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— Abstract —

Background: Because of the shortage of human pancreas and immunorejection, very small
fraction of patients with type 1 diabetes can be treated with islet transplantation. The immune
tolerance induction for overcoming the immume rejectin of trausplamted islets could be
conducted by hematopoietic mixed chimerims with various invasive methods. The purpose of
this study is to investigate the effect of mixed chimerims conducted by newly developed
minimally invasive methods on islet allografts rejection in streptozotocin induced diabetic
mice.

Methods: Recipient, Balb/c (H-2K%) mice were injected intraperitoneally with anti—
asialoGM1 antibody at one day before bone marrow transplantation. There were received
total body irradiation at a dose of 500 cGy and followed by tail vein injection of the 2x10°
T-cell depleted bone marrow cells from C57BL/6 (H-2K®). Mixed chimerism mice were
determined by gDNA PCR of lymphocyte MHC class | gene (H-2K) on 21st day.
Streptozotocin induced diabetic mixed chimera mice were received islet transplantation
from bone marrow donors. Grafts, spleen and peripheral blood were obtained from the
mixed chimera mice, and there were used by Immunohistochimeical staining, flow
cytometric analysis and gDNA PCR on 21st day.

Results: The blood glucose levels of streptozotocin induced diabetic mice were normalized
by transplantation of bone marrow donor islets and maintained during 30 days. After
removal of first islet allografts, hyperglycemia was re—established. We could re—confirmed
donor specific tolerance of transplanted islets by second transplantation of bone marrow
donor islets. Normoglycemia was maintained during 21 days after second islet
transplantation. Furthermore islet grafts from MHC-mismatched third party mice were
immediately rejected. Flow cytometric analysis results suggest that the mixed chimerism mice
were maintain during the whole study period.

Conclusion: The mixed chimerism model conducted by newly developed and minimally

invasive method effectively prevents the islet allo grafts rejection in STZ-induced mixed chimerism
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mice (J Kor Diabetes Assoc 30:54~63, 2006).
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1. A =2

=3 7Eks vHE7] QlsiA TRk 2AAREY &
A7} H-2KP91 C57BL/6 (Orient, Seoul, S. Korea) A7
2 Aga19laL, F8IRR= H-2K? 1 Balb/c (Orient) AFHE
ol gslditt. A=E ATEE AT FF TR
C57BL/6%t, E55 Al&slA] & Al3Fo= H-2K ¢l
C3H/H (Orient) AFAE 23 txato= o833tk
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=3} 7)vle} Balb/cd] Hie TI% 1-A 9} o] I o]
2] gl anti-asialoGM1 (Wako Chemicals, Osaka,
Japan) 40 /1.5 D-PBS (Gibco, N.Y, USA) 200 1. 4
olA F{dste] FERte] AAMAEE AAIGE F T el
AAIA ZALE 3 & F o] AS FEgith = ©
2 & &3 7l RS 2RI & FH% o2 6 el
Streptozotocin (STZ, Sigma & Aldich, St. Louis, USA)&
TSI &% 712} Balb/ce] d9F¢] 300 mg/dL g 2
2 A& Rlska, i 3Ytt A& v, &5 3R
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o] At F o)A FRE A7 ¥ thA] o] o2& o] AMIE 500 cGy AI71= iAol gkl =
g GRlste]  F5 Fojrte] Amrt WA whgel] ) 7k F4= FoIx91 C57BL/6 (H-2K")2] tE&3 7
AL 7HtkEE A4S 121 gkl 3 & S5 wHo R 2%} A FFE WL $ 100 mm YAE Al (Becton Dickinson,
o]A g o] = Fofke] ARl i S A NJ, USA)ell 3213t 2l Al#5-5 1000 rpmel 10
okl Biek 1E]aL 23} o)A Ao ZEE AT B 7F AR E STk dsdlE AL Dulbecco” s
A3Fe] HEZS 23 o)A F9o] ukflH A1 ulslo] Hd PBS (D-PBS, Gibco)E #7314 1500 rpmell 3#7F €
gk ol o]2sle] o] % HEFAoR 2} o] R9AFE A AREE she WRloR 7 A AR siGlth
wjol] Zo] A3t HGPMH o FEo] HAAK vk C57BL/6oNA AFE Z7ollA T-AHEES AAS] 9
o tiaf tix Eelskitt (Fig. 1-B). 3}o] mini magnetic cell sorting (Miltenyi biotec, CA,
Wild Balb/c 9] STZE o]&3}lo] Jurs 23 & USA)S o]-83190th 238 7111 micro bead conjugated
¢ TRt HEE FU3 WO R o]Adke] o2 F anti Thy-1.2 34 (Miltenyi biotec)Z A 54 1x107/u
HAAR- Wkgel] diair] tizslgic). ¢ 23} o] 22 =33} L 210 A5 9t FAE Y& F 15834 ColA] of
A S} st ¥ mini MACS column ©l S3A3 e} F3Eo]
3. 23t 7I0i2} Balb/e R £ HTE DPBSE o18 el 4% @ 5 o159 ol
o} AR 22AF 10~304 § T-A27F Al71E 2x10° 7]
=9 o] S Aol 40 41.9] arlti—asialoGMl—o* 3=} C57BL/69] =45 250 1. D-PBS ol 4o 71z]e] Aulo]|

