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ABSTRACT

Background: Minor histocompatibility HY antigen, as a transplantation antigen, has
been known to cause graft rejection in MHC (major histocompatibility complex) matched
donor-recipient. The aim of our study is to investigate the role of male antigen (HY)
disparity on MHC matched pancreatic islet transplantation and to examine the mecha-
nism of the immune reaction. Methods: Pancreatic islets were isolated and purified by
collagen digestion followed by Ficoll gradient. The isolated islets of male C57BL6/] wete
transplanted underneath the kidney capsule of syngeneic female mice rendered diabetic
with streptozotocine. Blood glucose was monitored for the rejection of engrafted islets.
After certain petiod of time, tail to flank skin transplantation was performed either on
mouse transplanted with HY mismatched islets or on sham treated mouse. The rejection
was monitored by scoring gross pathology of the engrafted skin. Results: HY misma-
tched islets survived more than 300 days in 14 out of 15 mice. The acceptance of second
patty graft (male B6 islets) and the rejection of third patty graft (male BALB/c islets)
in these mice suggested the tolerance to islets with HY disparity. B6 Skin with HY
disparity was rejected on day 2527. However, HY mismatched skin transplanted on the
mice tolerated to HY mismatched islets survived more than 240 days. Tetramer staining
in these mice indicated the CTL recognizing MHC Db/Uty was not deleted or anergized.
Conclusion: The islet transplantation across HY disparity induced tolerance to HY
antigen in C57BL6 mouse, which in turn induced tolerance to HY mismatched skin,
which otherwise would be rejected within 25 days. The MHC tetramer staining suggested
the underlying mechanisms would not be clonal deletion or anergy. (Immune Network

2004;4(1):53-59)
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AA| Q] cyclosporineol] &3l Al £/4=™ FK 506
71 AA|7} diabetogenic effectE 7FHTH5-7). WA
AZ o] & WY AR QE-&
MZE HIAAA 52 HY x4 E49] 7ol 4
Al 2L WY 28 549 /s fsiAe #
T o] Al MAst= AR ¥kEo] 7|HE Fotafof
sttt FEo]2 3 A
T B0l s m7f =]
St Ao E 4EA ok gE WY vkgHe g
7] &L 22 S o)A AByole AA F 7
o oA HAME &A5TF dojdth®). A HA
= A% o2 As B9 Aol &% passenger
leukocyted] F A A3} o] AH T MEE &4
3}A]| 7] = direct presentation pathway©]il 5 WA= o]
218 A=Y o] Fat FAATAHEA 3 T
M EE &A3HA| 7] indirect presentation pathway©]
th9). 2+ A7]ult} direct presentation®} indirect presen-
tation®] X}A|3}= HlEo] ttE2H FH X9 79 indirect
presentation©] T T Q3 9gS sle Zoz <A
ATH10). TEtA] FH=o] 2ol o] A indirect presen-
tation®] °Jgk Hax - A3} 7|AS Hele A A=
i+ WY 2d 549 g v Fastth

A 5ol 3 HY 2 AFA A= 4 44
AY GAA FE FAXI EASH Smey, Uty &
Yol 4 A 3 TFHS H2 Ay 24 FHA 9
8 ZHETH11-13). AFFIAE A GAAID Y 4
Aol Td FAAE 3L SMCY F9-& HLA B =
FRAL] o8l Tdo] - (13), T3 FA 9
o] A ARl 7% ghoh(14). o A
o|2 gl o7 Agslo, F 22 AF ol
T FZ Aol o)A HHe| gis] W AR
dozd F Jdom, Ax =4 T AEE A4
JTh(15-24). EA) HY FLozZA AF A= HY/
K*Smcy, HY/D"Uty, HY/D’Smcy, HY/A’Dby, HY/
E'Dby7} &eA glom, Alge|xE SMCY, UTY,
DBY, DFFRY &°] &2# 1tH25). HY &<°] o] 4]
gdoz 283 Ay F 2AHTILY JEPol=
groovedl] F-2HE FEZ A5l T MEE EAFA
71™, o= 7] o] 2o A €] indirect presentation path-
way®] &2 wdolgta & 4 vt b T
T Al AF e A A=E GHA ) o]Asd H =]
ol ] 2] indirect pathway2] 7] 1S 8}1E 4 Q= o4
2 mdo] & &4 Qth. dA] Hzold & WA AR
3o HY ¢lo] of" J&-8 st=A e tajre=
obx & d#A UA g

