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Development of a transgenic animal model to

characterize the role of NF-kB pathway as a radiation

response element in vivo
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" NF-kB AARIARS] in vivo MAMANSAAEAY AF FHL AT YANH FER
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1. A77iue] B4 2 Baxy

AR e ¥ o= YA ot o] fold o] F 53] o X
i

2ol olol WAL F84e AW 4+ 4 Az AAY A5 FE3] FHH
ub Qith Zeuh ol ¥ o ARETEA WAL S84 A FHRA
o elA ot Fagol osf A AT B gt Agolrh B ATE NF-AB

ﬂll

pathwayS Z}gtst=s Ao g absdxzl dominant—negative(DN) 1kB- ¢ Thaizle] =¥
= ZHliver)ollA & Al7lolqt Meizo =Y 5 e FEREES

Zrofl 2] shabidof chgt whgof glo] NF-kB pathwayJ quEed Fe4E&E 1353t
7] 2I%t AFolrt. olgt RYE Hzjrix] MAHCT $3¥
A-rollA = ole3t Wapde] A 3ol Tzt AxmWe] $£7lo]

3 P E =dste], 5x1 2Elg Afudgtom wapdodsr o B ozl

i A getdy dite] WA apatell olupx|staat sheirt.
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1. Tet-dependent, HA-tagged DN-kB-a Zaigje{e| &M U 7/ &
_76<'._
1. Tet-dependentj2./TTA-M2 &8 retroviral vector®l g4 U dHiole{A MA
DN-IkB-a  W3idlE] |3 Jurkat M ZoiAM 2] HA-tagged DN-IkB-a @8i0]| BALM oiziMo o|
of M I Jls Txe= A HS
. Y 4 HM=t=l Tet-dependent, HA-fagged DN-kB-a WUHHEIE o| 23 &
PSR PIE B ii ADVEY X1I’”p » HAtag0 N !
(2000-2001) -
2. Liver-speicific|1.a~1-antitrypsin promoter, transthyretin promoter2l hepatocyteo A<
rTTA-S2 281 Vectorispecificity 8l m 2! A
o BM, J& AUSB2liver-specific rTTA-M2 (vsv, flag-tagged) =&l dlgl FNH %
EUS | hepatocyted M2} &&d 245
I;T%_\if\;g Su?;'\c/éét'oci Liver-speicific rTTA-M2 28 Vector®l fertilized eggollel & ¢!
= olgst gg@gg' 2 74 ofatel founder line ER Mt MF o &HE
A A AL 3rTTA-S22| liver Solxol wal el
MME HAME M| REXFY] FolE MFE o850 HAb F 2kel backcrossoll
Fe TR elsh, FHAe] F2 Mofj2e] Meto{R geolsiod, ol &3t s f8X
germ~-1in eld 374 olatel founde line &E
transmission 04§ &2 Founder Line 7l2lel W& waf 2 backcrossolt 2l5l homozygote
2l ¥ homozygote AH|&tel
X 2AHA T A
(2001-2002)
?lel = tounder fine
o mujoy ot Fp|l MFel Luf ¥ F transgene2] TE el
SHAME AT gQZDN ~kB-a 2l Tet ¢ F sl F5& ol
o <ol o=y |3 A AL # radiation hepatitis 4 & liver morphology Z=AL
2 TetFoal —I°J4mo Fjele] HEAIM QIZEMZIH Sdtof] TQEF HFAIM MEks| @
DN-kB-a &8 R




V. A7 etk at

1. dommant-negatlve (DN) 1kBa .»] Jurkat A{]_;_O]]_,] %?ﬂx} 33%—,%_— %6‘}01 HO‘A]-*
e Fdstdrct

2.E3ZE o] 3 oflA] DNIkBaZ} NFkB p652] FUI22] o]F& shAl xugs FHelstgr)
3.Tet-inducible system& F%3}9 o, rTTA-M20] VSV tags H2A|7] FefE Udo] 713 371
A A& 3Hgdste], 293T M3Eoj 2] DNIkBa®] Hd =& #elsigdrt

