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P ICSBPoll 2]3F TGF-B &4 AAxd714S 49

- ICSBPell 93 TGF-B &4 promoter &Adol thah J g £4; luciferase assay

- TGF-B &4 promoter W ICSBP2] A3 9] ©4; site-directed mutagenesis, EMSA
- ICSBPet Afteh g dapelztel &4 8l ojg awdE ko] Foxg £A} yeast two
hybrid assay, immunoprecipitation assay

P vl aRd S o] &3l H&F HoldlA ICSBPY 7154 T84S 7

- ICSBP, Mock X+ ICSBP9 siRNAZ ddd3 ®H XSFAHAELE
TF AAFEEE Hot

ATENEE) | T2 [ #HA5 [ 1010840
3 A %‘ 2obE &0 A dol 2471 AF 9 doldd RAEA B
A 20104 3¥ 19 ~ 20124 129 319 255,000,000
o 17 7k ] A= 20104 3€ 19 ~ 20109 129 319 80,000,000
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A s A2 A
=T | FHF, Ao, ICSBP, TGF-B, Snail
A Qo]
& |osteosarcoma, metastasis, ICSBP, TGF-8, Snail
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P ¢ wdlo A interferon consensus sequence binding protein (ICSBP)9] &% o]

FEEAEA 98E 79

P oA F5FFHA ICSBP9 Snaile] AolHEEd2AM e g 32l

¢ T8 2 4

> %%%H}}M IC%BPO] A R Aol 2HI 5L AT

- AAEFEHEFXHY AEFANA ICSBP 2dS ZAh immunoblotting, RT-PCR
- ICSBP7} 1]’%"?}4% E5FMNEF gy

- ICSBP7} =§FAxel ARA&EE, FAA, osA, +64, H&4, epithelial to
mesenchymal transition (EMT)oll ®X&= &3 #4]; cell counting, live cell imaging,
transwell migration assay, wound healing assay, confocal microscopy

P FKZAFEANA ICSBPo 98] 2%+ transforming growth factor-beta (TGF-B) 4+&
A} SR ATHAGE A WEHE FAF

- ICSBP9| 9]8 TGF-B &< @& ZAF immunoblotting, RT-PCR

- ICSBPel 93t Alzd<dEZ  (Smad, ERK, p38 AKT %)9 &4

immnuoblotting
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TGF-B receptor mediated Snail induction by ICSBP
- E-cadherin repressors such as Snail, Slug, and Twist were up-regulated in the ICSBP

Project summary cells. (cDNA microarray)
- Only Snail induction was mediated by TGF-B receptor activation driven by ICSBP.

Study on the regulatory mechanism of growth and metastasis in (RT-PCR, immunoblotting, immunoblotting after incorporation of si-TGF-B RI or treatment
Title of Project pediatricAosteosarcoma and the discovery of target molecule for with TGF-B receptor inhibitor)
metastasis Effect of Snail on adhesiveness, motility, migration, and invasion
Key Words Osteosarcoma, ICSBP, metastasis, TGF-3, Snail - Snail incorporation led to increased adhesiveness, motility, migration, and invasion in the
ICSBP cells. (electrical cell-substrate impedance sensing (ECIS) system, wound healing,
Project Leader Byung-Kiu Park transwell migration assay, migration through human umbilical vascular endothelial cell
(HUVEQ))
Associated Company Essential role of TGF-B RI promoter nt (-220/-210) for 1CSBP binding

- nt (-220/-210) in the TGF-B RI promoter was found to be a critical domain for ICSBP

Background and Objective binding. (preparation of serial deletion mutants and luciferase assay, EMSA with supershift

Interferon consensus sequence binding protein (ICSBP), a transcription factor induced by assay)

interferon gamma (IFN-y), is a member of interferon regulatory factor (IRF) family. Enhanced fluorescence in Balb-C mice injected with ICSBP cells through tail vein
ICSBP is mainly expressed in hematopoietic cells and regulates immune response and cell — Greater intensity and area of fluorescence in ICSBP cell-injected mice as compared to
differentiation, but little is known of its functions in non-hematopoietic cells. The objective Mock-injected mice was noted, suggesting occurrence of metastasis in ICSBP
of this study is to investigate the role for ICSBP in the regulation of growth and cell-injected animals (preparation of GFP tagged ICSBP or Mock constructs)

metastasis in the pediatric osteosarcoma and the discovery of target molecule for metastasis. - Lower survival rates for ICSBP cell-injected mice

Methods and Results Summary and Conclusions

Effect of ICSBP on cell growth, morphology, adhesiveness, motility, and migration in U20S we established the stable U20S cell line that over—expresses ICSBP. ICSBP expression
cells led U20S cells to have fibroblast-like morphology and increased vimentin expression.

- ICSBP expression was weak in the human U20S osteosarcoma cells, but it was high in ICSBP expression also promoted adhesiveness, motility, and invasion of U20S cells.
tumor tissues obtained from osteosarcoma patients. (RT-PCR, Immunoblotting) ICSBP up-regulated TGF-P receptors and activated TGF-{ signaling cascades, which
— Stable clones of ISCBP-overexpressing U20S cells (ICSBP cells) were established. are responsible for EMT and increased cell motility and invasion. In addition,
(lipofectamine transfection) ICSBP-induced TGF-P receptor activation resulted in the up-regulation of Snail.

- ICSBP cells showed increased growth, fibroblast-like morphology, decreased E-cadherin and Knock-down of Snail attenuated the ICSBP-induced augmentation of cell motility and
701 but increased vimentin expression, increased adhesiveness and motility indicating that invasion. Altogether, these data demonstrate a novel function for ICSBP in the

EMT occurred in the ICSBP cells (cell counting, immunoblotting, wound healing assay, live induction of EMT and the augmentation of cell motility and invasion through TGF-
cell image) and Snail pathways. Experiments to confirm the metastatic role of ICSBP using in
Induction of TGF-B receptor and activation of its signal pathways by |CSBP vivo model are still ongoing.

