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D. Katoh, M. Nishizuka, S. Osada, and M. Imagawa

Fad104, a positive regulator of adipocyte differentiation, suppresses invasion and metastasis of melanoma
cells by inhibition of STAT3 activity.
PLOS ONE, 10, 0117197 (2015).

D. Katoh, M. Nishizuka, S. Osada, and M. Imagawa

FAD104, a regulator of adipogenesis and osteogenesis, interacts with the C-terminal region of STAT3 and
represses malignant transformation of melanoma cells.

Biol. Pharm. Bull., 39, 849-855, (2016).
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%o EEE BB EDRVEE L LT, BB O BABE TR, 5 FAEFRNIEHEIC
v, fEkOFR AANL, AILIGFEOIHCMILIE L FHET 5 b0 L < BH - 584
T 2B AR OBRHRBEIDIZIZE > TR, ED7D, DADIRKEEZEZ 2 H LT, »
AN DRY « BB D 3 F A D = AL 2T 5 2 L3O TEHETH D, MAMIIBOR
- SIS 26T 2 0 T2 & LTckkx IR PG5 2 L nNambi
TWAED (1-3), TOEFDOEIITIZE > TR,

MFgEE TIL, B BRI D53 7 A 1 = X LG MBT 572012, ~ U ARG
FRRRESTI-LLMI AL 00 23 (L35 3G 2 1O F8 BL L A3 25 7% S E TICEHCHBEL T
% (Fig. 1) (4,5, D9 b, ZHE TORERNG., factor for adipocyte differentiation (fad)24.
fad49, fad158% 44 &3 W< OO B BRI b A RET 2 2 L 2HmE L T
7z (6-10),
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(factor for adipocyte differentiation 104)

Fig. 1 The process of adipocyte differentiation and isolation of a novel gene, fad104.

ZDOHRDID>ThHfadl0diI~ T A L b N TEWIEEIEZ R L, proline-rich region,
fibronectin type 11 (FNII) domain ®9[r[# V) ik UigrEl L O E@MEk 26T 5% /378
Za—R945 (Fig.2), fad1047% Hifff L7244, fad104 LHALL L7 & "7 BIZA b AT
Teo 7203, 20064F (2 fibronectin type 111 domain containing protein 3a (fndc3a) 3 Bl X 1.
fndc3ass /v b U ML & RS MR OEE3E &2 IEIZHIE 2 2 & 72 B NI fnde3ad FH{EL DA
AT HH 7 E L Tinde3b, fnde3c 3 A ET 5 Z & A S v/ (11), Fnde3b7ifad104
LR—DBIETFTH D,



1207 aa

mouse FAD104 D l] :prolinerich region
1204 aa |]:fibronectintypeIIIdomain

human FAD104 [l : transmembranedomain
(92.5 % similarity)
Fig. 2 Schematic structures of mouse and human FAD104.

YAFIEEE T, fad10423ENGHIARL AT AR - — i\ DR B Z 32 &, £72. shRNA
7 T fad104 2 R BN < 2 L ENMIa b2 BAE Sz 2 L e fadl04 23N A
ﬁ“m%m*ﬁ@#%:&%%%ﬂmbt(m%ém;mmmkﬁvvx%@jbjwm4
DA DEEENT OV THEHT L7245 5, fad104 AR ERIE~ 7 AT O AR AL O 1

BAENLFT /) —EBx 2L, HAEERIETTLHZ LN LI (13),
ZNHOHAEZMA T, fadl04IAEN MRSk & 13 REAYIZ, bone morphogenetic protein
(BMP)/Smad> 7" F V& BRET 5 2 & TEIFMALEZAICHIET 2 L bl L TWD
(14,15), YL EOFE NG | fad1042 NENTHIE /AL OHIENZIN 2 . MRS L OVE B RO Hil{E
ICEHBEREEZH D Z RPN ERoTz, E5IZ, fadlOAKIE~ 7 A0 5% U7 s i
SeARHEZERMAZ (MEF: Mouse Embryonic Fibroblasts) % FN =T 755 | fad10423 MR OH% 7
BE), B4 EICHIET 2 28 B LTS (16), LLEDHERE X 0 | fadl04IZAENHINLSY
b, BRI K OVETERRIC & & F 63, Mg SN EEREE L R EMBLTHLD A
RO - BB IC 5 L QD Z R EZ HND N, fadl0d & N A DfsfE & OBIRIT A<
Do TR,

Z ZCAMIETIE, fad10423 23 AKIRE IR - IR I2 5-2 2B A P LT 52 L% H
Hy & LT, BETORER, fadl041E2s ALk o Bhig, i2M6e, BI5IRAF A THRE 2 RE L |
AR OB Z IS 2 Z &N bhotlz, EHIT, fadl0did, 2SAMILORE - I E
7% %1 9 signal transducer and activator of transcription 3 (STAT3) DIEMAL # L ET 5 =
EERHE L, ZNDORERL Y| fadlO4IISTATIY 7L 28 L, 23 AMIRE R - i
BE2AICHIET 28 T+ CTho 2 EEH LN LT,
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H—i  fadl04 NN AHINRORE - i8I 5 2 5 R

i AREERBIED AT ) —~ il A375C6 72 b N EEEMED A375SM HIIAIZ BT S
fad104 D7 L& D fEAT

Fad104 23723 MR DIZE - BRI B % 52 DG Ret T 2720, B b AT 7 —~H
kK A375 iR & v, A3T5 AR IX R MFAE L, mEsfEEod A375SM flfd C I Ris
PED A375C6 AifE & ki L, BSAMSIEEE - CTh D pb3 T A h— A Z{E7 Bax 72 & D
T OFRBEIMEL . nuclear factor-kB (NF-kB)=° Bcl-2 72 & D3 i fn - DR BRI E W
BB TWS (17), £ TEF. A375C6 i LU A375SM i3 % fad104
DFRBLEZRFT LT,

(1) EBA B LOFEERTTE
1-1 SEERB B
A375C6 ililfi (AR Lo &0 5
A375SM il (AR A Lo i L0 i 5)
RPMI-1640 (SIGMA)
Fetal Bovine Serum (FBS) (Biowest)
PBS (-) :137 mM NaCl, 2.68 mM KCI, 8.10 mM NaH,PO,4, 1.47 mM K,;HPO,
0.25% trypsin/0.02% EDTA
0.02% EDTA/PBS (-)
Lysis buffer :137 mM NaCl, 25 mM Tris-HCI (pH7.5). 1% NP40, 5 mM MgCl,.
10% Glycerol, protease inhibitor cocktail (1 ml {Z-> & 1 ul fif )
Transfer buffer : 25 mM Tris (hydroxymethyl) aminomethane, 192 mM glycine, 20% methanol
Skim milk (Wako)
TTBS : 150 mM NaCl, 10 mM Tris-HCI (pH8.0). 0.1% Tween20
Rabbit anti-mouse FAD104 polyclonal antibody (5% bovine serum albmin (BSA)/TTBS T 400
EAR) (SIGMA GENOSYS (2 Z5E L T1ERY)
Mouse anti-mouse B-actin monoclonal antibody (5% BSA/TTBS C 100,000 547 #R) (SIGMA)
BCIP/NBT Phosphatase Substrate (Kirkegaard Perry Laboratories)

FAREEH  RPMI-1640, 5% FBS

1-2 BRIk



O A375C6 it L O A375SM Hll i oD 1z2%
FAREEH (RPMI-1640, 5% FBS)% UV T, 37°C, 5% CO, IZB\W\THEE L=,

O Total RNA 07l
80% =17 L > h OHEA & TriPure (Roche)Z VTR L7z, 7 1wk /L A4,
2-7u R ) — kA 4T o 7-, Total RNA IX TE IZIAfiE L7~

O cDNA o7l
WHERE ST ReverTra Ace-a-% FAWT, LT DOEEIC L W77,
< SRR >

Total RNA (1 ng) 6.00 ul
RNase free H,O 6.65 ul
5 x RT buffer 4.00 pl
dNTP mixture 2.00 ul
Random Primer 1.00 pul
RNase inhibitor 0.25 ul
ReverTra Ace 1.00 pl

20.0 ul
<SS >

30°C 10 min, 42°C 20 min, 99°C 5min, 4°C 5min

O JE# PCR
ABI PRISM 7000 sequence detection system (Applied Biosystems) % H V> TagMan
Universal PCR Master Mix (Applied Biosystems) D442 U Ci7~ 7=, fad104, 18S
RNA D& 77 4 ~v—B L O m—7& v M Applied Biosystems J 0 JliE A L7z,

<TIAvw—BLOTr—T7>
human fad104 : Hs00224289_m1
18SIRNA D774 v~—B LU0 e—7D& v | 4308329

O cell lysate ? 7
35-mm dish (Becton Dickinson)Z33\ T, 80% EED 2 7 L2 b F THFE L7/
faz PBS (-) Ty L. Lysis buffer Z U L7z, JK T 20 s fE#E L 722 L,
4°C, 15,000 rpm C 30 4yfiffsz 0 L7=# 0 EiF % cell lysate & L7=,



O Western blot 74

HEDF X7 E (1.5 ng)% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) Z X v 43 L . polyvinylidene difluoride (PVDF)(Z . transfer buffer H .,
100V, 2 KfEDK ECHRS L7z, BG ML, 4% skim milk/TTBS (232 L, 4°C T—Mt~7
0y XU Ui, £DO%, TIBS IZK2W % 550, 3EM IR L=k, —kEk
& 4°C TBR ST, WIZ, TTBSIC K D86 % 543, 3E K L=, —
PR & =|IE T 2 BSOS S 7o, BG4 B TTBS 12 & 2 Weif 2 5 77, 3 [Alig:
Vi L7-t%. BCIP/INBT Phosphatase Substrate % FH\ CHID /S K&/ L7=,

O ekt
Excel 2010 (Microsoft Corp.)Z H\ T, two-tailed Student’s t test (& X U #ERHLEE 21T

ST,

(3) FEBii R

£79. T8 PCRIZLY fadl0d DIETLE A2 MFS L7fi K, misrED A375SM il Ti,
RERTE 0> A375C6 il & bt U | fad104 DR B ENABIMERNZ L 3BT e - 72 (Fig.
3A), EDIZ, YZAZ T ay MRETZL D X R0 B L~V E G LR, A3755M
AIIZ I T FAD104 DR B EMENZ &3 boro 72 (Fig. 3B), ZALH DOFEF L D . mRNA
LAV BNEH R 7B LT LIS, @misBPEd A375SM il Tl fadl04 D IEHL &
DMENZ ERBA LN T2,

A B
fad104 Cc6 SM

8 *
< FAD104 s s
Qzég 2 1.00 152 0.47 0.52
% S B-actin s
2 ®
& =

0

C6 SM
(poorly metastatic) (highly metastatic)

Fig. 3 The expression level of fad104 in highly metastatic A375SM cells is lower than that in
poorly metastatic A375C6 cells. A, The mRNA expression of fad104 in poorly metastatic A375C6
cells and highly metastatic A375SM cells. Fad104 mRNA expression in the two cells was examined
by qRT-PCR and normalized with 18S rRNA expression. Each column represents the mean with
standard deviation (n = 3). *p < 0.05. B, The protein expression of FAD104 in A375C6 cells and
A375SM cells. FAD104 protein expression was examined by Western blotting. 3-actin expression
was used as a control. The ratio of protein level of FAD104/B-actin, as determined by Image J, is
shown under each lane.



M fadl04 23 A T —~HilaOBERER L ONRIEREIC 5 2 % B OMEHT

fad104 73 2 7 / —~ #ild OB ENRER L ONRIHREIZ G- 2 D 3BT OW T transwell 2
THF L7, BEIREOMIT TlX, Mlao5 %2 ED 5729 fibronectin = — L7z
transwell % W CTHiFT 21T o 72, RIEREMT CTld, RERZ MR 2 B R0 F oot
Matrigel C=— k L7z transwell %MV 7z,

(1) EBM B LOFEET L
1-1 SEBRAIEL
A375C6 iffliflel (A Ly B &0 fik )
A375SM il (R A b i L0 i 5)
A2058 #fifiz (JCRB Cell Bank X v i A\)
Transwell boyden chamber (Becton Dickinson)
RPMI-1640 (SIGMA)
Dulbecco’s Modified Eagle’s Medium (DMEM) (= A1)
FBS (Biowest)
Lipofectamine™2000 (invitrogen)
siLuciferase (5°-CGUACGCGGAAUACUUCGAITAT-3") (= v Ry A — ¥ —F 1 —)
human fad104 siRNA (sifad104-A) (5’-GCAGGUUAUUCUCGUUCAAJTAT-3’)
(ZyRA—=D—=T )
human fad104 siRNA (sifad104-B) (5’-GAAGGGCCCUUCUCAGAAAITAT-3’)
(ZyRA—=D—=T )
4% paraformaldehyde (PFA) /PBS (-)
crystal violet (=% 7 1)
Fibronectin, 0.1% Solution, From Bovine plasma (SIGMA)
BD Matrigel™ Basement Membrane Matrix (BD Bioscience)

HARZH - RPMI-1640. 5% FBS F 7= /% DMEM. 10% FBS
1-2 FEhr ik
O A375C6 fifads L O A375SM Al D55

