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Colorectal cancer is one of the leading causes of cancer death in developed
countries. Recently, targeted therapy has raised hopes for treating unresectable
cancers, including colorectal cancer, more effectively with fewer side effects.
Understanding the details of signaling transduction is prerequisite for development
and clinical application of targeted therapy. The first part of this study aimed to find
individual up-regulated genes responsible for clinicopathological variations in human
colorectal cancer. The second part of this study aimed to disclose EphB3 gene
function. We provided evidence demonstrating that EphB3/ephrin-B signaling was
able to promote apico-basal polarization and epithelialization (promote mesenchymal-
to-epithelial transition) — a new role for EphB3 in the biology of the gut and cancer,

and activation of such signaling has great potential for targeted therapy.

PART 1. Clinical Correlates of Up-regulated Genes in Colorectal Cancer (A
Forward or Classical Genetics Study)

We hypothesize that changes in the transcription of up-regulated genes are
biologically meaningful and may be linked to variations in tumor behavior and
clinical features.

Genes up-regulated concurrently in four microarray experiments were taken as
candidate genes. Twenty candidate genes were verified using real-time RT-PCR in
these 4 and another 27 pairs of samples. The presence or absence of up-regulation of
these genes was correlated with ten clinicopathological variables from 31 patients.
The mRNA transcript levels of these 20 candidate genes in the 31 paired samples

were also correlated with each other to disclose any expression relationship.
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40% (8/20) of candidate genes were verified by real-time RT-PCR to have a
tumor/normal expression ratio > 2. Up-regulation of THY1 and PHLAD1 was
associated with the presence of anemia in colon cancer patients (p=0.036 and 0.009).
Up-regulation of HNRPA1 was more significant in cancer growing in the right sided
colon than the left side (p=0.027). Up-regulated GPX2 was related to a higher degree
of tumor differentiation (p=0.019). c-MYC was significantly over-expressed in
specimens from male rather than female colon cancer patients (p=0.012). GRO1 was
significantly up-regulated in patients younger than 65 years old (p=0.010) and was
found to be frequently over-expressed when cancers were less invasive. In addition,
we found normalized transcript levels of HNPRAL were tightly associated with that of
c-MYC (r=0.948).

We conclude that validation of microarray data using another independent
laboratory approach is mandatory and statistical correlation between gene expression
status and patient’s clinical features may reveal individual genes relevant to tumor

behavior and clinicopathological variations in human colorectal cancer.

PART Il. EphB3 Promotes MET and Suppresses Tumor Growth (A Reverse
Genetics Study)

Receptor tyrosine kinase EphB3 is expressed in cells in the bottom of intestinal
crypts near stem cell niches. Loss of Ephb3 has recently been reported to produce

. . . . Min/+
invasive colorectal carcinoma in Apc™™

mice and EphB-mediated compartment-
alization was demonstrated to be a mechanism suppressing colorectal cancer progress-
ion; however, it is unknown whether other factors contribute to EphB-mediated tumor
suppression. EphA4/ephrin-A and EphB4/ephrin-B2 signaling have been reported to

promote mesenchymal-to-epithelial transition (MET). Here, we examine whether

EphB3/ephrin-B interaction has a similar effect and investigate its role in tumor

X



suppression.

We found in a clinical cohort that EphB3 expression was significantly reduced in
advanced Dukes’ stage tumor specimens, so we over-expressed EphB3 in HT-29 cells
by stable transfection. EphB3 over-expression inhibited HT-29 growth in monolayer
cultures, anchorage-independent growth in soft agar, and xenograft growth in nude
mice and initiated morphological, behavioral and molecular changes consistent with
MET. Specifically, EphB3 over-expression reorganized cytoskeleton (converting
spreading cells to a cobble-like epithelial morphology, patterning cortical-actin-
cytoskeleton and polarizing E-cadherin and ZO-1), induced functional changes
favoring MET (decreased Transwell migration, increased apoptosis and Ca®'-
dependent cell-cell adhesion), decreased mesenchymal markers (fibronectin and
nuclear B-catenin), increased epithelial markers (ZO-1, E-cadherin and plakoglobin)
and inactivated CrkL—Racl, a known epithelial-to-mesenchymal transition (EMT)
signaling pathway. Additionally, crosstalk from Wnt signaling potentiated the restora-
tion of epithelial cell-polarity. Noteworthily, the same factors contributing to MET,
owing to EphB3 signaling, also facilitated tumor suppression.

We conclude that EphB3/ephrinB interaction promotes MET by re-establishing
epithelial cell-cell junctions and such an MET-promoting effect contributes to EphB3-

mediated tumor suppression.

Key words: colorectal cancer, up-regulated gene, clinicopathological factors, cDNA
microarray, post-array validation, real-time RT-PCR, EphB3, ephrin-B, mesenchymal-

to-epithelial transition, tumor suppressor gene
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B> ~ EphB3 protein # it # * % felifrx % E B ahd M — B R LA F I
B e 5
B1= ~ EphB3 mRNA fit ¥ « % 30 sfr < % 8 % R 8% i R — 232
RT-PCR 7§ 2 &%
B~ ~ EphB3 mRNA % i # < %3k w % {r7 I Dukes’ stages * % & % & "5
i J— T & RT-PCR ehF %% %
B4 ~ s

cell lines K6 & L.32

RN

i E % R o fe 1k HT-29 cells 2 * 4§ @ 7 EphB3 over-expressing
P £ BT T 0L

2L 4% 4 % 3L EphB3 chim e $& 132 crimse %
#HF - A EDEP A RS
]%‘]_.L

|

~ EphB3/ephrin-B 4 & 3 4, 514 kP2 25 g chsg (v 32
epithelial transition 4% fic
]%‘] L

%8
o
+ EphB3/ephrin-B 4 & 3 §

o

mesenchymal-to-
Rpcg ™ ik

3% 3 wre ¥ 2% ohE 2 —F-Actin staining & ¥

Bl S R R AT —93%hL32 bk g % 2 Imvr (3 B4R 4 B o

7 A
A7 B



Mo A AR L Ak e

B+ = ~EphB3/ephrin-B 4 + 1 % 5142 E-cadherin f= F-actin (7€ 74 {7 2 ‘m?e ¥
_+ E-cadherin & it

B+ 7 ~EphB3/ephrin-B 4 & 3 4, 5142 fm?2 N B-catenin éhE 74 F — ‘w# oo
B-catenin P? Ag 3 §

B+ = ~ EphB3/ephrin-B & 3 3t 4 it 43 B ¥ i i< fm 78 chife {7 50 4 — Transwell
migration assay

Bl - - EphB3/ephrin-B » + 3t L ftimbe — KT HIE 4 25 F AR

B~ ~ ~ EphB3/ephrin-B 4 &+ 3t & it 73 5 1* fwPe —wmPe FF 3L & 4 —Cell
dissociation assay

B+ 1 ~EphB3/ephrin-B & + 2 & it 73 5 i fm " — ‘w2 B 4L & 4 —Cell association
assay

Bl- - -~ EphB3/ephrin-B 4 + 3t 4 # & Racl 4 + 713 /% {* —Pulldown & Racl
activity assay

Bl= - - -~ EphB3/ephrin-B » 3 2t & ¥ 3k CrkL 4 & 13 & it > 3 4r E-cadherin
e protein level » I _{¢ w2 4% ¢ 7 f-catenin % y-catenin 4 + §& % 31| w72
Bo —im prime AN & & BB

Bl= -+ = ~ & % e E-cadherin & 3 it 43 #R A % 0 B-catenin A 3 — £ B ALK F
%

Bl= -+ = ~ EphB3/ephrin-B & 3 21 i # 5k B-catenin/TCF 7% 4% 1< —3f ¥ 2L 7]
% B4 79 B (TOP/FOP luciferase reporter assay)

Bl--+tw » 28 QPCR P H %k T  Ascl2 2 ~ B ¢ o5 B-catenin/TCF &
F BYER T T 55 F] 7 &% EphB3/ephrin-B 4 & 3 4, (03 #2

Bl= - I ~EphB3/ephrin-B 4 =+ 3t & it 53 3 4r ZO-1 protein level I i iE fw ¥z 2_ fF
tight junction 7 = 11 2 Sg#* 'm e e i

Bl- - ~ EphB3/ephrin-B » =+ 3t & $t = &/ F ‘w7 %32 02 5 © Fibronectin



3 & % ' i< > Vimentin v N-cadherin B2 § 22 %

Bl- - - ~EphB3/ephrin-B » F 3 L3 H2 A F 14 — 4 p AR R aE iy
(invivo) #¥x

®l= - ~ ~ %' EphB3 g2k 14 B (knockdown of EphB3) it 43 % 2 i 4% L32 ‘m
#z e11 mesenchymal-to-epithelial transition

Bl- L4 ~ A LS174T m®e th? # “f EphB3 728 F] 4 s 49 (& epithelial-to-

mesenchymal transition

W

Bl= -+ ~ & HT-29 ‘w2 k¥ & ",% CrkL s #14 .+ it 47 i8i& mesenchymal-to-
epithelial transition
Bl= -+ - ~ & EphB3/ephrin-B & 3 2 & @EgL 5 2 ¢ > Twist ~Slug ~Snail ~FOXC2

e ZEB2 35234 §7 E-cadherin e+ 7544 F] — 2 & Q-PCR % %

Bl= - = - EphB3/ephrin-B 4 & 3t & B ik S {2 &
= - = ~EphB3/ephrin-B & & 3 L] 2 % 8 B pime Akt x T4 g £
Bl = - = -~ EphB3/ephrin-B & & 2t 4 ¥4+ %5 & % fpm?e B softagar ¥ @ %4
£
Bl= - 7 ~ EphB3/ephrin-B & 320 L #r#4] % % 8 % g imie A R & a4 £

Bl= -+ > - EphB3/ephrin-B & + 3 & Frdik & £ + < %5 %% B 'w e Ki-67
proliferation marker 7% IR

Bl= -+ = ~ EphB3/ephrin-B & 3+ 2 & 3% < % & % o chm?e k= —invitro
1% ¥ (Trypan blue test)

Bl= -+ ~ - EphB3/ephrin-B ~ &+ 3 4, % ~ % 2 % g fw ¥ chim 2 &= —invitro
17 ¥ (Flowcytometry)

Bl= -+ 4 ~EphB3/ephrin-B & 3+ i &L 3% < % & % o chm?e k= —invivo eh
#¥5 (TUNEL assay)

Bl - ~ EphA2/ephrin-Al 12 2 EphB3/ephrin-B 4 & 3t & B LR 305 #finie 4

& 10 e ehw AR e &+ sk B2 (feedback inhibition loops)



# P&

Foo ARG IR AT G B R TR K bR AR 7 i
RS
% =

vz 5 cDNA BT 7| B @ 3R E e F 347029 B A F0W 2 ¢ 32 {7 post-
array validation . %
%=~

i i 1§ post-array validation =k F]e % E RT-PCR 9 5 if i
e ~ TR RAcTRgk FlF 07 5

A ZL’F“L

Z AP B & 47 > 12 GRO1 A 7] 5 &
23~ AP G ok R F]S

FFREEFAM AT



1.1 3 % %

WIS e BER e <~ % E %% (colorectal cancer, CRC) — & % 7| g 7
L og 8 L (Kruzelock etal., 2007) o A4 #5 % o JFoe © Gad i 5 & i
LA REEBE A A S E SR RIS E T L L R R R
B2 (B LW Z R T (0 FLAE S G TR AR B ) e
AR RAG IS ROFL S D AER A F 2 o

X ijﬂ?&y%}g{@%gm&—k 3G PR A o f ATE - L L bl
T TR e © U SRR IR T SR R BRI R IR R
REH B BE oI KHES A E fm}%ﬂm”ajﬁ;’l P @A L 4%
CELR o Re P E L RA TR GRS e R g EER S N
fre o TR BSR4 KRR E R TR o iTE K g i iR
(targeted therapy) 3 B ¥ &2 £ om0 o B X E SR F KT AT
% ¥ (Kruzelock et al., 2007) » @ B (23R i 42 chimPe 20 4 @ VR /T (signaling

transduction pathway) 7 ZF & 12 2 g2k i * f&de jnfanh 05 2 o F)pt > T i

—\
-—\\

5 Ge & LAl ER 4 & w7 L B ER T A0 B 1T

;;)\Eﬂz‘ ’rﬂ,‘fé’%%ﬂwé)'

YR T e e AR oy B s F AR o

12 m3 &
ﬁ_'ﬁ j\f’/g‘]ﬂ’ﬁ /:‘5 é}ﬁi%ﬁi%&ém,kyu%;ﬁ»ﬂ /:‘4‘ ,_’—r,nﬁ , ;IL;,‘)J%E n%%,
LHRDTRA LT o LU S E R 2 R (R iR

£ EE R ek - A m}%]j‘f_;ﬁg Ao ¥t g yE 1) ) 7fi:£ Y % Ul e o Fu B

bl

: 2

=

SR E o AT E K B eniREe s AT S SRR EP H B A

FHATOREGARA T RE S T AL R ER IOV F e 29 0w



FREPRADDER R R ERR AT R FAER MR e

»

BTG R e B AR T EF hE & T AR E LRI g R
S TR N HRFe J L A A L By aeEs o lF'%ziallPRjZ»‘S/‘%l *Fo B E

BE Pl AR LD A Ao F 8 YRR S s TR L MR

Tl ek g5 ) (primary cases) ¥ v { #FITIATI 0A iR A (AFTY Y G ET
peEh) — Tk Az R 3[?5?5}3—2{;;'fr—'\ B ;%;};5 b Y (*Fl gur»}g g1k 5

B ) AR 1 o (7K 05 B AR TR 1 10 EE A T TRR KB 16t I
A RAFT R SR YRR R AR S TR R S

% -

1.3 7 7 chde gt
e T S R 0 & R rdlered £ qod LA TR RS 4 4
oo RERALDT N D A Hfrlmie s it 2 LRI E A P BYERL

(carcinogenesis) 71— i B &7 » ﬂ\!ﬁ% A R B R R e {o AR ¢ F Efj%.k fm e

BFARDLR R GRS R ATIDARE GRLF KA ZRAT i LA
L F] (oncogene)’ 4p & B o AR LM MR B2 ¢ AL Flend R P9 T 3%
F1¥ it 47 AL F] (tumor suppressor gene) °

2 § Pt 7 2 47 (DNA microarray) € - fa= 4 %+ @ %1 &
SIHE S BRI Y BT A TN Y (chip) A2 b FH RS G o7
¥ o pHoFE 120 g 2% (high throughput) 07 3 E B Nk we (F 5% E)
foit ¥ e (HRe) 2 B4R LB L F] (differentially expressed genes) » 2 &_
Bidlmre kb I F AT SRIECAEIL (Fohke) foR AU (HBE) 2FEARLR
R F o MEE & P A WAL A TR A T R e o P I AT 1 f&%ﬁt“#i
LR L N BT R S IR TR T A S B R A e AL
BIEE BARLEAATFIZ P PEREFT N EP R F] (target genes) ©
HA G DNAMCE | R s A 2 (6975 A4 4 R 408 & Hagfdt -

2



14 # 3 ehd BIFE

A Y g - e EHA R H T T (preliminary study) 0 P oHRAY T B35 4 -
B fe X % B % R 4p B oiF iE L ] (candidate genes) ™ % FE il L ] (confirmed
gnes) ° A e p e A § & 2 FlA e & (gene expression profiles) 2 FE
B AR M AR A S A PR h g n AR FY SRR ¥ ERT

AR B B A T A B R R e T oA eATHR o

BAT Y g Z R o NP RER - B AL F] (target gene) 0 T ¥ E N BT
& F)H (functional study) » # ! m % & 3 4 5 & gy > HP P Feh

(Y
Fe Boie 39 B B E P4 B 1B AT o

RN L

T4

R AT B E Al 2 2 3 (molecular
epidemiology) * @ % = R RIASF E B P S mivd B R o3 3 o F 2
1 B FIR M T § (causal study) o - 304 LTRA F T oA LR G
BRHBINREHZEFAL O a5 NARLAREHRRZ] e s 32 p iR

BE - AT RS TR LR AR

1.5 = 3 g2 -

AR E - R A D AT 2B e A AR R
(" ok fE mRNA level 5 A F14 RE  eipl R 4q15) e L G 2 5 8 1 ing,
%;4%{ﬁ»&—&%?M%@N@%i%ﬁ?ﬁiﬁ%%&iﬁ%ﬂ
(changes in the transcription of up-regulated genes are biologically meaningful and

may be linked to variations in tumor behavior and clinical features) °

23

1.6 =7 3

2
b

>

B - RERAPRY A E YRR e R o h ¥ AR
S F PP EAES P % (cDNA microarray) ™ i #iF I A L R ehA

3



PIRASE B B A FIALE e AR et AT IR IR TRk R IR F] S E st

GREAAAM AT BUARZ R AT ARDRILRS TN T FLITEAR
‘:: 3

VRIS Nwe i L BRI T e T FA T

t cDNA Hct 7|2 ® > NP * kg iphk b £ sk & (surgical
specimens) — & 3 * 5 B % % MR

B e s frpedtint §

AT - R AL
¥ ehkwrz gk (cell lines) s o e Bk A e 49 F ) B MR — MR B
7 {¥ % (communication or interaction between tumor and surrounding microenviron-
ment) @ S BB — ATRE R T (EF foAp B2 it A T L 0 AR ST K
wretk (F 7 H - dwre o L HBFH Y hn f e~ A % stromal cells
R 2 R

BEFHRF LR A e AT

Fleo R > H* Bk AL 5 Hakg
B F 1 (heterogeneity) #§ -

ORIREBAECAPEY - B E A P R E v R i

A
S (N<5) It § PBPERALH L P EFTR F - BH ST U
PlEcp BARZR AT 5 0 BiFE A Fendcp R ° B - BRC) ohdp o AP
EPEAE - BRI MERe A

(% % % mRNA of tumor / mRNA of
normal > 2) e F] (R &5 - B & FZAFD TR F A TP ?l_,.ﬂig_k
Flen & H 2 ¢b) o 4o

koo A Z R A Flacp ¥ FIT ot B e
ETkH>nups

AE L A AP (large sample size, n > 30) IRA
oo U ¥ - J b2 hF S

TpE AR L W4 s F O (real-time
reverse transcription-PCR) — & = & & i i%E X F]:H mRNA 768 B @ 4p 5
T AF AR € o i%iE A 73§ real-time RT-PCR 1= = fa % 2 {4
T L ARG A B E SR P A AT (confirmed up-regulated gene in

colorectal cancer) »

i #- % FE3 2k F1 (confirmed genes) ©
'EE S ;?' ra- — F%

e F AT i A2 Y L ERAT T F R B
o AR RATIRG B ) B I AR g A

AR R TR
N e ST R P S R Y - S

AT PR
4



X
~=h

2L e P e R A L P 10 FIRA ﬁ*l"—_r]:" B R iR A £
AR ERASE L L At S S
ARV UFRAY R BB AF D P AFET T URRIELT IREF T
R TR B TR e

g /];Jewéﬁi s » A iPiEH EphB3 1% 5 18 /47 1 ek L %] - EphB3 &_
~ fift % FhmRphipcF X B8 (receptor tyrosine kinase, RTK) » £ % & Frenfit g fak
pejpcis XA > bl 4 2 £ F]F <4 (EGF receptor) » f8 -0 415 @aERp e 4 &
w3 g AP e K3t A 4788 EphB3 il R FArA] A S B SR A
Lk d > EEFNFY o

AL R R A Ko T 0 PR B 7 4 5 B S R e S e dtenD
FA SRR ES D> REIHIF PP RELF% > FENGEL
Fl > N EHESR S R RS R BT - R > Wi
ZRFERR AROT LAY D PE- BERE AT BEAFHL AT D
g@%miﬁmwﬁﬂﬁﬁimﬁyﬁﬂuﬁ&%%miﬁmﬁﬁéa%%%
AFNE R > BRrwmie 1 E LA ks gt > iR AFad R

ne o2 4L A
Rt lFﬂ{..‘:ﬁ“a/[\r] °

1.7 Eph pt 3 BRmRph 5% X 18 7:2% (Receptor tyrosine kinase Eph family) f§ 4
Eph & “A& 24 ‘=i 3k 4 & jr# 9w J§ (erythropoietin-producing hepato-
cellular carcinoma)” m‘{ﬁ”@, v @ ¢ Lend K P E_F] 5 Eph receptor 71 cDNA # 4~
,T.*‘u{r} erythropoietin-producing hepatocellular carcinoma cell line 2. #» 4 &t ) & o
.4 & & Eph family &_vf 5' # 4= & < 3% 9 receptor tyrosine kinase family
(Pasquale et al., 2005) » @ EphB3 #_Eph #2%= § 2. — ° Eph receptors # 4~ &_
1987 # & 4 %7 cDNA library ¥ & 3% J5 # 3 z& F] v-fps £ tyrosine kinase domain
I ik B 7| P 35 31 e (Surawska et al., 2004) - Eph family i 2 + 5S4 7 1 4 5 3
~ % : EphA (¢ 7z EphAl, EphA2, EphA3, EphA4, EphAS, EphA6, EphA7, EphAS)

5



% EphB (¢ 7 EphBl1, EphB2, EphB3, EphB4, EphB5, EphB6) < Eph 4 3 nm¥e
‘b A pE L - o (glycosylated) - @ 4% - i ligand-binding domain (immuno-
globin-like motifs) ~ — i# cysteine-rich region ~ == # fibronectin type III repeats °
Eph & + ehim¥e p 545 ¢ 35— 1 juxtamembrane domain 1/ % - i tyrosine kinase
domain (¢ % sterile alpha motif [SAM], and PDZ binding motif [PSD-95
post-synaptic density protein, Discs large, Zona occludens tight junction proteins] )
(Cheng et al., 2002) -

EphA 4r EphB &_wre 5}t chX 48 > ¥ 1 {cv P % & 0 ligands A %] ¢ i®
ephrin-A §= ephrin-B ° ephrin-A 4 ephrin-B » #_i=** fm %z 5 } 14 + o Ephrin-A

/> + §_d GPI (glycosylphosphatidylinositol) % &> m*2 5+ ; ephrin-B R {%g

ol

AT e e R AR e e M2 b e BT 7 IR ephrin 4 F el B £ X R
Eph » &+ z_ & eh3F 8 14 (ligand-receptor specificity) I 25— ¥F— cff 7% Gl4e >
ephrin-B2 ¥ r2 v EphB2 % & » v &_ephrin-B2 » ¥ 12 fc EphA4 % & - 28R %
A A2 & ephrin/Eph %2 2 4544 (promiscuity of ephrin-Eph interaction) o 7 & >
< R K > & FR84 0 ephrin-A iR Z - EphA % & @ + $8 4 7 ephrin-B § 4 {v
EphB & & o

P58t ¢ ephrin-A fr ephrin-B 4 # 4= EphA fr EphB receptors 3 #p % & pF ¥ 7
o b B L PRAERABYE X R o vE G 'R F lw e W ¢ ih ephrin (cell mem-
brane-bound ephrin) 4 it /% i* EphA v EphB receptors 14 2 H T P5enfm iz o F 3
AR T o (e Fde % FARE S5 A chephrin A F F scend & A2 ko K hephrin
(clustered ephrins) » ¥ 1% & ¥ % it Eph receptors °

Eph receptor v ephrin % & 2 {5 i € 4% 7% it > 4 B¥ Eph receptor % fm?s b £
Wiz € p A FEEc it (autophosphorylation) > ff& it 14 + F ¥ (domain) € friF T
g3 K3 F-v  (adaptor protein) B & 0 £ @ lwfe p @R A F L o e ) op
Eph receptors & it 2. {6 € 2= F &4 > 5 H i 4= - M (dimerization) > &
R RE & %Y 2 E_{ % e Eph receptors # & - 4 (high-order clusters) o #2

6



Te FR FREMo B E v e p WL Fehi L Smre i L E 1 P Eph
receptors enF & 4835 = i€ * {12 i it Eph receptors BF ephrins & 7 F R IR %
I ¥ (Stein et al., 19988) -

f- Eph receptor % & 2_ {5 » =%t fn?2 5 F chephrin » € » fwfe p @iE 4 o
d Eph receptor A T Fi@ifns F i L2 5w 4 (forward signals) 0 d
ephrin ligand A2 = 5@ ifehs F 30 L {2 @ w3 L (reverse signals) e

& 8 $>° Eph family chd 4 s 7 3 S0 g0 ¥ v fa b p i ot v o 5
» 7RPEIE P E RO ML T A & (segmentation) ~ S MRePE T R RN E }
Eph family & 4 72% & & 1427 o £ 4| &0 Eph/ephrin interaction £_5! 3 (guide) #¢
S ke e B B A b R it @ (p PF Eph receptors {141 =t extending growth
cone # leading filipodia or lamelipodia of a migrating cell €7 & 1) > ) » 2 5%
B¢ 3 ephrin 97 & 4 # » L ¥ ephrin ,T.*‘u{— %4 guidance cue ° 3 ARHE > §
AR AP B hlne (fnve da s 5 Eph receptor) i@ 2 7 ephrin 2 150 4¢
bR s A mie e B e § Ok T K > AS R - B LA R o )
g kw7 A R 3 s Eph/ephrin it - ¥t receptor/ligand 2 BF & 3 % (v
(repulsive interaction) (Nakamoto et al., 2002) o

EEFA L R FLE RaR S IR Eph BipL O F L B end ot e B F 2R
R e R AR RE T R B KR BERY B F ¢ 4 cell pro-
liferation » cell differentiation > cell migration » cell adhesion > neurogenesis (& 4% axon
guidance) > angiogenesis... % #§ #2:7:& {7 (Pasquale et al., 2005) -

B 1900 # i % # B 42 » Eph receptor fofip e 2 B cbf % B 45 % ) & i et
T A = 4‘?4’*}%’ B i % e "aA ¢ Eph receptor e E *Kﬂifﬁ?r'% °
Flt o EoAe B angf H% 3n G Ephreceptor ORGE R R (T H ehrt ay o Am o {8 Rk
S BRI B TE el L W T anh 2 0 37 E Ephreceptor § #r 4]
T dmie 2 K chrt G o Bt Bl T G IR B I 2 G ik £ £ 4 (dual
role of Eph receptor in tumor promotion and tumor suppression) & & Eph receptor

7



3 P B R A » (He R LAMEF L RGP EBONR
SRR R R RAE £ & 4 RUR O RGh R BT B F AR NT Y
FpriEfies fAx 240 F R % nA F 558 (Chenetal., 2008)0 H # R @@Ei‘*u E
4_ligand-dependent £ &_ligand-independent Eph signaling > # # 4_i i 3 {r ligand
i & enfijm2 T > Eph receptor p AiE 4L (intrinsic activity) #E R BH s
receptor tyrosine kinase @ /&= i* MAPK & _RhoA 4 & Bt 1S K 3 4v fw#e o 78 {oid
al TR .é'fﬁ % {e ligand % & i 2. 7 > Eph receptor ;ﬁd % 1t Abl—Crk &

FERAL 0 2 MAPK 2 & RhoA & F g2 % 1t > 2 F o — e B g}

£4 G PEBIe Ak o L EME B AB Y hA3 [ EY L E

1.8 EphB3 protein e 50§ £ iF r1 2 & frid 38 345
L3 iv g ra ek mie_%\ ;

¥] % receptor tyrosine kinase Eph family & iZ 4 %3t & f&. R - AR
EphB3 receptor * & f& % 8 e 15 3% 4 40 % DR L - 32283 4§ 547 2 EphB3
B E s R SEEE S BFR PodE s B B R t{ow e s AL P14 R (Bohme et
al. 1993) » i 8.0 o Aif (BT 0 R4 A E kA [# 454 42 (Willson
etal., 2003) ™ 2 ~ ¥y (Willson etal., 2006)] 7 & 'fﬁ % 5% EphB3 protein . 3
o itdiEs dd g 5 ad g kAo v 2 b ehd s BE > EphB3 protein

R

1=

= p A

.