- Both TGF-8 type 1 receptor (RI) and type II recrptor (RII) were up-regulated, and Smad as
well as non-Smad pathway were activated. (immunoblotting)
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2. 479 WE R 2%

P ZEFTAEAA ICSBPY A% 9 o] =4 75&
o AAFEFZAIN FHEFAEFAA ICSBP 23 FAF immunoblotting, RT-PCR

e ICSBP7F #hdy FHFAEF2 g7 U208, Sa0S2 human osteosarcoma cell line A}

S

T

+ ICSBPol o3t =HFAxEe] AFER, oA, &84, A&, EMTo e 43 4
cell counting, MTT assay, live cell imaging, wound healing assay, confocal microscopy,

immunoblotting

> ZHFAEAA ICSBPel 93 f2t¥= TGF-B &A% pialaddEde]
A

« ICSBPell 9% transforming growth factor-B (TGF-B) S&Ae &g xAh:
immunoblotting, RT-PCR

« ICSBPel <] 2lsddE#d (Smad, ERK, p38 AKT %)° &4 w®ssE xR

immunoblotting
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P ICSBPel 9% TGF-B F&A Azdede] &zt 25FTAEe 4 9 dolsh &
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« ICSBP %=+ TGF-B receptor knock downell 2]&] ZSFA X0 o3t ICSBPe A% % A

o]z4 7)ol JAHE=AE FAE cell counting, MTT assay, wound healing assay

P ZET Holo Fad ATg st mHEA TF
o ICSBP #etd F8FAEFAA mRNASF protein® expression profiling: c¢DNA
microarray, proteomic analysis

+ ICSBP #Ld SKFAEFAA g dol#wl FAEAY LI JeE AT

FF-

RT-PCR, immunoblotting, gene knock down< ©]-&3} functional assay

p ICSBPel 2|3 TGF-B 48 promoter Aol thdk g3k &4
+ TGF-B 48 promoter$} serial deletion mutantsS #] %}

+ Full promoter®} deletion mutants& ICSBP #@d U20S Ao E9)

» Full promoter} deletlon mutantsell 2|3 TGF-B &A1 23S 2AE7] 93l9] luciferase

Wy WEE =93 $ uciferase EA4S =4
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P1 (NO) P2 (NJO) P3 (N/O)

» TGF-B &4 promoter W ICSBP2| ZAg 19 &4
e Chromatin immunoprecipitation assay (ChIP)E ©o]-&3}o] ICSBP #}4td U20S Aol A
ICSBP$} TGF-B <82 promoter ¢ AFE S &4

ICSBP

TBRI

g TGF-B 484 promotere] 54 Hitol] W3t site-directed mutagenesis 7] o= T}

3k oligonucleotidesZ A #&}aL, o] oligonucleotidesE ©] &3 EMSA #4¥ o2 ICSBP7} 23t
+ regulatory elements = GAPDH
a7 LA Al A 2 F5 o] ICSBP9} TGF-B RI & (N, normal bone; O, tumor)
P dol#d HARA AEAF, olFA, I&A, EMT ddel e 93 g+
o ZE dolBdE BARAY 75 2AEY] 93] ICSBP-U20S A Eo A F4EA4E siRNA « oJo] U20S A Eel ICSBPE HALX9UF stable cell (U20S-ICSBP)& x5k ICSBPO 7]%5&
2 knock down 3 & AEAA o]FA, &4, EMT 49 As) o2 %A} cell counting, vtobat izl 3 9&. U20S-ICSBP AlE (ICSBP cel)= ICSBPE & @d3tg)a, ICSBP7F 3 el ¢

Ags 42T £ Y05 (24 2).

live cell imaging, transwell migration assay, wound healing assay, confocal microscopy

P ICSBP T+ ICSBP9 siRNAZ YPAAsE ZEFTAELE vff2o vaH{F T T4 A4F

S5 Bt

« ICSBP-U20S, Mock-U20S Al 3E9} si-ICSBPE ICSBP-U20Sel =93 AEE upg-2o 13
HES T 2% WAoo} FYALe sty 24

P ICSBP & ICSBPO siRNAZ HAHAdH HFAEE mAe] FAFE F in vivo
imaging@ A&¥ AN Hele] ArE ZAL N
N i ﬁ\.&'\ il :

« ICSBP-U20S, Mock-U20S AlE<9} si-ICSBPE 7] A ™o FAE ¥ in vivo imaging o2 & Rt
Aol ¥ 9Z luminometer® visualization 3}, imagingol A #H @07} FelyH w9 HE A ICSBP ‘_'—;I |]
ZalA] QoA 7lEH ME FHERZ Moo AEE S 4 Ao #Asta vl F4
Z A IR e ] (] L - E S

o b o A o s m Antivs  AntiICSBP
P oo R S0 HE 9 H a9 2. ICSBP7F #hd® U208 8% A|E (U20S-ICSBP)
« ICSBP-U20S, Mock-U20S Al 3¢} si-ICSBPE ICSBP-U20Se] =93k A|EE upg-2of —ﬂal'
HEAY g FAe & k929 A Folut activity, TH S AE THAE Hrtsta
B

A « ICSBP A% Aol &, A|E7} fibroblastet A Ae|2 wetn, 22RAgdo] ZF7ts9lS
(g 3, 4). ICSBPel <& AAE£AL g2 AAAFHFAES Sa0S-2¢] ICSBPE =93
Sa0S-2-ICSBPol M & 324,

2)a+sdy s 2 4%

P ICSBPY ol U205 #&FAES] 4% %7 9 doldE 54 85
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Cell growth curve adhesion assay
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i 0 TR TR
0 Omin  15min 30min  60min 120min 180min
o ip 3D 5o
U205-Mock  UOS-ICSBP
Sa0s-2

1% 3. U20S-ICSBP (upper panel)2t SaOS-2-ICSBP Al (lower panel)2] %

oXx
ol
I
b1
ol
N

U208 Mock UZOSICSBP

2% 5. ICSBP AlxE9] ¥24 (upper panel) %7+¢} live cell image® #23 o]54 (lower panel) %
7}