R, HECELE,

O A2058 #ll D B
HKEEH (DMEM, 10% FBS)% IV T, 37°C. 5% CO, 123 W\ THEE L7,



O siRNAoligo D fFEHL

=R A —V—T 4 —IZEFE L, fadl04 ® ORF FHIKPNIZH\V T siRNA DL
Bl & 72 Dtz 5 FfEAS 72, 5 FREHOIERIBLAN DM O AR T DI BLZ I L 720
T HEFARDEED, RER Y —BMKX LT o, FE 5 Z NCBlI @ Basic
BLAST-nucleotide BLAST % VN THisR L. £EAYELS 7S fad104 LIS OB T & 16~17
HHGERE L TR WW T & 2R LT, 5 OGRS D 5 BRHTIEEN SV & B 2
BNDELOEERL, =vR A —V—T 1 —IT siRNAoligo DIEAZFFE L 7=,
sifad104-A | human fad104 @ ORF 5k ¢ 108 ~ 126 bp %, sifad104-B /& human fad104
7 ORF fHIKN D 3112 ~ 3130 bp 2 T EHUEI & LTV 5,

O NogvAT=I a3y
A375C6 I~ siRNA oligo ?3# A%, Lipofectamine™2000 % HV\T1T -7, #l
1% MULTIWELL™ 24 well (FALCON)IZ 2x10* cells/well #5F L T 24 HFE5: 1% |
Lipofectamine™2000 1 pl. sifad104-A 20 pmol ¢ £4th % 7-1Z. Lipofectamine™2000 1 ul.
sifad104-B 40 pmol DEMHT R TF o A7 27 v a v L=, £D#, 37°C, 5% CO, T
48 REMEE 2 LT,

O 7T/ UANANRY Z—% - fadl04 O EL

YT, BRI YR RICB W TERLE O fad104 BB Z 7T /) v A VAB X
WlacZz¥Hlay ha—L7 7 ) UV AZH N, ATSM fllldz a2 7L M E
THE L7, KA D BrE . RPMI-1640/5% FBS TR L7z 4 IRV A VA&
35-mm dish {Z 600 pl/dish, MOI=200 & 725 & 5 1Zhizx 7=, MlESLE L 9 10
DRI — M ERESERN 5, 37°C, 5% CO, 2\ T 1 R E1T - 72,
Z D%, HEAEEMA 35-mm dish (2 1.4 mi/dish 1z, 37°C, 5% CO, (B TH#E L
7oo EEBhERIT, X-gal Yl LV EHE L7-,

O X-gal %un
A375SM #il % PBS (-) TULH4. 4% PFAIPBS (1) % Il %, =R1E.C 10 4y HIEE L 7=,
Z D% PBS (1) THEi L, MRS U 7= Yk (5 mM KsFe(CN)s, 5 mM K4Fe(CN)g, 2
mM MgCly, 0.2 mg/ml X-gal) & Jil 2. 37°C T 16 B§ffA > F 2_X— L1z, ZD%, Y
ik &R PSS (BIOZERO) THIZ LT,

O Cell migration assay
8 um OFLZE AT 5 transwell |2 2.5x10* cells/well FE1E L 7=, MIBOEEEEZED 5
728, transwell D% fibronectin T=— k L7z, 37°C, 5% CO, T 24 Kf[H55&% .,
transwell % 4% PFA/PBS (-)IZ==ili T 10 /yfiliz LIEE L7z, PBS (-) THE L 724,



transwell DD _F 112 5% - 7= Hife Z s THUY BRUM =, 2 D% 0.4% crystal violet/10%
ethanol C 5 7y [H4ufa L, PBS T 3 [l transwell DIEZ 7w % —THIY Eio 7z,
GV T2EE 2T A R T AC0E, BEETHEED 5 HEF28I5RT 52 &L T
% i@ U7 A o %k & FEm L7,

O Cell invasion assay

8 um OFLE AT % transwell |2 1x10° cells/well #57FE L 7=, transwell 521 laminin
<> collagenlV 72 & BRI 2 HERL 9~ 5 = H 05y 1% & T Matrigel 2 =2— k L7z, 37°C,
50 CO? T 24 ¢l 553% 1% |2 transwell % 4% PFA/PBS ()IZZEIE T 1042 LEE L 7=,
PBS (-) CHEg L 7= transwell DD b1 (255 - 7= flfE & fiks CTHLY bR, Z Dk,
0.4% crystal violet/10% ethanol T 5 744t L, PBS T 3 B4, transwell D%
Ty 2 —THVR->7, VM- EE AT A4 N T ACoW, B CEED 5
B 28527 2 2 & ClEZ it U 7o fifa o 8A 5 L7z,

O & PCR
W, B HiICHE L 7=, Matrix metalloproteinase 2 (mmp2) D475 A ~—F L
7'vu—7% v hi% Applied Biosystems X 0 i A L7z,

<TIAv—BLOTr—7>
human mmp2 : Hs00224289 m1

O cell lysate 7L
W HEICHE -, 7277 L. MULTIWELL™ 24 well (FALCON) 7> & #iff %
[B] L. Lysis buffer 50 ul & FV T cell lysate % Ff%L L 7=,

O ZonUER
FE, B HICHEL T,

O SDS-PAGE
B, HoRICHEL T,

O Western blot ¥

Wi ECE Uiz, 7272 L, BiHIZIE ECL Western Blotting Detection Reagents
(Amersham Bioscience) # Vv 7z,

O wertiE



=

B, BHICHEC T,

=

(2) FBfER

siRNAoligo & W 72BNl KO 7/ U A VA Z FW Tl I B IR IZ L 0 | fad104
INA T ) —~< Ml OBERER L ORNEREIC 5 2 5 B A fifAT L=, 77, fadl04 OIEBLM
il A3 A375C6 R DR ENRE 22 © ONTIRIMEARIC 5 2 2 BRI DWW TIRET 21T - 7o, B D
¥.72 7 2 fiE > human fad104 siRNA oligo (sifad104-A, sifad104-B) % & A L 7= A375C6 a2
DWT, fadl0d O Z T B L~V OFRBIEA R Lz, £ OfEHE, luciferase siRNA oligo
ZEA L=y ha— Ll L felk U, sifad104-A 72 5 QN sifad104-B 35K Tl fad104
DFBEDNNTIE 80%LA L S 7= (Fig. 4A), Z DSMET, BENGERAT 21T - T- f 5.
v b —/Uiflifa & )| fad104 FEELENHIAIAL T, transwell DA @ L 72 IR DE D3
AEIIEIN LU 72 (Fig. 4B), IKIZ, iRiEREZ MiES L 7ot 2R, fad104 F& BLHNHIHIN Tk, Matrigel
Ta— k L7z transwell O @i 3 2 MR OB H EIZHEM L7z (Fig. 4C), =¥ - 51
I% matrix metalloproteinase (MMP)~” 7 X U —WEE /&K E 2 5 Z LRS5O 5(18),
AT ) —<HRIZEB W TIE, RIS mmp2 2R - IBRBICHFS T2 EnHESNTWS Z
END, mmp2 ORBEEZRF Lz (19), ZOfEE, fadlod FEIIHIME T, 2> e
—/UHiE & e mmp2 OFE B mVME A 2 B S 472 (Fig. 4D),

Wz, fadl04 OIS EEsfE D A3T5SM Ml O BENREZ b ONCIRIMEEEIC 5 2 5 %
BEMRNT L7=, FAD104 OBREIFEIUNLT T/ VA VA Z AWz, £, FAD104 OifbFl%
BghRAE v A% 7 vy MENTIZ LY #ET L7z (Fig. 5A), FAD104 % i FlFs 8L U 7= fillfa 4
W, BEleRs JOREREZ 3Tl L=, TOME, LacZ BELT T ) U A NV A & e S &
foay bu—/Ufifa L Heig L, FAD104 I B Tl BEhRER JONRMEESME T T 2
Z B BN o7 (Figs. 5B, C), & HIZ, FAD104 EEIFBMAEZ TIL, => b a— L
g & bl L. mmp2 OFRBENAEIEN L bboro7- (Fig. 5D), ZHHDFERL Y |
fad104 OIEFEIFEHLIZ L 0 | A375SM A OB ERERS L ONZERES IS S D 2 & 3 B ic
ot
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Fig. 4 Reduction of fad104 facilitates migration and invasion of A375C6 cells. A, Knockdown
efficiency of fad104 in A375C6 cells. A375C6 cells were transfected with two different siRNAs
targeting fad104 (sifad104-A, sifad104-B). Luciferase siRNA was used as a control. FAD104 protein
expression was examined by Western blotting. B-actin expression was used as a loading control. The
ratio of protein level of FAD104/B-actin, as determined by Image J, is shown under each lane. B,
Transwell migration assay of fad104 knockdown A375C6 cells and control cells. A total of 2.5x10"
cells were plated in the upper chamber of the filters that had been coated with fibronectin. Cells that
migrated to the underside of the transwell insert were measured after 24 hr. Representative images of
migrated cells are shown (upper panel). The mean number of migrated cells in the field was
calculated (lower panel). C, Transwell invasion assay of A375C6 cells transfected with
fad104siRNAs. A total of 1x10° cells were plated in the upper chamber of the filters that had been
coated with Matrigel. The cells that invaded the underside of the transwell insert were measured
after 24 hr. Representative images of invaded cells are shown (upper panel). The mean number of
invaded cells in the field was calculated (lower panel). D, The expression levels of mmp2 mRNA in
A375C6 cells transfected with sifad104-A were determined by gRT-PCR and normalized with 18S
rRNA expression. Each column represents the mean with standard deviation (n = 3). **p<0.01.
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Fig. 5 Over-expression of FAD104 inhibits migration and invasion of A375SM cells. A, FAD104
over-expression in A375SM cells. A375SM cells were infected with FAD104 or LacZ (MOI = 200).
FAD104 protein expression was determined by Western blotting. B-actin expression was used as a
loading control. The ratio of protein level of FAD104/B3-actin, as determined by Image J, is shown
under each lane. B, Transwell migration assay of FAD104 over-expressing A375SM cells and
control cells. Cells that migrated to the underside of the transwell insert were measured after 24 hr.
Representative images of migrated cells are shown (upper panel). The mean number of migrated
cells in the field was calculated (lower panel). C, Transwell invasion assay of A375SM cells
over-expressing FAD104. A total of 1x10° cells were plated in the upper chamber of the filters that
had been coated with Matrigel. The cells that invaded the underside of the transwell insert were
measured after 36 hr. Representative images of invaded cells are shown (upper panel). The mean
number of invaded cells in the field was calculated (lower panel). D, The expression levels of mmp2
MRNA in A375SM cells over-expressing FAD104 were determined by gRT-PCR and normalized
with 18S rRNA expression. Each column represents the mean with standard deviation (n = 3). *p <
0.05, **p <0.01.

WIZ, fad104 28 A375 MIREIZER H3°, oo X 7 /7 —< iz B\ C IR TR &2 HlE 95 2>
SO NET L0, @it E N 2T 7 —< il A2058 % VN TIRERERFNT 217 - 72,
sifad104-A % 7213 sifad104-B & #MMEICE A L fad104 Z R EIMEI L7= (Fig. 6A), % D H.
fad104 FEBLMBIH LTI, A375C6 Mifid & FIARIZ, =1 L7z il oG B L7 (Fig.
6B), ZHOHDFER LY | fadl0d IZEE D A T /) —~ Ml W CTRIEEZ IH T 5 Z &2
B S T 72 o T2,

11



"
\ L% (3
(\,\(O ) ‘06\0 ) ‘66«0 .
© N B
control sifad104-A sifad 104-B
" 80
FAD104 ——— S——— %
S *k *
10 075 062 £
. = 40
-actin — T
B —— — g
g
0 \ o
‘\\‘0 \QA «0&4
© (o)
o2 BN

Fig. 6 Reduction of fad104 promotes invasion of A2058 cells. A, Knockdown efficiency of fad104
in A2058 cells. A2058 cells were transfected with two different siRNAs targeting fad104
(sifad104-A, sifad104-B). Luciferase siRNA was used as a control. FAD104 protein expression was
examined by Western blotting. B-actin expression was used as a loading control. The ratio of protein
level of FAD104/B-actin, as determined by Image J, is shown under each lane. B, Transwell invasion
assay of A2058 cells transfected with fad104siRNAs. A total of 2.5x10* cells were plated in the
upper chamber of the filters that had been coated with Matrigel. The cells that invaded the underside
of the transwell insert were measured after 24 hr. Representative images of invaded cells are shown
(upper panel). The mean number of invaded cells in the field was calculated (lower panel). Each
column represents the mean with standard deviation (n = 3). *p < 0.05, **p <0.01.

B_Hi  fadl04 233N AABRE OIRIEREIZ - 2 2 SEBE O fFAT

AT ) —~< LI DN AFRIBIZ BT G, fadl04 2MRIEHE 2 HlE7- 2 5 8] 5 »Z
T 570, BEEBEO v FELA A H K MDA-MB-231 #ifaZ AW CHiE 217 - 7.

