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ABSTRACT

The nonobese diabetic / severe combined immune deficiency (NOD/SCID) has been used for determination of
proliferation and differentiation of hematopoietic stem cells as xenotransplantation animal model. In this study, we
transplanted porcine hematopoietic cells from bone marrow into NOD/SCID mice via intravenous injection to
confirm the activity of differentiation and proliferation for porcine hematopoietic cells in vivo. Interestingly, we
observed the results of high efficiency with pig T lymphocytes in hematopoietic organs, liver, spleen, lymph node,
and bone marrow in NOD/SCID mice. The porcine CD3" T cells were detected with 5.4+1.9% in bone marrow,
15.447.3% in spleen, 21.3t1.4% in liver, and 33.5+32.8% in lymph node of NOD/SCID mice at 6 weeks after trans-
plantation. Furthermore, immunohistochemical analysis showed the high engraftment of porcine T lymphocytes in
spleen of NOD/SCID mice. Our data suggest that NOD/SCID mice are excellent animal model to determinate the
generation and function of pig T lymphocytes.
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NOD/SCID PH-2& A3 HHEUE Ad vle-224 o]F X d 27 o4 AE 4HTEEA 7P Bo] &8
Hi ot B A7E HA 9 S50 AT 2YEINAEE A9AP7e29 A RS T AA G FLE
AN A3, vk ZEZANA die3] FL HX T AGAXY 540 FRHU FAE 4718 ol &3] =H=A
T ZYAE A o4 659 vlg2oA g HRX T A9AEY F23 23 B4& BAF 24, vhes 282FQ
F4(5.4+1.9%), Y13(15.417.3%), IH(21.311.4%), WX H(33.5:32.8%)N1 A HA ZEE7|AE F-2 T ARX9 F243 £37}
#25UT, A helper T AIE9} cytotoxic T AIX 9] TaEx I £ 23] AN S F31o vl9-29 v|F=2
Zo] ojA % A "IN T F4& FAFG E A7 NOD/SCID 28 o] 43 X ZEE7|NEZHH T
AGAEze £3 g SRS A HolA £ = Je 88 TERIDZA o)EF F Y-S HAET

AN = o] S HEo] FFAd AAdY] S AX A

=3 A Ee AYE, By g 4% wEo

I ek A 22 Fgol| EAlShE ZEETIAEE

AAE FAE AT E g0 EA8ts 28 AN FAdI AEXE HEE £ e AVEA FH
ZIAES] FAYRE Ao i AE T Q) Hjop I A A3 STAEE vEod 4 9= o BEI3F
gyl Xe] 2HEVAEE "ol 7 A4 EA5) 8-S AYar 9t} (Keller?t Snodgrass, 1990; Morrison
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T, 1995). gy X EA2A REHE ZEEV)H X9
A o] & 7|ZATE o 500 Aol AR WA 7
7182 A3t | WAo] olFojHm, wI S &
et 72 AT 2 QA o]Ho] o] Q= Fofo)
o} wjelE7 AR} B Eo] A E71AE Eololl 71 o)
EAQ E7IHAXEQ] 2EEVAHEE ZHS JAH EHof
2 XNsSE5FOE QU3 M oW AFAHE &St
ATt (Motonari 5, 2003). ZEE7IME 753 EAE
ATt WHoZME AlFBA o]FofR= A
58 A= 49 CFU-C® HPP-CFU % LTCIC %9
S8 A o]Ag B3 AU =AY HS 7
3 Wol 98] ol&Hi It} (Nakahata$} Ogawa,
1982; McNiece =, 1989; Sutherland 5, 1989). w}-$-2:¢]
ZIEVIAE A7 AR AA U9 5 78 AF
o) £4A 88 rhssithe o2 7HE gasiA 4
T7F XgEo] gfon o= Q3 FEe A v)x A
T7F 2xEn ok o HsiA Uzt ZEEVIAE
ATE YEEo] AlFPolA o]Folxz or FHZ9
A3 a9~ g WS o] g3 QU ZYAE A
Aola A7t APHT Y= Ao}t (Srour 5, 1993;
Tasi &, 2002). 22} SiAe) 2SI X digk A+
 AET 2 A dellAe EAENS A% 28Rl
A g Age AA oL FERd] Bz <3}
o] 7|2ATF7F AY o]FoiX A Kl & Aotk
Al 85I Qe ol HAX ¥ F7] o] FEEE
EXNe AR 99492492 SCID (severe combined
immunodeficient disorder) P}§-20]1, scid 44} Ho|
of oA FTF L olFolde HIAAR W& A=
TAES} BAIEZF EA51A] Ze vhe224 Algy 28
E7IAE 2 237 o]y FERI=ZA o]gHo] gt}
(Kamal-Reid¢} Dick, 1988; McCune 5, 1988; Nolta 5,
1994). ol B (nonobese diabeteic, NOD) $E %
A3t HYAY(SAD) vH-29] WS T34 72" NOD/
SCID(Non Obese Diabetetic/SCID) 254 vl$-2= W
AAREL FAsE T, BAEI EASA 2on
NK(Natural Killer), "+3.2%=), B4 52| 7)%50] A
2o H)EAH 53] F& EHS AYx Yot oly
3t §AE o] &3] AAFZEESVIHNE E AV|E A o]
A3hE Fg A7 850 gow 53 Ay 28F
ZIAxe] AAlolA At da 2EME 23 % AHE
g%0°| tE FERDY v3A 953 52 TS Y
BRI <1 28 £7] A E A9Agn$A 2dd
o]2] & BAF A3} ezt 28 &) AxY A7 23
7} vk A Yol dojdris Ao FHEHUT PE
T M 3] oo A3 & mddo] SHEHIAL
£ SCID wh9-229) olFME F2o) njsiM g &
Z2 BEo] AFFHALH A& Ve ZYAERY
13 9 A EATES A8 vk ARdoe] By
At} (Shultz 5, 1995; Wright %, 2001; Hall 5, 2006).
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o BFd A B AEE FFsk] AT
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%2 fA3H5A0.