ol Balb/c (H-2k9)ell7l FAEKITE 25 ©]24] ¥4 Balb/c sk 21 43I (Fig. 1-A). &3} 7|vle) A wrelel]
TBI
A B00cGy
BMT recipient (Do BT donar
Balb/ciH-2k1) CE7BL/BH-2k")
BMT (2x1 0F BMCs)
fter anti-Thy-1. 2 treatment
Anti-asialoGhI
Treatment (D-1)
1 | 1 I | I
Day -21 Day -B Day 0 Day 30 Day 35 Day BB
Induce aof Streptozotocin CR7BL/E islets Removal graft & CE7BL/E & C3H/H islets  Grafts harvest
Mixed chimerims Injection to transplantation Sham operation transplantation

induced mixed
chimerims Balb/c

Balb/c

Fig. 1. Schematic of experimental design. (A) Method of mixed chimerism mice induction. —1 day.
Anti-asialoGM]1 was injected to Balb/c. Total body irradiated and 2x10” Bone marrow cells
were transplanted to the Balb/c on O day. (B) Islet transplantation schedule in STZ induced
type 1 DM mixed chimerism mice. On 21 days before islets transplantation to induced
mixed chimerism in Balb/c. On 6day before transplantation, type 1 diabetes was induced by

STZ injection. On day O, 1st B6
removal or sham op was don

islets transplantation to the mixed chimerism mice. Graft
e on 30th day. On the 35th day, the second islet

transplantation was performed, at the same time third party islets were co-transplanted on the
other side of the same kidney. Finally, on the 56th day and the 65th day, all grafts, spleen,
peripheral blood and pancreas were harvested.

TBI: Total body irradiation

BMCs: Bone marrow cells

BMT: Bone marrow transplantation
STZ: Streptozotocin

DM: Diabetes mellitus
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—‘é—% “o%’é‘]—‘:ﬂ -@(01’5}7] 5?4:6 &3 79t
Balb/c o] zrg] el A 200 (Lo BEI NS FE3T
A% DNAZ F=317] ¢48l] Mini blood QIAamp
(QIAGEN, CA, USA)E ARSIt S3ta s A4S
T3] 9ot 2AAEFY Class [ F84R1 H-2K
gene 9 primer?l forward: 5'-cgactgtagaaccttagetg—3' 2
reverse: 5'-tggagvtgtcctccttgtag—3'S AFE3ISIE) Perfect
PreMix (Takara Biomedicals, Otsu, Japan)& ©]-83l <
A AHNES FHSUIL 2 % agarose gelolA] 7]
95 sld C57BL/63} Balb/c 1+l 971449 A7) zlol&
o]-g-3fo] FIsick