(1) EBM B LOFEET L
1-1 SEBRAIE)
MDA-MB-231 flifid (At el o0 B X 0 fik5)
Transwell boyden chamber (Becton Dickinson)
DMEM (= v A1)
FBS (Biowest)
PBS (-)
4% PFA/IPBS (-)
0.25% trypsin/0.02% EDTA
0.4% crystal violet/10% ethanol
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BD Matrigel™ Basement Membrane Matrix (BD Bioscience)
FHAREEH : DMEM, 10% FBS

1-2 B 1%
O MDA-MB-231 i D 3%
HAREEH (DMEM, 10% FBS)% FVN T, 37°C, 5% CO, 23\ THzE L7,

O 75/ OANARY Z—Z% i~ ad fad104 @ &Gy
B, B _EICUHEL T,

O Cell invasion assay
L, O HENCHEL T,

O cell lysate 7%
. BT,

O BRI ER
B, BT,
O SDS-PAGE
B, BT,

O Western blot £
B—E, B _HIICHEL T,

O wertilE
B, B HEINCHEL T,

(2) FEHRAEF

MDA-MB-231 #2757 A )L A Z AW T fad104 Z i@ FIZEH L IRIEFE 2 Bt L 7=,
FT. fadl0d OWMFIHBHNRE V= A X T 0T 0 U TRRITIC L FHE L7725 R. fad104
DNBFEIFIH L TV D Z EDER SNz (Fig. 7A), Z D% Matrigel =— b L7= transwell
(CHEFE L7, = o b e — Ui & b U | A mil L 7= i o33 a2 s L (Fig.
7B), ZOFEFR LV | fadl0d I A T/ —~<HilElc L EE 5T, AARAMIEIZE VLT HIRTEGE
T 5 2 ERAL Mo T,
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Fig. 7 Over-expression of FAD104 negatively regulates invasion of MDA-MB-231 cells. A,
FAD104 over-expression in MDA-MB-231 cells. MDA-MB-231 cells were infected with FAD104
or LacZ (MOI = 200). FAD104 protein expression was determined by Western blotting. B-actin
expression was used as a loading control. The ratio of protein level of FAD104/B-actin, as
determined by Image J, is shown under each lane. B, Transwell invasion assay of MDA-MB-231
cells over-expressing FAD104. A total of 1x10° cells were plated in the upper chamber of the filters
that had been coated with Matrigel. The cells that invaded the underside of the transwell insert were
measured after 24 hr. Representative images of invaded cells are shown (upper panel). The mean
number of invaded cells in the field was calculated (lower panel). *p < 0.05,

FIUET  fadl04 23 A T —~ Ml RGIHEKAFRIBIEREIC 5 2 5 B OfRHT

DA O O 7 v A2k, BERERS XL ONRERRICIN 2, RS IHERTBEEOZ(L
DEBERZEEZH S Z LML TND (20), £ 2T, fadlod 28 2 7 /) —~ izl %
EGFHEAFHIIEIE T 59 2 B DRE 21T o 72,

(1) FEBrbrklE L OERTTE
1-1 EBIE
B16F10 fffa (EEAF Cell Bank X v B A)
RPMI-1640 (SIGMA)
DMEM (= % A1)
FBS (Biowest)
G418 (T F 1)
Lipofectamine "™2000 (SIGMA)
SeaPlaque Agarose (Combrex)
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Crystal violet (7% 7 1)

1-2  FEB Ik
O B16F10 #lif D5
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O fad104 Z2 &5 BiARAL O /ERY

N AT27 9

B16F10 #lii -~ s 78 A%, Lipofectamine'™2000 % A\ THT - 7=, fifa%
60-mm dish (= 8x10° cells/dish THEME L T 24 FEfiitE & L=, & D%,
Lipofectamine™2000 32 pl, pCMV7.1-3xFLAG-fad104 375 2 3 F 32 pg B L O
GFP BT T AIR32 ng DFHETr I A7 2/ vav iz, NIV AT2T Y
2 D 24 WERIRIC N Y o WV CRIiE & 1328 L, BRI L 7= (1/100, 1/1,000,
1/10,000, 1/100,000), = D H L V) | G418 (400 pg/ml) & 4 D FEAEE HlZ A5 Ha L | 37°C,
5% CO, IZFB W THEE LT,

R L e 20 =— D3R

N AT =T aryinb 3%, BRShlcan=—% M) T aEGEE
TEAMERNTT L— F B L, 6well 7L — h~B L=, B LM, 20
#% 60-mm dish (ZHEX MWV, MfaA k> 7 722 5N cell lysate FHELAIC FFOR
60-mm dish [ZfF B L 7=,

OVZ " T He—A7 v&A

1% SeaPlaque Agarose (Combrex)& 20% FBS 2xDMEM % iRH, #KIEE 05% D
agarose 5 Hi 2 35-mmdish 7 L— MZ I ml I 2 721, 4°C IZ&kiE L CE® 7= (Bottom
Agarose), 1.05% SeaPlaque Agarose, 20% FBS 2xDMEM 35 X T 10% FBS 1xDMEM %
TR, FRIEEE 0.35%0D agarose BEHiAVERLL | 2.5x10% cells/1.5 ml D ZftT Bottom
Agarose IZANZ 7= (Top Agarose), 15 H fi] 37°C, 5% CO, (23 TH#E L7-1%. 0.01%
crystal violet/10% ethanol T 1 IFfj%ta L, PBS (1) T3P L7z, EDk, KRS
Nizan =—0 A7 LT,

O cell lysate oL
B B -EICHET -, 7272 L. 60-mm dish  (Becton Dickinson) 7> il i Z- [m]
W L. Lysis buffer 300 pl % H\ T cell lysate Z gH L 7=,

O 2o ER
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Bm, BHICHEL T,

O SDS-PAGE

B, BEIICUHEC T,
O Western blot
B, B OEICHEL T, =R, XU EIT 5ug W,

O HrataLst
R (http://cran.r-project.org/) Z H > T, one-way ANOVA with posthocTukey-Kramer HSD
test |2 & VD HEEHLEL AT o 72,

(2) FEBRRE R

fad104 23 EGFIEKIFHEIHREICF 5T 20 E 0T 5720, £, vV ARAT ) —=
H1>% B16F10 #fifid 4 H T fad104 Z2E B4 fER L 72, fad1l04 ZERBMILIZI T 5
fadl04 ORBIEAZ VA X 70y MENTIZE VM L72ER, 22 he—/Lilila & thig
L. 2 fS5FLEE fad104 2MBRIZEH STz (Fig. 8A), RIZ, ZE_7 X —%BA L2 b
n—/L 2 71— (control #1, #2)72 5 NZ fad104 ZZE R BMIAL 2 7 v —> (FAD104 #1, #2)
ERWCY 7 N T Hu—AT v A &iiolz, TORER, 2 be—/L L L, fadl04
REFRBAMITIZ, Y7 b7 e —AH EICER SN an =—0HB3HEIZED Lz
(Fig. 8B), Z OfEH & V| fadl04 iE A T 7 —~ Ml &5 KA RE & FHE 55 2 & 2
B SN 7o T2,
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Fig. 8 Over-expression of FAD104 inhibits colony forming activity of B16F10 cells. A, The
protein expression of FAD104 in B16F10 cells stably expressing FAD104. FAD104 protein
expression levels in FAD104-over-expressing cells (FAD104 #1, #2) and control cells (control #1,
#2) were assessed by Western blotting. B-actin expression was used as a control. The ratio of protein
level of FAD104/B-actin, as determined by Image J, is shown under each lane. B, Effect of
over-expression of FAD104 on anchorage-independent growth of B16F10 cells. B16F10 cells
(2.5x10% derived from independent stable transformants were seeded in soft agarose in a 35-mm
plate. After 15 days, the colonies were stained with 0.01% crystal violet and colony numbers were
counted in each plate. Each bar shows the mean + standard deviation (n = 3). # denotes differences
between the control #1 group and FAD104 #1 or FAD104 #2 group. $ denotes differences between
the control #2 group and FAD104 #1 or FAD104 #2 group. * $p <0.01.

BIET fadl04 23 A T ) —~ A DEEREIZ 5 2 5 B OfFT
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1-2 EBRITIE
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O fad104 ZEFR BN O 554
FEAREEH (RPMI1640, 10% FBS, G418) % FV T, 37°C, 5% CO, IZB W THFE L
7~

O A7 —~<Hfpo RERES
6 WD C57BL/6I M~ ™7 A DJREIRIC 2 > kv — L F 71T fad104 22 E R B %
1x10% cells 7 A L7-, Z D% 156 HEEE L. MlixfEh L=,

O i Lzar=—0zH
T L7ziiZ . PBS () CTHe L7z, < D% Bouin's fiRIC—Biz L. [EEE21T -7,
B H., PBS () THEHZITV, MREITER Sz a v =—08 & FHI LT,

O st
B, BUESICHEC T,

(2) FEBRE R
2 e — U E 7713 fadl04 2 ERBMR 2~ 7 2 2B EIRES U, 15 B %I Hi& 46
U7, fii L72ifiZ Bouin’s /& CHEE L7, MiERmICEK SN2 =—DH A7l L
Too ZORER, v b —/Lfila L g U, fadl04 Z2EFBUMIL CIIMER ISR S
an=—OENEEICHD Lz (Fig.9), ZOFEL Y. fadl0d (32 T/ —< gDz hE
ZIHIT D Z ERH LT 5T,
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Fig. 9 Over-expression of FAD104 suppresses metastasis of B16F10 cells. A, Appearance of
murine lungs 15 days after injection of FAD104 over-expressing cells and control cells through the
tail vein of 6-week-old mice. B, The quantification data of number of surface colonies is shown in
right panel. Each column represents the mean with standard error (n = 6). Statistical analysis was
conducted using one-way ANOVA with Tukey-Kramer HSD test. # denotes differences between the
control #1 group and FAD104 #1 or FAD104 #2 group. $ denotes differences between the control #2
group and FAD104 #1 or FAD104 #2 group. * $p <0.01.
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AT ZFE TR O B2 HD BB THY | BOEREZED L ERER E L TR
M- BN RT oD, DAMBROERITEMZR 7 a2 A0S TEY, 1) R
D OfERE 2) ARSNEE, RERA~OBE) - 121 3) MEN~OR AL LOTER 4) £/
figgs ~DAEF L L NIHIEN LD (21), 2O AT v FIiTMiass . Bk LU
SHZ T D kR % 2R 3BE 572 Z ERMEINTHHED (1-3), TOLEEBFEIHINT
WD EITFEWEER,

ARFFEIC LY | fadl04 23728 AR OERRE 2 AUCHIE 2 Z L A BT o7, Fiz,
fad104 |33 AMIIE D 5 EKFRIHESE, BEiRE, 706 NCRIERZIHT 25 2 & 2B 5
WZLl7z, ZROHORER LD, fadl0d (TR - IsBICEE 27 0t X Th 5 B LI
JH, BEIREAPRET 2 Z LI X N AMIROIRY - B AIHT L Ex b,

SRR 7 Ch 5 tenascin-C 28 A 7/ —<HlICB W TEIEBL L TV D Z &0, I
AT ) —<HIETIX RhoA, RhoC ORBLENEWRE, AT /) —~&E Tk ORI
TIE, B - BBICE ST 5 8E T ORBER D AOETIZHEVWE(LT S Z ERMbNT
W5 (22, 23), AFFRIZ LY. EiEsBEo A375SM HIIEIZ I T fad104 OFEHEINMEN 2
ERHONE TRl O EIE, BAIROEIT S fadl04 OB RN A OB Z R
RMZRRT 280 ThL, Sk, BBEEORRIEKO AT /7 —~< s b ONIHET A
T=YUDRIRDHAT ) —<|ZBIT D fadl0d OIREHE L LERMRG L, fadl0d & 28 A DHE T &
OABEMEIZ DN T X 0 FERNCIRIA L T MRS D,

UAFFEEE TIE, fad104 2MAENAIGE K OVE MO sk, 72 B NSl DOZE TR A il 3
L2 EEHLMNTIL TS, Fadlod 23T 5 2 6O ERAEMBRITIBN T, fadl0d
OFBEIT, AEHIR LRI W T ER L, W, Bl bR Ik 52 &
EHELTWD (12,14), X 51T, i CIEREDOHYNEBIRIZI T fadl04 ORI RS HEIN§
% (13), 26D &G, fadl0d OEREITE OFHOPFEIC L FlE S D TN E
A HiD, LnL2Rn6, fadlod ORBUHIEEMEILZALE TITH LT > TRV, A
7 ) =~ MR - BB S n T OB A2 HE T 2R EN TR LC p53 7 7
X U —., NF-xB, activating transcription factor-1/2 (ATF-1/2), cAMP-responsive element-binding
protein (CREB)72 & TN activator protein-2a. (AP-20) 72 E N STV D Z & D (24-28).,
Lt%, fadl04d O 7 v T—F —FIKORIER L OBTIc LY, b 0GR I LD
fad104 OFBLHIE S 42 G0 FT L TW S R H 5,

23 A DIZFEREFR I 3\ TR EE IR 72 & NSRS EE O3S NEETh 5, MMP 13488
A F U PIEVER DI ST D RHHE b O X7 SRR Th Y . MRS EE O 4RI B
5325200, BADRM - 58 L OBRICOWTEERE ST\ 5D (18, 29-31),
JER R RANCHFIET D HRE L LTIV R aT—FrRnbb, IV BlaT—5 0 2RERAIC
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IIRT HEF L LT MMP2 3 XN MMPY 23 ST Y . MMP2, 9 IZZ D% ELE L O
TS 2 223 VDR - BRI T 5 2 RN BN TS (29,32), AT/ —=<IZBWN
TH MMP2, 9 2MRMEER L MR HED TLHEIZE G- LT\ 5 & oGRS Tund (19,
33), AMFITIZEBVT, mmp9 IOV T HER PCRICK W BBl &EAMET L7z, BEEITAH
THDHN, MENTE R0 o7, mmp2 DFEBLEIL, fadl04 Z 5EBLPNH L 7= A375C6 AlEIC
BOWThIMcEWER S A b7 (Fig. 4D), S 512, A375SM IV T fad104 % i
FIFEBL L7 R, 2> b — Uffifa & g L, mmp2 ORBLENHEITIERWZ & B3P H 2T
72o72 (Fig.5D), T O OFER IV, fadl04 (X mmp2 ORI AZMEIT 25 Z LI L ViR -
B2 AICHIET D ATREER B 2 bV, AT /7 —~< I Tk, mmp2 (21 %, mmpl, mmpl4
HIRFERROTLEIZE G- L TWD Z &b (18), 4%, mmp2 LSO mmp 7 7 X U — DR EH
HC fad104 N H- 2 DOV THRHTT 52 LI2L 0, BDAMBRORE - imBIcBIT 5 &

