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YWHAZ(14-3-30) possibly activate Wnt/B-catenin

signaling pathway in lung adenocarcinoma cell
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Abstract

In recent years, YWHAZ (14-3-35) protein has been reported to induce
EMT (epithelial-mesenchymal transition) and promote metastasis in the lung
adenocarcinoma; however, the underlying molecular mechanism remains unknown. Our
previous cDNA microarray data indicated that Wnt/B-catenin signaling is the potential
pathway to cause EMT in the cells with enforced expression of YWHAZ. Therefore, the
objective of this study is to investigate the role of YWHAZ protein in the activation of

Whnt/B-catenin signaling of lung adenocarcinoma cells.

First, we demonstrated that an increase of B-catenin in the cytosolic fraction as
well as an up-regulation of B-catenin and TCF4 protein in the nuclear fraction occurred
while cells overexpressed YWHAZ; Furthermore, we found that YWHAZ could
associate with TCF-4 and [B-catenin in the nucleus. Finally, strong expression of
YWHAZ and B-catenin was seen in the specimen of lung adenocarcinomas. In addition,
nuclear localization of YWHAZ and B-catenin were also observed in the specimens.
With these findings, we proposed that YWHAZ protein could associate with B-catenin
and TCF4 in the nucleus and play a crucial role in the activation of Wnt/B-catenin

signaling of lung adenocarcinoma cells.

Importance

1. The first one who propose that YWHAZ possibly activates Wnt/B-catenin

signaling pathway and leads to the metastasis of lung adenocarcinoma.
2. Again, we put stress on the importance of YWHAZ in cancer biology.
3. We provide another choice to the treatment and diagnosis of lung adenocarcinoma

—YWHAZ -
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Wi p 1982 A LA L ASTFZEF B EQREA S FFiEA ST
3= X T} 19 A dpdestyt o Ry H w AL > 7 4 5 Bk o % g (squamous cell
carcinoma) » Hﬁtsf&e(adenocarcinoma) v & m¥2 ¥ e (large cell lung cancer) » % ] ‘m¥2
5% & (small cell lung cancer) - # ¢ » 3 Hﬁ&r}%ﬂﬂ ApEEIERt o S P mRERF
B & 2. " J&(Edwards et al., 2005) - #* ’Jr]U\%ii = A Bt WA R R e
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Yo FREFc F L ERAER R EFT BB ESF 5 12~15% (Jemal et al.,
2006) o 14 o vEF T R A A 0 A R BEF DR ES o 2 ALY

i S o
~ &k & # (metastasis) ~ + & %% ¥ & (epithelial plasticity) ~
EMT (epithelial-mesenchymal transition » * g o #& 3| F £ wmve
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T dmre g 4 A5 Z 5 d & e (invasion) s p % (intravasation) ~ “F % (extravasation)

2 5 B F 8 7 (proliferation) 3 ) 28 > R et £ B B F kT F LM
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7 W=7 cobf % (Li etal., 2005) (Fan et al., 2007) » #.i7 { % 3 YWHAZ ¢ 514 %

A5 0 Ra HAp B4 2 P B (Yang, 2008) -

Figure2. YWHAZ 35 &M -
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A PF T LR LI YWHAZ 9% B bm e th CL1-0 i& (7R » IR 4
£ 2 YWHAZ 3-v ¢ 513 EMT > & = %W plmre 28 2 # 8 o 547347 YWHAZ 3~
BOS L R RRE che F A8]  A P A FIACL S HORRLE < £ 4R YWHAZ
CL1-0 % Fpim®e k¥ > 3 MAE € 514 EMT cnA FIH L 32 > v & B
FLAE 20 2 47 o % % B ot Wnt/B-catenin signaling pathway ~ TGF-f signaling pathway -
MAPK ~ EGF = B2 ¢ @ E 57 &0 22 EMT 4% » £ H 12 Wnt/B-catenin signaling
pathway 4p B AL Fld p? BRen & & Lo 3 LSV SLAR S 1Y A %2 EMT 42 -

(2 *iés 1)
I ~ Wnat/B-catenin i 4 @ L5 /& (Wnt/B-catenin signaling pathway -
14T f§ A Wat/p-catenin g /%)

oA e o Wnt/B-catenin B /S § S8 i fn g VB © §A L S 0 R g
51 EMT R BpmiE# o & % /T » TR T3 12 (7 pF > B-catenin ~ CKI (casein
kinase | ) ~ APC (adenomatous polypsis coli) ~ GSK3p (glycogen synthase kinase 3B) ¢
‘& P8 LB ¥ (scaffold protein) Axin - ;=47 £ 48 - I pF > GSK3B ¢
B-catenin~ APC~axin & {7 gafiz i* ¥ * » (8% B-catenin 4% B-transducin repeat containing
protein (B-TrCP)F#:3. " i& {7 *% f# &2z (Ubiquitination) - #X {4 4 26S proteasome 4" f% o
pLEE s B~ 15 ¢ en TCF4 (T-cell factor 4) % 3] Groucho e » % & (744 TR o
% Wnt/B-catenin EeiT & i pF > Wit F-d ¢ 03k U E T A H XAl
Frizzled (Fz)/ LRP > i¢ = LRP 4t GSK3p = CKI #ip& it - AXin & &t B-catenin o %)
Bt o B-catenin i A ALTEfE 0 M plwie TR T R0 T8 TCH4 & i » ke 1%
feds 2 op 422 F] c-myc~cyclin D1-Slug % % - 31 % mre 24 £ & EMT-(Clevers, 2006)