B AFodAM = HY &9 545 o] &8t C57-
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A3 FE. B6 (C57BL6/NUF-+2ZS Jackson Labora-
tory (Bar Harbor, M) Z F-E] F¢3}, A-2t]stu 2
A e 712 ATF FEL I A ANA Committee Gui-
delineso] wet A5 ST 873 23 AF oA 200
mg/kg streptozotocine (STZ; Sigma, St. Louis, MO)<
citrate bufferol] A} HFE2 | Ho|| o o] B4 FA}
o] Bue USRS SEEY F2 A 12
99 0 AE

. %)

Ae 4N H, A8E =EA7]1 0.5 mgml col-
lagenase (Roche, Indianapolis, IN)E X &3l1 U=
Hanks’ balanced salt solution (HBSS; Mediatech, Hern-
don, VA)S THTS Tl FAlSHA, Al Ho] FEo
22E AL FA3AL 37°C F2 F27IAM 178
B A3A7l FH, A7FE RPMI-10% FCS and 2
mmol/L. L-glutamine (GIBCO-BRL, Grand Island, NY)
< F7beto WSS TEAAY &A8E AEE H=E
H %S 534171 5, Euro-Ficoll (Sigma, St. Louis,
MO)E ©]-&3l 90% ©]’d9] ¢4 A=EE EEsAth
Aze shstd £02 FJof 5 Ao, 150imA|
59 AT HAFIE)E VI E At A= o4
ol 2417+ &<k, 11 mM glucose, 2 mM L-glutamine,
10% FCS, 100 U/ml penicillin, and 100 g/ml streptomycin
o] Z3+¥ RPMI 16408 Aol F =5 HHA1717] 98l
Hl 3t Ak

H= o]2], A Eo] 100~200um Z7|¢] AT A=
300 IE (Islet Equivalents)E micropipetteE ©|-&3}o] &
g3 &, 28" AEE ps0 FHA FHT citrate
buffer (pH 4.5)°] A Z =] FH]3F 200 mg/kg stre-
ptozotocin (STZ) (Sigma, St. Louis, MO)S &7 FA}
ste], FaE FUst FFFS SA AHAY A et
o Y3 ¥ AEE oAUt WHS AHE
ketamine-xylazines ©]-&3}o] wlHA| 71 &0 9
AN 1A F, AFYE Fst S =24
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AANE ol gt AEE &7 F, A2S A &
AA7) 3 ek BFSich 300 [BE WEE AF
o whet, o) Hhs A% Y Af AHsA e 3
& §Folm, o2 utel AAFHA o4 Aol P
£ nEd, Nk, AF04E AT HFE A
dgo] A%H o2 T ul AN 1) 250 myd o
A WA FAAZ ARG o4 F I 5%
P, 220 5% F2,4,7Y, olFE 452 248
Ak WEe me BL 27 Y o]2RY Folg

