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Analysis of beta-Catenin/Sox2/p63 Signal Pathway in Lung Epithelial Differentiation
and Tumorigenesis
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We clarified the expression of Wnt/beta-catenin signaling and related factors i
n lung cancers and the regulatory mechanisms between beta-catenin and Sox2 expression. Sox2 was highly exp
ressed in small and squamous cell carcinomas, Sox9 in squamous but also in adeno and large cell carcinomas
, P63 in squamous cell carcinomas, and Notchl especially in adenocarcinomas. These data suggests their own
functions in tumorigenesis or tumor progression in each lung cancer subtype. Next we established the 3D c
ulture system of human bronchial basal cells (VA10). Using this system we clarified that BIO (GSK3 inhibit
or) contributed to form cell polarity and co-stimulation of Wnt3a and EGF induced distinct extension of ce
Ils from the sphere colonies suggesting the function to accelerate cell cycling or cell division. ChIP ana
lysis revealed that beta-catenin might not directly bind the Sox2 promoter region and downregulate Sox2 ex
pression in other indirect way.
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TR B2 0 TN ZEh o5k Lz #iE %
HATWD, b ERAIEOIER 2250k,
BN LR S A D & S R M 2 i M R AR AT
# ( Congenital cystic adenomatoid
malformation; CCAM) 7¢ EDERKAF., K
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dysplasia; BPD) 7¢ & OfiiifEEREAIRF S
A RENE - NREARE BORIK S, KB Sk
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FfiZ 31T 2 I OAFED FER S 41 (Kim et
al., Cell 121,823-35, 2005), & HIZi%, ffifs
DIFH - RV DAL OfFAE b H
g & (Curtis et al., Cell Stem Cell 7,
127-33, 2010) . fliEAa OMERF - 73 (L HIEHE
., i OMERR - PETRTI NG 2 B &
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(Metzger et al., Nature 453, 745-50, 2008,
Hashimoto et al., Mech Dev 119, S303-9,
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57 D% S AL RE RN I B AT il i b e~ &
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al.,, Development 136, 3741-5, 2009,
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Cell Mol Biol 41, 535-43, 2009) , Z 41 5 OHT
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W% (Murtaugh et al., Development 132,
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B B-catenin @ N FK{Al2¥ GSK3 & CKla
TV UIAVA = XS —BIZ LY U b
APt arxF o -ur7T VY —L%RICED
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EHETHILICEY Wnt 7T ETE
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B 8 IRAE IE D Se i 2 43 AL RE At b B2 R R
WOFFERBUL, MIRE ORI & Fh
bz ER T 2 BRI RICITIEE A S
Bh 27002 b BER B-catenin DIEH
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% p63 D3I EE N O JF AR EGE 5 O AR FEIR D H
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ZEERRHTEE BT, LER B-catenin &
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72o EBITIE P63 / v 7 T U b~ RO
P B p63 RIEELD FAAAR I ZGE LR AR
BIBRAI L O MR E M ERE (Clara) #ifg~
DI RIHI SN TWS Z EE R Lz, L
FORER LY BT D & LER B-catenin
I% Sox2, p63 FHLZHNHI L, lZ Sox9 %%
M52 LR 2o bieXGE bR AT BRAE
i % fififa bR R~ & b3 % I B RE
5T LX), JFAARGE ERGR &R bR E
KSR DRV LI EE & E 2 H > T b
Z LA RHLU7- (Hashimoto et al., J. Cell
Sci., 125(4); p932-42, 2012), LU 5.
B-catenin/Sox2/p63/Sox9 LI D4y
DB oy T AEER B L OE 0 M7
53 F L~V T O HIEERE I DV T E 728
HINTIEZ20,