(Akiyama, 2000) (& Fig3.) -
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Bl end & B4R > FP 0 fZ B-catenin cnF il LA EE o

p-catenin ~ £ ¢ = B & : H - > Lwrr ok § % E-cadherin £ imre N F %
a-catenin ~ actin gk F1+ 5 H = o E flere Y pEREA 0 7 E X0 Wit
WL IR G ARERL (Y 2 R Y B 858 > BEER T e B-catenin BARCE fE 5 Bt
R E_K gifk - g0 B-catenin £ I Wnt i dra dlwmie FRETLFH > ¥ 2 TCF4 =

e » mie Prddk 2 K Ap B 2k F](Gavert & Ben-Ze’ev, 2008) ©

Figure3. Wnt / B-catenin signaling pathway -+ &, B °
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TCF4 % & £ fe i g d- Wit B 4% A %] Slug ~ c-Myc ~ cyclin D1 % -
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REAPFPIRIADFETREHET > <~ B4 YWHAZ ¢ 3 2% ime
EMT 2 2 4 - 1% cDNA 'L 7| is(microarray) s . YWHAZ 3-v € #3k Wnt
WL BERE AP AT B AR T 2 g s st L
YWHAZ ¢ ¢ B-catenin 2 4 % 3 i£% » 2@ B-catenin fiw® F ~ & & f ¥ & » 1%
Moo = fagE y (Tianet al., 2004) » @ A v ¥efpim®e ¥ & FIRApF LT TF

H# 5 £ 45uk- (Mattaetal, 2007) o F]pt 2 Feie - 3 e P YWHAZ 3-v B g ¢

AT E *g it B-catenin ~ TCF4 fim® 5 N éhdev £ LE > Fpt 5 Wnt p &4

Floigm 5l EMT R HEFS - 27T PHRLIEF A= 3040

Ji

- vERALA 4B YWHAZ % g imie k¥ > B-catenin ~ TCF4 ch& 2 A %

BAEZ G * £ AR YWHAZ 9 CL1-0 % e e g2 48 » 7 4 eh
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CL1-0 " pim¥e k> 300 & > 5 BRECGNE 4L § L 4 ¢ @l B-catenin
TCF4 30 timie N ha 2 E & A F =¥ > 3 YWHAZ ¢ 7 ¢ itie
B-catenin 22 TCF4 3-v #%p “tend MEE L T o

SN LB S RBEE YWHAZ it £ F & B-catenin ~ TCF4 § 2 3 &%

i - 9 ) ek 3R R AR R B-cateninsTCF4 3-v £.F & 7 YWHAZ
2 & Bl (motif) » & 12 £ ¢ Tk (co-immunoprecipitation) ;2 45 33 YHWAZ 3~
v 27 B-catenin fv TCF4 frimPe P e 3 08 % o
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AETT TR P A S Bﬁ’iﬁy&:,ﬁm’?é’ CL1-0 % 5 = %gy%%ﬂgg%gp;z g
EERERHRE TR e PG - LT ERRURE FRE S e RE
RPMI(Roswell Park Memorial Institute-1640)3% % i 33 & 5 60 5 » B ikypH 38§
P~ e 4 (invitro invasion)iE = 7 e #& 45 5y 4 2 w72 $2(CL1-0 < CL1-5°CL1-0 3

B i) o CL1-0 Mwfe (R RE A % > 33 850 7 5 10%%-2 & - (FBS, fetal bovine
serum, Invitrogen)4= 1% penicillin / streptomycin (Invitrogen) s RPMI 3 % /% - 5 ¢ »
AP ERF X R etk SWAB0 ~ SW620 ~ HCT116 P R e ptiph » B2 & & 2

# CL10 F -
2. ‘e A&

¥-lwrz 3z %20 10cm 2 & x (Corning)® > Fiwfe £ 3 N Ak iR R R Y
1X PBS ¥ itk % %ﬁ'd trypsin-EDTA % i wm# % » = TE > 4c » 5ml 1
RV e TE Z#we v 4e ¥ L6 ol v - BRAx > Fier g
ErAdp(MREEREr LRI 37°C-5%- F R & ¢ 12 % o (Oksvold et

al., 2004)



= FRBR S
#-E B 0 YWHAZ mRNA 17 F #4515 % 21 cDNA w ek jir ~ T 2 8 % 2
fis il 4 & s (real-time quantitative PCR, RTQ-PCR )$tji » £ 5% pCMV-Tag 3 §* 8

b o YWHAZ #t 2 sk p V5 M e ifld MigRKERTRT T Lok -

Figure4. pEF6/V5-His e 4| fx*» = % Bl o

(+* Bl4E p Invitrogen vector information)

= ~ #& % i®* (transfection)

r1 24 3 imve 3 & AF Arae & 20 CLL-0 M hm i $R 5 B 0 -2 pl vy TG 43
2t RPMI w92 32 % iR & & B % 50l > # % 544815 > 250 ul § 1 pg4c
HAFHORPMIGR 248 20 2480 2 %00 100 pl iR &4 » 3% &05ml
7 10% FBS/RPMI trim?z ¥ (2 3 @it 2) 436/ {8 > #3B 2 pmd » B #
T AR R AR YA 1824 ) FFis > ] 18748 Tiw e $R4c 2 (Blasticidin)

SR L S > TF TR e F S o



E ~ w% F-v F 2 15 F 4 3 (Cytoplasmic and nuclear fraction protein

extraction)#r z_ (protein amount assay)

