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Development of natural killer cells
from hematopoietic stem cells
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(1) Differential display PCR ¥ ¢l ¢} sl NKE3# & -2} g1
(2) SAGEE o] § & NKA X &3} #d fax4e] g o=
: & 170,4647) ] tag, 59,6577] &] unique transcript, 35,3857 ¢] geneS &4
(BYNKA T B33} 4 & stage-specificd} A H A== §H=be] 4
: HSCol| A} 157], pNKA| E o A 317, mNKA EH-€ 2770 o] 4225 §F.
ANK B34 ga7] 75 24
(1)VDUP1:VDUP-1 knockout mice & 9+5 o NKA £ 3H4 o NK &4 A3t &<l
(2)AXL: AXL receptor tyrosine kinase 3} 4| ¢} siRNAE o]-8-3}o] NKE 323 % &<l
(3) Osteopotin (OPN): OPN-&- A 2] & pNKe} #3=& F7IA1 & &<
(4) Cathepsin: cathepsin inhibitorZ 3] 2] 3t} NK A X ¢} NK &4 o] 748 & F<)
(5) Leptin: Leptin R 7} 2R ¥ v}-$-2 0] NK 2314 3 2} NK &4 7H4
4. ¥-3} 3 3 3 ¥ NK immunotherapy
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1) SAGE
2) DD-PCR
3. NK &3+ = 829 75 73
1) RNAIE o] &3 {§AA 71% 7%
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4. 73 FHAAE o]&3 NK #3 HFHs3 7jg/d 2 ¢wE ¥
H oA

8
o2
N
f

3 NK &3 343} 7<=
$ NK 4389 A



V. 9571e2a s
HEH(Eo MM =R AR gHE(
B AP MRsE TEED %)
C57BL/6 BIRAS IL-HEZSE MACSE 0j23IH 96%=% 9 Lin™ c—kit™al
x%gDIHlE(HSC)a 2clichd, 62 SO HYBt &, FITC ZXIE CO1228 /I 2
magnetic beadt 22 anti-FITC XM E 01810 MACSZ =& 92%0i&H%)
NK A 3 JlEEY (CO12270 NKEZH AIEE ¢, 1L-15 20 ng/micl =1 050{ /H 6zt o 100%
HH2FBE & MACSE OI1238H0) NK1.170! mNKKHIZE 221510 o129
HUHEZSH 22 YHOR pNK mNKE 28AIH, 28=082 D} A% QIZEY)
NK 281 (221)S siglsteict
(1) Differential display PCR &0l 2i8t NKAIZ B33 SIS £X.
NKMH& FSEAHEE 22 HEZFEH total RNAE e8] RT-PCRS
SO pNKZH mNK HIZAN S0IHe2 LB Xoju=s
bandZ 2t ONAE 8060 PCRZE reamplifydt 2t 110l Us
cloneS 1000{0§ Ol4 HESIAULCH
(2) SAGEE OIZ8t NKAIE 23 2 SN Y U=
NK 4% 23 #3d $3% NKAIE S22t HE0 A E8THY (HSC, pNK, mNK-0OP9, mNK + OP9)2 100%
A 472 £ O SAGE libraryE RIEGIHCH MHEOR 48l SAGE
brary22H & 170,4640 % tag, 59,6572 unigue transcript
35,385J42] geneS0] EXOIRLL
(3) NKHIZE 83 A Z stage-specificSt EEEl= SN 84, HSCUHAS
1502 REXL, pNKMZH A= 31002 S8 X, mNKAIEZSEE= 27049
TE RUNES 23 UHEE SHEINULL ZEHOR oY S0l 25
SEXE 735 2ALFULCL
{1)VDUP1: VDUP-1 knockout miceZ 0{FH VOUP-1 JIS¢13. VDUP-1 gene
knock out mouseE =0 wild type I VDUP-1 deficient mouse2
phenoytypingStoi Bl 8t Ak, VDUP-1 deficient mouse2l spleen, bonemarrow
lung, lymph nodeOl A mature NK (CD3- NK 1,1 +) populationOl ZtAZI0UD,
VDUP-1 deficient miceOl Al spenocyte®l cytolytic activity It WTOIHIGHA S X5t
H 24 HOUS S SHIBIRICH
{2JAXL: AXL receptor tyrosine kinase o Jig ¢13
pNK AZEMA S0IHSE Ysste 03 SAUE SOA  AXL receptor
tyrosine kinasedt NK AIE Q) &3 L &40 0A= I8 24061AUTH AXL
S Mejol Ao NK MZE 2801 o 202 ZII6HULH
NK 2845 4879 {3)Osteopotin:
Ax 78 |NKE S2UR00 NK maturation® RESHS IL-158 H2I5H01 opn wa S Z0pAl|100%
JiE NS EQIGIAULE OPNO| pNKS| 231 E SIAIZIS QIGHRCH £ 5, OPN
Ol Ch8t neutralizing antibody® 20} X2IolYEM STt 2AGE=HOZ 20},
OPN S0IH Sag HESEIUCH
(4) Cathepsin:
HSC2 & NKH%E_EL in vitro 28 HE S0 cathepsin inhibitor® X2I5tH NK
R 2AFEJLD, NK 248 ZAGUSE ¢ &= QUL
(5) Leptin
Leptin RO} Z2EE M2AUM NK 2301 HEllzlHUs A8 LUD 20
CO122 28RS YT 24T HOUND, NK LT 2AEHE HSGIAC
Olal ZEXNOE 5T FHKENY JIs8 HEBIRLL
SERTIAXL, LPL, OPN)EE H2idl 23HAI2] NKJI B350t 019
BET E0IES ¢ AUACH FIE NKHEY invivo LS HE EFG0] Adl
B3 FAAE o]83% NK |BI6/F10 EMEA SES2 0I856I0 NK 2208 HESIRULH, 23= NK HIEES 959
B35 7N (S0 20 SNT 2o AMES L4 UACH
ZENQZ 37HX 0l42 BBRNKE 0|2 NK BSIEE SIAIg4 YYD 52
ASHNAS o BH0] ETIES BESIUCH
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SUMMARY

Hemoatopoietic stem cell (HSC) is stimulated and differentiated by many growth
factors including GM-CSF. In addition, FIt-3 ligand, SCF, IL-3, IL-6,IL-7 IL-1 are
involved in HSC differentiation with other transcription factors, HSC is applied to
BMT, cancer therapy, and other blood diseases. Recently it has been known that
HSC can be differentiated into many other types of cells besides blood cells.

In this study, we are going to investigate the genes involved in NK cell
differentiation from HSC. Then, using these genes we are going to modulate NK cell

differentiate for customized NK cell therapy.

Specific aims:
1. NK cell differentiation From HSC to NK cells
2. Identification of genes involved in NK cell differentiation
1) SAGE
2) DD-PCR
3. Investigation of functions of NK differentiating genes
1) RNAi
2) in vitro functions
3) in vivo functions
4. customized NK cell therapy
1) Optimization of NK differentiation
2) NK cell therapy

To accomplish these specific aims, we are going to identify the novel genes which are
involved in NK differentiation. Then their in vitro and in vivo functions will be

investigated.
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A ST 9dd A2 V%S 7T € Natural Killer (NK) 439 £-3} 0]
dobs AT dEdE 2 Vs 248 §3 NK AX E3x2d §AxE &2
H, Yolzh ol E8xd FAAE o83t NK Axo ¥tz Jles sl
o7 FEAC we wF Wy AFHE NEdd
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~
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H ot [==1
NK B2 2 =3 o s sy
1EE =z 50 e CtHSE =2F system
[—]
=H e W
(2002.10-2003.6) Torworars =oF - NK 232 DD-RT-PCR 01=(5%)
T ER () NK SHHE SAGE 012 (500%)
NK Estated A NKESIRE S X expression cloning
oxae T ER ) 60  |oi=
NK 259K =Y (105)
(2008.7-2004.9) r-smec on o |FNAT system SIS
T Ils AY () SOOI in viro JISES 0f
e NK 23 JISxE 50 INK 23 Jls X2 o=
9z NK SEG =3 J| NK 23/2E SR/9 I 28 0=
(2004.4-2005.3) |_ 50 (0Z)
NK EHEE 7d| |23 mAx 22 (108) &
T Ols 7Y () Ns RO (2F)
] ) SHSANE OlRE NK AEZY
HSENEN Lk =8 zms sasz AWOS
40 o
e N (2 298N B850 =80
(17H)




60 A 10020 ol2s AZTEZ FAH oY, MXE2 25 £2&
AAE 7HAZ ey Mxrit AAZ 75ste 3= €8 MAE, g94x, 4

<
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FAZL T EEH 7leol ©E 2109 7iAe Axz g3 addH g A0t &
AA sl ANA 5-6d Hol| dehbe AEEL obF fAAY oW Rio] 75
A A AR got oW FFY MEIEE B3E JbsAEE 2 Utk oA L ot £7)
M3 (embryonic stem cell) gti st AAS] ZE AR 23 F e TEHE
7}R7] WEd HESS (totipotent) MEZE Beleth o] AR3E AFXE el A
EZRY B0l AXE e VIBoRY B3I rhedte] E7IAEE o83 ZHolY (
organ transplantation) == MX hA Q9 (cell therapy)e] X|Fol| Adid #4& RO
I Atk Ejol EVIMEE o &35t T XA deds THIE Hxu HE

HEE o]43slAY Parkison’s diseased] AFAMEE fAAA AY ABE 7H53HA 8
I EAEAY HE 13 gA olste Ax JMsE Aolth