D 5EAI7R fad104 OEFNDOIEINZ D723 % L& 2 Bl b,

AWFFRIZEBNT, fadl04 8 A T 7 —<HIE7ZICR ST, IR AMIEIZ W T HIZIERE
ZRICHIET D2 L 2L E Lz, ZORRED . fadl0d (T8~ 2223 AREIC BV TRIHE
REDHIBENCE S L T A ATREME DS R ST, X X7 R BT — 2 ~X—2Z The Human
Protein Atlas (http://www.proteinatlas.org/) ClZ. fad104 IZIEF MM & Eige U, VgD AR
IS AN D TREDMENZ ERFE SN TS, 5%, 2D OB AMIREEE VT,
fad104 28 2 T ) —~CHL S AHIRI LIS O 23 AURIBRIZ 3 C b IERE 2 HlH 3 2 a3 5
Tl BEOBAFIZE TS fadlod OEENZOWTHEAL T BERH D, Hn
AT, T~ . BIZ b T 5, REOMGHER LV, fadlod [ L&EisBiE
FLAS AUl MDA-MB-231 M DM RE 2 il 25 2 L BB B & o ey, RIS EH 5T
LHDENIRITH D, £ THKR, BBEET LVEHOWIMMERE, B8LU0~ 7 A LERE
NI AR 2R T2 2 LIS X D BT T V2 AWM L v | fadl04 A3FLASAHM
JIDEEEEIZ b HT D20 ENRHT 2 2 ENEHEETH D,

AERIZIB T 223 MITIFFEFIT B W TR GIERAFHIEIEREN T L, G2 TR T 5 & &
Y T B ADMERET D, ARFFEICBV T, fadl04 13 e IR AFHIBEREEE 2 I 9~ 5
ZEEMBMMNI LI, EBIT, invitro e b NIEEBET L& AW EREHER LD | fadl04
NS AR DR « S5 2 i35 Z E BB LMo 7, Ls L2 G, invivo (2B 5
JEBIZRIC fadl04 RS- T 2 0GR TH 5, 7o, AR THW BT T /WISIRE
WNIZRAZDOEBERE AL TRV | FIEED O OERIEB IOV TR TE Tk
VW, EZTAHE, BDAMIEORZ TBHEIZE YD, fadl04 2328 AMIIE O IEBEE R %53 2 H»
BEtd 5 L & bic, BB T~ORIFTBHEERE AW BREBET VICED . KA
IR OERBHREIC fad104 N5 2 DB DWW T K U FEZe i 21T > T ERH D,
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%% fadl04 2N STAT3 o 7 F /L Z 4 5 4> 1 RS D iRt

B fadl04 235HIEIT D > 7 FNAREREE D[R] E

CHETOMFNTEY | fadl04 2353 AR - #8588 2 AUl 25 2 & 2B 5282
L7z, £ 2 TWIZ, BAMRIORE - I8 FRIZIV\ T fadl04 2361819 5 > 7 M miEfk
KOEREZ B LT, DS AHIR R - #5812 13 BMP-Smad #4%. transforming growth factor
B (TGFB)-Smad #£ &35 & TF Janus kinase (JAK)-signal transducer and activator of transcription
(STAT)RRIE 70 EN BB/ ZEZH S Z ENMLNTND (34-36), £2T, ZNbLDv 7
IAREREIEIC fadl04 3% 59~ 2 I it 21T - 12,

(1) FEBrprkld L OERT -
1-1 SEERAPEL
A375SM il (AR AR LT B K0 5
RPMI1640 (SIGMA)
BMP2 (peprotech)
TGFB (R&D system)
FBS (Biowest)
PBS (-)
0.25% tripsin/0.02% EDTA
RIPA buffer : 150 mM NaCl, 50 mM Tris-HCI (pH7.5), 1% NP40, 0.1% SDS. 0.5%
deoxychorate, phosphatase inhibitor cocktail (1 ml {Z->% 10 ul f£/H).
protease inhibitor cocktail (1 ml {Z-2>& 1 ul fi )
Nonfat dry milk (Cell Signaling)
Polyvinylidene difluoride (PVDF)f
Rabbit anti-human phospho-Smadl (Ser463/465)/Smad5 (Ser463/465)/Smad8 (Serd26/428)
polyclonal antibody (5% BSA/TTBS T 500 {#%#7#R) (Cell Signaling)
Rabbit anti-human Smad1/5/8 polyclonal antibody (5% BSA/TTBS T 200 {47 ) (SANTA
CRUZ)
Rabbit anti-phospho-Smad3 (Ser423/425) monoclonal antibody (5% BSA/TTBS T
2,000 15778) (Cell Signaling)
Rabbit anti-human Smad3 polyclonal antibody (5% BSA/TTBS T 500 {7 #R) (Cell Signaling)
Rabbit anti-phospho-STAT3 (Tyr705) monoclonal antibody (5% BSA/TTBS C 1,000 %4 #R)
(Cell Signaling)
Rabbit anti-mouse STAT3 polyclonal antibody (5% BSA/TTBS T 1,000 %7 #) (SANTA
CRUZ)
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Rabbit anti-mouse FAD104 polyclonal antibody (5% BSA/TTBS T 400 %7 fR) (SIGMA
GENOSYYS)

Mouse anti-mouse B-actin monoclonal antibody (5% BSA/TTBS C 100,000 /%4 #R) (SIGMA)
Donkey anti rabbit IgG conjugated HRP (PBST T 10,000 {547 R) (Cell Signaling)

Sheep anti mouse 1gG conjugated HRP (PBST T 10,000 1545 #R) (Amersham Bioscience)
TTBS : 150 mM NaCl, 10 mM Tris-HCI (pH8.0), 0.1% Tween20

Transfer buffer: 25 mM Tris (hydroxymethyl) aminomethane, 192 mM glycine, 20% methanol
ECL Western Blotting Detection Reagents (Amersham Bioscience)

FEAREEHE : RPMI-1640, 5% FBS
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B, e T,
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O BMP2 #illi#
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THA&E L7, £D%., 100ng/ml BMP2 & AT 05, 1, 1.5, 2, 4 BEfEE# L,

O TGF-B #ili%
TT ) IANAZ BRI T D 24 RFF%ICEEIASHR 21T\, 4 R MG iy b5 Hy
THE L=, TO%. 1ng/ml TGFB &AM C 15, 30, 60 /0kss L7,

O 5% FBS |2 L A L&l
TT ) UANAEEG ST TN D 24 REEZICETHIAZH 21TV 4 WRER M i i 55 4
TI#E LIZ, Tk, 5% FBS & AT 05, 1, 2. 4 FRREE% L7-,

O cell lysate ® 7
B HNCHE L 7=, 7272 L. 35-mm dish (Becton Dickinson)» & #ll e 4 [Al% L .

RIPA buffer 150 pl % FV T cell lysate Z 35 L 7=,

O 2RI ER
B, FHomcHECT,
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O SDS-PAGE
Hw B HICHEC T,

O Western blot
-, BIEICHEL 72,

O st
B, B HICHEL,

(2) FEBRRE R

MR T, ‘B LB FRIC BT fadl04 A3 BMP/Smad #2852 8l 4 25 Z & 2B &
MZLTWD (15), BMP2 (3 A7/ —~vHIRICE W TERBHL TNDHZ 0T /) —~ %
ED & DR A DD AMIICIN T, R - BB A TTHET D 2 Ll STV D (34,37,
38), = ZTET. fadl04 2323 AMINEIZ IV T BMP/Smad #E O HIENC B 5-4 2 i it
w{To72, ASTSSMMRIEIZT 7/ U A L A% T fadl04 Z @R B S H7-, D%, 100
ng/ml @ BMP2 Z i/ L ., Smadl/5/8 d U il L~ L& Gl L7z, T OfER, 2> he—
JUHIRE L FAD104 B RIFEE AN T Smadl1/5/8 @ U Lk L~ULIZE TR b R)s- 7= (Fig.
10),

control
(LacZ) FAD104

BMP2 (100 ng/ml) S- 0.5 1 1.5 2 4 S-051 15 2 4 (h)
pSmad1/5/8 — — 3 — § -

SUECHELIR  —

B-actin —— —— ————— —————

Fig. 10 The phosphorylation levels of Smad1/5/8 in A375SM cells infected with adenoviruses
expressing FAD104 or LacZ. The phosphorylation levels of Smad1/5/8 and protein levels of total
Smad1/5/8 at indicated points after BMP2 (100 ng/ml) treatment were detected by Western blotting.
LacZ-expressing viruses were used for infection control. B-actin expression was used as a loading
control.

TGFBIZ BMP & [A] U< TGF super family (2 J& 4" 2385 - CTH 5, TGFPIXFEIC Smad2/3
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DV UMb EFHET D, BAOETYHICE T, TR AMHI L=, 7AH h—
AEMT ZETHRADEREZMEIT D, —J5. BNAOEMLAEATIREETIX, =Y - i
BattET 2R LTHBET D Z EMESNTWD (36,39), /-, A7 /~7%IHH’EEEE
ZRWTEREHIRE W TS, TERRIZIRMREAEEST L Z L mbiiTW\ng (40), £ Z T,

fad104 7% TGFB-Smad #&i#& A i 9~ 2 2 iiat 217 > 72, FAD104 ZRIFEHL < H7- A3755M
IR TGFRZERI L, Smad3 @V b L~UL &3l L7z, ZDfEHE., 22> b o —/Lilia
& FAD104 i FIFE B T Smad3 @ U U gfk L~LZ KR E 23/ b e o 72 (Fig. 11),

control FAD104
TGF-B(1ng/ml) S- 15 30 60 S- 15 30 60 (min)

—— T
pSmad3 W

SIMAU3 — e < A —
FAD104 ——-“

| —

Fig. 11 The phosphorylation levels of Smad3 in A375SM cells infected with adenoviruses
expressing FAD104 or LacZ. The phosphorylation levels of Smad3 and protein levels of total
Smad3 at indicated points after TGFB (1 ng/ml) treatment were detected by Western blotting.
LacZ-expressing viruses were used for infection control. B-actin expression was used as a loading
control.

JAK-STAT #RE&IL IL6 Z4hisd & T Dhkx 72 A NI A OHAER 11 K v iEE b En 5
(41-43), STAT [FFHFLEEICIUNT 1,2,3,4,5a,50 BLU6 O 7 FEEFET L0, TOHTY
STAT3, 5 (%, DNADRHE « 55 EFHBIMER BV Z ERMEIN TV D (41, 44), Rz, A7

J —~ Rl TCIE, STAT3 MEFEINCTEMHE L SN TWD Z ERMBILTWD (45), i T,
STAT3 OVEMAGITIRE - B 2R+ 2 Z & b SN T\ % (46), £ Z T, FAD104 D
RN STAT3 OV U FRLIZ B 2 DB OWTHRF 21T o 70, EOREFR, STAT3 DX
PR BRI\ ITEER R SN — 1 T STAT3 O U gk L ~UL i FAD104 O RIFEEIC
DAEEIET LTWe (Fig. 12A), #1Z, siRNA % H T fad104 %%éfﬁ#fﬂﬁ%ﬂw:ﬁ% =
v hoa— Uil L el L, STAT3 O U VR L~L3g BTk L= (Fig. 12B),

I RE DO WE FEBRIZ IV T, transwell chamber @ FIIZ 5% FBS % A 725504 & L .
chamber ¢ AR M i 3 55 3 CRR ) L 7= flia 2 #8325, transwell O _ESBICAFAET DAl
TS OMmFICHES S, BET 5, ZOZELEBETLE, AT —~<Hllus’ Matrigel
WA IR 2B, IIBIC K DM 600 7 F IVRERE N IEEL S D 2 EBRMET
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bbHEEZHND, I TRIZ, MIERIEFICEIT 5 STAT3 O U Vb L~V & fgt LTz,

TT ) IANAZEILESE TG 24 FEHZRICHEMAZ LI L, & HIT 4 REf MG 5 H
TH:Z LTz, TDth, 5% FBS GAEHTO05, 1, 2, 4Wfiiks& L. STAT3 oV Vb L
AL ERE LT, 3> b a— LA Tk, FBS HIEIC L 0 STAT3 @ U Ul L~UL ST
L7-, total STAT3 OB Ltz b o —/ Ll & FAD104 I BLIEIZ B T2
R oo 7278, STAT3 DV U ER{bk L ~UL (X FAD104 OB FEIFEIC LV . W OB IC
BOWTHOARIBENZ ERDho72 (Fig 13A),  KIC, fad104 FEBLMH]MI AL M5 R 2
1TV, 4% 0.5, 1. 2 REICH1T 5 STAT3 D VU Vb L~V A gt L7z, & OfE %, fad104
FEHLAMSIAIE TIE, WTNORFIZE W TS STAT3 O U UL L-L3 8L, Frc, i
TEHNE% 1 RIS D STAT3 O U UMb L~V WITEREIZTLET 5 2 L b 72 (Fig.
13B), 2N HDFER KD | fadl0d (XA T/ —~ Mo E F KRR L OMiERERIZBT 5
STAT3D U UL LNV AR TS ED Z LR BN o7,

control )
(Lac?) FAD104 control sifad104-A
STAT3 T G TR S S " STAT3 [ ———
[ 272N B 07 R ————— FAD104 LB N __J
B-actin ' ———— B-actin — ey e —
S * 3o
o g ,ﬁ E L_( *
gi 1 501
3= g g
2= zh
38 S g
o had [}
x 0 o > & 0 Y
(\61,\ o'\g \‘o\ Qb"
oovo <% S é\’@é\