FI#* TE #lwre ji w3 A $77 4w b 24818 12 PBS [Fik k¥ s 4 » 50l
77 Hypotonic buffer(z 3 proteinase inhibitor)d =58 £z m?e pellet » ¥ vk P 5 20
Add o B pERTE g B o v 4°C 12 5000 rpm e 10 A4 0 H suik 2 pellet £ 2
toH * o B~k iRt 4°C 11 13000 rpm g 10 A48t 0 B F R TG 7 G e T
2. F-9 3% o 11 200 ul 1X PBS ik 2w fwdk 2 sz pellet » ++ 4°C 12 3500 rpm 3
o E A4 = =% 180 4v »~ High salt buffer(z 7 proteinase inhibitor)*+ itk 2 fn %z pellet>
Bt kP T2 PFovortex ¥ 40 & 45 0 £ > 4°C 12 13000 rpm g 15 A dE s 0 Bt

e e Y A A 2 > ISR
Fik o WL E G e dev Bk o

v kR E 1 Bradford 1= ;2 k= & > f* fi2i3 % CBG (coomassie
brilliant blue G-250) 4 #|{v % Ik R chdvo HF 5> A4 L B Henggd B o Fv
Tk RAXR » Aedky Foém A2 ppd tahd s fpfE=2 vt - gL 4
% 39 FRE R o 2 0.5 mg/ml - BSA(bovine serum albumin > Sigma) g %28z >
ME I RITL G e H o3 > B 2 ul %% 1 ml CBG Z#(0.12 mM
coomaisse brilliant blue G-250 ~ 95 % ethanol ~ 85 % orth-phospaoric acid):® & £ #* o
% = % » 1A kR g ik (spectrophotometer DUB0O0 » Beckman Coilter) & OD595nm ;g
TR GEE o B o F AR EY AR P B E MR EERE(Y=ATBX Y

OD595nm ## & ; X @ FRlR&kER) -



~ 39 F % T A A 45 (SDS - PAGE, SDS - polyacrylamide gel

electrophoresis)g & * & Bk;x (western blot)

PRI 6 ¢ F R R R A P A S LAY R o
%P G %fr/w\;:!é‘ [SIESR: A SEIPE IPN ’g’ﬁ SDS 2. % et b ehE A ﬁﬁﬁ”—gmﬁ*“}”’r
# % (resolving gel) >+ K AF enT AR T~ 2% TR - Ko iR e FHAS
i fElHe BRE 4o~ 5% KV (stacking gel) o 4E » 4 F BT R FUR
Bo BEPR PG FHRE LKL PR e r 6 BRWTARAR LD
o 1000C T ek 5 AR Fd R o MY Az P A H R ET X
running buffer GH& AP o £ 4 F-d TSR AL N DIRHY R LT R T046H

THBLEIERTASE BB T RI 1204548 > HE P AINE TE Bk o

JI* SDS-PAGE #-3-v Hi& {7 T 4 & &ris » #4 stacking gel » #4820 &
wEEEWRY od fiEe &> % kAR 3MM A~ &% ~ polyvinylidene
fluoride(PVDF)# /% % ~ 3MM g iz e & > & - R I L* @7 ¥ e RE(PVDF
SR A P AR R k) o R Y SEMI-PHOR TransferSystem ® - & 2 % /it 250 mA &

# A5 A4 o iE RN (L - PVDF s s A 3R T R R 1o o

B f¢ 11 ECL 2 X-ray film & {7 & # - (Oksvold et al., 2004)

£ & ¥ k% ¢ (immuno-fluorescence stain)

24 Az B o~ Fgh P(cover slide)@ i~ me gk HENN me R R
P24 | PEEHE mE AR B 3x104%mE (2 X)) 12 ) ST
A #E 4 12 0] FFis 12 4% paraformaldehyde(7 »+ 1 x PBS » PH7.4)*t 3 8 & #H =_15
~20 A48 2 1XPBS (PH7.2 ~ 7.4)iF i E g & = % (& 5 4 48) » £ 12 0.1%Triton-X
i 7 0% 5 31 0 1 5% BSA-PBS ig (et 0 a4 F B 1S 0 4 » 04 PBS A2
—B i ACHRE P RRY 160 £ 11 L X PBSBRiFikmre o £ 4o r ¥k
iz 2 Ap = Bl & phalloidin »* 37°C T %3 P R 39 1/ P> 1 PBS jjitim

e is 0 8(7 DAPI (el $2) 4 ¢ » 2 (S R-F R P37 » W F RERETRE -
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~ % & IUER A 7 (immunoprecipitation, IP)
% 10cm dish :£ 100%:% & ¥ 2 ik e PBS Fie — = > #-5 § ch PBS weqz 0 4 ~
F
500 ul m¥z % f2 % bk 21X protease inhibitor cocktail set Il » #-‘m?e 5T T & ¥ »

15 A2 jicg g g 23 4CRE 30 44t 8 20 248 > f2B~tF Fig 3R

ek

Bv FUER o F ABER I Frior - P AT RARE 16 ) P

_"E.A

4v » 25 ul UltraLink Immobilized Protein G beads >+ 40C = F 1/ L wiE & p &
Bd oo KRt A > g bR o e 3 R ik i % Protein G-protein
complex % & 6 =t » & {s 4 » SDS sample loading buffer » ** 1000C &J2 # & 5 ~
BRI FREFRBTAZE S R ERAATHEA D o PP E LR

0 mie p fRE BRI T B A L chimie - A4 3R b o (Oksvold et al., 2004)

A~ R eS8 2 ¢ (immunochistochemistry)

1. %

L Ry B p R R e Xylene 20 2 4B(EAF - X)) ~ A B BLFRH
FF o 4is 0 % PBS #E#E PR - = o & F 4 300ml citrate buffer-tween £2 .fsg.?j—‘:% Lpo
TR LY N ¥ 1

- B 500mI EE ¢ MR T RS B MOL 0 i
boo B s dE SR L BT kiR Bois * PBS

N«
ar

Mo FF okt £ 3

PR S

ek
ETS

el ey B gz b e~ i £ blocking buffer 1 2 parafilm % F 0 v R
Gk F o iR (s B 4 - SRR IQY 2T AT F IR o B X R 1 10100 A
= Fis(Zymed) T v parafilm B E R ERF B R 3 ¥Rz Bl R
% & 2 parafilm % 2> % 8@k & i - 324 @ * DAB-plus substrate kit (Zymed) &
§ o FlamEmd @R A4 P £ 4o r Hematoxylin % 4 o & 5 4c » 37mM NH,OH
AH > Frap kogibik e
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3. Bk E 44