Eg Q7o wjolEwt objel A o7 J|H (organ) M= E3eFH AV A4
% (self-renewal) & 7}d A (adult) E71AME7} SAE =, violEV|AXETE o
F3tE Az 2 B3 #1953 AVY 2FY AREE ARHIBE deA
(pluripotent) M X} AT} ol EX7|# AEZE29 37t 4= ok g2zl
ov HE 239 F AA EVMER dof EVIMES} wAVIAR B AV AlXE
g s F e JIeAE AAFEAT. 19989 2¥E MEVF &8 AXZE ubE F
AHe A7 BaE o] (Science 1998, 279:1528-1530), 4174 E7|AEoA ER F+=
T M EZE (Science 1999, 284:534-537), ZE R M E oA TFAE (hepatic cell) 2% #3}
At Buo (Nature Med 2000, 6:1229-1234). = o] sjRoA EE E7|\AX
7t A 7A, &5, AYAEZE B3 € & e Rix A (Nature Cell Biology 2001,
3:778-784). o] & AA E7/IMX AL F ]8T & Uk Hjol EUIME e AF
A 25 &4 EAE 9T & U3 8§AY 7] o)A g AR §ge £AE 8
48 £ o AA MR tig Eae A7V 8FHL de AAolT 2y of
Az A VA g5 o} E7Ax vls) wA Sl o £7 A8 o
FAREE e Ao ¥ AP LR AAHL U

AAENNES 3}l 2EZE7HE (hematopoietic stem cell)= YL FA3I=
TE AE FEF, REF, 4% 2 FEZPHE 28 T 5 Ae AEE AAY 2
AE FAste AXEL F2 IFd e 2ESVMEERE A&EFHoE A7t A4 E
. 28 74 EE vole] v 330 3E] A (blood island) o]ghe A 271 e}
A olEe g3 2E8F o] Yehdt. &4 A7 A l(fetal liver)ol x| 2¥&EFo] 4
oyttt EAFolE 7tAM 2¥EFo] AAHL FFQA 2EEFo| FHoE dojd
. 2¥ 27 AEE AFAAe 98 43S sted g ASAARE JEFA
Zt8-3t= Erythropoietin, 3} 7/t 2] A £ A4 o] 283} GM-CSF 5°] Aot F3g Flt-3
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ligand, SCF, IL-3, IL-6, IL-7, IL-159] cytokineE 3} GATA-2, Ikaros, Pax-52-& HALZHA
1A} (transcrpiton factor) €% ZEE7|AEEY AAHA FA #HAsE Aoz 48
A AT AR, ESVIAEE 2502 E 53l dol oy dqFdge] Xz A}
€53 oy HIde FERDAN ZEENAELI &8, A7, W 2e ge 9
AEES §3571 7Hsttt BRasa glo] o) & UM H&3dohd 28714 XE7)
Toksk A Xol 2L A + YA Bo=ZH Py, Parkinson's disease, HI&A4S
HIE3 B8 A% A8 & 7hesiA & Aoz vdg"ch

SH RYSVAEEZRE Y2A AFA (precursor) 9t myeloidA A7 7} A&}
A Hed =24 d7Ae 238t NK AlE, B AE, T £ ¥a3dA 51 (Nature
2000, 404: 193-197), myeloidZ JAFA = TFT (neutrophil), TG (basophil), AT
(eosinophil), THF/NAME (monocyte/macrophage), i (platelet), ZEF(red
blood cel)Z #3213t} (Cell 1997. 91:667-672). Common lymphoid progenitore] Z7]%
gt & IL-2, GM-CSF$} 28 cytokine #glolujg}l HA}ZHAAZEMN GATA-2, Ikaros7}
progenitor®] F23 AEo] F Q3 A4FTS Il U#EA Yok E3], Natural killer
(NK) HlZ+ lymphocyte2] 3t populationo]™ Fejslze g MExZd & #YL 71AE
AR (large granular lymphocyte: LGL)Z ] @7 ¢ 10 - 20 %S A8 T
AX FE&A, CD4, CD5 =& HYZ2EY 22 MZEUSFEAE 7IxT YA gol 7]
o THZ7 9 BHIZT 2R 28de 55T dZFolth ol AXEL EYol9
% &4 (bone marrow), spleen, peritoneal exclude, liver, lung% o] &4}, vtz <l
Z79 4% lymph nodewt lymphaticsoll = &A482 o} dFur$A] o]E ZAGME
Adte Aol BHAHAI developments EF50)A APAT. FRV)To02E FUAE
T F JE FEYS AL Ao dEA JT BT violax ZEHXTY AEE
< velda, A JAFS A8tle 788 /X Q7] Wi d5% Wds v
o it ExHge wisled F8% 9L Idon dEA Uk NKMEZes ¥4,
¢, allogeneic cell'5& A|A3E innate immunity] #o3d}, TNF-q, IFN-y, IL-12% 9]
cytokineg #1B]&t4] adaptive immunityE i/ E 24 GE]HQU memory FAS =
A3l 7152 7R 3l (Nature Immumol. 2002). =3+ NKA| X & perforindl] o}3F &
T (lysis) & 4 J.ov IFN-v¢} TNF-q, GM-CSFs} MIP-1a/bE A Akgtc}. IFNS Al E
g4zt 44E miAstd gon IL-12& IENALRE f=3t. ®=3F CD16<]
3 FAGEAR AXYA AEZSHADCOYITE WERHT AEXFEHEA &
mouse?] 74¢ DX5 == NK11 AXEFHEAE M EEojFor W3y human
A$t CD56& H¥3}3l human¥ mouse FEFHOZ asialo-N-tetrasylceramide
(AGM1)& Zdgth. NKMZo w2 dgolgil (fetal thymus)oll A spAElo] FFoff A
AWM RHUAS Ax AE2& P} (J. Immunol. 1995, 154:1653-1663).

Wi ox Mt N

Fig. 1. Z¥E 7| AE22E NK 23 o
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Nature Review Immunol
(2003) 3:413

NKA ¥+ lineage (Lin), c-kit’, Sca-2" progenitor2 B NK1L1" 3 NK
precursord| X2 B3:AF IL-7, SCF, fit3-L, IL-155¢] Hgslo}t (Fig. 1. Nature
Review Immunol. 2003). NKA % THIZ ¢} vlx7}A & type 0, 1 (IFN-v)# 2 (IL-13%)
9] MExE UdHed 2-0-19 EI3IAE AHA (Nature Immunol. 2001). &, IL-2
receptor B chaint (CD122") FA4| £ 7} NKAH|E Lineage® ¥318}4 g3 NK dAxA+=
in vitroe] AGS FAdPA A& Iytic NKLI+AEZR vhA3sle  [L-15Rq, 1d2,
GATA-3, Ets-1, 2B4E wdatin 48" ok (L 2001 31: 1900-1909). NKAEel Z
A3 @Azt IL-2, IL-12, IL-15, 1L-18¢0] #ddttta ¢ A o, knock out mouse
AFd wa2w IL-27F old  IL-159] NK ontogenyo] 23l (Science 1993,
262:1059-1061), IL-2RB (J. Exp. Med 1997, 185:499-505)1} v-chain A7} §lE mouse
ol ] NKME7} Aoxo] otz RuEdth (Proc.NatlSci.USA 1995, 92:377-381). 3%
IL-7 o]y} SCFe} 22 cytokine® NKAE Ao F283 9L sle Aoz AT
(Blood 1997, 89: 4005). Maturedt NK A| X &= IL-12, IL-185 9] cytokine o 2 U8 43}
g ¥, NK F$&Ac uFE NKAxe Zsd dst JAEHE Jehdy
autologous MHCE #4 #dste AFHA AVHEE 2 345 WAty 44
A SleEdl, ©] inhibitory MHC £#&A¢ o7} NK #3¢ JNsE AFsiar ().
Immunol. 2000, 165: 91) F42ZHE NKAZES o] NK 2S99 &34 L8] T2
shtim e (Bur. J Jmmunol. 2000, 30: 2074-2082). NKA|EE ¥ H (target) < <
Aete og 712 FEAELS PEsted MHCIE 14)8te Asf AE5E o= KR

W85l m NK 8430 =859 CD16, NKRP, NKG2DE 23
sty Asjaze) A AFT7r9] cross-talko] wi$- FQ3lth (Nature Review 2001,
Natue Immunol. 2001). In vivoe] NK maturation®] ] (Nature Immunol. 2002, 3: 523),
%7] mouse NKA¥E CD122 (IL-2, IL-15)E w&st=s] NKL1 (C57BL/6)E Z7]9
WEE A 9231, mature NKAZ oA DX5 (a2f2, B2 intergrin)@} Mac-1 (CD11b)& &3}
e Aoz AuEt. Mac-1& NKAXgA Sd=Y T B8 NKTA XA s 28y
A ¢t} NK 3o T 71A9 AAF2AEQA}F 1d2 9 Ets-1o] Fasickn g3 A 9
t} (Nature Immunol. 2001). Id family® Id1, 1d2, Id3, ¢ Id4r} le=vl Ide HLH
(helix-loop-helix)& 7}A]3L 9121} basic domain®] §l= dominant negative?] 93 gt
t}. 1d2%= basic helix-loop-helix ZA}zZH 1A (bHLH)S] inhibitorZ bHLHS$} Z 33t
bHLHS] 71%< As|dct. bHLH & NK M¥o 23 E Agslz 1d29] ¢3S bHLHY)

(human), Ly49 (mouse)&

- 12 -



A#fsted NK M X9 235 fx

rir

’l_

AR F23

ol

N=e i At} Neuronal A2
A A 1d29) BHL Mated Z7dANAE 1d27 480 gn E3ldA )
met Hdo] ZAEY. 1d29 knock-out mouser AArel A uHlE <k 10% AEeo

NKAIZE 7Ix 2 o)

| NK 28 RE 2% | | NK 2385 2X8018 Ne/sE |

NK stage- and subset—spemﬁc Haoir &
2HEC QL & Tumor cell therapy

Fig. 2. NK Al X9} B35 7|& Qg

NKAxe] £3519t @49 282 i, T4FY, H9s OgJds A¥ssd 34
Holgl&ol Busglct webA] olzjd AMEY X8 2YPo 2R NK9 4458 o
g LAK (lymphokine activated killer cell)® TIL (tumor infiltration lymphocytes)&
solid tumori} donor lymphocyte infusiono] & WX F Y FHFHola F4o]d o
u A7 o4 dAstE ARNES BA3] AT Axeyel $£HT Ut &4
E25E NKAEZRS E37]3g #330E 8 AXEQ £8d g ofds =&
o] Ho] NKAIZE oz 2238 & e 7we 7539 B 58242 Ngadrs}

7l 2y @714 NK £3le] 2489 28] diside ofy BAsA #3A
A WA o] EVINEE o] &3] NKAEY fx9 1 X85FH $§2 9sixe NKA
=29 ¥3 FAL ol#ste Aol $AF ol A
et & dFelMe 1849 275 F3, 2EES7INEERH NK Alzg 23
T WFles TES AXEVME A2dE FRIPUIL, NKE 235 5o &
o3t J\HEI TRAAEE SAGE (Serial analysis of gene expression), DD-PCR
(differential display-polymerase chain reaction)S %3] a4 it 2940 E
olg B3 #AAY 715 in vito W¥E B 2 E3r)He LA EF 9
o} ZE71%e A7st|As A4 AzAE ARG S AT gtk ol#HF A& V]
< UL HoEFERE NKAER £33 fxdx FH&ste, 2 #3 f3dx9
& THYLEA NKAZES 3o i3 A3 71&& /st $43t9 3FFHL
Ao AE Az Wl H8& golstA st ot (Fig. 2).