5. 4

4

fahd]

HE 22

%9 C57BL/69 FHES
(Bayer, Leverkusen, German)Z} A (£33, S.
Korea)& FARE 2115 (gheksE, Kyeoki, S. Korea)®
1:12 8]Xs}e] viEslal Media 199 (M199, Gibco) 1 ml
3 collagenase P (Roche, Basel, Switzerland) 1 mg2- 83

A7 89 2 mlg #APgel JddsE 2is B8l sk
37 T F=0l4] 60 rpm o2 2587+ E51] Wgsie] 48}
A1FTE 10% bovine serum (Gibco)s 412 M199= Al ¥
AIFE g F 500me] THA71E 71 Al (Sigma-Aldich)
2 AFsie] dA A7) olde A 272 A A

A

114 2 =318 2

S

Zo] L8 ¥o|7] $18ke] Histopaque 1077 (Sigma
-Aldich) 2 BEAE o] 83t Zejo Aws 2ulsi3l
o} B2 =58 M199 (+10% bovine serum) = A%
3lo] FA%= 45 81g o 10 % Fetal Bovine Serum

(JBI, Taegu, S. Korea)< 412 Low glucose D-MEM
(Gibco) 2o & 2744 37 T 5 % COy vjSF7]ol| A ok 117
HjeF gk & o]2lef] o] 833t

6. Fl= olA & ofAE HAHLl A

STZE FARte] &3 71HlEt Balb/c] d9o] >300
mg/dlL & & % 3%‘ Zof o]2& Algslgltt. g
C57BL/6 ¢ H]E Oy HIg71elA 1AIZE Bt 3
100~250 um 2715S ‘15]'0:] 500714 212+ PE-50 tube
(Becton chkmson)oﬂ Y2 5 2 Fetele] o]2lEigltt. o]
218 9J8led Hamilton syringeZ o|-83fo] U3k elzdo=w

Aerk eE= Agus] 02 BEHA B s

otk o) F ARWIIE olgale] o4 SAaf 4
Mg Pe Az B

HMO2 QEE 2Y AN S5 MU= OINHRUS AN 2 —
o2 - 309 il o]4¥l C57BL/6 €] #%= 795

Qo] o)Alwl &3 71HE} Balb/cE vlH 3 5,

sto] A= AAS A A=
QC’V‘ 22} o]} o= AH
5 12} o]2o] Ho]

& 4
il
o,
OFO

A A7) b 23} o

_?_
ol gk dAEE AR o)A F-9lol b4 kil FHeRt
MY E sh= 319 Ales ofe s &
| &) ddo] FAEJEAE Lottt olF F
T FAE T ule o] FAsN AAE Bk A=
AA7F =of, o] A7 Aol WA=
=8

o]4] B2 AAG 59 F C57BL/6 9 C3H/H o £
 #H=E A5 C57BL/6 H=E AAT 23k, 89] A=
o RO 1% Akl 2] thE 9]Xof o]2lEgltt. 2
2} o)Al F 17 Ao} 240 AL o]4H C57BL/6 3
T2 AAR o1, 39 A&fﬂ T RFelA] o]AlE
C57BL/6, C3H/H ¢ o]2] ¥-915 A%t =gt t‘ﬂ%
Algl o] A5 o]2lE C57BL/6 o] = 12} o)A F 55

o Aol A8kl (Fig. 1-B).