»}g e — .H} L_Lﬁ,{:r;z °
Al &k Buengp AT 3 B o7 0 EphB3 e ligand f9272%8 7 i A2 11 % &

R ECXIHEG 2L PBRERY T FMHRES L5 (axon guidance
molecule) & ¢ » H P x i gL dF2 (SR g § B IR o 3 A
B R 2 AR A 5 & fm e chih R (RGC axon, retinal ganglion cell axon) &7
PR Y S E BRA RIS DB EAT AR G A T AR Sd
¥ %% (diencephalons) w *F R d1iEBrEF T A5 » /B3P fRA 50 ha & RehE
PR UL ShE R o @ 2R A 5K AHF LN e o

8



oA g ARA AR B G AR RAL SR - EARGR G AEiE
Mg e e AT A E Keh- BFT Y BT o AR NH KT8 e e ih R AL T2 18 o
R RFET FEFBROBITAL T A RFR REORERH L&
g2 ¢ 4 IL EphB3 > & EAR 7 ¥TdhR 2 16 > ARPWAH L& w Féi‘}“g EIENE A -
EphB3 (Liu et al,. 2006) « 3¢ © % %A+ » EphB3 ¢ FetghR e 2 > E4R
S 7B 0 dk 0 — B EphB3 = A F] (allel) 2 2 & i EphB3 I i= Ak F]3%
A H fm:‘" G| RO AR A T HE M ghR A BT S RE 4 (FR R A gR
SRS Lo Pk s B ARA AT B R AR T2 18 BB FIA G R E im0 Sy &
3. EphB3 » E viim?e #]is 9 EphB3 7 27 BSR4 SSdhR el 4 > & BFF
R 514 F (axon guidance molecule) & ¢ - F] % F efm¥e §{ i c9 EphB3 ¢
1€ X Ap e A 8 & e 4 IR ephrin-B3.» A ephrin-B3 #_EphB3 ¢ ligand » €
F AR Fdh R L EphB3 & 3 BB 2 s W oo
IL 3 i3

EphB3 receptor %% i A i 0 4F Zei B o 8% § & & ,.‘-“ ¢ HpEe g
DR F %R % (intestinal crypt) #iT &AIRS | chimre ¢ £ IR EphB3
receptor o P w & AR ip PR R R INGIT e dm e J we & B AR L R A E 7w ve
A i R AR fn e (intestinal progenitor cells) » — #54p 13 % if % fw¥e T AT gL g

w?z 4247 (stem cell niche) » F]p# > EphB3 protein £_4 i# 3t & ¥ 5 ig 2L9 ‘i‘« =)

R R FhE T o AT e chim e BB T e (cells in proliferative region
in the bottom of crypt-villus axis near stem cell niche) =im?z B+ o

{7 A8 & wie de < 1~ + o0 ligands (4p ephrin-B1 % ephrin-B2)
FrE A AR R E hen ¥ - 2 (LB TR dnve enimte N o @ gt
g Rt LR AT s RS G E R e
(ephrin-B1 and ephrin-B2 are expressed in cells in differentiating region in the upper
half of crypt-villus axis) o = EphB3 4 + #4237 0l — 7% X 48 EphB2 ch
B KIEF — R dhen KW F PRI RIF R KL 0 @ ephrin-Bl %

9



ephrin-B2 eh% L E P E d " F — XL Shen K0 b TR IRE PR K il

- ,T*u{?ru » EphB2 %2 2 ligands (ephrin-B1 fr ephrin-B2) & g §024p F )k
B ¥ R > ;% (counter-gradient distribution) 4 w3t 'EF —HRLd T A b N FE
d 1 @ T ehgidh (Batlle et al., 2002) (Booth et al., 2002) « 64 i 07 47 5 4

7k ¢ % receptor % ligand '3 — R L ghE ibdp T XM E FEE S 8 T4 o

%

Receptor fr ligand f& e g @ chfFsr s i g 7 7 ac § FoRchs + ]

HY R afaH e Sk Batlle & 4“7 f2 (Batlle et al., 2002) - Batlle % 4 & *
microarray k#13 B-catenin/TCF =17 54 F]p#4 3 > ephrin-B1 4= EphB2 14 2
EphB3 Ir 1% 3% &_B-catenin/TCF 07T #52 ¥] » & £ 52 % 7] B-catenin/TCF = > 4p &
ez 1§ B-catenin/TCF-4 (‘w¥2 % ) & transcriptional activator complex ° it 39 /%
g Ak H v T A F]) B C BEc Y Suk i > EphB2 2 EphB3 4 ¢t
“ B " > e _ephrin-Bl Bl €44 “BEB” > pUPEimfe € % IR progenitor cells 3
phenotypes (Wetering et al., 2002) ; jb= dejn g 4 A2 F — R fhen™ L o F
- 3 & > % P-catenin/TCF-4 R 3R ¢ BB 7 k@& T » EphB2 2 EphB3 » ¢4t
“ BB " > i _ephrin-Bl Bl € 4% “ BE 7 o @ ptpE e ¢ £ IR differentiated
cells 7 phenotypes ; ¢ — Jx /R B4 2 S8 F — N L dheh b LB o 3P FEE
EphB2/3 % ephrin-B i&— %} receptor/ligand & L& 3 w e (F] 5 v Pt P55,
# B B-catenin/TCF ,T&J'l 3w N & e - ¥ receptor/ligand) s @ gt - AL F] & IR
HT ORI P A E R — RS et G A G &4k & (EphB2/3 &
gt R AL dhen™ X B, T proliferative region » @ ephrin-B A 1 3% i T
£ ghen b X B T differentiating region) I % 3 4pe= & o Batlle & A i&- ¥
EphB Fr ephrin-B 48 4 + 4 i ¢ counter-gradient 3L % f2ff & i3 fa o + 2 7 &
3 I % {¥%* (mutual repulsion of EphB and ephrin-B) ; # 2% % > % 3R EphB fr#
I ephrin-B ehim?e ¢ T 4p P 5o dm iefAmie oI a7 T K AFHEERE

— SRS o B e

I

VAR AT RIEF hA T RAE A DIP WG

£
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~

Batlle c7fr ¥ Cortina % * AR F L cnme 27 & NREE Y DF HRET 7
fimrz 2 B3 4p % Ik % (Cortina et al., 2007) > e 2 > & ¥ &iF » W 2
{3 3 4 IR EphB ehim?e fr £ L ephrin-B enme 2. F & % § E en3 fpR s > @
T4 3 EphB thimee 8 ‘mee foimse 2 [ 3R F 4 4 05 & 9% 4 > i % & 7 EphB
drimre p B R R T ARR - AT Gdet (RN T 0 & IR ephrin-B chim e AL
B Tk R T 4 I EphB chimre B2 b o i3 A - Bliwre 2 BF 3 AR R ik o

B2 7% Batlle % % 12 2 Cortina & 4 &% 3¢ ¢ ¥ EphB(+)@ %2 v ephrin-B(+) . w
AT L S FE R o - BERE AR L REZ PRI RILG B
E o T A " ¢ 7 et B receptor/ligand fe 2 F B ek A F R BRE ALY R
IARGEE B E M E T e s+ 4 0 £ 8 & R receptor/ligand %k
I4p “BERT e o R ESST receptor/ligand s ¥ BEAE s iy o

HWE 0 RE R — R G B TEE WL 3R ke (crypt-villus junction)
T BorhilE R A e il - n¥e P € I BF 4 3 EphB2 1 % ephrine-B 5 2t &

gy REAET B D EFHET o Receptor i F frv dhligand B & >
%i?Tﬁﬁ@%aio A ER — RS Y B g AR
(co-express) iz— ¥F receptor/ligand » % X7 B e & 2 FHE LR T &

d 3 g TR R — L bk o eh progenitor cells AL#E R B4 4] (mesenchy-

mal-like) » %% g *E § — S L #h7E =f o differentiated cells #_+ & % 4| (epithelial-

like) > m EphB/ephrin-B co-expression (7 co-expression 4 5 receptor fr ligand ¢

R

&& o4 Tt d ¢ 424 EphBlephrin-B A F 3 L) ~ g4 A pt BREFF A 3k
(quasi-mesenchymal-to-epithelial transition) 472 ¥ » @ ZLiE AR O 40 2% £
Fo; T 2w 02 4 32 gajfip] EphB/ephrin-B signaling eh- B 4 40 8 i i&{ﬂi’\
B EER e DR L o Flpt o F* wfe gk k7 7 EphB/ephrin-B 4 +

RLHN G ER AL phme R B S R AT B 30 e B

11



1.9 & 5 thigiie =
EphB3/ephrin-B 4~ F 3 4 if it if - B £ & chd B 5 a0 L% 'R
w¥e (Il BT+ A $& 3% EphB3/ephrin-B A + 3 4 » it 53 WAE & R e chf R

A Y > @ - (¥ % & {8 EphB3/ephrin-B 4 3 3 4 it J3 Fr+| "k ehd £ o

1.10 Eph ft § famiph 5% < 4 (Receptor tyrosine kinase Eph) 2 & 5+ 4 #&
#% [mesenchymal-to-epithelial transition (MET)] 5|+

¢ & Eph family %% MET 6]+ 3 & o % - > Barrios % A § {482 feza
B A e in T A2 Y > EphAd/ephrin-A A F 3L f AWM E A EF 2
(somite morphogenesis) 427 P B+ 4 #4E (Barrios et al.,, 2003) - % = »
Noren # 4 e7%7 7 4 &7 — i EphB4/ephrin-B2 4 &+ 3 4 WaE F H F 4 4 /P
EHMz Noren & 4 A% 7P ah2 45 HfT\_F A& m¥ (non-transformed mammary
epithelail cells) ¢ 4 » EphB4 Fc £% ¥ = 4& ¢ {v EphB4 receptor % & F1peptide 2
e ¥rig it m P2 S b i A 3k 7% feh EphB4/ephrin-B2 binding © ¢ = izt m¥e £ 3 R
3 ¢ EphB4/ephrin-B2 4 &+ 2t & (Noren et al., 2006) - % % izit & 2 7 EphB4/
ephrin-B2 4 + 3 L enm® » & 4 7 R 3 ?15 Behlwe — e i (cell-cell
junction) - Noren 7§ Zdp Ji » i 1“5 EphB4/ephrin-B2 4 + 30 & ¢ Jg 4%+ 2

w s 1 epithelial phenotype (35 % ;o Benimre e i ) o
Eph family %2 B 57+ A g4 hiza B o3 RAPARR B30k - & F j2%

1 EphB3/ephrin-B 4 + 3 4 3%+ € 5 b thenni®® o

111 A RFFEE L2 B R A% (epithelial-to-mesenchymal transition,
EMT, and mesenchymal-to-epithelial transition, MET) &%_&
e en R BT R (EMT) 7 dpendlim®e i Pof v AR Y (7 -

i & 5 ¥ 2% (cells undergo a developmental switch) : ¢ # i & = w |+ (polarilized)

B .Emﬂéiﬂ“?f%..‘%@ ~H g E R (immotile) i L lmrr ST E S o
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Mo~ e B A0 B8 RTE & R TR 4 0 T iwre (fibroblastoid or
mesenchymal phenotype) ° i&ff /w2 P chd 5 7 B @ w2 BEFBH A4
2 WP EFIFLE B AT P OERE B B e A
Rl L S e e B 0 4 g Lin e L8 FEMT
£hif &9 3¢ —MET (Boyer et al., 2000) - EMT 3R g 4p 41+ L fmfe 13 7 12
(epithelial-cell plasticity) o #* #t » EMT 2 MET# £_F § {5758 7 347 1 F >

A R B S WRT L blde o 87 e B a4 fm e (progenitor cells) # 7 X #

BiE A A X ehess £ - EMETaig 4z o

d R e 1 2 R e 4 4 5 45k (phenotypes) vt

Epithelial cells Mesenchymal cells
Proliferation No Yes
Difterentiation Yes No
Morphology Cobble-stone Elongated, spreading
Lamellipodia No Yes
Cell motility Non-motile Highly motile
Cell-cell junction Tight Loose
Polarization Yes No
Molecular marker E-cadherin, ZO-1 Vimentin, N-cadherin
Example Interstinal epithelial cells Fibroblast

1.12 + 4 B F &4 (epithelial-to-mesenchymal transition, EMT) 4 3+ 3 4 @
A=Wk

MLE AL R A 3L R . RE bR S A T LA
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B RpI- 4 LTSI EIMAE pwE/3 2 (autocrine/paracrine factors a‘%

AT e b SR EERLAEEI L A 5 ) el o

HEFL LSS AR LTRSS TR E TR G

i~

B

BRET T AGOATEA ] SER L RGE LS F AL AFE R A D ke
WRARGELSF R A FIEAE | AR Dwetky BLBEELT 3 VAR
ke & 5 4 P F g

EREES TR E G S AR ¥ e s VSR SR g i?ziﬁ’fﬁ?%&{TGF-B
signaling (Massagué et al., 2005 : Moustakas et al., 2005) c fv= % & %5 7 1 2 +
%% R OB B ARAP B 0 Wnt signaling » ¢ SAER R jyRaE L T EHE - 2
oAy EGE T A R s 3 L @R /2@ Notch signaling 12 2 Hedgehog
signaling » % % o 2 et A FFHEAF RS2 By 5 AR - & A3 BE
(molecular crosstalk) ; & ¥ iz & & F B hg i > P4 B A Sl B
j& 2. B enie % (network) © SR = A5 e (Kiemer et al., 2001; Jechlinger et al.,
2003; Huber et al., 2005; Moustakas et al.; 2007) ¢

et A FFREELSF MMM REFF BB REFIRE A
LRI RS T ] - KB B L g K e PN A TR B
e )T-“U'«EPL“ 4" 4 4% F] 5  (transcriptional factors) » #]4- NF-xB » GSK-3p -
STAT3 » LIV-1 > & % o “7rlig e @4 F 3 » AR G+ A B F i & 53

(EMT regulators) (Huber et al., 2005) -

1.13 E-cadherin #_} A F i 2 B A @3¢ cfpe s 3

e SR AFFREENTELEATEAS P R i L
_epithelial & ¥_mesenchymal (or froblastoid) *t ? %o & 4 7| (1.11 /] &) # 2
gt g1 epithelial §= mesenchymal #9 phenotypes » # ¢ & & & » » £ p % 23
b B e A S R éai&{:@m %z [ enjk & & <+ E-cadherin °

E-cadherin & - faiSA% & 4R 4 & e W b chA 3 o g 43 M H e it e Ig
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domain fr#8$ fw % ¢ E-cadherin 4 3+ % *+ ¢ Ig domain 12 Ca®’-dependent £
homophilic interaction * 3 £ % = ;% 3 4 & o A w% %enp ] > E-cadherin P| &_
F.¥ a-catenin JZ %2 B-catenin friwm @ F 28 £ F actin 4pi8 % o

APy e S8 0§ B-cadherin & F 4w T A2 S (v T AT A
%] % E-cadherin ek F]& LT "% » & §_ E-cadherin 4~ &+ % £ T_—#% endocytosis
F o mte oo A MMPs £ 54 400 f2) 0 s T g7 1 LB o ¥ -
* % > 4r% % 3 E-cadherin 3 4e fri& it (polarization) [i€ ¥ E-cadherin 4 +
€ HR o R G F 1T AR ¥ (basolateral membrane)] > w2 ,ﬁ& €T
A

E-cadherin 2_ #tridgia s A0 A B fdk ot £ AP FT 1 L e oha & 4750030
f* (the master programmer of EMT or MET) > & %] 5 #:& + A A B sk & LA
FRABERASF AL GRS "R T E-cadherin 4 BAo/& # i e
¥ & =& (Guarino et al., 2007) > @ B2 5% E-cadherin 8 F] & Jfv/2 5 i 2 #7048
#¥ kp A+ kg o genetic £ 4_epigenetic °

dn?z fdr 4 E-cadherin eh¥ sy 2 15 > € A4 T BRI D wmre — e T3

w
.

HVE IS s e B 2R A Y s e B B a4 B de s mve oh LT AN R e 4 o
GEPOL R 2P LI AR FHEEAPERGEL P o BA G K G

E-cadherin * &4 iw & 17} 4 B Frgdk ik 772 2 - 44p % > E-cadherin & %
a2 {0 R A{ev % & 0 P-catenin A F ﬁ%g d Gwee sgendh 28 bt ko

fm¥e B Y P54 en B-catenin A F 0 PFH )k o0 B-catenin A F § ALiE » e

,,m

M feH T cofactors » &]4e LEF/TCF » & & ) = &5 i ehig 4 F| 3 45 & 4 > £ % & 7
R8T A Flehfad 3 fd T 5 A Flend IR o B-catenin/TCF e PR Fl 5 (%
5o H 0 B R R A 4~ e & AR M e Tl o d 3 Beoatenin 4

NE R > TP AT - g H bR B-catenin A F e i~ B L E AT

BiFck 4 o

15



1.14 Wnt-B-catenin signaling pathway & _* % & % %7 £ & dho F 1 4 @i
B

B-catenin » + §_Wnt signaling pathway » i & o § A 2k > L @~ 7 F 4L
3988 7 1 P-catenin Aiwre N ehix ¥ A we piF - B £ & F]5  (intracellular
distribution of B-catenin is a determinant of cell fate) (Reya et al., 2005) o #.i% w7e 12
2 Jeim¥e ? s Becatenin A F L B H MmN 0 F - 2 G o he A chmie P
B-catenin 4 3 B 3% fw# % b 5 # friw iz 5+ eh E-cadherin % & f— 42 o ¥ %

2

b B-catenin (cytoplasmic P-catenin) =7 iy £_1% 5 wPe enh 280 F > pLBLe g
HF B o @ fmP 5 0 B-catenin (nuclear P-catenin) =7 it B RS i wie 10 2
Hfmre 3 A i (de-defferentiation) fe/2% J& i* (oncogenesis) 12 F» 4 fic o

Wetering % 4 ¢ B ¢ 2% ¥4t nuclear B-catenin 4r i@ 4‘3’;? PR F i A
it 5 %~ g f2 (Wetering et al., 2002) - Wetering & % % LS174T fv DLD-1 =
L% E % Rme R 47 2 3 A T dominant negative TCF4 (dnTCF4) =
R T T L w7 R (stable clones) < § 4x » doxcycline I 35 % &5 -
fmre { AL ¥ 4 R dnTCF4 protein - dnTCF4 ¢ B~ & ¥ ¢ TCF4 {r nuclear
B-catenin % & > dnTCF4/B-catenin 5 — # % # 5 7 transcriptional activator
complex » F]pt » TCF4/B-catenin activity 4% “ knockdown ” o pt i - 2 G i =
fmre & Blieak > @ ek 2 0k & Gl phase (Gl arrest) » ¥ - 2 & # i@ 2 fwiE B
b3 7 4 14 o Wetering ¥ £ 3§ > TCF4/B-catenin activity © *# € i = ¢-MYC
v T AR -MYC e T r ] ¢ A S e p2] 0 #4815 p21 € 3% E Gl arrest
fe cell differentiation 7:& {7 o Wetering % % F % s * § [ﬁ% fi‘u AR
B-catenin/TCF4 ~ + 3 L ¥ % "2 § mf.%‘« TSGR Pl LR A TRCLEE: R B
£ {7 vz & v (proliferation or differentiation) =i & B B (master switch) o

“f AP imre BgE /A b ehwt gp 20 ¢h s PBocatenin 4 E < B E R BE &
R F-v & 3+ (the master oncoprotein in colorectal cancer) » B3 3F 52 7 %
© 3 #F» g (Cleversetal., 2006) @ #xyt ie? £ F i © ¢t ?b > nuclear B-catenin
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& q_;f»}t‘z“"ﬁ‘fr'—x ”% B N%[‘%}J% A m'ﬁ?f Bis 3 St b Vf”fﬁﬁ%#ﬁ fid (Wong et al.,

2004 ) -

115 P AR R LR iE? s7d /g4 & (Role of EMT in tumor
progression)

FPARFREEE DY hA BRI > A MK, (tumorigenesis) Bl A7 & ¥
SURIZEAL A 0 A K Ak b B Sl Bt T R e
F L BRR SRR T LA LR ?ﬁ%ﬁ)}*?ﬁ;wa g & MU e

BRI R AR RF PE R R T A PR P e BT e

ER
TARFTREEEBEER Y £ b nd FF K
Phenotypes Epithelial-to-Msenchymal Tumor Progression
Transition

Proliferation increased increased
Differentiation status de-differentiation de-differentiation
Cell morphology spreading spreading
Cell-cell junction decreased decreased

Cell motility increased increased

G5 Q5 mERE A G LT TR A T L @ OER T fe iR R

# it #  (tumor invasion and progression) 4 F 3 4 @R E S ApE Ay o TH T

M

2 Bpeat 4 @%ﬁﬁgﬁﬁw};;& B HET Uk F Az R 4 (Thiery et al,
2002) c BT A E T T B I 0 § TR KW E Luw’ﬁp)]%”ﬂih PR TR &

FESEREN T HS T BB F 2 8 & mesenchymal-like cancer cells ¢
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v g — W T O A i % < epithelial-like cancer cells 5 22 5 £ i& {7
Aq%g¢?me%zﬁgﬁ%mw@m;wﬁiﬁjR@?%ﬁﬁ@?iﬁ
EiE AT L Rwe & - 87 i hiE 42 (Brabletz et al, 2005; Hugo et al.,
2007) - FRHESERERoe { FEEFED AP T ABERE e o

BAIRERT A 2 2 ART TR R o
1.16 Crk adaptor protein %t £ & F ik ™ 2 KRR 7 #riviFend 4

Crk (CT10 regulated kinase) protein #_— #& adaptor protein * v &_ 3R /& £k 7]
(proto-oncogene) Crk shig-v H A 4+ o Crk chle R A FIv-Crk & % 2_d 5 3 p 7 %
# avian sarcoma virus CT10 (chicken tumor 10) 2. ¢ 4 & % (Mayer et al.,
1988) - 37 # k¢ g F S AF L dpd Crk iRae + A B i chhf 42 3y &
F o Lamorte % A 3£ 4 » & MDCK ‘m"stk® BB % I Crk 2 15 » fmie 5T ?f
Bk cnimre B 28 “ cortical-actin-cytoskeleton ” € i % 5 mFe A5k £ At B R
(cell spreading) » m*sif 5~ & & 4 ‘w2 % & (lamellipodia) ; f Pz th s i g
iR # B Crk » ¢ i¢ = E-cadherin {r P-catenin d tw¥e %oF 28 F f2gp™ &
(Lamorte et al., 2002) - 41 * time-lapse analysis $ /73 Biid iB] “F & f 'w %2 k MACS
# £ GFP-actin » Linghu ¥ % i ¥ 9.2 3] Crk knockdown € j& > 'm % chlm %2 (%
Koo @gmreanie 7H SR 0 4 @ 7% hosoftagar ¥ ¥4 £ 5 (Linghu
etal., 2006) - Takino % A {32 % cdd 59 572 ‘w7 f (glioblastoma) wm®e ¥ 4
F Crk it dg Witz chR G 6 12 2 wmrechiz$ i 4 (Takino et al., 2003) o
Rodrigues % + i - # 2§ Crkl fv CrkIl £ % fw e £ 7 fo iz it 4 hhf 425 & 2
4, 4~ %+ (Rodrigues et al., 2005) - Noren % 4 p|z#F 7 EphB4/ephrin-B2 signaling
Re s M- Crk Apa it F]ptm - Crk 2 B b s P zEF Crk 3 b e v 2 fagd
L3 x P A P2 (non-transformed mammary epithelial cells) =i epithelial pheno-

type (Noren et al., 2006) -
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1.17 Racl 2t A B B % 2 RBiEAL2 ¥ 7 ifhd d

Racl #_Crk 0™ #4 3 (Lamorte etal.,2002) - 5 + > # % Racl » =+ fr
PR R 2 Bl e B35 2 i@ 52 Crk o Racl #_Rho family = § 2
- » @ Rho family * /& >* small GTPases of the Ras superfamily e+ & + 72% o

et ARFEFEE S o Racl @ SHREFT AT AT TRE Do TR
it > @ 354 f% actin cytoskeleton (Iden et al., 2008) » *% < cadherin-4 /i enfw?e — 'm
"z fF 4k & (cadherin-mediated cell-cell adhesion) (Fukata et al., 2001) » #_i# F & ‘w
"z &1+ (apico-basal polarity) )" % (Iden et al., 2008) » 3 4v fw ¥z % & 75 =
(Lamorte et al., 2002 ; Miao et al., 2005) > 12 2 & = Pz chife (7 5% 4 (Ridley et al.,
2001)

hBRBIE* 6 > Racl 2 g ? 7 B AR 2R, B9 &3
® % % (Ellenbrock etal.,2008)« ¥4 47 7 ¢ =% % Racl # & 43 E_ %8s
4 {£* (initiate tumorigenesis) > + i 3§34 % "f % &% i 4 (contribute to tumor

progression) > 14 % Frd| e &= (Ellenbroek et al., 2008) -

1.18 Eph 2 p& 5% X 88 7% R %% 2 (v % (carcinogenesis) #74/F ek &

U o R AR SrE gk AT o Eph family $120 58 e e 8 4 (E 4 5

=

2 A S MR e A R R R 2R R o e B -

I

# % B 1 Eph receptor tyrosine kinase ¥ 14 B8 #6 B fmie crufp g 4 T > @ ¥
— 4t P]3F & Eph receptor tyrosine kinase it 59 v "B fm e e g 4 1T F o

38 ¥ Eph receptor ¥ 1 38 B fmie R BB 4 (T Gy K 0 H A B FH
¥ 8T ¥Rk 3§ TR MR R & Eph receptor s mRNA # protein & AR 4
5 o iH f’r—g:};q Do ApES TR mg%« i PFT 'Rk A ¢ Eph receptor £
mRNA & ¥_protein ¥.:i8 & % Jh (over-expressed) » F]pt 8 3% 5 Eph receptor
€ WERE B wie Tl ¥ 2 1T o b4 Stephenson ¥ X AR 10 B~ % 2 %%
im¥% tk EphB4 ¢ mRNA » 3 JL & %7 § HeALehim® k¥ EphB4 383 £ 3 - # i f
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W h S B E R A e fosit s F 4 % 0 4 e 3 :n EphB4 mRNA e
protein % JLE > %% EpB4 2 /BB A MR L A S I P L e ST
P et 2_EphB4 € 68~ % & % g% 2 7% (Stephenson et al., 2001) ©
I &2 {4 Davalos £ A & 07 spinaT p L L FArivdigpr s o
Davalos % % 454! % % 8 % « "8 EphB4 § 8 » s L DR {s 1 #iE 5
< f % B P inigin A_EphB4 g #rdl < B R GuR e 2 €% (Davalosetal,
2006) © & i € F A4rst % 24 F 0% 7 Stephenson # A T F F] G R A dc s
5 (N=5) MRFEEEFALSR A (BRAREBERERS L LA R
fEw A EFE EphB4 ch4 E 3 “77 Fp) o Davalos & 4 * 125 Tﬁ;ﬁf’— Ak AR

Fa kAT LK R F g B KRR A 5 EphB4 KA J01 2 EphB4 § £ RS

Jop A 0 5% B EphB4 2 B F i 4 HABAE R 4§ RGeS
R GES > T T S%m EphB4 it g e A B E SRR w4 (T o
Ra o s afr o BEF e v/,?cfﬂ? EphB4 ¢ Hoe g8 4 (v >

H4est % (Kumar et al., 2006)~ “F & J% (Kumar et al., 2007)~3 ¥ M %% (Alam et
I, 2007)~ = 7] ’ﬁ]lf;% (Xia et al., 2005)~ %3 =& (Xia etal., 2006)~ F¥ & w2 B (Xia
etal., 2005) ™ % Ef§E30 L fw¥e B (Yavrouian et al., 2008) o — & 4aip]F » A7
io (R Flig 2 4ot 2 B % o % - > EphB4 receptor i1 F fo# ligand % & chpF iz o
* ,T}uﬂ 3 ligand-independent signaling > # i&— #& EphB4 * ¥ ,T&T;L {+ £ intrinsic
activity 3 WUiB R 4 hiF* o 5 - ~ EphB4 © SHEF 7 EEs ¥ 72 iv
* > 9702 ¥ iy §_ EphB4 ehikiga § 374 (£% §e4 1 a4 £ (Noren et al.,
2007) » CRETREALILSFREIFT R ﬁ* %29 EphB4 > ephrin-Bl1 §v
ephrin-B2 %28 7 52754 5 ¢ e f 2 & 08 % (vasculature) —fed ki F o #0%
n F R fea g ind A e
¥ oob— B3 i) 3 Pl E_d Zelinski ¥ 4 #73R & (Zelinski et al., 2001) - i i®
B- B A HF O L w3k (non-transformed mammary epithelial cells)
MCF-10A * ¥ 3 8 B % . EphA2 protein » i % JL ¥ R ‘2.0 MCF-10A ‘m¥e
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#2 T e tesoftagar ¥ 24 £ > e £ 3 & £ I EphA2 protein 77 MCF-10A ‘m#2 v
¥ 14 o iz 4 5t EphA2 over-expression it #- MCF-10A w2 d non-transformed #& %
= transformed cells * & §_% 4v » ¥ 12 fr EphA2 % & cligand (7 ephrin-Al) 2.
{4 > 38 B 4 I EphA2 protein 557 MCF-10A ‘w % it 43 %t soft agar ¥ &5 4 & it
AR - ot R AT 0 il G frligand B & R T EphA2 A £ 3
fenp st (intrinsic activity) 7 R K% HF 4 hiv* > £ § v ligand % & 2
t¢ » EphA2/ephrin-Al signaling P ¢ #r#4| %% 4 £ o 4v% EphA2 # ¥ )ik. T B RaE
tumorigenesis ¥ * > 78R4 7 AfAfL(* 7 EphA2 » € wlmie p @i L - 9
b gy ASEA AR EphA2 ¥ 0 qeF A 3 B8 0 g & 3 ¢ 4% focal
adhesion kinase (FAK) > ephexin> AF6/afadin’ Pick1 > Syntenin 12 2 Gripl (Nakamoto
etal., 2002) » #7127 A gf& i 1 Eph receptor s .75 14 (intrinsic activity) #&§ 4_
Fad LI HANFTYFE-HIFY o

v 39 A 5% (soft agar) P iRk ¥ a4 £ (anchorage-independent
growth) & mre chd 3 B 314 2. - o FAK (focal adhesion kinase) £_p&- ‘w?e f&
FA R4 i & iE* A3 (Xuetal, 2000) o smre B¢ 253 FAK F 2 3] nve
Wb i FAK ¢ Bpips it 3 g % 2 % 1 ch FAK 45 < Nakamoto % 4 %7 F 45 )
(Nakamoto et al., 2002) » ;2 7 - ligand 4 & 7 EphA2 receptor (¥ A FfL it ~ A 7%
it &1 EphA2 receptor) it 53 % & FAK ¢ 2 ghpa it (F] @ % i FAK) » Fla it
SRR e RA R A Kehi A o X FP RS 0 e enE P ARR Y - > & 0§ EphA2
receptor v ligand % & 2 {& > Bip& it <79 EphA2 receptor i{ ¢ f#3z ! FAK » X ¢
FAK #583)me Bp g 24 E 0 ch FAK» Fpt > e ig 2 2 7 RF2 & i
o e i E AR ,T-‘uff\’ FrEM o

7 A 40* # ephrin-Al ¥ th$id 4 {v EphA2 g & & dg ot % it EphA2
receptor (' fa+kE - 4L FL2 5 activating antibody) » & % BB m e (hE (2 AR R *E

7 (Carles-Kinch et al., 2002) - Noren % 4 4| * dimerized ephrin-B2 2 {= EphB4

R

% & ~ s EphB4 receptor > % %32 A x ¢ c¥igmie 2 4 K b LR A
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R E e R e G E AR ¥R 5 (Noren et al., 2006) o izd 5|+ £ F N

