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® (/EBPbetal| EMT =& % 7|H™ oFE &S35109 M zZe HES 35
= ¢UXE EMIoZo JtsMHE HIlstIA} &t
<2 >
O C/EBPbetaZl Ttdtsi =2 2MstEl bE 2 AMEZF MY
- MAb 2 ChFSE primary lung cancer 2t metastatic lung cancer Z=Z0|A
C/EBPbetaS ™o HAHSto] el MEE H|WSIPS wf MA HMZEM &
CF f=ZlofM, LRtECH MoltollA C/EBPbetal| si0| =otd USS

L

FRF

e

= .
- XAl human bronchiolar epithelial primary MIZSQ} H| A] C}ESH H| A
ZF0llA C/EBPbeta THEHAO| ZigtsiE S 2HEFSH
O C/EBPbeta2| EMT =X off ol ol Z& C/EBPbetall HAIM EFIRMAL M

=Z|
=

C/EBPbeta2] MIZ&E] 2! actin organization Cif st F&ks ol

tM| ZZ o[ Al C/EBPbetaZ} epithelial marker, mesenchymal marker, Z|EF EMT
2t MAF=FCQIAL, adnerin junction protein, protease inhibitor, EGFR
S EMTO| Ztofst= QIALSe| el Hstof| ztoigts BHEM.

C/EBPbeta knockdown2 2 TGFbetaZ REE= EMT =™ &
£ chdd

ol
- EMT =% 2t C/EBPbetal| MAIA ER RH™EALE CHHZE 2! mRNA 248,
promoter binding, transcription activity HslE &olgtozZ N AMH

O in vitroollA C/EBPbetall 2AM=E EE 28 AT
- Ml ZollM C/EBPbetall motility/migration/invasion =& 2ol
O in vivooll A C/EBPbetasl 7| &S
- C/EBPbeta®l 7|52 in vivoollA =I5ty 9|8 MZF 5
- tf=%, C/EBPbeta &3l X3 A549-luc MIZFE 0|28t HXo| AE 3

M3

Iy Ha>

T= St x|/ 2 EX" e = (%)
SCl =8 B 0/1 0
IF 0/4 0
7|Et &=t

1) Z3H77|2t 2 EdAFALz 7| HE8 g

- Yoz, ddY Haxs, Mol HexEE =22 C/EBPbeta THUE
§i0| E71ES &SI, C/EBPbeta a0l =2 &Kt o =71 ®elsHAl
L 242 zHatsto 244 C/EBPbeta’} H XIS AXMAXIZAM ol £2 X =
B2l S A Al
- &M Zo| EMT & O|lS/&l& =FOIXIZA 2| C/EBPbetal MZ& 7|5 =l
o otx|2o| 2lof Molet MLe F=sior T A, 2Molg HrsE T
0l = stbel EMTOl st Z=H 2l o|si 7t o| RO ZTICHH ENTE RYste F
of TL7H ebAd T} o QAXE Z=HE2ZM Mol & mjuets XZst=d U0 2 LUHE IHHS
g2 A
(ZICH &1t o 2 XBFEINE ZXAIZ £ A= MEL =HQIX} C/EBPbetas &2Z5tn 7™
g gtelozM 2 X722 88 BTAZ F Us EXH ZH L & x=ZH|
JHgtel &AM E ofgt
Z=AlOf
S - —
- C/EBPbeta EMT e | g MAL=H QIR}
(574 ofLH)




TE RAE >
< SUMMARY >

O To elucidate the role and mechanism of action of C/EBPbeta in regulating
EMT and cancer cell invasion and to further evaluate C/EBPbeta as a
therapeutic target for cancer treatment.

- To examine the expression or activity of C/EBPbeta in various tumor
tissues with/without metastasis and cancer cell lines compared to

Purposes corresponding control
Contents - To check if C/EBPbeta regulates EMT and if so, to identify the
transcriptional target genes of C/EBPbeta

- To check if C/EBPbeta is involved in cell migration/invasion in vitro

- To confirm the function of C/EBPbeta in EMT/invasion/metastasis in vivo
mouse model

O Comparison of C/EBPbeta protein expression levels among normal lung tissue,
primary or metastatic lung cancer tissues and various cell lines.