Yol SYe WIE AT AL F er FIL 0§
=

alo] d=47] (Roche) 2 24 9~10410l E1813ict =

A Ady} 39 Ao =Sk B ) gst 7
AR= o] AAHE AABE] 29 Aol 3Ty 25% W

= (

60,

3oRE) 2 g/kg SO R Bk ol 5
90% 120%e] 35 SAU

F9)e 5 304,

1S B2 S o] galo] ZHA| H4=0] 100 um UL A
= E3A71 3 RBC lysis bufferE x8]3F & AREs}Ic)
RBC lysis buffer A#]E 3 & vH|AAEES 1% FBSE

2718t Hank™ s balanced salt solution (HBSS, JBI)el| &
2 HBrjzle] AL sty 3 7 g 2A AT}
class T 97 A@sh= vlo]o¥lo] Agkd & H-2K”

EflEol|d APC (Becton Dickison)® ZAgst A3},
FITC conjugated anti H-2K° ‘Becton Dickison) & %3445}
o =59] FERIe} FAARte] HES SAeIitE &3} 7]
w2} Balb/collA Foix}e] T-A|3E B
om|el APC conjugated H-2K" o] wkgah= AEES 22}
PE conjugated anti-CD4, PE conjugated anti-CD8a, PE
conjugated anti-CD45R/B220 (Becton Dickison) & ©1%

Qaste] Zgalgich
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Fig 2. Pancreatic damage after streptozotocin treatment. Insulin immunohistochemical staining (Arrow) in wild Balb/c (B) and mixed
chimerism Balb/c (A) pancreatic islet on 1 day before islet transplantation. BrdU immunohistochemical staining in wild Balb/c (D) and
mixed chimerism Balb/c (C). pancreatic islet on 6th day after STZ treatment. Insulin immunohistochemical staining in Mixed chimerism
Balb/c (E). on 65th day after islet transplanted of bone marrow cell donor. Beta cell percentage in islets of wild Balb/c and mixed
chimerism Balb/c on -1 day (F). (Original magnification x400, * £<0.001)

9. HAZEAM o 2 3

A} ol NE HEE 10% X2 (Sigma-Aldich) 2

2 1A% & geo R uigit). Jlewl 1:100 vl& 1. X 99| Xz DNA Eetad dMees St
= Guinea pig anti-insulin (Zymed, CA, USA), CD4 (+) 5+ 7|H2I BE &lol

T-Al¥= mouse anti-CD4 (Becton & Dickinson)S U} 3}

A= AEsIATE AERGS B7] ¢80 anti mouse anti—
8 ANLS Aol = C57BL/6S) At (H-2K”

BrdU (Neomarkers, CA, USA)< o839t} Vectastin _?J]- L]—E]—‘/:j]— (;. J;ﬂ 1 /6] A ( )
oo

ABC kit (Vector laboratories, CA, USA)S AF83}o] H] Eo) - A AEIE 9

% bg- o), A= Eo]Y-ulo] 08 AGHE F1= 7 7, 2. STZ ofl of8t HIEWE &4 2 P

=}
oitooEo—n_l

=3 71v2t Balb/c o] ExFolA FZE3 235 DNA

Diamin- obenzidine tetrahydrochloride (DAB, Sigma

STZE FoIdt 5 19 LE I F243] J5ai3irt.
~Aldich)= uhsIsin). Foje & 1UARE ¥4 = 43] 53l

1 % 300mg/dL oPge 3 ol fAEE A B
10. HEEMIZ & &Y th STZ o 39 F 37 wiebaze] 32 4473 Balb/c,
=3} 7]¥lE} Balb/c B & GAs= At Ao
AR gt} (Fig. 2-A, 2-B). Fig. 2-BollA g% H12

22 v wlEpAI ) AP A] W] 8-S @n) a0l 2000 &

- 2 HEAE7) £ 5o ARFEE HolH, 3] 47} &
3] EAE5oUthE 2S¢ 4= 3lth Point countE A3
11. EAXM #= o] WiEMAEL] H]&-S el 3 Ayl A4 FHFelxe] Het