Hﬂ :i i

O A -4 d &9
AM2E E7IAE B34 3 B8 282 ge 27 88 53 N2E AEWS
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Adsis oRAe d7E oz Hires usity 2o AAR ZrNE s|d§ch
NKAZE g8 So da] 2egs ddyzs 23718e olesle 9sis NKAZES 243
of dethd g 9y Ao Fgo] estt £ Az BF fA4 1FE ) AX
o) F3to} AR THE ML Eop A49E ANEE & gtk

TE AR B B Fol gk HolETIE ol8d dve 1
Aol 4F4E F 42 WE woht §438 dolz o]EL e ARAR Holop ok A3
=3 ?:EV# 5’-3{9— =82 tiide] Hi ek ol el o AA AA| flol <zt A
olE7] AX dFE S8dTE AL E A EEE 4o & Ak T 2SI TAA
gate AEEY E5tE ERHoE REHAY 7189 FHE w27 NIFERY W= AX
34 T3E fxad & JAvE old ABH AToA "ol & 4 & Aok mEA E71A

71e9 48 77| Aside TRAY A Tl ANHojol ke, ofHF HolA NKA
X -“&:ﬁﬂ"% 459 ¢ AE A5 HEE F e F& 2do] € Aol

38, A7NEe 99

E dF3drae NK HxXo RidAdEz {AA SdE FAHINI o8 FAAY
7]——9- in vitro9} in vivodlA] FH &l o}yl o5& 0|83 NK ¥3 24 7% v% 3
Hete] A BE A3 LE WY AX XgHe Mg ok dHEe

1. NK AlX 23} 7|&3+
HSCo| A NK cell 3}
2. NK Ax 23 #d f14 53
1) SAGE
2) DD-PCR
3. NK #3835 F3A9] 715 7%
1) RNAIE ©] 83 §37 7|5 79
2) in vitro NK v ¢& 538 584 7% #9
3) RetrovirusE ©] &3t in vivo §3%} 75 79
4. B3 §AAE o] &3 NK &3 HAs Vjeqd ¢ wE vy gX5y A
1) #3 {329 8L 53 NK £33} #43} 7&
2) B35 AAE o] &% NK X8y N
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Hematopoietic stem cell (HSC)& AA TFAEZF, 0.01-005%F CD34", Thy-1,
c-kit’, Sca-1"¢] ¥&83 (phenotye) JEM™ blood (mesoderm), muscle cell, liver cell,
GI cell (endoderm)s HHZEF AHAEX2Z BIH= ASZ 4#HA Ut} (Science 1995,
265:1098-1101). ZE7|Ax 2] E3}5o] glo]A embryonic stem cell (ESC)2 totipotential
&1 HSC-2 transdifferentiate & 4~ 1] blood\} muscle, liver cell53 22 FF R3¢
F e AeZ ¢#HA oy olFE F cloneo] TE FF organt @ £33 F 3l
=7} (totipotential/transdifferentiation)o] i3 &Ad FAE K&tk (Nature
Immunol 2002, 3:311).

Human HSCx F2 FFo] £A3A 7 peripheral blood (PB) progenitori}
umbilical cord blood (UCB)7} oIME w¥z®t;. mouse HSC: Lin, oKit), Thy-1'2
TFEE 3 mouse HSCE CD34'7 34 @5 A gerh HSCe ontogenic § xjol7}
S1Ed murine fetal liver®] HSC7} BM¢] HSCH T} Z24]Ao] =yl 17 UCB7} BME. T}
0-50uf¢] xenoplantation 7}FsAE 7IXxz Utk dubd oz z& HSCr/P £ fetal
UCB7F 95 A7t SEH S 7IXa 9l SCFY G-CSF7} long-term populationg /4]
A7y, HSCe] F Aol = microenvironment®] signal® stromaZ 58 #vlH & factors
o] FQ3tx cytokine, glycosaminoglycans, bone morphogenetic proteins, hedghog
protein, Notch family $% HSC F4& X387 LTRCE FE3tc ALZ = jagged-1,
Dikgeo] givka ¢elA Stk

Ex vivo expansion®] A7 1) chemotherapyt transplantationol 2 hematopoietic
recoveryd] AlZtE ¢, 2) LTRCS component®E F7A1Z, 3) graft2 1§+ cancer cell

A A, 4) LTRCY H27 W3 Fo|t}. Ex vivo expansion cytokineo]l} stromaE

] £33t Axded EEe HSCS Go AHiola, Bl integrino]y} CXCR42] o]

Z718t).  In vitrool A= apoptosis®] &7}, FasLe] Z7te} bal-29] 47 ok, HE
ol = Hoxb4el 3} W&o] in vivoolX expansiong FE3ciy EaHAT (Cell 2002,
109:39-45).

HSCx= F71A 5A & 7FA3 dEd self-renewal, hematopoietic differentiation®]
EAS 7}bAa gtk Muscle cell® HSC®, dedifferentiation or transdifferentiationd}+
7ol el st 1AL stem cell-like cellEo] BMo)] itleE Z o]t mesoderm,
hemagioblast, HSCE o] 13 a3t A CD34+ cell® heterogeneousste] £z Ao
uel o8 Mxz 238 4 ti(Nature Immunol Review 2002). HSC9] heterogeniety
o Fo] AA 2] gene therapy’} AREH 7o) olglg-o] €th Retroviral vectorg AMR-E
W A E7F ARSEE stromal cell, cytokineg A& F ARSI Miced] Hd¥ZEHE
humanell ALgshed] o go] 4T Ho] humang ol Aart Ber] AFach
(Nature Immunol Review 2002). Lentivirus® ©¢]-8§3t gene therapy: non-dividing,
dividing A3 o] AM&7}5. clinical useol® ©}& o]#-§ (pathogen, validation %)°] 3l
tlh.  In vivo transfert= transfection, target 52 o]#$, transcription® ZA3SI=
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regulatory elementE ©] &% Fo|3t EIAX LA E WHe 3¢ Fe s
(transcriptional targeting). Stem cell gene therapy $} lymphocytes gene therapy (stem
cel. long-term engraftment/ expansion potential)7} #Ho]lz gene delivery
susceptibility, BM®] space $HFEFo] Ag2 ¢l Wolth). Cancer cell?] Immuno-gene
therapy o 8715313, BM9 DCE o] &3k HFL 2 stem cello] gene transferdt
% DCE £35 ] long-terme. & APCe] 9&& @33tk  Autoimmune diseased] 2]
23t THI1, TH2 cytokine®] #3-& zA3shch Anti-idiotypic vaccine, IL-10, TGF-§ 5&
ol &% AEY MEdx &8 s
Tl 7= dget E7ME B3 AFHHE Y vk TR oY o] E
© FESY BRAYNHY %S HEFATLNINDS) AEF wkal, o)z 43
A AR AEE B ol AT gley § HEAE ad f83dE A
15t naturex]o] RFHh ATFHL F vlo} FU|N T AAAHE E3lo] Fo
= Nurrl olghe= /AZE Yol 3 HaA7|, Y SUdS v AlRs) 474
22 =99 vEE =4 AAAEE 80%7F Y «E2 wYs] Wk oj2A
e ABAZE DS 2 F9 Ho o]4g dH o] ARAEE] F HAXE
g AFAANEE FRA)EEA =99 ANn oe AT ¥R 33PTE AL
FART. o] AFE WolEV|MEE A&y Ao LY F dE AL AA
g Zolth 29% JEY Y e AUt ZY olBa msd TFOZ YEE AA
€71 AEQ TF ESVAEZE B oARL W ols EVAEY A —h FA 4 #odste
A FHATE STATY UE HRTh ol A7 BFH FFoA 228 SI|HENA
TAA 715 & AA T H olF v AR Fo) o3 dn T QYT ZA
oW A& HAUFPY: STATIE 438 + Uod o3 VAT YFEL 34 =Y
T A oM 78S A

NK A x9 DCE  innate immunityoll Al Zrzbe] 7158 3] E31H cell typel 2
2AH RN o} AR 259 FEHAC dElME ol AR ¥tk 79 DC

(‘1{0[1 rSL'

Lo N K
o

(<)

(

rl

A

=>-"-_,

é

9} NK cell®] @7+ NK cello] DCE =o]& A9 23S 3o 35t IL22
in vitro ¥{g® NK cell& iDCE Zole Aol Ru=gdm MHC class Io] &7}5 0] 2§

¥ mDC% autologouse NK cell2 -8 opds Ao BRuE Yt
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A3 & HTHLAS U8 L 2
13 NK A% ¥371& &9

8-12%% ® # (CS7BL/6)ZRE A FFAEE dojA o5 AxE ngYos
HE+E AASIL biotinylated antibody cocktail for lineage (CD11b, Gr-1, B220,
NK1.1, CD2, TER-119, CD3)E 7}3ld wHgA]Zl & streptavidin-microbeads& 7}&} a1
vHEAlZ] ¥ magnetic columng Super MACSY] #A&Faln FHlE NIEE EFAHA
Lineage depletiong 33}, HEE c-kit microbead$} ¥HEAlA TA] MACSS 435}
of (Figl) HFA 22 Lin, ckit+dl 95% ol4e] 53 Z4E7) A2E 2849t
(Fig.2 ).

