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Immunological characteristics of the transgenic mice
expressing a cytokine in the skin for the production of
skin grafted animals
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SUMMARY

Interleukin-10 (IL-10) is a homodimeric protein with a wide spectrum of

anti-inflammatory/immune activities. It inhibits cytokine production and immune
surface molecule expression by various cell types. In addition, IL-10 induces
expression of cell adhesion molecules on endothelial cells and apoptotic cell death
of B-chronic lymphocytic leukemia cells. These properties of IL-10 indicate that
IL-10 is a potent immunosuppressant and has great potential therapeutic utility
in the treatment of diseases, such as chronic inflammation, autoimmune diseases,
transplant rejection, graft-versus-host disease and sepsis.
In order to investigate its role in immune responses associated with transplant
rejection and to produce an animal model for skin diseases and transplant, we
have generated a transgenic mouse which expresses mouse IL-10 in its skin.
Human keratin 14 promoter was used for constitutive expression of IL-10 and
by using this, two lines of transgenic mice were produced. They showed
skin-specific expression of mIL-10 as analyzed by RT-PCR and
immunohistochemistry. Furthermore, significant delay of rejection responses upon
skin transplant was demonstrated, indicating that IL-10 suppressed the immune
responses in the transgenic mouse,

In the salivary and lacrimal glands, it was recently found that interleukin-10
induced apoptosis of the cells via Fas pathway. Being different from other
exocrine gland cells, mammary cells cycle the growth, differentiation, and
involution during the pregnancy age of the mammals. During the growth and
differentiation of epithelial cells, combination of hormones and growth factors
including estradiol and progesterone play important roles. In this study, we
cloned the IL-10 gene and generated transgenic mice to reveal the role of IL-10
in the mammary epithelial cells.
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M1 & ME

A1d 53

B A7 HF 532 yF oY BY FEY A4S ¥ cytokine FH=}YY
71%& TBIAL, ©]F cytokineo] | o[Ao] mA= J¥& EAt AEH, W
quty W PR WHsI, ZF vF ARY ek ¥ A3 W A=
€ AT MF AREAFESY MY, FA € BEI&Y Agolch olg 43l
#18) cytokine] UFLE WY QA EAE YoJl& IL-10& I HolA puws)
€ AFE At olg ¥F oMo nA @l iy BA AEF, €Ay
3 AFE YL

A2 A e

s ABAL HAF oln, AREREY et - EelF AFo2HE A
e AZ|dg Wolste d¥e Trh MRy 74 HEU 2y, ¥, A9 W ¥
AYZ AL Y J)so] thE o FFY HRER o]FojA 9on, olF Al
EETY QY AIALI L FIFHLE APAY FAlo] 4HA fsolth
EY IF= AR BT B JHIHLE ko] Helglomg AEY AH,
TP, FC DAY o]t T2 tiPY ARFo| EAYch AT HFI} we
T E2H ol A ol AN AR P8 PR HAse FAERAN M
Bu|8] 95%E AA|BIL e A P4 ARV HY EFE RegosH A
R AA HERE Fo WHULE op7Isin o2 A AAY ARE Y
The Bag o7 350 daA=elgle o8 ¥ AEEo] 7MY 44 o 83
of &Fo] glon ZF WY g XYY 4 glvke o] UFFHI Yk E
T APl Bol3ty] wiEel 23 Y PAs] HvlE EF3II o}
BUE B2 v FERo] wrh webd oyt AR Hd AES AL wA
ol 3} AFR I AHE B2 YFHE ol&, MEAVY YA ¥ ¥ $2
U oA = F8QA} el uXA] Zeja gl wheld mE Zbd 848 A
oA fE|Eol A - IHHLE PA VY hEo] I cytokined] Je&
M3z Rol AW oY W oA E FiL TFHLE Ay X2 FR3iti 3R
th. EZL Bl F7lo] vls] ¥Fo] Ho] §AA} piH dFE Yo Yehhe ¥



g g4 Ay FEY 4 qlom, 27| oliof gloiN 1A A AR 1)
B 37171 Y% FAR Sdsitin AEgch ¥ d7 HFEEL yjHo]
AEE S 931 cytokine FARIL 71%-& upeld}lal, cytokineo] I|H-o]2]e]
HAE Y EANENH, Wy Q Wezstyes s Aot} o]
By FAE Fs7] s ZE cytokine FAAE BolFog I} WAL
FAAH RASEL Ui, mRARe] Sz NEdPo] o] &¥ThH 3| Ho)
Algool Hrld 7IXE WY 4 9odsl AR

AUA IL-10 & HFdFo] L3 Fo UIXHUREA o BRoM 2
&2)7} ws At (Go, 1990: Howard, 1994; de Vries, 1995: Garofalo, 1995).
IL-108] o]8|¥t Fd7]e2 IL-100] HHAEM 2L £ ASE A|AlShy, whg
A5, 7MY AR, o]y AR T Fokol XEAEA o] JHssitl, Az
EEMA IL-10& Fas ZE2E B3] apoptosisE Rugto] o] Wil
T} IL-2 promoter& ©]23% HFAATFRWAZ o)A IL-102 CD4+ T A Eoj|A] Fas-L
2] WEE X3, Fas-LE& WU AXEJ} FasE U= M Eo] 2L3)o
apoptosis& RU3tAl Hrh $9 AL IL-108] Uy o] Sjogren’s syndromed
Yo RQloE LY 4 9 Kol Fr} (Fox, 1994: Saito, 1999).

Aoy £EMAE Wi, FAUARIY NEELS 433 £33, HIE uvrEg
th Algte] Efol= TNF, TGF, IL-1, IL-6 So] Ael3os ZE3] | A=
2] oFo] X3t¥|e] it} (Basolo, 1996: Wiley, 1995), R-8ox= 60 - 9,300
pg/ml FAEe] IL-100] E3tE]o] gitt (de Vries, 1995). U}, o] AYy A
gl 7152 o13 W3R g3 gt fA AIAMREA IL-108] JH& T}
t Zo] ¥ 47 ZErpE HFERo|th olE 93ld FE AVMEY |AAF
Z23} B-casein promoter& ©O]E{t IL-100] Rioj] HolZog WHEHE YA
BEFES MUty RdAAog LYt drWHosE Ax], AA IL-10
FAAE BHY 1 MR =3t in vitroo] A WPAAHE ¥ e},
EA, IL-10 H8HEE FAABPAY ST A EA A w@A AT},

BAABVFE BA7HL in vivoolA FARLY J)%E& ZAY 4 UL Byt o}
Ul JAAEE ZUEEL kg B3 Ay JAa3E W XNEA s sy
T e WHLEN FHE U3 ol HAABEE AP YgfAxE 4
Brte] H¥gGo] nAFYUshe WHHY embryonic stem (ES) MEE 0]&3}= ¥hy
o] gitl. F A Wy EE AAAH nULEE sl 288 43g sta 9o
o, Axte =U-RARY Ipdde] 23t Hel ey wWIlE AvEoE N 294



A2 JeE ZAlSted dEl AREA 3, Faie 5% f3dAY] 7eE a4
AL ZN el gy HHE dEEEY o8 gltl. VXA +HL §
SRAAE ©l 83t FAARFTES /IUHLEHN O FAAE in vivo oA 2] 7]
52 NSl RAAY Jed EAEHYILE ANt & FUE 9 &
th.

EY durFe®R ol W AVeAd AEY dd iyt Hoke =HMFE
(random bred stock)®] HEFES AHEIIEE AR Uyt SR A}E A7)
oYl SFATE ANLFH T dRUFLE APY RUSESR MY 84
3te] A/UARIIAE FHUCH AAAF A8 E 9 44 2 ARAAANE e
2 ZAFo|a AKE AHAE MUY 4 AL Zolr), dul HEFE g%
AAEAI QA3 T FHE Ee AWPY AEE HsMdE AnE, FAH,
1€y Feo] Wol Ao¥rt HFFARY Qo FFY RYFES AMSUchd
" fe)d 9 Ared AENEY A4t BAEY AsPMo] sy, A
A DA FE UATEAL FHEol=E AF, FAY &4E €Y 4 dch 0
=2] 79 BioSurface Technologyrtolr+= ‘Epicel’o]®t ArEW o T Bz |
ft*& 15,000t o] A3t geu], 1992dolE o] Epiceltto g 7709 W
st 2.& g4d35lelc}l. Advanced Tissue Sciencerl= ‘Derma fraft-TC' & 7]us}o
nj= E3E U3, OrganogenesisAli= 1989\do] Western Pennsylvania®y<$de)
BurnME|o] A AlZAE APAES 7R IEHATY in vitroRWEA 3F
Z3219] r}o¥3l testing kitsE A|ZLstx 9}, Lulo] basement®w}E E¥SIE= 3
HoHES J)ugt Life CellAH= FDA%QIS}o] ‘AlloDerm’ & 1 ft?o] 10,000 &)
2 Agtste] o] BurndlE] 3R] o|AAle W dYFefztoAe] v EI
B2le] A ROl o§StaL Slrh. &Y AT AHEFATLAME AFI|H-I) Lo
B dF7F AMYE L 9o, Kiriny - Mitsubishi Kasei « Cell GenesysAt&} A
& Wi IEUINE W U2 . Z4 5 A §&3t2 glen], Toho
Pharmaceutical Ah= Y&ofA ] ‘Epicel’ A|FE& uigdsigivt. W Ffolye @
o8 A4 W HAA Z7] /NRJAFE AW doy, FYEHAE UL
W AHUAE AXok & Zojcl.

