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TGFbeta-mediated LEFTY/Akt/GSK-3beta/Snail axis modulates epithelial-mesenchymal
transition and cancer stem cell properties in ovarian clear cell carcinomas

Matsumoto, Toshihide
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We focused on the functional roles of the left-right determinantion factor

(LEFTY) in ovarian clear cell carcinoma(0CCCa). OCCCa cell lines that were cultured in STK2 or
treated with TGF-B 1, underwent morphological changes toward an epithelial-mesenchymal transition
(EMT) appearance and showed cancer stem cell(CSC) properties. Inhibition of LEFTY expression induced
decreases in the number of spindle-shaped cells and CSC features. Finally, treatment of cells with
TGF-B 1 led to increased LEFTY expression and activation of Akt, which subsequently induced
inactivation of GSK-3B , while inhibition of GSK-33 resulted in increased expression of both LEFTY
and Snail. In clinical samples, LEFTY expression showed a tendency for positive associations with
expression of vimentin, as well as Sox2 and ALDH1. In conclusion, TGF-[3 -mediated LEFTY/Akt/GSK-3[3
/Snail axis may contribute to the establishment and maintenance of phenotypic characteristics of

0CCCas through modulation of EMT/CSC properties.
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1. WFZEBIA Y DY =

(1) PREEATHAEEE (OCCA) O A AR RE A

AINZF 1T D OCCA OFAERIT, ERMEIFEIEE DK 20% T, BKD 4~6% (2 L THR®
CE M (Oncol Rep, 2009), BifE, OCCA ORFEFHZED 1 2 Th 5 5 NBEMHZERIL, JIEN
FLETME B NS A RSB HNC PEO Hf » RAEZ 4R KT Z L1 K0 F#hafb L7/ ¢, Hific
VAU AR ERH R OTEMER Fe 1 42 235 ERz o DNA {52 % # L, OCCA (&% :
11 %) »¥4T 25 (endometriosis-carcinoma sequence), HigH DHRETH. 28 flOF=
MNIESEMEFENA FED OCCA D H B, 10 (35.7%) 1T PIK3CA M&ALT- 0 ;5 JERIE B ZH0 &
., I, 4 CEROER ERICEFEOELE TR 258972 (Am J Clin Pathol, 2015), =
D& O REERIREAE R LY . FEABEMERIIT 40 AT 6 c mPlE PARZIIRE SI2&
LPFETHHT 2 ARSI TWD, LL, FHHRESIEOBREED Y 27 2EE
% &L EHBRFHRITET,. OCCA DA LEFEMMIREDORZOIRT 5 Z ENEELY, L
2L, BIRES CEIENIZ OCCA AFE2 T 531 A~ —0 —ITHEL STV, AT,
{LEBRIEIRIRZ M D OCCA FREBNIK T 2 HHIRRIEORE L AT 2 BT 5,

(2) SNELBFMALEE (OCCA) DA F~—J1— & LT Lefty

FREMTE SR ORI HER T BB & U CHERRR IR Z W72 OCCA OFTHIANA 4~ —
H—DRECHET L, m~U VEENRT 7 ¢ a7 IiRERR (4 KRR o IS
FrDRL4 FITO G 16 i) oL RV EE Y ay Ny aT A7 Rk
(Proteomics,2013; Clin Proteimics,2014) CHEFEAN AT L 7= FE R, #Ft 5382 FED & L XU 'E
MR S, b2 4 B> OCCA DETICmIEHE Lz, ZOW, MoOMEALIZH~T OCCA
T b E 3B % /R L7= Lefty (Left right determinant factor) (ZVEH L7z, Lefty X~ 7 2 D%]
RO AN D HIEF TR BT 550 1 & LTI A S (Genes Dev 1999), & Dtk DAFFE T,
TGF-0 (transforming growth factor -0) A—/3—7 7 I U —(ZJ& L. JEEHEAF Nodal
&R b oD B IR THEE BIICHS A L TR O B85 - 43Iz B 595 (Mol Cell 2001), L
L. JREIE T Lefty BEHSOHAEICE LTI EFMFoREETH 5,