4. tet-dependent promoterX3gt WEjo] 2J3) WXL DNIkBa?] DNA sequenceE |} &e1gt ¥,
ES Ml Zolle] f-dxl A thil o] & o] &3te] A FA ABAEHY Azto] 243tgct

571218} liver-specific promoter& ¥HE I, o]o] LacZ reporter FJAFS cloningdli
liver-origin®] AMlZFo} TFX 42 MEFo|A Lacze] U FEE 33 F3, TR T2y
7} AR 22 Bojigo] Hojyt Hog veldon oo rTTA-M22] cloning® S 3}4it}

6. Liver-speicific rTTA-M2 ‘4& Vector?] blastocyteofle] ¢ 4 6 7§ ¢] founder line A A
o 478 2n fw

7.rTTA-M22] liver 5o]3& ¢l W& -& Northern Bloto 8 Fol ¥,

8. 6 line?] Founder FAA Bz &y

9. A wE

10. Liver-specific tTA-M2 W& A# 4 Tetracyclin-dependent promoterd] 2]%F IkBa W& A3z
2] founder WofA ] homozygote 3% B34S 1% muj A

11, SAl 53 34 A% A3 A 9z an| AAL.

V. A7ty E8AE
2 el dE B7x A £ FARRPAY A4S Auskith o5 WU AR
& ©]-83lo] homozygoteE B 3laL, ol&S THA] Az aufiste] 2FA R Bibg 9%
ATE A&Y Zolth olu AARYL WAUATAT £ opUe Wes, ofelst, Welat
B M NAY Aol FEIA 29 4 AL Hedolm, AbATo] TBE Av] AU 7%
o[ Mol Haf FAf (F)utZZH} Yo Foltt U“:—Ji)ﬂ——l AxpHel {88 AFL 2d F
of B5d oFoln o] ZNeR Arldke ALy Fope] FFALATHE HBIL
z} gict, A71A 2= 7]El XA E Dominant-negative Hefe] AxPQIXpAAK-A=}e X
4 SoIAY UAA URALEE Bkl 4 el 4 A ZA0 AUD e
T AE e olEE S8 B4 iyt FERYS JiY @ o Foly, ol J&

Hog Jlm
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SUMMARY
(¥ 2 @ < 7))
We developed a transgenic mouse model that will be useful in studying the role of
NF-kB pathway in radiation rersponse in vivo. The model would allow liver-specific,
and temporal tetracyclin—dependent expression of dominant-negative 1kBa, thus blocking
the NF-kB pathway in tissue-specific, and controlled manner. For this, we tested
different liver-specific promoters for their ability to direct liver-specific expression of LacZ
reporter gene. We chose two promoters, transthyretin and alpha—1-anti-trypsin
promoters, fo rthis purpose. We also cloned dominant—negative form of I[kBa
downstream of tetracyclin-dependent promoter. The three constructs mentioned above
were used to construct transgenic mice. Two different kinds of transgenic mouse lines
were independently established; one with dominant-negative 1kBa gene being expressed
in tetracyclin-dependent manner, and the other with nTA-M2 transgene controlled by
liver-specific promoter. So far, 12 founder lines were established among which six have
IkBa transgene, and the other six have nTA transgene. These founder lines were
further bred to obtain homozygotic offsprings. The mating of the homozygotic mouse lines
will generate offsfrings that will be the model system in which NF-kB pathway is blocked in
liver-specific-, and tetracyclin-dependent manner. These mice will be used in investigating the
possible role of NF-kB pathway in radiation-induced hepatitis. The sophisticate transgenic mice

that we are developing will be useful in other area of research such as T cell immunology,
pharmacolgy, specifically drug-metabolism, and brain research.
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A1 d A7 "oA