Hx 24 ZEEIIME AF

FAATAA AFHL e HA ~8FB)9 EFE
2 Rl M FAPNIBGE &3 HAEFE AF s}
%31 Ficoll-paque TM plus (Lymphocyte isolation, 0.12
EU/ml; Amersham Biosciences, Sweden) 2. density gra-
dient centrifugationste] =#A 23 E7|AE BIE £
Y3igich. #2€ A =38 E714ET PBS (phospha-
te-buffer saline)oll 2% FBS (fetal bovine serum)°] X3}
H solution®l 4] washing®} suspended3dte] NOD/SCID
uhg-2 o]F AAo] 4 AEE o] 833t

HA =8 E7|MEQ 0|F0[4

NOD/SCID 792 #Hx F5 f&f 2EE7A29
A olA] 24xZr Aol y -ray WAAZIZIE 200Gy W
AP ZARE B er HIA] 28 F7AEE 100
¢] PBSol| {735k, FA7|(ultra-fine needle, BD insulin
stringe, USA)E ©]-£3}9] NOD/SCID *}¢-2 & w3
1x107 cells?] HA| ZEEVAEE AW FY& T3t
A 0] 2)& AT

X ZYEME Y& ZME A% HX 50| TH

HA 2EE7)HNEE 0]4F NOD/SCID vh-$-2 A
ol el =2 2gAxe] A& 23 54 £4& 4
g Hx] ZEAE EolA A= BD bioscience=H-
B Fste] ARSIt A T A9MAE FolHY A4
?l CDBe (fluorescein isothiocyanate (FITC)-conjugated),
CD4 (phycoerythrin (PE)-conjugated) ® CD8 (phycoery-
thrin (PE)-conjugated) I & o] &3] FAE £48 I
AZA AR

RAZ EME B6 Al HIYME 43 58 5
AR B fE IAEY BA)4S A NOD-
SCID vl-$-2=9] 22 Aoxe] =] 2HMEY F4&
B35 98, ol F 65 w29 FAE Ao
HA T AFAEY N f 7]4F £4S A8
G AEe] A T HHAE Sol4 FAU pCD3,
, pCD8E. WS A8t FAE E47]&
ol-gate] WAAY k2] Bx ol YA HA T
UIT A o]F FTERY A9 F4 4 B35 §
g B8tk NOD/SCID vl9-2:9] ZHZA o)A <]
2] "] F2 5 A4S 93t o4 F 650l
w928 s w29 3, WlE, 924, 5%
A& R3] meshE ©]83t] single cellsS FH3H
th g 9 Ao AHE DT NEE FA WA
A g-ole] o A2 WPBS containing 2% FBS, 0.05% NaNy)
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sl Hx 2EAEY vhes xdxF A L] F]HE]
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Fig. 1. Engraftment of porcine T lymphocytes in peripheral blood
of bone marrow injected NOD/SCID mice. The profile of flow
cytometry was shown (A). The percentage of pig CD3" T cells and
pig CD4/pig CD8 T cells was demonstrated at 6 weeks after
transplantation (B).
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Mo e 24