Lin NKI 1 NKI 1t

. -M

e-kit*
1) IL-ZR,B* IL-ZRﬁ“'
(€Dh122)
Stroma
(OP-9)
MACS MACS
o NK1.1+
g DX5*
Ly49*

Fig.1l. NK cell differentiation from mouse HSC

Fig. 2. Purity of HSC from BM cells after
MACS column
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ol27 Euld 2¥Z7] MEE NK precusor MEZ E5A717] 93 mouse stem cell
factor (30ng/ml), Flt-3 ligand (50ng/ml), miIL-7 (0.5ng/ml), Indometacin (2ug/ml),
Gentamycin (2ug/ml)o] H718 RPMI1640 v A2 3gvich wix] o] A& NEA ZobF
A 64 B¢ WlFIAS. o]F pNK Ax2 #3135 A e% 271 AsjA CDI122-FITC
antibodyE @7}A# ¥HE-A17]131 Multisort microbead$} ¥H3AlA MACSE FPgro gz
A CDI122+3F AXE AYF. ol8A £3 A7 &2 pNK AﬂEA YRE= purityS go}
B ¢9s) pNK A X9 marker 1 CD122, CD1173} FIT-3L%-€ ©]8, FACS BYg 5
3] CD122+ 3 pNK A X & FIAT (Fig. 3).

¥ L .
A ® o

1411 ] ¢ JRCRPCS 4} )| § Jp— ﬁ’i‘ﬁk —

Fig. 3. differentiation of HSC into NK progenitor cells

Umx AEs mNK A2 28a77] A8iA E=o] 69 §<¢ 115 (20ng/ml),
Indometacin (2ug/ml), Gentamycin (2ug/mi)o] H7}¥ RPMI 1640 vjA & o83t 27t
A W oz mNK HEZE 23X 7 e stromal cell (OP9 cells)9} coculture 3 mNK
2 B3 A7)E w4, stromal cell (OP9 cells)¥} coculture 317 ¥3 mNKAER §3}
A7E WEe SFIYS. ogA wjgs AEE ZZ harvestste] NKLI1-FITC
antibodyE H7}A1#A ¥H$-A17) 3 Multisort microbead$} ¥HEAIH MACSE 3Pz
M NKL1+38 mNKAZE 9< 4 d 53] stromal cell (OP9 cells)3} coculture 3
o IL-15% ¥ wjste] 347 mNKe 9] g3 NKAZS 388 makers, F
NK1.17} Ly49 NK M X 5835 285 8¢ FACS 48 T AT 4 A+
(Fig. 4).

.Q_L

W"% %&%@&

" 3 %

¥ & % 7

&= 1 a M

w gl

% s&:« ;vmwm&zﬁ
E¥ s

ML ' "

Fig. 4. Comparison of NK differentiation with or without
stromal cell, OP9 cells
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g ZEZ7IHNEE o]83e oy 71A] cytokined E8] 1¥]3 stromal A E 9}
cocultureg 3] NKAEZZ BEZAI|E in vitro systemE pNKAEZRE ==
CD122% mNKA X2 A 5 ¥ perforing] HdE F3jA ohA] 3 Balxa 89
< A" F A} (Fig. 5).

mNK (~-OP9)
mNK {(+0OP9)

(& b4
%] P4
o s Q

CD122
Perforin

B-actin

Fig. 5. Expression of representative NK cell associated
gene from cells in the different stages during
NK cell differentation

24. SAGEE o] 83 NKE3#d FHAAe 2=

Z¥8E7] AERYE NKAXZ E33te #A Fo) A2 stagedlr] EolstA
HEEE fFHxe FRE dux B ATHL SAGE (serial analysis of gene
expression) g 33U 4 8125 =H AFH (C57BL/6)EHE AA FFANEE o
o} olE MEE AN EL |8, AYFE AASL biotinylated antibody cocktail for
lineage (CD11b, Gr-1, B220, NK1.1, CD2, TER-119, CD3)E 7}3}9 #HFgA|Zl &
streptavidin-microbeads& 7}8}3 ¥F&-A]7] & magnetic column-& Super MACSe] 3
1 FHlg MEE EFAA Lineage depletiong $38 A7 4x107 Lin- X & A9
th. o]¥A de MEE ckit, Multisort microbeade} ¥F-AIA THA MACSS 438t
HEHoZ 15x107 Lin-, ckit+el Z¥Z7] AE HSOQE Hesydy, 7 HSCE
mouse stem cell factor (30ng/ml), Flt-3 ligand (50ng/ml), mIL-7 (0.5ng/ml),
Indometacin (2ug/ml), Gentamycin (2ug/ml)S 3713+ RPMI1640 completed media® 3
drtct Wi} kg MEA ZolFHAM 6d F wigste pNKE 4, = o|AE
IL-159} stromal cell(OP9 cell)#} coculturer]# €& mNK X, IL-15%-& Hrlea
stromal cell#} cocultured}®] @31 L& mNK HEE dAL. ol2A Z+ dAnthY A
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3, & HSC, pNK, mNK with OP9 cell, mNK without OP9 cell& o] Z}7} SAGE tag
=3 ?_%MC}‘ Flg 6)

mNK
HSC ¥
FLTSL .
-7 T v :
———nw’ ; N x o
z us
o " Q £ .
w2z —» I
o gy Y PR
et xm.._,

SO AR

NKLY ——

S
oo Y
» et ¥
Isolate totad mRNA  Isclate anall SACE tags of  Digest and ligeteinto Tags can be matched
from cells =» cDNA  sach irmscdptin a oell concatemers for sequencing for gene identi fication

Fig. 6. Generation of SAGE tags from the indicated cells during NK
cell differentiation

olgA zt B3} GdA e AxTzRE wrEold SAGE tagsES sequencing 3o &
o} A3}, mouse HSCE X 44,9987) 9] individual SAGE tagsES AL ol T F
19,3807 7} unique SAGE tags¥S <A HAS. E3F mouse pNK MEZHEHE= 40,771
709l individual SAGE tagsE A 2% 17,7457 %] unique SAGE tagsE® Aot &
#, stromal cell (OP9 cells)#} coculture dte] £3} A)#H A& mNK AL 2HEE 42,535
70¢] individual SAGE tags2, stromal cell (OP9 cell) §lo] #3A1A 4 mNK Alx=2
BEE 42,160719] individual SAGE tags 43 1% Z+z} 20,79174, 20,8037)7} unique
SAGE tagsZ 3150} (Table 1).

Table I. A summary of SAGE for different stages in NK differentiation

Cells No. tag unique transcript unique genes
HSC 44,998 19,830 12,899
pNK 40,771 17,745 11,684

-OP9 42,160 20,803 13,650
+0P9 42,535 20,791 14,335

Total 170,464 59,657 35,385
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o] & SAGE tag2 ©]&3lo] Z} stageor] Eojz oz o] ¥ 3l FAAE HFsln
Az} HSC, pNK, stromal cell#} coculture 3t E3 A1zl mNK (with OP9 cells),
stromal cell#} coculture 3}A] 3l E3FAIA AL mNK (without OP9 cells)oll /] &
Z}7} tagE % copies 47} 100 copies ©]4 H & high copies tagsE-S A# K gttt Copy
F7t B2 tagsES 47 MITolM B o2 FEHT Ue PR matched He
ROlEZ 1 tags Eo] ojH FAAY matchHEAE GotEe Aol FL3th o7A
SAGE ¥y gAFol el AL ol# tags Eol 10bpE & sequencese]”]
W Fo] oA tagsE-L o] FAAY] match Hvke AY. 1A ol EAHE SHS
71 13l ME GLG I(generation of longer ¢cDNA fragments from SAGE tags for gene
identification) techniqueg ©] &3l 1 EAE Aok 3}t GLGI techniqued §+ 7j
¢} SAGE tags®] oj2] sequences9} match¥e AL 1 F 3 7§ HES sequences}
28 & 8 & 5 de Y B olyg) match® x| ¥ SAGE tags & Z3¥ novel
genes 9] characterizationd| = #83% wWyolth $4 ZZbe] HSC, pNK, mNK (with
OP9 cells), mNK (without OP9 cells)2] SAGE tagZ 100 copy ©]4 H+= tagE& AT
o] o] F pNKeA Eolxoz WasHE fAAES TEste Table 2¢] 34
o}

Table 2. Top genes expressed in mouse pNK cells.

SAGE tag Copy NO.matched UniGene cluster (GENE BANK 1D)
TC G 1321 BCO02069 BCO19611
%ﬁ\@&%% 962 % BCOT2314 NM_010239 M24509 J03941 X12812
CCCTGGGTTC 413 17
ATAGCCCCAA 366 5 NM_021281 BC002125 AJ002386 AJ223208 AF038546
TCAGCTGCCT 259 5 X87096 NM_007529
CCTCAGCCTG 102 5 BCO19682 X52886 X53337 NM_009983 AK093885
GTGTTCTTIC 189 8
CATCGCCAGT 187 6
GTGGCTCACA 182 115
ATGTGGTGTG 175 6
GTTCAAGTGA 164 4 AK002232 BCO03476 AKO20607 X00496
CCTGGGTTCT 146 0 EST
CCTGAGCTCC 136 4 NM_053110 BC026375 AF322054 AJ251685
TATTCCCCAT 132 2 BCO13341 AKO20799
AACAATTTGG 130 6
TGTCATCTAG 127 3 AKO11041 AKO11043 AKO10985
GATTGAGAAT 125 9
CTGCCCCCCaG 123 2 X03479 AKO10675
AACTGAGGGG 119 3 AKO93881 U27340 BCO30842
TAGTTACTTA 115 0 EST
TGGGTTGTCT 114 2 X06407 NM_009429
GGCTTCGGTC 113 o AK007832 AKO10656
GCTGCCCTCC 113 0 EST
CCTTGCTCAA 109 5 AKD13676 BCO02072 AKO02438 NM_009976 M59470
TTTTCAAAAA 109 4 AKO19389 AKO20632 X01838 NM_009735
TCAGGCTGCT 107 0 EST
GCCTTTATGA 100 10
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pNKAXE 9] 2 100 copyol’d HE tageS 277], mNK (with OP9 cells) A ¥+ 297,
mNK (without OP9 cells)M ¥E+= 287)7} A8l o]H tagE-S Ztzh pNK Al E, mNKA|
oA Lol Wol Hu Rlﬁ‘r“xi‘ AE & F UNL °ol& F HHA EE ESTs¢} match
He ARE ANEY Be §23x49 multi matched H& tags® A9 single match
HE tagEE FIYGt ol & 0} 5t mouse pNK A|XAMet dHS T & GA 9
ME B A e matched tagsE % single matched HE tagsS S F408 AHE
A3, HAol7t Ure tagsE Folv lysozyme, ferritin heavy chain, AXL, kit ligand,
calgranulin B, interleukin 7 receptor, beta-2 microglobulin, Fc gamma receptor 5 %-&
FHAEC] pNK A EAT SolFoz B copyFE YIS & 4= 13lt) (Table
3).