& o], portable glucose meter (LIFESCAN INC., Mil-
pitas, CA)S o] &3}, 2 9A]o| A 11A] Alo]df H]
FE A g9e SHHA.
N3 % Azl YEAEY 2 @ B o
FAF 109 ol streptozotocine (STZ) (Sigma, St.
Louis, MO) 200 mg/kgS FAMIY FawS FHAZ]
T 7TY HA AFY B 3 AFAY B ¢
dxd2RY dx Az 9 ¥ZANELE 2314, 5
x10°70 2] AIEE FALSIA T AR A= 9w
Aﬂ¢~ Bo BFE A5 @=A1A FAAZ H, A3
3475_;]_ ol 9} 01475_:_] ABE Ay H701— dz4d 4
];‘}E single cell suspension & 2 U}EJ_ A 25 &
Ao Z A3 3, 11 mM glucose, 2 mM L-glutamine,
10% FCS, 100 U/ml penicillin, and 100 g/ml streptomy-
cin®] ¥&H RPMI 1640 ¥} X 10 mlo] A|¥E F-HFdo
Z QT AE FE Ao, 5x10°709) M EE 200
ul®] el Aol 4o B FAREA T
Db/Uty MHC tetramer 92 2 FACS ¥4. AF 9] &
F9 ANdEs 2AHS o] &3 AR NHLCI
SRqHET &8 ) 1 mlol 123 HSAA HEF
2 =9 Hdj, A2k =8 10 mlZ 1,000 rpmoﬂ 10
B AEE AZAA AHsAT. AAGAIZ Al =
tetramer-PE (Proimmune, H-2Db/WMHHNMDLI, Little-
more, Oxford, UK) 0.25 ulL, CD8 Per-CP (Pharmingen.
Becton and Dickinson Company, Franklin lakes, NJ) 0.5
ul, FcR blocking Ab (2.4G2. tissue culture soupernatent)
1 ulE 499] 3083 37°C &2 7oA ¥H-&AI A <l
ALkl o 2 A 23 & FACS (FACS caliber, Becton
and Dickinson Company, Franklin lakes, NJ) 433} t}.
Ex vivo HY 3 Eo] Al EA T A ¥ A B6
FA AR 59 AP 2nE dae A,
NH,Cl &9 A& dto] AP7E 5 H, 2.5¢10°
Ao Yrre Fulstac. Fael MPAEE YAk

A 282,000 rad)3te], £ N5 AIEE 4|5}
3, AA v A 2 miell F A AEE Z 42 FH, 79

Zk 37°C 27104 Hf Fak vt
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A AFY Y E AE F mge] 9
Zr 1 & HAsta, FEUE e 6‘]—J_
gEs uA S T e FAEHE