o RSEAY VA, o4 I A% 4B AL, 43I AR L A
71O1NFEY RS AHME VAL THIY Rolold THAH AVEAFE
o AUzt olgel WS, olo] mE tiR BUAAE FEFolo} ¥}, ¥,
AVEYFEY PAL FANI 82 Fuole 44, 8X, AWNEE WA
A J1gAlol ol Ao e W02 &L J}2E % 4 Qo AlwHuy,
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IL-10 BHAT FEE o] 43 A v2AH 2yl Yyl
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A 1A F2 7le A 8%

1. IL-10 BAAH P

7h IL-100] ZpUdE g4 A% P+

IL-10& W83l= transgenic mouseE A hiL-2 promoter& ©]&3}¢9
activation © T cellojAMyt IL-100] Fojzog wUYP=EL A7 AzFHAc
(Hagenbaugh et al., 1997: Pauza et al., 1999). ©] % Hagenbaugh ¢ a3+ &
o] w}Er IL-10 transgenic mouser= stimulus-dependent¥t FFEjE W w2
HIE B9 o, Pauza & o|E autoimmune diabetes R o]|A], T-cellE ¥
9] IL-10 2842 autoimmune diabetes®] 'W¥& A AALE H4ivh, EY FYHY
o3 FRold, IL-10 81 AY FBIM Sgt Zel 4ol TiR 1L-108] B3}
E ZARIE 23 g AEEL HAS IL-10 ¥ AF FEA WA o &AF
ol TEF AL, ol T celloA] BAHH IL-100] AfiolA ¥k HY LS
AN RLZ AAlE STt (Sharma et al., 1999). ®VA7IA] »EzhA A oA
IL-10& HEHAIY AHEEES oyt 23 ARS), ¢o] IFAH}e] ARy
of thsir&= w33 uizt gich

L}. Ecdysone-inducible regulatable expression system& ©]-23F 3{AAH A
Ecdysone-inducible mammalian expression system #A] o] &% 4= 9= Ipud
systendollA] 71 H4AY ZFJAL 71 systemPF Sho|rl. o] system
1996'd University of Califonia at San Diego2] Dr. Ronald M. Evanso &]%}o]
mammalian cellZl FAAREFTESL] Aol o] 8317 AR ole] @ AF=HEo
2]5le] o] & E|IL 9l systemo|Tt} (No et al,, Proc. Natl, Acad, Sci. USA, 93,
3346-3351, 1996). i} BA7IxE] R3] &3Pd E. coli B-galactosidase&
IPLEAA olEL WE PAE TEY A A gt {AREL Ud A
gl Bavl FHa doy, AAY "IN A T3l cytokineE WA A
ARFEL Aol oyt dFRIAE g Z3ith o] systend] EAFLRE AW
+ ecdysone®] 7}Z o] thwrs] w4t Hej glont, I FAxY WS 43 =
g 4 e ARl %o, & AFHA mEZR3 o] Fo|&Ql promoters] ¢ 3Fs}
ofde] UL ABFof thets] XN BHUA |AXR2L F-Pole Aes {e
ol ALZH T
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th IL-100] &3t W=F 48 24

3 Bio] &3ty IL-10& T-cellolA] Qitshes A AH FEAA IL-102
autoimune diabetes?] WHE HA|Sl= HAE R} (Pauza et al., 1999), EFL
A2 Y AEL B4 wY AR Kol HA W 94 IL-10& Fiske Aol
RaEgch IL-10 ¥ AR FEA mg 23 HH o] iyt IL-108 AAE
ZARIE Az g AEESY ZFLS IL-10 FA A7 FEA €A o 3=
<o) ¥AFEGUEY, olE T cellojq ABikd IL-100] AN 3 HY LS
2821 Ao g AlA}E gt} (Sharma et al., 1999). ©]2} &g| Human melanoma Aj
Xo] IL-10& transfection Al ¥ @Go]A MEES nude miceo] AW W u]3}
FA2 FAst] THY AY Ho] &shH, IL-108] UWHLS o] & melanoma AHXE
B2l 43 W Mo|lE€ AP AReT RIAFLE IL-108] AL FAHH
macrophageolA] %X+ angiogenic factor§8] AJ4t& A TPLE FFHU ¢
datolL} Hol& A ROE AJAIE|QIT) (Huang et al., 1996). 47| 7]&¥t v}
2}zko] IL-102 proinflammatory signalo] &%t WY &3 WIS thIyt oA
23 9 dAY 4 olch uwelA mFo] IL-100] Bo]F Lo g URPEE YHAHRE
E& o] &P o 8 A o] IL-108] BAfolM Y 4% HY L& ZAIPLEAN HY
gA] AL ExF BEYHH olsfo] WS EFE & Aot Y ol FFILE
e AR W WAHEE AT A4S AUE 74 E Y Bolth.

g}, IL-100] 2J% A% A AA] gt B2

Interlukin-10 (IL-10) clo¥dt AR = Al cytokine &2 4
monocytes/macrophaged XY WY Higo] UAH WL FFY AXEA B4t
©t} (Adib-Conquy, 1999 and Asseman, 1999), IL-100] 2% =& oA &
(anti-inflammatory effect)$ macrophage® ¥¥E|¢] IL-1, IL-6, IL-8, IL-12,
TNF- @, granulocyte-macrophage colony stimulaintg factor, MHC class II
molecule, B7, 18|3l intercellar adhesion molecule-1 (ICAM-1)2] AAhS- A%t
o824, EF IL-29} interferon-y & WY 22 AAE EF Thl MEe FAHE
(activity)§ Z4 AFLeE8H o|FojZAr}, IL-10 FFHX}7}  homologous
recombination W& B3 AAE mouseo| A+ inflammatory bowel diseased} #
A}} chronic enterocolitisZ} 4= (Kuhn et al., 1993), Crohn’s disease ¥
2o Al IL-10& Foi3 23 ¢AdQ ZAE Rartes BI%E gt} (van Deventer
et al., 1997).

HAR7}A] 433 cytokines?] target genes.E4# CIS/SOCS family”} expression
cloning ¥hd o2 wWAX gl (Starr et al ., 1997: Endo et al., 1997: Naka et
al., 1997). o|E2 SH2 domainz} SOCS boxE& 7IAn LFEY Jak¥
pseudosubstrate2# 83l 0|8 G7IE A Idte] F2HLF cytokined] &%t

-12 -



signalS A3t 2o 8 ol dF¢ feedback 7]2to] Exg-& Wilch IL-10%
918 Z2ES B3 1 53 AIE AW 2= ywizem, cytokinegol
o3 YHEE DYAE (STAT)S M2 FEFHE A8 A2y, oE 73 &
) IL-100] interferon®] #&-& Asjst=AlE 3| dalx A Wt

ol, IL-100] &% WY A whgol tigt Bil

IL-108] WYz o8 o] RIY vlo] 251 IL-102 helper T cell?] Th2
cloneoA] EH]E cytokine2 24, Thl cloneolA] AJ4tE]:= cytokined] A& ¢
A= Aog AT} (Fiorentino et al,, 1989), o] ¥, IL-102 HY ytgof
B Tl 252 ARENA o8 FFY cytokineE] F4E Aol B
2593, ol dFEHE IL-10& ThE cytokineEd TE3Ie], WY UL 4
A 8h= cytokine 22 F+AEA Hglth IL-100] thdgt systemolA] WY JA| i§
& FEIThE HaEde thgd A&l dth

(1) LPSo] &3] S-=9 proinflammatory signallingolli= p56"" o] ojsln, LPSE
Ras® HA3}A]# nmitogen-activated kinase pathway® -FE3o] RIFHIc
IL-10& p56”"] 971& Z4AA, Ras EAEIE u|EYF o] ¥ AxFU RE
AES A to] g AT} (Geng et al., 1994),

(2) LPS:= IkB kinase (IKK)®] g71& ZJIrX|# NF-kB signaling pathway&
activation A]#, proinflammatory cytokine®] W& &gt} IL-10& FHAE
3t ¥ LPSE Ae|shd IKKY] 2H8-& oAIste], NF-kBS] ®L.2e] o]Fo] A3 H ],
Z3ZA Q] proinflammatory cytokines (ex: IL-2, IL-8, and IL-12 etc)$} ICAM-1%
2] wHlo] A E Lt (Riley et al., 1999).