AP thEAQ HEY fx= whabdY 23t °l%°l“1 o] & 53] ¢ AR
of alof WAty Fa4E At ¢ A dAzte] A s 33 FEE v &
Th I ol ¥ ¢ ARETEANY YA {842 AN Bz &4t
A Q= FEEO o8] A Ag w3 glE Aot o]#¥ K22 thEFH o
EAE wAPAF 7 (hepatitis), M (pneumonitis), 213 (nephritis)E& & 4
lTh o2t b2 Fapgo] A olaf W XEred] US sidE AA B
Z2e] Yapdoll oyt 7[#(organ) FHE A FEolqe] whgo #A3t ALIF B4F
ojit ol 23t AP B} Zo] YAIFRI =EH FHwh F2 abd At W
APAA ROl o3 Wabdel 2" AT thdes ¥ A7 AR LR oFoi|aL
g Wolth U of AL M Walu Fol Aol oy, WEXAY T
H7} ol#l9] in vitro study®Jo] ZHA] 2 7] organ)% g s b gAY AT
= "HEAZE = AdAolth.  olel 72 7| (organ) £EL] ATE A= TE
Bde] glo] d¥yEolop st HAY o]& 93 A3t FERYL Ex3tA| de=rl
mpebA £ dFelMs 8 vl o] o] Foixa e FAAR FE2 i
=3 ¥ 2A o GERZ FAje] of Jleg ol&ste] FAh ZA o WAl tigt

a}

L

QUIX}2 2] NF-kB pathway®] Q& Fwsliiz} gt
2 Ao 2EE W33 Qe NF-AB pathways= 1 HQb AT o] wfabalo] tf
YA L 25 E] HEE BHIst= 7S AU ¢
L7 ofelx o u}(Cancer Res. 1999 vol.59, 6038-41; J Natl Cancer Inst. 1999
vol. 91, 1956-60) o]of #3] ¥lES A7|3t= HIATE Qlo]jgoem(J Natl Cancer
Inst. 1999 vol.91, 1910-1), t]&o] tJFEe HAII} in vitroo] e AZEFE tf
BORE 3F AFolol N FAZA A Y] NF-AB pathway®] H&2 opz EHA|
elolth, 2 AFoaE  NF-AB  pathwayE  xESl= Aoew
dominant-negative(DN) 1kB-q wh#lzle] w3 & 7H(liver)ollA] EA A|7]d)
Hog R ¢ U= FTERYS uste] Zhole] wbapade] thgt whgo
NF-kB pathway®] Hthl Fo4& AF ¥ Zlolth. oleldt T=RHE it7|
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F)utaZ Ao Tad A4
- DN-IkB-a®} o] Wx7ITA] 54& Ushlds 8= ZAdA e A3
TS A= adulte]] FAALE FEEZ

& =
¥+ gt Jlgol WHAY. aU FYE Tustel WA olE WHY HaE

A=
24 WA @A) oldYd &S B8 $HAPLY S5 W background 2
o] HA3E WA 7

- NF-AB pathway—= WAl o ZHE MHEE R F3}
Aot AA in vivooll M o] J-2 o] HAx oS,
- = AL HAE3AA L oled SHAUAEE AAS, UelrtdE AUE
= NF-kB pathway®] Wabid g3f Zhiol QlojMe] A¥E 4HE 4+ A= 583 7
HE AEFE 4 A& Fo=E mitt
- NF-kB pathway+—= B|gt HAlXof tfgt immediate early responseol| A& F3
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- w2 DN-1kBa?] in vivoollAl8] Aefz]lel wlaof 2]3] NF-kB pathway=
dsts A7loll 23] HolAow Aoty £ Qe FTERW U2 Wabd g 3o iyt
A F2]o| = hematopoiesis, embyo development, organ development,
neurodevelopments TH¥EE A & Atof 4] 2] NF-kB pathway?d] &S 73y 5 9
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- 2 2] S sl WA 714 WY P P olg BAof B 7]
& 2 d7dol A £3d HAA girin wUH FAIR B Ape
(F bz esoly WY 29,

- DN-IKB-ash o] WAZI|TAC S4E Ushhs Sl AAlolAe] o
FEE 2GAE adulto] FAALY REBAS TYstd 1 U HuPoz §
SY 4 gt Zlgel WA, e TS TYste] WA o|F WY Bu:

T

- E3F 2 ?i*?‘ﬁ]HL‘ of-$ # Lo WREH rTTA-S2 transactivatorE APR-FHS
2 FA7IR] E43517] oYY &2 58 FAAUE {5 W background wWE

o] H43tE YHY 4 9L How T,
A 53 oz Ay

- NF-kB pathway+ WAMI O ZHE] HEE BRIt 7S AW 2o A
ULt AA in vivoolA o] AL o} HAX g

- = AL HFAA L
od

1
E NF-kB pathway?] ®HIApA

L S

o2t EFMUAEE A, oty A7
3% el QlojAe EE ABEY U= F &

g 7IHE AZE 4+ A& Ao withy,

- NF-kB pathway= H]gt ®apio] tf3t immediate early responsed A2 &3
Al A% # ohel, AR EoNE Fa3t S Tt e Fog o
A ol

- mhebA DN-1kBa®] in vivooll 2] Zedzjel wdof 2]5] NF-kB pathway S
Yot Al7le] 23 Holzaog vyt £ ol FERYL] Jpid apd g sfe] cjst
AT 2ol = hematopoiesis, embyo development, organ development,
neurodevelopment% T}oFgt MW & AtoflA] 2] NF-kB pathway?] Q&e F+HY 4 )
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H2d =4-2 7[sHe g
- -
* NF-kB pathway?] in vivool Al 2] atale] cigh Maxub-gofxe] d&o] cjgt
AF= FURE ohlzl FYME ofF AREHD 9= ¢fon, 1 ol HA
g SEEEY Ao glE.
% in vitroo M &) Habdel cigt Aol ukgy|Ae] B3I AL, 53] NF-AB
pathwa)'«l Ao iy ATE UAEHY ¢ dAYAFLE
77 AWHT o
. yaaw %—%(*gﬁm B W wule Sl Azl A AEBS WA 2
ApoliL & Ao Heldta Y (F)mfaEAelA ou APEHI gL
(Immunology 1998 vol. 95, 559-65).
¢ fAte] 23 Folql Walo] A5y WUV BB, 53 duze w
FEZL 7hett BERUYL] A2 ot A=z ¢t 9lg.
* tetracycline-responsive promoter& ©]-83t vector?] ¥4 W 1 7|% 2

< = AFFof o3 #3H v} 9IS (Mol Cells. 1997 vol.7, 514-20).

)

%)
* Q¥ RAAE ool WANT FHolN =W Soldel wHg Py
S ( Immunity. 2000 May;12(5):537-46).
¢+ RAZPUYS 29 Soldel WUFEI} AP HAHY FERLA o] Fol
Zl AR 7 1S (Immunity. 2000 May:12(5):459-69, .

* 8L} NF-AB inhibitor proteinQl IkB-a £} Zro| embryonic toxic{ujo}=
78) AR A™Al U FTo 2%t in vivool A 2 7]%5H Fol #F 1
A e

* ] rTTA(reverse tetracycline-dependent transactivator, R A-10 |
saturation mutationo]] 2J3f 7]&2] rTTA¢] |3l tHA 2} F-A=pUA
ol’del FAHE rTTA-S29] {32 F27F U= uf glom 2 FpAofA
MEZ transactivator& ARSY o<l vl, & A3 HF sHsAdol uf

ob&-& (PNAS, 2000, vol 97, 7963-7968).
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A1 A AL

1€ 1. Tet-inducible, Tissue—specific
Expression of HA-DN-IABa

TTA-S2 polyA Sina!