3 Aane AR 4ad DAt A
9;1\0‘:'4 HAA stk 7ok AAE o]
, T Ao o] A RES FBejo] BHE 1x] ecmA
712 "ol ¥, FHIg 9§ #S FEAe Fuld
TFaEied FRAZ|L FeRHE 2dd FUHE
A oluf AFVE AYE 55 € 5 d=A
3, Belvh 89 S04 FAAT,
o]2] R 7% B4, A% o)A Fo T FAqS A
FHalod, o) dE =S 75 Bk o4 F
A 5Y T AEFH oGS FA5he], o] 200
mg/dl ©|3tY wf o]AHHe] 7S i T
g3 FA 75| FaA AF ] o]AHE AxY 7%
o2 A AAAE A 3 ol AB AFL A
Adte FEs oA T 57970l AWstA
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C57BL6 A A =E & FF &R AFAA 14
ko] HY &9 o ¥ #8o] =4 A= °
2] 79 A Streptozotocine 200 mg/kg= Ay F 9] -7}
FARSel Fw S FUEAZL 1) ZNEL o
ot e SAFsIAL A% 23] SAT gho] 250
mg/dl o]’ B¢ o)A A3l AR&sAT 307HE] ¢
+3 AR=RY AL LS Fugel Fud
15712 9] &3 A FA A 300 IE (islet equivalent)2] |
EE A= A9 < oFe polyethylene tube s ©]-&
sef ol Asheth. ol F W4T oA 9N 9 AL
A Zrell S8ttt o] F 17 = Ve A< ’é-’ﬁi
el F FA7E FE FolE AL =A
loIs 2 30 ol B 44 4TS
E‘}i‘:}(Flg D). o] T 2vtg e B4 €94 4
H A= HH g AJAE Felstr] S5 o4
F 10400 A0} 01T AFA2E APelsich
O 439 47 e F 193 39 & %ﬂ% T2 7} 2
mg/dl o]0 2 A5l webA o
3 ddo] FAHATS —.C’JO}S’\S‘«E}. A A=
S A1AE AF F 1 edlA 7 A AEY F EFF
o 47 Awol e AYHAL 1 vhelol A
A AES FF F3 FA=BALB/c T3 Hx)°
ARt 1 A% F FFY FA AEE ©
AF M= AR &S #FE 5 Qe F
AES 55 3 AEE o]AT 4F o4 +
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Figure 1. Male islets of C57BL6 were transplanted to syngeneic
female mice (n=15). 300 IE of isolated islets of male C57BLG6/]
were transplanted underneath the kidney capsule of syngeneic
female mice rendered diabetic with streptozotocine. Blood
glucose was monitored for the rejection of engrafted islets
(n=15). Normal blood glucose level was defined as <200 mg/dl
(DPT: Day post transplantation).
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Figure 2. C57BL6 male islets or skin were transplanted into
syngeneic female mice preimmunized with male splenocytes 7
days prior to the transplantation. Female C57BL6 mice were
rendered diabetic with streptozotocine and were given male
splenocytes (5><106) intraperitoneally 7 days prior to the either
islet or skin transplantation as described in Materials and Me-
thods. Blood glucose was monitored for the rejection of engra-
fted islets and gross pathology of skin was monitored for the
rejection of engrafted skin. The pathology was scored according
to the amount of blood clotting (+/-), the degtee of graft
shrinkage from the original size, and the ischemic change of graf
t (+/-). The rejection of skin graft was determined when 2
out of 3 changes of pathology were definite (DPT: Day post
transplantation, MSD: mean survival day of grafts in same expeti-
mental group).

off AEE o]43 Ao F=ol 3k o]4 AR
Hhg-o] WASIA] kL. B6 &F AFH sukg] oA
Streptozotocine 200 mg/kg= A F o] B3 W) FA}814
TS TN F, 790 A, A AFH Y BF
AEE B dte], 5x10°70 ) BIZHAEZE BH3d F
ARSFATE FASE A 79 F F FF FFE AE 300
IEE o|2lstdth A =S o]2g &, 5ug] 2% 1Y
ARE dF HFoz FolohA 1008714 5utE]
2F AN d9s FASAT v, 3 AFH 9 H]
FAEE vg W setge] 43 AF o 5 FF
T AF o] FRE o]2gt B o= o]Ag & 74+
55978 BT A AR w-go] oot rhFig.
2).

B6 A A9 A= g HFAEo] ojd &
A AFN FAR AFHY HYFE o) B AR
Hkg-o] BASlR] kL. 30Y A, T FFY #3 AF
o] A= E o]ARke s5utE]o] Be A AF A, &
FEY FA 9FE o|A ATt sutE BF 9 i o]
21 Al 1009 o] AR WS Ho|A| skt o
X7 O 2 4ut] o] B6 UF AF A HFE o2 Al
kAt WY 8o ot A AF ol A o]
Aol 2, 4vte] BT e F 292453 (23.5, 34)
Yol BE o] FHo] AR W8-S H Y TH(Fig. 3).
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Figure 3. C57BL6 male skin were transplanted onto the flank
of syngeneic female mice either engrafted with syngeneic male
islets or sham operated. Female C57BL6 mice were either engra-
fted with 300 IE of syngeneic male islets or sham operated. 30
days after the transplantation, male skin was transplanted to each
group as described in Materials and Methods. Gross pathology
of skin was monitored for the rejection of engrafted skin. The
pathology was scored according to the amount of blood clotting
(+/-), the degree of graft shrinkage from the original size, and
the ischemic change of graft (+/-). The tejection of skin graft
was determined when 2 out of 3 changes of pathology were
definite (DPT: Day post transplantation, MSD: mean survival day
of grafts in same experimental group).
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Figure 4. Ex wviwo HY/ DbUp/—
tetramer staining was done to trace
HY specific CTL clones in female
C57BL6 mice engrafted either syn-
geneic male islets or skin or both
in time sequence indicated on the
graph. PBMC (Peripheral blood mo-
nonuclear cell) was isolated from
the 200 ul of blood drawn from the
retrobulbar venous plexus. Isolated
PBMC was directly stained with
petCP labeled HY/ D"U#- tetramer
along with PE labeled antiCD8 Ab
or was expanded in vitro by sti-