79 4. U20S-ICSBP A£9| ejulstsl 234 %7

o Hg ICSBP AlXE HolAxe 5421 F243 ofgAe] F7Hstil, wound healinge]l %1%
(719 5, 6).
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12h
ContIgG
E-Cad
ICSBP
701
1% 6. ICSBP AlZ2 wound healing &%
T208-Mock U208 ICSBP
+  Epithelial to mesenchymal transition (EMT)> % M ¥ A& 2 Aol Ao Yeuys Fa3h 2% 8. ICSBP A Eol| 4 confocal microscopy® 2% E-catherin, ZO-1 ©t¥de] B3 9 44
#o g ICSBP AMlZelA EMT @/l A% @942l E-cadherin, pFAK, Zo-19] @@o] 43t

vimentin #&2 F7F8k S (2% 7). E£3F confocal microscopylA ©] %5 cell junctional protein®l %

3 2 Aol #EEo] (29 8) ICSBP Al EolA EMT &24o] dojyras & = S o 19 1-8¢] AxE Fgsld ICSBP-U20S A X Aol &Xsx, Axe 534, 254
(wound healing), ©] 54 0] Z7}8 1, EMT #4% Bo Aol xe EXS Uehhd S
ICSBP SiRNA
Cont  ICSBP
Mock ICSBP
- E.Cad HHFTEAEANAM ICSBP o3 TGF-B &4 fri=st st dadEde] wst
« ICSBP-U20S Al ¥%olA TGF-B type I (TGF-B RI) ¥ type II receptor (TGF-$ RID¢ & o] H
- 704 £53, pSmad2, pSmad3 @949 wdel AL (27 9)
Mock ICSBP
[ Ak i
e
a8 7. ICSBPol 938 EMT A %%72 (E-cadherin, vimentin, pFAK, ZO-1)9] 2&d =43} si-ICSBP pSamd3
Samd 3

2% 9. ICSBPel 93 TGF-B receptor '#& %9 Smad pathway ] 243}

« I3 ICSBPe ©]&ll pERK, pAKT, pP389] L& = F743td& (19 10).
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A B C 254
\Y g o q,\
& o ¥ :
é’@ E\A #J-" ‘\50 20 =—o—si-Contl
% —8— i ICSEP i
ICSBEP TGEBRI e

- 154 - & —si-TGFpRI

3

2 10
3 4
] T T 1

=

24 48(h)

9 12. si-ICSBP9} si-TGF-B RIol 98 ICSBP A< 474 F3
p—ﬂl:lill

29 10. ICSBPell ]38 non-Smad pathway®] &7 3}

ICSBP

12h

P ICSBPel| 23 U20S AxEe] A4 73 dAolHE 54 (334, o] %A
Zo] TGF-B 4449 TGF-B signal &4 3}el] o3 A/AAES A2

ol

7k, EMT @%) 9

Cont
+ ICSBP AlZell TGF-B &A1 Aeld ofAA (SB431542)F AHelstsitiy ICSBP Al Z¢ wound
healing®] ¥3% 1 pSmad29] @& o] 7HAsqe (29 11)
ICSBP-Conf 12hr
ICSBP over expressing cell
Cont SB431542 ICSBP

SRNA
- b
- ) oLt

siRNA

ICSBP-SB431542

2% 11 TGF-B 581 2 AlA (SB431542) * 2]l °] 3 ICSBP Al %°] wound healing &3}k o ¥ 9-139 A3kE FEw ICSBP Alxe] A%

# = x9 54 #50| ICSBPA °
Sact2 54 911 TGF-B #8418 5% 25 A9 F4HE Fa4 Aol 2

P EE Aol TR 4B He EARA VE

« &3 ICSBP9 TGF-B RIol that siRNAES A2st9lS u ICSBPo 93 Axe AA&w F7)oh . i . ) )

By 9 o5y G} AANYL (2F 12, 13) « ICSBPol 9J U20S A= 44 £ 8 o5 5o #olsh= AEAE WwaEsty] 98
RNA expression array 4 o2 Fu] oo @d Was el #4%59 @ AS screening 332
(13 14).
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2 fold up/down regulated genes (1533 genes)

1st 2nd

1% 14. ICSBP A Eo A4 YEYE gene expression®] W3l (RNA expression array)

e ICSBP A% (ICSBP-U20S cell)ol A Hol#tel F A W2 FHZ E-cadherin repressorl Snail,
Slug, TwistE® 2#38t1, ICSBP A ¥o|H o]59 mRNAS ©lde] wdo] Frjehs gelgh
(29 15).

A
Mock ICSBP Mock ICSBP
Snﬂi[ — Snzn

219 15. ICSBP Al XZ oA 25 5= Sanil, Slug, Twist®] ¢d &zl
e si-ICSBPZ ICSBP A% o] Ad3S v Snail && 747 74 Felst9a, TGF-B receptor
S

i=
inhibitor?! SB431542% A ] 3l¥ Snail?t 7HAstdd v lug, Twiste] @& t“‘;@}x] AL,
si-TGF-B RI°l 98 % Sluget Twiste] &L Hz 7Z448kx] &S (27 16).
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. & & ICSEP
§°e° 9@ é{@ Cont SB
Snail Snail
Stug Slug
Twist Twist
_— pact

1% 16. si-ICSBP, SB4315424 2]l 93t ICSBP A*9| Snail '¥& A3}

e ICSBP M ®ol|A Snaild] 7]5& ZAsl7] Y8l AlEe] 24 (adhesiveness)= ECIS (electrical
cell-substrate impedance sensing) 71715 o]&3le] H7let . ICSBP Al E& F-2Ade] F7fsh
o] A& (impedance)°] ¥4 FHENS (2 17). si-ICSBPZ ICSBPE knockdown &} -2
d e FA AFe] vrola . ICSBP Aol si-Snaile AHElstH Aol A,
si-ICSBP¢} Snail & co-transfectiond}™ (si-ICSBP+Snail) si-ICSBPE @502 A3 Znt}h
o] F7kst A&