(3) intercellular adhesion molecule-1 (ICAM-1)2 T3t £7/-9] MEENAH £
aro] AAtElw], LPSL} IFN-y o 203 2 ilo] REE], M2 F3E ¥AdA
#A, B ¥ == YL Yrh Song et al. & B3e &FPH IL-102
NF-kBE E§sh= 28 712 ) IFN-yof 23t IcAM-1 f-AAte] WE & JA 3}
of, "y ¥hE-E At Lo] Hr} (Song et al,, 1997).

(4) IL-10& T-cellojA] Ailsl= A AHF SHA IL-10& autoimune
diabetes?] W& GAst= TS BT} (Pauza et al., 1999).

(5) QA St AAL A WY FAE Eo} WA @ ¢ IL-10& s A
o] RuF gt IL-10 ¥F Y FEoIM s 234 FFel tidt IL-108] HH

- 13 -



& ZAPIE 23 Sy MEEY 442 IL-10 ¥ AF SEA "Rl o &2
g&ol BEHAL, ol T celloA A4t IL-100] Aol 3¢t Wl =g
AR A2 A|ALE| T} (Sharma et al., 1999).

to 1

(6) human melanoma A|3oj IL-10& transfection A]Zl ¥ @0l HEEE nude
miceo] B9 W 33} FALE F o] TAT AY Az o, IL-102) WL
°] & melanoma MIEES] 43 Y Hol& A% AoE WAt IL-108] A2t
€ ¥/d3¥ macrophageollr] FEE L angiogenic factor5e] A4Mg dxstos
T3AY d2 FAoIL Holg AT Aoz AAH AT (Huang et al., 1996),

#1 o]ld Udxe] IL-102 proinflammatory signalo] &% W¢ &3 Wge
TSt SHolA 23 9 dARch ol L IL-10 ATAYY FZ3el
target gene?] WL [ o]Fo] A Folm, o] & F| sl IL-102) target
gene2 2 W37 SOCS-1, -2 ¢} -32] Z domain Eo| siganllingo] m]x|&= 38 3
B2 " A AL Exp HEYF ole] WE =S & Aoty EY o=
FTFHoE WY A% g YUXEE % JUE JuoE JHE Y Ao}

A2 A FY Je g I
1. Regulatable-expression system& ©o]-£3 33 AP A2 A==

"z} FUollA regulatable expression system& o]£3] ¥ A EZojA &
A WEE AR 2Ashe J)gol tidt Falo] TRF I 9 Aot A
BT 4L]  olelsE  WAR=  peroxiredoxin® tetracycline responsible
element& ©]-83t system (tTA system)2 8 IhUadt PAAY A A=E A
At glen, EFPFAUT AP MY, FAHAITILEUHE tTA
systeng ©]-§3}o] phospholipase CE ZWHAI7)&= FAAY B il ¥
71&°]aL glt}t. L} o|& tTA system®] 7% ecdysone inducible systemof u]3}
of AT 2L UA Ut Bt U RoZ A gul uleld 2 d3Ale
A AR Y F3 AL 4o whuAnto e Ao WA HIE Holk 3
- tTA system®] Al-go] AU 4= ulo] ¢irl. ol9} el ecdysoneo] 23] Wy
o] ZEH & systend £ WHOBE AFHA 48 & 5 Q& {Ax}L @

doll Hysivta At2E 2 oo & A3 Fo] Bygsivia sledr),

A7 T FolA IL-10& st BHo] oyt Bas ARsch & d3
2 keratin promoter& ©[-§3le] ¥|FojlAl IL-10 W IL-48 U¥sl= HA AH A

_14—



& Qarstgd o), H|E Uy #Qlyo|, skin graftA] rejection response’} cf
2o uj3] 29 A Q" X3 BYorl, I wWHEHE FEE Itk X 4ok
th EZ IL-100] Z3lA wEE A= Elojur] A AMIEE 222 Uikt
aea, IL-4 3hid FARR AFHE B2 GAE BHelen, olF ofE U3 Al
AZeg ®aj7zpA] IL-10, IL-4 71 v Holzos pUHT FAAR Pz
U B3t g % stk ol mEoAMe] IL-10 & A&FHA pUdL B
PAgo] B ABVE & F UST AARICLIL-103} IL-47F F]Fojx pUdEH
Az AR 93 B d3A-L  regulatable-  expression  system$l
Ecdysone-inducible gene expression system& & @it Z}=A|of 2-&3}ic}.

2. IL-10-¢of 23t A% A AA

Wl FulolAE At WY AVolA L] JAK/STAT A AY AA e A77}
A%2 olth. A7IolME cytokineXlA] STATL 3} STAT3S] B3t H4& EAs)
2, olof Tl 4y T2Ee HTE AW of o2l Socs-1, -2, Ll -3
o 2AE TASIA TIHOE cytokineo] S8 STAT B RN UAUAT
sEEe zAge ENUL. o AY AAE Bsiel AN xvt He A@
A EAlol SlT JAUSTAT B4 23 J1g FEY4 glewlsl Azu:

E A3 AH o)A cytokine?d] 21F AY A|A 2] negartive regulatoro]il EXE
IL-108] A glA] WyHo] FEEE S0cS-3§ EFR S0CS FAAEES EFY Dr.
Douglas HiltonQ B A-Fio} o]EY £Al ¥EYF % A9¥Yy 7Neg 23
85L, Uolsl olet thE MEW signalling pathwayel®] 43 ¥A FHE F3l,
IL-10 4% A AAo tiyl o3& FIAXA FFILE WY AR X84 ¢ ¥
o E3 el 71¥ict.
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A 3 & Ay e & 25

A 1 A nll-10& T|FoA pUd sh= FAAH 5 =)

=

1. o]E3, 83 I ¥y

4§ Hold /AR UL #IY human keratin-14 (hk14) promoter £} hkl4
poly A signal& X3} vectorq]l phKl42 n|= Chicago cti¥te] Dr. Elaine
Fuchsoll 2J3] A|2lxlo] AFE9len (Gat et al., 1998), & ¢TI ATCCE g
4% mouse IL-10 cDNAE FAA} A R3{}F WHH O E phkld vectord] cloning 314
Tl EX AMEY F & BOF1o|a, 7HEY it HEUFEAMAA AF Y $A 3t
expression cassette DNAE FU3le] FF3Q HAAR FES 4 31 Ze
stodch.

2. 47+ & 2 23

7}. moue IL-10 expression vector construction W in vitro MX ujoF TrA o)A

o] mIL-10 ¥ AF

ATCCEH-B] FI3¥! mouse IL-10 cDNAE Sac 1 2.8 AHuldle] o]& pSP73 vector
8] Sac 1 $]X]o]l cloning 3}¢it}. o] 2HE mIL-10 cDNAE X33}= 569 bp BGl
I1/Bam Hl fragment& +2|3]A] phkl4 vector?] Bam Hl $]X]¢] cloning 3}e, &
construct@l phkl14-mIL-10& A Z3lge} (28 1). o] A ARH vector?] mouse
cellof A 2] HAY A o5& ¥l S}1x} NIH3T3 celle Superfectin (QIAGEN
Inc, )& ©]&3¥] transfection ¥t ¥ 48 A]7} o]F-of Trizol (Gibco BRL)E ©]£&3}
o] total RNAE £2]3}3L Northern blot hybridizationg B3 mIL-108] W&
& A 3tk 3§ 20]A EBXo] phkl4-mIL-10& transfection A7 M| XA
mIL-102] 3} W] Yelhiel, =¥, phki4-nlL-4& transfectionit MEJHE of
A o & nIl-42) zpydFo] UElultt, o4, phkl4-mIL-10 vectory in vitro
A A mIL-10& HASA W Yol ZHHAT).

U, A3 s3ggte 2o mIl-10 WE cassette ¢
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phk14-IL-10& Sal 1/Kpn 12.% Hlgt ¥ hkl4 promoter-mIL-10-hk14 poly A
signal& XEJSH= <F 4 kb DNAEHE B 2 AAE F TEMA dialysiss}o]
HE 57t 4 ng/k7t HA SHgich 283, o]§ 43 one-cell embryo?] ¥
o] FIstsct.

th nll-10& RN Zhydshe g3 A% Az Pat

One-cell embryo?] F¥o] nIL-10 UH cassetted FUZE F MI6 nforejol A
24 At MFTT F two-cell 2 WY £HIE YA v Ro o]4)slqic). o]
A elolt 41A1Y] melE 10-15¢ Zoll Hwhsle] genomic DNAE £:e|¥ P(RE &
3 PAAY SES AEstgTt. PCRY AMRH primers olzje} Tt}

forward primer 5'-ttccagtgggatctgtgtccac-3’
reverse primer 5’-ctctgctaaccatgttcatgec-3’

o|FA MEE AHNEL mating& B3 HAAHA Ul 8z, o] EF
nlL-10& ¥]FolA Y sh= FFELS back skino]A] &%t total RNAE o|-&%l
revere-transcriptase PCRE E3) A= gl=t], F £7/< founder micer} Mg
glct (29 3). 28y, mIL-10-specific antibody& ©]&%} immunohistochemistry
¥ A3 & lined] A# (male)d] IE HJAZolA IL-108] o] HA&E Q)
(2% 4), o]&Y BT RNA levelo Al WHFL IchA] 2] gton, €lo]
U71A AtEE caseZt HIMSITE EZ o]ES B F3 mE 23 oAY
constitutveRt IL-108] ZpUH-L A7 2] development}Pol X WAl Fe 7]H,
embryonic lethality& H.4o] AJAlE 43, wlelA ejojt Atx}E-L nIL-102] Wy
o] Ivkxl A e Zojglm RFTL olF EYsIx B drAe
regulatable-expressiong& =¢)5to] A L3514t (A 4 &),

gh. nIl-10 YA ARPF 2] $Hg SRS
(1) s 2 A8
(7}) €5 E
FAAY ¥ =3¢ SHREL 93] A1L2H ZELS C57BL/6 %3} DBA %9
3L 3F BIF1E o83 WHE nIl-10 BAAR N & ALsigc), AL RE 22