Bt dm ey B AR A iR 7 R R GIFRE & 3 4 4 Xylene 5 4 4 (£
A3 mare e B S havk s o It F E R R A F Aty 1
RERSEERLRS I FFR SRR PT R EGF AT o(Linetal,

2009)

BE-Fi1 %
1. B4+ § 4 YWHAZ 9% B ime i@ »B-catenin 2 TCF4 v £ *t 4 1
I LA L
FArua > gEki g AR YWHAZ( ™ i YWHAZ )24 » %
o8 (2 f§ A mock ) CLL-0 * w2 th ¢ > B-catenin 2 TCF4 chj-d £ 3R
AR AP g mock P > B-catenin flm e 4% 22 fm v o P AT & TR > TCF4
Rletip 2P AR & F £ 4 YWHAZ pF > B-catenin flwm s 27 fm %2
Fv AMEEH s T - 25 o TCFA 3% lwe Piend B PEAS (L

Fig5.)

Cytoplasma Nucleus

3 gk
VWG\& w‘(\pﬂ* \s\.\p:l' q‘\—\l’j‘ @V\P:L oo“ w‘(\ﬂ' N\'\I{L \'\PJ' ,N\’\Pj'
- R e ot
AT - e W W TCH
- & W - syWHAZ
o e - , TP
. - ' . - o -tubulin
Figure5. r @ > % Bz #7374 B-catenin 2 TCF4 & mock &2 YWHAZ & ij-v 4

R 2 i F 2 F o TBP &2 a-tubulin & 3 fm®e % 22 vz T ehz B 3r 4o
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AL o ¥ KA BB mock 22 YWHAZ e ¢ > B-catenin 2 TCF4 flwm
P e w4 R o VP o mock ¢ s B-catenin 2 TCF4 I & P &g o~ 4%

8% 5 2 & YWHAZ 2@ > B-catenin 2 TCF4 355 # P &~ 748% - (2 Fig6.)

B -catenin DAPI Merge
- - .
YWHAZ1
4
o - -
TCF4 DAPI Merge
. - -

Figure6. 12 3% % s % ¢ L% B-catenin ~ TCF4 h: 4 # - DAPI 4 im¥

24 > Merge 2w - B2 £ 4 -
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S MAE R ERERE YWHAZ i p E_F & B-catenin ~ TCF4 5

d b kR B3 R YWHAZ ~ B-catenin 22 TCF4 3-v ¢ I P lmre {2 £ 3R> 3

AR YWHAZ » 427 40 2 B-catenin/TCF4 eigr p (5% § B o 5 4 > 54 4]

* e e AL R (http://scansite.mit.edu/cgi-bin/motifscan_id)+g i#] YWHAZ £ B-catenin

£ TCFA 2.2 v i 23 6% » %% &+ YWHAZ 8 B-catenin - TCF4 5% i 4

I iR

- (& Fig7,8.)

paET_bind

psET_bind paT_bind
T332 3552 T6E5
Predicted
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KAP HEAT CNTF fAirn UPFB121 fArn fAirn Arn
(E7-717) (147-183)  (215-377) (309-350) (391-613) (491-520)  (5EE-523) (625-665)
Arn Arn Arn Arn Arn
(225-265) (351-391) (432-474) (521-557)  (554-624)
Arn Arn
(267-307) (352-430)
Surface
Aocessibility
b 1.0
| 781 ae
- 5= ) - > ,2 PN »
Figure7.YWHAZ + it £ B-catenin < 3 T % eniz §
paT_bind
574
psT_bind psT_bind
v TS25 .
| Predicted
| e
; ]
CTHNB1 _binding HF_alpha HAT_Alphal
(2-2Z607 (2B0-2700 3d2-3622
Extensin_2 HHG_box
C37-304) (351-413)
Surface
Accessibility

1.0

Figure8. YWHAZ +

612 AA

i % TCF4 2
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Tt 2 i £ mock 27 YWHAZ 23 B-fmie 5 o 3ev 0 12 V5 eh— bl (3
V5-YWHAZ 4 % £ itk » £ 2 YWHAZ ~ B-catenin ~ TCF4 3yt o 25 B3

< £ &R YWHAZ p% » YWHAZ ¢ &2 B-catenin ~ TCF4 folmPz % ¢ 2 4 2 35 1% % o

(% Fig9.)

Input IP: V5-YWHAZ

N .l

¢ S s & &
& & & 8

TCF-4 "“ W = o _catenin
V5-YWHAZ - = 4
TCF4

TBP - oo » B vsywHAz
o -tubulin —
Figure9.
V5 R IR E~iE & £ e YWHAZ » iE 7 % mock 222 YWHAZ %
dnPe % o0 RdL & R UK o Input & BRI 39 T e Piani 7 £
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through Wnt signaling pathway

MEO025
Tsung-Han Chan

National Taichung First Senior High School, Taichung, Chinese Taipei

23



Abstract

Recently, YWHAZ(14-3-3() protein has been reported to promote various cancer
types, such as colon cancer and breast cancer. However, a deeper understanding of
mechanism in lung cancer is still required. In a previous study, 14-3-3( was expressed
strongly in high migratory lung adenocarcinoma cells than that in low migratory cells.
Therefore, | hypothesized that 14-3-3C might play a crucial role in the metastasis of lung
adenocarcinoma.