D 1
= - Mock-Cont
E - -:g::?:smu P | ICSBP
Byl o icsepapcsee - J
= ICSAP. 4. ICSBE ]
_ET T e _.|si ICSBP+ICSBP
E ; -
=
% | si-ICSBP+Snail
E 7. si-Smail
H si-ICSBP
= AMock

Tiine (hours)
2% 17. ICSBP} Snailel ©]g U20S A9 H24 F7ket si-ICSBP ¥+= si-Snail Aol ol
A A

e ICSBP AlZoA Hol: X% wound healing Si*ICSBP‘ﬂ] o8 JAHJ oY Snails A
23lW wound healinge] ¥-®2 o2 3|85o] Snailo] AEQ 54 (motility)oll e gHe el

s+ (L9 18).
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SBP+Snail |

Ohr 5
Cont  si-I+Snail

Snail

T
fiac
e—

=% 18, Snailo] wound healing %71 &3

ICSBP cells

Mock cells si-Cont si-ICSBP si-ICSBP+5nail
o 3 T —

=]

o7 oA AthAWWIAE (human umbilical vein endothelial cell, HUVEC) monolayer
= A& ECIS system& ©]-§3te] FAMsI S, w79l HUVEC vt wjeksid A8

o
&5 Foste Aa
o] ¥4 A5} ICSBP-U20S AEE H7bstwl ICSBP Al£7F HUVECS I&do=zs A
o] ZrAastele (¥ 20). si-ICSBPE A#lstdl &4 Astz Aol Eopxlorl Snaild

si-ICSBP®} co-trasnfection 3F A &o] thr] 7Hashad S
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HUVECs only]
-]

[:3-13 si-ICSEP

Resistance

07|

2o 26 Ez] ES 40 a5 50

Time (hours)

219 20. ICSBP¢} Snailell 9|3k U20S Al E ] HUVEC &4

o

o 19 14-209] A#}E FstH ICSBPE Snail, Slug®lt Twiste] @3, £3] Snaile] 23S
X3k, Spail> U20S AEe] A4, o], &4 Sl #ostds. ICSBPol <3 U208
o

%}
AEe] o] 54 52 FEA SR Snailel o8 T A A5

» ICSBPol| 93 TGF-B &4 promoter &4ol that 3¢ 24

« ICSBPel ¢J3 TGF-B RI ¥do] fr¥= 71WS ety 98] TGF-B RI full promoter}
deletion mutants& A ztate] (29 21) luciferase #E (pGL3)ol 4+4) 3.

Schematic representation of TGF-B RI promoter deletion

TGF-p RI promoter  (-1966/+50)

DML (-1200/+50)

DM2 (-960/+50)

| ———

DM3 (-600/+50)

PP PP P G P £ PPP P G P S S5 5 ss[*

L] I ] [ | I | | L] IR

1966 1635 gge 1350 1358 12241104 g0 934 505745 698 -652 -611 -302 7220—1% 9 0 +50

-1376 -18

Pul: 1174
Sp.1: 574
GAS : 274
EICE : 174

13 21. TGF-B RI full promoter$} deletion mutants®] & X9} putative ICSBP binding sites
(Pu.1, Sp.1, GAS, EICE)
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e U20S-ICSBP A3 TGF-B RI full promoter$t deletion mutantsE =913k 3 luciferase &
AEE =A% A3 DM3 (*600/+50 el 9]k luciferase &4 =7k wi¢- =7 F4¥ ¥vd DM,
DM2¢] &4 =x= vn g FFo|AF (Ld 22).

7000
5000 —
+
5000 4
ré] pGL3
4000 ] — WTRBR I Promoter
3000 | - DML
BDM2
2000 +—n —
r'g’ l EDM3
1000 4 —F + —
o | ond ol W

Mock 1csBP
a9 22. ICSBP Al TGF-B RI full promoter®} deletion mutantsol] 2|3+ luciferase 4%

¢« DM3 domain W ICSBP7} ZA3% sl regulatory elementZ 2H7] 91d] DM3E Al&3F deletion
mutants& A2t § Zhzkell 9|3 luciferase B4& 74 DM3 (-300/-1)ell ]38 luciferase &
A DM3e 458 o]da DM3 (-200/-1) Rt} %S, wd DM3 (-600/-300)2 DM3
(-300/-1)¢] 1/10%= <¢Fs o} nt -300/-200°] TGF-B RI promoter activity®l % 23 sequence 92
& F AT (2H 23).

DMS3 partial cloning

poLsOMIZtenplatle [ ] DM 3(-600/+50)

PGL3-DM3 (-600~ -301)
[ DM3(-600/-301)

PGL3-DM3 (=300~ -1) l:l DM 3(-300/-1)
PGL3-DM3(-600 ~ -201) l:l DM 3 (-600/-201)
PGL3-DM3 (200~ -1 ) l:l DM 3(-200/-1)
45000
40000
35000 A
30000 4
25000 A
20000 +
15000 A
10000 -
3000 A '
0
pGLS-baEnL M3 DM3(- DM3(- DM3(- M3(-
600~-200) 200~-1) 600~-300) 300~-1)

19 23. DM39} DM39] deletion mutantsell 2] 3t luciferase 4%
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« nt (-300/-200)°] TGF-B RI promoter activityoll FL23tq o=z (28 23), nt (-300/-200)=
10 nt 2712 AE3F mutantsES A #3502, TGF-B RI promoter activity®} B]as] RS o
DM3 (-210/+50)1 A luciferase activity’t @A 3] st Aoz Bol DM3(-220/-210)7}F
TGF-B RI promoter activity°l %23 sequence & LAENS (2 24).