AR, oA 2=y 7w 2 E N
72 Notch ¥ 7 F /L2 OMH|EERIZIB VT,
Clara #ifaO 3 bHnl, #REMIER X O
WA W O 3L E 2580 T 5 (Tsao
et al., Development 136, 2297-2307, 2009) ,
F 72, Mash1/Ascll @ @3 BLASFRREN 53 WA
fads b ZFHE L, S 5I121% Notch O % — 4
v MAF Hesl 7% Mash1/Ascll %85 % 1l
T 5 2 LT K0 AR Ay ke oAb & B
T 5 N R E T (Tto et al,
Development 127, 3913-21, 2000), Xk~ <T
Notch 7V % b 50l BRI EFHEED
FUAILBWCHEHERY T T ARTHD Z
RSN, £72, Notch v 7 F %D
H RTdhD Jaggedl 7 p63 FEHUZ LV FH
BIXNDET2HMELHY (Sasaki et al., J
Biol Chem 277, 719-724, 2002 ) .
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DICBWCHERETH D Z 2B 60
\Z L7z, T DOHFFETliX B-catenin/Sox2/p63
T VERNOKE, MilE Rz R O EHlEC s
5 &K - o E B - AR BAEA
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PRERIZHEH SUTIEBIEE 21 6] (B 10 31,
Fa V- ERCEE 5 B, NREREE 3 B, JOHERE AR
W 3 1)) 1o i B bds KOV
e R AE R - r LB A - & L CEE AR
Sox2/Sox9/ p63/Notchl DE HIFEBLA F.0MT
BB BRSO IE Y2 L 0 T 21T o7 F
7o, BIEBNZI T 5 &R ORBUFEHTIZ I 1T
%¥HEIL, Distribution score:DS % 0-3 @
4 B¥P%1Z  Intensity score:IS % 0-3 ™ 4 EB¥
ez 431 . Total score:TS=DSxIS DEZ b
> THRFME & LA MFEERRS TS [ C i
HEITS T,
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B3 iyl ok S0 SN TR S N
AN )b N R ) I N ST S [l o a4
B KON ARy - s {bBEER 1 & L CHE
BL7p Sox2/S0x9/p63/Notchl DiEn T3 HME
Wraito7z, FiliEfiiaz 48 X7 — T
BB LK 80% a7 rx s hOIREE THIN
% VMR L RNA ZfiliH U 7= %% cDNA & ERR L 7=,
NhuET 7L — k& LTCyber Green I ¥
BHDHWVIEFAM 7o —7kI2 LY | AR
B FE C OFH CHEA L7z LightCycler Nano
(Roche, Penzberg, Germany) % V> Real-
Time qPCR ZATWA BRI BLO LLERMT %2
1To7,

2) b MRUE SR EMatk (VA10) @ 3 Rock:
FIEOMEST & Wi E R bEFER 1 H - PR
(2 X B L ERE DO fiFAT,

VAIO #H i % Growth Factor Reduced
Matrigel (BD Biosciences, MA, USA) HT 3
Wt (3D) BERWRERSMREEIT- T2, 3D
BEAR RS L7, VALO Ml % BIO,
Wnt3a, FGF10, EGF D5 T THHEZITV,
LB REDENT 21T o T2, £1-. JEX
FEE D R BT 2 i fliid~ — 7 —p63 DR
= H )T p63 siRNA (Qiagen, Cambridge, MA,
USA) %, ARVAMsE S C O THECIAL
7= Neon (Thermo Fisher Scientific, Waltham,
MA, USA) % F\V> VALO HEfRNIZ &S 18 A %
ATV, VALO DL ENRE DRI 21T > 72,
3)B-catenin (2 & B Sox2 FEBLHIEREAEAEHT,

B-catenin (T & % Sox2 FE LI EERE D b
LT, Sox2 Yu ¥ — & —FfEHE~D
B-cateninff &Il & ¥ Sox2 FEBLNHIAH X 4T
WEHEMNEIMNERLNZTT DO,
ChIP (chromatin immuneprecipitation) /% %
RN 217> 72, £3°. VAL0 g% BI0(1
pMBELETT2 HEEEEL, A~V CEE
#% ChIP fi##T % » K (Active Motif, Carlsbad
CA, USA) Z JHVNDNA ZfifiH U 3212 1 5 DNA
Wr bz 17 > 72, Wrhfb DNA (25t L. $t
B-catenin UK (Cell Signaling Technology,
Danvers, MA, USA) % i\ 7= ChIP fi#t#fT % [F]
Ho7Fa ha— it TiTo, b