Herein, | demonstrated that when low metastasis lung cancer cells overexpressed
14-3-3( by transfection with 14-3-3C gene, an increase of B-catenin and TCF4, the key
component of Wnt signaling pathway, in the nucleus was observed. Furthermore, |
found that 14-3-3C formed a complex with B-catenin and TCF4 in the nucleus. And the
metastatic activity stimulated by 14-3-3( was also found by cell proliferation and
invasion activity.

The results suggest a model of 14-3-3C in the metastasis of lung adenocarcinoma
through the activation of Wnt signaling pathway. Therefore, 14-3-3C could be a

potential therapeutic and prognostic biomarker for lung cancer.

Keywords Lung adenocarcinoma . 14-3-3¢ . B-catenin .
TCF4 . Wnt signaling pathway
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Introduction
Lung cancer has become one of the most common causes of cancer-related mortality

in the whole world. There are approximately 1.3 million deaths in the world each year,
and 5000 deaths each day on average according to the report from WHO (1). Among all
types of lung cancer, 80% of lung cancer cases are non-small lung cancer (NSCLC) (2).
Its overall 5-year survival rate for patients is less than 15% (3-4). The staging system is
not sufficient enough to the prognosis of NSCLC, even if we’ve already had TNM
staging. Hence, a great understanding to developmental mechanism of NSCLC is
necessary.

Recently, 14-3-3(, also named as YWHAZ, was considered as a candidate of
biomarker for its differential expression in the different migration lung adenocarcinoma
cell model by cDNA microarray (5); Fan et al. also indicated that 14-3-3( is a potential
therapeutic and prognostic target of lung cancer in 2007 (6), but it’s role in promoting
metastasis of lung cancer remains unclear.

Several researches showed that 14-3-3( has a correlation with B-catenin in signal
transduction cascade in normal cells, but not in cancer cells (7-8). B-catenin is a vital
component of Wnt signaling pathway, and its expression controls the embryonic
development and cancer (9-12). High accumulation of B-catenin binds to TCF
frequently, causing the dissociation of cell contact and the activation of Wnt target
genes, such as Myc, CCDN1 (28-29), inducing the cancer development. Also, the
translocation of -catenin into the nucleus promotes EMT and stimulates tumor cells
invasion and metastasis (13-14). We wondered whether there’s a correlation between
14-3-3¢ and abnormal -catenin in the metastasis of lung cancer, which imposes a
strong restoration of -catenin in the nucleus.

In this report, we demonstrated that 14-3-3C enhances B-catenin transduction pathway;,
which leads to the metastasis of lung adenocarcinoma.

Abbreviations: TCF4, T cell factor 4; EMT, epithelial-mesenchymal transition;
CCDNL1, Cyclin D1; YWHAZ, tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein.
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Hypothesis

A

O

To study whether the expression of 14-3-3( is correlated with that of B-catenin in
lung adenocarcinoma tissues

To investigate whether the overexpression of 14-3-3( induces the expression of
[-catenin and TCF4

The role of 14-3-3( in the upregulation of Wnt signaling pathway’s genes
Overexpression of 14-3-3( enhancing the proliferation and metastatic activity of
low malignant lung cancer cells

metastasis

T +l 4+ [Tumor cells]

[TCF4] [B-catenin]

_I_
Wnt signaling
Y eerarnrannnenns AR >[p athway geneJ
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14-3-3( is an oncoprotein of lung cancer

through activation of Wnt
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Materials and Methods

Reagents & Antibodies

Protein A-Sepharose beads and glutathione Sepharose were purchased from
Amersham Biosciences (Piscataway, NJ). Anti-V5 antibody was purchased from
Invitrogen (Carlsbad, CA). Anti-TBP (N-12), anti-14-3-3zeta (C-16), and anti-mouse
antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Anti-p-catenin (14) was purchased from BD Biosciences (San Jose, CA). Anti-TCF4
(6H5-3) and anti-a-tubulin (DM1A) were obtained from Upstate Biotechnology, Inc.
(Lake Placid, NY).

Patients and Tissue Specimens

Lung tumor tissue and adjacent normal tissue specimens were obtained from
patients with histologically confirmed 3A NSCLC who underwent surgical resection
at the Taichung Veterans General Hospital (Taiwan, ROC) with the permission of
IRB of the Taichung Veterans General Hospital (C07255). None of the patients had
received pre-operative adjuvant chemotherapy or radiation therapy.

Immunohistochemical staining

Immunohistochemistry for 14-3-3( and B-catenin were performed by the
avidin-biotin alkaline phopharase method, as previously reported (30). A
heat-induced antigen retrieval step (deparaffinized sections were immersed in 0.01
mol/L sodium citrate buffer (PH6.0) and incubated in a pressure cooker for 3 minutes)
was conducted. The mouse anti-human 14-3-3( and B-catenin monoclonal antibody
were applied at a dilution of 1:200.

Cells and Cell Culture

The low malignant human lung adenocarcinoma cell lines CL1-0, in ascending
order of invasive competence, was established in previous studies. Cells were
cultured in Dulbecco’s modified Eagle’s medium (Life Technologies) supplemented
with 10% fetal bovine serum (FBS; Life Technologies) and each of penicillin and
streptomycin at 37°C in a humidified atmosphere of 5% CO,.

Construction of expression vector and Stable Transfection

For identification and cloning of 14-3-3 full-length cDNA, total RNA was
isolated from CL1-5 cells using Trizol reagent (Life Technologies, Inc.). First-strand
cDNA was reverse-transcribed with SuperScript Il reverse transcriptase (Life
Technologies, Inc.) and oligo-dT primer. The 14-3-3C coding region was amplified
by polymerase chain reaction (PCR) using the forward primer:
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5’-GGGGTACCCATGGATAAAAATGAGCTGGTT-3’, which introduced a Kpn |
site, and the reverse primer: 5’-TCCCCCGGGATTTTCCCCTCCTTCTCCTGC-3’,
which introduced an EcoRV site. The amplified product was cloned into
pEF6/V5-His TOPO vector (Invitrogen Corp; Carlsbad, CA;
pEF6/V5-HisTOPO-14-3-3zeta). The cDNA was then fully sequenced to ensure that
no mutations were introduced during the PCR amplification.