Table 3. Analysis of single matched specific tags with mouse pNK cells

mNK  mNK .
Gene name HSC pNK (-OP9) (+OP9) Unigene id
Lysozyme 14 1321 2 3 Mm.45436
Ferritin H chain 25 962 7 18 Mm.1776
Brevican 7 259 1 1 Mm.4598
AXL receptor tyrosine kinase 0 189 0 0 Mm.4128
Matrix metalloproteinase 12 0 69 7 1 Mm.2055
Cellular repressor of EIA-stimulated gene 5 45 0 0 Mm.459
c-kit ligand 0 62 0 ] Mm.4235
$100 calcium binding protein A9 (calgranulin B) 1 42 0 0 Mm.2128
MPS1 protein 1 35 1 1 Mm.3999
Transglutaminse 2 0 25 0 0 Mm.18843
Serum and glucocorticoid-regulated protein kinase 4] 20 0 0 Mm.28405
RIKEN cDNA5830413L19 o 18 0] o] Mm.159648
B2-microglobulin mRNA 0 17 0 0 Mm.163
interferon-induced protein 0 17 0 1 Mm.951
Milk fat globule membrane protein EGF factor 8 3 16 1 1 Mm.1451
Fcy receptor 3 15 0 1 Mm.22119
Cell-surface glycoprotein p91 0 13 0 0 Mm.3189
Arginase 1 0 12 0 2 Mm.154144
Tumor necrosis factor receptor 1 1 12 0 0 Mm.2666
Retinoid-inducible serine carboxypeptidase 2 11 2 0 Mm.34126
Similar to hypothetical protein FLJ11000 0 11 0 0 Mm.46356
Interfeukin-18 binding protein d precursor 0 10 1 0 Mm.45579
Chloride channe! 7 0 9 0 0 Mm.22727
CD36 antigen 0 8 1 0 Mm.18628
Similar to putative zinc finger protein 1 8 3 0 Mm.205022
Carbohydrate binding protein 35 0] 7 0 0 Mm.2970
C-type calcium dependent, carbohydrate 0 7 0 0 Mm.28263
Lipoprotein lipase 0 7 0 0 Mm.1514
v-maf musculoaponeurotic fibrosarcoma oncogene 0 6 0 0 Mm.67919
Interleukin 7 receptor 0 5 Mm.389

o] 23 sage tage] HRE g oz AAZ pNKAEAAN 1 FHAXe] wddo] veesA
& RT-PCRE F3 golHd A, sage tags9t YA|SHAl pNKAZAA FHxe] FFH o]
At (Fig. 7).
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x® xf
ET Ex
3

HSC  pNK Copy No of SAGE tag

f 11 10 14 1
28 32 28 32 28 32 2832 H P -OP +0OP
IL-7R 5 0 0

Lipoprotein

lipase {LPL) 7 0 0
TNFR1 120 2
fentin 962 7 18

Fig7. A correlated expression of RT-PCR analysis with SAGE results pNK cells.

3d. NK 2319d #3279 7% 24

1. AXL receptor tyrosine kinase 9| 7|5 A+

PNK M XA BolHoz W= o8 FAAE S 53] AXLE receptor
tyrosine kinase¢]l Tyro 3 family ¢ %3} 27}¢] amino acid terminal Ig domains®} 2
7Rel fibronectintype II domain, 1|3 cytoplasmic PTK domain®.2 JFAHo| 3
fibroblasts, myeloid progenigor cells, macrophages, neural tissue, ovarian follicles,
skeletal muscle 5ol LHE M, lymphocytesoll M= TEE A Fedty 2 gyl 3l
O gEbd B AR AZA NKAZY #3518 #dste ojwdt d3 = 5ol A
%2 AXL7} NK Ajxe] 31 2 &4d vjale JFS E43AS. ¢4 1lug® mouse
AXLEAE HSCEEE NK A2 £33} #AAFF 38/ 64 (pNK Aef)ol A7
33 mNK T2 334)717] 98 oA 6 F¢F 40ng/mle] IL-15, Indometacin (2
pg/ml), Gentamycin (2ug/ml)o] 78 RPMI 1640 v A& ©]&-38}o] stromal cell (OP9
cells)# cocultureE 483t mNK AX2 E3A1Z1 & NKAXE 23dAE Eo] +§&
AE (Lyd9G2, Ly49A, Ly49C/F/1)2] HHAYEE A3 43, controld] HI3), AXL &
A2 Aol o8 NK Ax2e 317} ¢ 287k Z713tAth (Fig. 8).
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+ OP9

IL-15+Goat Ig IL-15+a-AXL IL-15+a-AXL
(3d, Tug/ml) (7d, 1ug/m})

= ] E
2 2] 86 39 | B84 32
of BiaE| - 2
&t o1 0.0 21%6# 0.0
T T e o° LTINTS m’ o
&
3N 1.5 13 22
2l 0.1 2 02 0.1
ET R TR T T U TN T T Teaa T ge AN 50 100 100 10¢
Ly49A >
] 5 E
252 1.0 ) 41| B 35
1 El : B
2] AN El o
Sl 0.0 E 0.0 1 wi& 0.0
PEE N PO T e TR 94 S TA M T A 7 A PN oF gt 1F 10° 1ot
Fig8. Effect of anti-AXL on NK cell
differentiation

E o0& Hoe g NK AlZe E3loa AXL Ao 23 agonistic effectE IL-15
9] F&E 25ng/mlE 743l AXL Ao g NKH]EQ] B3E Y-S, plate
o) AXL A& immobilization A} e} & coating ¥ ¥ pNK M EE 7}3l31 OP9 stromal
cell## coculture glo] mNKAEE £3 Adle 2AdAM AXZE &3 2H,
immobilization A]Z1 AXL &2 Fxd] oj&FH oz NK HxXe £33t 7} = 3
& ¢ & YU (Fig. 9).

A receptor tyrosine kinase ¢1 AXL9Y ligandZ+ Gas67} &# A Ue. Gas6 +
amino terminal Gla domaing 7}A3 oW AETH &4 (biological activity)g e}
Wl YA gamma carboxylation Hojo} & o]37AL2 vitamin K-dependent 3}l
adedx ok ES 47]9) EGF-like domains 3 signaling molecules®} #-& G domains®.
2 FAH glor o]l Gas6e] functiong serum starved NIH3T3 cellofjA] PI3K<2}
Akt pathways} #Ho8l= survival factor2# NF-kB activationg %3] anti-apoptotic
signalingdl] @@t Bu ¥ v QL. ®& pd2/pid MAPK signallings E3
osteoclastic bone resorptiondl]l #ojdtir T pluripotential HSC supportdl = 583 <
g 3ota gelA vk o] Gasé: AXLY ligandZ4 AXL3} binding 3}od signalo]
HAEx g olu] NK Al¥e] ¥3bd vAE 9L dolB.31x mouse recombinant
Gas6Z #3744 Fo Hd 27, NK A X9 s & 9% vAA e A
2 el Gas62l biological activitys= vitamin K-dependent 3}A| v-carboxylation 7%
o] Wad Ao AmdAT} (Fig 10).
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Immobilized a-AXL, - OP9
H 1
IL-15+Goat Ig IL-15+a-AXL IL-15+a-AXL IL-15+a-AXL
(7d, 125ng/ml) (7d, 250ng/ml) (7d, 500ug/ml)
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Fig. 9. Effect of anti-AXL on NK cell differentiation under immobilized
condition without OP9 cells

Recombinant Gas6t= biological activity7} §17] wj&Eo] AXLY A3 E AL3A
23t AXLE 5% NK Ax9 E3lole & FFo] 1o = biological activityE Zie
Gas67t AXL # bindingsled NK A& £ ojwgd FFE vAEA FotE ot
2 Gas67F TE FHA &L cell lined A¥E7] 93X o cell lined| A Gas6 o] ¥
HLS RT-PCRE o]&3le] Fgls] E Z¥ NIH3T3 cell linedlXE 235x &x]v
0.5% serum starvation “Je] ol A= Gas67} anti-apoptotic signalinge] #<3}v, survival
factor® 2}-8-3}7] W&ol starvation A BHEHE= A& et (Fig. 11).
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IL-15 IL-15+rGAS6
(40ng) (3d, 0.5ug/ml)
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10°
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Fig. 10. Effect of recombinant Gas6 on NK differentiation

<«— m Gas6

<— B-actin

Fig. 11. Expression of mouse Gas6 in NIH3T3 and OP9 cells.
Line 1; NIH3T3 in DMEM supplemented with 10% FBS,
Line 2; NIH3T3 in DMEM supplemented with 0.5% FBS,
Line 3; OP9 in DMEM supplemented with 10% FBS.

we}Al mouse Gasé full length® pCDNA3.1 vectordl] cloning 3ol NIH 3T3 cell lined]]
Al over-expression A]7]7] 93] transfectiong <333 G418 (500ug/ml)E selection &}
o Gas6E over-expression 3} stable transfectant® AUS. Gas6E over-expressiond}t
= transfectantol 4] Gas6é 7} ¥ s=AE RT-PCRE ImmuboblotE 33 Az
NIH3T3 cell lines #} mock controlol A= WHE R FAT transfectanto] A= HEHEH =
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clones €A HAH (Fig. 12).