5 123 Ephreceptor k#r4l*igd £ it ok 4 ) AL T 7o

1.19 EphB2 ~ EphB3 2 2 EphB4 2% e 4] (%
2005 £ 1 2006 £ > — £ 3 = B TRAEA T f‘)?i%amﬁgm /\Q#Flkl : ,g},i\f:'tt
ch+ %5 8 %R (Y6 0 Dukes’ stage & £ 8 & Tk HEip 1R 4 &12) 0 2 EphB2

A R f S o Tk dhs B 0 i EphB2 A B g Kp L HE P niE S

4

v* EphB2 23L& % s A & Z (Jubb et al., 2005; Lugli et al., 2005; Guo et al.,
2006) © iz 4R £ B i f EphB2 & - BHBFrHIAT - ¥ - EF T @
(Alazzouzi et al., 2005) i&—- 4 35 &1 * EphB2 promoter ¢7® Z i+ (methylation) A_
4] EphB2 iz BBl AF AR RFo FIZFTARFR = J R E
Moevd g2 ¢ ¥ oL i8] B EphB2 promoter e:E & ® i (hyper-methylation) o 7
7 4 B e/~ EphB2 £ L& & M X Bk w e $k SW620 ez % L ¢ 4c » DNA
methyltransferase &#r+| % ¥ 5-aza-2’-deoxycytidine > % % EphB2 promoter } £n
7 RALAS 0 SW620 cells » Bdaflis EphB2 < #23 « f I prdp ) o g Ak FIAE
e microsatellite insatbility €_i:¢ = promoter methylation ek %] o 2 A 2_ {8 » & ’ﬁ
¥4 470 - EphB4 &% &1 4 % B %R+ 455 Ffr EphB2 Ffhehd & - @ ¥ % p
WA B E SRR AL 47 0 B ¢ o EphB4 promoter »+ § i & T At IR %
(Davalos et al., 2006) o &8 51T+ 7 A 3R & A 8~ %2 %KY » 2 5 promoter
methylation ¥ % % & (Wuetal., 2007) > v §_» *#% EphB2 # & > mffia A HE
HEFEFRADER BRI Ao

B Mg R R 2005 & 6 7 - B Al g 8] “Nature” b e
(letters) (Batlle et al., 2005) ; 3% * ¥ #- Ephb2 & Ephb3 érﬁ' "% e | Bl e
ApcM™ ) B [- M Tl e B0 H s a4 A F) Ape 507 B alleles — B &
T @Y - B4R Apc protein ZEF R EF ) R EL 0 € A H SO
+ dr R m’ﬂ]lﬁ’ (adenoma) ; £ 3 = 5 B ¥ 0 g K R A Bl R A T
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E\«);"J“,f gv] R fe L d B3 A5 Bt KygsrR A FI I R E A T
A AT TR BEFRINALF A R BIERE I35 5 HJTUE’F-
(adenocarcinoma) - Batlle % % # % 35 > “§ % Ephb3 7| % AR OB e 0 < HARE
’9:]1 T er1v] BLernt i » “} % (percentage of mice bearing invasive carcinomas =
0% , 16%, and 47% in Ephb3™*;Apc™™*, Ephb3*™";Apc™™* | and Ephb3”;ApcM™*
mice) ° %K AT L & BT BB a AR B SR (in vivo evidence) #F “ EphB2
v EphB3 H_* % & % fpeidrfp 4 F] 7 2 F] % B (% (causal effect) o A @ » 3| p o
YRR A }]}‘ch?ﬁ 4. EphB3 receptor #* % B % % "6 % Tk th & (hd IS
F] %P" T R — IR A er. Flerdd sv o NP A 457 30 5 B = B R
A AN PF IR AT kA Y CEphB3 chT AR BV E K A L e
BEF (e AA B) ) Ahrdk Rl h R ERER O A A
AEF R B R E SR S E g EphB3 chd RAZR AF ' L o U
& NP enfe sk ey 42 Kk p 3t EphB3 A& F f Bl oz . (Batlle et al,
2005) > AT % rirg € EphB3 &% B B A4 @B Ir 4| A Flad o Ra o

7 EphB3 & =+ 3 4o drd P8 4 £ PP 3 b (9872 284 e § o 7]

1
W mre ki AT U4 4 EphB3 A T U A Fe s £ oSt o {2 5 AR

22
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Yo% A aaagp

2.1 g4 2 ek $% & (Patients and clinical samples)

AL A B TR B A R p T A (FE LA R g 2 ?{'/%z%ﬁr%u %
P PRIFDG A RRE F R ipk 2 E HoRps L hied RF et PR S £ e
“,f SRR e < IR Ch LA R YR A g B Ie E AL e = HF
e i A R AR el B o AT Y TG anTRA R AR Tk A Ay
Bl o F R AT - R A f e B 2 ABGT D F S AR B e
B2z A g T Rihe s 2 T RgriegrE o RIS H LT T MR e
2RITENE K A AR (- RASE B P L i e 450
Bh L feB m s ipd hE ¥ A e 2 Rl e T & g F Al RN P
R T REPRTIH R %] ¥ —196°C R i § A R4 (snap-frozen) -
Ris B b4 A -85°C ki o

F TR A TR S R (FR A 2 exclusion criteria) * (1)25 4k & oh

€32 <500mg- (2) "R foAp AR eND ¥ < SRR BRSO i e s (P

A
&

E‘ﬁF #i‘a‘,u_#’ ﬁ_xq, = Eb) (3)95_\‘&’;;17—1:1@_@)%/&3/@@%,] %71 ,“‘3?;3
B 4 ok chps B (warm ischemia) A2 15 4~ 48 - & - o A 30 B F Aol

P& 3 (informed consent)”> Fe & 24 P d H /b PHE R RPN L WA 7 F B T

R 23 da L Pab i TR st n TR B A S L L e
ipRERER L RE o F A ARG A FETRE R L £

e d ) % I IR o

2.2 4 R4k A 4 3 total RNA
ek i 2 B-85°CHk fh e R A B 20 G —196°Cik fi F AT Rk ¢ 0 K1

B bk 0 HeF 40 » TRIzol reagent (1 mL/50-100 mg tissue; Life Technologies
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Inc., Gaithersburg, MD) ;& £ 353 » 420°CE T # B 15445 2 HH2 P ihi
i¢ nucleoprotein complexes % 2 f# & o & ¥ 4¢ » chloroform (%8 ## & TRIzolenT A 2

-) L7 BT HREE (chloroform & B3k Fv Tkt ~ 2 4 BT M- Fy Fit
Ji& >+ chloroformz. @ ) » #2138 £ 4°CT 1212000 x g #1044 5 ¢t F2 P 3 A it
T R o3 s RNA € %30 1 K chaqueous phase » 3-v B RIIA ST K £ R E
chloroform (organic phase) 2z ¥ o . % =2 {5 » ¥ B~} & chaqueous phase ¥ **
¥oeheg g 2 ¢ 5 4 F 4o~ isopropanol (B 4# % TRIzolih= A 2 - ) i 4 4 feenid
WP RZEE S RS A20CEETHFEION S > B2F 54°CT 1112000 x g Fres
154 48 5 ¢~ 32 p ¥ 2@ RNAJ aqueous phase @ Ljik ik o s 2 i3k 2 15 -
* T5% iEpE i R RE Bsd F BE R R ARNA precipitate pellet » % ¥ 2.4°CT 127500
X g B Ssds o R ATS%FEHFTEXNZF PR G R * diethyl
pyrocarbonatetreated HyO £ #7;4 f# RNA pellet = % RNA solution - RNA soultion
A F 3 -85°Crk 4 o ¥ kit {7 microarray F S 2 RNAk & & Jf 1 & total

RNA ODy40/ODjg0 > 1.6 2_ $&3& o

2.3 DNA it 7] (DNA microarray) § 3k

AL EY PR Bom A de iR A (- AR A e R R R R IRIT
LF < AR ) S7a ) ko ih total RNA & 7w B b2 o cDNA Jicit 7]
B @ “*41* Dynal MPC-s kit (Dynal Biotech, Lake Success, NY) #-mRNA ¢ total
RNA z_ ¢ & g3 % » 288 £ * Superscript I RNase H-reverse transcriptase (Life
Technologies) # mRNA if 4= 5 cDNA ; A pt G @27 & b B -5 % 1k
k cDNA 4r b Cy5-2 % k2 ffgz o #-0 § 4% & cDNA 4+ Cy3-2 § £ 4
+ {R3eo R {4 #-% § ¢ CyS-labeled cDNA %2 Cy3-labeled cDNA 4rptp ABC (Asia
Biolnnovations Corporation, Taiwan) = # 77 ¢cDNA § % (Human UniversoChip
8k-1; 7z 8000 cDNA # %7/& — 5 %) (¥4 & & (hybridization) » & 5 + Cy5-
% Cy3-chf 5 & & W] d GenePix 4000B Array Scanner (Axon Instruments, Union
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City, CA) i& 74F4s % e85 - DNA & 7 03T 420 2 d 8 GenePix Pro 3.0.5.56
(Axon Instruments) :i& {7 4 $7 ° ;fg d TS Pt RiEAY 2 signal-to-noise
ratios » F & & B 7 & # %3 [signal-to-noise ratios for the 635 nm =
(F635Median-B635Median)/B635SD ; signal-to-noise ratios for the 532 nm =
(F532Median-B532Median)/B532SD] - 4~ # e % £ * Cy5-% Cy3-z labeling and
detection efficiencies ¢ 12 & & it » & {3 17 3] 8000 B & F] & Tumor/Normal % JL A
B2 ddg o 4% F 3 F]en Cy5/Cy3 signal ratio > 2 > ’fér]ﬁ*w?ﬁiwkn - i

7 F] (up-regulated gene) °

2.4 Z_E RT-PCR (Real-time Reverse Transcription-PCR) § 5%

AET TS %’95}? % ® RT-PCR ¢ & : f|* Superscript preamplification
system (Life Technologies) #-2 pg ¢total RNA #Fd&4k= 5 cDNA » SRis gL @& *
Roche LightCycler system (Roche Molecular Biochemicals, Mannheim, Germany)
i& {7 quantitative real-time PCR » * — i % % ffreal-time PCR #8& -Li2 £ 12.6 pL
of H,0, 2.4 uL of MgCl, (stock solution of kit), 0.5 pL (10 pmol) of forward primer,
0.5 uL (10 pmol) of reverse primer, 2 pL of cDNA, and 2 pL of LightCycler-FastStart
DNA Master SYBR Green I = % %884 20uL & iR &% o 88 MaxVector
software (Accelrys, Inc., San Diego, CA) § # k3% - B A F1& - |25 primer
pair (% =) > B B PCR hF i 42 ¢ 35 denaturation at 95°C for 10 minutes > # ¥
4_ 40 to 60 cycles of PCR amplification (#+ i primer pair % %|: annealing
temperature ~ extension time 2 % fluorescence detection temperature 3234 =) »
B f¢ €_melting curve analysis (continuous fluorescence detection from 65°C to 95°C
with a temperature slope of 0.1°C /second) °

F-w e PCR F B2t Mg s - BRFEA{riREH4L (&

FRAGRERE 10 GAFEE e B A) R Bl SAREFE
- BUHR A mRNA Sip R (TR R A ) S T BRI R A
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2 B & endp B (23 (correlation coefficient) 14 2 # mean square errors ¥ 1Y
NAE - TR AR o AT P 0 95%:h % PCR § 5% B
Rz M %#ic =1 ¢ meansquare error <02 H & 5% 7§ PCR F % H L8
A2 Ap R 2 d8c = 0.99 ¥ mean square error < 0.4 ; 40% T & PCR F &% 7 %Kik %
A2 PR Gl <099 HAEE A UERR o

* 7 7 E # glyceraldehyde-3-phosphate dehydrogenase (GAPDH) i® 5 & % 3
reference gene ; * — B WA Flz L L& L I - # 42 ¢ GAPDH th# 3 » #F
Mo F— AR FHE R 24 R = mRNA level of the gene / mRNA level of GAPDH in

the same sample °

2.5 ‘wE freimie g &

ABE R %R m e FA HT-29 2 LS174T % PEp >t American Type Culture
Collection (Manassas, VA) ¢ i& % fém* $A38 £ 12 Dulbecco’s Modified Eagle’s
Medium (DMEM; #12100-061, Invitrogen (Gibco), Grand Island, NY) #4c 10%
fetal bovine serum 14 % 1% penicillin/streptomycin % 37°C v 5% CO, 3k 5

5 x
TR -

2.6 EphB3 £ L5 H ~ Mm% ik ~ 12 3 48 2w e phefut =

EphB3 # . #8pt p »* GeneCopoeia Inc. (#EX-A0825-M02, Germantown,
MD)- F 484 CMYV promoter 5% % 3L human EphB3 protein » EphB3 & %] DNA
B AL SN E 7 AL PRS2 (S E e F il ihimre i 4 (transfection)
F %% 4 4% * Lipofectamine 2000 (Invitrogen) z# | > §F Sk 2 ik PR &3] W id B o7
ke BE 7o dme g A A2 1646 46°0 £ 500 pg/ml G418 (Calbiochem,
San Diego, CA) enfm 2 & &7 > w44 & = 5 b2 w3 % (colony) ehimre

EALB R P E D KL SN R S L L7tk (stable clones) ©
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27 i Fmre A d o LAAKEfrd * L BEF 2 (Cytoplasmic and
nuclear fraction isolation, immunoprecipitation and Western blot analysis)

*F g ¢ o A E 4 modified RIPA lysis buffer (5S0mM Tris-HCl, pH7.4, 1%
NP-40, 0.25% deoxycholic acid, 0.15 M NaCl, 1 mM EDTA, 1 mM PMSF/NaF/
sodium orthovanadate, and protease inhibitor cocktail; Roche) & j& 17 fm#2 3 B~ 12
p4 i’a%‘ﬂh (#F] B % %% lysis buffer) % ek “ (R pARRF F arhR) o e
Fimee o 329 % 0 L3k * pEp > Chemicon 2 P éhim®e % 55§ sidfl o £
(nuclear extraction kit) » ¥ i RiFH W R TR BMEFF R o LRIAK
F % €4 * Catch and Release Reversible IP system (Upstate) 7§ S &% £ % &
7 o

Dl FBR s e TR BR e X B R LB AR E R (TP
cluates) #_& PR T ﬁi%&%j@ﬁ 2 BB FE LB 5 o4 B 8% gel #
SDS-PAGE - X {é #& # 3| (electrotransferred to) PVDF membrane (Millipore,
Billerica, MA)- #: ¥ #- blotting membrane ;% *t blocking solution (PBS, 5% non-fat
milk or BSA, 0.2% Tween-20) 2.7 & A BT HE 1]} FF o R{s4c » - Xkl
[ ®8 & L 2 ﬁr f# L & o anti-EphB3, 1:10,000; anti-ephrin-B1, 1:100;
anti-ephrin-B2, 1:1,000; anti-phospho-Crk (Tyr207), 1:1,000; anti-CrkL (32H4),
1:1,000; anti-MMP-9, 1:1,000; anti-E-cadherin, 1:1,000; anti-B-Catenin, 1:2,000;
anti-plakoglobin, 1:2,500; anti-a-tubulin, 1:15,000; anti-GAPDH, 1:20,000;
anti-histone H1, 1:250; anti-ZO-1, 1:500] i A& 4°C T i¥% T fE P o FHF L 4c »
HPR 4£% 2. = =t 48 [1:5,000 dilution (Chemicon)] ¥ 2 FE F# % 1 | BF - &
&% 7 0.1% Tween-20 7 PBS i = =t o B {8 | * g i 2 it &4k k4
[enhanced chemiluminescence (ECL detection system; Perkin-Elmer, Waltham, MA)]
WPl = =R e BT § IR autoradiography (Fuji Medical X-ray film, Fujifilm,
Tokyo, Japan) o # & # 7Lk g % » 2 i §_12 Rabbit IgG (Chemicon) i* A
type-specific control o
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bl E A A &35 2 fig B P 4o - Mouse monoclonal antibodies used in
this study were anti-a-tubulin, clone DM1A (#05-829, Upstate Biotechnology, Lake
Placid, NY), anti-EphB3, clone 1B3 (#H00002049-M01, Abnova Corporation, Taipei,
Taiwan), anti-CrkL, clone 32H4 (#3182, Cell Signaling Technology, Danvers, MA),
anti-plakoglobin, clone PG-11E4 [#13-8500, Invitrogen (Zymed)], anti-GAPDH,
clone 6C5 (#MAB374, Chemicon International Inc., Temecula, CA), anti-histone H1,
clone AE-4 (#05-457, Upstate), anti-Ki67, clone MIB-1 (#M7240, DAKO Corp,
Carpinteria, CA), and anti-ZO-1, clone ZO-1-1A12 [#33-9100, Invitrogen (Zymed)].
Rabbit polyclonal antibodies included anti-ephrin-B1(A20) (#sc-1011, Santa Cruz
Biotechnology, Santa Cruz, CA), and anti-phospho-CrkL (Tyr207; #3181), anti-
MMP-2 (#4022), anti-MMP-9 (#3852), anti-E-cadherin (#4065), and anti-p-catenin
(#9587, all from Cell Signaling). Mouse polyclonal antibodies included anti-

ephrin-B2 (#H00001948-A01, Abnova)

28 wmre LB Y KRB UE G HE G LRBEMKER SR (Fluorescence immuno-
cytochemistry and confocal microscopy)

#-fn ¥z 35 #8 > 4-well chamber slides (Nalge Nunc International, Rochester, NY)
(1 x 10° cells/well) » i o33 % 215 > 11 4% PFA F2_15 A4 > £ 4~ 5 0.3%
Triton-X 100 7 PBS i % 10 4 4514 3 4o fm P2 W2 i@ 5 2o % 5% BSA i¥ blocking
(FLFp2bd — efful) 208 0 4o~ — Sl [Foll &40~ PR ol 2 W ik
¥ - mouse anti-EphB3 (1:2000, Abnova), rabbit anti-E-cadherin (1:200, Cell
Signaling), and rabbit anti-B-catenin (1:200, Cell Signaling)] » # 4°C 2. 7 it * I [§
p o* TBS-T (20 mM Tris-HCI, pH 7.4, 137 mM NaCl, and 0.1% Tween 20) * %=
=X o 4~ = = Fubl [Alexa Fluor 488 and 647 fluorescence dye-conjugated secondary
antibodies (1:500, Molecular Probes) and Alexa Fluor fluorescence dye-conjugated
546 phalloidin (for F-actin staining)] 2. {¢ &3 E T i¥% 2 /| FF o 3% 2 DAPI
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(Sigma) #-‘mPz %4 ¢ » £ 4 b fluorescent mounting medium (AbD, Serotec,
Kidlington, UK) o ¥ & 2 %2 £ = & & ficdt LSM 510 laser-scanning confocal
microscope (Zeiss, Oberkochen, Germany) #f #5_ 12 $ic 48 MetaMorph software
(Molecular Devices, Sunnyvale, CA) “4v 12 4 47 » ‘% § if4 four-channel images

% R IR o

2.9 i i B-catenin/TCF E{beripl 2 —3R F A F14 R A 7% % (TOP/FOP
luciferase reporter assay)

fI* Lipofectamine 2000 &7 (Invitrogen) #-127F 2§48 TOP/FOP vector
(2 pug) ™% pSV40-Renilla luciferase vector (0.2ug) P4 2 x 10° cells per
experimente ‘m " 32 % 36 | P2 18 > ik R B 3EE| ¢ B (Promega, Madison, WI) &
H2 A BOp|E e ap ¥ Y K5 B (relative luciferase activities) [ TOP = T
cell factor reporter plasmid; FOP = reporter plasmid with mutant T cell factor binding

sites | ©

2.10 RNA+ # 7 % (RNA interference)

#-tmre 3 12-well plate > 33 % - B (73] 30~40% A E o ff 5 4 & 0
lmre Ar B E o * 3 RNA + 37 % - Human EPHB3 siRNA 2 2 CRKL siRNAs
FEp >t Invitrogen (Stealth/siRNA duplex oligonucleotides) = & - #& 4 F % &_i% &
WERMPERLIEEREEF [ 48 @ Lipofectamine RNAIMAX reagent
(Invitrogen)] o #& 4 48 /| PFz_ (s » e fme i (7d > L 8@ d2 - LB ¥ X34
R LRI N
The siRNA sequences targeting the EphB3 human mRNA are shown below.
siRNA-1:

5’ — AUU CAC AUU GGA GAU CAC ACCUCG G -3’

5’ -CCG AGG UGU GAU CUC CAA UGU GAA U -3’
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siRNA-2 :

5’ — AAA GUC UGA GAC UUU GCA GACCAGG-3’
5’ - CCU GGU CUG CAA AGU CUCAGACUUU -3’
siRNA-3 :

5’ — CAU CCA GCC AAU CACCAA CUGUCG U -3’
5’ - ACG ACA GUU GGU GAU UGG CUG GAUG -3’
The siRNA sequences targeting the CrkL human mRNA were:
siRNA-1:

5’ — AUA UUC AUC CUU GUG ACU UUC ACGA -3’
5’ - UCG UGA AAG UCA CAA GGA UGA AUA U -3’
siRNA-2:

5’ — AUA CAG AGU CCG UAC AUA UUCCAGG-3

5’ - CCU GGA AUA UGU ACG GACUCU GUA U -3’

2.11 Racl #+3#% (Racl activity assay)

AP ER * R B iE A 22 Rac Activation Assay Kit (# STA-401, Cell Biolabs,
San Diego, CA) * T & Racl e#vE e # % . 7 & GTP-Racl (#* 5 Racl #hactive
form) : #-fmPe 3P~ il i#F 7 3 PAK (p21l-activated protein kinase) agarose beads 73
%474 » PAK # + ¢ 5 PBD (p2l-binding domain) ¥ 12 & — 4 ¢+fc GTP-bound
Racl (active form of Racl) % & > #% % £ # GTP-bound Racl d %45 ¢ ¢ f#gps @
2 (pulldown) » #X75 & * anti-Racl $ifiad > LB F 2 o popFa = L gbi

& WP 3] e Racl f]ﬁL{GTP—RaCI » ,Tﬁ{ié 4+ 1 Racl g o

2.12 Transwell 7 {7 3:#3% (Transwell migration assay)
fnPz {7 5 i Matrigel A A WA B Y % g X (basement membrane matrix and
filters) &y # E_ g3t 2 /& 5 8-um 1 Matrigel invasion chamber (#354480, BD
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Biosciences, San Jose, CA) % iB|& ° Matrigel invasion chamber ¢ —20°C 7k 4§ B~ !
218 > A ¥ 3p & L% 48 DMEM “c » + %% (upper chamber) » P ¢ & #-jjg "%
Mz H 2K E e Matrigel 1 wie 3 & ARIEA e o 2 0] PR EHE L R AR
DMEM - #-7 5 10% fetal bovine serum 7 DMEM 4v » * %% (lower chamber)
(0.75 ml/well) » #-7 5 1 x 10° cells 9 0.5 ml serum-free DMEM 4t » F #2% o &
37°C T8 % 24 | PF2_ 18 » Bl b x> % PBS BIRENW B "%;‘)ﬁﬂs‘ﬁ = e
Matrigel 14 % & A R g ¥it chim®e o * 100 & i = B ks (Olympus 1X70,
Tokyo, Japan) L% i g taat =30 p % F > w5 Bg s 6 B

BB it 3 B T B R M e B P o

2.13 E-cadherin-i2 ig 13 (4533 -Rigld) 2 w2 — i BALF 4 B R PRI E
[ Measurement of strength of E-cadherin-dependent (Ca2+-dependent) cell-cell
adhesion |
me & 37 % (Cell dissociation assay)

#-4n v H 485 12-well plate 2 ¥ (1 x 10° cells/well) » %+ 37°C 12 % 24 /| p¥ -
Bk ok lmrE ey R WA (well) A A B 2 w4 x 0.25% trypsin supplemented
with 1 mM CacCl, in Hanks’ balanced salt solution (1 ml/well; TC treatment) @ &_
0.25% trypsin supplemented with 1 mM EDTA in Hanks’ balanced salt solution (1
ml/well; TE treatment) 2_ {8 % 37°C T £ 32 % 30 A48 - 28 % W H 4 r 3 10%
fetal bovine serum = DMEM 1% 10 & fF# - 2% {5 * Sog 10 ek B0 0F
(pipetting) #-F &3k — Az hiwre BB 5 HAplore IR 0 X162 100 B
B AR SRS B 3 BARTT BB 2t #c o fwPe A 3% & 1Y index Npo/Nrg 5 ™ % o Npc
= total particle number after the TC treatment ; Ntg = total particle number after the
TE treatment °
w2 R R R % (Cell aggregation assay)

B & x T2 4~ 0.05% trypsin in the presence of 0.5 mM CaCl, (to protect

F_*
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E-cadherin) & & 37°C T iF% 30 24> S HHT Ui A F e Ao THA
Wen¥ k mre MG F i e & 5w RBER o BFL Ca’" and Mg _free
Hanks’ balanced salt solution i# & fm¥e R 5% @ 2. = 2 H3gwe R sk Ris ke

SR AAYPHEIFE LATRIFEN S F 1 mM Ca¥'eh DMEM 2. ¢ » A B3
24-well plate 532 & w4t ¢ (2 x 10° cells/ml/well) o #-32 & w T 45 F) 230 g 45 >

r2 80 rpm hid B VR 0 & 37°C T2 & 30 A4 PR A Rchints d- g £ ATRE
= dm e BB ot e R PAZ & 4 index of aggregation 1 —N3o/No % 5 £ i+ thip

% o Ny = total particle number at 0 min ; N3¢ = total particle number at 30 min °

2,14 e R ER AR LE FEHER? 22 £ 445 (In vitro and in vivo
growth analyses)
BEFrEBET24EL54

i Day 0 #-77 2 4| HT-29 cells ~ control cells ~ K6 2 2 132 w & 'w¥e 448>
B 7% 10-cm 32 % m T4 (1 x 10° cells/dish) ® 32 % > f = p A& p P licime i

“#® I Day7 -

EHERY 22 & 447

*FE R ¢ s Ak Bl (male BALB/c nu/nu mice) ¥ REp TR RI PP o
(National Laboratory Animal Center, Taipei, Taiwan) o #73 ¢ %] &32% § T4
B2 Fg 5P k% o 31 x 10° B control cells 12 2 1 x 10° & EphB3 expressing
HT-29 cells (K6 # L32) & L6t 5|E &5 8k A 302 ~ © RIeHA 7 o

? (N =5 mice/group) » I & T fw e € BAk B OF

T\4

BIEE 4 R 5 R AL - A

TOLE B2 1 FRIARE S PNAREA N~ - B AL E 0 R

T
]

BRI RBF BT e B o d LM B ?i#m”;ﬁ_ﬁ;‘g%*f’;‘yl‘
anti-Ki-67 antibody (1:100) &7 & & % ¢ o £ 400 & kg Acd ™ S EP 5 BAR
PF B 1§33 8 Ki-67 positive cells dhficp o — 1 Be f Ak BLe R R A 040R fE § R

BE A k2R 188 0-85°C k4 » MiEfsfz a3 el 279 kit o
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215 wm%e Rhix2 & 447 (Anchorage-independent growth assay)

#-3 ml 3 0.5% agarose c7DMEM i§] » & /& 6-cm 3 & x T 45 > 5 FH 2 {8
A5 & R 8% (bottom agar) o £ -2 ml z 0.3% agarose 7 DMEM {r 5000
Binre & 37°C T iR EZ 54D REEFHRB2 > WF2 (55 F A
¥ A% (toparag)’ AR {8 B> 37°C M3 5%CO; 2% 4% B % & ¥4 0.5ml
DMEM M4 b ~ T R EFHRB 2 RE 3 F2 (5 FREFHERB2ZY €L
ROV R oenim e HE o * fE2] B AL (Zeiss) MEISEBS B 2 AT (area of

each square = 1/35 area of a 6-cm dish ) P& . 3+ #c2. o

2,16 e R ER A BB MU Z FWMEHR P e k= 2 1 (In vitro and in
Vivo apoptosis detection assay)
REBARR T2 %% R

#-32 & enmre 14 trypsin-EDTA 225 = H 3 kw2 %% » o s Bme 1
% 7%%* Annexin V staining buffer (& & % 1 x 10° cells / 100 ul) (BD Pharmingen,
San Diego, CA) > #8{5 12 5 pul Annexin V-PE (PE = phycoerythrin) = 5 ul PI (PI=
propidium iodide) % ¢ - & F ¢ * ;% fmP2 ik FACScan (Becton Dickinson, San
Jose, CA) 217~ 45 o & — =x A 45 1 x 10* cells o ;i % fm %% & 18 ;8| PI 12 2 PE et

£ 4w L 650nm 1% 570 nm » A 73088 5 FLOWJO software °

ERER Y 2 e R

1 * in situ cell apoptosis detection kit (FITC) (Promega, Madison, WI) %+ % #
e 3 R R e (B B FRPT 2 M) *2 i 17 TUNEL (terminal uridine
deoxynucleotidyl nick end-labeling) assay ¥ & & ficst ™ © g Fd FITC % 1 e

B FARTRL LM TR 20
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2.17 3T A 45 (Statistical data analysis)

By 4 2 FORL R A3t g SPSS (SPSS Inc., Chicago, IL)(##7 7 2. % — 3%
/) 12 % Prism 4 (GraphPad Inc., San Diego, CA) (## 7 2 % = %4) & FA
7o BRIEHIE AL 2 Benid BE FE 58 kg ¥4 F_ Student’s t-test,
paired t-test &% 2_ ANOVA & & 47 o & # #ciizt » 47 ¢ {v theoretical medians 2. ¥
A B R FE DA E ook F P §2 Wilcoxon signed-rank test & 4 47 o % P
<005 £ R rRREEIATFF P2 RFRE o LR % -~ FHDB AL
45 ik Tk 4o T o
WA RILFS L jp A 4