2. WHEOHM

Lefty {171t 7 x> b U—2712 X 5 OCCA OifnERE & EMT D4yl kA D ki
Z30 U CHiESE /7 1 & LT Lefty DRtk fi# L. OCCA D Fii= 7GR « AW Fa0fe: %
B35, W2, Lefty PHE T 7 LRI T 5 LER O BRI X 2 5 IR EIERR % 2 118 1
ANT T — 2 2T D,

3. WrEDITIA

(1) Plasmid, #ufakk

LEFTY1,LEFTY2 @ Full-kebgtg cDNA % pcDNA3.1 X7 ¥ — % T/ —=v 7 L=, F7z,
Snail promoter % pGL-3B X7 ¥ —|ZH# 7/ m—=27 L7, OCCCA ffifatk & L T OVISE,
TOV-21G, ES-2 # W\ 7=,

(2) Pk, A _
LEFTY. Smad2, pSmad2. Sox2. CD44v6, ALDH1, N-cadherin, GSK-3B. pGSK-3p. p27<",
p21W*™_ Cyclin D1, CD44s, Snail. Akt, pAkt, Cylcin A }z T} B-actin \Z %9 % i iU & 15 1
L7=, F£7-. TGF-B1 & Z DOHEFH| SB525334, STK2 H5ihiA i L 7=,

(3) Transfection
LipofectAMINE PLUS (Invitrogen) %ZfffH L 7=,

(4) RT-PCR i
Isogen (= v 7R > ¥ — )12 X ¥ total RNA Z flitt L, PrimeScript 11 1% Strand cDNA Synhtesis Kit
(Takara) 1Zd ¥ cDNA &%, PCR JGSIZ L 0 HEIEE1T 72,

(5) Western Blot
RIPA bufferick v # o7 BxHH LT, —EEDO X 7V 'EH % SDS-PAGE (2L 0 77BEL .
PVDF EICHR G %, —RPUAZBUS SE 72, M ECL B > 2T A %2 v,

(6) Flow cytometry
MRz 70% 7 v a3 — M CTREEZITV, YR PI 2 W TRIT 217 > 72,

(7) Spheroid assay



1K 7L — MR Z 1000 % X | STK2 £548C T 2 AR 21T 7~ FOBIERKR S
HAZ7xzuAf REEEE LT,

(8) FERMIAR
2006 =) 5 2015 FAL B R FIHEBEI THORIEIER S 27 SRELB MAa e 86 SEF] DAL~ U o [H
TENT T 4 AR E VW,

(9) Eyts
BRI, v 70U 2 —7IHRIC X DRIE (L E RV ~— S E A RIE L AR b TfT
ST, PG IEIT, YeE@iRpEE & a2y 55 L7z IHC score (0~12) Z&H L=,

4. WFFERE

(1) OCCA fEIZI1T D EMT & CSC Hrik o BafR M

F P EMT AL I BB BRI B 5 7= 8 0CCA #Mfakk 28 F) U C LEFTY J&¥R & EMT
FERE & o BEEME A b U 72, R 3E R e e o 2% 1 jE 15 1 C & 5 STK2 CH%#E L 7= OVISE i,
PAEIE IR ~DOIFREZE b 2R Uiz, I 5I2, MIaEH S Wm0 & MIEHEERE DK T % 7R
LFE L7, ZHUZ, CyclinA2 OFREBLLHE LB L TV A28, Cyelin D1, p21™H, 38 LN p27-!
CIXBEE MR A hy o 72, STK2 THEEE L7= OVISE ML, Sox2 Z&Te CSC ~—H— DI
E—HLT A XD 50um A DUFERANAT = A ROBDARBITHEIM LT, £,
ALDH1, CD133, B X TN CD44v6 DFEBLHENNE IOV ALDHME JEM: 2 3R 7=,