- The protein expression of C/EBPbeta is high in the order of metastatic
cancer tissues, primary cancer tissues, normal tissues of lung

- Overall survival of the patient who has higher levels of C/EBPbeta mRNA is

significantly shorter than that of the patient who has lower levels.

- Most of lung cancer lines including various histological subtypes express
higher levels of C/EBPbeta compared with normal epithelial bronchiolar
epithelial cells.

- Lung cancer cell lines which has higher levels of C/EBPbeta shows the
higher levels of the vimentin and snail, suggesting the role of C/EBPbeta

Results in EMT

O To see if C/EBPbeta reulates EMT, migration and/or invasion of cancer
cells.

- C/EBPbeta knockdown cells display the epithelial phenotype and increased
expression of several genes involved in EMT includes E-cadherin, EGFR,
ZEB, Snail and decreased Vimentin, Claudin.

- TGF-beta-induced EMT and hEGF-induced Snail expression was inhibited in
C/EBPbeta knockdown cells.

- It is also observed that migration and invasion is inhibited in C/EBPbeta
knockdown cells.

O To identify C/EBPbeta downstream target genes involved in cancer cell
migration/invasion and to determine direct transcription regulation of
those genes by C/EBPbeta.

- Among the genes regulated by C/EBPbeta, identified transcription target of
C/EBPbeta related to EMT are SNAIL-1 and CLDN-1.

O It is expected to establish the cornerstone for improvement of lung cancer
therapy and molecular basis by identifying C/EBPbeta as promoting molecule

Expected for chemotherapeutic reagent

Contribution

O It is expected to be applied to overcome drug resistance of cancer cells to
chemotherapeutic agents.

O It is considered to be applicable to recurred and metastatic cancer

Keywor ds

C/EBPbeta EMT invasion lung cancer | transcription factor
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1-1. A7y 55
O C/EBPbetal| EMT =& 2 7|d AFE S50 2AMEZ2| &
JlsMd 8 Holstaxt gt

B (C/EBPbeta’} Titsd E2 &M
B C/EBPbetal| EMT =& o{5 =t
B C/EBPbetal| &M= E& HAS
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1-3. AN e

O EMT =Hol| Moisl= H2Z L Zl adherens junction marker, MAFZ=HCIAL, MSHMEtH A &M
QIX}, proteases S| C/EBPbetaz 2l =& o{§ &tol.

O TGFbetaoll 2|3l RE== EMTE C/EBPbeta knockdown2zZ Z=HE #= Q= X[ ({FE ZHE

O C/EBPbetaZl Tietsd = AL 2 SIEl oFM| oM C/EBPbetaZ QIsh M EZ 2SM/0|l5/EES &
2l

O =& % C/EBPbeta X3l M ZZF0llAl gene expression array2t C/EBPbeta-ChlP-on-chip assay&
AAlst] S SHM 22 C/EBPbetadl 2|5 =H == EMT/0|S/& & 23 [FH™ALE C/EBPbetal| T A}
M Bl REXZ MYstD, C/EBPbetaol oSt MAI=H S ol

O M= ERI ST AL C/EBPbetaz QIS EMT =& 7|50 JUMe| det HS
Aot SAlol B XL nfes =2 e s A sto EMT =& /0|s /& & o{F& =hel.

[

O A+Z3F=El human common cancer tissue microarray slide 2! normal tissue microarray slide, &
A M ZFof Cletst 7o HAMEZFTOM C/EBPbeta ZHetsd U EHMSIE ZTAlstn 2 g9 ¢

M=ZZF M9 C/EBPbeta i} 1XHALO| T=ZFE EMT maker AzhztA =gl
O C/EBPbetaE XMaHE2ZM in vitro Al HO[Al =HlE EMT HE 9 20E Mg = U= Al
=]

=z 22 g9 jnvivo 58 Ad

b




2. =2l Jl=le

O CCAAT/enhancer binding proteins (C/EBPs)= basic leucine zipperAl ZXXIZ=HEQIXIZ
C/EBPalpha, C/EBPbeta, C/EBPgamma, C/EBPzeta (CHOP)

S 67t olatel TMHS ZEsT 2o
of, ME MF, 23, HZUS, Ui S s MM wSe xHsE HoR U

(Ramj i, 2002).