AL e B S Ap B TRA BT FE £ 10 70 A 30 5 s 4
g TR HILF]F FIE A L o RAFG Y i A R AR < E R
Wi A RAZ AP EE ] AR F LR 7 UFERAFAL Y ST HE (i 4)
2 F 3 ¥ AL [population (patients)bias ] o W E E F A m L o HE
Fenst o4 ,T*uﬁ EHR o BEREF AT S A ok 5 E SRt HA
s 4 e 10 78 TR B ILF] S S E B B L EF L L8 (AR %) 4
7 AF s A 5 - % itk & (an unbias sample) s A SR R IEAZ S - R B
#% (unbias sampling) °
DNA & PRk %% 2 - X/mR

. post-array validation #3328 i» » 2X 4 * 30 % Bk & i& {7 real-time RT-PCR
oo Ft o R - ATFIRR 5 30 5 BB AR AFAREE >~ F 30
A FEEE T ENGES CIEEE TREES SEE R S T R
SW A H o #rar Wilcoxon signed ranks test (— fEa& * Hes 72 st
FAR g TR B TP 2 ttest) Rt MR oL F 2 BFR AT L REE AT
Fang 2 L8 o
1 A A THTRA B S coip M A

AT P ER - ATFRE T % D normalized tumor/normal expression
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ratio = (gene in tumor / GAPDH in tumor) / (gene in normal / GAPDH in normal) >
2> ?Zf&ﬂ%&ﬁtfiﬁz Bt AIAT] SRR v P AR T AT R A

I EERAT TR AR IF T2 R FAFILG R L
A avRE Bk A BT L MR Rk P RN EZATIE RS B
Hi i d o BEAFETH AP 3827 ERe P AIfeTF A p e

EE AR B iRiEE > A A - L)Y Rt

St

10 37 Tk L F]+ & 30
e+ (X test) & & 5 = <4 %4k T (Fisher’s exact test) i& {7 4p B 4 47 o

LY 2Rl S L H=Y/ 3 ;I;;;gv_ FE3 105 > <ML SHERRIE 0 S R R
BE% 7 (interval variables) > 2% PP+ A3k T f@f & (cutoff point values) 2. s #-T
P 2 SRR R Ao (1) age ( <65 versus >65 years old ) (2) gender ( male
versus female ) (3) tumor location ( right side versus left side) (4) carcinoembryonic
antigen ( CEA ) level ( <4.3 versus >4.3 ng/mL ) (5) tumor stage ( Dukes’ A, B, C, D)
(6) tumor differentiation ( well, moderate, or poor ) (7) the presence or absence of
anemia (anemia in male: Hb<12; anemia in female: Hb<I11) (8) lymph node
metastasis (9) distal metastasis 12 % (10) concomitant polyp °
L F b SLpid

&3 DNA & # 9 % % % - Zmwis en® B confirmed genes & 31 4 & 3
F AR i Tl & IR (#]E] 7 I A2 & 79 mRNA levels) o 1| * Ep’fév\ RN AP E ]
NAFLAIRL R4 AT o AFIL LB 7 4p Fﬁéa‘ﬁ e18_% gene A 71 mRNA level
i e1pF % 0 gene B 7 mRNA level ,T*u@ ; gene A e mRNA level  ¢pF iz > gene B
1 mRNA levelii‘%‘ur‘g ° & ﬁ‘%‘u{gene B ¢ L ¥ gene A ch& Im $H o A
gene A sP& L E KL F gene B sk m e o
"%k & ¢ EphB3 expression levels ¢774 4714 2 12 Dukes’ stages 5 # % #7138 {7 e
R A

36 $Hg; 4 2 ¥ sk & ¢ EphB3 expression levels 4 7 £ & -+ fio i
2+ # % Wilcoxon signed-rank test with theoretical median =2.0 k& {7 - § 36 #74
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F 2§ Ak A4 = Dukes’ B > Duke’s C fr Dukes’ D = e p# > = ik &
z_ [ EphB3 expression levels (£ £ » B & 4| * one-way analysis of variance
(ANOVA) and Tukey’s post hoc test (compared with stage B) % i& {7 53+ 2_e
EphB3/ephrin-B 4 + 3 4, € ¥ % ¥ 22 447

Cortical-actin positive cells % EphB(—) HT-29 cells §= EphB(+) HT-29 cells i+t
fi 2 12 Student’s t-test & {7 Fuit ¥ T
Transwell 7 {7 385 & 5

Wildtype HT-29 - Vector control cells ~ K6 1% L32 % Transwell invasion
chamber ¥ ffe {750 4 a0t 42 one-way analysis of variance (ANOVA) and
Tukey’s post hoc test (compared with control cells) & {7 5vit s _o
e —wmre kb 4 A4

Control cells = L32 cells &fm?s —m?2 4k & 4 b #i (¢ 35 cell dissociation
assay 11 % cell aggregation assay) ®_'“ Student’s t-test i& {7 st 4% T_o
Invitro 12 % invivo 2 & & 47

Invitro 2 £ ~47 (¢ g R ® 8 K we 2 L1412 4 soft agar ® ifg
&4 £) 4.2 one-way analysis of variance (ANOVA) and Tukey’s post hoc test
(compared with control cells) & {753t 2 o Invivo 2 & & 47 (& 35 Ak B3

AT R end £ R gt ¢ Ki-67 positive cells i3t #ir) €07 Student’s t-test

TR o
Invivo % &= & 47

In vivo ¥ &= ~ 47 [ BB F ¢ TUNEL(+) cells 3t #kc] ¢
Student’s t-test & {7 tiat & 2o
FE A T4 B A1 (TOP/FOP luciferase reporter assay)

vt # Vector-FOP ~ K6-FOP 12 2 1L32-FOP 2. fF enn kag & £ £ §_ 12 one-way
ANOVA and Tukey’s post hoc test (compared with Vector-FOP) & {7 s34 ©_o
#& Vector-TOP ~ K6-TOP 12 % L132-TOP z. FFeny kg & £ B~ &7 one-way
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ANOVA and Tukey’s post hoc test (compared with Vector-TOP) :i& {7 suit s <_o
Vector-TOP 4= Vector-FOP ~ K6-TOP = K6-FOP 14 2 L32-TOP 4~ L32-FOP 2. f&
£ R e 3 4pt g (TOP 4= FOP #4p 1t ) R E_r2 two-way ANOVA and Bonferroni

post hoc test & {7 kL3t T_o
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gr‘;
i
L
5
*ﬂ

BE2LE- 450 AGEGRATLRFRARFLAS ML

(Correlation of gene expression status and phenotypes in CRC)

30 A3 HAETRB* LN E S RTES R E R I 7
Btk >

B RABFRY L AR A 4T R E T AL e B R A AN
Bra<f4d (n>30)> ¥ § - B2 kKA (an unbiased sample)  ~# 3
A R pTe L R A RS "’P?ﬂiﬁ‘fﬂ?“'**’%ﬁ?* OE SRR L2 AP
Wl ¥ A5 e A HEFT kil (A RS ER e —'fﬁ#“ﬁ? i)
28 ApElr 31 B ARE érﬂ%\»;ﬁ,ﬂfrq’gﬁz:fﬁﬂﬂ—?iﬁ“mw ip B &
1o APE AR @3] READTEHEE A e IR ER (TP
Csrind g E g R A i GRS AR R AP E L LR (4
—) PR TELTRAEFHME RBELTFT O BEA A3 BB E
B A T 0EE L 6TAK oA B E S RNTIOERLTO SR LG BB
A hd & put b male/female ratio = 1.38>+ 23T £ 4 R A B I SR L
hfp et g0 (1.25 in Taiwan) o ¥ b > $R A& 33 & 4 FMG TR F et v p R
&35 1 A5% R A e S 0 S5% R A e b enE S B Y A

G L IR S T @B A AR RN e 54 (P =0.067):% ]+ %

3

5

”ﬁ_)%m)ﬁi Al L Rl R MR s A R 5ok 4 ?L (P=0.008)° ¥ ob 5 2% e
el TR X SRR E bz Rlep 4 0 B AR it CEA Y S HB L bt
Rlep A & (P=0.036) 5 "5 A s 4 > B Ry i CEA & v i B e

(P =0.043) -
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3.1.2 Microarray 73 Sk g7 > A Fl1h ¥ + 8000 B A& F]: Cy5/ Cy3 ratio # i ¢
f#:}:—- BHEEAS G A & B2 microarray 5% % Fk &:E I ke + 5
A FF A2 L ¥ Ui post-array analysis (2.E RT-PCR § %) ¢ /23R
AFF 3 ¢ >microaray ¥ ™ FFak ek F13 8000 B 0 & — B AL ¥] & Tumor/Normal
gt L B ¥ 0w * CyS/Cy3ratio kX & IR o 405 % L F]eh Cy5/ Cy3 ratio > 2 > R
AT T A 5w B4 (up-regulated) © 4r% Cy5/ Cy3 ratio < 0.5 P % 7 3% 4
Fli T #4 (down-regulated) o — P K F] & F F 3 8000 i K FlehI A P AT
€ 3 8000 & Cy5S / Cy3 ratio it g » 4o % #-X fih it & Cy5 / Cy3 ratio #cig
< o Y #hit £ 3% Cy5 / Cy3 ratio i ek Fl¥ep > NP w Y —'F% F1iE 8000 i A
F]ih CyS / Cy3ratio BB ¢ = — B ¥ LA F (X fL3 274 5) hd B (Fl-) -
£ f & v oend R e + > A5 (moderate skew to the right) # 51 = %5 & % % P
v AIRA TP & e T AR Flahdicp o
Ak p e i A VOB R A A Wi T 7w B ¢ microarray & ¥
AT BRRFRE - BEVWFE FEAT S Bl AR SR H
HoAPERT 29BAFNAEEBFLY Y - RERD B (B-)- 229 B
A F] T 5 AFT R P post-array analysis 70k iE 2L %] (candidate genes) (% = ) ° 29
BAF2 ¥ n9 BAF L EZL P § o primer pairs > #T Bt T F 20 B A F)
% 7 & RT-PCR (quantitative real-time RP-PCR) &2k %] & JL4p $F & (tumor
AP $1>% normal tissue) & #7°F S o AL 31 ek A (& K iE T microarray § S i
4w AR A ¥ hen27 B A) 217 real-time RT-PCR 7 % » i (%= 7 i
e at*) 2 AW (£ ¢ 3Eissa¥) ¥ RT-PCR F &% A Fl a4 - Gene
symbol 78— {75 P g eifkor o
SBTE RTPCR P %2 5 » APHFREBLAF7e020 BRFY 53 8 B A
] (ik 8/20 = 40%) i iE 7 post-array analysis (7= K AFEIL 0 N 5 AR P
confirmed genes > T Fx:%3% 2k F] i transcript level % Tumor/Normal ratio >2 - &
8 B L F]¢h real-time RT-PCR g 2% i 25> 4 = » i 8 1B A ¥ real-time
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RT-PCR R & % Pl g > B = -

313 #AFIZRET v Aipfrp A 2 T & XA RS S
Fert R IAEFEARTRIEFPRAF TS O fcrdBd 75 U2
Tk pRFF REF ML T

il 4@ real-time RT-PCR Fgiefie P A 4p A Fl L 5 8 B » A P& — B Sils
PRI Flfe 10 30 Rk 3L F] 3 4 W0+ 2 4 T (chi-square test) 2 A_F Z S
% # %_ (Fisher’s exact test) Pl:EH Ap A+ B X FF) 8x10=80 B 2x2 & 2x3
2 2 x4 7|84 (contingency tables) 4p B ~ 17.% % - 2 GRO1 5 &]» GRO1l =
I AHETE [GROL(+)orGROL (—)] frl0 @agw| s v+ S T & 5 £ <
M Hteag k7t d e o M AITRT > GROL sk Fl4 R & & 8 < 65 fops £
LB IS EMEREP R AT EY > 65 }‘%«I}%&m"\"% P EMER P =
0.01); ¢t * > GROL hA FIL M g3 » X B E S EMHBHOREMEE THAERT
A ehife (e 2 45 0.05<P<0.1) /i ¢ CEAlevel g ™~ #~ ## 4> »
Dukes’ stage \} 58 (PiEsw s P=0.058~P=0.060~P=0.075) -

poave v GROL A~ +icsgensle w RF I A2 LF Bpd - 5 i
G 3 PRGE Y w TRim e i o IR AP EApRE A 1T % 0 AT L IEK R
slazcnd B F B € A E~ % 2 % ke i3 GROI protein » %% {2 GRO1 protein
gl w SR I OER AT e S 0 J5 % 58 tumor-infiltrating leukocytes € F¢
FIXHE S pmiechd Lo FP < BB S HBRDEMRR ¢RI LRF B
¥ G UEFE AU e @ 335 FI o APET] T 65 e & 0 <3 65 fhops 4

By B FOJEE € v .33 0 Tt GROI protein e s g 4R35 o

Hovfofpphk pm T+ § A3t P EFAPM (4 P<0.05) & FEF MYC (&
7 et sl MYC ch& 7 F: % JLE male > female; P=0.012) » HNRPAL (&%
Fe i % e %% HNRPAL 04 IR 7 I right-side colon > left-side colon; P =
0.027) » GXP2 (GXP2 mRNA level f % > " m e ha i f1 47, P =0.019) » THY1
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(THY1 feps * cranemia § B THYL % - A 55 SR < 45 3 2R P P=
0.036) » PHLDAL (PHLDAL + fr; 4 thanemia § B : PHLDAL § & » < % 2 %
Bof A B F P ARPEP=0009)c “1F foiph pILFF AR E L AN

DR FIPF PRI AT -

3.1.4 i fF~ 1787 MYC 4= HNRPAL = BAFINAFILARE R PR D 4P
i
% — i post-array confirmed gene % 31 244 (F - HE A& fE7T I X 52

B & AGTE K < HAEESF) $8F 31 BZATFIDLREdy o AP MRS - B
post-array confirmed gene 7131 i % & ek F| & dcdy (¥ JE® IE interval variable)
-3 v post-array confirmed genes 7331 B & & e/ F1 & M fcdy (F FE¥7E interval
variable) i * (i3t H A 4 3 g€ (i jFA 47 (53 8 1B confirmed genes #7143
7 8x8=064 BRFFAITRD) - SEFR) L HEHHEY MYC {r HNRPAL
B BAFIOAFARERB A - st APH (Ble) APk G#gd r=
0.948 5 it s & ¥ ek chip b Sl R AR T L boendidy 0 i8S B A Tl T

PR FEERTRRBI - R ARM o0 T A GO EZ E r=0871 (BI)-

BELFHZMA THAY A BRI B3 S RMEBENKY EphB3 5 pak

fiiEc'% X 8 mRNA % protein (h& U Z iR R £2 A7

3201 EHABCERE T RFHA AL ¥ H4 B AW ES > EphB3
protein WA F3 A FAHER P AL Ll Bt AL ARG
Rimbe 53 AR B L W0 o T - 26 > 4435 R4 » EphB3
protein (h& R E M R e % — KR 2RF ZRINAZRAEFTRAF 5

Eh R A RS P PR LG e @2 3] EphB3 protein 7+
B oG g o AR EphB3 protein 4 R X B AREER ¢
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* 4 i« e (progenitor cells) him*@ W, @ e A v X HDA B A e A € A
WA R R R o AW k% E SRR Y > AP IR EphB3 protein £
LFREPAERFIAF G (M) AW P APl P d ppe
A E SR fol ¥ X BAE me g— AP RKE L E R TR -
PRI EE- Ko e for § e 2 F EphB3 protein £ c¥fit £

CEREES ST

3.2.2 EphB3 £ Fl 4 ReFfes 4 3 in (5 84 M A 5 57 © EphB3 &4 % 3 %%
A5 % # IF F B4 & F] (tumor suppressor gene) 74 &

B> ¢ 2 E 51 7 tumor stages 4~ %] 5 Dukes’ B » Dukes’ C §v Dukes’ D »
RS ZANE SR 2 A S e i EphB3 B M LA %S
Boo APEIL D A% s AIFETHX S B RER (7 Dukes’B) ¢ BB ARR
¢ EphB3 protein # 3 » H £ JE - B3E B 0 ¥ * B AN w5 & £ EphB3
protein 4 JLE & b IMIFECIS B B B 6% (Dukes’ C) 11 % if e 45 ek %%
® % %%  (Dukes’D) ¥ T*%zkifpiﬁ’; £33 > @ Bl < AR fm e R B 33 o

15 i BTG iR A P PR AR WAl £ AP H E ¢ EphB3 w4 % ¢

-t

Yo AR BT IS E Y ol ¥ % B AN o ) Bt 4
BRI Pt AP A0 FlA RERFAIA e F AP AT L wiEEE &
* mRNA A *8% versus it ¥ e AR 4 T 2 k¥ 5 EphB3 # i & chifgik

LA g - MAAPE G 3] B4 (1 pair = tumor mass + adjacent normal

mucosa ) > o 3 AP F 43 %5 o i$ = 2 x 3 FB & (contingency table) 2. ¥ X
B2 B P - 0 Fla Rk i 7 s A 4T (dp EphB3 & F e 1 R ip et

Dukes’s stage B> C > D crp B 4 47) » FJpb » FVipP e » 5 %2 37efk & @ e
236 8N 236 eTphtE AT T E RT-PCR 52 %8 - %3 5%
EphB3 A FlehZ M AFM P2 33 ¥ <% A4 2% (K- ;P = 0.0005,
Wilcoxon signed-rank test with theoretical median = 2.0) o & & 4% 3% 9 #3835 36
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¥k & ik BB Dukes’stage 4 = = %2 (A R A 47) 0 AR FIR C SH ~ AT
7% % B %% (7" Dukes’B) " % %5 # B 9 EphB3 A F]4& R & M icen=
% 2 %k h (Dukes’ C) 11 % i Al # ch~ % & % "% (Dukes’ D) ¢

EphB3 7 F]4 IFWT}U% {333 (B~ * 4 P<0.05, one-way ANOVA and Tukey's
post-hoc test compared to stage B) o #* — % % 85 7+ : EphB3 &+ % & % &) = 0%
Hp 307 F A 44 2 7] (tumor suppressor gene) 74 ¢ 0 k5B AR Ak S

A{ N EMHavgpaer > &M P (silence) EphB3 ek F14 3 o

323 &AL E SRtk HT-29 cells 2= * & 2 <7 EphB3 over-expressing
cell lines > 3% 3§ % 7. EphB3 v HT-29 cells ¥ 11 #& # f¢ ¢ EphB3/ephrin-B 2 3
it* (EphB3/ephrin-B interaction in cis)
A = o) & TR A R T B AP B 4 1T BT EphB3 i g ] A 7]
(tumor suppressor gene) 14 ¢ ; FAm s ip W X § %2t 4a s (statistic inference) °
T|f & e (scientific inference) » 7 F] % 4&# (causal inference) ° ,T*LJQ i
P27 F) % M 87 1 (causal study) o 73 F1 % B R 3 T* LR M %o R
BBREERAOBERT o AAFH Y FAEEY 7 R RIELT
NS Ly A FldE A 2 AL TR "$ e1f B -|- & (transgenic mice or knockout
mice) > & A & hwie i Eor PPHER LR T AT siRNA 2 g g,zu$
3% 2k Flend B (gene over-expression or knockdown) e
A PeiE A SE K S B R w2tk HT-29 cells I i » 12 CMV promoter 5&# @
# 4 4 3 EphB3 protein sk FI§ 48 » 2% {5 +3E 41 49 & 3 EphB3 protein 7§ T
mPz k K6 2 L32 (B4 ) &7 Vector eim?e th ¥ 3 » 7 mg\ 2 (empty vector) >
AL ed Bk ¥ AP ) I re R 1T 5 K6 fo L32 et R 2 (control cells) o 4 i
P+iE HT-29 cells e/ F14_: wild-type HT-29 cells A" i2 3 # 3 EphB3 » iz 4r ¢
# 3L EphB3 1 ligands (ephrin-B1 %2 ephrin-B2); F]pt > & HT-29 cells ¥ 3% 4§ 6 &
# I EphB3 ¥ 12 2 4 EphB3/ephrin-B interaction in cis (F i 7 EphB3/ephrin-B %
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3 1% ) o In cis 4p receptor fr ligand % F — M ; 4% receptor fr ligand %

w?e B| &_interact in trans (£ ¢ EphB3/ephrin-B % 7 iT%* ) o B4 end £ Iwk T
& T 0 K6 fr L32 iza B w2 $hch EphB3 &~ F A pipa i > 2@ 7 &7 B lwmre ik
1 EphB3 signaling €44 “turnon” &% 7 4% § 4% ¥ 4 . EphB3 him®e $h2 {5

AP RFLLFER DT R B R ST

%% 2 % =34 EphB3/ephrin-B & F % & e F A &3

(mesenchymal-to-epithelial transition) im% & 3 4 % B

3.3.1 EphB3/ephrin & 3+ 3 & 318 w2 25 i e it 38 & B F 1 A 4k chidiic

BAp A kB RACALT AP T M R B3] 1 4 IR EphB3 him e 1A 132
hmi e b F 3 - KEEDEP A RFL > @bl ol LHR 2 w2 K
(control cells » 45 empty-vector transfected cells > %% # ¥ 5 Vector) #77 & 5

e (Bl L) e st ?h > & 38 EphB3 crim?e ghei?h A Jo¥d R e cnlm e (R 2R 7 o

HRedoeh{cH 2 A dwre th- 0 2R DENEF T wore g A
(mesenchymal-like morphology) ¢ ® § ¢t a5 » Riirenime — mv%e FF 3ff » P &
¥ R eniwre 2 & (lamellipodia) » 2 B 375 i » 22§ > ¢ cortical actin (elongated
appearance, loose cell-cell contact, visible lamellipodia, spreading morphology and
little cortical actin) - ¥ — * & > % IJL EphB3 eriw?e & K6 v L32 B & 331 8g iy
R lm¥e ch¢h A5 (epithelial-like morphology) : #§ %7 % ca¢k A5 ?f Benim e iz [ i
o 0 lmie 3 & F 4t B A i o fo B ehinfz BT cortical actin (cobble-stone
appearance, tight cell-cell junctions, diminished lamellipodia and cell spreading, and
prominent submembranous cortical actin) (B] -+~ * B+ - > B+ =)~

F-actin # control cells ¥ & & fgeha &3t mbe F ¢ » e 8 % 4 3L EphB3 5w
f#tk ¢ F-actin € 7) = ?ﬁ FF T - R ?f‘ % 1 cortical-actin-cytoskeleton
(Bl-- =)o 2V 12 F-actin % 6 4 ¢ B2 inimie L et mre A e g it 27 £ 14 >
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APE IR 93% 32 etk € A 2 lwie R KU E R A TR L PR

dhime (Bl =) 2t - &2+ 7 2 5 cell rounding °

3.3.2 EphB3/ephrin-B 4 3 i 4, #7382 mPe } £ 3 hE #74 (intracellular
molecular re-distribution) # & B F 1 A g% g ic

LA FEwm ey FOEP I RFBTALPA?EFELLEF X
B crd™ 3 BEor 0t - SR e A Rk R B3 0 E-cadherin s B-catenin
2% Factin 3 (Bl+- "B+t BrtefrBt7)cd BlLe i g g kP
[ AE NP ,ﬁ‘- ~F7 $| : EphB3/ephrin-B 4 + 3t 4, 1% = w2 %+ E-cadhesin # +
(B-+w P and k) R & 3 40 o E-cadherin 4 + w3+ R & 3 40 £
@ 8 %)% “7i &= % — ~ E-cadherin protein level 733 e > JLBEE {2 (S ehd 2 &
2L F 2 F kY #F o %=~ E-cadherin d w¥e WA Flimie o ¥ 0> d Bl
z @ i Z-stack (7 Z-axis images) ¥ " i - EphB3/ephrin-B 4 + 31 &+ ¢33

R

v % b E-cadhesin 4 &+ erifg it (polarization » a‘]E] E-cadherin 4 &+ # 353 g1
WA kmie o b > @ H_ B¢ 40 3t e W b endd % & —Dbasolateral membrane)
pLELHR-€ 4t §F7 7 E-cadherin vs ZO-1 % L32 cells enim?e %o b cnjp 4 = % B >
£ R A F o b ¢ EphB3/ephrin-B 4 + 3t 4+ € 5 F-actin 4 &+ d ‘wm@e fF
P e o ] A5 B i FFwre T - ?ﬁqﬁ,ﬁ’lﬁm’?é T A & actin
fmre F 2 ” (condensed submembranous cortical-actin-cytoskeleton) (] -+ = 14 2 [§]
Lop P ochizd B k) o

BFAPLEF Pcatenin LA FRKLI (BLT) Pend &7 fF
EphB3/ephrin-B 4 = 21 £ 4rie 2 58 B-catenin & + flmPe p chA F o2 R T op
LAEFRALT &2 %A PP ch Bcatenin A+ £ F KB g (FE
PR A L) LR E R R PR EA P S P e i o
¥ i1 fB-catenin & + 3 5 7 o

d B+ = 2 B+ I 9 DAPI staining (£ ¢ ¥R 8k 5 T 5 iz %) s
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VORI e — e 2 B e AR b B e — e g (cell-cell
contacts) { ‘v ?f‘ BenZk o At BESORFIRA ISR R e —

% @ 4 (cell-cell junctions) — @ etz B bene

3.3.3 EphB3/ephrin-B 4 3 3 & #7315 chim®e (7 3 :a @ P & FF ¢+ A Wk e
BAFEF P o ANPPIET e e (7 (cell migration) ~ fm e — fwre [ AR F 4
(cell-cell adhesion) 14 % ¥ &= (apoptosis) iz = & {v epithelial-to-mesenchymal
transition # mesenchymal-to-epithelial transition 7 B 7% & {4 #%3= (functional
markers) o fm¥e T (Trime —mre B ALF 4 1o I8 mie 4 e i cng it B ) &

d e 0% k= T gl e 2 £ G L g e

0
707
o
T,
I
=
#
e
%
=

Feimre 4 £ ke (3.4.4 103 345) RAcridy it o

Bt Erfimbe phRiTa 4 gt &% o P A Martrigel invasion
chamber ® & Jf & 7 A%~ K 8 0>t et ZLF (ECM) <0 Matrigel » X {5 £ T i
Transwell membrane + /5 8um | JF /e 8um e g L 323 fT > ho %k f bn oz
R 59 Te i /H?,T* Fon Bplwie A RPN S T S gl B N Pl Pl B R
$&# 7|k e o 5 1B Transwell membrane @ %" membrane ¥ — & (T & ) im¥e
Tk 100 B efp Ak B HAERRIHTRT RS B kp (B2 ZRle
BN BF RS EB AP Y fh R migfRenfe (T 4 (nN=3  kEE
P < 0.001 compared with control cells using one-way ANOVA and Tukey’s post-hoc
test. Six random fields were counted for each Transwell membrane)e B] + = ,ﬁ“ #H e
AP D EphB3/ephrin-B A2+ 3 4t S g Fenjp Mime enfe (T 4 o B 14
F—l &Y B R w8 b it D3 A EphB3 s Fx R w4 40
v i enia & (lamellipodia) - % 4 7 % K ehim®e - F R4 ‘T‘h% 4 7 e {F g 4 o

F#T KA RIGE EphB3/ephrin-B A 3t L it et — AT FIEF S U2
% lmre BARF A R b AP %Y e —AFTRAFS S Fa
% (Bl+-) > 3% &2 fibrinectin ~ collagen I {r laminin = f& 2k F 4 + & W[4k
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(coating) ** 96 3t ez F w T4 RINIE L e (L Fenth & o 37 P e —

RAEES G-t hER N APREFIAE e — e TAEE Y R %
(cell-cell adhesion assay) @ fw®& & 3§ % (cell dissociation assay) ' % ‘m?2 58 % F
% (cell aggregation assay) ° Bl ~ E iz A FH D% D Lz F | mM Ca**
e R & Y 0 £ EphB3 e 132 mbe W R e imie { 7 F 5 A 0 2R
Trypsin A f2 & ¥ fhenim 2 3pk ok M2 £ A9 23 1 mM Ca¥ % & (4 »
EDTA » EDTA ¢ e nit g+ % &) B Trypsin 4 fi# Control cells f= L32 cells
e 4 LG A% (n=3 *** P <0.001 by Student’s t-test ) o iz % 77 > £ L32
S AR AR T ehin e — e BALE 4 £ R 4THT k4L o0 (Ca’'-depedent) @
TS WA chimie —fme FARF 4 P A & RETR Ao eh E-cadherin A 3 AT#7
Fleier BETm - ) FY JI|mie o3 EATA gL D F 4 EphB3
e 5 1 19 me 3t dh E-cadherin A + % tF A O de e B AT 5 Renif 2 2
T 5 # 4 ¢h E-cadherin { § i % Mm% —dnie B ALE 4 ek e o Bl 4 Lwmis R
FehE%  dd | mM Ca’le A & Y 0 4 L EphB3 (132 fwe vt
RRaewie { 5 R ESme@E (n=3 *** P<0.001 by Student’s t-test ) iz fr
Foat @ g £ - et £ EphB3 i L32 Mm% chimie it 4 5 P R

E-cadherin 4 &+ -

3.3.4 EphB3/ephrin-B 4 3 L L #r EehA 3 R ENZ A I 2 S BRI B L
BPFF A chid ik

g Aol &Y s A mak DY EphB3/ephrin-B 4 F L A
i A TR ME BN PR T LR A - &
PoAPRLE- HFEFEAAHEDLS S RE LR SFTZFR KR
=k ,T}u{%ﬁ%}'fr EMT (or MET) #p R 2. & 3 §& /S a0t T 254 3 % control cells
K6 % 132 iz= Bimeth? chd 3 (R a4 8 £o8°) ARG (B &
dE) EFF LR -
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7Ry H P ow @ Sofe EMT (or MET) ApR et T 354 392 2 5] p m 5 k2 g
RAE (e E & A= 2B fR) agx@dphgor © Eph family receptor tyrosin kinase & &
T A #H i & » 3 g2 2 Eph > Abl > Crk > Rho family GTPase > # %
CAGRE ~ T A e e P gt Vo