< HRLEFENE A FFwekem, SPF (Specific Pathogen Free) 37 s}olA]
ARSE S, BFE S AIRE AR-Fosigc.
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(). =gk /7] o =33 3

+3H GRE 53179151 4-7FH Y] ¢33 nf9Ao] PMSG (pregnant mare's
serum gonadotropin, Sigma Co.) & % njg] @ 5 IUE 7% UE FABlY GRE
< AlZl F 48A)Ztato]l hCG (human chorionic gonadotropin, Sigma Co.) & 5 IU
FApste] ZhfgtkE FESHYTE FA F FAFA 22 2ty 2047 AE ¥
of 4AY AL HeY vl M2 v Yol G SRR RE GZHXE Folg)
& 2]3]3lo] o]& hyaluronidase solution& X g|3te] FFAXE AAL X, 22
At ¢3S Hedtyct. daxr YL 3T B, £3UL
% T 12,000 rpmo A 587 JAEe sl £ o AYo] Al Kol At
< Ad¥el A3t =3 3F U A3 Aol mouthpieced] pipetted -2
Sto] ARE-3}oiTh.

(th). £33

TR S % wjgY2 M6 (F 1) & AMSIIEE, £330 4 9 Ay
Alojli= M2 (Table 1) & AMRSlgich. MI62 wle} A X4 3A1Z Ho) 35mm petri
disholl 50£2] drop& THEo] mineral oil (Sigma Co, M8410) & =X%¥F ¥ 37T,
5% CO; incubatorofr] ZHwjeF& dtgch. A7 wjdrlole A W MHF 2zt drop
o 5070 o|3tY AL Ygom 2442 nmir} wpug AelE ¥Qst4c.
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3 1. Composition of synthetic M2 and M16 medium

Concentrate
Component
M2 M16

NaCl 94,66 oM 94,66 mM
KCl1 4.78 mM 4.78 M
CaClz + 2H,0 1.71 oM 1.71 oM
KHzPO4 1.19 M 1.19 oM
MgSQ4 - 7H:0 1.19 oM 1.19 M
NaHCO3 4.15 mM 4,15 mM
HEPES 20.85 mM -

Sodium lactate 23.28 mM 23.28 mM
Sodium pyruvate 0.33 oM 0.33 mM
Glucose 5.56 mM 5.56 mM
BSA 4,00 g/L 4,00 g/L
Phenol red 0.01 g/L 0.01 g/L

(g}). ¢J=i/4x} 3¢

o] Al F40§ slideo] £oi3 4= ko] DNAZ} H71¥ pipetted o]&sle] A ete)
SHAVYLE pipetted HE Yol FAAE AYsIst. INAZE BolrhelA] ¥ulo)
WREE A& HAY F ol +3HeE tha] 37T, 5% C0; incubatoro]A] mj
3T MGF 3% BE AGE Aol 4FIUL oL S2& Wsiglch
ol AHEE FAAE nIl-10& ¥Ho] UHY 4 Y=E ZI3H DNATRHOZA
EDTA7} 238 tris buffero] 35 A}—%ﬁ}git},

(ah). 4@3te] 43} g3)
+33e EZe ANEAHG olgslgdon, B EAYL PRl solution (¥
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1) & HZXE3SA+= IM DMSO (Dimethyl sulphoxide, Sigma, D2650, USA) & A}
stolct. BEY P8-S IEchE 0.5M DMSOZE ¥ PBI-LYollA 287 By}
A HFeE IM DMSOZ} EE PBIGYolA 1087 W3l HEE5HREQ
L2 BPH FHYVL vg] FHAREYLR FAUste £8|3 0.25mLe] plastic
strawol] 2t2} 20708 F3}o] sealingdtlth. H2olA 4T7A] 1085 LE&
A A8 -FE, 4Tl 0CT7HA] 1087 thA] YRt programmable freezer
(Cryologic, Australia) & Al&3led -70T7Ix] HAstgc} (28 5). Tg o)
B straws FA] gA|AL Aeolyo] A Basisc

(v}). 83F vy W BEL Y

T2 ol&EF +3UL SEkch BN 5HY daeos HYPA L nje) &
U3} & mineral oilo]l EX3}e] Hujok3t M6 ujde) dropel] &A AMHFE 37C,
5% COz incubatorollA] wiWYXEZ|7}A] wjoFslgict. 24AIztmjt} AE - WS el
slaicl.

(Ah). BAASR Wz £z 52

BAAH B +H2 4-753 2] BDF1 (C57BL/6XDBA) ¢S PMSG} hCGE
o]-§3lo] zpulgste] FAAE B9 £R3 AE Ak 20417 F ¢sie) 2
A& HAsle] Yoz HE $£HUE H$dgon, $£33 SRS A8 0
e A Z2 WHoE Y5yt on) AMRE A= n-ILI0E WHsh=
FAA] AFEA AFSA] §F F400] Holx] gten FAE AP R

3 igich

(o}). B4 £
YA BAYH £ Chi-square testE A2l RJPE ARSI
(2). 43 Ug 2 Az

(Zh). edfd=t F4F aye

BDF1 79 huitA] BF 4 ¢4N2 0432 en, YAAH Y 00N
AHY FEL FL= HrE FAx7 Yook JeARARE dng/me] BEE
ST F 1AR7) ¢33 mAgFAs G on FUF dopte SP3te] wjuiy)
7HA1 4] oPEEES E 2014 Hi= uie} o] 47.2%E n|AFYsiAl 4L B 43
T Mt I| 7} e 57.1% Hrhe 2F Wghoy Rexts UFEA o
stch mEtA 1M ES] Sk el f-ARE nAFLsidE Pt adego)

€ 2 9%E AR 4SS ¢ 4 Adch
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X 2. In vitro development of DNA-injected embryos cultured for 3 days

No. of

L. 2-cell 4,8-cell morular blastocysts
injected

R N (%)

embryos

Injected embryos 125 87(69.6) 78(62.4) 66(52.8) 59(47.2)

N I td )
on-injecte 147 99(67.3) 97(66.7) 89(60.5) 84(57.1)
embryos

(th). daRdxt #2448 38 52 2 3

g} RAXE 127 ulo] FAY F, GursAyY o] 3 £3UE &N 52
HEF} F F42] A28 FYAI|L §oste] WPiRI|7IX Y] wpiE S B
stalcth. AUARAAE FYUFMAULS 1N £33N tRFLE AMESIdct 9
g fARE FUT AZINIE 52 - T F aiEIIzR Y uieed
36.9%% ci2Z 32.3%Hrl 2 UEEE Hiou RYxe AFHA W4t
(E 3). ol¢t 22 A= JARARE FUY F 2 - §slox w7t
8 wigdols d¥E nXA dethe AHE € & Q4dth
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X 3 In vitro development of DNA-injected 1 cell mouse

embryos after freezing and thawing

No. of No. of No. of
. ) No. of 2cell
freezing survival blastocysts
stage embryos
embryos embryos (%)
Injected
nae 84 57(67.9) 54(64.3) 31(36.9)
embryos
Non-injected
wnaee 127 107(84.3)  82(64.5) 41(32.3)

embryos

(th). BAAH 4z 43¢ 52 % §3

FEAY AHY MRS +ZRE QD3] A - g3st] NSRS @
&2 24.7%2 FAZF AF7 oid uiRIT £ wiEAANY weke
22,059k A7 QAAEHA] ggith (X 4). ol A FAAYH A 4
BE T - &3 F LRI Y g o] gut BFY +H7 5 - g3 ¥
HPLEZ|ZEA ] v Hlsdt, ol WAFY syl 3 iy PAAR
TEE % - 83 ¥ FLHL2 viRI|7tA] uiddo] AYHTHE Al S ¥
g 4 glgich