Subsequently, CL1-0 cells were seeded in 6-cm dishes at 5 x10° cells/dish and
transfected using lipofectamine reagent (Invitrogen), according to the manufacturer’s
protocol. After culturing in medium containing 400 pg/mL of Blasticidin (Invitrogen)
for 2-3 weeks, invidual clones were isolated. Clones that expressed the 14-3-3(
cDNA coding region were maintained in medium containing 200 pg/mL of
Blasticidin and used for further investigation.
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Figl. The construction of 14-3-3(
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Isolation of nuclear and cytosol

Nucleui, cytosol of cells were islotated using the nuclear extract kit from Active
Motif North American (Carlsbad, CA) and the ProteoExtract subcellular proteome
extraction kit from Calbiochem.

Western blot analysis

14-3-3( stable clones and CL1-0 cells were immunoblotted as described
previously (30). 30 ug total protein was loaded in each lane of a 12% SDS-PAGE gel.
Proteins were resolved by electrophoresis and blotted onto PVDF membranes. After
blotted with PBST containing 5% skimmed milk, the membranes were incubated
overnight at 4°C with the primary antibodies diluted 1:300. Following this, the
membranes were incubated with secondary antibodies diluted at 1:5000 for 1 hour at
room temperature. Washed again by PBST for three times, the membranes were
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detected by the enhanced chemiluminescence ECL Western blotting system.

Immunofluorescence staining assay

Cells were plated on 12-mm collagen-coated glass coverslips for 24 hours, fixed
with 15 minutes in phosphate-buffered saline containing 4% paraformaldehyde.
Coverslips were stained with DAPI for 30 minutes. Coverslips were mounted in
anti-fading solution and viewed using a Zeiss LSM510 laser-scanning confocal
microscope image system with a Zeiss 63X Plan-Apochromat objective.
Wavelengths 488 nm and 359 nm were used to excite GFP and DAPI, respectively. A
beam path filter (BP 505-550 nm) and a long path filter (LP 465 nm) were used to
acquire images for the emission from GFP and DAPI, respectively, in a multi-track
channel mode.

Coimmunoprecipitation

One milligram of whole-cell lysate in 500 pl in lysis buffer was precleared with 6
ug of 1gG1 and 50 pg of protein A-Sepharose for 2 hr, then immunoprecipitated with
12 ug of specific primary antibody and rocked at 4°C overnight. Fifty microliters of
protein A-Sepharose was used to pull the pellet. After washing the pellet once in lysis
buffer and twice in water, the protein complex was eluted in 100 ul of 5% acetic acid,
speed-vacuum dried, and resuspended in water. The accurate procedures were
described previously as (7).

Cell proliferation assay

Cells from each clonal line (CL1-0, 14-3-3C-1, 14-3-3(-2 and 14-3-3(-3) were
seeded on 96-well plates (3x10° cells/well, 1 plate per cell line). After culturing for
various durations, cell proliferation was evaluated by thiazolyl blue tetrazolium
bromide (MTT) assay according to the manufacturer’s protocol (Chemicon) In brief,
10 uL of the MTT solution (5 mg/mL) was added to each well, the cells were
cultured for another 4 hour at 37°C, and 100 uL of 0.04 N HCI in isopropanol was
added to each well and mixed vigorously to solubilize colored crystals produced
within the cells. The absorbance at 570 nm (630 nm as the reference) was measured
by using a multiwall scanning specreophotometer Victor3 (Perkin-Elmer, Boston,
MA). Experiments were performed thrice.

Soft agar Colony formation assay

Cells (5x10%) were resuspended in RPMI medium1640 (1.0 ml with 10% FBS)
and plated over a layer of solidified RPMI medium 1640/10% FBS/0.35% agar (2.0
ml). Plates were incubated at 37°C, and colonies were stained with
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Iodonitrotetrazolium chloride after 10 days culture.

In vitro Invasion and Migration assay

In vitro invasion assays were performed as previously described (38) using
transwell chambers (8 pm pore size; Costar, Cambridge, MA) and transwell filter
coated with Matrigel (Becton Dickinson, Franklin Lakes, NJ). Cells (5x10* each of
Mock, 14-3-3C-1, 14-3-3(-2 and 14-3-3C-3) were seeded onto the Matrigel and
incubated overnight. The next day, membranes coated with Matrigel were swabbed
with cotton, fixed with methanol, and stained with 10% Giemsa solution (Sigma
Chemical, St. Louis, MO). The cell that were attached to the lower surface of the
polycarbonate filter were counted under a light microscope (200x magnification).
The experiments were performed thrice.

Migration assay was described like invasion assay above. The only different

condition is 1x10* seeding cells on transwell not coating with matrigel.
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Results
1. 14-3-3C Expression in Tumor and Adjacent Normal Tissue of Patients with
Adenocarcinoma
Advanced cancer specimens with histologically confirmed NSCLC were
studied by immunohistochemistry assay. The data show that 14-3-3( and
B-catenin expression in tumors was strongly higher than that in adjacent normal

tissue. In addition, parts of 14-3-3( and B-catenin were also observed in the

nucleus.

Fig.3 Immunohistochemical analysis of 14-3-3( in NSCLC patient’s tissue. A. Low
expression of 14-3-3( in adjacent normal tissue was observed B. Strong expression
of 14-3-3( in tumor tissue can be detected. C. Expression of 14-3-3( in tumor tissue

showing cytoplasmic and nuclear immunostaining. Arrow shows nuclear staining.
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B-catenin-Tumor
Fig.4 Immunohistochemical analysis of B-catenin in NSCLC. A. Low expression of
B-catenin in adjacent normal tissue was observed B. Strong expression of B-catenin

in tumor tissue was detected. C. Expression of B-catenin in tumor tissue was

observed. Arrow shows nuclear staining.
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2. Distribution of g-catenin and TCF4 in the nucleus and the cytoplasm of
CL1-0 cell and 14-3-3( stable clones.