NIH3T3
MOCK
Gas6 TF
MOoCK
Gas6 TF

<+— f-actin

Fig. 12. Gas6 expression in transfectant (TF)
(@) RT-PCR, (b) immunoblot.

Gas6Z overexpression 3}t transfectantE® HSC M EES #3 Az o co-culture 3t&
OP9 dj4l AM&-3tt} biological activityE Zt3l A& Gas67} ¥37A F2] pNK AXE
oM wHHE AXLH bidnging 3] NKA X2 £l &g vE F e RAoF
g g e HYE FY3YY. =¥ EV|HMEE NK precusor MEZ F314]
7171 93] mouse stem cell factor (30ng/ml), Fit-3 ligand (50ng/ml), mIL-7 (0.5ng/ml),
Indometacin (2ug/ml), Gentamycin (2ug/ml)o] FH7}8 RPMI1640 w2 3Ygwvit} wiA]
o] ArtE MEA ZolFHA 64 T Midsti mNK Ax2 £3A17]7] 4siA oA
6d < IL-15 (20ng/ml), Indometacin (2ug/ml), Gentamycin (2ug/ml)o] 719
RPMI-1640 ¥ A& o]&3}=d OP9 stromal A X9} coculture 2] 923 NIH3T3 A%,
NIH3T3 M 3o)] vectorg transfection A]Zl AME, 18|31 Gas6E over-expressionsh=
transfectant (#29)& Z}7} 5x10°0.8 ZA31 co-culture 3te] mNKZ E3IAZTh 2
A3 culture 798 HE EHE Gas6 transfectant?} co-culture 3|F A IEE T©E
controle] H]&} NK populationo] ¢F 14%0A 47%2 F74Ee & 4 Ut (Fig. 13). o}
g2 28 E7AETERY NKAXE9 E3loA AXL receptor tyrosine kinase:® I
ligandQl Gas63} interaction 3te] AXL signalingg %3] NK A|3xe] Rzl & A&
HAI AES ¢ & AT

2. Si RNA of AXL receptor tyrosine kinase
7}. Plasmid construction
AXL receptor tyrosine kinase A& silencing A}7}7] $3+ short hairpin
oligonucleotide® A ¥Qto g F-¥l3l+= vector® LentiLox 3.7 AME-3l% T} LentiLox
3.7 mouse U6 promoterE %3l sh-RNA7} ZALE 3L CMV promoterd] 2}s] GFP
g E-g FAAE £ A=E QU lentiviral vectorZ AXL receptor tyrosine kinase
F+RAAL2] 197 G71M LS A48 oligonucleotideE A & U6 promoter¥ ¢] Hpal

3} Xhol #-¢jo) 44t} (Fig. 14)
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Co-culture system

[ 1
IL-15 IL-15+NIH 1L~15+Vetor IL-15+#29
(7d, 5*103) (7d, 5%103) (7d, 5%103)
I',:a B3| & 5| el o] %
) a | Y] o] b
o] ol ol : oL
\..: 23 R 3 B ~3 g :‘—-‘———’m
v Ak 14 | ai¥ 69 | =¥ 48 | B{ % 14
Z T e et i 10' 167 107 10* 0P 40 102 306 gt 10% 197 10f A
Ly49C/¥F/HI —»

Fig. 13. Effect of Gas6 transfectant on NK differentiation

AXL receptor tyrosine kinase Stem Loop sequence

+1 Loop Terminator

TGCTCACCCACTGCAACCTG TTCAAGAGA CAGGTTGCAGTGGGTGAGC TTITITC
ACGAGTGGGTGACGTTGGAC AAGTTCTCT GTCCAACETCACCCACTCG AAAAAA GAGCT

Predicted AXL receptor tyrosine kinase Stem Loop

+1
5 o © A
GCUCACCCACUGCAACCUG
A
CGAGUGGGUGACGUUGGAC'
AG G
uu A

Fig.14. Representative of sh-RINA expressing Lentiviral vector
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t}. Production and titration of lentivirus.

Lentivirus particleg AA13}7] $18ted 10uge] LentiLox-AXL, 10ug9] VSV-G
expressing vector, 10pge] RSV-Rev 18|31 10uge] packaging vectorE 293T A XZdj
co-transfectiond} 4t} Transfection ¥ 30A]7F3} 48A17F Fof wjkl e nom YA
271§ o83t 25000rpmol| A 2A17F FQt viele|2E AHAIZG. HAE vlolg
2% RPMI Hiz|2 @8 ¥ -80TCo| REHAT. $F52 Htolg 29 titerE FA3}7]
oM A% 84E volgx APAS 93T AL 2EAZ F gPY ALY GEP
BHAYEE  flow cytometryE o] &3] B354 ch LentiLox-AXL H}olgj2r} AXL
receptor tyrosine kinase #AXA}E silencing Al7]=XE ¥olRy] $3iA NIH3T3 A
X vlojg] 28 MOI 10282 7+ Al712 72A17F Fof] NIH3T3 A F 9] RNAE &
3t RT-PCRZ AXL receptor tyrosine kinase fF3xle] WHHATE A 2o
shRNAo} ¢]afj 4] AXL receptor tyrosine kinase 2 2}7} &340 silencing = A&
3t A Tk (Fig 15 A). vlolzizo] R M2 & A3y A8 108 4
Hlo]#] A& NIH3T3 Mo #aAAlA GFPr7E #8He AXEFE  flow cytometry
53l &3 23 control RNAi ule]#] 29} LentiLox-AXLE FQ38}A NIH3T3
AE ZFEEES & 5 AUAY (Fig 15 B)

et wlo

—» AXL receptor tyrosine kinase

—» B-actin

Mock infection
G70804. 05 .
| 0.57

1
ks

—GFP —
ot T et

¥
1?19t

O 20 400 80 $90 1000
mon

Fig.15. Silencing of AXL receptor tyrosine kinase gene in vitro by lentivirus
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LentiLox-AXL ulolgj 27} in vitrod| A £33 SEFHE =
A& <213ty 98] C57BL/6 ml--2o)x #£&3 bone marrowol| A enrichment3l %

HREAEE in vitroo] A natural killer M| 2 £3} §% § & precursor stage$} mature

stageo Al wiolZAE MOI 2002 3 A7l ¥ wlolelxe] ZEAHEE AT 23
15-30% Axel ME7 ZHHE flow cytometryE F3td <213kt (Fig.16).

natural killerd| o] 743}

ja

Magiinisgtion

Gontrol. RNAi virus
L meant

0.48 < 14.66

w 1w Wt W wt

Fig.16. Infection of lentivirus into bone marrow-derived natural killer cells

3. VDUP-1 knockout mice E ©]-83 VDUP-1 7|54+

C57 BL6 micedl] t}-2-3} 2+-& constructions ©] 83t VDUP-1 knock out mouseZE- Y&

it (Fig. 17).
1 234567 8
— 1kb -
Wild-type allele
$BBeil §F
~13.6 Kb i ,
< TR
Targeting vector : \
1B v B N
A
}
LacZ
Targeted allele
Sali H
g
probe LacZ
~15 Kb
<+ P Bell

Figure 17. Targeted mutation and generation of VDUP1-deficient mice.
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Wild type 3} VDUP-1 deficient mouse& phenoytypingdle] B33+ 23}, VDUP-1 deficient
mouse®] spleen, bonemarrow, lung, lymph nodec]*] mature NK (CD3- NK 1.1 +)
populationo] 7+4 = o] 9l 31 (Fig a,b), NK receptor9] Ly49 &t = 4 HolgSS & < IS
o} (Fig c). I3 SplenocyteE 7}A| L Cr release assayE 4238 &+ A3}, VDUP-1 deficient mice
] cytolytic activity7} WTelj 8] sj A A3} A 4 HAANS& &3 H T (Fig d).
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Figure 18. NK defection in VDUP1-deficient mice. (A) Single cell suspensions from the
spleen, BM, and lung of WT and VDUP1-/- C57BL6 mice were stained with FITC-conjugated
anti-CD3 and PE-conjugated anti-NK1.1 as described in Experimental Procedures. The
percentage of the NK cells was evaluated from the gated lymphocyte population. (B) To
detect another surface marker expression for the NK cells, DX5 expression was analyzed
from the BM and lymph nodes (LN) of WT and VDUPI-/- 1295v mice using
FITC-conjugated anti-DX5 and PE-conjugated anti-CD3. (C) The different Ly49 and NKG2
receptor expression was analyzed from the gated lymphocyte population of splenocytes and
BM cells from C57BL6 mice. The results are a representative of at least eight independent
experiments with similar results. (D) Splenocytes from (+/+) and (-/-) mice were cultured in
the presence of IL-2 (10 U/ml) for 24 h. After washing the cells, NK cell cytotoxicity was
determined by a 51Cr -release assay against YAC-1 target cells at the indicated E:T ratios.
Data are expressed as a percentage of the specific release and represent the mean+SD of
triplicate determinations.