Fig. 12 Fad104 negatively regulates the phosphorylation level of STAT3 in melanoma cells. A,
The phosphorylation level of STAT3 in A375SM cells over-expressing FAD104. The
phosphorylation level of STAT3 and total protein level of STAT3 were detected by Western blotting
(upper panel). 5 pg of protein was loaded per lane. B-actin expression was used as a loading control.
Quantification of the blots in A was shown on lower panel. B, The phosphorylation level of STAT3
in A375SM cells transfected with sifad104-A. The level of phosphorylation and total protein level of
STAT3 were detected by Western blotting (upper panel). 5 ug of protein was loaded per lane. B-actin
expression was used as a loading control. Quantification of the blots in B was shown on lower panel.
*p<0.05.
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STAT3 e A

FAD104 —— — . —

B-actin
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Fig. 13 Fad104 negatively regulates the phosphorylation level of STAT3 in melanoma cells
treated with FBS. A, The phosphorylation level of STAT3 in A375SM cells infected with FAD104
after treatment with medium containing 5% FBS. At indicated points after serum treatment, the
phosphorylation and total protein levels of STAT3 were detected by Western blotting (upper panel).
5 ug of protein was loaded per lane. B-actin expression was used as a loading control. Quantification
of the blots in A was shown on lower panel. B, The phosphorylation level of STAT3 in fad104
knockdown A375SM cells after treatment with medium containing 5% FBS. At indicated points after
serum treatment, the level of phosphorylation and total protein level of STAT3 were detected by
Western blotting (upper panel). 5 ng of protein was loaded per lane. B-actin expression was used as a
loading control. Quantification of the blots in B was shown on lower panel. *p<0.05. **p<0.01.
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% Hn fadl04 73 STAT3 O EIEMALEEIC 5 2 D BB O fifHT

Pr

MIIELICH517 5 STATS 1. U S RREIC & 0 P~ & BAT LS SR PELRE DS LI S 5.
fad104 |3 STAT3 D U Ufb L~V AR T S 722 LD, STAT3 DERGIEMEAL b HilHd 5
DB LT,

(1)FEER B L OVERTTIE

1-1 BB E
A375SM il (AZRAEAL B &0 )
RPMI-1640 (SIGMA)
FBS (Biowest)
IL6 (Wako)
polyethylenimine (PEI)
PCMV-3xFLAG-fad104FL (4 fF7E =R THEZEH)
5 x lysis buffer : 125 mM Tris-HCI (pH 7.8), 10 mM DTT, 10 mM CDTA (pH 7.8). 50%

glycerol, 5% Triton X-100
FEIFEE WL : 20 mM Tricine (pH 7.8), 2.67 mM MgSO,4, 0.1 mM EDTA, 33.3 mM DTT,
270 uM Coenzyme A, 530 uM ATP, 470 uM luciferin-K

Z-buffer : 60 mM Na,HPO,. 40 mM NaH,PO,. 10 mM KCI, 1 mM MgCl,, 50 mM

[B-mercaptoethanol

FEAREZHE  RPMI1640, 5% FBS

1-2 FEBr ik
O A375SM %M’J@iﬁ%
B—E, BHICHEL T,

O Myc ¥ ZHté fadl04 BT 7 A I RO
~ 7 A fadlo4 ® ORF % ¥ 7 7/ v — = > 7 L 7= pCMV7.1-3xFLAG
(PCMV7.1-3xFLAG-fad104FL) % i [RE%5E Hindlll 35 X O Xbal TYE{L L7z, A > — |k
Z AR $I%% . Klenow (Takara) % TR 2 Eig b L7z, pCMV-Myc (iillfRE:E
Sall TiH{L L. Klenow % MW TiHfkrA 2 Figfkb Lz, 0%, A ¥ — L&
pCMV-Myc (%7 7 a—=27 L7z,

O 7752 RoOFHH
N AT 27 a AW T A 2 RiL, QIAGEN Plasmid Midi Kit (QIAGEN)
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ZHWTHRR L,
EHLEZTZ7AINK
4xM67-tk-Luc (adgene)
pCMV-Myc empty vector
pCMV-Myc-fad104
pCMV-Bgal

pBluescript KS+

O RT7 T vay
A375SM fifd~D N T AT =7 v a3 VI PEI W TeE®E250ng DT A K
AL, Mz 24-well 7L — K2 3x10" cells/well #57E L T 24 BekE8%&. b
FUART 2 a D 1 FEHETIC RPMI (5% FBS) T, 55 i As#A 21T - 7=, #IIC 25 ng
D 4xM67-tk Luc LAR—F —7"F X I K, 75ng D Myc % 7 fie fadl04 5 EL7 7 A X
R, BLOWEHEAE L LT 6.25 ng @ pCMV-Bgal ZE A L7=, 77 A FOBREIL
pBluescript KS+& % 5 Z 1L —ERIZEA R T,

O iR 5N 1IL6 HITK
NT AT 27 v a 16 R IE S U AZH L | 4 IRefIER R LT, £ D%,
50 ng/ml @ 1L6 F 7213 5% FBS & A 5T 4 RfijEsaE L=,

ONYy 7 =7 —BiFHEORIE

N AT =g v 24 R ORI A PBS (1) T 2 [BIWEA L. PBS () TR L 72
1 x lysis buffer 70 pl 2 Af1, IR T 10 pERE L, REE~v A /2 Fa2—TTL
V. 15,000 rpm, 10 73, =|iEC=mO L, BiEEMaEitk s Lz, v 727 —8
FEE VAR 100 wl (M EAMERE 2 wl 2%, 10 #PRE o relative light unit (RLU) % /L X/
A —%— (Lumat LB 9507 (EG&GBERTHOLD))% A\ CHIE LTz, B-H T 27 ki & —
VIO HE 1, MR AER 30 pl 12 Z-buffer 600 pl 3 & O 2 mg/ml o-nitrophenyl-B-D-
galactopyranoside 120 ul Z /1%, 37°C, 60 43St 72, 1 M Na,CO3 300 pl /il %,
B % 1k 72 #% . Abs=570 nm ZIE Lz, /v 7 = T —BIEMHEOHIEE 2 NHEE1E
THDHR-T T 7 F X —BIEMHEIC L Y HIE LT,

O HrataLs
B, B EICHEL T,

(2) EBARER
STAT3 OfEEY A M2 HTHLAR—¥—7 T A I F(4xM67-tk-Luc) Z Hiia (28 A L |
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STAT3 DHrGIEMALREIT fadl04 728 52 DB A et Liz, =2 b r—/Lifa<id, FBS #l
PIZ L0 T 0N STAT3 OERGIHHALTLHE L, 1L6 BIIKIC X - THEFE I STAT3 D#LEE
PEALREASTUHE L7z, fad104 Z P HL X B 72458, W oOSRMIZB W T STAT3 OiEE
TEMEALREDS A BICIE N L7s (Fig. 14), ZOfEFR XV | fadl04 (% STAT3 OEREIEMALRE A FH
EI L ERHLMNT RS T,

6
2 W control
% B FAD104 *
<
[}
8
% 3
= *% *%
—
(]
= | |
: .-
[}
| e
0 .
FBS +
IL-6 - - +

Fig. 14 Fad104 suppresses the transcriptional activity of STAT3 in melanoma cells. A375SM
cells were transfected with 4xM67-tk-Luc luciferase reporter plasmid, in the presence or absence of
Myc-tagged FAD104 expression plasmid. At 16 hr after transfection, the cells were starved for 4 hr
and then incubated in the presence or absence of 5% FBS or IL-6 for 4 hr. The cell lysates were
prepared and subjected to a luciferase assay. Luciferase activity was normalized to the B-gal activity.
The relative luciferase activity was calculated from the mean value relative to control (leftmost lane),
set as 1. Each column represents the mean with standard deviation (n=3).*p<0.05. **p<0.01.

% —Hi FAD104 & STAT3 OFHAAER 72 & ONTHE AAEH fEI DRt

INETOMRFHZ LV, fadl04 1% STAT3 o 7 L2842 Z ENHL MR- T, %
2 CIRITSTAT3 ¥ 7 F V% il 3 % 5 118 D fi B % 37 7=, FAD104 (3 proline-rich region,
FNIII domain &\ 7- % 287 ERIFEEAERICEE o2 A3 25 2 £ n, £9°, FAD104
& STAT3 DMHAAEH S 2 S DGt 21T - 72,

(V)EBA RS L OSEBR 5L
1-1 SEBRR R
A375SM i (RFREAET 3 E L0 )
RPMI1640 (SIGMA)
FBS (Biowest)
PBS ()
PEI

Mouse monoclonal anti-DYKDDDDK tag antibody (PBS (-) C 200 {47 #R) (Wako)
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Monoclonal anti-c-Myc FITC conjugated (PBS (-) T 200 {547 #R) (SIGMA)

Lysis buffer : 150 mM NaCl, 50 mM Tris-HCI (pH7.5). 0.5% NP40

Mouse anti-FLAG M2 monoclonal antibody (SIGMA)

Rabbit anti-mouse STAT3 polyclonal antibody (5% BSA/TTBS C 1,000 {%#fR) (SANTA
CRUZ)

Rabbit anti-mouse FAD104 polyclonal antibody (5% BSA/TTBS T 400 %7 fR) (SIGMA
GENOSYYS)

Donkey anti rabbit IgG conjugated HRP (PBST T 10,000 {547 R) (Cell Signaling)

Sheep anti mouse 1gG conjugated HRP (PBST T 10,000 1545 #R) (Amersham Bioscience)
TTBS : 150 mM NaCl, 10 mM Tris-HCI (pH8.0), 0.1% Tween20

Transfer buffer: 25 mM Tris (hydroxymethyl) aminomethane, 192 mM glycine, 20% methanol
ECL Western Blotting Detection Reagents (Amersham Bioscience)

PBS-G : 10% glycerol/PBS (-)

FEAREZHE : RPMI1640, 5% FBS

1-2 EBJ5iE
O A375SM #llja D i
W, BEcHEC T,

O 7T A ROMHEE
pCMV7.1-3xFLAG-fad104AN ¥ 75 2 I K
DK2 5°-CCAAGCTTATCTACAAGAACAGCTG-3’
HindllII
DK4 5-GGTGTCTGGACCATGATAAACG-3’

FROTTA~v—%HWT PCR 21TV, EUERZIZ, fonr 77 A0 M &
pBluescript KS+ic¥7 7 u—=0 27 L=, ZDO7 T A3 FZ&flREE#E Hindlll 3 X O
Apal (DK4 @ FitIZHFAET ) THILL ., oA o — M & EIR L,
PCMV7.1-3xFLAG-fad104 ® Hindlll 35 X OY Apal 5z ~7 7 v—=2> 7 L7z (Fig.
15),

pCMV7.1-3xFLAG-fad104AFNI §EL 7T A I K

DK29 5’-GCGAAGCTTATGTACGTCACCATGATG-3’
Hindlll

DK30 5’-GAGAAGCTTGTCTTGCACCCTCTTTAC-3”
Hindlll
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FRDOT T A =—% AT PCR AT\, IR L7, Bonlc7 T 7 A b
HIBREESE Hindlll THH/E L. pCMV7.1-3xFLAG-fad104TM @ Hindlll #LiC Y727 o —
=7 L7 (Fig. 15),

fad104 OIEEBIEID 7% 3 B35 pCMV7.1-3xFLAG-fad104TM 1%, Tt 77
A ~—%Z MW TPCR ZATW . EIUEIIZ I G e 7 7 7 A v b 2 HIEREES Hindll
B L O Xbal TH{L L. pCMV7.1-3xFLAG @ Hindlll 33 X O Xbal #ALRIIC Y7 27 1 —
=7l HBELL,

DK18 5-ACAAGCTTCAACAGCGTGAGGTTAT-3’

Hindlll
DK30 5’-GGTCTAGATTACTTCATTAAGAAGT-3’
Xbal
1 1207 aa
FAD104FL CeeaULL HAAEERT ECAEDAEEY B
213 1207 aa
FADIO4AN CeeaoU_TEEIT TEATAT Y |
1 277 1154 1207 aa
FAD104AFNIII @.'

u :prolinerich region
u :fibronectin type lll domain

I :transmembrane domain
Fig. 15 Schematic representation of the domain structures of full length or deletion
mutants of FAD104.

pCMV7.1-3xFLAG-STAT3FL 8 L VKA RAKFH 7 F7 A I K

- STAT3FL

DK21 5’-GCAAGCTTATGGCTCAGTGGAACCA-3’
HindllI

DK22 5-ATAGTCGACTCACATGGGGGAGGTA-3’
Sall

- STAT3 (1-407)

DK21 5’-GCAAGCTTATGGCTCAGTGGAACCA-3’
HindllI

DK23 5’-AAGTCGACTCACTCTGCAGACAGGC-3’
Sall

- STAT3 (465-585)

DK24 5-GCAAGCTTTCCAACATCTGTCAGAT-3’
HindllI

DK25 5-GAGTCGACTCAGATGTACCCTTCAT-3’
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Sall
- STAT3 (586-770)

DK26 5°-TCGAAGCTTATGGGTTTCATCAGCA-3’

Hindlll

DK22 5°-ATAGTCGACTCACATGGGGGAGGTA-3’

Sall

FRDOT T A ~—% AT PCR 21T\, EIUERZIZ, /o777 A b
i FREESE Hindl 35 L OV Sall Tk L. pCMV7.1-3xFLAG @ Hindlll 33 X O Sall #B{7

Mict~7 27 ve—=r7 17 (Fig. 16),

N-domain domain

Coiled-coil DNA-binding Linker
domain

domain domain

SH2 transactivation
domain

STAT3 no | cc | oeo] o | sh2] o |

STAT3
(1-407) FLAG] ND cC

DBD

STAT3
(465-585)

@]
STAT3
(586-770)

770aa

SH2

TD

Fig. 16 Schematic representation of the domain structures of full length or deletion

mutants of STATS3.