Rho family GTPase €& if 4 F Bji @ ¢ doehdb Tk > Fpt > AP g L4 4
Rho family GTPase # K6 4 L32 iz B lm®% $k? % it 35 o %% #F )  Rho
family GTPase 2% ¥ #.#7 7 18 % chRacl (2 ¢ 5 ras-related C3 botulinum toxin
substrate 1) # control cells *» ¥ gt im v ayfke iy » = §_ A K6 2 L32 &R B ime
e Bt d B a0 I F47F ¢ 4% & agarose beads b 7 p21-activated
protein kinase (PAK) 4 3 » 3V i3 ¥ 00 2 ZE Gl A w2 B~ g% ¢ 9 GTP-bound
Racl # + [PAK ¢ p2l-binding domain (PBD) ¥ 12 & — 4 ¢fe GTP-bound Racl
3B E] HF L ¥ GTP-bound Racl » &+ d ZFi5# 7 &g+ 1 (pulldown)
sRis £ * anti-Racl antibody i&{7d »> & 8higd 2 - F ok E %1 ¢ & Vector
K6 2 L32:i5= Bimetrd » {55 —‘ﬁ % 7+ Racl (g GTP-bound Racl) 7 P &
U I g (BlZ L) gt — 2% &7 EphB3/ephrin-B 4 F 2t & #.3% i Racl 12
EICRMGER T A o ¢ 4 Racl thd R LT U BB 2 fF g
it » & & cortical-actin-cytoskeleton 335 = » 3 3 cadherin 4 /i (im e — ‘wm¥e F 4k
& 4 » B¢ apical-basal polarity 737 = » g5 dm e ik K0 E FF K e enfe (T
Ao ptib s AmanF S ¢ SM T 0 Racl chAd FEEE EFepllmie B 0 Z
38 #h s e 4o fogf B (tumor initiation and progression) ; F]#* » EphB3/ephrin-B
e F A e TR Racl 2 E I a BAE e B R P R chde e o
E o

p e drRacl et 24 3+ 5 Crk o i# 1t Crk if ¢ 49 % i~ 2 T 2 Racl o 2
i Ad > REhigd 2 F % ¢ %I > EphB3/ephrin-B 4 + i 4, 7 148 CrkL 4 +
[CrkL /3t Crk 4~ 3 - §& subtype © 2 & % v-crk sarcoma virus CT10 oncogene
homolog (avian)-like] 7% 207 B % # iz —tyrosine (Y207) “r } Bif&1? > @ CrkL
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HUSRE (- g CrkL A3 % 4 51 (F1= L — o 2 Auhbul B ¢ 4o Y207 ke
it CrkL » 3+ % &) o &gtk % » AP # usrig @ EphB3/ephrin-B 4 +
WL AgK CrkL 2 it o Ft B T EA S Racl 4 AR BT 4 A
EphB3/ephrin-B 4 = 21 &, it 43 #- CrkL —Racl pathway 4 /% it - CrkL —Racl path-
way & — B @ @ dvi 43 WaE EMT a4 & BT > #7124 CrkL—Racl pathway 93 &

556 m % i (7 MET o

—
=
=y
oo
N
<y

=T ORI E 2 BB R E A Y iz cn b J 2 3 fR3e (epithelial marker)
EF AL 1 3 P g 43 e ¢ 45 E-cadherin ~ B-catenin v y-catenin (=
plakoglobin) (B = -+ - ) o #% i 4 7L » EphB3/ephrin-B » &+ 3 5 § 3 4v . & & e
R % & 3 &3¢ E-cadherin & protein level - #* #t » EphB3/ephrin-B 4 & 21 4, =+ it
#3 B9+ P-catenin {r y-catenin o ‘wm?2 % F AR HEAS Dl e B2 P (e r e
AR T BB R %Y 0 AP R ¢ o Pcatenin fr
y-catenin j& > 7 5 ¥ = * & > ‘w¥e B ¥ &7 B-catenin fr y-catenin £rH{ 4v 7 ) o A
B4 I P-catenin & {7 ‘w2 HHH (cytoplasmic translocation) g & & < 3
y-catenin o B-catenin {r y-catenin iz fAA + i {7 w2 A hgRd 4 T oA ok g
w7 S o B 4e 3 ¢ &L e E-cadherin v ¥ & ¢ Aviwfe WOt e E-cadherin ¥ 14

1

E ${c P-catenin B & > » ¥ UL F e y-catenin F & o i 0 HF 4 - BLEL AP

i

7 LA T % (immunoprecipitation) © £ * ¥ 124 E-cadherin % & ity
$ik i E-cadherin 4 & > p BF > it 43 - E-cadherin %f‘ % % & A 5 ] 4e B-catenin >
< A - AN 4% F ¥ E-cadherin A + 4f £+ (¢ 4% E-cadherin ™ 2 frv ?f =
BEAT) BN K (d e E IR AdEd k) R SR W 1 #E Bocatenin
LA E A F T D R F R % o B %o o Pcatenin € AL

E-cadherin % % e$f i ; E-cadherin # % - #& ¢ B-catenin » fi‘uﬁ P (Bl=+2)e
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3.3.5 EphB3/ephrin-B 4 & 3 % #73 % eh4 3 @ YLEL /2 - Wat signaling pathway
2 R enk 3 i % (crosstalk)

- g e = EphB3/ephrin-B A F 3L VO R D fm i ¢
B-catenin 4 + eH¥cE o iT A v Wnt A F BIEEL S € & 3] EphB3/ephrin-B 4 + 31
A e B F1 L B-catenin £ Wnt signaling pathway ¥ ehfgle o+ o fiwie 7@ >
B-catenin ¥ 14 e H is i1 cofactors — A2fFH Wnt & F BT 7 PFA Flangg &x o
1@ B-catenin 34 i 2 4p 1% &_B-catenin 7% 14 (B-catenin activity) » & { M Fzh
& 3% 4 B-catenin/TCF 7% 1+ (B-catenin/TCF activity) > @ 2t nuclear B-catenin
g o £F + o B-catenin/TCF activity ¥ 12 % ¢ 3> Wnt 4 F B & T 54 Flengd
Brip il o ok NP R T BRR i P57 Bocatenin #cE e g B Wnt A 5
WA RE e nre A S A G S 5 BRI 2 2B nuclear B-catenin f$ic
B oo ME A Sy B g & D B-catenin/TCF & (HiR)i# cndicdy > m SR FA

)& 4 $7F % (reporter assay analysis'; TOP/FOP luciferase reporter assay) ¥ 14

Bl- L = FpliE B-catenin/TCF /&M 2 SFH A FIEABA P T H AT HRESF o
A8 #25% control cells > % K6 /2% 132 &% Btk ? » w2 % ¢ P-catenin e174
+ B E#C 0 w494 & TOP (TCF reporter plasmid) I ¥ 75 i % L B K #) 28 {5 4]
1% luciferase ey # F]pb & bR K 0 AT IR R ey R AMELE B 4 K MR Rl o
- RRL CHEAFLAEAPNEET LA AR Wit A F L E R e T
o fszgf,;ﬁb B A gd 2T enidE, D EphB3/ephrin-B A 3 304 O R
4 Wnt & 3 @R T E N o
BT RAPRIENIFEF ORI L > PR Wnt A F B HT EAFL T
EphB3/ephrin-B 4 3+ 3 & ehid d2 2 A — 2 45 7 4, B & s Wnt— B-catenin 4 +
B e 2528 %] (Ascl2, Axin2, c-Myc, cyclin D1, p21, fra-1, c-jun, uPAR and ZO-1)
% i p] 2 A& ¥4 TR % control cells ~ K6 12 3 132 'mfe $h¥ § @ ec % o BEF M
He 8 ip ATk 74 HEHL (Bl Lw) 13 Z0-1ehi w4 &

53



ivod Bl LT LR EEEFZEDHRNESET v ZO-1 & protein level 7
K6 %2 L32 % ilmPe R ¢ PP Al 4v 7 2 ZO-1 4 + % (e §_Wnt—B-catenin 4 +
LT HEAF] > » Lo~ A FAELAE o A4 ARG L
%> Z0-1 A3 Bpt it — e Rl & A b (Bt - Ko f F# A e
R TP LR BT R AT REET B L e B T
EE LY LM CZ0-1 A3 (% ¥ k) & L32 mrei & EA G s
W oa T B P § o £ 6 F KA L Z P 6 B (WS 2
TET o - ¥ kP - HE T ZO-1 A F dug A= mve — e p) i
L U Ery =% (subapical) > @ E-cadherin A 3 (4= d ¥ k) plE_i=3mbe

wie Pl & a1 0 2 K RIE i % (lateral and basolateral) v 35 im v

— e b 2 SRR G oAt R 2 bl e LR T o

3.3.6 EphB3/ephrin-B 4 3 3 & it S 83 B wie fie e g i 1 A e fiis

“f TFE Wnt A S BIER T ahiléE s F > @i eh B-catenin 4 F A EMT
& MET e/ AR P P X PFF V¥ oh- B 4&J o p 3w {i P & B-catenin
(nuclear B-catenin) A + & SR F F Jﬁ" T & FF e fR 3 (mesenchymal
marker) 2 — © 714 nuclear B-catenin 7% > & & fwf PF B AP o 50 K
LIRS AP T R L FH [ §hRy B im e fRge o i % 24P IR fibronectin (-
Bl g LA Fwe gt 22 Anihme BFHAT Y 5 A
RO B e 2 1V R ie2 - ) hflid &4 R EphB3 K6 1 2 132 e
BERC OB (B L= Z0B)-B=- += 28 ° Y FNL 2 a‘% fibronectin
AT e A2 driigx* mRNA (M real-time RT-PCR % £ i ‘w2 ¥ & fibronectin
mRNA) @ 2417 protein %k %_§ fibronectin 4 3 > 1 & §_ %] 5 fibronectin protein
3 3 % 7 Fihisoforms 0 ¥ Ra * LB E 2 ¢ RIT3F ¢ banding @ A 4 473
FREEE - AR RE o o> AL B K6~ L32 ~ Vector v WT e k|

¥ooba ¥ L enf e 3 —vimentin f- N-cadherin—eh# 3R > i B & A g
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ZIFHEFOLE A (B L= LRI 2T H) o ApEIE F e 3o
350 bl wmre e L R H A R Q Eh Wiz e — i FALLA A S
ZO-1 ~ E-cadherin {r plakoglobin (y-catenin) #% &+ & !m " k& (epithelial
markers) > ZO-1 {r E-cadherin & K6 4 % L32 'w* 2 ¢ ¢hprotein level 383§ % 7 >
@ plakoglobin # K6 14 2 132 ‘¥z cnlm?2 Jr2_ ¢ g 4 3 % 1 (plakoglobin d ‘m

e P 3 0 ) -

3.3.7 EphB3/ephrin-B » + A L F T+ A g3 &2 FEMER (in vivo) 2
SR LY

PR FTAFEREE Y RN B A Y B A hmE o £ 3 A5 BHY
e G AR e % o B iR GT g o 240 H- control cells friF 4 % 3 EphB3
fmPe Fh K6 &% L32 b P s3] 8 1% + cuk LA Mg ™ o T os dhimie § iE
Brh A AR FINL T R o B T 2 (SRR B AR R IR T R B
B EPasiere o2 e TG T EREFZ o 5% A PE IR E-cadherin &
L32 Pz $k ¢ & e F 34 37 > pospho-CrkL 8 » B % 3 4r > & §_CrkL (i & 7
% (R +-) R e Rg@EgF2eess vyt E-cadherin fr
phospho-CrkL i i 4 =+ &0 protein level # Vector-tumor /4 2 L32-tumor 2. ¥ #%
FHAB A RPN LBE AL I APE L PR E R0 B LR 5 A
Sl (N=3) ME e 1%‘« wie (3 F 2 (heterogeneity) #73% o #T3j MR 5 bw
% B TR R e e § 0 R fod b AT e o bldei F ) A

e g Tfrimre s BER wre s MR S RRERT e R F o

3.3.8 f1* RNA + EH it L32 iz th* %{‘ﬁ% EphB3 74 1% 3 (knockdown
of EphB3) it 53 =% 2 @ F F+ A #i#%

FIp w5 0k AR E R SR R ALK BT B F A F]# 5 (gain-of-function)
oA LT R-HEHARER RS FZAG AT RS TR OPF
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A — B A F# i (loss-of-function) — 7 § #H 5 » L% f Ak F1F e AR B
Bz ts wmreifgw ik h ka2 5 4 4] (phenotype)

4 @ e L32 cells ﬁ* F_ 5™ 4 4] HT-29 cells (wildtype HT-29 cells % 3R
mesenchymal-like phenotypes) R £¥ EphB3 & F]# ac 2 (s 4| @ = cff T lm¥e 1
(L32 cells % 3 epithelial-like phenotypes) ; F]# » NP R (Fend% - B F w F %
AR B P o ke EphB3 AT AR o {17 RNA i S8 s
L32 fmee tk #'% 1 EphB3 enfh M4 3 (= =+ ~) o=+~ enf | FAEA -
o)+ 4 RNA (siRNA) "% i< EphB3 e 2 (8 > = B R4 DL F —
E-cadherin ~ ZO-1 v phospho-CrkL 77 protein level » §2 ¥ "% 17 ; iz BF % = >

PBLEIEY RS c BlZ LAY g e & s 8 - ®IER siEphB3 £* ¢
L32 fmre » B 7 4 b & jZch- 4 e i i SIRNA ehi®*  (b~e | B¢ 3 4 (450
“Tp 2 wie g ce | MY ehe 4= frg | B]) o ##FF L32. m”eﬁT BAR
28 o $ i 4 3 il SIRNA #'4 7 EphB3 & F14 s (b~e | W7 #E
Bt 2w v e ] BlY hizd f= 40 h [ Bl) 0 R4 4 7 cortical-actin-cyto-
skeleton fom#& 3+ & f* 7 ¢ B-cadherin (h -] B]) » Fo B 38 ) bmie 1% B> A5 f

5 A foBF 4 A HT-29 fm % &7 7 en7k 35 o

3.39 41* RNA +#EHiFe LS174T wie i %J;',f EphB3 2 F14 3 (knock-
down of EphB3) it 53 itie + A & i
FOARPEX - BR ﬂxi} ¢ ~ & 23R EphB3 hiwm? A —LS174T (Bl=

L4 ) ¥4 A LS174T E- 7}?_9;]1)%%{ (adenoma-like) him® > ¢ £ M~ & i
EphB - H £ & K g8 S o L32 dmie — - 4% ¢ T Bnime — fmE ke L
cortical-actin-cytoskeleton > frim?e % F 4& it 7 7 E-cadherin (/] Blb~d~e~m)
¥ LS174T ¥ < EphB3 % 7k siRNA = # ok “,ﬁ%i % (L Bk o L32 mee
5702 0 LS174T fmoe (o] Bl a~e) % & 1 fo¥F 2 3] HT-29 iw* &7 12 ¢ LS174T fm
2 (] B f~)) dmre i Re 0B B ko e 9+ 4k (4 ¢ E-cadherin i} % > E-cadherin
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d nfe T L R T P B¢ cortical-actin-cytoskeleton imfe F 2 4 A fE A
ClBlgrivjn)o JRI17 5 5 #5074 2 e 5 A8 siRNA hiT* oh- 3
e LB R %f&'“rifﬁi fmre P 2_EphB3 # J4% siRNA = # ‘%&“{TT -

X m P o

3.3.10 §1* RNA +#EH e HT-29 iz k¥ %t',? EphB3/ephrin-B ¢+ 5 i 7]
—CrkL # F14 3 (knockdown of CrkL) it 53 & F + & # 4%

CrkL € - e 548 % 9 o epithelial-to-mesenchymal transition *+ 254 + > &
N g BB P o AN e g F CrkL ¥ 4k EphB3 A3 4 A H A3 s
207 B 4 Af: (Pe4 e Y207) 4v t BFe e @ #E % & 4 JE 12 7 phospho-CrkL e % 7
#Y CkL b g HAY 284 - Apqlr RNA *4E3p % control cells
(control vector #& %4 7 HT-29 ‘w® > 72 & EphB3/ephrin-B » + 3 %) ¢ CrkL ek
F]4& oo B — B 1T F 113 = CrkL protein level %% 4 » ¥t imPe e %2 H F £
* CrkL #hmipaitm 2 2 F o Bl= L% 5 7 %% % control cells {o% 24 )
HT-29 ‘m?s — #%» ?K”ﬁ W g ehekAidelmre % & 4% control cells 4% -] + # RNA
NP A “f 7 CrkL eh4k 14 3R 2_ {5 > control cells =3¢k ) ?f 5o > Ager Tk
fm% ¢ 47w eh F-actin » 35 = 7 3F il g cortical-actin-cytoskeleton fm?e # 2 o 1%
B e 32 e b BT - - R0 R 2 W ﬁ 4_CrkL protein level %] %
SIRNA ehis® @ ®% 4 » @ 14 'fﬁ P ¥_%] 5 EphB3/ephrin-B 4 + 2t 4 #- CrkL & & it
Mmiga o Bl= L ¥ ) B j &7 control cells ® CrkL =4k F] 4 Iﬁjﬁt%}t“ffi s
fm?s % Transwell invasion chamber © M {74, 4 » € B F i€ (n=3 *** P

<0.001 by Student’s t-test ) °

3.3.11 EphB3/ephrin-B 4 + # & @ 3£8. /2 ¥ 4 47 E-cadherin 7} P53 F|3 #ig
- H ey
# 47 E-cadherin en} P58 ¥l e (SR o L8 75 R ¢ Féh E-cadherin ¢

57



P 4738 %15 Twist ~ Slug ~ Snail ~ FOXC2 {v ZEB2 % - Bl= + - Hiz7 B

Eﬁ

7]
3 11223 EphB3 % Mehimweth? s RT-PCR F 5 %% - B2 57 -
EphB3/ephrin-B 4 + @ £§% /& # E-cadherin ¥ % §_% F|:&7 B+ P54 Fleid i o

Ft 0 f F 4y E-cadherin chH 5 25 AF) P g HFiE- Aoy o

3.3.12 EphB3/ephrin-B 4 3 3 & @ £88 1T 1 — B4~ % hfi W]

EANAE T SR A S E N R L—\_ETFP\"\'.—»%] Lo ¢ - BA g
Blod >ve 5 - &8T5 4n 0 Abl £ Crk et 254 3 5 #7080 i 3 Abl & 5 %
PRl el YRR Y R B B AT T AbL S G A -

il% FFB ﬁfu °

2352 284  EphB3/ephrin-B 4 3 3 L 73] % B 2 % Bnd £

3.4.1 EphB3/ephrin-B 4 3 # & #r4] + % & % & imfe 4 £ ek &g

i\4
c'l
Rt

52 B oA g SR (322 ) &) F i
o A2 AR PO E SRR A Y D BT R
EphB3 £ Fl4 > & dfic B4 « R E 4% ¢ > EphB3 chik Fl & B p| 24

£33 o

3.4.2 EphB3/ephrin-B 4 3 3 L $r4] + %5 & % Hm% 4 £ chrin vitro #35
% 48 T4 I EphB3 9 HT-29 ‘m ¥ 4k 540 K6 ~ L32 44 gt ko ehph i3 » 2 i
BT P AR R ¥ BFA LA K g R 42 control cells & ik % o H ¥ ahi
PAAwe BRI 2 652 X PP UPEOERER T 5 v X
controlcells ¢ FE R T B A THH eI Kofrl32me R LB T BAx T
e B DU EEEE
~ e SRR AR R TH ORI 5L R RS L kIR
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4 & ehiw?e 4 £ (anchorage-dependent growth) » X F RL¥ @ R iF ek AL € i@ S
A &A% % (non-transformed cells) 7= o ¥ Ffpinfe frv 112 F & PRI 33
B T ARG A RIESS N AR KA Y B ETE AR B AR
Lz 5 Bk HF R4 & ohim¥e 2 £ (anchorage-independent growth) o i & 'm
hmR AR AER 2P R A2 - Rl e A BB
NEME LB F AR (softagar) 27 o - 2 AR E 2 X2 Bwmied £
Baje * fRIBIACET 1 f I F 02 ¢ o B - apiwre A R A A g
*hm*e F IS (colony) > A MR IIM AP A S R T 0 B - BR T 5 fE
W BHEFAYB A TELG FhZ LT A2 - cd B2t T
B enf ot EphB3/ephrin-B 4 = 3 L it 54l < % 5 Rpimee b F RS2

SR EA Koo w A N S ke hE AR R o

3.4.2 EphB3/ephrin-B 2 5 4 L ¥r4] X % 5 % & jn 2 £ hin vivo 5

#4744 control cells {48 # % 3 EphB3 sh/m e $k K6 14 2 132 47 » fLE 42 4F
Hk B R ehd T ek (control cells 3 o~ Ak B A R E B > K6 5 L32 e o~
PR 2L ) o NIEZfE 0 AP T 0 K6 fr L32 fmie thE & chehn B
o d control cells £ = crfE B BB E A F > X R G 1/3~14 (B=+7)[34p
o fieas 158 87 (control vs K6 & control vs L32) ##k p 3 - G4k & ehd H]o

”

R ARE L e LR R fon - L E R A e T 4
ELRne % g - Reho

A I B AR IR A m e Y L e S B R e
"2 Ki-67 % ¢ (Ki-67 &~ f& proliferation marker)- % % & 71 : 57§ ¢ 0Ki-67
positive cells #d control cells & = 2_ @B BB & % > &d K6 cells & = 2_ "6 %
BB L32 cells & = 2 "R B3 v > (Bl = + = > Ki-67 fL & 257 7 12 400
kg ek dp #) o it % o7 EphB3/ephrin-B 4 =+ 3 4 &t 3] % %5 & % g fm *2 3 78
(proliferation) o #% * * & = % 8Ly & ;2 # AR 154 Ww¥e R ¢ fv MAPK pathway 4p B
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s Erk-1 v Erk-2 & & r2 2 2 gapk i 3] 5% 2 phospho-Erk-1 v phospho-Erk-2 e
RE RBEAPLABRRIGELS T Ay Bowik? chEREFHEFDHLE (W

BEE AT U)o

3.4.4 EphB3/ephrin-B 4 3 3 &, 852+ % B % R tm¥ &= Hrin vitro @4

BAx THY A KO- L32 mir iz » NP FR- BPAESR G D A

F_*

B A& K6 frL32 mwe e disz & A (M A&* DMEM T35 2442 4) 7 * B B
ﬁ?uﬁiﬁéai%w&%%m@%amﬁ&ﬁ@%%&ﬂﬁmwaag
control cells #4835 % K ¢ EJ'J—'F% PR ABITmE o A AR A X 5 AP
Rew fh e PR A3 R A 2 INEATI A REEE R R A AT R 2 mE
dmPe o 24 ]l PEZ (S 0 RMB A AT € FATTEIF wie DI APk R i
% 72 ~ v > trypan blue dye > S* AL H A F F R GEE » = Dwie @ K2 L
¥4 (trypan blue dye exclusion test) > #2058 1 e 433 & AL ¥ PRIT Im P 2 3040
MRS T AP F SRR m e R e S dhiwe (B2 +
= )e ZXm > trypanblue (+) cells T 7 % > E 3T Fhwbe k= nlw®e > H s f F)ig
®rv= hlmie s AL E 3 B trypanblue () cells 2@ > Flpt > AP Z R T - fE
Blimre k= L B - Bnf koo

i g i & (floweytometry) Bl £ Annexin V(+) PI(—) cells % > 48 w2
2 d it G- R R R A e e e R AR ke o
g chilmPe W1 > Bifig [phosphatidyl serine (PS)] ch4 i 2.7 #4E F f R 7D
Bfig 3t F dm e cndm e N B o Blmie k- EARS ) e e a4 maE
TRy A (6 3 S 2 L s AR IR PS € g 7 % e ARt )
Flt @ & % Ak o Annexin V £ - & Ca’"-depedent phosphatidyl serine binding
protein> f 4~ v - AL 5% 4 Fuda B F 30 0 $#ON R AR (B4 PS)
LEFRBOMEATUACPS BE o ¥V - g o - (A2 ) hiwie d e
b PS eh% s EABUR PSS g TG thfsa kB mie & o AT 3t
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k= e chle B % R BLTHE Y S e 4o 1R ",% > PI :};1 propidium iodide >
¥ desr = lme % & 0 PI(+) cells Tdg s enimie o F] o EH mbe g &

#] Annexin V(+) PI(—) cells fr%’v“ "t ",% = e 2t mrz o Bz Lo~ H _tmiE
o3k & @ B % % 0 {r trypan blue dye exclusion test s B 5 % T {7 o % B
EphB3 % Iﬁ‘u@ Benime iR o e k- iR R (Vb)) 4 @ B oo hlmiE k- ik S
bel-2 thd 3 Lghigd 2 o v §_fw Bimie k¢

-

LR AR

LS

1

)
B3

3.4.5 EphB3/ephrin-B 4 + 3 & B3 X % % K iw 2 &= 1inVvivo #dx

TUNEL assay &_f ] 18 20 5 dm#e F = cft % B o AP EMKE BT b
SR Ay s sk B T TUNEL A & £ 44 o Fl= - 4 L3 L 5a—
oo B¢ niEd FELE DAPL 4 ) énimie b 0 5 & el & § & | 48

2 illap-2
b= dn% A FITC AL (A i ch ) L32 fmme £ & crvigy e 8 5 5 i § aip

®
3

T A e RS anR By 0 VPP T 2353 EphB3/ephrin-B

= ‘tm¥e 0”}5 j
b F A R A R e (B s - 20§ Kk A 3t EphB3/ephrin-B 4 F 3 4 413

o

wenimie k-
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e o

41 BRRY R - A APRR T AL R LY CEBLF S
MR TRARIEET) RERPAPM AN AR E T UL FEAPIRL ¥ O
7

MNP RR LI PASRAT R AR R A P F A A2 Bl R {
EIE T G R l%unao
MYC versus Sex

AR Y Bk BT c-Mye & 94% (17/18) F 1< B E R A ik A P
FRe A LA AAE BT Bl A dtk R g 54% (7/13) Rt
Aot - Bk ERERECMychAF AR AN T - BT HET
¥ Mg % (androgen) ¥ r4 3 4ewn 7| Hfjlffé%,x?m P2 ¢ c-Myc ek 714 . (Silva et al.,
2001; Asadi et al., 1995; Quarmby et al., 1987; Grad et al., 1999) - F|* » &5 ¥ it
FHFEZFHY A E SRy §ARSERDEY (H 4 c-Myc sk FIAR) o £
FELEL Y - B R EER R p LT i F enkeet TR FHE RSB Y R
FLipHEe (FHESRET HERF A Fant) 5 125: 1
MYC versus HNRPA1

HNRPA1 #_heterogeneous nuclear ribonucleoprotein (hnRNP) core protein Al
m‘fﬁ”@, A f]éév’ 3 @ BiF it g T k9 RNA binding domains (Biamonti
et al, 1994) » HNRPAI A & s it #_i¥ 5 RNA 448 » i 43 #-20% {2 b 57 RNA
5 P E 1% D e FT (Michael et al., 1995) o 2 i 87 7 % % B+ - c-Myc
mRNA levels v HNRPAL mRNA levels 2. fF 15 f.58 2 ens e it Ap B (AP B (2 dc=
0.948) o iz 7T 4 F]F c-Myc w/fFd T o R T AR A T A R aF o &
¢ AFd> HNRPAL 2 7] i@ % HNRPAL & + Ui 8- & R ok 15 % 4p W oh

RNA Av\—;ﬁ;,]i;i‘ ‘m e ?ﬁé é’, xﬁf’r}fﬁ.": j\mﬁ;ﬁ—]?’# ﬁl;\e#ﬁrgg E’J’Jg\\-‘! 3 o ;L:»’JH
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¢ &% A 4% c-myc antisense oligonucleotides k F#r#| & fafm?e (& £~ %5 2 %
fgpimre) a4 £ (Lietal, 1995); d 12+ c-Myc = HNRPAL £ F1 & 2. fF 5 ’ﬁtﬁf
DR GGEF AP L EBEH % £ c-myc fo HNRPAI ¢ antisense oligos
™ b ¢ v H fheo c-myc antisense oligos it #3 { F rxinfr g wie chd £ oo
GROL1 versus Age and Tumor stage + Lymph Node Metastasis + CEA Level

Awm ety e Gdp 4 D (1) GROL gene te+ % E % % ¢ Lw B 4reh (Zouet
al., 2002) (2) GROL1 protein 23 LA * i 5958 4 nx3le & SRR F Py o
Tlgee o 3k e 2 (Cuencaetal., 1992) (1) 4 (2) B7 ~ % 2 % M lm¥e v 43 =
¥ # A2 GROI protein %% WAL EF R 0 F]Mt > GORI protein 87 d
g

EEY - BERB ST £ F o AT P A HEF R AP HI GROL g2 F
#iy LFE~ 02 % - ~GROL gene ] 3t 65 fhops £ e B B % R ¢

¥

R AR o B AT AW 65 R oen A R K RS o 9T 2 & GROL LA v
e T TP ,T&LL £ o %= ~GROL gene A B MR M ~ BHE 4 i (less
advanced in stage, lymph node metastasis, and CEA levels) 1+ % & % g % ¢ 3
R & MM (tendency to over-express)(Mw # 45 0.05 < P < 0.1) » iz 4 7
GROl ig- A dv A+ H B ESRE J REEY > NPk <5 E S RE
By e sk o ST £ SRl GROL R ¥ w5l L& e iR b 7 £ 2 Frdl
A ke o LIESRRIE T RY BEF LFN Y o
GPX2 versus Differentiation

GPX2 A T2 & fijjftsgent Llme? L3R o T hjd-v F A+ GPX-GI &_-
fAlmre N fEF —mm-REE %Y "R § (5 (selenium-dependent glutathione
peroxidase) » ¢t iE ¥ it fFE — 8RR A 0 i 49 % HyO, v alkyl hydroperoxides iz

gt pieim B RF & (Chuetal, 1993) 4245 Chu % 4 copm 3 dg ) 0§ 0 v &

ey

24 dimethylhydrazine 3% 7 %] A 2 X 5 E /P> 5 0] B R F 4

M
;aé

0§ o] BTV IRE B A A Chu ¥ A E RS (Gt R F A
A4 i) R) < % E R R e GPX2 mRNA levels ' 37 en 3¢5 (Chu
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etal., 1997) -