O 7|s™M2Z = C/EBPbetaZl caspase 81} E =0 MELIAL (apotosis)E AHMsts A2z EE
O C/EBPbetal| M|ZInAtol e E Z[XMo| B+ &l HF JUF (Buck, 2001). OpA0A whebEZ o
o|st L FEFAFE Al C/EBPbeta knockout OFRAE= A OALb H|I Al BAUEM TZEZ
olsf & gMo| BEEX| 2£g*20] (Zhu, 2002), Ol= DNA &4 27 X2| F p53e| LS o
Moto] &4 MZ2| apoptosisE AMsli et Zx:elol 45 & (Yoon, 2007, Ewing, 2008).

O C/EBPs2| CIZ2 member@! tumor suppressor® 24Xl C/EBPdelta= == mammary glandofl
Neu/Her2/ERBB2 proto-oncogenes Ite$st= O AO|M mammalian target of rapamycin (mTOR)
ol 25E ZZI5= F-box and WD repeat-domain containing 7 gene (FBXW7, FBW7, AGO, Cdc4)<2|
wsig AHsto] FHEet MoOlE B AWol sEAEe=zE ZYE dHb AS (Balamurugan,
2010). Z28 22 (C/EBPdeltas MMAEFT HMZo| LT mTOR/AKT/S6KT signal lingg S7HA7|
I hypoxia-inducible factor-1a (HIF-1a )2l translation ¥ &ME ZIIAF|= ol E1E.

O C/EBPbeta= 9, =7t £X| 42 7 SolM L= AL, Wilm's SO = A2 2
Mol gtofl Al mpebsiElo] Ucts ZTIF LEEO SLEAM Y XEo Atz st USol MAIE

(Rask et al, 2000, Sundfeldt, 1999, Sankpal, 2006).

T

3. A8 U 3 ZIf
O Haz=Z oldtM Hg=2 Xo|M H =2 +=9=Z (C/EBPbeta THHZA isd0o| ZSIIE S nHatst
O TCGA overall survival 24 Al C/EBPbeta &&0| =2 &HAte| o =71 ®2lsHA '—F””HI LIERS .

-—> C/EBPbetaZt H &g AXCIXIZAM Ll £2 X ZERIAS H A

O cteFst histology subtype2| H| °.:."A1|it0ﬂ/\‘| C/EBPbeta U&i0| S7tall US=S #E.

O C/EBPbeta &&i0] =2 IHIOWIE—’F—O{IH Vimentin, SnailO| &7}, E-cadherinO| &5l ASS &
Z+5t0 C/EBPbetaZb EMT ol Ztof&hE AL,

O oMz MEZEE] 2 actin organizationoll CHSH C/EBPbetal| =X S =hel

O M ZollA C/EBPbeta”t epidermal marker (E-cadnherin)2t mesenchymal marker (vimentin) 2+$d
B5tof| oigts #HE.

O C/EBPbeta knockdown2Z TGFbeta® T == EMT ¥ hEGFE ®RIZ== Snail-1 &

O C/EBPbeta®| EMT =& o{F =tol ! & C/EBPbetall MAMA EFI FHA MHE

O H M| Zol|A C/EBPbeta2l motility/migration/invasion =X &tQl

-——> ™MAIz=HIXIQl C/EBPbetaZt H| 2tM|Z ol A EMT, & | ols/&& &oisto{, 0| &0{5t=
SHE MALERN |RMXIE 88| C/EBPbetal] MZ2 7|s2 SYe.