A7 2] NK 23138 F 9 4 VDUP-1 gene expression®] pNK , mNK @A ] 4] Z7}
gg PCRE #13tx (Fig. 19a), NK #3174 9] 34 markerq] CD1229] ¥HEE In
vitro NK 23} #}7% ¥ 2 " w38t 47}, k/omice?] pNk g4, mNK @A o] A} CD122¢] &4 of
WTdl| B8} 25L& 4 AT (Fig. 19b). 283 in vivo oM = CD122¢] &3 3}
NK1.1.¢] w8 o] WTo|| B3] k/o moused| A Z+4& & ol S-& &213} A} (Fig. 19b).
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jab}
HSC
pPNK
mNK

VDUP1
B-actin
b : :
% Y
g iy
o 3]

100 10T 100 10 10t

<

104

20 0.6

102 107 400

2B4 —» NK1.1—>

LY I T O T O TN T U T S T UM TR I e |

CD122 >

NK1.1—»
10° 107 102 10% 10¢

p=]
>

NKG2A

10* 10*

102

NK11 —>»

0% 10¢

VDUP-1 k/o mouse®] FZsd G ZHzl, AAJo] vldle] lymphoid tissue]
hyperplasiaz} &2 = =4 (Fig. 20A), T cell population& &7} “}ga o1}, NK cell-& & A3
Z0105¢ B2} (Fig. 20B). 53] in vivool 4] NK H]EB] 71%2 CSFEZ ¥ AE tumor
cell 2<¢13 43} VDUP K/O miced| X} NK2] 24t50] aHo] 9L &4 4 ) (Fig
20C)
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Figure 20. Intestinal hyperplasia and tumor rejection in VDUP1-/- mice. (A) Intestinal
lymphoid hyperplasia in VDUP1-/-and WT mice. A small lymph nodule was present in the
ileumn of wild type mice, but there was diffuse hyperplasia of lymphoid tissue containing a
large germinal center (*) in the ileum ofVDUPI1-/- mice (arrows, lymph nodule;
hematoxilin-eosin stain; original magnification, x100). (B) Immunohistological analysis of T
and NK cells from WT and VDUP1-/- mice. J1j (T cell marker) and pk136 (NK cell marker)
immunoreactive cells werepresent in the lamina propria of the ileum of wild-type mice. The
number of pk136 immunoreactive cells decreased significantly in the ileum of VDUP1-/-mice
(original magnification, x400). (C) In vivo tumor clearance assay in WT and VDUP1-/- mice.
WT and VDUP1-/- mice were injected i.p. with CFSE-labeled tumor cells. The number of
tumor cells recovered from the peritoneum after 3 days(depicted on y axis) was calculated on
the basis of total number of peritoneal exudatescells (indicated on x axis) multiplied by the
percentage that were tumor cells as determined by the flow cytometry. Data represent the

meanSD of three independent experiments.

4. Involvement of Osteopontin in NK differentiation

HSC, pNK 9} mNKol| 4] Z}z} RNAE F23}9 opn specific primerE ©]-8-3}4 RT-PCR
< £33 A3 NKe| ¥ 3} ul} osteoponting] W gko] 2713l AL 3 4ok

HSC  pNK  mNK{OP+)

Fig.21 Stage-specific Expression of opn during NK differentiation

OP9 stromal cell®] OPN -3 of o §t JF-g dolr 7] 98t OP9 7} F-F Wi &g NK
o} @= v oF§ NKoj| 4 OPN¢] 238 -& RT-PCRE #3231 2 71, OPN] 2§ =} o] = OP9¢)
EA] A5 A ERS-S FAEE o, 0P g7 v kg NKof| ) OPN ] @ o] tha: 57}
HE ¢S Uik

mNK (~OP9)
mNK (+OPg)

Q
w
I

<« 0opn

«— p-actin

Fig 22. Stage-specific Expression of opn during NK diffe rentiation
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pNKE #3239 NK maturation-g& f=3}+= IL-158 A 2] 8t 24A1 7F A3} &, RT-PCRE &
g A, IL-159] opnd] FEE F7HA71E A& FAsATh
Cont IL-15 (50ng/mi)

opn

B-actin

Fig.23. Effect of IL-15 on expression of opn in pNK

HSC] £3}¢] th3F OPNE] 43S dolr 7] 918l mouse HSColl OPNE 2]t & o
¢ F o)) premature NK 2] specific marker¢] CD122¢] 23 2 flow cytometry 2 4 3} 5
2 A7 OPNo| 1 2] el whe} pNKe] #35& S7HA1 708 g3ttt =5, OPNd|
3l neutralizing antibody & o] X 2l3l g2 B =7} ZasheZ o2 Bol, OPNd| 93k
pNKe} £3} 53] OPN 50|73 43S AF3Auch

3.3% 8.8% 17.3% - 3.6%
- w1 - 2 nrt - N .2

=8 ey T “qae gt 78T THY To*
10% 107 10° 107 10* {08 1o eE oY Toe 10% 10° 107 107 10

Opn?2

Opn {ug/mi 5 ug/mi
pn {ug/mi) 0 2 ug/ml of +a-opn 1

Fig .24. Effect of OPN on differentiation of HSC into pNK (CD122 expression)

H-15 +OPN(2ug/mi}

3.8

NK1.1 ——Pp

0% e

v

cD122

Fig. 25. Effect of OPN on differentiation of HSC into mNK
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5. Effect of Cathepsins on NK differentiation in vitro

Sage A3} pNK specificd}Al copys7t %713 cathepsing RT-PCRE &3 A=}
cathepsin 3 o] pNK stageol 4 specific &7 L HL mouse$} humand|A &g %
AN} (Fig. 26)

(=2
[~
Q
O M
2 2 ¥

mNK+OP9

Cathepsin-H

o & o 2
5 O S 9
. ¥ M CHEVE-
Cathepsin L O A4
25 z2 % 2 4 E§ %

Cathepsin B

- Cathepsin$ Human CTSS Human CTSH

Fig. 26. Expression of cathepsins during NK differentiation

HSCZ¥¥] NKAMEE in vitro ¥3 33 F o] cathepsin inhibitorE *Jg}3}e NK
populationg FA}HEF Cathepsin inhibitore}]| ]3] dose dependantd}A] NK receptor'd
#3} populatione] A E o] d9la (Fig 27A), Cathpsin S inhibitord] sz §AFSH
Al NKME7} ZAHE AT Cr release assay 23 £33 34 % cathepsin inhibitorE &
Sk Tl A cytolytic activity} A4 H S-S & & Ut (Fig 27B).
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Effect of CATS inhibitor on NK activity

50
» 40 [120:01
? W 10:01
© 30
i
g2
RTINS

L-15 CATSi 1.28 CATSi25

Fig. 27. Effect of cathepsin inhibitor on NK differentiation in vitro
6. Effect of LPL on NK differentiation in vitro

lipoprotein lipase (LPL)& IL-157} 37 zgjsld, IL-158 9= 02 g gzl
v} 3 mNKAH E 2 9] 8£3}7} 271831, Yac-1 cellol] th g cytotoxicity = 718} 4t} (Fig. 28)

IL-15 IL-15 + LPL 250 ng/ml IL-15 + LPL 500 ng/ml
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Fig. 28. Effect of LPL on NK differentiation in vitro
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43 Natural Killer Cell and Dendritic Cell for Inmunotherapy

In vitro, NK cell culture

NK1.1- DX5- CD122+ IL-2Rp- cells 98% NK1.1hi DX5* CD122* cells 95~99%
'l v
v i 8 &

0 day 3 day 6 day 8 day 11 day 14 day

V Collecting HSC (negative, positive selection by MACs)

'l' Changing media (RPMI with SCF, FIt3-L, iL7)
Changing media (RPM! with IL15)
£

Co~culture with OP9

NK and DC therapy

& mjection of B16/F10 B cell Therapy

Number of NK cell : 1X109
Number of DC : 1X10¢
Time of co-culture ;: 24hrs

Prep. Of NK cell : spleen or bone marrow derived differentiated NK
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14 days

Mean of
colony counting
a. B16/F10
42(?7)
b. F10+DC
31.3
c. F10+mNK
20.6
d. F10+mNK
+DC 15.5(7)

Fig.29. Immunotherapy by differentiated NK cell and bone marrow derived dendritic cell

Fig. 29 £33 NK A X2 BYeA A5 838 AT 43 Z o]t} B16/F10 &
AGF HEE C7BL/6 vh-¢-2o] mg] FHoF Fostd 1d F# ¥ NK A X9} HAtd
B16/F10 4AXE HAET FAZE Fosle #Hz2 Hdold F2UE FUsA a¥
Bl6/F10%t i3t A 0.2, H 2 Hol5 ot bd-& Bl6/F10& 4283 724 A XS 7
gl FUF A3 AAHE BAEFE BAh cg-L £FE NKAZE U S8 A4-3 43
FAG AT T ¢ Aol g Ak Aol o AFAFH o2 FAHAT AL B¢ NK A
o} FAG AXY EFFAZ AT HIA R S EaAV e 22 Z YRt o] 24
M= 23 NK AZE d9x1gd H&3te o] Boh o A#4AA 24-& vehd 4 sle
7VedE AAE BR ol 7129 FAGAR] & XEd ELE A4V R o A
€ @4 Boja ith

Fig. 302 vl g A M EES B2l NK X9 5 o] A A E 9} o] d Y
ARE AP ZE vh¢200Bl6/FI0 S FS me] oz Fste] 1d AH &
ARE A NK A2} FAFAEE A ZTE 19 €& Bl6/FI0T @502 Fof g
W € NKAEE T390 1, 3 B2 cytokine IL22 728 NK A £ & 2 £-319 - 4
G2 NK A28 A4 XS EF et 44 595 oz Hdxsgags 3
5U G NK M E £214 AXE EF wldste] A HEAAT 63 4L &3
8hA] @3 A HLFt 8L A AET Bosti 9H-S Bl6/F10E uptaked}tA]

£ FUUT o] AR NKAZ GE0 2 M & iz AYA8 a7}
A& AU cytokine IL2¢] EFE= 43 R e AFA7 @A Uepgch £24 A%

o 82 o2 ¥ (E R (@ X
i o mp & W, &
2
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9t NK A 2E E5tsto] i Ae 3¢ -‘?—7W AEE TA Y BHAER AHESe A Boe

747 gEo g Hshs Aol Advt A vehvde Ao g BFHJY, =8 £ S

A 3 AT XS] d9AE Ax7t o sAVUEET olg g dAdE AETY HEE
TRIAT DA & RN A M2Zhe] o] dojd 5 JUvhe Y= yEstn U 8t

k]
A5t figure Lo A £3HE Hr=AIZI NK M E 5L o] 2] gt Aol FasE d4& Hola Yot
38 NK AlZe A998 aa5cla 4F T8 AWM 23 Axd M2 TS
doA o] gadte A AT ke wiv) 71A o] 9l & Aol QS T 4 ot