O7'7 A3 Rl
W I,

fEHLZ7Z7 AR
pCMV7.1-3xFLAG empty vector
pCMV7.1-3xFLAG-fad104FL
pCMV7.1-3xFLAG-fad104AN
pCMV7.1-3xFLAG-fad104AFNIII
pCMV7.1-3xFLAG-STAT3FL
pCMV/7.1-3xFLAG-STAT3 (1-407)
pCMV7.1-3xFLAG-STAT3 (465-585)
pCMV/7.1-3xFLAG-STAT3 (586-770)
pCMV-Myc-fad104

O ISR
P STAT3 Hifk Z JHV - sh s ik e F2 5k

Cell lysate % 1,000 pg/500 pul & #t STAT3 Hiif& (SANTACRUZ) 2 ug % 4°C CT—Mtip
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LR MR U CROG S 72, Pidh—cell lysate UG lysis buffer |2 X 0 Sl L 7=
Protein A Sepharose 4 Fast Flow (Amersham Biosciences) 30 ul % il z., 4°C C 4 B 5
RN STz, B —X% lysis buffer T 3 [mPEEF L2k, B — XA L2 v
2\ 'E % SDS-loading buffer (6.25 mM Tris-HCI (pH 6.8), 10% glycerol, 2% SDS. 5%
B-mercaptoethanol, 0.01% bromophenol blue)iZ L Y #&HH L 7=, == > b a—/LiZi% normal
rabbit 19G (SANTA CRUZ) 2 ug % i L 7=,

PL FLAG A 2 FIV 7 5o DL SEBR

Cell lysate % 1,000 ug/500 pl & #1 FLAG $i{& (SIGMA) 3.8 ug % 4°C T—lip 5%
IR L CRUG &7z, Hifk—cell lysate SO lysis buffer (2 X 0 Eflirfb L7
Protein G Sepharose 4 Fast Flow (Amersham Biosciences) 40 pl % /J1 %, 4°C T 4 Ffft]p 5
RN STz, B —X% lysis buffer T 3 [EEEFLI-%, BE—XHAa L2 v
2\ 'E % SDS-loading buffer (6.25 mM Tris-HCI (pH 6.8), 10% glycerol, 2% SDS. 5%
B-mercaptoethanol, 0.01% bromophenol blue)iZ & Y #&H L 7=, == b a—/LiZi% normal
mouse 19gG (SANTA CRUZ) 3.8 g %/ L 7=,

O fgguta,

FAD104 & STAT3 OAHIEN RITEDFRES

pCMV7.1-3xFLAG-STAT3FL 3 LU} pCMV-Myc-fad104 % h T A7 =27 a L
7= A375SM il %, PBS (-)C 2 [Al¥eis L7=%. 4% PFA/PBS (-)% H TR T 10 4
MEE L7z, Z4% PBS (-)T 3 [mIPe L7=1%. 0.5% BSA/0.2% Triton X-100 H1IZ ==k
T 10 S L=, PBS (-)C 3 [E¥E4 L7=t&. i FLAG $ifk (SIGMA) & =R T 1
REM B S W72, Z 0k, PBS (-)C 3 EIPeH Lz, Z 212 Pk (Goat anti-mouse
IgG conjugated TRITC)Z 1%, =R T 30 /3L L CTRIL S 7, £ D%, PBS (-)
< 3 [y L. Monoclonal anti-c-Myc FITC conjugated (SIGMA) & SRR T 1 BRI L
TGS 72, PBS (-) T 3 [EIEH L7t AL —F —BAMEE (LSM510-V, ZEISS)
THIZ LT,

FAD104 /X $525 BL4R o il N R 7E D # Gt

FAD104 £2E F-IXKELEBRARBI T TIAIRE NI VAT 27 v ar i
A375SM iz, PBS (-)C 2 [AlE L7-#%. 4% PFAIPBS (-)% W TERIR T 10 47 fH
[EE L7, Z41% PBS (-)T 3 [EIWe L=, 0.5% BSA/0.2% Triton X-100 HIZ =R T
10 5y [ L7, PBS (-) C 3 [FIYE#H L7214 . FLAG % 7 kit @ anti-DYKDDDDK tag
PUA (Wako) & R T 1 RIS S ¥ 72, =Dk, PBS(-) T3 RIS LZ, Z 22—
WHUA (Goat anti-mouse 1gG conjugated TRITC)Z il 2., == T 30 23 ML L ChUn &
Wiz, ZD%, PBS ()T 3T L, #otEamE: (BX51, Olympus) THIZ L7z,
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O GST-pull down assay
FAD104 & STAT3 OFHAEH
GSH Sepharose % PBS-G T F-ffif{ L, GST % 7-1% GST @h& FAD104 (1-277)fEk %
E T R ATYAME 4y A W S, 4°C T—Bpii#R L7-, #D1%. Sepharose % PBS-G
T3 IEI/?E{% L7z, Z @ GSH Sepharose fit & GST f& % > /37 ' D—#k% SDS-PAGE
SyBEL . GST & 5 i GST filier FAD104 (1-277)EI5 D & > /3 7 B eSS e A
f@“é Z L% CBB il LV fsl L7z, FHAMERIZIEL. A375SM fllfus HFHHR L7
cell lysate & ()i &1, 4°C T—Mefii#k L7z, D1k, lysis buffer ¢ 3 [F%E% L., beads
(2 SDS-loading buffer (6.25 mM Tris-HCI (pH 6.8), 10% glycerol, 2% SDS. 5%
B-mercaptoethanol, 0.01% bromophenol blue)Z Nz, # > /37 BH &M ST,

FAD104 & STAT3 5 fli K828 BAK DO FH A A

FAD104 & STAT3 OFHHEMEH D7k ’@Eto 7272 L, GST &5\ E GST @e
FAD104 (1-277)fH3k D & /37 'E & D%, pCMVT7.1-3xFLAG-STAT3FL, (1-407),
(465-585), FE7-1%1(586-770)% kT > AT =7 L a2 Li= A375SM #fia7 & FHHL L7
cell lysate & H v 7=,

O 2RI ER
Vivand e = %

T, HiCHEL 7=,
O SDS-PAGE
B—E, BmICHEC T,

O Western blot 1£
B, BUEICHEC T,

(WES TS

FAD104 & STAT3 MHEAEM T 2 02 E 0 Z B B IC T S 7, AST5SM a2 HafH L 7=
cell lysate % VN THL STAT3 HUikIZ L 2 LR ERZ 1T o 7o, TORER, AT 7 —~Hilid
IZEB W T FAD104 & STAT3 a5 Z ENRB BT/ > 7= (Fig. 17A), XIZ, FAD104 &
STAT3 OAMIENRTE % it L=, A375SM #lificdiZ FLAG % 7l STAT3 72 6 ONE Mye & 7
flA FAD104 FEL 7T A I REZEA L, 24 WFERRZ IS HE Yt 21T o 7=, STAT3 ILEH
REBIZBWCHIRE L ZICRTET 5 Z ERMESNTWD (47), ARFHIBWTH STAT3
ISHIIE L NI RTE AR L7z (Fig. 17B left panel), & 512, STAT3 (% FAD104 & /Mafkiz
BWT—ELRET D Z & Nbhro7= (Fig. 17B right panel) (16), ZH HDOFER LY |
FAD104 & STAT3 (I A 7/ —~ Ml W THAEEMT 2 Z LB LNk -T2,
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Fig. 17 FAD104 interacts with STAT3 in A375SM cells. A, The interaction of FAD104 with
STAT3 under physiological conditions. Lysates from intact A375SM cells were immunoprecipitated
using antibody against STAT3. Immunoprecipitates and inputs were resolved and detected by
Western blotting with anti-FAD104 antibody. B, FLAG-tagged STAT3 expression plasmid and
Myc-tagged FAD104 expression plasmid were transiently introduced into A375SM cells. The signals
of FLAG-STAT3 (red) and Myc-FAD104 (green) were detected with confocal microscopy.

I, STAT3 & O EAERIC B 72 FAD104 O FEIR A ffHT L7, FAD104 0 N R ek
I, SH3 R A A U Ctype IWW R A A L OFEGT A MaFib, ¥ X B OMEERICE
72 proline-rich region 23 7FE3 5 (48, 49), & Z T% ¥, proline-rich region (2% H L.
GST-FAD104 (1-277) % J\ > T GST-pull down assay %17 - 7=, proline-rich region % & » FAD104
(1-277 aa)fElk%w GST G ¥ v /N7 HE L TRISHREHUL, A7/ —~HMlanroo cell
lysate & S )it> &t GST-pull down assay # 17> 7=, D55, FAD104 (1-277 aa)fHiski% STAT3
LR D Z ENH BT o7 (Fig. 18),

= 4 GsT-
FAD104 (1-277)
(56 kDa)

Coomassie

~  doGsT
(26 kDa)
Fig. 18 Interaction of the N-terminal region of FAD104 with STAT3 by the GST pull-down
assay. Cell lysates prepared from A375SM cells were used for a GST pull-down assay with GST or
GST-FAD104 (1-277). Coomassie Blue staining of the GST proteins (lower panel). Bound protein
samples were immunoblotted with anti-STAT3 antibody (upper panel). The input volume was 0.5%
of that of the cell lysate for the pull-down assay.
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FAD104 (3% /"7 EMIMAERICEZE. FNIIl FALA VY HLTWS, £ T,
proline-rich region [ZM 2. FNIII KX A LAZDOWT # STAT3 & OFAAEHIC 52 5 88 % i
#f L7, 7. proline-rich region % & ¢e N AKifElk 2 K8 L 72 FAD104AN 35 KOV N Kl
i &R BB TEEY B 72 5 FADIOAAFNII FEEL 7T 2 I RAMEEE L2 (Fig. 19A), &I
FAD104 4 R 1825 SR O MR BTE & it L 7=, FLAG ¥ 7 ity FAD104FL & 7= |3 K%
RARFBLT 7 A & A375SM Ml iZ 8 A L, 2T o7, £ ORE, FAD104FL
& [FAIBRIZ, FAD104AN 35 KO8 FAD104AFNI 3/ MaRIZ/fE %~ L7z (Fig. 19B), KIZ
FAD104AN & STAT3 OFH EAEHIZ DWW THES 21T 2 72, pPCMVT7.1-3XFLAG-fad104FL & 7213
fad104AN % ~ 7 > A7 =7 > a > L7z A3755M #ilfia 545 5 #u7z cell lysate & W C. Bt
STAT3 HLIRIZ L 2B IbEREZ 1T > 7=, T OR5H:. FAD104FL 1% STAT3 EMHA(EH L7-
73, FAD104AN T STAT3 & DA L biv7en > 72 (Fig. 19C), = 512, FAD104AFNIII
& STAT3 OAHAAEIZ W CTHiF 24T - 72, FADI0AAFNIN L7 A R&E h T VA7 =
7= > LTz A375SM i B S L7 cell lysate 2 VT, FAD104FL 3 K OMAN &[R4
(2. L STAT3 HUIRIC & B0 h R EBR 21T - 7228, JERF AN R ST L E W,
FEAER O Z1T 2 22> 7, £ 2T, i FLAG Piikz AW 7o B bR 21T - 7,
Z DfEE, STAT3 & FADIOAAFNII IFAH AR 32 Z & 3o ho 72 (Fig. 19D), 2L 6 Difik
FL V., FAD104 |Z N RiffEik % /- L C STAT3 M AEMEH T2 Z E BB 6T -T2,
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Fig. 19 The N-terminal region of FAD104 is essential for interaction with STAT3. A, Schematic
representation of the domain structures of full length or deletion mutants of FAD104. B, The FLAG
signal in A375SM cells transfected with FLAG-tagged full length or deletion mutants of FAD104
expression plasmid was observed using fluorescence microscopy. C, Effect of N-terminal region of
FAD104 on interaction with STAT3. A375SM cells introduced with FLAG-tagged FAD104FL or AN
expression plasmid were lysed. The immunoprecipitation was done with anti-STAT3, and the
precipitates and inputs (0.5%) were blotted with anti-FLAG antibody. D, The interaction of
FAD104AFNIII with STAT3. The cells introduced with FLAG-tagged FAD104AFNIII expression
plasmid were lysed, and immunoprecipitated with anti-FLAG antibody. The precipitates and input
(0.5%) were detected with anti-STAT3 antibody.