O in vivoollA C/EBPbetall 7|s A3
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b, Mol H @ =Zlo|M C/EBPbeta THHA! B3} A&
- He =2 TMA slideE 0|&3t0] C/EBPbeta TP AIstol Mot 2 2+E H =2, primary lung
cancer 2} metastatic lung cancer Z=ZlolA C/EBPbeta &dl ME
] Mo|M H=x=Z =22 (/EBPbeta THHZE 2hs40| ZItE
FStA| C/EBPbetaZt 8=} 2L} (score, 0), squamous cell carcinoma, large cell carcinoma2|
A of 70~75%0 A adenocarcinomall A< 2F 40%0llA C/EBPbeta THMHZA 2isio] zobx U
, Mol oM = 2k 90%dl M mErsE S Hl (Fig.1, ?l). TCGA databaseE O|-&35t01 overall
survival &4 A| C/EBPbeta mRNA 2&i0| =& =tXle| o7} |ung adenocarcinomall squamous

cell carcinoma 250l Fol5tA LiA LIEFE (Fig.1 ofzlf).

kI 1o 10 |y

No. [oma [ 160 [ 200

Squamous cell carcinoma 37 27| 35 38

Staining intensity

Adenocarcinama 15 57 25 18

Bronchioloalveclar carcinoma g 88 i} 11

Large cell carcinoma 8| 25| 125 625

Carcinosarcoma 2 i} 0| 100

Small cell carcinoma 2 50| 50 0

Mucoepidermoid carcinoma 4| 25| 75 0

| No. | 03) | 16%) | 263
Normal 3| 100 0 0

Primary Lung Cancer,
SCC 4, AC 5, 10 30 30 0
mucoepidermoid 1

Metastatic Lung Cancer,
lymph node 7, bone 2, 10 10| 60 30
soft tissue 1

Lung i, HR=2.8(2.09-374)  Lung =R HR=1.92(1.06-3.49)
Adenocarcinoma . .\ \.P=4,2e—13 Squamous cell ali by P=0.029
C/EBPB gene expression 1 carcinoma
and overall survival i°1 N %, i i
of lung cancer patients £ v e £z low
. 11H;II||MI of rsk ) EM"':: hi gh lal‘ };'IUWM! o risk i .(.;m.h:: hi gh
Confirmed by Dr. Lee GK e i Y i o % e -
Analyzed by Dr. Hong DW — S—

Fig. 1. C/EBPbeta expression in normal and lung cancer tissue and is related to overall survival of
lung cancer patients.

B O M 2o M C/EBPbetal| &+31 2 EMT Zt&H QX g2hsdnfe| of 2tM
- CIFSE histology subtypel| H MOl A{ C/EBPbeta &ediets ESIF D, HF 22
F H Ml Z (NHBE, normal human bronchiolar epithelial cells)2F Bl A| gtsd0] ZI}E

oAl =2 hEst
- EESt C/EBPbeta &80 =2 H AMEZFO|AM Vimentin, SnailOl &7, E-cadherinO| ZA&| USS
ZhEtsto 2 C/EBPbetaﬂ EMT S =oll &&= A&
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p-CIEBPB

Ty W

C/IEBPp - - - —

- - R - — - el - - -

E-cadherin . - Q ﬁb i

Vimentin| oeepere - e | GO —Pp
Snail | =SNG -.-'.- - - D —

B-actin | o - - ——— g -

AC, adenocarcinoma; BAC, bronchioalveolar carcinoma; A S, ademo-squamous; C, carcinoma; 5CC, squamous cell carcinoma
Normal primary or immortalized ~ Mesenchymal  Epithelial Hotspeciﬁetl
Fig. 2. Expression of C/EBPB and EMT-associated proteins in various cancer cell lines.

B M zZFo MzESEEN 2 actin organizationoll CH St C/EBPbetall =HMZHE Elol.
- C/EBPbeta siRNAE O|&35t0{ A549 H &M ZFolM C/EBPbetaEs knockdown SF & actin-phalloidin

staininges Al3SIAS. A549M| =0l H|5H C/EBPbeta?} MSheEl MZo|M AtmMEZS| EA2l polygonal
shapeO| ©f & LIEILIT ) MZ | actin stress fiber2 ©§Mo| Z20|E ZH2ZE Ho|lH MZEY T A

0| =0| MO{MIX| O To| ZEEO USS Hof EMT & M=o|=of| d&ko| JYSS AlAIE (Fig.
3A,B).