25000

20000 - ok

15000

10000 & . &

5000

\3" ’-? = '-?
o e ,.w"* o J” W7
u‘ ,\3’ v N
T EEEE EE &
Y 24. DM3 (-270/-210)2] serial deletion mutants =%}l 23 luciferase B4 %=

« TGF B RI promoter nt (-220/-210)5 333l probeE #|2Hsle] electrophoretic mobility
shift assay (EMSA)E F889¢. ICSBP AlZolA probest A&3 F 719 band7} #2E (2
¥ 25 arrowhead).

mock ICSBP
Lane 1 2 3 4 5 6
U208 extract - + + = + +
Oligo(labeled) + + + + + $
Oligo(unlabeled) - - + = +

-

a9 25, ICSBP Al¥elA #ZE+= TGF B RI promoter nt (-220/-210)% %33+
oligonucleotide probe$} A g3k 5 7] band
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« 9 25012 ##EE band7} ICSBP @A YL #<1dt7] 918 supershift assayE A1 HE-. ot $SEL
ICSBP &4 (ICSBP AB)E A@d & EMSAES Ad& A3 F 719 band’} @ASA FojEo Lane 1 2 3 4 5 6 7 8
U208 extract - + + + - + + *
ICSBP band 99& & & A&, (27 26). hgsodulery + G 5 & W H %
Oligo(unlabeled) - = + . - TS i
ICSBP
Lane 1 2 3 4
U208 (I) extract - + + +
Oligo(labeled) + + + =+
IgG EE - T
ICSBP AB = - =
19 28. SP1S knock-down 3 ¥ 483 EMSA
o ¥y 21-28¢) A¥E F¢sd TGF-B RI promoter nt (-220/-210)e] ICSBP7} Agtsle=
positive regulatory element’} 9129, SP1-& ICSBP$} Z3%tsle] ICSBP2| RI promoter bindingS
AR5
LI | }
2% 26. ICSBP &A|2 o]-&3 supershift assay P vt 2m oA ICSBPY FHF AolFEEda2ZA e 938 9

cohosol MSAE ¥ EF) A4 %Sk 4PEES Pohegld ICSBP AEE WaaE

3k w92 5uke] F 3utE], Mock2 3vle]  1vlelol A Foo]l AdE (19 29).
« TGF-B RI promoter nt (-220) S0 2 FWH| sequenced ZFAls] B LS w ICSBP7F 2H

Adests 202 Hud sites 9RO Specificity Proteinl (SP1)®] binding site”} Bro] %415} U20S-Mock
9 (2% 21). ICSBP7F TGF-B RI promoterel Z#é}i=u SP1e] ICSBP% complexE &4 & .
7S FAEHZ] $18) ICSBP9F SP19] immunoprecipitation assayE F33te] SP1¢] ICSBP<};
AR AgeS 4 5 AUS (2™ 27). o2 SP1o] ICSBP9 TGF-B RI promoter Z ol o]
W3 e n =2 24§38l si-SP1e.® SP1S knock-down 3 ¥ EMSAE 3394
u] ICSBP¢} TGF-B RI promoter?] Ago] o ZaA dojut (28 28). o]+ ICSBP ¥4 3}
SP1o] TGF-B RI promoter?] -220 2] sequencedl ZAAH oz 73, SPlo] ICSBP2
TGF-B RI 23 #%Z negative regulation & 7}sAS A AR

U20S-Mock U20S-ICSBP

Contlg G ICSBP Contlg G ICSBP Positive

Spl
AHgF ICSBP9} SP19) 2%

§
o)
oo
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g
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2
2
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o
t
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« Green fluorescence protein (GFP)S %13 U20S-ICSBP$ U20S-Mock AlES Az A=) 1F 9 A8
FALG 47 Fo FFS 54595, ICSBP Al X5 FAMSE vh9-27F Mocks FAMEH wh9-2=

o @ge] "W R AAA o WA &S (2" 30).

Ho o

e

e dobsh Fadvle Wwy B F A EF FFolth AW 3047 BFFIsee
Wl wQlow #RFe ARAHE BRAVH 4P o w3} 209914 65%%
£ A4t AL AW ASE YER] 2000] Beha AW 2097 JE ]
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=
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A7 AEEe vk GFolA vExom AMGE AV sstayy W
J = A7 o gtk F&F9 el
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FA28 =98 U20S-Mock, U20S-ICSBP AlEe] whe-2 me g F4b & 93

Fig 30. GFP
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« ICSBP-U20S% Mock-U20S A= wpg-2~ syl Ao FAE & npg-xo] =S Hwsy]
. ICSBP AXE FAFe ul9-2= Mocks FAME vhf-2moh A RE FALs7] Al&ste] 150

Yol AAEAS W 10vkE] F 3vpelvte] AESAT WH Mock MEE FARE vk 107 kel Hole vhaAFNAES AHA wAgT F, 1) SAE JA Faet AEesE A&,
2% 7vlE]l} BEFQS (2 31). 2) ¥R (intravasation), 3) FHF el A g:, ) RARAAAY 37 35, 5 dRIHE&
(extravasation), 6) ¥4 Z7'7]°ﬂ"1 AEsta RS AAdste] et AAS AAH Helrk o
ojdth GAEE g EH@o] Fofdrh M ELZ|AU o)lF ¥ &= MMPs, Wnt, Src,
ih Notch o] ¥#ofsc}, 3 7\4 ol FHKFTAEFNA Notchl, 2 receptor?} Notchell 2|3 %Eﬂh
s Hesl 32 @do] ¥t Bzt 9tk (Zhang P et al, Clin Cancer Res, 2008). & v
oA AESE ¥ anoikis WA AEAREA dig WAl o8] == anoikis WA
PIBK/AKT, NF-kB, Wnt/B-catenin, Bcl family7} ¥oldbar, A¥ARE] 3 WAL Src
4 (Gorlick R et al, Clin Cancer Res, 2003), NF-kB, Wnt/B~ catenm Fas/FasL7} #of3ic) &7
- Mock circulating tumor celle]t} Hol® 3o M X 59 AGHAAAE 3]F5H7] s TFAE
Tesee o] HLA-1 (Schuetze S et al, J Clin Oncol, 2010)°]1} Fas®] ®#< o Alatv], [L-10& 1] afo]
°ﬁ ) s I HWANZ] AL g]ugt) deld Fao] 7hA A #QF &S k== CXCR4 (Kim
2% 31 Mockd} ICSBP AlZS ZApeh o no] QS SY et al, Clin Exp Metastais, 2008), CXCR37} #ofdtr}, A O]E]‘ ol K237 s F
FAESF  HolFre] wmAEAe] s Ago]l HAQIH  of7|o]l  ezrin/MAPK, ezrin/B
4-integrin/PI3K (Wan X et al, Oncogene, 2009)°] 2}-&3-t} dol®l 7oA A AP F
A EZ o F24S EGFR, PDGFR, VEGF, IGFR, TGF-B, Src, Integrin, Wnt/B-catenin®] o]k