A|E2] H]gol B3] d#]5] o] o™, mixed chimerism
Balb/c ¢} wild Balb/c 7Fe] froJgk zlol= $ISITh (2-F).
BrdU @418 31 17 WlebA| 2] A Asl= A 2 #fo]

7} A3 Avp= Pt + £3589 (standard erron)® FA
S3laL, 74 < ke Ml Y SRR rtest fro] S o
Qleklor, pakd 0.05 ol3ke FolFwoR 3tk
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Fig. 3. Induced mixed chimerims Balb/c confirmed by genomic DNA PCR in peripheral blood.
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Fig. 4. Blood glucose levels were measured after islet transplantation. Islets of bone marrow cell donor were
transplanted to STZ- induced diabetic mixed chimerims Balb/c. Islet of bone marrow cell donor and third
party were re—transplanted after depleted30th day) of the first graft (~@- 1st graft depleted group n=4, -O~
1st graft did not deplete group n=2). Islets of bone marrow cell donor were transplanted to wild Balb/c

mice (-¥- n=14).

* P<0.001 (-@- vs -¥- & -O- vs -¥-)

+ Streptozotocin injection (300mg/Kg)
T Islet transplantation

§ IP-GTT (-@- & -O-)

Il End point of death (-V¥-)

Aol LA et} (Fig. 2-C, 2-D).
o2l % 659 F¢| &% 7|t} Balb/cel AFL FAE
of Q%7 S @ Aol 9] WlepE] = AR

210] (Fig. 2-E), 3= o]

‘61—

=

SA42 A9z SHL T
%

198 A5 5 9

3 7]11113} alb/ci= Z5¢] FojAtel C57BL/6 FE=e]
A 7|7+ Pdo] Aoz GAFE Yo 12}

|4 5 AR ] Fdo] 22 A& &9l
& 5 A (n=4). 2742 AL o] B Wel= 13+
olAxt FUdsAl ddol Adst HA (Fig 4). 3%

Balb/c ©|4 C57BL/6 %+ o2 & 1094158 v L
djo] F1tE]7] Alzksted, o]4] 3 17dAlellE dde] 300
mg/dL olAte® 2&zit)

4. HAZNMBS S3t B5 BOIL, A3B FHE Ol

SREERIE
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Fig 5. Insulin immunohistochemical staining in islet graft. (A) Islet of bone marrow cell donor in the graft
was stained with insulin immunohistochemical staining at 56th day. (B) Second islet 1st graft depleted
group were stained with insulin immunohistochemical staining at 26 days after 2nd islet transplantation.

(Original magnification x 400)
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< kFsldnt (Fig. 5). &3F 7192} Balb/c ol ©]2% A3
T Ae BEHA %

5. wMlZ EAE olZet =&t FIHEt HIE el

T Axs FAHA S 2ol AFH st
FAlE BAEE o] 83t =5 Foiake] #A Hl%ﬂr
T-AIXE, B-AIE o] HE&-& 27] S48 (Fig. 6). =
Sojzte] Qe ulE-2 94.12%, 52.57%, 90.71% 2 ng
2 Uegton], o] Follx CD4+ T-AE2] vl&L 7.90%,
3.40%, 10.84%°19, CD8+ T-A|¥= 8.82%, 2.80%, 2.97%
HlEo|t) whH B-AIEi= 58.07%, 33.56%, 64.30% = T-
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4.01% 756% 8.97% 58,13
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837 330% 247% B3
L (1 T SR 11 AN AN SN N[/ N AN AN [ BN\
$8.64% 10,308 2.46% 6.51%
o ot ot ot o ot o o et o b w0 o et  wf
(D452 CD4 CD8a CD45R/B220

Fig 6. The diagram of flowcytometric analysis in mixed chimerism Balb/c. Splenocytes were stained with C57BL/6 marker
CD45.2 on mixed chimerism mice. Histogram of C57BL/6 origin lymphocyte (CD4, CD8a, CD45R/B220;B-cell) has
been shown from the CD45.2 positive region.
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