antibody titer began to rise within 2 to 5 days, whereas xenotransplantation with the islet
diffusion chamber caused no elevation of antibody titer during a 2-week period. These result
may indicate that the xenotransplantation of islets of Langerhans enclosed in the diffusion
chamber is a useful tool in the study of pancreas transplantation, because the diffusion chamber

method protects an immunological rejection against xenogenic tissues.