=

e Hele] ZrjdAlA AAIAQl g Sk Aol 2 FEE Ei e epithelial to
mesenchymal transition (EMT)e]gt= @4Foltl (Thiery JP, Nature Rev Cancer. 2002). EMTE

12

Mice surviving
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, 710l ARsl e ko] dolo] #@ojgtt (Iwano M et al, J Clin Invest, 2002).
EMT7} %‘ U= E<F junction protein?! E-cadherinelu ZO-1¢] Awjxup 2@z 47F dojut
7+ 22 ©] marker?! vimentino] W E T} o]e s EAWEE M EZ} fibroblast 2 THAA
FE e Fee] wstet A AME-AEI AFS okstATI I, AlEe] FEAA, 54, 3
A& =9It} (Thiery JP, Nature Rev Cancer. 2002). EMT t%F3k cytokineolt} TGF-Bbe}t
& "o Aoazte] 3 HFE¥tt (Massague J, Cell, 2008). TGF-B+ Snail, Slug, Zebl, Zeb2%t
& zinc finger protein®] & % o}yl Twist, E47 %2 basic helix loop helix factore] =&
? 715} (Peinado H et al, Nature Rev Cancer, 2007). ©] @4 &2 E-cadherin promoter
Agste] E-cadherin® &S oAt EMT dAto] dojubdl FulALoA Fald &Fol
x|, Ao §34d, 54, F&del Fheth

0, r_

N
‘-4—|~

o2
é

Transforming growth factor-beta (TGF-B)& ¢t %7] GAldM = ¢+ IS oA 8=
tumor suppressor® 2F-§32| 7k ¢to] AW E W tumor promoterZ ZHg3lel EMT, 9o 54,
&4, apoptosis A&, WALAAA ] A, AAEAAAGS do7th (Roberts AB, Proc Natl
Acad Sci USA, 2003).

Interferon consensus sequence binding protein (ICSBP)< inteferon regulatory factor-8
(IRF-8)°letarle &, WA A interferon-yol 2]l fFE=Hr) ICSBPE Al ZolA 2d s
o] A ME A%t T AlE o] 03 &S 3t} (Tamura T et al, Immunity, 2003). 3
Az B3} oAz 23l WejukS ~°ﬂ #oata, ICSBP knock-out #F$-23= ¢lA 9]
W E g f? Y3k fFAbS Aol Aew, wpeolelx zhedel] FHokstth (Holtschke T et al, Cell,
1996). =3 ICSBP knock-out micedl Al AF F5A] AEE AZANHC WS Heltt
(Gabriele L et al, J] Exp Med, 1999). o] & thiio] o= A Eo|A ICSBPY 9 sko] F

) o

[

Hatd ot #H2o Aol A vlF, A=, didd 7 gl A ICSBPe] wd AsE H
astA A ICSBP7F o]E F%olA] tumor suppressor@ #8388 = &S AASAT (Lee KY et
al, Oncogene, 2008). &1} ¥ A7 HT HL-60 MEWHA XA ICSBP7F TGF-B

Q

receptor-TAK signaling pathways 53 Alxe S48 #33e Busgrl (Sung JY et al,
Laboratory Invest, 2011). ©]= ICSBP7} tumor suppressord ¥ o}ug} tumor promoter® Z+-&
S S-S AALETE EEFE WA o] ICSBP mRNA &S A3 AtoA 349 9]
CML #2} 2 279, 3289 AML #2 ZF 219 ell4] ICSBP mRNA®S] & o]/Fo] gle] ICSBP7}
tumor suppresor &g oy, dE AML #AHE ICSBP mRNAZE =99ths AR22 ICSBP
7} tumor promoter’t # = &S ST} (Schmidt M et al, Blood, 1998).

B QAL AFALS obd BLFAA ICSBP/F WHH =4S 2SR, CSBP7} 5
%9 dols} pals) oW e a4 seten st

F8F8Ae) Fx£Ae ICSBPAF B/ wANAY WA 44
Sa0S-2¢ A= ICSBP & o] mjg skglrh. o]e] ICSBP '%do]
HEAAA ol Wi} oA E 2Apshele). ICSBPE QA4
dA1Z1 U20S-ICSBP /‘]E (o= [CSBP Mx= k) A= AlE9
ez vhda, AEe] A, £54, oFH, B4 3 e
(19 4-6).

5!