STAT3/Z., N-terminal K £ > (ND). Coiled-coil K 1 > (CC). DNA%LA K A4 > (DBD).
Uy H—RKAA 2 (LD), SH2 KA A > (SH2)7 & NCHRBIEMAL RA A > (TD)EHT 5 X
VRIETH D, STAT3DA KA A N3k A BB Z A5 Z L nflEINTEY (50-53),
FAD10423H AANER 3 2 fEik Z [ E 3% Z & 13, FAD104IZ X % STAT3D il il D fig iz >
2N %, £ 2T, FAD104AISTAT3D & Dl & 63 2 et 217> 72, ND, CC, DBD
M5 72 HSTAT3 (1-407), LDDO %479 % STAT3 (465-585)F L UNSH2, TD7»5 72 5 STAT3
(586-7T70)FBL 7 7 A I REAERL L7 (Fig. 20A), {E# L 7-STAT3 &ME/KZE BILRIL T Z
A X R%&A375SM AAIZE A L, 24FFR# (2 cell lysate & FH%E U 7=, FH%L L 7=cell lysate & GST
A FAD104 (1-277 aa) & % i <, GST-pull down assay %17 - 7=, % D%, FAD104 (1-277
aa) & STAT3 (586-770) 3 fH EAEM L7z, F7=. STAT3 (1-407) CiL, FAD104 (1-277 aa) & 7
DITHEB DR BTz, Lov L7223 5, STAT3 (465-585) & FAD104 (1-277 aa) DFH AVEFH LR
Lo 72 (Fig. 20B), KIZ, Sl ikBEIEIC X 0 MR O BEVEH ZEt L=, FLAG
2 TG STAT3 R F 123 KIBERAKREL T 7 A I R EMycH VA FADI04AREL 7 A 2
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R&ZA3TSSMAIAEIC h T v A7 =7 g > Uiz, 24FFRIRSEZ IR 2 8 L, Bt
FLAGHUA Z W= S Ih M B 24T o 7=, Z OFfER:, FADL104IELSTAT3 (1-407)% L O°
(586-770) L FHEAERA T2 Z & AL M2 > 72 (Fig. 20C), ZHH DR LV FAD104IEN
KumpEik 24 LC, STAT3ONENHIEM /2 b N CRER & AT 2 2 E R L T -
770

. Coiled-coil pNA-bindi Linke SH2 transactivation
N-domain  “gomain'  domain  doman doman  domain
STAT3 no | cc | oeo] o | sH2] o |
770 aa
(o) [cc Toeo]
(1-407) ND CC DBD
STAT3 @ LD
(465-585) [ Lo |
STAT3 @
SH2 TD
(586-770) [ st2] o |
STAT3 STAT3 STAT3 STAT3
FL (1-407) (465585)  (586-770)
A O o
X . o .
2 o e o
> LAy L1y B <%
M 0n) & BB S S S S
100 =
oo - «
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4 = — . - <
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28 =
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10 =3 — — 4
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Coomassie l
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Fig. 20 FAD104 interacts with both N-terminal and C-terminal region of STAT3. A, Schematic
representation of the domain structures of full length or deletion mutants of STAT3. B, GST
pull-down assay for the interaction of the N-terminus of FAD104 with STAT3 in A375SM cells. The
cells transfected with the expression plasmid for FLAG-tagged full length or deletion mutants of
STAT3 were lysed, pulled-down with GST or GST-FAD104 (1-277), and blotted with anti-FLAG
antibody. The input was equivalent to 0.5% volume of the cell lysate. Arrowheads indicate the bands
of FLAG-tagged full length or deletion mutants of STAT3 (upper panel). Arrows indicate the bands
of GST or GST-FAD104 (1-277) (lower panel) stained with Coomassie Brilliant Blue. C, The
interaction of FAD104 with deletion mutants of STAT3. Lysates from A375SM cells introduced with
the expression plasmid for FLAG-tagged full length or deletion mutants of STAT3 and Myc-tagged
FAD104 expression plasmid were immunoprecipitated using antibody against FLAG.
Immunoprecipitates and inputs were resolved and detected by Western blotting with anti-Myc
antibody. For detection of FLAG tag or Myc tag, the input was equivalent to 0.5% or 1% volume of
the cell lysate, respectively.
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FIUET FAD104 0 N RIEFEILY STAT3 0 U L et L ORI MALARIC 5 2 B 5B fig
Hr

FAD104 |% N Kl A/ L. STAT3 @ C KimfElE L f5ET 2 Z ENHLMMT R -7,
Z 2 TWIT, FAD104 @ N RERfEIKY STAT3 OV v R{bds L QMG IEM LRI 5- % b B2
RRat LT,

(1) EBM B LOFEERT L
1-1 BB E
A375SM e (AR L B &0 k)
RPMI-1640 (SIGMA)
FBS (Biowest)
IL6 (Wako)
Lipofectamine ™2000 (invitrogen)
PEI
Rabbit anti-phospho-STAT3 (Tyr705) monoclonal antibody (5% BSA/TTBS T 500 4R
L 72) (Cell Signaling)
Rabbit anti-mouse STAT3 polyclonal antibody (5% BSA/TTBS T 1,000 {7 H) (SANTA
CRUZ)
Mouse anti-mouse -actin monoclonal antibody (5% BSA/TTBS “C 100,000 %4 #R) (SIGMA)
Donkey anti rabbit IgG conjugated HRP (PBST ~C 10,000 {54 #R) (Cell Signaling)
Sheep anti mouse 1gG conjugated HRP (PBST T 10,000 1577 #R) (Amersham Bioscience)
TTBS : 150 mM NaCl, 10 mM Tris-HCI (pH8.0). 0.1% Tween20
Transfer buffer
ECL Western Blotting Detection Reagents (Amersham Bioscience)
5 x lysis buffer : 125 mM Tris-HCI (pH 7.8), 10 mM DTT. 10 mM CDTA (pH 7.8). 50%
glycerol, 5% Triton X-100
FEIHE W : 20 mM Tricine (pH 7.8), 2.67 mM MgSO,4. 0.1 mM EDTA, 33.3 mM DTT,
270 uM Coenzyme A, 530 uM ATP, 470 uM luciferin-K
Z-buffer : 60 mM Na,HPO,;, 40 mM NaH,PO,;, 10 mM KCI, 1 mM MgCl,, 50 mM

[-mercaptoethanol
FAREEH : RPMI-1640, 5% FBS

1-2 FEhr ik
O A375SM #lifi D kz3%
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B, B HEICHEL T,

OF 7 A ROFRH

R B,
EHLZT AN
pCMV7.1-3xFLAG empty vector
pCMV7.1-3xFLAG-fad104FL
pCMV7.1-3xFLAG-fad104AN
pCMV7.1-3xFLAG-fad104AFNIII
4xM67-tk-Luc
pCMV-B-gal
pBluescript KS

O S RART2r gy
STAT3 D U U FRfb L~ W2 5% % 5248
A375SM #lifielZ Lipofectamine™2000 # W T 7' F A I REZEA L1z, Hifnz
MULTIWELL™ 24 well (FALCON)IZ 8x10* cells/well #5ff L T 24 HRfsEa#% .
Lipofectamine™20002 pl, 75 2 X R 0.8 pg DEAETHIFUTE A L=, 7275L, &4
PRI E OB O K 9 IZ FLAG ¥ 7RG fadl0d 2 REFHEEL7 7 2 X Ni% 0.8 pg.
fadl04 KL REFEH 7 A I FIZ 05 ug AL, 77 23 FOREIX
pCMV7.1-3xFLAG THii 2. 7=,

STAT3 DEEEYEMEALERIZ 5% 5 %%

A375SM Hifd~D N T AT = 7 3 VX PEL ZHWT, 2E 250 ng DT AR
RZEA L7, #lad MULTIWELL™ 24 well (FALCON)IZ 3x10* cells/well #§7& L T
24 BRI, P T AT =7 L D LIFRIRETIC RPMI (5% FBS) T, Rt As#i %
1T o7z, HIfEIZ 25 ng D 4xM67-tk Luc LR —% —7F7 A I N NERFE#E L LT 6.25 ng
@ pCMV-Bgal 3 L T* 75 ng @ pCMV-3xFlag-fad104FL, 12.5ng ® pCMV7.1-3xFlag
-fad104AN, F721% 7.5 ng ® pCMV7.1-3xFlag-fadl04AFNIIl Z3E A L7=, T AI K
D8 EIT pBluescript KS+Z 2 CT—E&RIZE A 2T,

O IL6 #Hl#4
N7 AT 27 v a 36 BifEth. 5ng/ml L6 &4 E5 T 4 BERiIEG#E L7=,

O cell lysate @ FHHL
W 5 HICHE U7s, 7272 L. RIPA buffer 50 ul % VT cell lysate 7% L 7=,

41



O v

SR
B

Bz He U7,

O SDS-PAGE

B, B EICHEC T,
O Western blot
. EUOEICHEL 7=,

ONT 7 =5 —BiEEDRIE
B, B OENCHEC T,

O HeatiLet
B, BUESICHEC T,

(2) FEBfR

F3°. FAD104 ® N KIfEEDS STAT3 D U Vb L~ -2 5588 SOV Tt &2 17
o7z, STAT3 (T IL6 HIBIC L0 U b3 TS 5 Z L v s Tnd (41), £ T,
A375SM il iZ FAD104 = £ 72 I RBAERAEFER T T A F2H AL, IL6 fli Nk
% STAT3 DU b L~ V&g Lz, = b e —) Uil Tld, IL6 iz LV STAT3 O
U UL OV BEISTTEE L2, 2 OSMEIZEV T, FAD10AFL i % B4 Tl STAT3
DY AL LIV REEITIK T L7, FADI04AFNI 3 5658 BLUHI AR © 3 FAD104FL & [RIERIZ,
STAT3 OV UL LU EEIK TT 52 ER¥bholz, Z0—5 T, FAD104AN jEFE
AL TIX, STAT3 DU UL L~V DMK LD o 72 (Figs. 21A, B), ZH 6 DOFER &
Y FAD104 |% N Kinflkz 4t L, STAT3 © U b A2 Mfil5 5 Z LR L NI o7, R
(2, BREIEMHACREICOW CT 21T - 72, STAT3 KAV A "B THLR—F—TF A3
R72 5TNZ FAD104 &K 72 3 RBERKFEIL 7T 2 I R4 AT5SM Ml F T A7 =
7y avl, 24 BHHBICLER—4—T7 vl A B{Tolz, TORE, 3> ba— &
FAD104FL 7 & TNZ FAD104AFNI it Fel 38 B Al i C 1 STAT3 DR GIEMALRE S A BIZIR T L
72o —J7. FADI104AN i@ HLMN TIix, STAT3 DEREIEMALEEIZINE S 72~ 7= (Fig.
21C), ZHHDFER KV, FAD104 O N Kb lkid STAT3 OUREIEME(LEE OFIHIZ HEL 7
BEZH S Z ERHAL NS T,
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Fig. 21 The N-terminal region of FAD104 is required to regulate STAT3 activity. A, A3755M
cells were introduced with full length or deletion mutants of FAD104, and treated with IL6 for 30
min. Protein (5 pg) per lane was loaded, and detected using corresponding antibody. B,
Quantification of the blots in A was shown. C, Effect of N-terminal region of FAD104 on
transcription ability of STAT3 in A375SM cells. 4xM67-tk-Luc was used as a reporter gene. At 24 h
after co-transfection of FLAG-tagged FAD104FL, AN, or AFNIII expression plasmid, the cells were
harvested and tested by a luciferase assay. Normalization was done with the activity of
B-galactosidase, and the relative values to control were shown. Each bar shows the mean + standard
deviation (n = 4). Statistical analysis was performed with one-way ANOVA with Tukey—Kramer
HSD test. # shows (p <0.01) between the control treated with IL6 and FAD104FL or FAD104AFNIII
group, and the control and FAD104FL or FAD104AFNIII group, in B and C, respectively.

HHEN FAD104 @ N RRGEEA 23 AN O & S IE R AFHIHEFHRE IS 5 2 D S0 B DO fRAT
fad104 | % N KusfEk A2/ L. STAT3 V27 F A5 AICHIET A Z LB SN o7, F

ZTWRIT. DSAHIR O B SR FEMRAZEI TR fad104 D N RERFEIR R 5 2 DB STt

4T -7,

(1) FEBrbrElE L OEBR T4

1-1 SEERAAEH
B16F10 #Hfie (BEAF Cell Bank)
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B, SN HE T,

O BRI ER
B, FHomIcHEC T,

O SDS-PAGE
B, B RICHEL T,

O Western blot 15
B, B ENCHEC T, L, XU X7 BT 10 ug VW,

O it
BE, BUEICHEC -,
(2) FEBrfER
fad104 @ N KA 25 AMIE O & G IR AFRIBIHEE I 5 2 D B E T 5720, %

J°. B16F10 AHfid% FV T FAD104FL {2/ 2 T, proline-rich region % K48 L 7= FAD104AN 72
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5 ONZ FNIIE domain % K48 L 72 FAD104AFNIN 22 E R BLAmAR &2 ERL L 7= (Fig. 22A), &RIZ.
K2 /u—rORERIMBERANCT, Y7 T Ha—AT vlA &iTo72, TORE,

FAD104FL % E FBIMIAE Tl 55— S IUEI OSSR & FFRIC, 2> b e —/Lififa & Hg L,

FER Sz v =—OHMNHE IR Lz, FADI04AFNII ZERBEARICIS VN TEH, FL
LRIERIC, B SN Tc 2 v =— DM BE A LTz, —7J7. FAD104AN % E B <
(X, RIGIRURAFHIBEFHAE D INHIZh 3 EES L 7= (Fig. 22B), ZHHOFER LY. FAD104 iX
N RSk 2 I U, S AR O R IGIRRTF I IEFERE 2 M]3 2 Z E BH LT 72 o 72,
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Fig. 22 FAD104 inhibits colony forming activity of B16F10 cells through the N-terminal region
of FAD104. A, The expression levels of FLAG-tagged FAD104FL, FAD104AN, and FAD104AFNIII
were determined by Western blotting with anti-FLAG antibody. Protein (10 pg) was loaded in each
lane. B-actin expression was used as a control. B, Effect of FAD104FL, FAD104AN, or
FAD104AFNIII over-expression on anchorage-independent growth of B16F10 cells. B16F10 cells
(2.5x10% derived from independent stable transformants were seeded in soft agarose in a 35-mm
plate. After 15 days, the colonies were stained with 0.01% crystal violet and colony numbers were
counted in each plate. Each bar shows the mean + standard deviation (n = 3).