—e—clonal expansion

- ®-ex vivo

DPT

B6 53 AAY Aol B

HAFEo] dojd ¢
A A< HY/D Uyl W3 CTL cloneS HAH2E o
2 @A A= o4 37 A B6 YA A9 & 7
9 AWML A3 ste] HY/D Ury-tetramer 212 A]

gttt 14 §, B6 T3 AF 9 A=E Bo 43 A
Foll Al o]Asta, 157, 450l|, B6 47 *3-4«] = TF
F P A F ko], HY/D Uty-tetramer G4 A] 3 3}
Atk Ax o]Ag & 555 Be &3 AFANA A
Az el IRE o8, 15 A 6FA o thA
HY/D Uty-tetramer 428 A8t gom, 15 3¢ 7
FA oA 3 AFH Y HRE o] 1 ¥
777} A A= o] F 145A o, HY/D"Uty-tetra-
mer LS AlY3A T} Tetramer G- F 7IA =2
]83’3]'91‘:} B6 &7 AF Y = F¢ AUES AH
gt & 2 Uro] g A le IgE 48 S A9t
R oE S FHE FFY v AEZ A3 H, 15
o Fo Tetramer A& st 4 A3 F319] F
T el tid HY & 5ol Alx 54 T Alx7t
AR, HY 39 5o] AE 54 T AE7F 3
o] v MEZ 2=3}F4] clonal expansion®] Yoy
e Aoz "AREo] FxHE AF S AA
W EAst= HY 39 So] Al 54 T HAEY 7%
] (anergy)©] oFd-S 215 th(Fig. 4).

!l =
2 d7elAd= HY 399 545 o] &3t C57-
BL6 AF oM HY & EYA A= o]4 Zd(strep-

]
tozotocmeg 0] £ 0}04 ;—mg S ousl o7 AFH
=g 3

0=
(o,
2
i)
e
B o

Islet TPL ﬁ

mulating 100 nM of Uty peptide on
Skin TPL t

APC followed by the same tetramer
staining (DPT: Day post transplan-
tation, TPL: transplantation).

Fol2 WY kg v oA T o] Al indi-
rect pathwayol] &3 o] WY ¥k3-o] 7] A& 43}
Aok @A &% Be AF e H }}%J% HY/D"Uty,
HY/D"Smcy, HY/A"Dby©]th(13,25). B6 & &35 Ztol
FA 9 FEE GFH A Ol*‘ffL 35, 7%%‘— Hhg-o] 1
Bue 22 & dHA Jdom, gE FFo AF A
T HY 9ol ot 37 o] AR ykgo] o]F o3l

A3 HY ol oJ3) aFo]2 AF qhgS do7]
AF G AR RESS oA &= AF FFo
o] &H R, o5 Fd2 Y A H-20 o
o] Aol Bt 1981 Naji A 52