¥ 4. In vitro development of transgenic mouse embryos after

freezing and thawing

No, of No. of No. of
. . No, of 2cell
freezing survival ¢ br blastocyst
stage e 0s
embryos embryos £e 4 (%)
T .
ransgenic 239 149(62.3)  90(37.7) 59(24.7)
mouse
Control 82 34(41.5) 25(30.5) 18(22.0)
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oj¢t 2 AIE ok, A, AFY MRV P e FAAE F
Aot = uIE7| 712 8] widEgole & F¥E wAA doken Ex, 1437
el el FAXE FYT F, 52 - ST vUEI|ZA] widEdE B
d RAXE FYUSHA U2 1A sEe] 52 - FF el wdg n
x3ithe 23E At ARE PEZEHY 7y o3 Aad FAAR A9
LA Z7] wle] B2 - §3F T 71x] o e g E=Y gt A9 14325 w)
2 T2 - 88 F uiEI|7IA o v vldiche AME o 4 Yglch

metd, & A7 B3t R34 Hol WAlg HAyY AP ARF UM B
o W2 WA Tl s Y FAAS AH AT W At o8 &
T B3 AT T TE&H BE H3t] WuEA AW olE T3 F2
HEo] 7hediths AME & + T

nh, FAAVAF ¥R AN nll-10 ThyH e dyo] mHolae] njx]

= 9% 2d

o

YA AH AFolA zF Holz mIL-10¢] wW¥Ho| skin transplantation ¥
rejection responseo] njX|&= Gk RAIEI7] 3] allograftE 4313+ Az},
immunohistochemistry®¥ ™ 22 mIL-10 ©¥io] HA&E YW FAABTAZ o)A
graft rejection responseZ} thZF (14 Q)ol H|3} 28U 71x] A3} AL By
E} 3% 6). o] lined] B E HA|313LR} female micest JBIE AlHA 29 4z}

< @3lch

A 2 A:1L-108] W X Aergo] Tyt E3}

L ol2%, Hd¥3y F2 ¥

A FY ALY s v FFEde 7 ‘?'_"* M2} lymph nodeo] &
Z|8He= dendritic cello] tiyt IL-109] FFHQl F3-& FAsigon, M o]y
& A% EY 589 MUe 3t oY ﬁl-r o|AA] AlZitfe] WEE g
cytokine?] ¥ W3ILE total RNAE ¥2]3l] 2% cytokine-specific primerES
AHgstol RT-PCRE E31 +8stsich

2. 47 8 2 23
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7t #ags A £ 9 IL-10 F7te] wE T lymphocyte 32 ¥}

Balb/C #2458 €& 3f R Xy Ayzg £t F £ 23
ZEX¥ anti-la antibody, anti-mouse IgG microbeads, L&]3. MACS magnetic
column (LS)&} & oL stadtA NEE Ha|§t ¥ GM-CSF (5 ng/ml) 3} INF-a
(2 ng/ml) 7} X3E complete RPMI mediadiA] wjesigic), o)A Eelg =%
A M) ujykyo] mIl-10& M7t ¥ Balb/c lymph nodeolA] 2|3t T
lymphocyte®} 37| 96 well plateolr] nje¥st 3= cell harvest 18 A|Zt Ao
*-thymidineS Yol scintilation counter& o]€3] T lymphocyte?] Z4l& T
St o] A FULAMXE ¥ T P2 FA|L IL-108] ol &3l
okaro g AAE et (1Y 7). EZ allogenic cell stimulationo] &%t T Y=
8] FAE IL-108] ol EFQ FHoE JAHUT} (1] 8).

L. o] F 3t ¥F- o]AF cytokine AL WH W wla

AFlof olF W FFIte] mFold Alg F dayl, 8, L] 15¢] total RNAE
¥l ¥ 9 8ol HAIH cytokineEd] primer§ ©]-&3] RT-PCRE 433¥t ¥ zZtZ}
& F 34t

T, WA HL L &AL lymph node?] dendritic cell?] cytokine -§-Z =}
o] iy W3 vla

£ AH2 A& vEgo] o7 I YAEE FFoA dendricitic cello]
WY 5% cytokine AR W WAL F3] dendritic celld] EE ol
B8] 8=k Cytokined] W8 FEE YolRy] o]Ao] in vivoold H&
T Ho] o|ElERE YolHI, olF HQF F PNl dojyt AEFY
lymph nodeollA] dendritic cell& ¥2]3tglt}. TNCBE ZHztEl A oA 72t 7¢
A, 3A F a2la 5 g Foj INBSO:E 22| FUg B3l FY3AS w |y
AAYr-go] Polyton], Azte] uwbE cytokined] WH WHIE Uolry] 413 14,
3d, 5¢o] FAg ¥ lymph nodeof A dendritic cell & ¥-2|5}e] RT-PCRE 433}
drl. & AHL B3l RARWE cytokined IL-lq, IL-18, IL-6, IL-10,
IL-12p35, IL-12p40, TNF- g, Z128]3L GM-CSF o]t} 3 9ojx KE IL-1e¢& 743}
¥ 54 Aol o] F=AA FIIsldch IL-18+ ANIF o2 wiake] It
ek IL-102 ZH=E 5o wWizgo] tha Frstgont, 5dxls Zh4stolch
IL-12p35% Z3P3 3d#je] wWdo] F718iA 5dUA7Ix] U F=E7F FXH )
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IL-12p40 2 5Uxo] A Fo] FAA F718193L, TNF-a &= BE AYUFE
oA AANZHoE n=A WHEEHACE IL-62 GM-CSFE BEE AE oA AR}
kot

A 3 A, AA dEFA-10 FAA] FERFALZIARL A&
ol A 2] wWd

1. o]&3, 483 FJ& ¥y
2. A3 & ¢ A
7}, IL-10 8-A =} cloning

AAele] HYM oA chromosomal DNAE 2|3 A5t PCR ¥k-&o® IL-10 ¢
& 380 bpE FEsI3v). AME-RF primer & ofefo} L)

5‘~TGCAGA AGTTCATGTTCA-3’

5’ ~TCTCGAAGCATGTTAGGC-3 "'
a3, UMY genomic libraryE& $]8] ©H& o]&3}e] screening 3T
Positive plaqueolA] phage& A A|3}o] pBluescript SK HEle] EF2Y ¥ X
(pl110 2.2 H9) AJALE o| &3l FAXAEE Fgstgrt. BAUe] Ho
Mo A chromosomal DNAE AA|¥F ¥, PCR W o2 IL-10 §A A} Qi
53 ot ol& HHLe= o]Lslo] x| DNA libraryE screeining 3}
IL-10 §AXE  Fol Uil dE/JEE FARYE primerd o] &3l
sequencing .2 ZAAdIgcE. E2YE A IL-10 §-AH=}2] intron & 3AJE
PCR YO 2 APsigen 1 Hole olzfgt 2l

Intron I : 950 bp, Inron II ; 450 bp, Intron III : 600 bp, Intron IV :
1200 bp

IL-10 §-#A}= 6 kb 2] 5°-flanking sequence £} 12 kb®] structural region £
T35l 3Tt 12 kb &] DNA fragment &= HE3A Ar|Ng A% A3}, IL-10
FAZY RE &3 JEES 712 A% fAxIYo] shEE ).

U dEdE Y] Az

B-casein promoter 10 kb of] IL-10 §-Z=} 12 kb | A3}AT} ol&E ¢35l o
A9 0] Sacll adaptorE 4r)3t9l.en adaptor 2] sequence 5 ‘-GGCATGCCGC-3”
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oltt, WUAHE 2 Zolk & 22 kbZA in vitro ZTEAN X A A ny3
doll HY o]&d 4 Utk IL-10 FAAE FZEHE ¥, 12 kbE p-casein
promotere]] AA3dle WHHE]E A Z3gct. Promoter &] Zol= ¢f 10 kbBA A}
Aol f4 AUAZN HAAANE ZYFo|WOT WHAD 4 Yt FEY 7
olo]t},

Sphl siteo] Translation initiation codon ¢l ATG 7} &x)3lg .o o|& o]&-35}e
ATG 7} promoter H}Z olefo]l $IX|3I=& HEE ZXslgrh. A FALTINRE
ol AN IL-10& LHAF]7] 913t AL wEl-7IAQA TR 10 kb o]
IL-10 B-AX} 12 kbE dFstgdrt. QA IL-10 -F-3=}e] genomic sequence = &
AFolH NEgog F2Ysidon, APRLAE W d&/QEES] 212E uyl
T}, IL-10 ¥ cassette &= ¢f 22 kbol ol&rn WE| 2 XHE Sacl 3} Sall 28 A
glste] EelBAstadct (28 10).

ol BFHE R A Aol QA IL-10 & WA

AF fA ZIAEY wigele AFe dAlA sl FaE MEFQ HCIL
AXE AHE3Hch HCll AlEE EREEY] f4 Ao izt Bed |4}
B}73E& AFETh HC1l MXe] IL-10 W e 2] Q& Lipofectin Wd& o]
23519131, o] 25 IL-10 vector& 7} M EIHE neomycing o]-£35}o] 4 Wiy
A st

ERFEY A SYAEE 83, £33, 3l (Apoptosis) P L FHEo|¥c}.
Lactation A]7|e] 3¥sl= EHFElE =317 #15lo] Prolactin TEEE A
glstgdct. £3}¥ HCll M XEo|A total RNAE A A3} RT-PCRE 4=313}¢ic}.
IL-10 of Ho|3} primer& ©o]&3lo] RT-PCRS 43131912 wi, IL-10 RNAZ} BAME
A AJE YIEE Yesidch HCll MXE) vt g H&3}o] SDS-PAGEE 4=
3l3 western blot ¥4 08 vhale] WHE AZsgr). 3, IL-10 o UHY
< ELISA i os ZAA3¥t},