ARG P APE I D GPX2 A Flehe F Ap e ag R A VG B ERM -
Chu frst i e 7 $0BF — BEF © GPX2 A FIeh& w7 f3H i 2 - R 7]
Vit K p 2 GPX2 ehifsg fmPe & (v iT% oChu & X - B A S pmiethd & 3
ol B RaBimre 4 (L 1T G 4 A—retinoic acid it 4338 GPX2 ik ¥4
B (GPX2 shL 1R 7|3 retinoic acid ¥ 1 5 & A #1230 i) (Chu et al., 1997) - 7]
gUo AN U 0 T gagip Coretinoic acid 2 33 GPX2 A Fl A L D RiE
T dm P2 & 1Y D MR e chE AR o 4o % retinoic acid &t B B O iw R (4o
5w fRhen@ Bk) » ¥ LA GPX2 el Fl&A I 0 FRETRAE %4 retinoic
acid (‘2% & A) > fj-ﬁﬁ‘; FRAE A B E B Rpmeas o L AT foisfamtk o
THY1 and PHLDAL versus Anemia

THY1 gene 2 4 cnTHY-1 v > &_Tecell ~ g o §Fwbe ~ Rz mP2 11 2 &
M Y o I 1% # ‘w2z (blast cells of acute myeloid leukemia) #74% 3 ehim?e
4w BE 3¢ (Petersen et al., 1998; Kozii et al., 1997) - THY-1 #_# % 3% kv 42 &
F]%2% (immunoglobulin supergene family) ¢ % + SiEd fj £ cn T i fip <X 48
(T cell antigen receptor) (Hood etal., 1985) > e £ T w2 % o Ll L £ F &
Pindd 3 S AR ERGE - ARER D R Y 0 ¢ ST PHLDAL & -
B T w7~ 4phkf &% (T cell death-associated gene) - i & % % if % R >
PHLDAI protein 4 + 4p{e T Mw¥ epitope j % & e4p 004t (Kumar et al.,
2002) o o 122 FF AP T 02 aeiE THYL o PHLDAL i3 fE 6 % F-9 A4 3 o T
e G TR »}; %27 Bl 4 o

AT Y o AP E R I THYL 4o PHLDAL &5 B A %l e~ % 2 % R fa i ¢
TERD A 2 es BAFIDLRSfopm A i § 38 kg F AN o T
U AP £ deip]  THYD 4o PHLDAL €8 § % % 3 % R ffr i 4
Mz B A3 23 18* (molecular corsstalk) eh% & F-v A F o AL F]p o 7 eh
st THY1 4o PHLDAI &5 fiin® chd 6 Ful A+ & 53% 5 gz T v
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(tumor-infiltrating T cells) » T ® & - # i& = "% w2 3 7 (Golby et al., 2002) 2
2 BT Ok e B Iﬁ]%;,.ﬂ.'ff’ ’\um°”‘1§"’ B {?%EafﬁJ - o e

i‘ o

4.2 # Fl:rmRNA level ¥ 11 3g R[4 = § 4 4] (phenotype) 7§ ? — & Fl& Ricd
FEZANNRPPHATTFUFTBAPRS T - BT g 3 w12 F i ask
PN Y

Bt A F mRNA level £ A Flehd RG> R ELA 3 34 F T 1L 58
#5534 *mRNA level ¥ 7 3% protein level» @ {3 % 4 &2 4+ 5 it ehE I T i
a0 SR B Kk F 0 mRNA level ¥ 12 % 2§ RT-PCR 7 S off 7 e 1
B E o & §_protein level enfd | F & % 3| & — Mgkl o @ (X H Ao fF
g e T A g e protein X AT R PR T 0 KT R &
FAORA T R AT A e B - BER LR FOF R R AT
mRNA level _F ¥ 14t i 7] 4% 2504 308 4 2] (phenotype) ? d # * 57 7 B %
Bro ot REF 2 i ie- B e PAZAFORAPMY
HR% A - ARt (statistical inference) > 2411 F & { F el H gy krrin
T R R ’J,)Iin\:& d S AAF R Bk ] oA fg (TR F] % 4o (causal
inference) » 7 T E a4 (scientific infer- ence) o & 5 d b — o] & endim T
w0 g d AT A RAed 58 & Q) ensdp AT Y RE R 59 0 AR ESS T3
RERAFL D o R TR T IE IR SR nA F AR o T BN AP
T E R ¢ - AT (g EphB3) dERt o SGRAk 0 wmie U2 4G 2 R F ik

B %47 % EphB3 A ¥4 4o & 5 i o

43 3 P& EphB3 L& %2 B RKYF O% SR AT (tumor
suppressor gene) =& & ?
Eph fit. 3 Farapaiscss X 48 72% (Eph receptor trrosine kinase family) &3 4 ©
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A % e receptor tyrosine Kinase 2% 0 pt A+ FEas B W F @ B f e

PEHN LG D AER S IR PE RS R - KES D EF T A EY

B A3 FA 57 hidE4e¢ o Eph i ¥ 351 % 4 3 (guidance molecules) &
¢ Pl ke FATE RSB A FF > U EFrlere 2 55 > Eph family ch} B =

REBEIRD v iP5 5 4ieh e e £ 4 A FIR A Eph s iiad
§ o FG A K- L PR L 4p 0 D Eph X HeiE 1 € IR 1 B4R 0 B SRR

FA P RA RSP Y AT A RY - LTy pldg &y D Eph A UL R S Hr
Tl mie hd £ o gt = 2ApF chlg S F 4 4 F fF 0 LA F FE IR N8R
FoBiTe EF AR TV URFEREA AR 2pF RE DA 3 H58 (Chenet
al., 2008) - f§ H ez > )’j%{;g,'? Eph receptor iZ 3 fov 0 ligand % & ehpF iz
(ligand-independent EphB3 signaling) > Eph receptor cr7p % 7% 14 (intrinsic activity)
i 59 BAE R Y B 47 5 2 £_§ Eph receptor fo v ehligand % & P¥ (ligand-dependent
EphB3 signaling) > H T 253 3 2 4 ey e 4% mve cnd £ o

APy EE ) P AS - W A3 BB REAY
18 i #& » _Dukes’ B stage tumors * Dukes’ B stage # 7% /i w e &L A~ % k> iR
FAIRACT] I 1Ltk e B TR fn fe dn e S+ o1 EphB3 receptor i2 F 1 € fr#
ligands — ephrin-B1 2 ephrin-B2 % & ; %]} iz i PF i 0 ligand independent
signaling v #3 39 LB 1 AT 0 Hpwre H G il N PRE I IR % B AL
EphB3 mRNA level % Tumor/Normal >2 -

¥ ¢t 18 Btk ~ ¥_Dukes’ C stage tumors * Dukes’ C stage * % iT e 45 > % 71
T lm e ¢ SR RBE AT M T B o F]T e 6 Bk & Dukes’ D stage
tumors > Dukes” D stage i % i& ki #5 © % 7 B w8 © GIFICFR B T b4t F
TS o R R PRACTIE  i S BT A T L g L e
Wt 5 ephrin-B ihim®e o F]5 smfe 5 ephrin-B chimfe | 2T 48 L 2
P Bilde Do Boe e aE b A fmPe (Batlle et al,. 2002; Cortina et al., 2007) > #
e 4 me (Galeetal,2001) » 122 H @ 5% (Surawska et al., 2004) » #7124 5
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& m e FACTI S 0Lk st 2 0 et § EphB3 e m e i § 9] 5
EphB3/ephrin-B 1% & @ & it ligand-dependent EphB3 signaling F] @ #r 4| fo %2
4 £ oo APty 2% 857 0 & Dukes’ C fv Dukes’ D stage tumors » EphB3 7
ZIAZR € P DM PR R ¥R A 0o @ A PR DR % chE_EphB3
mRNA level 5 Tumor/Normal <2 o

B 36 B AR L b ASA iz F] 5 50% (18/36) itk  £_Dukes’ B
H mRNA level 5 Tumor/Normal >>> 2> @ |7 7 50% [(12+6)/36] ik & &_
Dukes’ C+D > # mRNA level 7 Tumor/Normal <2 » #7124c-% 2 4 Dukes’ stage
MmoER AR S A - AR (T ,T* ¢ 73 B - ¢ EphB3 mRNA level &
Tumor/Normal > 2 éhiE % o S5 & 0 F 2 > A ip v 1 gad ™ gida s, @ EphB3
B ORA) A s Bp R R dr ] A F] (tumor suppressor gene) (& ¢ 0 4o
B E S Rpme 7 R aas B -4 . EphB3 4k FIM B > ligand-dependent
signaling #-¢ [Esifpim e i 4 o L b B B BT HFL oA PG RS Lo
ZF : % - - EphB2 4r EphB4 2 L8 3 4 % 5 5 k65 L 5 I i
(Batlle et al., 2005) > % = ~EphB ¥/ <" % 5 & (¥ * (EphB-mediated tumor com-
partmentalization) # # %+ % ¥ % g @ i 5 B (Cortina et al., 2007) o

L5 E SR me oie R anS BB B EphB A F] 7 ie B A 42 & EphB2 {r
EphB4 ¢ 53 A4 17 % %o % 8 % m* his % B ¢ % EphB2 { EphB4
& Flenprds & (promoter) W& T v (hyper-methylation) @ B B AL ) i 4%
£ * (Alazzouzi et al., 2005; Davalos et al., 2006) o f¥ & + 927 ALt & - f&
epigenetic modification » £_F + % & % g iwie» J 5 d EphB3 fré 3+ cn® JLit &

B B EphB3 A FlA B #ie— Haw g o

4.4 Miao % A ¥ EphB3 A 3 R L=y ¥ & ¥ 3 » 471 2 % 5% 4 Miao %
LR REET P2 A?
Miao % 4 §_# HEK293 cells » & > £ € 4 JLEphB3 {r# R %~ F 1 fd'w
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#¢ tk (% JL mutant EphB3 ¢im*2 k% ¢ & # EphB3 signaling) > X i * 3Lt R &
% % hephrin-B1 (soluble pre-clustered ephrin-B1-Fc) & ¢ HEK293 cells ‘m*&
% % 11 EphB3 receptor » £ g% ‘m*s {7 5 11 2 Rho family small GTPase 4p B ~
s it (Miao et al., 2005) o # 74 3 > ephrin-B1-Fc §r 293 cells ‘m*z %=+ EphB3
receptor s & ¥ 11 it fmie enik &ﬂﬂw SR me 4 2 W R Ay B A 4GP L AL
A5 (cell rounding) » #rdlim¥e cnfe {74y 4 > g % lwre — L FEFLEF 4 (cell-
matrix adhesion) 7 X > ¥ i3 = Racl (- & small GTPase) /& 1 p &

%t — AFRALFE S SRR AP L 8% fo Miao ¥ 4
MBI 2l o AR PP %Y o me — AT FAREFS TG P4 (B
Sy AP E e B AR A S (BVP - XpI5E T fibronectin s collagen I f- laminin
ZfEAF) FAR 96 B A THARIN S RS r m RIEREE A )
P e i e R o R AR i G A s A TR 3L R IR
e oo ApMtenim e S H T R R Lod 2 (SRl E H LB B AR (optical density,
OD) o # ffiz— 3 § B enis R fr Miao & 4 en % F #1418 (e — AT HALE

AFRMVSEMR) RFAFP R FTAA M5 AR 2 AT LR
(cell-type idiosyncrasy) ° 14 % /&% > % = ~ EphB3/ephrin-B % 3 i % 4|\ 1% o —
% Miao % 4 %7 7 ¥ »EphB3/ephrin-B £_12 trans <= ;% % 3 it * (EphB receptor
fed ligand % & — fwPe + ) (e & {27 3 ¢ EphB3/ephrin-B £ cis 7
;923 iv* (EphB receptor fv# ligand > 40 I dm¥e chlm P2 5+ > #7100 — 1B dm¥e
z_ ¢ ¢ % = 44 signaling> ¥ EphB3 receptor 77 forward signaling ' % ephrin-B1/B2
e reverse signaling) °
4.5 Eph/ephrin iz - ¥ receptor/ligand i % 3 X\ 5 3 f& —f =2 3 8%
(interaction in cis) ™1 % B~ 3 i¥F (interactionintrans)» # T B 42 @ ?

AT EE HT-29 % % 2 %R im®e 4k 1t 2 A7 5 gt % 5] 5 B 4 4] e HT-29
e A B ,Tfu ¢ # 3L ephrin-Bl {r ephrin-B2 » # & fdlm?e %A + i £ EphB3
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receptor sIfie =+ o F|gt A i A EphB3 chd AR 2 (5 0 ip L e him e L
,Tﬁﬂ? pF 2 3 EphB3 receptor 2 % ephrin-B ligand > #* B¥ EphB3/ephrin-B )’jﬁa{."! cis

77 342 3 1% (interactionincis) » AP A2 S B2 3 (F* o

-w

Xm0 3F Rt g Ao o Miao & A R B N R E 0§ ephrin A

&4 e WO b chephrin 2 % 1t Eph receptor > pt % 3 T H i3 LA P
2. % R =% 3 i%* (interaction intrans) o £ =2 3 &% FT 7 585 H gEk: (1)
P> Ffeg it RGE o 2) AL AN e Lt ass2p ,*I};? "5 3
Eph/ephrin % 3 &% chiedp s fi o (3) fes #3582 ¢ » m% © 3 Eph receptor
T ¢ forward signaling > iX 3 reverse signaling (%] % ephrin 7 =3 dnfe HCF o g

2 & 2 reverse signaling) > F]pt o FFBRLRI|[enimre (T L MR o3 4 E g >

T\4
Py

#0¥ 12 gF F]>Y Eph receptor 7 70 forward signalinge e £ % =% 3 iE% ¥ 5

oy
b

$4 § Harm (1) LT Eph receptor fhpe i+ (R s i ephrin 4

FAHEP) LA ARRY R Eho BARE DS ephrin A FAF £ F 4 B A
e EA TN LT R HRRE R RN IR SRR Y ] (2) Y

* B & h 5§ ephrin &+ 4§ & 43 {1 Eph receptor > Eph receptor A i it cps &
xE 0 A & L T] Eph/ephrin R I3 1% ek B2 0 BdcrE et K RiEN 4 £
FrgliT* > A osoftagar ¥ BRI U 3k AR L P R BRI D 8k o
*E R ¢ R B 4 %838 EphB3/ephrin-B iz - * receptor/ligand 14 cis e3>
PRI CFF oGP ERG GRS IERE T R ER NI BE Y
#]4% #& ¥_r2 Eph/ephrin thfe =2 3 ¥% = ;X (interact in cis = Eph and ephrin are
co-express in the same cell) k& (T HFEGAF o bldo o A S 4 22 ¢ T
# 35 (path finding) (Marquardt et al., 2005) » "% %5 B ‘%2 o 403 35
(Konstantinova et al., 2007) » & & o pt ek > WopfeX B 5 Hpe SREFTV MR
pF % I (co-express) EphB % #84rH fiz =+ ephrin-B (Tang et al., 1999; Liu et al.,
2002) o £ 2 #7101 & 45 % 548 EphB3/ephrin-B tfe — fm# £ H ~ U 22 3 iF
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FATL P S 0 A TR N B AR iREL D FL A ®
T 4848 % 4% § on4 3 EphB 12 2 /2% ephrin-B > #7127 EphB/ephrin-B ¢4 + 3 5L ¢
WRGEZ) ~AF A 0 2 R g R4 > #ru (1) - & phenotypes ¥ it § ]
F g Pt (2) ¥ g 3] Eph/ephrin @ 3 (F* ik f ol o A 0 e
I ER AT LY N b & i «é,T"‘ﬂ—\ A iz P E AR AfEA TR
forward singaling 14 % reverse signaling » 4% # /% 4v 12 & & > )*]&;‘;i’ﬁ FEET &%
WIR- me (TANE A F A FHE gt kgt P R ,f@/,,\+ 2 4, o e
R AL FALHE - A (75 ARk g i‘b" W € 3 ARG Bt
— [ & (44) ¢ “t3then “EphB3 A M L ¥tm — A FHAFS Y 21
PR TS AT R L AT S gk -

FF R AN ERIIEY EAATAENSDLRY Rhwe AN LS
4 55 g it % p ¢ forward singaling :# &_reverse signaling > 2% ¢ B &
PiE o i i B 7 2 si‘&;{/w\ G| 4o X FEFEFURE (blocking antibody) (&4 4 » it 43
- EphB3 % & > fe £ & ;% /& it EphB3 forward signaling =77 soluble ephrin-B > 12 i{
4 # forward singaling 2% ¥_backward signaling # ¥ 2. - ) £ BRI - I ‘m¥z {7
LRt P BRI S e TR l"fﬁﬁ%*“"ﬂ’fﬁ Bens F g e
b)4e Stokowski % A ¥ 7 # iF w*s ¢ EphB/ephrin-B < I i*% 7 3 ,T!‘u:‘i'\flj’* I
W AEF % 2 (Stokowski et al., 2007) o ¥ — f v fRAF R e B 2 fjﬁ{ﬁé’:—% 1
mutant Eph receptor £ #_mutant ephrin P 8 #& % ‘w2 > & % 4 3L mutant Eph
receptor ¢ ¥_mutant ephrin; &4 % % 7 Eph receptor & ¥_% % chephrin p & » ¥
Fae A AT 3L o e B APV U T i 4p R e ephrin 2 & Eph
receptor & 2. & 4 & F 4, o

~F % ¢ e EphB3/ephrin-B » + 3 4 & e - B w2 2 ¥ 3 forward
signaling » 3 reverse signalinge 3 78— ¥z (7 5 M E A 3 24 H F g it I d
forward signaling #7343 » 78— w7 5 1 E & F 4 HHF g §d reverse
signaling “7 %% » B3 FleFawy o
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4.6 + A B FEHE (EMT) £ FF A ®#E (MET) (o 3 4 ,@}1@ v Ok
Hk@Eps 24k 0 PR AT G RAEET 12K EMT & MET ?

L AR TR T AR Bahg o™ DR - A AR
Himre 02 i S ATee R b L dmre B AGCR L enth A A B mre B R W
B fy 3 B PR R 'S FZRANDRPH mre i Fa 4 o PR e
PgRiFoFTweFEG GRUEFEEH DS Ea &G HFDORE
AR ZEARDR A e T ERE S A A D L e & e e
% 4L 2z (biochemical marker) o @ st} et A fmPe 4 (L B iLie ,Tf ¢ §_E-cadherin{r
Z0-1 > B Fwre 2 i- & 4% 2e B & vimentin ~ N-cadherinz' & fibronectin o ¥ *} i
F- BER P2 H iR Lpcatenin % iR R B hP-catenin + LF
feend VB 4RZe 5 @ e %\ B-catening® 45 3 e B IR P % B-catenins +
BB R s o PIE A e cnd B e o

ARER EEFARAIFATHRIONR = 3 4 RG S DT P RRT 5
PAR RS FE T ARz o 2005E 107 Bte £ 4R B EE T
EMT# 3t ¢ LANER= A B ’id,r%—?’fﬁ:’! o ey o #1815 mEMTHE cfxﬁi\ﬁ >
I ~ 54T (Leeetal, 2006) © & — & ~ & b o3 dp (21 (in vitro functional
markers) — & 3% fm ¥ R {75 4 (migration) A 4e ~ BRI (invasion) 3 4 -
wmPe — wmre Y m,T & A AT RS (scattering)~ dm e b A A 5 W
B (elongation) ~ ¥t im?2 k= A 2 4t (resistance to anoikis) o % = #F ~ &
wie 4 v o S fRge sl by — i BT A 5 fR5e -9 ¢ 45 N-cadherin ~ Vimentin -
Fibronectin ~ Snaill (Slug) ~ Snail2 (Slug) ~ Twist ~ Goosecoid ~ FOXC2 ~ Sox10 ~
MMP-2 ~ MMP-3 ~ MMP-9 ~ Integrin avB6 o % = #f ~ F A w2 4 it & 3 {Eic g
L —igat bR e S 3 F-v ¢ fEE-cadherin ~ Desmoplakin ~ Cytokeratin ~ Occludin »
F AR~ lwte Fod B F R 4 — gl Fod 4 F @ FEILK ~ GSK-3B ~ Rho -
I ET Y AT R E L PN Y A F ¢ $5B-catenin
Smad-2/3 ~ NK-«P ~ Snaill (Snail) ~ Sanil2 (Slug) ~ Twist - 12 + §_% & EMT % i s«
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— o

Fro £ MET{ & i 24 ot b & mdf 4 F S0l o 4ok - &3 1

BRZAIRT UGB LN T AR PR WA EE AN FARFE R & s PR gL
e e I Y2 F 3 2 EMT 2 METAp B 2 4 = A

AETF F 2 N4 %7 3 432 5 EphB3/ephrin-BA F 3 4 o paF L B ST
WI AR (ApF FR) hif S R 2 S B FIRAT DR - s g P ke

~

(in vitro functional markers) =% i* —EphB34 3 2t 4 13 & fmPe T {7 5y 4 % |

5

RS e — e 2 BT RS R S 5 BEL b Asd WOE R
RS AT ek (e o % -8 ~EphB3sF i A A e
Fe A it e G fRje et b — i B R 4 3 R3s 39 ¢ d&fibronectine % = #F ~ EphB3

AF LA L d SR st — B AT Rk £ 3

E-cadherin ° "$ 7 E-cadherinz_ ¢t » A F 3+ & 1 ZO-14rplakoglobiniz = & + A 4

+ &t o ZO-1qrplakoglobing2 2R 5 7| e F 3 % = dgens F e L H 2 ¢ > 2 §_

N

Bt A 84+ 4 W) A tight junactionfrdesmosome i & A 3 g2 - 0 U S S
HEF L bEx 175 1 L wieah 5 e o % w 4 ~ EphB34 F 2 4,1 & m ¥ 3=
§ B A 3 Raclis fLe% (S o % T 47 EphB3 A 3 21 L3¢ & s 1 ) % s T A
e Y — 4% ) B-catening'E i o

F] 4 A4k 0 3 45 38 P EphB3/ephrin-B A i & B & b ik T 4 % ehiE

—_

o A AT 2530 ¥ EphB3/ephrin-B A 3 4 it 5y RGE R F F AL i 4 o

47 H @ 2 F - £ A w4k &£ 3LF 4 7 junctional adhesion molecules (JAM)
# EphB3/ephrin-B &~ F+ A 4, ¢ chE€ &4 » £ H B ZO-1 & F 4 d 9

P ReRSR A - K (CELSE) ?fq@,a%é" Frim? T ;i (cell sheet)
BREAARA2Z LS r L dond L RS RIEET R P00 Bk
Fpo § WRRIRG dokd s - BESKAET o fpd FitH At Lwie o e
BT EFOg (B4 S FREAL 2 RALER) foais (F MR PR R
FFEZ) T4280 - Tt ,we—:wéﬁ'ﬁ‘mT DL AV A wmre i s
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4y

’ Eﬁff BIEET UL RS F S BF SR LB EES Ao R
AR F T o mie — e m?f DL Hd wme R L 4% A 3 (Junctional
adhesion molecules, JAM) Li”f#n”v ™ o

foin®e —in% et 6 PRI L EIT e s p R A S RRA
(tight junction) ~ Z*4% & (adherens junction) ~ 14 % 4f -] #2.4% & (desmosome) °
Tz fEREER LT ERARSREMF AL F 0 A WL ZO-1 ~ E-cadherin ~ 12 %
plakoglobin 7 * % o 2% i 97 3 &5 | EphB3/ephrin-B & + 3t Lac fgse it pt = &
A wr -t e 2 fperididn o B a3 ons w0 (1) ZO-1 F4
A F BB S 2 Z0O-1 d nve FHEAS Tl e s b o (2) E-cadherin F-v A F 4
& e 4e 11 2 E-cadherin d ‘w2 B H I wie O F o (3) plakoglobin 4 + d iz
Prf A2 3] dm e g & dm¥e T {eliw e e b plakoglobin & =+ ch¥f 4 « Jpd X 4 K A7
Mo ehk 8% & (optic section) FHjtr - AL I T A F 4 BEKER
EphB3/ephrin-B 4 + 2t 4, it 43 o fi it dm*e et 0 ZO-1 {v E-cadherin @ #4E 'w
Pz cifl it (apico-basal polarity)— f & & & A jicdtcn Z $hk § 7 o B e (Z-axis
image) ¥ " ehg 1] ZO-1 (1%  tight junction) e 6 5L T IR B w e i b eh
=X TR :% % % (subapical region) » @ E-cadherin (¥ % adherens junction) 7% k31
BRI A e i enfple 12 2 AR RIe R & (lateral and basolateral region) e

Pz A s G AR IR s A e T R R ede oo e b JE
(submembranous cortical-actin-cytoskeleton) 7= » & g =1 R twbe 4k it eh
R OETR Pl wme B L - R EE TR T B R me kit 2N
(suggestive of a completion of the cell polarity program; Thiery et al., 2007) » = % %
ARG L o FF 1o Thiery el SFih el &£ 2 )EL ® (Thiery et al.,
2007) © P e dl A b L w0 ¥ — dw P2 2 [ tight junction (2 ZO-1 &
F+E A s fEEY LB (EMT) 0% - % > @ tight junction <77 = B
AR E D A (MET) chdfs - 9 o ,T-*‘uér.tightjunction ARzt AR R
Feey - ,%,T&{adherens junction 2 3 desmosome 14 [ 0 Eime 2 2 > A
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B o A5 2 Fphk endt 5] (scattering) o At 49 BiE EMT 2 {7 eh+ 5 § - 14 K g%
2 g _'wm?s g% o Theiry » #F] AUt A EMT 4p & a4z ? (7 MET i 4%) » & —
# H_twre — e FF (5 d E-cadherin & & &4~ Eff 0 % = # HF i* Rho-GTPase »
T wwmr% F 2 > A= cortical-actin-cytoskeleton - i& @ #i& E-cadherin % ‘m?e 5+
i % = 5 4_desmosome 975 = ;RS fs - H ﬁ&{tightjunction AR
Bwie2 BRMB 22 NRE > DRI EHI vt (&) e o d
peA T L aeiy Z0-1 A MET 48 ¢ g F etz &4 o

R b » ZO-1 # &_Wnt-B-catenin/TCF signaling 4 + E&j5 ¢ 0T 254 F
iz & EphB3/ephrin-B 4 3 31 5 %’%’ d 825 Wnt-B-catenin/TCF signaling T ¢
Z0O-1 %k i& MET - Wnt-B-catenin/TCF signaling £ 3% ¥ i 4211 2 R FiE 47 > 9]
EABIiS R R E2N P HSBL I AL - AP ERET
EphB3/ephrin-B 4 + 3t i - Wnt-B-catenin/TCF » 3 L 2 BFfER 7 =€ & s
+ i % (crosstalk) - @ 4t — i 5 55 ¥ B-catenin o ZO-1 &3 B 22 g o b eh

A a A e g B { 4 RE T EphB3/ephrin-B A + 3 L ehE & 14 o

4.8 # i itig ¢ > EphB/ephrin-B iz — ¥ receptor/lligand % “w?% 3 TR %
(repulsive interaction)” 1 % “X f¢ 4 R — W% (co-expression in the same
cells)” T3 B+ £ F PAFELR?