L] PSS A EF] U20SH
e
T

A EZF o ICSBPE
Ql U20S M Eo] =t
7} fibroblast$} f+-AFgk
xo] 54& vERY

WP-‘ i

g

| 35
K

£—1%

o]

X

I

r~{o

’ ’

2 AFzle] HL-608 wldoz 3 Aol ICSBP7}F TGF-B receptor?] &dS =392
B2 ICSBP Al ¥EelA TGF-B receptor’t §E% =& FAMsIth 1 A3 ICSBP= TGF-B RI
7} RIIC $dHE F%39 3, Smad pathway® o}yl non-Smad pathway (ERK, AKT, p38)%
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il

F439 (28 9, 10). ©] non-Smad pathwayel #EE Z@e F&F9 FgdAfAdely o)
9t Beo] g B2 Bud nh gtk (PosthumaDeBoer J et al, Clin Exp Metastasis, 2011).
ICSBP Aol si-ICSBPE A& sd TGF-B RI¢] wdo] Zoj=u} si-TGF-B RIS Az std
ICSBP Zr&e] ztadhA] ool (219 12) ICSBP7F TGF-B RI9| upstreamo] $1&& & 4 Adth

thHoR F&5Fo] ol ZHEAS Ty 918 U20S-ICSBP Al Eo A w3 == 7o)
#d EHEZA Mock-ICSBP Al ZAutt Faf o] wdo] & E2HS mRNA expression
microarray & ZAMSF . 2 A3 TGE-Bell ¢ls] wdo] ZAE = E-cadherin repressor$!
Snail, Slug, Twist® wW#3slgch ICSBPol & o5 wwrel wge wH =79 ot
Snail®] @& F717F 7 FElstdth. =3 TGF-B receptor inhibitortd si-TGF-B RIS ICSBP
M 3o A e]std Snaile] BdL 7AdA o Slug, Twiste] &> 2 W37t §lo] (1 16),
ICSBPel| 9% Slug, Twiste] @& #%X= TGF-B signale] obd tt& pathwayE

T AN
S & F At} si-ICSBPE ICSBPE knock-down & Aol Snails& =9U3HH =3H% AEe]
A, o) FA, AaAdel HEAer 3RHE dor Hop (¥ 17-20) ICSBPO o3 %54
X EMT & LC’l‘)r HOME 54 F5& Snailel #FEHo2 FATS &+ AU

S0 ICSBP7} TGF-B RI& #% 3}% 7148 ZAFskith. Serial RI promoter?] deletion
mutantsZ ©] &3 luciferase assays 5& P RI nt ( 220/-210)°] RI promoter activityoll
FoethE e wdsd (¥ 24). RI 20/-210)8 E¢3= probed #l1%Hsa EMSA
=2 $yFPS& w ICSBP7} probest ZAgH3HS ﬁd?lse —’F Sil‘iit}. AAl ICSBP7} Adst= 43
regulatory elementZ site-directed mutagenesis& ©]&3] 2-<lF o]t}

o

£0.% ICSBPSh Mock AIEE 35t 0 melgule] FAR # vhgzo] 2 4 o, A
Al 01 o

% % activity®] W3S AT ICSBP AEE agjg e FAH vhg-229] &go] Mock Al
xuch FHsta HA FAHE o ICSBP AE7 F9fe dolg dofs Aoz F4=H3
O]% 248A dAs Fal & oAelrt. Eg ICSBPE mE AWl FARgE vh9-2E Mock

e vhgsnT QA AA) dolsti 15020] AR AEEE 31002 30%0] 23
Mock A% FARES 107 & 70kl 7k Aobglo] 70%9] AEES itk ICSBP Al

A olu 2} miceo] Mol F40]2] (orthotopic transplantation) ¥ Fof HHAo|S %

T2 @A AP Jon, o7|A dojxE= ARZ jn wvoel A ICSBP metastatic

roles YT F 9l Aoz AlmE

]

1

¥ 2

O (% b
23

e .
e J‘i rE —'N

|

i

AZ2H o0& ICSBPw= A ZHEAMEFA U20S MEY 43S FH38ka, EMT @4 2 Ax
J , o1, ARAE o] HolAxe 5A4E F535H 53 L} ICSBP AlE9] ¢
henotype‘_ ICSBPol 9&f =% TGF-B receptoret Snailoll <&} A= AT},
3t U20S Al3E2] WatsE TGF-B receptorE F3h4 ¢+ unidentified pathway
= Aoz ARFAY. o] AyE EYE ICSBPl 98 U20S AlE7F EMT
=] TS Hole 7HE thed ol AAEATE (21 32). ICSBPel g Fo] 54
5L v AndS o] 83 AL o]F SN AAS B, ICSBP 232 wpg-29]

2] 8k metastatic
=3 ICSBPO
s A= o
3

Jm&LU ox €

2 AFES E3 ICSBP9 Snaile] TGF-B pathwayE E8] Z8FAXF< U20S¢ EMT &
Ae doiths AME Ao A7) o]E Bishs wholth
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ICSBP

|

Activation of TGF-P signaling

|

L TUp-regulation of Snail Jp-regulation of Slug, Twist

| !

Down regulation of ZO-1, up-regulation of vimentin

!

EMT-like morphology and increased cell motility, invasiveness
19 32, U20S AlEA] ICSBPel 9l8] %% EMT &4tel thdk molecular pathway
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and  epithelial to  mesenchymal Orlando, USA 7h AFERe A=
transition in human osteosarcoma cells SAaTo
Hzex SERER ERRES A
- Az} | HFE
Prediction of tumour necrosis fraction w5+ |International Society for|=F$] 0710090 S RlAESEEAY AR -
using volumetric and metabolic FDG (FLA) Paediatric Oncology - - -
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predicting chemotherapy-induced Jogjakarta, Indonesia o Asta Ao =gz Aol Tad | ICSBP #itd HS§FAE
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SIRNAZ FAAZE Z&3F -2 FH B 540 o dFS B
AEZE whgzo] T5HT Qkt?
T FTF AAEEE Bt
o] &3t HHF - 9 AEE mEAH] F _ _
égmg gqu%P%}g A F in vivo imagings 5. 9727 B84
71538 T84S AT |HAE" AzxHAA  Aole 1) ATZ8 243 o AT}
AEE A
A R D A 4 =% ol =
@ 9% A Her = AA 2 c1m%§?l\/%lii£%§524)
AN T
U wokel Hergel e SRR Be 4% P
kel kA R
ICSBP7l ##dd FSFTHANEFE g (2) AT+ &A%
4 stA=rt? (1) &gt
ICSBPel 9@ 2%FAL 5%, - 283849 FxA0A ICSBPS TGF-B RI, Snaile] $8 +5¢ Bz $4 risk group
AEF7), ¢54, Ae4del U@ 9%  |ICSBP7F 3 W@ B AEFE dgetel ICSBP o ol BEARE T 4+ ANS.
A2 ol o] HET? ot FHF AE] Y IV 848 FH AEA
ICSBPell 93 TGF-B &A1 Id o S7FES dopd. (2) F&AY 284
BN A ICSBPol 9]¢ TGF-B F=&A° 2d F7ksh 21 38} - F&FAA gz )M ICSBPS TGF-B RI, Snaile] #& ¥} ojoi ol &¢hao] )3t u-g,
ICSBPo olgk dasxdEde &g W |F Medd o] FAstES Lobyl. o $olo] HFAAAELE B e @AY GOFE AdAo] o Fcta, o Fo] wE BREIEE
32 FARSEIYU? ICSBP #@d AIZE o &43 He o] #d st7] fl1g HEAEg]. olE % xS Fuel AEEEAMES F8 FHAFIE WHEA o] FolA
ICSBP ##d ZF&FHEF) TUdZ oA o] expression profiles ZAFEL S oFs},
Ao mRNAS$ protein® expression - HolMEE &3] FAl HAAG thE WS HolmE ICSBPoF d¢kAl A 7re] AnAs
profile ¥41& & 1ok }? 24 dart dAe