Fig.30. Immunotherapy by spleen NK cell and bone marrow derived dendritic cell
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C57BL/6 OI2AS] BLHERFE MACSE 0188t 96%= X 2| Lin~ c~kit 2!
ZEEIHEHSCIE E2I0HH, 6Y S0 HiFst £, FITC BXE COI122&8H 2}
magnetic bead2t 2 anti-FITC X E 0181 MACSE &k 92%014
CD122%0 NKERH MEE U, IL-1520 ng/miS! S GH0IAH 822 H
HHQrst 2= MACSE 0125101 NK1.172! mNKAIZEE 22|80 212ty
THUEEZSE 22 YHOZ pNKS mNKE S8IAH, BEXCZ 1A%
Q12tel NK &801% (221)8 Stelsid.
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NK 4

e
oft b
&
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2 A

P
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(1) Differential display PCR B0l 2t NKANE 25t2e SN £F.
NKAIE B3ICtHEs ¢4 HEZEE total RNAE 282
RT-PCRE 285101 pNKS mNK RIEOA S0IHSZ g#HEC0
XOlLlE band22E DNAE S0 PCRE reamplifydtt! 282 X0
Lt= clone® 1000108 Ol4F &S5IACH

(2) SAGEE OI83 NKHZ 235 &3 [INL g g=2
NKAHIE S8 S0A 2SS (HSC, pNK, mNK-OPg, mNK + OP8)&
4329 = E A0 SAGE libraryE MBI ML 4002 SAGE
library2 86 & 170,464 % tag, 59,6572 unique transcript,
35,3852 geneS0| SHBIRULL

(3 NKMIZZ 23 E & stage-specificOtil $8EHE RAXNL B4, HSCHAE

159 SEX, pNKAIZH A S 3172 SR, mNKAI ZREE 27318
B8 QANES 88 HEz SN0, ZENCR QY 50 28
KENE 738 =60 (105 SH).

100

{1)VDUP1: VDUP~1 knockout miceE 0|&8t VOUP-1 Jls® 3. VDUP-1 gene
knock out mouseE OIS0 Wild type I VDUP-1 deficient mouseE
phenoytypingst(d  HIW& 243, VDUP-1 deficient mouse® spleen,
bonemarrow, lung, lymph nodeli Al mature NK {CD3~ NK 1.1 +) population0]
HAENUD, VDUP-1 deficient miceMl A spenocytell cytolytic activity It WT
OBISH A SEHBIH 24 THHUSE HLSIALH

(2)AXL: AXL receptor tyrosine kinase &l Jig o3

pNK HIEMA S0z g2@dt= o2 |SIXNE SWMAM  AXL receptor
tyrosine kinasedt NK MIESl 23 & &AW 0iXls G2 TASIRIC AXL
BHAIC! XMelof el NK HMIEZECl 2810 2F 281018 015U
{3)Osteopotin:

NKE 22120 NK maturation® S E8H= IL~158 XI5t opnS BEE &AM
Ie 28 EHOIGIRLH OPNOl pNKE 2358 BN E H2GIRCH &8 O
Ol T8t neutralizing antibody® 0] M2ICIAS W 2SEI LAG=ALE
Of, OPN S0IX galelg HESIRD

(4) Cathepsin:

HSCZ2E  NKNEZ in vitro 2SBS0 cathepsin inhibitor® Xzi6HH
NK 23101 240, NK 248 2LRES & & UULL

(5) Leptin

Leptin R JF ZEE DILAMAM NK 82801 Moldoies $438 el HEN
CD122 EIRANY 28E A0 WOUNLD, NK g4k 22EE HEGHACH
Ola ZEXOZ 550 BKVAL I AE 2F SH)SIGU,

2

o

100

ESREIHAXL, LPL, OPN)SE HMcoltl 23HAIZ! NKOF 23150 S21EI” D NK
BAT BIEE Yo UUCEL ESHE NKHEZ in vive SHEUE HF6DI] A
8, BI16/F10 EMEA EE2S 012510 NK EAIIsE HIGIAUCL ESE NKA
HE SOE 20 B4E 2o AMEE L ANCL

AEBHOZ M OlAY BARENE 086 (15 NK 22TE SOtAES
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M6 & ANEUIUA =& ol Hs|=d3E

ZEEVIAEY AAE M AX Bdo ExF $¥o) 23] homogeneous
cell populationg AA|3t= Aol dUwh 75:}‘31 b old] humane®] 7Z2-$ CD34+ A
mouse®] 74t Lineage marker- (Lin-), stem cell antigen 1 (Sca-1+),(Science, 1988,
241-58-62) c-kit+ M| EE (PNAS 89: 1502-6, 1992) FACS sorting ©]y} MACSE o]&3F
magnetic separation®. 2 EZ|3t}. HI = HolEVIMEFEREH 28 ZAXE ¥4
AATL Ry  (Science 1995, 265:1098-1101, J. 1. 2002, 168: 4980-4989).

SAGEE +33% ZAx 42 Vitamin D3 upregulating protein 1 (VDUP-1)&
HL-60 celleA] Vitamin D3] 23] =rlEe F3XE S =z (Biochem.
Biophys. Acta 1994, 1219: 26-32). # o= VDUP-10] Trx8} wH&3led Trxel 7%
A, & AAEH TrxdZ4% Asfscty 21 =5tk (. Biol. Chem. 1999, 274 :
21645- 21650, J. Immunol. 2000, 164: 6287-6295). welx] VDUP-12 A Ee] A3} &
GRES-& ZH-3}= Trxoll negative regulator2 2F-8-3le] oxidative stressol] A EE HT}
WNAstA g & 4 k. ®=3F VDUP-1 anti sense DNAY} murine melanoma cell
oAl melanin synthesist} tumorigenesisE& Z A3 (Immunology Letters 2003, 86 :
235-247), HAEL HEFVIE A FFEAE UEpR AAZ ¢ ZFHAA
VDUP-1¢] 2@ o] FFzx2d vla] gasHoAttn &84 Aot

1,25-dihydroxyvitamin D3 2}3|= cytotoxic NK celle] A& Astn (J Cell
Biochem. 1992, 49(1):26-31), human natural killer cell3} lymphokine-activated killer2] cell
cytotoxicity ¢} differentiation-g |3} (Scand ] Immunol. 1989, 30(2):199-208), vitamin
D(3) treatmentol] ¢}3] DC differentiationo] ¢} 4] (FEBS Lett. 2003, 553(3):413-8) ®t}= B3l
=}k gid, 1,25(0H)(2)-vitamin D(3) ©] protein kinase pathway & %3} natural killer cell
£ @4 AN IYE BRI T Y} (Exp Mol Pathol. 1999;67(2):63-74). Thioredoxin reductase 1
°] overexpression®] NF-kappa B activationg Z333 (J Cell Physiol
2004;198(1):22-30), thioredoxin®}]2]3] NF-kappaB2] DNA binding activity7} S7}8}aL (J
Biol Chem. 2001, 276(7):4662-70), # o= IkappaBalpha ¢} IkappaBepsilon¢]
combined deficiencyo] A} NKA X2} #A3 d£& Ho] NFkappa B pathway7} NK A
¥ F3o] 2R3 98¢ 3 Bugoe] (Blood 2004 103 (12) :4573-4580), VDUP-1
o 9§t NKAHXE3slz4do] NF kappa B pathwayry} #HE Holgts AL AlAMSIL
Ut Vitamin D39} NF kappa Bel] #ejH = o8 HaE¢] =4, human fibroblast
A= 1Alpha,25-dihydroxyvitamin D3¢l ]3] nuclear factor-kappaB¢] DNA binding
L ZAEYGa (FEBS Lett. 1998;436(3):329-34), NB4 leukemia cell®] monocytic
differentiation®l] = VD37} IkappaBalpha®] phosphorylationg #3Z13}e NFkappaB2]
nuclear translocationg F-E3F5 T} (Exp Cell Res. 2002 ;272(2):176-84). 3+ NF-kappa
B activity®] A7} 1lalpha,25-dihydroxyvitamin D@3)d] 93] HE=& leukaemia
HL-60 cell®] monocyte2 9] #3}& Z7IAZOE Rix Uth

E & o2, NKo] Eojzxoz W5 i=osteopontin  (OPN)L o7 7}29
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FHAEANAN LHEHT EHEE ZHYA2A, A E (Epithelium)e] FAAE AE=
g el olF, V|4 o AFoz gHxuA A7 B3] IPHY, A4
cytokine?] A4S 2Hde § HWY AAdAE F23 94E€S 3= Aecw dEA 4
T} (Science287 (2000), pp. 860 - 864. Science294 (2001), pp. 1731 - 1735). OPNL ZAE
Bk oy} AduAE, d3% WM ESH, macropahge, T cell, B cell, dendritic cell,
NK cell59] AGMFTNAT o] Ha g} OPNE Axe o]F3 cell-mediated
immunityE Z2HFOEH cytokine?] d&E F3F=E, OPN AAE cytokine 2 B
Far =g £3], A stromal celld] 2}3] B43l® monocyte®] OPNe| <3
CD34+ HSC9] Notch-1 ¥go] ZHago] dal @t (Blood, vol 103, 4496-4502). Notch-1-&
HSCe] £31& AATEN self-renewald] JF& Fv). 3 notch signals A8tH
thymocyte®] NK #3}& =3t} (Eur ] Immunol. 34(5):1405-13).

OPN¢] F&AZE CD44%} integrin receptor’} @ Aed CDME NK AT
o] A interferon gamma ¢} AL FE=FogN NK &A43std #stn (J Interferon
Cytokine Res. 2004 May 24(5):301-309), IL-29] o8] #4153 & NKoJA OPNe] ¥do]
F7Hgol €94 vt ( Leukoc Biol. 1994 Mar;55(3):398-400). ©]2 u]Fo] E uw] OPN
I CD49] Fs g 93] NKY 4o 2EEE A4 = A wtd 7R
OPNe] NK #3}o] ##o] sltte Hue Holglx ¢l weir £ A7 OPNo]
NK £33} =& 843 vxe 4899 1 237e A7, ol ¢XE4 443
L2 HEFE BFHOE g
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