Batlle % 4 »t & < 2002 # &% Ll g8 < Cell ” #F4h- B2 ¢ 4
Mot ABEER (crypt) RN A4 b ihmie Hme Y @eTF AT LS
B-catenin/TCF4 % 3R “/Fi” R s (¥ acd % ig "8 § ARIVHIT O inve & ik i
3% —Wnt 3o & F Arid )0 E I e F) S+ 4 F 4F & 4+ PB-catenin/TCF4 ¢
BEH T 53 EphB2 2 EphB3 izl Fl& > PRI M BPH T 0 5
ephrin-B1 (ephrin-B1 = ,T&{EphB2 % EphB3 receptors erfic i+ ) ik F] & IR o
B EER O LM, e m A AR L e ? TS AT AL F
B-catenin/TCF4 % I “3 F 4”7 B > fme i ? 3 F 1 i 4%+ L F 4 & 9
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B-catenin/TCF4 ¢ Bf B # = 4 3 EphB2 % EphB3 el Fl& I - | pFa @A 4
T /4 % ephrin-Bl1 (ephrin-B1 #_EphB2 % EphB3 receptors efie i3 ) 1k F] %
Hooit— HHA Y MR F iR LA s F o I EphB receptor 1 & 4 i
B R T AN A iR ime o m B e ephrin-B A & & TR R
— 3L h (crypt-villus axis) F IRt AT A LU E S KA SR e
2 o Batlle & X F 5% E £ AN E P eF %EF T B-catenin/TCF4 HH — B Bl
¥ 1L B4 EphBlephrin-B i&— X H/fe 3+ cnd B F > @ ¥ im- ¥ 4/
feimF i PR AP E o S ,T}u{ié? EphB # 3% % iz » ephrin-B 14 IEL)’]&
%33 > 4 EphB % 333 erpF i » ephrin-B 14 IK/T* %98 ©

¥ ¢t > Batlle & 4 g% EphB2 12 %2 /&¢ EphB3 %Yﬂ%‘yﬁ"ff /|- B (EphB3 knockout
mice) % B IR R A BN IR — 38 L fhd K 8¢ Paneth cells 3 £ iR
WHREE RS A AACL A B BRI RAP L YRR RS

b oo

A3 b X3 > Batlle & 4 (740 2 2% 1 EphB {r 2 ligand 2. FF ¢
W3 % H 3 %0 (repulsive interaction) > @ gt — 3 R AEHF 4R T HEF WL
T AL AL Lz 2 P AL S0 SR o ot F R RS A T o

Batlle & % B&2% © ‘S %4p B c3 KL 17 4} @ 9 087 7 > EphB/ephrin-B % if 2
B RFF I FHER T2 - BEF L g /z)]*z:—\ EphB #_receptor
@ ephrin-B &_ligand » < p X £]i¢ receptor f= ligand ,T* L f EETVIPIARRE @
FEATAPRE T o> — B H PRES 5 L EphB3 v ephrin-B ¢4 A% ¥
I RAMMHEHI TR T B ﬁ*lﬁ v iF Ef K ¥ 4R B-catenin/TCF4 33 47
EphB/ephrin-B # ZLerdik o sV i L Bf EphB e & L& “% > M B 2. {4 > ephrin-B
IR A SRS 7 Aok ALtk TRE R ER — RS hd TR %R A T
¢ ¢ P % 30 EphB/ephrin-B ihim® o e 8 > &2 @ LB B #% > (Batlle et al,
2002; Holmberg et al., 2006) 2 ¥ # i 8% r B Bf e I 1 (% ' — < e
PR (TIER RS QBN T 0 AR Al - B mte ¢ e pE A T
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EphB {v ephrin-B (4 X p >t & &= L B is™ F - B pFg 2 EphB v
ephrin-B e £ 8L) o fp— B w2 ¥ fr pF % IR EphB {v ephrin-B e& 5 & %7

EphB3 {= ephrin-B 74 LI % 3 5 o F]4t » EphB3 {vr ephrin-B e &% 4
AEHIT T P FEFIRESAT L #BEF]F & 3 48 & F B-catenin/TCF4 &% 4
i b5 > EphB end T F ik (4 100% > 0% ) » I P ephrin-B % R
PREZHHEL (4 0% > 100% ); & P-catenin/TCF4 shE |+ % — L (4

100% = 50% ) > ‘m*s ¢ % 3. 50% EphB 17 2 50% ephrin-B > @ * & 57} & 3% ﬁ%@'
4 EER R IEMFIT e (R R phen? B 2 BEF R T G

hip- ] Bd AL E gL &0 Y e » EphB/ephrin-B co-expression
¥ i ,j}al,, WE G Atk d o om A A R bR e e 5 00 R e
(mesenchymal-like) » & * = 3% b g fwie I L R e b g mie > ST AR R
— R L phd T A A P EREAE VARG - BEF T A
(quasi-MET) - @ EphB/ephrin-B co-expression 1} 35 &yt g #2e0® B > @ 7 F_F 4o
(FEF — R phenkt) » 2L g d (FEF -8 sy 0 & B ikag T

EphB/ephrin-B co-expression (interact in cis) £ B3 @ F + A 3k cnd & 5] F o

4.9 EphA2/ephrin-Al1 & 33 4 ¢ % w4 pr4| (feedback inhibition) it *
EphB3/ephrin-B 4 3 3 & 7 5 #1112 35 ?

Macrae & A % 28 B Jfp"iB 4k & 2 ¢ » 4 i 103 EphB {r ephrin-B # I
3 % efFA5 0 4 IR EphA2 %% ehil R tE Rtk A H ephrin-Al 4 EEJ,T*LJQ i K
2_ 7% #% (Macrae et al., 2005) - i &~ % 3 3L : EphA2 v 2 ligand (" ephrin-Al)
‘”K{Ras Raf-MAPK g j5 ™ 4 + > e §_Ras-Raf-MAPK # 12 % it EphA2
o fr g Frd] ephrin-Al e IR o BT R SUR MR A Y EphA2 dr
ephrin-Al % .3 T eI % o ¥ ¢k > s @ I8 EphA2 fv# ligand (*r ephrin-Al)
XL s G Sq3id Hos 4 K F]F E ( dh Ras-Raf-MAPK 4 & B % » Tt @ ik 14
Fefpimie cnE AR R o - H hA 78 > EphA2 fr# ligand (% ephrin-Al)
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248 » #1331 Ras-Raf-MAPK 4 &+ g j&m > EphA2 endk 3 > F]pbm A) = -
e FE_ A GR@E Y X L e Napie &I ephrin-Al 0 & i £
fZd btz wAEPrd] T R EphA2 ek I o FP o fUfplwre & JR BB EphA2
& _ephrin-Al # ¥ 2. — el FIL LI S0 b a2 fow sl o
d AL 2 8% APV e & EphB3/ephrin-B A F 349 > 4 5 &
#E v A i (Ble L) e AP ek % &1 EphB3/ephrin-B 4 &+ 3 4 it 53
i mre 4% P B-catenin HE (e Flmre AL 2 a0 S R EEF 2R %)
% PB-catenin/TCF srE (. REAFILZIMA 7 E %) @ Batlle % 4 Lw ¢ g@p
i B B-catenin/TCF-4 4 & §&j5 4t 59 "% i< B-catenin/TCF-4 T #5: EphB &4k F] 4
I pF 3% = B-catenin/TCF-4 F ¢ ephrin-B ¢34 F] 4 38 o ] » EphB3/ephrin-B
L334 ¥ EphB3 ehw & dr 4] T % g g 33 i B feedback loop 40 1 (1)
i & % 3 EphB3 > (2) EphB3/ephrin-B 4 & 2t &4 /% * - (3) nuclear B-catenin
Fb > (4) B-catenin/TCF &% 125 2= = (5) EphB3 s "% i< > ephrin-B e&
FH4r o bitih (1)~(4) £ AF TR A (4)~(5) kL Batlle % 4 e R o o
f6.4 EphB3 thw Aufrf] it » fodf ephrin-B w4 M4 (v 7% 2 g & g L% 8§
— WL ghTR o > EphB(+) cells 4 @ ephrin-B(+) cells 4 ek Fl2 - o
gt k> Wetering & A 9 SE P B P-catenin/TCF-4 € i€ ‘¥z & 0% 1k 2R
{81817 oz & v (Wetering et al., 2002) o 4o #1if » 2 i eF 2% & 1 EphB3/
ephrin-B 4 3 30 & it 53 "% M w?e $% ¢ PB-catenin (7€ 12 2 *§ 4 B-catenin/TCF /%
Mo 4ok Se + Wetering & 4 e % % % > EphB3/ephrin-B 4 & 2 £, 32 % F 3% it
Jyt me A B ek BB me A 1 > @ g4k % 2 5 4 EphB3/ephrin-B A
LA A Jg RGBT E P L kgl s o ot L EphBlephrin-B & F 3t L a5 A F
RTE S (FECGEMET) s @ gt — (7% 2 ) 5 EF — WL by By Hig¥

STl 0 ¥ BB Bl e s B MR chiE o
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e

410 MET %3 "agdr4]ic* cggdp 5 P 790 3 4 @84 3 & F MET
marker X 2 tumor suppressor 2_ & g ?

AETER D - A @R e 3 PFEE I MET marker (22 MET effector) 14
% tumor suppressor 2 & 2 4 ¢ » igfi & hE ﬁ'i‘r&{ﬁ%’ AR SEER
4] (€ gy o 54e @ E-cadherin {r plakoglobin %t &_epithelial markers » #_¢
Fer1 tumor suppressors (plakoglobin i — & Fr&1 weak tumor suppressors) e * & 4e :
CrkL » Racl ™2 % nuclear B-catenin % ¥_EMT effectos » #_2 i oncoprotein o *
bi4e o *% M Transwell T 7 8¢ 4 ~ B Sedmfe = 10 2 W Ao AT 3T RF [ Pln e —
e AL L 0 B2 BEA_MET dhwt i M ikis 0 4 i PR e chd K o

4.11 Noren % % EphB4/ephrin-B2 4 3 A 42 G e $ fr A 1 § 3% 5 49

g4

W2 BERBB LR
Noren # 4 (Norenetal.,,2006) &8 F & awh> @ 5 G- BF ¥ W5 BT
im e fho B R FILH ¢ 2 B w2 $k EphB4 eh4 JLE_~ £ ¢ ephrin-B2 (*r EphB4
s ligannd) h& AP E A e By — B 2b# A o (non-transformed) ~ 2 i £
% AT A n%e st (epithelial-like) enim® th MCF-10A ¢ F % % 7.+ £ s EphB4
12 % ephrin-B2 ¢ MCF-10A ‘w® tk 2 ephrin-B2 14 L& * 3§ ** EphB4 - &1 ¥
st BAEW e o sk 4 i dhimfe 4 3L EphB2 v EphB3 » @ @ 4 it & # eh
fwz Pl & I ephrin-B1 o ]}t > 15— ¥} receptor % ligand 4 %] £_& & it 2_ R 45 kw72
MRS i R 2 e ik F R o iR A B F 2T F % < EphB4/ephrin-B2
Fpoo# G- REOFR T2 B we 3k E_transformed & 1% m* - 2 EphB4
4 BE A Ee o ¥ - 2 5 24 non-transformed w2 ¥k HCF-10A » H
ephrin-B2 4 JZ_+ & 05 pt ¢b » MCF-10A ¥ ephrin-B2 ¢4 3.x < 3t EphB4 >
% 7 MCF-10A % kB i >t 2 & v S IR - = imbe o

- i P &g enR® 428 53 i EphB4/ephrin-B2 % MCF-10A ‘P2 k7 e 2%
3 £ % (interaction in cis ; 45 MCF-10A 'w % it 43 Ir p¥ & 3 EphB4 1 %
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ephrin-B2) » & % Ff g+ Lt me kTRt A lme 4 P B LAl e F RJE D
Noren % 4 *t32 % ¢9 MCF-10A ‘s 4. » EphB4 Fc &J2 24 -|- p% » EphB4 Fc ¢ {r
MCF-10A m#e %} e ephrin-B2 % & F|@ 2% MCF-10A 'n*¢ j 3 7 EphB4/
ephrin-B2 % & 12 2 EphB4 T p5enih 3 21 4, (24 BLd Bifik b 35 3 0 EphB4 g -5
FOUEEEF ) o B MCF-10A cells fn¥e — n¥e F i 3 m%f R RN R
= $ i £447 (disorganized cell-cell junctions) ~ #F 25 & I B ;& (elongated) g
¥ &tz (mesenchymal-like cells)  Fe % MCF-10A 'z & 3 ¢ EphB4/ephrin-B2

B AL AR5 Crk SR b o B A 7 2B 1 eh Crk (TS e Crk)

AN

7o Crk A dvacdyiRaE b A B L e S o Tt o Crk aE it gy g k-
epithelial-like MCF-10A cells # % = mesenchymal-like MCF-10A cells -

AP e R wme tk L32 F pF4 3R EphB3 112 H fe =3 ephrin-Bl v
ephrin-B2 - L32 cells ® 1 EphB3/ephrin-B1 12 2 EphB3/ephrin-B2 2_ ¢ =% 7 i¥
*  (interaction in Cis) = #g 12>~ MCF-10A cells * EphB4/ephrin-B2 el =% 3 i%
* o A7 1% ] RNA F 35 wn B L32 cells ¥ s EphB3 8 %] 4 > 47 %7 EphB3
T s F L — A7 Rk foNoren & £ 3032 & (9MCF-10A ‘m#e 4c » EphB4
Fc ke EphB4 ™ 25k 3 204 £40 11 - fige L32 cells & EphB3 T 54 & 3
SALPEYT2 {8 > 4ele * EphB4 Fe &JZ i 59 MCF-10A cells » g4 i 2538 e Crk n
#8T epithelial-like L32 cells » ##% % = mesenchymal-like L32 cells - Noren & +
i EphB4/ephrin-B2 e+ 3. f- ~ # 7 7 EphB3/ephrin-B1l+ephrin B-2 e 3 - &k e
ip &1 EphB/ephrin-B 4 = 31 & 0 9 i@Ge B F + A 3% 5 £ F EphB2/ephrin-Bl 4
FA L FARR 2R G FiE- 2y (EphB2 ~ ¢ SAAEF ARNEF

R T L 2R i ee) o
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4.12 Miura ¥ 4 & EphA2 §r E-cadherin 3 #7¢77 cell-cell contacts 14 2 } g ‘m¥2
g v (epithelial cell-polarity) iFd = & R T frd B FF s fpmL o # &

ZEw?

-
[\ 4

A

=K

KL £dp & ¢ EphB/ephrin-B 4 =+ 3 & it 59 GE R+ L 3 o 70
Bro b AdEda - 2 g mejiE;T*ﬂr\ EphA f2&ea 30 L& F» 5 4piueh
% ? H.1T Miura % * 4] * MDCK (Madin-Darby canine kidney) cells & {7 7 - %
iz o Ty (Miuraetal.,, 2009) > @ H 2 %2 5 27 I8 R o

MDCK cells & - & * F/,T* ¢ # I EphA2 11 2 # fie =+ ephrin-Al i ¥e $&
(% 023t MCF10A cells ¢ e p¥ % 3 EphB4/ephrin-B2 ; » #g i3t A7 7 @ 9 132
cells ¢ fe p 4 38 EphB3/ephrin-B1+B2) - # 5 L4 R § MDCK !m% &M% K
# % 2 T » EphA2 cifit i #2855 % MDCK im® &8 % B 32 % 2 7 » EphA2
SRR %i)ii]fu#ﬂé"%ﬁﬂ#%% Toe RF AL f# 0§ MDCK wmie s & %R g &
@ B o0 dmie — e TR )I‘ T % > Tt EphA2/ephrin-Al &9
receptor/ligand % & 122 HE M (R HEpit 2R) 2K ~ )’j-k.ﬁ XA % ° Miura
 Agm:* ephrin-Al-Fc §;# e MDCK % {r &% % & 3 % 2 7 9 MDCK ‘w
e ff 0 403 BALA B SUEPhA2 {3 B B ks — sk R 0 02 T 0L
0 kerimrz R (E* o fmfz gt (¥ % (cell polarity) iR B E b fiwie AR B
B VS % R & 4 ~ ephrin-Al-Fcvs & 4r » ephrin-Al-Fc a2 T > MDCK ‘m%s
i E Y RH BT w3 £ 4F ~ F E-cadherin fr ZO-1 1 Z #h¥’ f (Z-axis
images) o Z $h B> 1P 0 cPBEoT ¢ MR R A RBEILE LG * ephrin-Al-Fe g en
MDCK ‘m* a2 % ® TR G T kot R AF DA AE LE *
ephrin-Al-Fc¢ & J2iE 0 MDCK ‘w% a3 % x ¢ i} € w A2 AR e
% ooom 2 Z0-1 3t e 2 R8A5 0k e f2 e subapical ¥ 3¢ 0 E-cadherin Y =3t
= 2 4845 fo e Wb basolateral ¥ 3* cMiura & 4 x 2§ B 45T — f& apical marker
—Ezrin> % £ 3¢ £ ¥ BB D Z $hP s F E 07 Ezrin cha 3 ¥ kiRge
At 2 2 Ak e TR R o Bl Z R e B0 e kit (apical-basal
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polarization) 1 &7 5 o

L gl R e d R TR RS S 2k 0 e b
EphA2/ephrin-Al & 3 2 & 1% 2. T & - Bl 4 XY T a } g ﬁ.ﬁ*rs ﬂﬂ 7
| A X,T*ul%\f* - 1B ¥ R HE (cell compaction) = 1t ] i b — fho B3 D
Frg%z? 0 3 = 2>- the¥ R D EphB3/ephrin-B < 3 8% T ehlm ¥z tk L32
Br g L RNMEOXY T o Bl LARD % BREDE ook ¥ f 4w
% DAPL ¥ 5k > 0 P AR ang di ko & e PrenEEL & control cells &
WA feen o Ap¥ten s R A e P enERkh L32 cells B m e TF o

w33 A ARG 0 b T e B RS L 2 e S A o e

ru

A2

F_*

CROERZT o e § R AP F A e ik TG ff B
oo A A XY T ,T*uﬂ’.lﬁb e R HFEPFL T o 101 T 24 Eph/ephrin & <+ 30 L
tije % R 0 A Ad R R 2 o A e b E
o ple 2 Rk R 5 2 & - M-S (polarity protein 5 Iden et al., 2008) >

T tm Pz £ apical-basal polarization e

4.13 Cortina % A BT 1% B IE 3T # (tumor compartmentalization): #* % —
PATidr g L2 PR HEXP IRV r AL PHBM?7 PR R 2
Jaw?

Cortina % % (Cortina et al., 2007) #-‘w¥% %% 3L ephrin-B1 thim®e (12 iz 4
% £ RFP—red fluoresence protein %7 ) frim?z 54 IR EphB2 ¢ #_EphB3 e/m ¥
(r1% ¢ § % GFP—green fluoresence protein #:77) F 4piR & » &% g D& d §F Xk
e EphB(+) cells e en® £ = 5 fmre BB (& - Bz B >50cells) > % 41 &
¢ %k chephrin-B1(+) cells P k35 7 st B ¢ F ke B2 b H Ay 2 > 5
A= % ,TA,.;} ¢ ¥ % e EphB(+) cells # iz ¢ % % ¢hephrin-B1(+) cells & Fl4= % -
Rod ¥-BaR Ky R i ¢ F Sk chephrin-Bl(+) cells #-% ¢ ¥ £ eh
EphB(+) cells Fl#fAc % | &fdR % & b b chlwie i & J 3 ¥ 1L adsdg - < >
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o v

TR - AL el o Corting % A K-t fBIR L2 G MBI IT*  (tumor
compartmentalization) » & - & > A7erfrd | MR 4 £ SR o

“P RS 90T invivo Sudg ¢ & Apc™™ mice [- TR E % B
Hodmmyrd| A F) Apc ¥R A F] (allele) » 7 - BAFILE ¥ A ¥ - AFER
WEARMBSO Ape Fv AT o L ETRIRFTIIR2E BB FEE P RAE
2 B BOUE (adenoma)] M LA RS 2 F P > EphB(+) MR m e 2 At
ephrin-BI(+)e7% § 1 & fm#e “7 & [ 5 L& ephrin-Bl h FI4 P o ApcMi*
mice % i £ E A ¢ 7 8 ephrin-Bl(-) = 3 A e )’jﬁ.# % ®E e R A
EphB(+) 53 im "¢

BT %k Rt $1E EphB(+) cells B8 & e B 030 % P& 20 4 i & o
[¢ ephrin-B1(+) cells ¥ EphB(+) cells # # £t % 4 @ & EphB(+) cells # £ = ®]?
BEd P4 2en [ EphB(F) cells ‘w2 22 mre 20 [ endpF 4 M 4em & 2 B
& 2 @] ? 4% EphB(+) cells & & = fn%2 BH oI § £ d B0 fmve 2. ¥ indh % 4
B 4v @ oig o PR % i mie (P 3LF 4 03 & & F B-cadherin 327 12 % B § =
imv% B EphB(+) cells £ & A8t~ ¥ 3% | 4ok 2§ 4ol 2 B %
EphB(+) cells & & = ‘" BB IR % iﬁ? fv A d 4 arig 8 — T ephrin-B1(+)
cells ¥ EphB(+) cells B iZ et 5 1¥% 4 @ & EphB(+) cells B & = % BH. -
Cortina & % §* RNA + 3 HjiF#- EphB 4 =+ 3 4 & /& it i ‘w2 e E-cadherin
R B Rl RS R R S BB m e g n i A e b b
s REREE - A BBEEEAT 0 TG T3] “ephrin-Bl(+) cells ¥ EphB(+)
cells et = iF% 47 54 o & F3I > %= EphB(+) cells B & = BH 2 Ebh b R
IR 3% (tumor compartmentalization) ¢1E & Jn F]¥_F] 5 ephrin-B1(+) cells
"z i~ b chephrin-B1 /% it EphB(+) cells =77 EphB receptor > i = EphB(+) cells ‘w7
%t E-cadherin » & &g H 14 2 # v & & 03 it 0 # ¥ EphB(+) cells #] 5 cell-
cell adhesion * 5 & 355 @ B = @B ; & EH ,T*‘u{ephrin-Bl(ﬂ cells /& i+
EphB(+) cells & EphB(+) cells p = F f = # > 2L ephrin-B1(+) cells ¥+ EphB(+)
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cells %6 % R R {E#* 4 o
gt ¢k 5 Cortina & 4 B3 3R ¢ * soluble ephrin-Bl % EphB(+) cells ¢ i
EphB(+) cells & # (cell clustering)~ km*s *+ 2} B 45 (cell compaction)~E-cadherin
Al ety B A 3 fefe BEen 2K K ]if (basolateral membrane) > 17 % F-actin fn
e A FDERATAT P REANPIFEL Y 4 AR DFR -
B H 0T s BE > AN GF LA A 3 Cortina 3 4 a0 IR o & -~ AR
7. EphB3/ephrin-B 4 & 3t & ¢ i & E-cadherin 7 protein level 3 4v > 2 &_f&
Cortina & 4 e/ 7 ¢ E-cadherin & ¥ 5 #&# Fllwie iengF T =8 @ L
protein level er% it o % = ~ A7 EphB3/ephrin-B 4 F 3 4 € i = fm 2 % p
B-catenin 4 = 3" &g '# 1402 2 B-catenin/TCF activity 7% ™ (B P @ dp 3 7 0
11 2. E§ : E-cadherin = protein level 3 4r > E-cadherin 4 + # £ 1] fm ¥e %
ek & p]:f > E-cadherin 41 @ B-catenin A + > S w2 ¥ P &0 B-catenin & #3
Pl B¢ > ¥ pEp B-catenin & 0 B E <2 2 B-catenin/TCF activity ¢
% 14); e §_%& Cortina & A e7#% 3 ¢ » fwfz {5 ) &0 B-catenin A4 F I A PP A RE L
B-catenin/TCF activity » i 3 i i@ iz &g o
g At £ & (E-cadherin # 4v vs X3 # 4> 11 % B-catenin/TCF activity *#
Mvs L3 M) ARFIFRFHUTZHMA: 5 ~FRFHRET 2 P cnlnie i
mie pR2 B AF W3 - % hZ B (cell-type idiosyncrasy) > 1 E /£ 0 & = s
EphB3/ephrin-B % & i®# 4|3\ 97 f — % Cortina % A %= 3 » »EphB2/ephrin-B1
4= EphB3/ephrin-B1 &% trans = ;8 % 3 i * (EphB 4fr# ligand 7# ffF - w
Pz) >m AP er® 3 ¢ EphB3/ephrin-B €4 cis <= 38 % 3 v % (EphB{rH ligand
R AR e cnlm e B b )0 R /8 0 2~ 4F E T 2 B pE S 1Y EphB receptors
— & Cortina & A 87 3 ¥ >3 84 F % A_* soluble ephrin-B1-Fc % &Jd® EphB(+)
cells » i&fd > ;% ¥t 43 AF /= it EphB receptors > § # i A AE T AR
BraEff; - g o0 A mﬁ‘?g@;—”r&ﬂ\b w2 tk? i2{7 » 2 EphB receptor
A H A AR o T 0 AT R A o
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FEF oL E R Ao Cortina ¥ 4 %7 83 F 7 EphB A + 31 L i
43 % E-cadherin & + # 4% 1 e ¢ o L i} (4 basolateral membrane) it
Pk it —wme B4R £ o Flt 0 gl % % &t E-cadherin #_EphB 4 + i
BT R Rkt 2. - % F + oE-cadherin # F ¥ - Blwe L oS
s A - ¥ ol rd] 4+ (Perletal., 1998) 0 » A & & & b A wmie 4
fbffse o Bt LB AR Y L@ iEse?  E-cadherin » # 3 & hfg st
K3 FF (master programmer)’ F] G i 53 g P A BT S FF A g7 e

B S B R R B 5T E-cadherin 534 452 (Guarino et al., 2007)
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4

Ry

AFPLF PR ET mf;‘ﬁk‘? AF P AK€ R AT Y e B AR (T ¥

F R BFTAFENERAFL D E) S RAT

501 2P 1% hfph FEIRET - BATDRE ILF HL 3RS (anovel
molecular target for targeted therapy)

Tk FEHLRERS o B AP LR ARAF L {0
R WE DG HE g ,T&q.\ e g %% /237 EphB3 receptor # B 7
RIE ISR 0 FlE AP T 25 B 1 51 EphB3 receptor ¥ Ui &
S R A e o

e 2 PRIp A PR D R SRR R A F B RGE me F s R
Bagmie g T A M iEd BIE A o %;Jﬁ (dp Wi mie 7 A 1) & ;j-}ugux >

- ERTo B A &5 Y EphB3 receptor 1P g7 & f & iy
5 #- EphB3 receptor #k /e B ff H @ 2 fR/k L R R T (7207 F g AR T
7% 1* EphB3 receptor £ soluble ligand > & '?5 E_¥ 115 i EphB3 receptor 18 $kiw
A A B S A ,T}w g3 #FAOFFE< }I%a‘% dirz b5 fd % i EphB3 receptor

Hs ok r B (T

g

¥ - ~ 73 g3 (soluble ligand)
Noren % 4 %5 Jlm?% $k ¥ &7 %73 (Noren et al.,, 2006) # I @ #-‘m*e
3 % 3L EphB4 receptor 2 2 5 ephrin-B2 5 J fw #2 $k 11 clustered s
A_un-clustered ephrin-B1 Fc 2 2_ {5 » EphB4 receptor crgifis it € & ¥
3 4e > @ EphB4 receptor cgifis it 3 4v % % EphB4 receptor 4 /& it » Noren
& A £ % 2 soluble dimerized ephrin-B2 Fc (F % %) 2 Fc (¥ /R &) 15

ﬁr‘%}FJ X o2 P (_43: IS =) B fA ﬁr‘#ﬁ] ¥
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FOLT i 2w e U0 JURp e o B g dt fUlp e e ¢ AT
Aoy ER T R o B AR VE AR B2 {8 eh% v iF > Noren & A B IR 0 1t
soulble dimerized ephrin-B2 Fc e %/ Bl £ F 7@ > H 484 4 /184 Fe
g B PR BEE ) (R DA )0 )J'*{Frw_
soulble dimerized ephrin-B2 Fc A F S&é 4 £+ ma g v L Frd| g ensd
& o F|Pt o %3 B soulble dimerized ephrin-B2 Fc 2% soulble dimerized
ephrin-B1 Fc 17 &7 it % A §:8%%k~» it 79 A 2 Frd a4 & v o 2R
Ao B g }‘kiﬁ: H s - e @BEALE %% o bdr Holmberg
% 4 (Holmberg et al., 2006) d § % -] &1k #7% (tail vein) ;i % mono-
metric recombinant mouse ephrin-B2, ephrin-B2-Fc, EphB2-Fc, or human
Feo ' % 4 3R./1 &% ephrin-B2, ephrin-B2-Fc {= EphB2-Fc $%it 33 % > EphB2
receptor sFEfL Y o i*u{;rb » ;1 %+ ephrin-B2, ephrin-B2-Fc §= EphB2-Fc
¢ #r#] EphB2 receptor 75 {4 o fe & # Holmberg % % # 3R : fis i ehin
Vivo F B & k¥ o pLEFr )] e~ %5 o EphB receptor & T
Fle S A PR LT B Y e A B dE it (% T 50%¢h mitogenic
activity) e Noren ¥ 4 v Holmberg & % e S & H £ B S+ 2 i 3L
b} ephrin-B Fc 2 & » % i = EphB4 receptor srifit i* @ {4 i¢ = EphB2
receptor 13 FRA T c LBLZ BV R KPS BFE L F - F 7 AT D
ephrin-B Fc 7 F¢ (dimerized vS monomeric ephrin-B Fc ; # —%‘ S R LE )

activating @ & 5 blocking) ° % = ~# 3 ¥ % 3 (7§ 5 tumor @

ETIRS

normal intestine) - Noren % 4 fr Holmberg % 4 e Sk & % 8225 35

c
' pe

P
e

f-

F_*

£33 wd A BES KA S dliore B (B 5 rd] tumor

3

4 £ @ —fg % ' 1 normal intestine ‘w*e & % ehiE f2) o Noren % 4 4o
Holmberg % A cnf % %5 A 3B ¥ 37 - REEDERET FE- H o

=i
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=~ FiE A (activating antibody)

Zelinski & % (Zelinski et al., 2001) # MCF-10A 5 fm*e tx @ & 4 &
EphA2 en /T &8 2% 14 & 3E (7 3|48 T w7 & - i248 EphA2(+) MCF-10A % soft
agar ¥ 54 £ac 4 g S bR a4 o e e % £ 4e ~ ephrin-Al A2
i# EphA2 receptor crgifik i A2 & 3 4v > ’T} € i& = gt fd P2 T soft agar ¢ i
g4 L4 B GRM- L)ooz o1 ephrin-Al it 43 3¢ fm P 9 ¢
3 EphA2 receptor 2. & |4 % % ‘m*2 c4 £ oCarles-Kinch ¥ % { 4%+ EphA2
receptor 7 fwPE ¥0U ¢h R4 e epitopes B 1R - (M H B ohH Rt
(Carles-Kinch et al., 2002) o & 508 $h348 ¥ 12 % i EphA2 receptor ~ i
Z_REFL Y > 0 Frd) g imie Bosoftagar ¥ R IE A Koo p b B 3
F 0 H PP % non-transformed MCF-10A cells 72 7 7 & cai® * o
T4 m 4444 I EphA2 vk fm e i (TR e jo R e R BF BT (Ao

,T.%ﬁr}b Foperthie R B o8 L5 (1) H R bl4e R T (Herceptin)

L % (Avastin) & . (2) prrwpi gofis ¥4 A tyrosine kinase inhibitor G 4e

Lapatinib ; 4-¥%} Eph receptor ek ;o E5 2 F 2 5 3 A 55> 2 pend_» 4

¥t Eph receptor cfffe jnfy e o 5 X R F 1L PR > 5 2bdrd] p R A o

Eph receptor it % jo R ihie 2 Xk A0k BT F U302 ARG

4ol 2 b o#rit s B ¥ Eph receptor tyrosine kinase family 5947 3 © 5P Fx
e RV & 35 2 EphA receptor & £_EphB receptor ‘1‘5'3'7 LI G R e 5 R
SRR A AR SRR 0 HRES N BRI M2 EHR4FL R
3 {%* R 38 (#-dimerized ephrin-A Fc & ephrin-B Fc /26 I F ] Bl cd® #% 8t
PR > ephrin-A 20 ephrin-B 4 3 fc 33 Bl o) BRI o F g 2 A AR e