FAHT BB LUV

1) & %

AW X 0 FAD104 1% N K¥ifiik % /i L C STAT3 L fHAAEH T 5 Z &2k v STATS
TV EAICHIEIT S 2 E R LMo 7, IR BN B MERRRIRE VTR
NG, AT —~HIBZ BT STATS AMEFIIIEE L SN Tnb 2 & F7-, STATS
DFHLFEAIF LY STAT3 O ARIEMRA SRR Z Wi, STAT3 BN A 7/ —~<Hiflad
fES A, 1R O NTEBICEET 2 Z E LS TWD (45, 54-56), X I,
STAT3 X A T / —~ Il LA O 23 AKIBIC I TR - i OIEHER 1 & L CHRET 5 2
ERMBNTWD (57-59), L7z~ T, STAT3 OiFMALHIEERE 2 MHT 5 Z L 13 A T
)= EIRD & T DRk A R ARRIZ BT DIRRIEOFIC S Rn b LB 2 Hhvb,
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AHFGEH 6, FAD104 1% STAT3 EAHAIEH L., 2O 7 F A2l T 5 Z & B B2
e o7y, fadl04 75 STATS o 7 v a ED X HIZHIEIT 250, Z OFEM 7 I >V T
FERATHY . SHOEKEERETH S, STATS OV U ACEMLIE C R RE O L GE M
b R AL ANHFET D, AEOHFIS, FAD104 1% STAT3 @ N Rz, C K
EIKE A AAEH L7z, FAD104 (IMLY VR bEERIEHZ A L TNt EZEI bhb 2 &
25, STAT3 OV VLI A~ A7 $5 2 L2k 0, U VB b ZBLE LT 5 afaEMEN
B2 NS, REOMFHIB W T, MlREIZH1) % STATS X FAD104 & /MafRizisunC—
MIEREEZRTZEDRHL NI /2o7-, LIz - T, FAD104 (% STATS % /Mafkizis T
77T EZ IV ETBEICBITS Y VML EILE L CW S AR L H 5, RIS
JATET D& 378 L LC endoplasmic reticulum p57 (ERp57)<° protein tyrosine phosphatase
1B (PTP1B)2S STAT3 & 7/ /MB35 Z E AL T D, ERpST (F/NEANEEIZ BV
T STAT3 LHHAAE L STAT3 OV U igfbz2#il+ % (60), —J7. PTP1B (X JAK2 X Src &
U UL L~V B RICHIEIT S Z L ic XL D STAT3 v 7/ LA [HET S (61, 62), 5. i
HD L N EOREREIC FADL104 7235 2 2 52%85° FAD104 O/ FIcsiT 5 kAR e
—HBWRETHZEICEY, STATS & 7 F A Z il 55 1O —imz i+ 2% Z L1z
RNDHEZZBND,

STAT3 U U fafbidskx 72K 12 X 0 il S 41 TF Y | protein tyrosine phosphatases Meg2
(PTPMeg2) Z 4t &+ B i U L R{LI%3% . protein inhibitors of activated STAT (PIAS) 72 £ D&
AL STAT3 BHEIN -7 & O suppressor of cytokine signaling (SOCS) & 44 &35 1 HT 4
TT7 4= RNy TRFIZE->TH U CELH A2 5T % (63-65), D72, ZiLHIK-T#E
& FAD104 MHFHAICHEBE L, STAT3 7/ F Lz HlH+ 2 eEE L E X b D, 5.
FAD104 O EAEHR % [FE L, O ESEH N STAT3 & 7 F M ED K 5 7eigBa 5.2
2 DYFHTEAT 5 LEDR B D,

STAT3 & 1 & B A4 | #5812 B2 72 vascular endothelial growth factor (VEGF). hypoxia inducible
factor-1(HIF-1)3 X (O MMP2 O BLCHL T AR b — o A Bidi {51~ B cell leukemia-2 (BCL-2) 7
7 2V —ORHAZEICHIET D 5T, p53 72 & DR AMFIEEF ORB 2 AICHIET 5 =
EMME SN TWD (66), AWFZEIZBWT, fadl04d 1L STAT3 7L ZMil4 25 2 &<
MMP2 O3B EZAICHIEI TS Z EZHLMILTEBY ., ZNOLDORREEET D L.
fad104 % STAT3 OEEAER T OFBLE ZFEI L TV D TREMED EV, 4 fad104 73 STAT3
DIERBIRF ORBEICGEZ DB AT 52 L1280, PAORM - BBIZKIT 5
fad104 ODEENZSOWT I W EEMICAII SN D Z EnHiIfF S b,

BMP (X' R LI B 2B 240 5 2 EBNA Wi SN TV A HEER - CTH DA, 0
AN OIR - BRI L EBHACR S92 Z AL TV D (34, 67), MUHFFEETIE, Bl
e b FR Iz 50 T fad104 25 BMP/Smad #8388 &2 B HIE 2 Z & 2B 6728 LT 5 (15),
ARFFERE R L 0. AT ) —<HIIZE T fad104 1% STATS 7 Z4iil4 5 Z & 258
HNZIe S T2, BN AMIIZ BT DHEREIZ AR TH 5, I AMIZIZIE VW TEH STATS,
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BMP/Smad ¥ 7} /VTEEREFIZH S Z b, D V7 T VREREKIC fad104 23
BT 20 EPREINSNETH D (68, 69), 72T, Pratap HI2 LV, LAAMIICE
WC, Runx2 22 - Is 2T 5 2 LA LIz S (70), 4F785E TlE, fad104
DIE I LR IZ ) C Runx2 OFBLAZBICHE T2 2 L 2@ELTWD (14, Zh b
D ENS, LN AKIIIZE VT fad104 73, Runx2 ORI Z HIENE D REd 2 LER H
%o Stk fad104 23S ARMIREIZ IV THIETT 2 > 7 U Rk i 2 [[lE L2 2 &
2KV, BN AMIBIZET D fadl04 OEREN I S D Z EREIfF SN D,

AMFFEC LD . FAD104 13 N RUHEE 2/ LT 25 AHIIR O & B IR AF RS 2 4+ 5
ZEMERSRIBE N, L LR D, FAD104 O N ARURREIR SIS RE (2 B 7 % 2 10 9
DRI RHATH D, 4%, fadl04AN F 72 1ZAFNII 2 E R BAIE 2 - B R £ 5 L
IZ&D ., BANRLOEEEEEIC FAD104 O N RimfEkA 5- 2 2 B DOV TRRGETT 2 L EE A
bbH, iz, AWIFETIL. FAD104 @ N KimfHiksy STAT3 & 7 F VORI EETH D Z
EB R LT, Ak, STAT3TEMEEREZ WL AT 2 —FRICE Y | BNAMKEORY -
I H1T D STAT3 ¥ 7 T LD FHIZOWT B RF 21T 9 LER & D,

2 /I FE
1. FAD104 IZ STAT3 @V U fefbk L Qs BEIEMALRE 2 THET 5,

2. FAD104 1% N RufEk 2/ L . STAT3 @ N R uifEk s L ONC Rtk & FHAEH T 5,

3.FAD104 O N Kififilid, STAT3 & 7 /L OMEIICEETH S,

4, FAD104 % N RKulgfEi &2/ L C., RS IERIFAOBESEAE 2 J0iH] 3 5.,
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W TH D, HRANTIE, BACLIADBPAUICIRET I EFSONTEY ., BABFEDORTH
KOZLIFEEBIZE DD TH LI EnD, DAL DEELREZKTFTIEL20I21E, ik
BEWlT2 ERREETH DL, LVBRPEEN, DORRMEDEOHL AH DB %
DEATNDD, BT 25 ARDOBRRILH E D HEALTHRY, TDD, BA
MO LB Oy THEE A RIS 2 Z L, BPARKAERHESE DL ETHEARART
Hb,

MHFFEE T, BB LI O T O M 2 i & L, IR LaEE% 3
RERIC 3B LR+ 2@ F2 2 HEBE L7 4, 5)., Zho@EEFOho—>Th5D fadlos
DRI b ERES D 2 & Fio, MRz b N E A O Hil N 2 e fE 4 40 9
ZEHEHALMC LI (12-15), S 51T, fadlod KiE~ U AHKD MEF % AW -HREhisn
T, fadl04 [T OHESCBE A2 IEICHIEI L7 2 & 205 fadl04 (XAENMIAR (b, ATk
RO WNEBROA 25T, Ml SN EEREE A M AmBRIcT 5 LT EE
R BTz, & TR TIL, fadl0d DSHfafBEENEERGEL e D2 BB ThH LN
AR DIRTE « BRI B 2 DB OWTIIT 21T o T2, £ OfER, fadl04 [JEE 7 0t
A\ EE R RIGIFRAFHIEGE, Bl LONREEZIH T 5 2 L2k Y. DAMBOERS %
BUTHITET 5 Z L RIS~ 7=, £72. FAD104 75 N KifE 2/ L C, STAT3 & AHA
ERT 22 L2k D, STAT3 7zl d 252 L bFic i Lz, ZRbORR K
0 . FAD104 (X STAT3 > 7 /L Dl & /i L T AAIRL ORI - #5882 P19~ 5 iy 1 C
HbHZ EEHBNE LT (Fig. 23),

STAT3 (IR MIa L7535 % 2 FERILAWNIZTE AL L. CIEBPBOZELZ IEIZHIMHT 5 Z &
WX VIRl b A RET D (71), £7-. STAT3 |IiV—7 7 7 %> N OIEEBLE % HEN
92 Z &Ml bR TR G IZ 380 T ATP-binding cassette A3 (ABCA3) D & i & IEI il L.
W RIS EEE 72 T A T RO AR T Z ERHRE SN TND (72,73), S HIZ, STAT3 I EE
FEHIE D3 b7 b T B KR Z LT D Z E NI LN/ > TS (74), ZivHOHE A
o, BRI e, I, B X OVEORKERIS W TH, fadl0d (X STAT3 7 L% LT
FIE L CODAREMENEZ DD, 5K, 2 ODOAEMBEGITEIT S FAD104 & STAT3 &
7 F & OBURIZOWTREICRFTT 2 Z &L v, IBIMIE, i, BicBiT % fadlod o
BERESC STAT3 & 7 L O T 7o EE O — S MR SN D Z L iR S LD,

Fad104 K MEF TIXBF AR & Heilils LHIIRORESE N END Z &, £, BEBREME T4 %
ZEBUMERICBWTHLMNI LTS (16), ABFFEICL Y, fadl04 I3 A MR O E)
REZAICHIET 2 Z L2 BELNI L, 20 2 SOMEHER L D | fadl0d (ZEF M L 23
AR TCIIBENREICR L CHIX T 2 8% 5.2 5 2 L Wil < RB S vz, fad104 & [FIERIZ
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Inhibition of STAT3 signaling through the interaction

Fig. 23 The proposed model of the function of fad104 on invasion and metastasis of cancer
cells.

HIRLARIZ X > TRENREIZ G- 2 2 8B B 72 DK+ & L T seven in absentia homolog 1 (SIAH1)
M STV D, SIAHL IZIEHHIETdH 5 MEF I8 Tl p27" Pt 2455 & LB BIRE2 A
(% — 5. BFAS ARG Tl far-upstream element-binding protein 3 (FBP3) % fill 42 =

IZ X W BEREA(EET S (75,76), ZAUH O LD | SIAHL IZHI#H5 5 Vﬁ‘-ﬁzlx{ﬁi_i
b NI H R EEEZHZEITLD, EFHIREE DA CEEREIC Y OREE 5
ADHLEZDBND, fadl0d (THMIE/LiEFE Tk BMP/Smad &7 /L AT/ ~<7ﬂﬂﬂﬁf
1% STAT3 ¥ 7 F V% HlHT 5 Z E0vh . SIAHL LRI U X 9 ICiefElc L 0 Hlgd 5o 7
IRERE A EZ TWDH I ENTREND, 4%, FREPAHIIIZINZ . FEHAL S 1'I:
Jifi7e & ONTHIZRKIC I 1T % FAD104 DR AAEHIRFZ [FEd 2 Z & 73, fad104 OFERED 2
RO D EE 2 bIvD,

FAD104 (F#iflast~ bV 7 RZHEET D X "7 E D% < M FEE-> fibronectin type 1
domain % A4 %, FAD104 & [A41Z FNIII domain @ 9 [Al# 1 iR LI§xE %2 A9 5 % /X7 B
NRIZTRE L, 22D, DBAKIRLOIRE - I 532 &0 ) S I 2 E TITAu,
Z D72, fadl04 12 X 503 AR « BB HIEH D53 1 A T = X L% fRHT 5 2 &1
ELH LWV - B ORIEBE DR RIS 0 Z i s b, MaflEA Lz 2:
DS A O « SR I BB ST 5 Z L BNMms N TWD (77,78), /NMEAA LR |Z X
Y BAtk X415 unfolded protein response (UPR)IZ/MEAIZRIET % protein kinase RNA-like
endoplasmic reticulum kinase (PERK). inositol-requiring enzyme 1o (IREla), 33 & U activating
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