A. The nuclear and cytosol lysates detected by Western blot assay
There is a higher expression of 3-catenin and TCF4 in the 14-3-3( stably
expressed clones (14-3-3(-1, 14-3-3(-2, 14-3-3(-3) than in the Mock control
(Fig.5). Compared with Mock control, both of -catenin and TCF4 have a
high tendency to translocate into the nucleus of 14-3-3( stably expressed
clones. Moreover, we also find the obvious nuclear 14-3-3¢ expression in the
14-3-3( stably expressed clones than that of CL1-0 cells.
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Fig. 5 Whole cell lysates extracted from the transfectants were
fractionated into cytosolic and nuclear proteins and immunoblotted. TBP
(TATA box binding protein) was used as nuclear internal control.
a-tubulin was used as loading control.
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B. The subcellular localization of proteins measured by Immunofluorescence
staining
Since the strong nuclear expression of -catenin and TCF4 in the 14-3-3(
stable clone validated by western blot analysis, we performed
Immunofluorescence stain to detect the nuclear protein translocation
tendency followed by p-catenin and TCF4 antibody (Fig.6). Both -catenin
and TCF4 have a higher nuclear translocation in the 14-3-3( stable clone

than that in mock control. These results are in concordance with the western
blot assay (Fig.5).

B -catenin DAPI Merge

Mock
&
14-3-30-1 P
L
o - .
TCF4 DAPI Merge
Mock

1 4-3-3;-2 - - -

Fig.6 Confocal microscopic images of B -catenin (A) and TCF4 (B)
are subcelluar localization in Mock and 14-3-3(-transfectant cell lines.
B -catenin and TCF4 present in green color, nuclear DNA in blue color
(DAPI). The coexistence regions presented in Merge images.
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3. The interaction between 14-3-3¢ andp -catenin, TCF4 in 14-3-3( stably
expressed cell lines by Co-immunoprecipitation.

Although the nuclear expression of 14-3-3( was observed obviously, its
function and gene regulation is mostly unknown. The Co-immunoprecipitation
was carried out on 14-3-3( stably expressed clones nucleus by using antiV5
antibody followed by immunoblotling with anti-p-catenin or anti-TCF antibodies.
The results demonstrate that 14-3-3¢ can form a complex with B-catenin and
TCF4 in the nucleus (Fig.7).

Input IP: V5 - 14-3-3¢
Y DYy
& 5 . &
O P W F P 2
S X2 S ¥ ¥
TCF4  wusmi® # »» p-catenin
V5-14-3-3( - = &8 TCF4

TBP i . 8 V51433

Fig.7 Co-immunoprecipitation in the nucleus was performed with
V5-14-3-3( antibody followed by immunoblotting with B-catenin and
TCF4 antibodies. 10 ug of nuclear lysate was used as an input control.
TBP (TATA box binding protein) served as nuclear internal control.
a-tubulin was used as loading control.
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4. ldentification of downstream Whnt signaling pathway genes up-regulated
by 14-3-3( overexpression.

Myc, CyclinD1, Twist and Slug are Wnt target genes (22-23). We carried out
quantitative real-time PCR to analyze the effect of 14-3-3( on transcriptional
activities of target genes.

As shown in Fig.8, it demonstrates that the RNA expression of Myc, CyclinD1,
Twist and Slug in 14-3-3( stable clones was significantly higher than the Mock
control.

Real-time PCR
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Western blot — V5-14-3-3(

Fig.8 The expression of Myc, CCDN1, Slug and Twist in mock cell and
14-3-3¢ stable clone determined by Q-RTPCR. TBP served as an internal
control. 14-3-3¢ was immunoblotted to ensure the stable expression of
14-3-3( stable cell line.
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5. Overexpression of 14-3-3C in lung cancer cells induced the metastatic
activity.
A. Cell proliferation assay
Because the higher transcriptional activities of Myc and CCDN1 as shown
in Fig.8, the effects of 14-3-3( on the proliferation activities of stably
expressed clones were studied by thiazolyl blue tetrazolium bromide (MTT)
assay. After 72 hours, the data shows that overexpression of 14-3-3( induces
the higher proliferation activity in stably expressed clone than that of low

malignant lung adenocarcinoma cell lines CL1-0 (Fig.9).
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Fig.9 Cell proliferation rates assessed by MTT assay in CL1-0 and
14-3-3( stable clones (14-3-3(-1, 14-3-3(-2, 14-3-3(-3).
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B. Colony formation assay
The stimulatory effects of 14-3-3C on anchorage independent growth was
shown by increased colony formation of 14-3-3( stably expressed cell line
(black bars) compared with that of mock cells (white bars) measured by soft

agar assay (Fig.10).
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Fig.10 Colony formation measured by soft agar assay in CL1-0
and 14-3-3( stable clones (14-3-3(-1, 14-3-3(-2, 14-3-3(-3).
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C. Cell migration assay
Due to the up-regulation of Slug and Twist in 14-3-3( stably expressed
clone, we studied the cell migratory ability on mock cells and 14-3-3( stably
expressed clone. The results suggest that overexpression of 14-3-3¢ induced

the high migration of low malignant lung cancer cells (Fig.11).
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Fig.11 Cell migratory ability detected by Boyden chamber assay in
CL1-0 and 14-3-3( stably expressed clones (14-3-3(C-1, 14-3-3(-2,
14-3-3(-3).
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D. In vitro Invasion assay
The activation of invasion on 14-3-3( stable clone was shown at Fig.12.
We can see that over two-fold invasion activity were observed in 14-3-3(-1,