2. BEAY A Bt % /KA ARolA IL-10 & U
AFYE TS Rl o]43le] izlE ddlrh ol Axle] Az
Z B YFZFHo|AM DNAE BASte] PCRE ¥ttt AHE¥ ZelojnE of
glel o] F/gste] 94 ¢, 30 i 55 C, 1 ¥: 72 T, 30 29 RALE 30
5| RhESto] Nhgshalct
zlolm 1: 5°-TGG CAA CCC ACT TCA GTA
Zgjolm 2: 5°-ATA GCC CCT AGA GTT CTA
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AA7A] % 6 ulele] FAAHAAFE Mustgen ¢Ro] 2 nig], $£3o] 4
nla) g BPE T o]5Y AfHAL 93le] FAARNFE REARF e} A
3te] F1 Ex= F2 Alt)E HEsIgth o] Fold FAFRYF 3 ABAM o/
10 & #o] |FARIE TR o8 AV 23& 23313l '

FAAGAF A AA) IL-108] 237 Fo|F WL A #3te e -
ZE oA F&% RNA of thste] Northern blot £4& 4-33}3ltt. Probe & W
E}-7HA| Q18] . & 13} 2, IL-102] ¢t 2 of o]Ex UPHE Y Hol§t H9&
PCRE ZF &3} o|&3slgirl. HAAR/AAF AT 28 of cisto] Northern blot &
g 8% A3, dAY IL-10 & 22X Y A=A oM UHE )
(29 11).

oh, FARBAHL FFolA IL-10 whe] wy

28710 A= HFHY REFS A5t IL-10 e wHs HEs19c).
Western @ ELISA £4& A|#3lo, 6 AT BFolA IL-10 el UH e &
Adlgd 3 o] Wk 1,620 ug/ml o olEH} (¥ 11-14, ¥ 5).

X 5. Profiles of transgenic mice harboring human IL-10 gene

Line Sexa Copy no, Protein (g/ml)
2(1) M 1 74
6(5) F 408
9(6) F 21 1020
17(2) M 4 270
22(3) M 2 1.4
24(7) F 10 198
26(8) F 1 1620
35(25) F 2 56

Sex of founder animals are: F, female: M, male,

EF HA A% Az FFLE EH|E IL-108 HEMNY 9t O 110A B
50| mouse peritoneal macrophages& ©]-&3%}o] ZHAZE gt}
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A 4 A mFo|zA A 2L Clr FAX} HY
1ool2d, Ayd ¥

A% 8-123 A}o]¢] Balb/C&} C3H/HeN A3#|2] ¥H-Z autograft W allograftE&
£3% Zhzh 1Y, 8y, 8l3 15Y #o] o)A H ¥HEE 233t total RNAF
Ea)gk ¥ differential display RT-PCRE ©]-€3] Z} graft 3] 2 U@ ggo] ¥
Sl FARE 9 A3t

2. 43 Jg 9 A3
7}, mFo|AlA] wy#e] F7}ste mouse Clr f-32}2] cloning

Balb/C2} C3H/HeN M#|9] M| B autograft R allograft& 43F, 2z} RNAE
Ha)slo], dd-RT-PCRE 43 ¥ band intensity?| xlo]& Hoj& 187]12] cINAE
3l o]5S AEZ X T-vectoro] cloning 3} sequencing H}F& A A data base
& search 3}¢it}. A¥E 187§8] partial sequenced 1471+ X|Z7}A] Gene Bank
o] EE50191A] 9L sequence Gr}. 1|a, LhH=| 4719 partial sequence=*}
|2 human compement Clr mRNA, mouse cystatin C mRNA, murine mRNA for TIS7
protein, 128]3 mouse mRNA for alpha mannosidase 115¢] H-HAEH FTUIIA
U, of$ & A3 UENICh o] 4379 AIXESY ¥ FolAe] Az uwdg
o] Wi3lE #¢l 3312} Northern blot analysis& 4~¥%}%iCl. Human complement
Clr mRNAZ} 2 BAEE 7HA= AL 8YU#|Y allografted skini} autografted
skine BFolA g ake] VA F71 Yyrl (IF 15-7H). 28y, uim=] 3749
FAANEY A= W] HIHE xR Ecl

Human complement Clr cDNAY ojm] Al§re] Z-Lojle LAY | W ZA
T oA 7R AF Y ALol: wEARA] o rE, E A7 AAJE €o]F mouse
homologue of human Clr& # %9} cloningo]it}. Cird 3| ojale] A Jeh}
= ARuRgolA g3 oy HSEF U, Y A uhgol FIHE A=Y
SAzE Al5HT}. 97]1A cloning® mouse Clr2] full length cDNA®] sequencing
23}, o]& human Clr} DNA sequencei}oll A= 85%2] FAMd&, 8|3l amino acid
SZo)A AXFl= A= 81% (573/707), gL AR HAE 7HX& amino
acid® TUst= AB9E= 89% (630/707) & FA S YeRigct (2% 16). mouse
Clre] full length cDNA sequencet= GENBANKo] E&3}sien], o]2] accession
numberi= #AF148216 ©|c}.
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L}, mouse Clr (mClr) Traiao] tiqt antibody A&

mouse Clr cDNAE GST-purification WHH& B3| E coliol Al expression A]Z] ¥
o]l& AA3}] nClrE QA|3}= rabbit polyclonal antibodyE A2 R F&F ]
s}oitt. o] antibody& ©]&3%te], auto- 2} allo-grafted mouse skin ZZ ojjA
nClre] Wgo] K EEE immunohistochemistryE £3)] AFZslgdlem (2@ 15-1}),
82 monoclonal antibody #|Z&Zoi 9lt}.

o] A3 A= Journal of Investigative Dermatologyol revised version
& submit 3}gic).

A 5 A: Regulatable-expression system& ©]£3%} mIL-10
FAAR BF 2 A=

1. o]&%, d¥3 H2 ¥

Ecdysone-inducible expression system& £4)3}o], keratin-14 promoter=X-E]
IL-100] constitutive 3}7] over-expressiono] X o] ol7|ElL:, F |22 ojA
IL-102] 2pEH A /o U3 H(HZF Uelhd 4 %+ embryonic lethalityd X33}
= EXAY AL A3 U913 L E ecdysone (Y™ Ponasterone A: Invirogen
Inc. )& YA FE Hojgog nIl-108] ido] FEHE FHAR 43 &
TF-53}aLAt stalch

2, a7 ug gl Az

7}. Ecdysone-inducible mIL-10 expression vectord] AR

ecdysone-inducible expression system (Invitrogen Inc.)& & 719 A= t}&
plasmid DNA vector (pIND2} pVgRXR)S L2 3}l & 732 phkl4-mIL-102
2 XE| Bam H1/Bgl II digestion& %3] mIL-10 ORFE ¥ &|¥ Bam Hlo 2 AHAcHH
pIND vectore] cloning 3}¢], pIND-mIL-10& #|Z3}4it}. pVgRXRS CMV promoter®
HE ecdysone receptor’} W¥E 3L, RSV LTREHE retinoic acid X receptor
(RXR)o] W& Eo] ecdysone H7IA], ©o|EE F4EH heterodimer7} pIND2]
ecdysone-reponsive elementoll Z¥ld}lo] target gened] WS FEdly, £ dF
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o] ASL nIl-108] pUAE R 2 dFojAE uF BolHd AUFE #
£3}32A} RSV LTRE huamn keratin-14 promoter®. ILA|3}3AT}.