Vector A: : :
_ /_\
Tissue-specific Promoter Tissue—specific production of
fTTA-S2 transactivator
| \—/ ®
Transcription 7 [TTA-S2/Tetracyclin =&t 3 4 Tetracyclin(Tet)
Activation 2 conformation change
Vector B:

polyA
Tet-responsive Promoter

= Ao AFE3l= Tet-dependent, inducible expression vector?] 2H&-¢glE& 1
H 1o disiolon, o] AlARE 7 1 oA} Zo| vector A, B2 ¥ vector® F
45l 2lttk.  rTTA: tetracyclino] Zz3l= ZASofzt vector B tet-dependent
promoter F-flof Ajste] [AAPUHES BA3}5A Ho] DN-14B- acha o] o]
F=HTE o] of rTTAE Z2A5o|&el promoterE o] &38te] wWdHA|Z Zoln, o] 7
T AR U 2 KoL vector Aol 2Jsle] AN, {AA} wWHL EA AT
off2] f=(Tetoll 2]3h) = vector Boll 2Ja] AFHTE o] al3t A|ARS A oA
225t = 5 517] 9IsfA = Vector A9} Vector B Z}z}2 o] &3}o] 3AAT xS ut
% T, olE FAAH FAHE AT ZujrA AJAEL] £ T QA (= Vector A, B)
shite] #of TAlo] £ = UEE slojof giTh ol LS AP FHUApHLS
fL?ﬂ L. Vector?] A2 W Je 2F, 2. FAAT Axle 44, 3. FAAH A9
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1. Vector?] Az} Wl 7]

or
gl
i

7h. 1kBa®] ®Abd RIZAZ AL 7% Hal

dominant-negative (DN) IkBa 2] Jurkat A|3ofle] F-Ax} AL E3to] wabd nizt
gol F7HE #elstddnh ol 17 2 oA 9 o] INIkBaE wWHst= MlEA A
22 el ulX= WAk Aol ®AF| FrIHOoTA ugha 4 oddct  E3t
o] 2} ollA] DNIkBaZ} NFkB p652] R 2] o]F-& HYslA e Falstyrt (2
H 3).

€ ..
S 140
w -4 GNP
& e SRR
: g 124 ; ~4 DT 15
8810 e
¥c 3
o= 80] %
£g 1N ¥
BR U kY
8 f
4
sé i1 N g
Bt~ a9 e
= .
2. 8 A

% 2. D0.11.10 A =FoflA 2] DNIkBa2] wralidoef tfgt niziAMo] njx|=

(e}

(D011.10-P; plasmid control, D011.10-1; DNikBa Expression Group)

o
o%



1 2 3 4

NFxB —

3% 3. DO11.10 M|3EojlA]2] IkBaoll 2}%t NFkBa &] 3MfE2] o]|%=3s]. 5 Gy 7} ZA}
H AEZL] Nuclear ExtractE Nf-kB-specific 0lid]S ©]&3}o] EMSAER HAs}H-S.
(lanel: IGy, control with cold oligo, lane 2 plasmid control group, lane 3:
DNIkBa group, lane 4; MFG, IkBa group. )

L rTTA-S2 U@ el o] 3t4] 9 Tet-dependent expression induction®] QI

rTTA-S2(M2) F-3AXIE 592 Dr.Bujard Group O B HE Aghito} &4 2] 49} &
3712 2] wE WEHE Adsiedc.

Zb 38 e Z1edel rTTArk o] HE71E sl ¢t o5 HEE
tet-dependent promoterd] 2]3f DNIkBaZ} U3 x| = @& (pUHD10-3.DNIkBa, 1% 6)%}



MFG (vovTTA % 4, rTTA expression vector?]
J-Z. MFG retroviral vector® 7
2 VsV tagS 5°

MFG rTTA(vsv).puro . ,
(MFG. (vsv)rTTA. puro) 2 3
(MFG. rTTA(vsv),.puro) o F%3t &

pCMV.ITTA

B2 rTTAS WA,

3bA 2937 A|3Eol cotransfectiond}
I, doxycyclineol] 23} W3 {=
FALS FHalstgdch, ¥ 504 H
= ui} o, 7z} ¥HoM BT U4He] {§27 o]FolX Il USS HA¥ 4 2Agrh
o] ui IkBa®] ‘WHL HA tagoll thgt AE o] 83l western blot AollA] HAstH

a2l 5 rTTA U8 HE o] 2J3f transfection™ 293 T M o]lA 2] Doxycyclineol 2%}
DNIkBa®]  Induction At DNIkBa¥x  tet-dependent promoterE& E¥dl=
pUHD10-3. DNIkBa (1§ 68) of &3] U3 =2 ¢S,
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pUHD10-3.DNIkBa

pcmv+Tel2 tet-dependent promoter ¥. DNikBa:s 5°0f HA
tag sequenceS S A3 2V M ARKITE o6

oo

3% 6. Tet-depoendent IkBa ‘U W], pUHDI0-3.DNIkBal] T 2%
C}.  liver-specific promoter 5¢] R2IEo|A n|a