1o

B sINC siC/EBPB
E
T
] ..
Vimentin

SINC

| sic/eepp

(%)
=
I
E-cadherin |—=

siC/EBPB

Vimentin | — —»
c/esp-p Gl

Fig. 3. C/EBPP regulates cancer cell morphology and EMT markers.
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- 2FM|ZollA C/EBPbeta?l epidermal marker (E-cadherin) &2 XSHAIZ|L mesenchymal marker
(vimentin) &2 ZIIAI74 EMT marker Hi3tol| Bo{&hs HE (Fig. 3C).

B C/EBPbetal| EMT =#H

- EMT =Zol &0ist= ZH2=2 2HZl adherens junction marker, transcription factor, AlSHMEA
A 2M QIR proteases S2| C/EBPbetaz 2lst =& o{F &l

- A549 M|=oll C/EBPbetas siRNAS AF235H0{ knockdownstil EMTO| & & QIXIES| cHf Al B{st gl
C

mRNA HistE ZHabsh Fig. 40A{2} Zto| C/EBPbetadll 2|sl E-cadherin, Vimentin, ZEB1, EGFRS ©Thud
2 =Zof|M SNA1, CLDN-1, TIMP1, TIMP2 S mRNA =0l =AH&S HE& (Fig. 4).

A B C
SiCIEBP - + - + C/EBPp - + CLDN1 SNAI1

CIEBPR | ™= - C/EBPB ‘

N-cadherin |~

. k£ | 3.0 1.0
- i 25 08
VIMENTIN I DG N
Claudin-1 SNAIL i; i
TCF8/ZEBA ' ' 05 . 02
SLUG o0 4 T 0o < T
] = + =

mRNA (Fold)

m
@
m
A

SNAIL siCEEBPR +
SLUG 1
Claudin-1 ; ZEB1 EGFR
EGFR : 14 2
TGFR-RI [= — — S 1o
L o8 =
TGFR-RIl | = — — = £ o 0z |
T EE 0.4
ﬁ.actin — — — — . 0.4 1
00 0.0 A
siCIEBPE + - +

Fig. 4. C/EBPbeta Regulates Expression of EMT-Associated Genes.

B C/EBPbeta knockdown2 Z TGFbetaZ T == EMT =&

- A5492} NCI-H2279 M=ol C/EBPbetas siRNAE A5+ knockdownstl TGFbeta A2l Al control Al
Me ENT7F S E=A2Lt siC/EBPheta MEZ= TGFbetaS HMelsty| Mol HElE |Xlstn USS
5t2 24 TGFbetaZt FE=3H= EMTOl C/EBPbeta’t £28F dstg 5t A2 AlALE (Fig.5). Ol

ol
tol st 2
ZdollM EMT 2+ chedzlo] ubsi B{slE A549 2 NCC2279M|Zof| M RH&EFSH (Fig 5).

B m
ofr
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siC/EBPP [

siC/EBPB

TGFB (ng/ml)

-C/EBPp

TGFB (ng/ml)

TGFB (ng/ml) 0 5

TGFB (ng/ml)
siC/EBPB

siNC

C/EBPB

SNAIL
VIMENTIN
CLDN1
E-CAD

B-actin

0

wu

'
+
|
+

Fig. 5. Requirement of C/EBPbeta in TGFbeta-induced EMT in lung cancer cells

C/EBPbeta®t EGFRe| &t =X 3 C/EBPbetal| EGF MSMEH =ofA2] Ft

A
siEGFR

C/EBPB

EGFR

B-actin
B

siC/EBPR
EGFR

C/EBPB

B-actin

EGF(ng/ml) 0 10 30

shCEBPp - + - + - +

p-actin [P —— j

Fig. 6. Reciprocal regulation of C/EBPbeta and EGFR.
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EMT

m C/EBPbetal| EMT =& 0f

C/EBPbeta= MAI=HCQIAO|EZ 7|51} Eds
C/EBPbeta knockdown M[ZOflAl mRNA &t&0| siXs| X sSt=lof UL, C/EBPbetaol 2[5
MHEE Qs ChIP-on-chip (chromatin immunoprecipitation-on-chip) =44

St R L

EMT, 2AMlz=

A exprest o

Neurogenesis

inflammatory £
response

Immune
response

Extracellular

Al ZAERen], Snail
FEo THo{E=2 HMA|E.