9] systemd] mIL-10 WHE $13 el FF3IA}, in vitro cell culture
thAo A NIH3T3 cell® pIND-mIL-103} pVgRXRE cotransfection¥t F ThE ¥,
split AJA ¥ APFLL 5uMe] Ponasterone AZ A3z, cld ¥ 2 FUT
k2] Ponasterone A%] £ulE A2y F 2447t Fof total RNAE F&314
Northern blot hybridization& AlA3}gith. 1§ 170]A]2} o] Ponastarone A
32§t sampleo] ATt mIL-108] zpidoe] FEHE ¢ 4 Ath

U #3333 Az A=z

pIND-mIL-100) A promoter-mIL-10 cDNA-poly A signald& 3¥S}= expression
cassetted Hza|ste] A 1 oA AdFEGR0] dialysisE ¥ F one cell embryo
o] Z9stsit}. o]Eo| two-cell stage’t H F tig|Rol o|AA|A o|2FE L2
AAE-S tail biopsy PCRE B3] AR Az & Adsidct (2¥ 18). 87t
% pIND-mIL-10& 7R 2mig|e] 4tzxprp Aatsgich. o|&2 plg + phK14-RXR
cassette?] F¢log  AZH FAAR AAETY IWE IS
ecdysone-inducible expression systemo] BR¥ RE {IAAE EYdI= AX &
Aa¥sto], o] HolA] Ponasterone A 2] FA] UHEE nll-10& HF¥Th plg +
phk14RXR®] expression cassette’l FH ArxtEol ¥z AzHE Fol sled,
E 74 £33 RARE O% 199 Uth ol& ZZoEHY AxHe ¥R
RHAEL Tt o] e ZulE B3 99 F M| expression cassetteE RF
HAle ARES A

A 6 A: S0cse] Aol thyt ExF BETHH 4%
1o, 4¥d 32 Wy

IL-10& 71 Eo}3 receptord} Ajgt ¥ o|BHE A2 E & JAK-STAT pathwayE
235l signalling cascade® AX ZFFHLE I AE {Ax wHe F¥E
Zch, MEU cytokineSol 2%t A% AW AAE AL 2EWAE dZHA
olal, oldg T[AoIA  IL-100] 2J3] wyo] -{FEE+&= SOCS (Sppressor of
Cytokine Siganlling) SRS Qo] iyt E¥x AEYH 738 % 1A
IL-10 signalling?] olsfo] WsHoln], T olg} A#H rlE AT A AA LY
% gL ol&sly] % Aol & Efo] ¥ ZHeolrh mouse SOCS (1-7)
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CIS/JAB%2] & & cytokine siganlling inhibitor53} amino acid X}{ojA] oj-$%
B2 fAME KA, S0cS-1 2} S0CS-3=  A[ALE [L-6 E: IFN-7 2
algnalingg& HA3h= AAE 71do] WA £ A73L IL-108 HY o= &
ol BA" EA EHH 712& dF3tA} proinflammatory signal®] AgA|Ql
NF-kB2} inflammatory cytokine signallingell 4] Z3}7} Q1 S0CS-1,- 3 2}2)
AZ FAE Axstect o] A& 93 mouse monocyte/macrophage cell line?l
RAW264.70] AME-E| g1t}

2. a7 g 9 A7
7}, mSOCS-1,-2,-3¢] WHlo] wA|i mIL-102) &%

RAW264.7 M Xoj mIL-10& 500, 1000 U/ml (Leinco Inc. )3} LPS (2 ng/ml)& A
2] ¥ 6, 1247t o]¥ total RNAE E&]3}o] RT-PCRE ¥t A3} SOCS-1 3} S0CS-2&=
3 gEe] ¢lglent, mS0Cs-3+= mIL-108] %ol ual3le] mRNA o] Z7HEHS e}
et (29 19). o]& #AS3t3=} Northern blotd 3G ul= A 2 A}
dojrem (I 20), LPS &} IL-102 A3 synergystic3}A] SOCS-32] W& &
7t Zet. olet FAIRE A= Cassatella et al, (1999)o] 23] Ulelten, ol&
< human neutrophilofA{+= STAT-independent¥t 7]2t2.8 IL-100] SOCS-32] WHS
77X EE R4cl

L. NF-kBE] /g 3te]l ti¥l mSoCse] &%

LPS= AMEY  t}ok3t  signalling cascasdeE EAIAA IFF3IFQA
proinflammatory response& -FEdh=u], 2 % tiEZQl pathway’} NF-kBE X3
gt IL-108] X gle= NF-kBY A 3E Ayo] WEEHY T (Schottelius et
al., 1999), oJo] £ 43X IL-10¢] target geneF 3JIL}E g2 S0CS-3¢]
NF-kBojl mjx]i= oF8}& 148}31%x} RAW264.7 cell® kB-Luc reporter plasmid,
pCMV-p65, 18] o9& 7}A] &Fe] pEF1-FLAG/SOCS-1, /S0CS-2, 18]35 /S0CS-3&
cotransfection Al ¥ 36A]Zt Fof cell lysated o] luciferase activityS
&A335}l3, o] cell protein® & normalization 3ttt 2§ 21 oA RBRE
mSOCS-132} mS0CS-3&= 1 ool 2]& A S & NF-kB promoter& uf-$- A3} A|Hc} (
210 ). mSOCS-2% NF-kBE /43l & EY+vl, I F=+ wS0CS-1 =+ mS0CS-3
2] FfHTE ol A £ d33& wS0CSe] & domain & deletion mutant
& A z3lo] o]Fo] NF-kB /g &lo] mx|&= 3ol thyt ¥ 433t it}
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MY o WS UM fidS PUste Ao U8 (g HE Fo
Fol by By 1 JAshs AeR deA glh kMol o3 wdol &
EHE FAES gohol I B4 q¥E FHYeEN, o] 3} IL-100] i
Y A 2 713hE vlayg 4 Ak B A olAale AR e Fo)
He H1E2 Al AT A AR FEEHE B9 oA BE {AXY @A
< 3Y 9ES ¥ Aolth

2. 47 € % 23
7h A ZARF WY qANEEY] fE W ol24E WY M £

8-123% 2] CH €4 zlol 20 ki/n® & UBE RAISIL, 3¢%E 3% INCB 10044
& 479 vjFel =EZ F 24212 ¥ lymph nodeE Ea|319itt. Lymph nodeojlA]
single cell& mechanical aggregation WPHL® 2%+ ¥, Ficoll-Hypaque
density centrifugationtj 22 H HETES Easlgr].

U A2 AR WEo] fEHE f3A €4

B gAEo] FEE PF et HNSNE FEY URFT BFolM Heg o
M XEoA mRNAE E2|¥ ¥ ClontechAl?] PCR-Select kit& o]&3}e] cDNA
subtraction analysis& 4% &}gitt. o] WHo R YA JARXNEE sequencingS
B8] +%¥319l.em, Northern blot hybridizationg B3] o] 5& A2 931 &
F¥Fojr}.
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GEF HNE g

270 =
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T+ ATERE dA7U$ 9 Jdx g =(%)
Interleukin-108] WY | QAWH gL M ot IL-108] E2}
Lof oyt &2 AN -Draining lymph nodeo] ci%l IL-102] 100
R
Y FAax £YL& MR 5
A3 1 vlElw 15014 14X27]
Y ¥y 23318 z}f 100
90% o] o ulAMF3Ee] £YY
AegRATT FUE sHU|BES ¥ 100
IXEE [epigg Aayet dF -80 % o] A9 Qejf-Hzal ¢ 4Hut
(’97) 2 wiNIR7| 2o WEd ¥4
efGAA 2¢lo 94%E F&=
A2 Ao 3t DA -l RAAEof AN 2AYY 100
A& interleukin-10 F-A=x}&)[-PCRE& E¥t IL-10 cDNA cloning W
100
cloning i3
Al interleukin-10 -§-#=}2]| + ARl interleukin-10 {-3HA} =gy 100
g2Y 9 Az
« X}t §-AA} library 2] screening
A EEo]F wWH promoter|-human keratin-14 promoter (phK1l4) 100
3K e
v gz26]A  interlukin-102]|-phK14 2} IL-10 -§-A=x}e] xj=%} 100
WS 3 vector A ] 2% vector AZ
. =) s F A}
SdfdAs FuR gyes) LEEITS TRRASE BHOM
}
bl Seig A A9 $Y
AURAGE 43¢ 5238 #|-52 ¢ {0y 3y &g ¥ 100
) AH(50%0) 4})
22d s MR A L] HEAA iyt o
('98) K
oA g B
BB A TS5 e 100
© - MEAAAEe 57
IR S5
‘Draining lymph node?] 3}
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M 5 & o7 Jjwniel #8AE

< XZ27R Y dF AE 3F FolF nIl-10 P L AT FAARFTES A=
slgdct,  ujERA oA mIl-102] WHL RT-PCR 3} immunohistochemistryS F3)
o 4 glon), Iy BxE O oA A 4oka, EE mIl-108] A<GAHA WH
o] A2 wuA Ao nA 4 & FYE 1 ste], ecdysone-inducible system
& o] &3} nIl-10& I RolAM FF Al7|oflqt U= PAAH JHE WA A
Z%Fo] gt} olaE 7de] FAAH A ARE IL-102] W] IE HY A
Aol Wi G oyt dF-E Br}l Y A2 B HEFEY FHAM &
UAE P&l

- 1Y 3] e fUgesA ARAE fUtle AeE ¢ AYULS Fol
Yol ot d WSS JASe AL A glen, oF e 3 ¢
Hol FUHE RAAES dohlol, I &4 JUE ABH2EHN, o] &3} IL-10
of &3t M oA & J13g HjaY 4 & § okl B o4 AF WS

2 ol HY WS gA ¥ 4 & AR AlgFHo A fE {AA UE
& AF stax} ¥ch

c FAAEE ZR7, 437, 87, olFI TY BT A:EHAFE AA
o, Z ©tAnict cpdgt I EE, cytokine Fo| AZX2L31A Ll o|EL] u|BAY
el 222 THIE [ARZL] ARG doF £ glen, uielA o]l&EY 2hE o
FEE #Bshe AL R AW, oy @ X &8 HfFHorl, £ |
Ae A 3 d 549 d7d3, IL-10 o] ER/RSE F4Y Hy|AoA
apoptosiso] ZhE3E HolFgirt, ¥, IL-106] 2% HEANZAYNAE Ex}
oA FHEA ol fAl 2L P olHE Y VIRANERE HE
staA} gl

+ IL-102 proinflammatory signalell &J¥t WY &3Z W1g-& TlUSY FHojA &
A g At IL-10& YHsE HFAAE 3= Y 1Yy dF D 2k W
d A dToE AR 27FHY, FFIHLE o] § A XE dFd=
AH&H 4 itk

+ B2 AT A ALY IL-10 BHAR FES (F) Bio CS7} A GH o2 ATl of
&9 713 9 AdYgEE FAC
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1% 6. Delayed rejection response upon allograft in mIL~10 transgenic mouse
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1 kb

2% 10. An hIL-10 expression vector. The promoter contains 8 kb of
the 5-flanking sequence, the untranslated exon 1 and 2 (vertical open
boxes indicated as Bl and B2), and 2 kb of intron 1 of the bovine
beta—casein gene. The hIL-10 gene contains all of the coding regions
spanning from exon 1 to 5 (vertical thick lines indicated as I1 to I5)
and 7 kb of the 3'-flanking sequences.