# A2l liver-specific promoterE AW}y sty 23 73 T 371#]Y
liver-specific promoters& ¥|R.3}o], ZtzZtol]l LacZ RS reporterEBA AL&-35}7]
3t cloning sttt  o|5L& z+zb NIH3T3 A= (fibroblast), 293(H29D, Kidney
Epitherial Cell) A&, HepG2 (Hepatoma), HepG3 (Hepatoma) AjXof MFG.egfp vector
£ transfection A=7] vector® 3} cotransfection 3}T}. Transfection
efficiency® 7rQI3}le] normalizedt data:= Table 1, 2, 38 Zt}. o|&%¥ TIR
LacZ, 12|35l ApoE/AAT.LacZ®] A7} 713 % Eojdz UsHZ w7 vz d 3 7o
2 LERL, o]lE o] &3le] rTTA(vsv), 22|53 rTTA. flag®] cloningS $H3lion,
WA AW A Aol Astac

S a3 7. 2} promoter®|Liver-specific WHR{E

ADOE/ART.LacZ [AeSL/ARY Prons © o o P=e) o) 3H ‘ﬁ-)vlil 3 }z] re t
=.2] =5 9 7 porter
Loz T ZO‘Y = = ] O o

| RENPIomater

vector®] F+%
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Table 1. TTR.LacZ®] X2 Eo|a w3y

3T3 H29D HepG2 HepG3
CONTROL - - - -
MFG.LacZ.
MFG EGFP jres puro 12 38 79 1.1
TTRLacZ
* 0.9 1.3 55.2 21.0
MFG.EGFP.ires.puro

Table 2. ApoE/AAT, LacZ?] R 3 Eo]|a w3

3713 H29D HepG2 HepG3
CONTROL - - - -
MFG LacZ+
MFG.EGEP ires pro 7.2 3.8 79 1.1
ApoE/AAT LacZ.
+ 1.2 09 22.0 13.0
MFG . EGFP.ires.puro
Table 3. AAT LacZ9 #32 Eo|3 utg
313 H29D HepG2 HepG3
CONTROL - - - -
MFG.LacZ,
MPGBGFPires puro 72 3.8 79 1.1
AAT LacZ.
+ 0.8 1.1 17.1 12.0
MYG.EGFP.ires.puro

2}, Liver-speicific rTTA-M2 U8 Vector?] ¥4,

W

7Ie AE R A
A LA 2= 7ol g3t upe} o] A ATz oA L] WHAES A 317)
Stod rTTA-M29]] vsv, EHL

= 21
52 flag tags F-Hr|zlonmg o|o WU =R s HE
western blot 2.2 I3ttt 7 7oA BX ule} Zo] vsv tags 3 Fa] 71

‘o] 2]
Aol & Balgel whudo] F&F o] olF £F AAH A7 T3l AHgs}
712 Agstact.
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2 orrol TTatvey) fvsviTTal (vaeyTTAZ

b A-Y 8.
rTTA(vsv)
2] vsv tag
BAE ©l
|3 AE

i
o
:\l
o

7t. Tet-dependent DN-1kB- @ WUWEWE|E o] &3 A AZ x| A2t

Tet-dependent promoter3t§tgt g (7] 5)of 23] U X = DNIkBa®] DNA sequence
WA HAT F, ES AEo]e] At s o2l 0|2 ol gstel 4 WY WPz
A zte] st ol AFAANE Wl e (F) vt E2H Y Yoo w
RO, ES A2 ZHA ol chimera A 2tof] A= *]7}/“Q tﬂ*‘ A A
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