ICSBPel o8& TGF-B  F&A
promoter &/do] Wlgt T EA2 of
w g7}?

TGF-B €A promoter W ICSBPY
Az F95 g AU?

ICSBPel 98] TGF-B <8 promoter &7 3}7}
Yol S Luciferase FAER ZAQstgon A=
Agste]l EA3 He= FAE ol

ICSBP¢} Z3}ate ﬁ/\}?ul-‘?l SP1zte)l ZAgke &
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Interferon consensus sequence binding protein-induced
cell proliferation is mediated by TGF-f signaling and
p38 MAPK activation

Jee Young Sung®*, Heejung Kim*, Yong-Nyun Kim*, Yoon Sook Na and Byung-Kiu Park

Interferon consensus sequence binding protein (ICSBP), also known as interferon regulatory factor (IRF)-8, is a member of
the interferon (IFN)-y regulatory transcription factors. Studies have suggested a connection between TGF-§f signaling and
IRFs. Thus, we investigated the effect of ICSBP on transforming growth factor (TGF)-f# signaling in HL-60, an acute
promyelocytic leukemia cell line. Stable expression of ICSBP in HL-60 cells resulted in strong induction of TGF-f receptor
expression and activation of non-Smad as well as Smad pathways. ICSBP expression also augmented cell growth. ICSBP
knockdown with small interfering RMNA (siRMA) attenuated cell growth and decreased TGF-ff receptor | (TGF-fiRI) ex-
pression. In addition, reduction of TGF-fiRl using siRNA or pharmacological inhibitor reduced growth of ICSBP-expressing
cells. ICSBP expression also led to increased phosphorylation and activation of Akt and p38 MAPK. However, p38 MAPK,
but not PI3K-Akt, inhibition abrogated ICSBP-mediated proliferation. Furthermore, siRNA knockdown of either ICSBP or
TGF-fiRl resulted in decreased p38 activation. Intriguingly, TGF-fi-activated kinase 1 (TAK-1), which phosphorylates p38,
was activated in IC5BP-expressing cells and its activity was reduced by TGF-fRI inhibition. Finally, siRNA knockdown of
ICSBP or TGF-{iRl reduced TAK-1 phosphorylation. This study identifies a novel role for ICSBP in regulating cell growth via

TGF-fi receptor upregulation and subsequent activation of the TGF-fi receptor/TAK-1/p38 pathway.
Laboratory Investigation (2011) 91, 1304-1313; dok10.1038/labinvest 2011.90; published online 30 May 2011

KEYWORDS: cell proliferation; ICSBP; p38; TAK-1; TGF-fR

The transforming growth factor (TGF)-ff family is comprised
of numerous factors, including TGF-fi, bone morphogenetic
proteins, activin, inhibin, and nodal.’ TGF-f regulates many
cellular functions, such as cell growth, migration, differ-
entiation, and apoptosis.” Although this cytokine exerts tu-
mor suppressive activity, it also promotes tumorigenesis on
deregulation of TGEF-f signaling. For example, during the
carly stages of cancer, TGF-f} inhibits epithelial cell growth.?
However, in later stages, TGF-f potentiates tumor progres-
sion by reprogramming epithelial cells to become mesench-
ymal cells (also known as the epithelial-to-mesenchymal
transition (EMT}), which is important for mamor metastasis
and invasion." Moreover, TGF-f1 overexpression has been
associated with breast, lung, pancreatic, gastric, and liver
cancer.” High level of TGF-fi in infiltrating breast carcinoma
has been associated with metastasis, indicating a link between
TGE-ff levels and metastatic disease.”

TGF-f binds to the TGF-§ receptor 11 (TGF-fiR1l),
resulting in the recruitment of TGF-f# receptor [ (TGF-fiRI)
and formation of active signaling complexes. TGF-fiRll, a
constitutively active Ser/Thr kinase, activates TGF-fiR] via
phosphorylation, resulting in subsequent activation of the
receptor-regulated Smads, such as Smad2 and Smad3, by
phosphorylation. Once activated, Smad2 and Smad3 form a
complex with Smad4, and these complexes translocate into
the nucleus to regulate gene expression. "™ Inhibitory Smads
(eg, Smadé and Smad7) antagonize TGF-§ signaling by
blocking receptor-regulated Smad activation or mediating
TGF-fiR degradation. In addition to Smad-dependent path-
ways, non-canonical TGF-fi signaling pathways have been
proposed. For example, TGF-fIR can interact with inter-
lenkin-1 receptor/TRAF6/TAKI and activate JNK and pSS.’
TGF-fi can also stimulate the ERK/MAPK pathway by acti-
vating Ras, which is important for EMT."” Finally, TGF- has
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