Wl Foll C/EBPbeta Xl Al EGFR CriZo| ddo| Malj=il, H2=2 EGFR
230| XNollEeS BET (Fig.4A,B). hEGF XMzl Al E7t=l= EGFR % Akt
12|

St Lot AM == AS 2HESHd, C/EBPbetaZt

I
J
I
r

28 « do| zH FHAE MER (Fig. 7).

[ =<

C[ERPP

O RNA

C[eRP® ~
vou
of ornotet

% of Total Significant

Se 't
RNA splicing oo

Celldeath

Cell migration
matrix call
DMNA repair proliferation differentiation

tol 3t7 fMALY weig =Y HoE ousEs
S

A3l Al C/EBPbeta<
ol ASEI) C/EBPbeta
hEGFS| MlZE M= gl

gtel 3! £k C/EBPbetal| TAMAM ERI FHAL MH

[ cotegory | 1 él Gene | Gene Nam chiP Fuetion (GO}
= sctieated | | 3 uction
Concet invasion [0 e e L : Symbol |
Mstustiate | acthoned | rrm CDCPY 7DHHCI, ILG COCEY RDX | T
[reprassad | SR, AREG, MAREKS, TURLL, 1L, PTPRIK | c3 complement component 3 | 976 langiogensesis, lecalization
Cell migration e | I o | | e
Lmepressed | DUSP10 | dual specificity phosphatase 10 287 | cancer invasion
Cell gravak Jmtvanic | H | |
By TS i IL6 | interleukin® 283 | cancerinvasion, metastasis
bl Gt 1LAR, T\ A1, PERP | TR T . :
oAz | ITGAZ integrin, alpha 2 (CD40E) 241 | cancerinvasion, metastasis, cell adhesion
Call eilexlon PERE, 118, PTPRY 1 1 1
Asctin flament AHOG, RDX | MAP2KY milogen-activated protein kinase kinase 3 | 553 | cancer invasion
bated proceis B | . 1 |
Cell motilty 'lsl:‘iii ! MAX  MYC associated factar X 270 | celldeath
! . ] T I I )
Iﬁrﬂ Jumstion arganization [ WiEFS, PTERK | RDX | radixin gag |Gancerinvasion, metastasis, actin filameant
P | | | Ibasedaencess localization
Cell ceil sigraling t RHOQ | ras homologgene family, member G 1724 ! actin filament based process, localization
- 15520 RHOQ, MAPRKS. RARED €3 | I | |
Signal transduction 20 RHG, MERZKR RABSE 61 |
D PTPRK DGEH | 1pr |Wenslocated promater region 1747 | melastasis, localization
F - {to activated MET oncogene)
Angiogenesis 1 |
& | cancer invasion, metastasis, cell unf.hon
S sk + 1 PTPRK Erodain lyting phaeghalacs, raceploe 313 'or anization, cell migraton, cell iunes an,
Locallzation u:m.rr:l SLCI3A, CF RYE NUPI0 TP LS, a..sa.ﬁ SHARIL CLONS, RHOQ RO AAREE €3 | ype K gan !9 :
repressed | 1LER, CREPLS, MPPS MARCES TR, ABCALD BB | | localzation, cell motility

Fig. 7. Candidates of transcriptional target genes of C/EBPbeta.




- C/EBPbeta knockdown AM|ZZoflA{ mRNA 2+340| $1X S| A sk=[0f U ChIP-on-chip ZIfollAM I Z22
B £<loll C/EBPbetaZt Zet=le= W22 HO{Zl FHALO|AM ChiP-on-chipollAl 28] o|Ate| ZHets &
Ol Z22H F22 TrsearchE 0/85t0 C/EBP7t ZEE J7IsME2 Hol= Z22E £ FHO
primerE XM Ztst0i C/EBPbeta-ChiP assayE Al et Z3t F target RAUA ZE2ZEH F2fofM <k
7~108] M =2 C/EBPbeta Z&0| SIt=0] US=S =elet (Fig. 8).

|'II

Predicted C/EBPP binding region

-5368~-5355  4960~-4937  4164--4105 -1182~-1136
[ T [] ] tront

| SNAM gene
—
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