bR RITINZ, STK2 B CTHs#E LU 7= OVISE fifaiE. LEFTY mRNA 38 L OV LR 7 B3 B D
AN, B X Snail & vimentin AN, & 51T pSmad2 I L N E-cadherin ORBEK T 2R L=,
OVISE fifi Z TGF-Bl THLELS % & LEFTY mRNA B L OV LR 7 ERBLOBEME & 61 ENT
BEIC AT 7= AR T RE 2R b AN eh i S 7= 78, I LEFTY 38R Td 5 ES-2 B LY TOV-216 #fa T
X F DBAIT BB T o 72, & 51T, LEFTY1 B L LEFTY2 FrE—X —72%, TGF-B 1
WK DM, STK2 TORFE, FESmad2 ICED T AT7 27 v a O T Nk - TR
ML E T, LA X0 EMT OFFEH LEFTY OMmBIZEHL L & 12, 0CCA FMAD CSC ik & %%
BT L TWA Z L AVRIEB S,

(2) OCCA Hfmlz331F % LEFTY J&EL & EMT/CSC Hr it o B4

LEFTY 7% EMT/CSCALREEICIESEA S5 T D0 E D AN T %72, OVISE Al % shRNA |2 X
% LEFIY1 / w7 7% (0V-shLl#4 B L O #5) A {E@LL7-, STK2 T8 L7 OV-shLl #
faiX. pSmad2, E-cadherin, Snail, B X RN vimentin & FEMEIFIEIZ. mock IR L U FH$EE A A
~DIEEEZALA KIEIZ A LTz,  0V-shLl #MfEI. Sox2. ALDH1, CD44 72 X CSC R
~——OFRBFEDOBA ., 5 ALDHIM R - 27 2o A RO 2R L,

WIZ, TOV-21G HERIAE & V7o LEFTY1 T8 BL% (TOV-L1#7 35 L UM38) #{ER L 7=, STK2 T
B2 L7- TOV-L1 #&lX. Snail & vimentin DO3SERIEGI L E-cadherin . pSmad2 DISHAK
T&FRD, mock & g L CHSER ~DIREEAL & /m IS s KBS L 7=, F£7=, TOV-L1
TEEFEEL R IE, ALDHIM® JEM{k & . vimentin, N-cadherin, 35X % ALDH1 % &¢e EMT/ CSC <
—H—DFBEMNME /R LT, 2R HORER LY, LEFTY 23 0CCA Mz 5 EMT/CSC HERED
FHUM L BBEICEBE L TWD I LN ISR,

(3) OCCA #fuIZ¥3\F 5 LEFTY/Akt/GSK-3 8 axis (2L 5 Snail ZELO T

PI3K/Akt #&#72% 3 Smad & TGF-B v 7 FIWGERTHH 2 L LV LEFTY 3&H. & TGF-
1/Akt ¥ 7 VR BT UT-, STK2 CTH:# L7= OVISE MifiE, pAkt REIEEIMNZ R L7=, TGF-
B1 THLEE4 AL LEFTY & pSmad2 7517 T72< . pAkt & pGSK-3 8 DIREIIAHEAN L7~
Wiz, Akt Z L7z GSK-3 8 &M
filliX, Snail OBBLEMNEL®mODH T &
RS TWA7-8 ., LEFTY, GSK-3 8 .
B L Snail o BFEM: % T L 72,
OVISE #f4 GSK-3 B D&M FLEHRTH
2LV FULICLVALET S L, TE
LMWJ:&&l@Wﬁ@%ﬁ%M&&'?
H1Z, pGSK-3 B DFEIBTHE L Tz, £ £
7. TGF-B 1 B X Smad2 #L 7=
Snail 7w E&—& —DOiEMALIL, LEFTY1
F721% LEFTY2 OWFhmic ks h 7 v
ATz va Al LI n, L
XV, OCCA MAIRIZIBWT, Snail
B & HET S TGF-B . Smad2, BL O

THC score
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LEFTY % & tetili7e 7 4 — KR 7 A—TOHEEDTRE I NI,

(4) BEERMRIAZ - S Y fadl 5L

OCCAIZEIT 5 LEFTY F LT EMT/CSC B~ — B — 2 Se s kAL 2 0O S AT L 7=, LEFTY &
TR IEREREICH LT, vinentin BENAEICE N> 72, ALDHI B LT Sox2 FEEIZ O
THRBEOFRENBRINE LR, TOETHHOAEEMNIIES o7 (fig W),
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