A FF 7 2EE7IAEE AA 0]24F NOD-
SCID vh$-29] 23k W]l 7L v, dxd
Aol A T AGAEe 7MglE 4L HAFr] A
o Z+ 24 fF AEE 223 F FAXIE o] &3
B3 A3, Fig 37 2] 7k A AE pCD3 ¢4 ¢
A2 T BGAET} 21.3+14%2] HIE= EASL 3lon,
pCD4%} pCD8 739} AAM LT} 11:4%2) F2 v &2
A9 =g BFEAqME A T HIAHE}
15.4+7.3%7F SASH 1, pCD4 T AIE 2 pCD8+ A E2]
7% 47+08%9 Hl&E EA8IAL Svke AMde] #EH
Ack BZE ZH A= pCD3 F8Y A AFA X7}
335432.8%2] H1&R ¢ =& 7SS B S
Rew, pCD4 I T AIE, pCD8 3 T A¥E= 221+
15.7%% tH2 2o vleiA 453 %2 $24 a5 ¥
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Fig. 2. The presence of pig T cells in bone marrow of pig bone aCoM+

oRCO4/CDM+

marrow injecled NOD/SCID mice. The analysis of flow cytometry
was conducted with bone marrow from NOD/SCID mice injected
with pig bone marrow cells at 6 weeks (A). The percentage of pig
CD3" T cells and pig CD4/pig CD8 T cells was shown (B).
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HIYZHO S| HAMES HAHYHY =4
TAE EY7E 01 1} ok 2834 A W
o] SR T AGAE 4 23 2] HIAZe] =
4 $2o] pasiglon, Wl ady $Ag o)§s
A B4 o] k9] M 24 94 T ALAE Sol : S
X G2l pCD3, pCD4, pCDELZ A4S Ax|ale] B4 ‘ pleen
& A7}, Fig. 49} o] W2 ol pCD3+3] == @ ®)
SAZ7F TN pCD4/CDS" A ML A F Fig. 3. Development of pig T lymphocytes in the hematopoietic
A3} By} Bol=gn). w3t pCD3%}+ pCD4/ pCD8 443 tissues of NOD/SCID mice. Typical profiles of pig T lymphocytes

from liver, spleen and 1 h node of repopulated NOD/SCID mice
) Az Ao]| & A J:_ , Sp ymp. pop
o AX7} gEsle] vl £AElaL Sl M after 6 weeks from transplantation (A). The percentage of pig CD3"

A8} 7154 A= T AGAEYo] ASHUT T cells and pig CD4/pig CD8 T cells was demonstrated (B).
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Fig. 4. Immunohistochemical analysis of pig T cells in spleen
from pig T cells engrafted NOD/SCID mice. The stain of pig CD3"
T cells and pig CD4/pig CD8 T cells was shown.

29t 22 olF FEEY AA oA TAL &
7 M e mhexe T AGAE o3 HGAR
< Alojshs Ao] 7MY 54581 (van Hennik 5, 1999;
Kollet &, 2000). '
¥ A= NOD/SCID vh§-28 o] 88 A &4 =9
AEE olF FTERD AA UM ol2& AAlste] nt
$-22 ZEXA Y o)F =R T HAMELe] ¥ 2
58S P MY £ FERUYe] BHEHA
NOD/SCID w5 ol-88] Abgt TAHIES] T4 Y
& dAvshe R Al Fe2AS nt
2ol o] A& HAIBte] w2 HAolA 40%
< T AFA 2 7rfe|ES f=e 237t 1
o], NOD/SCID- ; microglobulin 23 &5
o] &8 Al YR NS o|Ag A¥ 20% ol &
AtgE T HAAR 7)dg]Fo] vl #&H Ut
(Christianson -5, 1997; Kollet -5, 2000; Glimm &, 2001;
Kollet ‘&, 2001). A HH7)5 Gl J= T 1Y
AZ= S5 & EAete 2YFVIAZRRY E3lg
T 99 ATFME(progenitor)ZHE #3} whetd A Eo)
ol wpeso A T "M xe waigs BAS 43,
T 2YE71MEY Kit'Sca-1'Lin-&] A EA E3hg
AEQ) IL-7Ra'Sca-1"ckit™ o AEXEAS Ad AXE
WAL A k2ol o] Al g AAE A3 o|MERR
Bl T, B, NK % #23¢ AZDQ)] w37} frmdo] ¥
A whe2 HAHTA R EAo] WAt (Kondo
5, 1997; Fujiki 5, 2000). AFe) T W] A7A 2o o
T A7 AHES I =25 FaEe] CD34'CD38low EA4
S AQd AEXE AFH wolFA2A vl FYFTOC; fetal
thymic organ culture)& ©]83] 35 Feg A% &
ostAl At T Axe] #37t ##5AT} (Amanda 5,
1990; Robin 5, 1999). 22t EA7EA] x|l T HE <]
g o] digh AAEA Aol e HL =HXAd
& HYAE Foldel Ao HAjet A FFol4e
AYgH A} AL ol T2 WAAE AN 5 gl
£ AES 2717 Brbssiith
A= NOD/SCID SE2R9E o) &3 Hx|9 I
ZHZ7IHNEE A o1Ast vhe2 AA WA
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Ao AGAEY F2A3 BIE Ax)g e AR
o] =AY} E3 Hx FF 2F {FHl 2ESIHE
& ©|4¥ NOD/SCID vwh¢-29] dxgdds nid BE
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