Input DNA FB XY ChIP DNA %% &1Z. Sox2
promoter fHIEIZXTH T I A ~v—F& > I
(Cell Signaling Technology, Danvers, MA,
USA) % VN, Real-Time qPCR fif#AT 247> 7=,
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Sox2 FEEUIZITHIEAN A 6, EH TS T
fgE (Ade) @ 4.2, R ERH#E (Sqe) : 7.8, /)
AR R (Sme) @ 9. KHE FE ek N 4 W6 R
(LCNEC) : 5.7 OfEF L 720 | Sme (Figl, C) .
Sqc THRHZFBLE B, LONEC B LW
Ade THETHNTRILN R 57,

Sox9 FKEUIZITHIEAN A 6, FEH TS T
Adc: 4., Sqc: 6.2, Sme: 6, LONEC : 6. 3(Figl, D)
ThHO, BHITHEENSEEDORENELS
niz,

p63 FEIUIMIZEIADB A S, E¥ TS T
Adc:2.4,Sqc:9,Sme:3. 3, LCNEC: 1.7 THh ) |
$FI1Z Sqc (Figl, B) IZHRWVRELS B 5Tz,

Notchl FEHIL¥H) TS T Adc:7.5, Sqc:l,
Smc:0.3, LCNEC:1.7 T&H V. #FIZ Ade (25>
RN A 5N Figl, A), BEREBMITH LD
BWE O TITEICHIZHREN R SR, 7
fEDOENE O TITEDOENMET L, #ITh
IGN R OB ERPBH -T2,
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b MR AL LN K 2 Bt
Ze i 5 R VR E— R B L OYRELE RE R )1
AN L 0 5 1 H RNA 2> 5 D Real-Time
qPCR 2 X 2 BI5 -3 BLMEHNT TIL. Sox2 I

SBC3 (/INHERESE) 12 . Sox9 1 EBC1 (R Rz i) |

PCO (i) . A549 (EE) . Lu99 (HERasE) (2
FHLOEME R 2N 7 S H, SBC3, SBC5 (/N
JEEE) I IR B &2 38 7=, Notehl 1% A549,
Lu99 THRELO @V MER 258D 7-25, SBC3 T
B MER ZFRD T,

PLE, s 2B AR L ONEE TR EL
AT X U L Sox2 I/l IS K OVR A LR
TEVWIEHE 2N, Sox9 13RI ERE Tawn
fHIAN R S =28, B, K@ L muw
EE AR STz, p63 ITRF ERRIC RIS
UM 2N B S 1072, Notchl 1Z IS IGUE . KA
JRFE B WIS R STz, BEICBW T
IMER RO G O T RBN RSz,
LN O TIIPEO FBENMK T 5 #

R4 T g 9
PE” S g P Py
W e In]
= 55 By o S %
% f ' I__'
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AR B, EOFREBLE — IR b,
INHOFER LD, Sox2, Sox9. p63. Notchl
I, ERENICHE SR O - B2 & O
MEAEICBES- LTV Z LRI S Tz,

2) b MRUE LA (VAL0) @ 3 RITES
FIEOMEST & Wi E R EEFER 1 H - PR
(2 & D53 {LERE D FRAT,

F 97, VAL0 a2 BIO (B-catenin @ N &AM
U U ERACRREA]) B 512 X W Wnt/B-catenin
TFNVRBNEBRIER LI N DN E S e
FRAE L 72, VA10 AT BIO ¢ 5- F RS2 T,
Real-Time qPCR & 1=+ F& BLAE AT 20 & |
B-catenin fEAHE A Axin2, I LT, EWNEA
AR Lefl OBIZTHBBNAEIZTCHE L,
Whnt/ B -catenin 3 7 F /L ZEOTEMAV 2 TR L
7. Z @ BIO #4L¥, Wnt/ S -catenin > 7 F /L
IGME T CEpiiE~ — 57—, p63. Sox2., Notchl
BAEFRBUIAEICED L, #1Z, Sox9 EiA
F-IEELTOHE LT-, FHE B -catenin I Z
NoEBEEBFREANEFET DI EnD
VAL0 O#ifa s LTopbZfl#E L T 5
AREME AR LTz,