Br Ht Lu Mg Li Sp Ki Pn Mg- (B)
i kDa
= 29

% 11. (A) Northern blot analysis of total RNA from tissues of
transgenic mice. Tissues analyzed are brain (Br), kidney (Ki), liver
(Li), mammary gland (Mg), heart (Ht), spleen (Sp), lung (Lu), pancreas
(Pa), salivary gland (Sg), and mammary gland of a normal mouse (Mg-).
Ethidium bromide staining of the gel is shown at the bottom to indicate
loading. (B) Immunoblot analysis of hIL-10 in milk of transgenic mice.
Lanes are: P, 200 ng of purified hIL-10; 1-5, whey from five transgenic
mice; N, normal whey.
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%Y 12. Bioactivity of the recombinant hIL-10 expressed in milk of
transgenic mice. Mouse peritoneal macrophages were treated with
recombinant hIL-10 (20-100 units/ml) or milk of transgenic mice and
then stimulated with endotoxin. The resultant supernatants were
assayed for murine TNF-a by ELISA. Results are expressed as means of
triple experiments per treatment.
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1% 13. Expression profiles of mIL-10 RNA at the mammary glands during
mammary cycles in normal mice. (A) The level of the mIL-10 was evaluated
by quantitative RT-PCR at the pregnancy, lactation, and involution period
through the mammary cycle. The numbers below the stage denote for the
specific day of each stage. Three independent results of three mice per
each stage were presented. Mouse G3PDH was used as an internal control. (B)
Graphical representation of the signals of the RT-PCR. Quantification was
carried out using a Phosphoimager. To determine the relative degree of
expression, signal levels were normalized by those of G3PDH and the mean
values were shown with the standard error bars.
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1% 14. Expression profiles of mIL-10 RNA in the HC11 cells at
different culture conditions. (A) The level of the mIL-10 was
evaluated by quantitative RT-PCR through the culture period. After the
cells were confluent in the serum-containing media with EGF and
insulin (ins), they were serially treated with the media containing
combinations of the hormones indicated. Dexamethasone (dex) was
treated for 72 hr in lane 3. Prolactin (pro) was treated for 36 and 60
hr in lanes 4 and 5. In lanes 6-8, the cells were starved for serum
for 24, 36, and 48 hr. Mouse G3PDH was used as an internal control. (B)
Graphical representation of the signals of the RT-PCR. Quantification
was carried out using a Phosphoimager. To determine the relative
degree of expression, signal levels were normalized by those of G3PDH.
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mouse:

human

167 MWLFALLV-TLFYGVEGSIYLPQKLYGEVISPLYPKPYPSDLETTTVITVPMGYRVKLVE 343
MFL LLV LF  GSI +PQKLAGEVISPLAPKPYP++ ETTTIVITVP GYRVKLVF
1 MWLLYLLVPALFCRAGGSIPIPQKLFGEVTSPLFPKPYPNNFETTTVITVPTGYRVKLVF 60

344 WQFDVEPSEGCFYDYVKISADKQTLGRFCGQLDSPLGNPPGRKEFMSQGNKMLLTFHIDF 523
QFD+EPSEGCFYDYVK I SADK++LGRFCGQL SPLGNPPGHKEFMSQGNKMLLTFHIDF
61  QQFDLEPSEGCFYDYVKISADKKSLGRFCGQLGSPLGNPPGKKEFMSQGNKMLLTFHTDF 120

524 SNEENGT IMFYKGFLAYYQAVDLDECASQPNSVEEGLQPRCQHLCHNYVGGYFCSCHPGY 703
SNEENGTIMFYKGFLAYYQAVDLDECAS+ S EE  QP+CQHLCHNYVGGYFCSC PGY
121  SNEENGTIMFYKGFLAYYQAVDLDECASRSKSGEEDPQPQCQHLCHNYVGGYFCSCRPGY 180

704 ELQKDGQSCQAECSSELYTEPSGYVSSLEYPQPYPPDLRCNYSIRVERGLTVHLKFLDPF 883
ELQ+D SCQAECSSELYTE SGY+SSLEYP+ YPPDLRCNYSIRVERGLTHHLKFLAPF
181 ELQEDRHSCQAECSSELYTEASGYISSLEYPRSYPPDLRCNYSIRVERGLTLHLKFLEPF 240

884 EIDDHQQVHCPYDQLQIYANGKNLGEFCGKQRPPDLDTSSNAVDLLFFTDESGDSRGWKL 1063
+1DDHQQVHCPYDQLQT YANGKN+GEFCGRQRPPDLDTSSNAVDLLFFTDESGDSRGWKL
241 DIDDHQQVHCPYDQLQIYANGKNIGEFCGKQRPPDLDTSSNAVDLLFFTDESGDSRGWKL 300

1064 HYTTETIKCPQPKALDEFTI IQDPQPQYQFRDYF IVTCKQGYQLMEGNQALLSFTAVOQN 1243
YTTE IKCPQPK LDEFTIIQ+ QPQYQFRDYFI TCKQGYQL4EGNQ L SFTAVCQ+
301 RYTTEIIKCPQPKTLDEFTIIQNLQPQYQFRDYFIATCKQGYQLIEGNQVLHSFTAVCQD 360

1244 DGTWHRAMPRCKIKNCGQPQSLSNGDFRYITTKGVITYEASIQYHCHEPYYKMLTRAGSS 1423
DGTWHRAMPRCKIK+CGQP++L NGDFRY TT GV TY+A IQY+CHEPYYKM TRAGS
361 DGTWHRAMPRCKIKDCGQPRNLPNGDFRYTTTMGVNTYKARIQYYCHEPYYKMQTRAGSR 420

1424 ESMRGIYTCTAQGIWKNEEEGEKMPRCLPVCGKPVNPYTQKERI IRGQPARPGNFPRQAF 1603
ES +G+YTCTAQGIWKNE++GEK+PRCLPVCGKPYNPV Q++RII GQ A+ GNFPWQ F
421 ESEQGVYTCTAQGIWKNEQKGEK IPRCLPVCGKPVNPVEQRQRI IGGQKAKMGNFPWQVF 480

1604 TTTHGRGGGALLGDRWILTAAHTIYPKHHNKENDNANPKMLVFLGHTNVEQIKKLGHHPY 1783
T HGRGGGALLGDRWILTAAHT+YPK H + +N + VFLGHINVE++ KLG+HP+
481 TNIHGRGGGALLGDRWILTAAHTLYPKEHEAQ-——SNASLDVFLGHTNVEELMKLGNHPI 537

1784 RRVITHPDYRQDEPNNFEGDIALLELENSVTLGPELLPICLPDNETFYGQGLMGYVSGFG 1963
RRV +HPDYRQDE NFEGDIALLELENSVILGP LLPICLPDN+TFY GLMGYVSGFG
538 RRVSVHPDYRQDESYNFEGDIALLELENSVILGPNLLPICLPDNDTFYDLGLMGYVSGFG 597

1964 ITEDKLAFDLRFVRLPVADSEACQRWLQTKKDTSPFSQNMFCSGDPAVQRDACQGDSGGY 2143
+ E+K+A DLRFVRLPVA+ +AC+ WL+ K FSQNMFC+G P++4QDACQGDSGGV
598 VMEEKIAHDLRFVRLPVANPQACENWLRGKNRMDVFSQNMFCAGHPSLKQDACQGDSGGY 657

2144 FAVRDRNRDIWVATGIVSWGIGCGEGYGFYTKVLNYVDWIKKEMGDEN 2287
FAVRD N D WVATGIVSWGIGC GYGFYTKVLNYVDWIKKEM +E+
: 658 FAVRDPNTDRWVATGIVSWGIGCSRGYGFYTKVLNYVDWIKKEMEEED 705

1% 16. Sequence similarity between mouse and human Clr
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2% 20. The effects of mSOCS expression on p65-mediated transcriptional
activation
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