"09«] EUXE o]&3le, B6 AF A 79
-’H]E% ZLo| Al o] A gk A3} 149} BT AR
HE-g-0] ?é‘ﬂ‘*ﬁh— H 13 oh27). Naji 59 23
A7t 2 A7 AgAve} v E U olfr = ¢
A olA®E A= AR Aolof VA B F
o} #A= o] A] exocrine gland®] 2 F-2 ©]4
A=t Al 715E stedl B2 4TS U]Z]‘jr—l— &
] Q1TH28,29). £ AFollA= FEE hand-pick up 3}
o] 48 &0 ZM exocrine gland®] PSS FHAS}
Atk T MAE o]2H FAvt gEbA oE A%E
< 7FsAol Atk Al=e o)A 3 A E
YA S FFrrolA *@ﬂo glof A 7les &
Itk 57 0 =S olAdS A5 olgst A%
| AZE o] FAR A L3S 740] 7 el =
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T AR W HEY 5 AR

B A AE A% oo o8l FEH WY BE
o Fmel WA HY B9 FUA | A T}
2 9z we] $89 7)Mo o AAAE dopr)
g3 AE o)A A S HMANLE B FAbe
3 A% o] 4L AWsAT olv] Awt o] 4Ho] B

&S Uehd AF o 95 o]2 @ HAAE o]
B3] 44 W A=S s HY &9 5] CTLS
HY/D"Uty-tetramer stainingS- ©]-&3}o] 323t}
dx W #8 f= 717 G A A(Deletion),
28 T MES 7155 o]’ (Anergy), 9] FA](Igno-
rance), =4 T A2 2J& 554 A 71- Fo] 3
S & Ath FAY A= o]HoZHE WY #8
E B6 A AF v M g dx gdog
B YZ7E B ste] HY/D Ury-tetramer G218 A
ggozH Wl #E 7o) AL T HEY 75 o]
Jolu g AA 7| ggto] obdS & 5 9
At A=< HY F9S F71317] 918t Be AF <
CBA AFE wustdd, A HY &Y =, HY/K-
Smcy®t HY/E*DbyS #7}3+ F1 (CBAxC57BL6/T) A
FAE 7] FA9 7 AEZ B6 AF A9} 2
WHoE PuE A A AFANA o] 23
. 2= Bo AF oA Ax o2 Ao} ol
BT 100¢Y o) A9 AR wEgo] dojubA] gt
Ay Ay B3R g, B Ao HYdd EY
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Ae) MAAEE FANA BlE) WelR Hol 57
Ao A=E AR AANA 4T FolE Awel
g AR wkgo] WASA 2Tk HY Sol T AZ
7} G486 7] $8l e wEA] v2] primingo] o]
slolel, HY @] o A% A A
(12,14,15,17). ©] 2@ w2 F2e] WAL A

AYPS o, A AF e FHE 0|2 H AHF Ht
<o) o W2A PP A= Hol, FH Y HIFAE
]3] HY 5°| T M7} priming= o] A5 & 4
o dhHo] = o] A4S 3 Aol WY AR vk
o] drAlElA] ¢kttt HY &Y EUAE o] &3 3

i

U 3 o)A Bz 27 A3 FAd qY A
2 7FH 74 Z(indirect pathway)E F3| A 43 A F
A Al Mz o) 2 T AEAA o] Fx
ok 3 AF e G AT Mxe nde HHE=
MHCE MHC I, I 2% 7}53t9, z+7z} CD8 TAH X,
CD4 THXE EA3A 7T v 39 HFgAEZ
HAgh 43 AF oA AFE o|AF B¢} AEE
o] 213t 97} W Hkg-o xo]E Bl AL A&

10 oy i op 30 2

T A RGN Fol7k 9& Ao Rusn P
% @A77t a7 £ AP AE HY 39 2O
BANA AEE o) 4ste], B P§L FEFAL,
el Bheol GRE AANA HRE o5 A5
WY AR w3l dolubx] fpor], HR AR
WY BEe REY F e FEH WY A A
= g

A4

T 5

of rr 18 12

= & 4 (infectious tolerance) S = A2
Atk 19934, Qin 59 ‘TE ZFA(infectious tole-
rance)’ 7]l o]}, B Fo]A HdlS o] &3, o
2 R HHe] WY #E2 CD4+ T Al3zef 93|
A EY, #Eo] fFd AFAZFHY vF MEE
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