WIZ, VALO @ 3D BEIEDOMN 2D I L,
flixe ODIEBFMORGIEIToTofER, LT O
WESMEE RV L7z, BB, Growth Factor
Reduced Matrigel (BD Biosciences, MA,
USA) : BZ# #i% (BEBM+supplement)=1:1 O #FHR
200 1/well(8 W= /LT AAT A R)
HZ VALO M 1x10* A2 ZHEEG T Y =
JNZHEL, ZAREFE 7214 200n1 OF;
BTikx EBICINZ, A ¥ 2 _X—F—iTh%
C0,, 37°C DM T CThR 3 MM ET H 2
LTI LT,

Z DY AT KEFV, BIO, Wnt3a, FGF10,
EGF O JllI T T VAL0 & 5538 L4y {LEVRE D fiRbir
EBiTol=, 3. BI0 OHDMLE TIIE %~ D
sphere I B =—D K& X (Y 1B D HE
&) 2% BIO AL CREWE AR &7

(BIO(-) :1352. 2 um® < Bio(+):2628.4 um?,
p=0. 043966, n=5), F7=. BIO ALERHETHMAI
p63. Wl involcurin 8z =9 Ml AR 45
fLizpsh Lz (Fig. 2),

Figure2 . BIO
£ - P M 5 4
[ (33- . g
L :
< " - =
VA1l p6 Involcurin

VAL0 #f0> Wnt3a, FGF10 (Heparin f£{E FC
DHENFEH V) | EGF DAFREEFR 1T I\ TIHW
FTHUITHBWTH VALO #fZd short budding
NFEF EINT=, F7=. Wnt3a/EGF OILFLT
budding ENEL BHETH Y (Fig. 3,D KHI) .
EVRER L OV A I EE R B2 MF T
ZEDHERTE T,
3) B —cateninZ & 5 Sox2 J& H I FEEAEAZNT
BIOO M) MLEET, 2 HESERZLOBETEHKRD
VALO fAR 2 & O fHHY DNA (295, L
B-catenin Hiik% 7= ChIP T 217> 7=,
F9°. BRI X D DNA W Ak o St i 247
WIHEBIIZ, 37°C, 15 4R OISR MLBE T, DNA



L4 100 ~200bp 1 D W bz pk By L 7=
(Fig. 4),

MK Non 5m 40m 15m MK

Figure 4 DNA shearing

Z OWr AL DNA (2%t LT, #T p-catenin $T
% H > ChIP fi# 4T 21T > 7=, Input DNA, ChIP
DNA ZZZHUREH, Fi% L. 245 DNA %
H L1z, Sox2 promoter FEHIKIZX T 7T A
~—% v  (Cell Signaling Technology,
Danvers, MA, USA) %\ T Cyber Green I
#1215 Real-Time qPCR #{T-o7-, FDfk
H. Input DNA [Zxt L CIEAE TR R D
AUTZ 23, ChIP DNA IZ%f L Cldilfn 7-HIE 23 AL
5L, P-catenin I Sox2 promoter fEIKIZ

IEFES LT AR WATREME S RIR S -, Bl

B-catenin FRFEIUZ LD Sox2 FILHNHIIZL,
B-catenin MDEFEHI, Sox2 promoter FEIH~
DFEARIC K DE TR <. MR &
BDILE R X,

LlalO—#HOMIEZiE L, AR B-catenin
Z VN2 Sox2 Ol EEEEATEAE DRRRA . o K
UVBIO, Wnt3a/EGF 4LER VA0 M~ 7 A
TRAIEC LD OHERE TITH Z &N
Mmoo MR KERELTEZ LN,
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