14-3-3(-2 and 14-3-3(-3 compared with Mock control.
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Fig.12 In vitro invasive activity examined by Boyden chamber
assay coating with Matrigel in CL1-0 and 14-3-3( stable clones
(14-3-3¢-1, 14-3-3C-2, 14-3-3(-3).
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Discussion

14-3-3C is a highly conserved mammalian gene, which is one of the 14-3-3 family.
14-3-3 family has 7 defined isoforms, including a/B, €, 1, v, /0, (/6 and o found in brain
in 1962, all of them are expressed in eukaryotic cells. 14-3-3 family functions as an
adaptor, scaffold or coordinator in assembling signaling complexes which plays a
critical role in the mediation of central physiological actions, such as cell survival
signaling, cell cycle control, cytoskeletal regulation and apoptotic cell death (17-21).
Each isoforms has different functions in cancer disease. Reduced 14-3-3p is associated
with decreased VEGF production, inhibition of angiogenesis, and much decreased
tumor size (22), and it was also demonstrated that overexpression of 14-3-33 promotes
MAPK dependent tumor formation in nude mice (23); 14-3-3c (Stratifin) prevents
apoptosis through sequestration of Bax (24); more importantly, 14-3-3C has been
reported involved in many oncogenic transformations, such as an interaction with EGF
receptor (25), a down-regulation of p53 (26), a preventer to cell adhesion (27) and also
an overexpression in high migratory lung cancer cell model determined by cDNA
microarray (5).

Based on the report in 2004 (7), 2007 (8) and 2008 (34), 14-3-3( was demonstrated
having a strong interaction with p-catenin. To examine its association with p-catenin in
lung cancer, the immunohistochemistry was performed (Fig.3, 4), and results showed
that in the tumor tissue of 11l A NSCLC patients, both of 14-3-3( and B-catenin have a
significantly increasing expression, and the nuclear localization. It indicates that 14-3-3(
is positively correlated with B-catenin in the pathological consequences of NSCLC
patients.

[-catenin is a critical switch between normal and abnormal performance of cells. In
normal cells, B-catenin is usually phosphorylated and ubiquitinated and then degraded
by proteosome when it loses contact to E-cadherin. While B-catenin is not degraded for
abnormal resources, it binds to TCF4 (T cell factor 4) and translocates into the nucleus,

activating Wnt target genes which promote cell growth and migration (9-15).
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To further investigate 14-3-3(’s effects on the metastasis of lung adenocarcinoma, we
constructed 14-3-3(-overexpressing of low malignant lung adenocarcinoma cells
compared with mock control as described previously (Fig.2). The immunoblotting assay
(Fig. 5) and immunoflourscence stain (Fig.6) indicate that 14-3-3C induces the
expression and nuclear translocation of B-catenin and TCF4. Interestingly, we also
found that there’s the higher expression of 14-3-3C in the nucleus of 14-3-3( stably
expressed cell lines.

The nuclear function of 14-3-3C is seldom reported, so we are curious about its
regulation in the nucleus. In the activation of Wnt/B-catenin signaling cascade, -catenin
displaces Groucho repressors in the nucleus as a switch through binding to TCF/LEF
transcription factor, coactivating Wnt downstream genes (16). It suggests that 14-3-3(
might participate in the interaction of transcription factor complexes. The hypothesis
was strongly supported by co-immnoprecipitation analysis (Fig.7) which implicates that
14-3-3( has a strong interaction with -catenin and TCF4 in the nucleus.

Since interacting with TCF4 in the nucleus, B-catenin can up-regulate several
oncogenes, for example, Myc, CCDN1, Twist, Slug (28-29). Myc and CCDN1
facilitates the cell proliferation; whereas Twist and Slug promotes the cell invasion and
migration. Indeed, we observed that 14-3-3( was able to induce the expression of Myc,
cyclinD1, Twist and Slug genes as demorstated by Q-RTPCR (Fig. 8).

Furthermore, we examined the effect of 14-3-3( on cell proliferation, colony
formation, in vitro migration and cell invasion activity. The results (Fig.9-12) suggest
that 14-3-3( strongly enhanced the low malignant lung cancer cells proliferation, colony
formation, migration and invasion activity of 14-3-3( stably expressed cell lines than

that of mock control cell lines.

42



Conclusion

Taken together, our data suggests that 14-3-3( plays an important role in the
metastasis of lung adenocarcinoma. The results reveal that 14-3-3¢ not only induces the
expression of B-catenin, but also forms a complex with B-catenin and TCF4 in the
nucleus. Additionally, the up-regulation of 14-3-3C on several Wnt target genes, like
Myc and CCDN1 was demonstrated, which facilitates the metastatic performance on the
low malignant lung cancer cells.

Recently, more findings of 14-3-3( about lung cancer were reported. Zang et al.
demonstrated that 14-3-3( is significantly associated with poor differentiation and
progression in NSCLC (30); Li et al. validated that anchorage-independent growth of
lung cancer cells requires the presence of 14-3-3( through anoikis activation (31).

Furthermore, overexpression of 14-3-3C was also confirmed previously in breast (32),
head and neck (33-35), oral (36), ovarian (37) cancer. These findings indicate that
14-3-3( aberration has a huge influence on various types of cancer. Therefore, targeting

14-3-3¢ may provide an effective approach for cancer therapy.

@ ____5 PB-catenin

TCF4

~ Myc, CCDNT1, Tumor cells
B-catenin > Twist, Slug > metastasis
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Fig.13 Possible mechanism
14-3-3¢ promotes the metastasis of low malignant lung
adenocarcinoma by activating Wnt signaling pathway.
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