S0 2 folmfe Wb o Eph receptor 4p 55 £ > 2 ¢ ephrin-B Fe i it 53 3 4¢ receptor

FBRRLTC R TR X A) o BRA 0 A A AR e K

89



¥- ~¥F % B ¥ 2 4 3R Eph receptor
B PR R B B o pAR LR PR W8 A 402 IR Eph receptor (51
4o EphA2 435 5 #* ¢ ¥ & % T ~ EphB2 4~ EphB3 .35 5 < % 7 % & ¢
R 4L ~EphB4 AF S5V A5 E S kY R EFR) LEiTE K
- 4 Tejk 3t A 455 % A5 7 ¢ EphB2 ~ EphB3 (EphB3 it- 284 § 4%
T %) fo EphB4 A% Heh+ %8 Sk LR ERE > L K&FA
$Ri& 45 (Dukes’ stage C) 2 4_i& & # (Dukes’ stage D) 1+ % 8 % & 'd
% © > EphB2 ~ EphB3 {r EphB4 & sLE 30244 chis > FI 5 f f132 4 714
LA I % B chpromotor A& ¥ AL iV R F A e FIM AR P (0 274 EphB2
e EphB4 @ Stz ) - gt & S hw =8 ¥ R T EH SR mre
£ %’T&{%Fi‘;:}% 3 & PR e F F] L TP e % o9 EphB receptors
e 4 o o AT T EphB receptors ¥ 4 MR fw B 1 i = 4
oM nme” s v o 2% EphA2 receptor & I A A FFAV RS G
BT A B E Rl a) (dppiRe B s P enit g ' B EphA2 ih
LRERE 0 A :;;;;-z_x,,\ H) 1L ik B ety dm e B EphA2 chd R UK
B FE-HTETY o BERIF S KR we T 2 4 IR Eph receptor e 1Y
AP T OFHRLE > PG - LB E S REEEHAIRF £ EphB3
receptor [4p Dukes’ B &5 4 i 2 #8075 4 Dukebs” B+C+D - L Duke’s
B/Dukes” (B+C+D) = 18/(18+12+6) = 50% | » #1325 £ § fo W i - e
I 5ty etk de o B T (Herceptin) &k & * 300 % € R
% L HER2 e fpdn® > % #73) HER2 H {45 4 » & > HER2 H 455
Wik AT F 5 R e 20~25% ©
= ~ 37 ephrin-A & ephrin-B &+ ¥ i Fr ¥ S E L H # R il §
4 38 54 5 iE 0F
4ol @ m #7it > Holmberg % % (Holmberg et al., 2006) #- monometric
recombinant mouse ephrin-B2 # ephrin-B2-Fc d F 2| & ek $#5% 47 » |
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B P 21 i ephrin-B2 ~» + ¢ FlE % 3L 8§ (intestinal crypt) i
Foit (7 3 78 A B 0% 4 AR o P o Pz BT F e EphB2 receptor # 4. EphB3
receptor & o = X 2_ {8 » s PF IR > R K A EENE F K P840 Paneth

cells B3| 7 B ALW"E§ 2 s eni= % (EphB3 £ 717 ",f B RENE B

DM

4 AR RS o B e 164 ephrin-B2 — % 2 {5 » % AL

e
et
T

EEH SR D B P R 0T K- S RS SR R B

ephrin-B2 = % 2 {5+ %427 - Holmberg ¥ 4 i Sy % A7 : i1 if

ephrin-B 82 23 ¥ vl g cn2 £ o e A4 R PR A AT

(hp it o B enimes e p o 0 = L) H 3R F 5 R fon
(] % 2= o & R4E) -

BE2RF 10 T A g (7 0 fe £ Ephreceptor & A 3 R sk (v ARIF L
B o FL o RS S PREnR B A AR L (8 S A am e
mﬂﬁ?°w%’%£?%i*%*%"*@ﬁﬁiwiﬁﬁﬁaﬁ—ﬁw%
Prg LB T R RER A0S B R - T R B G R E A
 ¢hig e k' ISR (T A 3 o 2 Ephreceptor b B R ehde i o H BB

A

52 2P nE kA RREFAL SR RET - BEREF T A #i# (tumor
mesenchymal-to-epithelial transition) 7% i 5|+

g+ 4 B4 (epithelial-to-mesenchymal transition, EMT) 4 & B 2
RUEY- S A TS JARE i) EC S A S A B ESULE SR

ZRY AL S SAE w9 s EMT g g mre $enl 2 EM - {2 Ee

g

o iz 38 tumor EMT éhi|+ o ¥ — = 6 > = % tumor EMT ehif v i 42 > ¢
tumor MET (mesenchymal-to-epithelial transition, MET) eft & < )*Ju_ AR, ¥4

SLE O AT R ERE T REFA LAY - BAEABT T LEROS &
e
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- A A ¥ s MET mili'ﬂ:T‘h‘{F? %38 EMT ek F 20 43 & (v s R
IR AT S R e X A A MET che 3BTRS A G A &
% g o RS AT bt iR CMET g3 EMT chi g4 2 i
4 » % F EphB3/ephrin-B & 3 B % a5 it it 49 b 2 035 % tumor MET i {7 o
B2 ZR L Noren & A @ (S 4& 7 4~ 9 (g dx (Noren et al.,, 2000) # 7 244 7] ch
v %+ 4 nve @ EphB4/ephrin-B2 A + B ji - B FRdF A R EZT 0 R
4k (F12 %7 EphB4/ephrin-B2 4 F BajiH#-¢ @ 54 5 F L fmre £ 3+ 4 ‘moe ehgF
Mo 2R o Noren & A 325 s Pen@ sk kit @ AL b A e P jleengt 5
e L E AT L e cnf e o AT I T A 2 B SR
EphB3/ephrin-B & + BB it e g d M iwre € ArR 2 = A2V 4 Wiz chim?
— o P i #& (re-establish epithelial cell-cell junction) » & &€ 371§ + & ‘w% g
B Frpe—wme & i (cell polarity)e @ 2 iaE = R T e Rk BT - BB AR T

PP HTE > AREBT A LD BAEL RN ST o

53 2L B R RS ER — B L ikl W% ¥ 4 R EphB/ephrin-B &%
TAFE TR REFET A #RFLAN

AP R B e B SR e R AR e e ok -
ﬁ’?%é%ﬁi%ﬁﬂﬁ?U&ﬁiﬁﬁﬁ%iR@%oﬂwgﬁiﬁﬁ—g
7o SRR — NS dhR sl ehiw e & IR EphB2 {v EphB3 receptors » £ §
— 3L TR = endm e B 4 IR ephrin-B (% EphBs iligand); # 7 4335 2 48 EphB vs
ephrin-B i~ % A fF cfp 1 (47 '8 § — A< RS vs ) (v EphB e
ephrin-B 2. fF & 5 3 % 3 i¥* (repulsive interaction) %% o A » iofd “3
R EAF A £ L F5 EphB frephrin-B £ - # X4/ 0 L4
frfei=+ 2 Benl R RZEIfRE > @ 2E3 PP T che [ PR A0 T F 4
ik i end s B ¥ R BB ER S £EF 0 3% AR crypt-villus junction 1T
eim?e ¥ 1L PF 4 TR (co-express) ¥ X M/ i o L I e R MW/ S
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23 &% (interactin cis; 4p w2 pF % IR receptor/ligand F¥ > receptor fv ligand
LT IEH ) hd pE L fr- B RG A RFIREN ERT o

TR F P EBFEP EphB3/ephrin-B el =% 3 iT* i 5y RE SR

B PR e i e B 7 e 4 v 0 B P PRl 4E 2 s ¥t EphB3/ephrin-B iR 3 1F

* i 53 4% P-catenin A F d e h A4S 072 B P > nuclear P-catenin s b

L BaR e A I e AT 0 » > wm ePiE A tight junction ~ adherens junction

% desmosome = f8iwPr —lmie % & ﬁ_lg mf#;ﬁ; MR VR e g it (dR Tt

% 15 apico-basal polarity 37} =) o fm#e 2] i b ik it A e 34 00 b I ki
ﬁ,jgm%%y%ﬂﬁg&ﬁ\\Néﬁw%&ﬂummwo

d 3+ 7% f 1 Eph receptors fr# ligands & i3 & 5 2 2 e AR F 2

¢ Fpt s A4 @ Eph/ ephrin interaction &R R AL ik kI BiZ A B

BT AEE S Ak AN By

4

dF A S TR g T -

54 AETHEEATRAMET A RET - Bd DNA LY R%EEFHAT
b e H ek

AT HET - Bd DNAKL S (A5 DNAACE 7)) F 2% FH7 5 %
BN H Rex o H BE AR E S DNA & ok ® h L RT-PCR s Er
PlEBEAL R EAT] e DNA & v R LGt iR S e tote folf B e dw e 2
FAFZRERGLE > 8 DB AR PR IR Hrmasid v = Cy5 /
Cy3 ratio en#ici® (L §F 2 Cy5S 7 F ZHeime m L Cy3 7 ¥R 2mie) - & -
fl%f&.'ﬂjﬁ“”ﬁ - 1 Cy5 / Cy3 ratio thi#ic®@ » @ B % + % #cdw? 7 %A Flwo + A 40
(up-regulated) #3725 CyS/Cy3>2-

- BDNA &P 23 A Fdcp @ SR EF > SR E S ot K enip R
H:E DNA & 7 7 1138 {7 § »cF anéi ¥ (high-throughput screening) ; #A @ » L5
ARSI TR EEN R A ITRAN L AT FAE - BL Y%
hig ko BIIMEBIBF Bro F e TAZSDAT] P oRERe Ky LA 2
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TR 18 ] Ay 8 07 B AE A AT v 8 Bl4cE B 4 47 (cluster analysis) ¥ Y #-

LIARRE 0L OA FUF AP e - BECE £ AR - BERCEP T A TR L

“

\m‘

e F ot A4 2 T R e A A S B A T A - A KRR -
B 524D bldeRREp A PR 3 E S o e T 3 £ - B R g Y
5 2\ ,;K,T&g,; TG - BAFG S E G o

FIP > AT 2% o AP T - B E R gAnE 2 45 e
i % A1ap M enE - A F) (809 BBt classic or forward genetics (987 1) o 45 F
- AFIZ 0 T RT - AR APE G BAE G EiRs A T R A R
wEFT E T (U1 BT reverse genetics eFFT R ) o AR g kop AT Gl
JE:E - B DNA K PRSP E AR M EH BT B Atk AT
rtb)%g—km MFL B A A iy - -H}T'—q,\@égF——ﬂ:LF j»ﬂ”
[ R AT R o APFR S § - HINTRS AT RF A 34 BiHE D
DNA & # F S R E o 2 IR o 600 - 05 2 iRl L FIRR Je 7 1T
LBEZET o AFE H B AP REFT e B G microarray & F o (HF R
fove Bt P E R R) R R - BEPFEF SEAT S Bt
A F S L RAPRPERFLLBIHEODNAL Y PR RERS AL
22b S IO A SN mi&ﬂ@:ﬂ:ﬁ CFITT 29 B o eyt “BE” en
v AR TR LY LE RTPCRAZH (ME KPR A4 B A foy o3
Sv x e 27 ll})]% A v P;}—li,{h—ﬁ;ﬂ\) FainH DNA & % k- R AT €¢L£§r]
A G e P AR I RITN R o i RE 2 E A e DNA ) PR R
foéiE > WD g (¥308 =) ik AT RiGEE* LE RT-PCR 7

Bt {72 ZiFEsh o DNA & # § % fr & RT-PCR 35§ 0 s > e ALixpe

itz ek Jew e B" § 1 DNA & 2 ek ® £ 07 # RT-PCR £ ki 5
“BIEEAT R EDRTF]” p o

Rajeevan % 4 (Rajeevanetal.,2001) % 5i& * T § RT-PCR k% DNA & %
F %45 Il e b A iy A8 Fl R post-array validation 0 % % F 71% (17/24) i F]

94



¥ i T F RT-PCR 0= =tfgid e B prmy2? > BF 40% (8/20) iz
F1¥ i 8 T E RT-PCR eh= =t f@3d o % /& Rajeevan £ 4 ehf % ¥ > DNA &
Wi % fo 2 f RTPCR thi & 4 @ - R (71%) @ #5755 ¢ DNA & ¥

% % frTE RT-PCR g% 7 5 2 3| - £ (40%) 487~ & ? J F] &3t Rajeevan
FARHF - ik RiE(T DNA & ¥ 7% 4% & RT-PCR§ % > @ ¥ - ¥
e kiR 27 B keratinocyte £ subclones ° Ap¥teis ARy ¢ A ¥ kp 4 B
B % (DNA & # 3 %) {031 By ¢ (L8 RT-PCR 7 %) s fif & o o me
SR R A A2 BB E AR LS AT ¢ DNA S 2 i % o

% RT-PCR e &= & & i chd & R F] o

55 AkewEg e

1. Ephrin-B &85k R4 A ¢ e LR &
AT R E TRk Rk A ¢ EphB3 end Bk ik 0 i £ 4rak £ stk A ¢
ephrin-B &4 LK i - Macrae % A % 5477 28 B M wretk? EphA2 fo
ephrin-Al 7% 3R (Macrae et al., 2005) » 5 % 2 I & — ¥ receptor fr ligand
At mre kY gk B EE R K v gk i (EphA2 and ephrin-Al
expression is inversely proportional) » T % w2tk EphA2 eni & F > H
ephrin-Al 4 IFL?E_,Tﬁg i » & 2_7% 2% o EphB2 {= EphB4 2 2 # ligands—
ephrin-B1 fr ephrin-B2 &%k & ¥ ek A F + 3 #7022 i3 (receptor fr
ligand # & 3 = F b)) Plig & & A3 3R E o L 4] EphB v
ephrin-B 2 JLE F b e 3 e S a9 5% 3¢ 3G Batlle ¥ 4 B4 5]%
A T TREET T T2 SR FIE TR L RS S I N
doxycycline % ¥4 dnTCF (dominant negative TCF) 1% L& F » i P8 R -
B-catenin/TCF % B 5% & (dnTCF & % ) pF > ‘wm¥e )’j%. ¢ # 3. EphB2 12 %
EphB3 » ¢ ephrin-B1 7 ¢ % 3 ; § pP-catenin/TCF % B B % fa B (4c »
doxycycline &> % I dnTCF - PB-catenin/TCF % B B & i) » ‘w2 ,T.*‘Jr g %I
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EphB2 2 2 EphB3 - & &_¢ # 3R ephrin-B1 (Batlle et al., 2002) -

B F7%& i¥* % p *> EphB3 receptor i forward signaling ? 7848 £ % % p 3%
ephrin-Bs ligands 7 reverse signaling ?

ARy m BN 2 Ak - B w2 ¥ & IR receptor—EphB3 fr v ¢ ligand —
ephrin-B1/B2> F]pt & — B ‘w% 7‘;"3 A f8 A F 2 4 > W receptor T ¢ forward
signaling 14 % membrane-bound ligand T 755 reverse signaling o *#7 14 3% i L%
e A0 ~ (TEMNE A F R dntB A RS AL I L g EF
oo drk R R UEA A F AL E B ETINE TR (T F R AT R
F 2% o bldod-ic 43 & 3 EphB3 mutant 0 48 4% 4 HT-29 cells > ¢ HT-29 cells
him?z 3t § EphB3 chR % 4 + it 53 &g & ip 8w e + chephrin-B £ - £ 77

P F A o R EphB3 R B F AL T miF St AL T s S
ot — Ko AT g VR R Y R f;ﬁ: 1%t ephrin-B T ¢ reverse signaling °

B-catenin 7T 5 A F)

BEAR AFT L RIEE T 4 B © dren B-catenin T FAF] 0 4 570 ZO-1 2t - Ridg
M e B-catenin T 54 F) o X ELP EphB3/ephrin-B 4 3 4 it 43151 Wnt
signaling X i e i v 0 2+ g it > e § H & EphB3/ephrin-B 4 3 &5
¥ i B-catenin T 25 Flif § i - ) e M o © 5 Wnt signaling F 14 i 3E E
it B-catenin/TCF 241 % I e i fo i » & 45 B2 fmve H 78 ~ 45 im¥s & 3%
Pz end & 1tk i (de-differentiation) (Reya et al., 2005; Wetering et al.,
2002) ~ Frd|mee B = 12 & Rag R v B (Fuchs et al., 2005) « #4731 ehis
krET = B feiwie M e M e B-catenin T 5 A F] Cyclin D1 > c-Myc 14 2

p21 %57 4% EphB3/ephrin-B A 3t L et iy » €3 § H @ frimee s M
e B-catenin T 54k F]% | EphB3/ephrin-B 4 + 3 & e B & Z R UF » T
T oo st ¢h o RT3 I EphB3/ephrin-B 4 + 3 4t 43 Bag e A= 0 BB

- e 4 L5 Poatenin T pemip M A FI ki H 4 Lo B EEH A 6 o

96



4.

%_% EphB3/ephrin-B 77 74 F g /= #_Abl—Crk—Racl ? 4r% &_> Gleevec
g Bdote 9
Noren ¥ 4 & H 7 ¢ ¢ &3 EphB4/ephrin-B2 4 3+ 3 & it 43 7% i Abl > 7#
i I Abl £ #-Crk A 3 g5 it @ ¢ 2 4 7% 1* (Noren etal., 2006) s i % ¢ 374
Felpimiz cnd £ o~ AEH e A= > ¥ 4% non-transformed HCF-10A cells
gt g lme P e Ay« %P 7 EphB3/ephrin-B 4 & 3 g it 43 # CrkL »
F Rt @ R 24 E T > ¥l CrkL 0 254 + Racl © € %8 % CrkL 3
Baitm g 3 E g e ) 15 EphB3/ephrin-B 4 & 3 4, it 43 # CrkL
—Racl pathway 2 & 14 » #7120 a0 53 a8 nve (8 7 P FT AL 4k ~ GE MR fn
R TR k= o TR X B iw? o4 £ o EphB3 A 3 §: i {r EphB4 &~ &
B iS4, 5 4p 02 0 #r 2 EphB3/ephrin-B 0T P54 F BT 4 £ Abl—Crk—
Racl #7v it t£4& % ° Gleevec Z_P # ;5% stromal tumor ik ie &4 » ¥ 11 &
- drfr Abl 55 £ X ] Abl s b e K ik pe b ik 2 A 3 RIT kg o Frd] Abl
SE € 14 Crk—Racl pathway Fl@ 8¢ fm¥e 2 {7 + 4 B i > &4
bR BT RPl S B W BFTRAB S FEEFS f RN

(Wang, 2006) » tc e A R Z B &~ H e UFTF o
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Introduction

PART I. Clinical Correlates of Up-regulated Genes in Colorectal Cancer

Colorectal cancer is one of the leading causes of fatalities due to cancer in
developed countries. Much effort has been devoted into researching its underlying
molecular events. Understanding differences in gene expression between cancerous
and normal cells are important for cancer research. cDNA microarray technologies
can perform analyses of such differences at a transcriptional level with high
throughput. Using microarrays, researchers have unveiled gene expression profiles
and signatures that characterize colorectal cancer and its phenotypes. However, the
individual genes responsible for tumor behavior and clinicopathological variations in
colon cancer have not been reported so far

The goal of this study was to identify up-regulated genes in human colorectal
cancer and determine if there are individual genes linked to tumor behavior and
patient clinicopathological factors. A simple and cost-saving strategy was adopted in
this study to identify up-regulated genes: cDNA microarrays were taken as a genomic
filter and real-time RT-PCR as a validation method for verifying array data; a large
number tissue samples (N>30) were used in post-array validation to minimized sample
bias. To look for the relevance between up-regulated genes and clinical factors, a
variety of clinicopathological parameters from 31 samples were correlated with the
presence or absence of up-regulation of genes. In addition, the transcript levels of
up-regulated genes were also analyzed in correlation with each other, using regression
analysis, in an effort to determine if any relationship existed between these
up-regulated genes.
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We used fresh tissue samples instead of cultured cell lines as experimental
material because cell lines may not express important surface molecules (antigens or
receptors) and secretory molecules (matrix or signal molecules) related to the com-
munication or interaction with the surrounding micro-environment, as found in vivo

and that has recently been considered crucial to tumor progression and metastasis.

PART II. EphB3 Promotes MET and Suppresses Tumor Growth

EphB3, recognized in our prior microarray experiments as being differentially
expressed in colorectal cancer, is a member of the largest receptor tyrosine kinase
family Eph. Members of the Eph family have diverse biological functions in different
organ systems. In mammalian gut, EphB3 is expressed in cells at the bottom of the
intestinal crypts near stem cell niches. Physiologically, EphB3 and its closest homolog
EphB2 are responsible for constructing and maintaining the architecture of the
villus-crypt axis in the intestinal epithelium by repulsive interaction with their ligand
ephrin-B. Pathologically, Batlle et al. reported that loss of Ephb3 allele was able to

. . % . m/+
produce invasive colorectal carcinoma in ApCMlm

mice. The clinical data presented
here also show that EphB3 expression levels are significantly reduced in tumors at
advanced Dukes’ stages. Both these findings suggest EphB3 functions as a tumor
suppressor. Recently, EphB-mediated compartmentalization was demonstrated to be a
new mechanism suppressing colorectal cancer progression; however, it is still
unknown whether other factors contribute to EphB-mediated tumor suppression.
Epithelial-to-mesenchymal transformation is a process by which polarized
epithelial cells convert to non-polarized and motile cells to allow histogenesis,
organogenesis and morphogenesis in embryonic development. During the past few

years, many studies have shown that epithelial tumors, including colorectal cancer,

implement a similar process, known as epithelial-to-mesenchymal transition (EMT),
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during dedifferentiation, invasion and metastasis in the process of tumor progression.
A few molecular signals, mainly from growth factor receptors and autocrine factors
including Wnt signaling, have been shown to contribute to EMT. However,
mesenchymal-to-epithelial transition (MET), the reverse process of EMT, is rarely
mentioned in cancer biology literature and its corresponding signaling mechanism is
still unclear.

The physiologic process by which progenitor cells (mesenchymal-like) move
upward, differentiate and acquire an epithelial phenotype along the crypt-villus axis in
mammalian gut is in itself a quasi-MET. EphB and ephrin-B are co-expressed during
this process (near the crypt-villus junction), but not in the beginning (bottom of crypt)
or ending (top of villus) of the process indicating that EphB/ephrin-B signaling is
involved in MET. EphA4/ephrin-A and EphB4/ephrin-B2 signaling have recently
been demonstrated to promote MET. EphA4/ephrin-A signaling regulates MET during
somite morphogenesis in zebrafish embryo development and EphB4/ephrin-B2
signaling is responsible for maintaining epithelial phenotypes in non-transformed
mammary epithelial cells. Therefore, it is very likely that EphB3 has a similar
signaling effect.

The goals of this study were to identify the MET-like changes in colorectal cancer
cells due to EphB3 signaling, to disclose the molecular events underlying such
changes and to investigate its role in tumor suppression. We found that alterations in
morphology, cell behavior and signaling molecules, owing to EphB3 signaling,
contributed to both MET and tumor suppression. Most importantly, we found that
EphB3/ephrin-B interaction potentiated junctional adhesion molecules (JAMs) ZO-1,
E-cadherin and plakoglobin, which are representatives of tight junctions, adherens
junctions and desmosomes, respectively. In fact, the presence of these three epithelial

markers, together with cortical-actin-cytoskeleton, is suggestive of a completion of
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the cell polarity program. Therefore, EphB3/ephrinB interaction promotes MET
through re-establishment of epithelial cell-cell junctions. It is not surprising that many
factors presented in this study have dual roles: they are epithelial markers and also
well-known tumor suppressors (E-cadherin, plakoglobin), or EMT effectors and also
oncoproteins (CrkL, Racl and nuclear B-catenin), or functional markers favoring
MET that also facilitate tumor suppression (decreased Transwell migration, increased
apoptosis and Ca*-dependent cell-cell adhesion). The findings of this study provide
an example of tumor MET and also support the hypothesis that MET participates in
EphB/ephrin-B mediated tumor suppression.

To activate EphB3 signaling, the EphB3 receptor must bind to its membrane-
bound ligand, ephrin-B. Eph receptors and ephrins (Eph receptor interacting proteins)
can express in opposing cells (interact in trans) or coexpress in the same cell (interact
in cis). Coexpression of Ephs and their ligands has been reported in normal tissue
cells, including intestine, neurons, P cells in pancreatic islets and non-transformed
mammary epithelial cells, and cancers. It has been postulated that autocrine and/or
juxtacrine activation by EphB/ephrin-B coexpression might modulate biological
behavior; however, the effect of coexpression is largely unknown. We chose HT-29
human colon cancer cells in this study as a reference cell line because wild-type
HT-29 cells express ephrin-B1 and ephrin-B2 (both of which are cognate ligands of
EphB3) but very little endogenous EphB3. Thus, the total effect of forced expression
of EphB3 in HT-29 cells resembles that of cells in the vicinity of the villus-crypt
junction where gut progenitor cells co-express EphB/ephrin-B, differentiate and

acquire epithelial phenotypes when moving upward along the villus-crypt axis.
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Results

PART I. Clinical features of patients in this study

The average age (67.4 y/o) was close to seventy. Tumors occurred with a mild
predominance in males (males : females = 1.38 : 1). Forty-five percent of tumors oc-
curred in the rectum and 55% in the colon. Tumors located in the rectum were largely
in males, whereas colonic tumors had a female predominance (p=0.067). Patients with
cancers of the right sided colon exhibited a preponderance to anemia, more so than
those with cancers of the left sided colon (p=0.008). All these clinical features were
consistent with the current epidemiological data concerning colorectal cancer. The
consistency indicated the 31 patients in this study were unbiased samples from
colorectal cancer populations. In addition, our data also showed significant elevation
of serum CEA levels in patients with left sided colonic tumors (p=0.036), as well as in
patients at a more advanced tumor stage (p=0.043).
PART I1. Microarray experiments and real-time RT-PCR validation

Cy5/Cy3 ratios of 8000 genes showed a Gaussian distribution. The moderate
screw to right in terms of distribution roughly indicates that the number of
up-regulated genes was greater than the number of down-regulated genes in colorectal
cancers. Those with Cy5/Cy3 signal ratios greater than 2 were arbitrarily defined as
up-regulated genes in this study. More than four hundred genes were over-expressed
in each array chip but only twenty-nine genes were concurrently up-regulated in all
four array experiments. Of these 29 candidate genes, 20 genes were tested for
post-array validation using real-time RT-PCR in 31 paired samples. 40% (8/20) of
these genes were confirmed to have a tumor/normal expression ratio > 2.
PART I11. Correlation between up-regulated genes and clinicopathological factors

Among eight confirmed genes, six of them were linked to clinicopathological
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factors. Up-regulation of THY1 and PHLAD1 were found to be associated with the
presence of patients’ anemia (p=0.036 and 0.009). Up-regulation of HNRPA1 was
significant in cancers growing in the right sided colon more so than the left side
(p=0.027). Up-regulated GPX2 was related to a higher degree of tumor differentiation
(p=0.019). The c-MYC oncogene was up-regulated to a greater degree in specimens
from male rather than female colon cancer patients (p=0.012). GRO1l was
significantly up-regulated in patients younger than 65 years old (p=0.010); tumor
stage, lymph node metastasis and serum CEA levels were found to be frequently
over-expressed when analyzed in correlation with GRO1 (p = 0.075, 0.060, 0.058,
respectively). The data shows that the less invasive the tumor (less advanced in stage,
lymph node metastasis and CEA levels), the more prominent was GRO1 over-
expression.
PART IV. Expression relationship between up-regulated genes

Regression analysis of mRNA transcript levels between eight confirmed genes
revealed a tight correlation between c-MYC and HNPRAL (heterogeneous nuclear
ribonucleoprotein Al) in tumor tissue (r=0.948). When transcript levels of these two
genes in normal tissue were taken as baselines, the adjusted mRNA levels of c-MYC
and HNPRAL still showed a strong correlation (r=0.871). This finding suggested
transcription of HNPRAL may be coupled to that of c-MYC in an unknown manner.
PART V. Clinical correlation analysis implies a tumor suppressive role of EphB3 in
early stage of tumor progression

Methylation of EphB2 and EphB4 promoters silences EphB2 and EphB4
expression in advanced colorectal cancer; however, to our knowledge no report has
investigated the expression of EphB3 in colorectal patients. Therefore, we examined
the expression of EphB3 in a clinical cohort by semiquantitative reverse transcript-

tion-PCR. Epidemiologic parameters of our patients are consistent with those of the
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current colorectal cancer population. The 36 patients in this study were, therefore,
unbiased samples. The median value of the EphB3 mRNA tumor/normal ratio was
greater than two in our 36 colon cancer specimens. However, when patients were
sorted into three groups according to their Dukes’ stages, high levels of EphB3
expression were only seen in non-spreading colorectal cancers (Dukes’ B) and not in
tumors with regional spreading (Dukes’ C) or distal metastasis (Dukes’ D). The
finding in all 36 patients is consistent with reports that Eph receptors have intrinsic
mitogenic or transforming activity when they do not bind with their ligands. The
finding in 36 patients sorted into three groups, on the other hand, suggests that EphB3
expression must be silenced in colorectal cancer before undergoing local expansion or
distal metastasis since binding with their ligands, which are widely distributed over
cell surface of differentiated intestinal mucosal cells, ‘arterial endothelial cells and
many other tissues, in the route of metastasis reverses or inhibits the malignant
capacity of Eph receptors. Therefore, our/data in 36 patients sorted into three groups
imply a tumor suppressive role of EphB3 in early stage of tumor progression if it does
not play a role in the early promotion of colorectal cancer. This finding is similar to
another two reports that the highest expression levels of EphB receptors and
EphB-mediated tumor compartmentalization were found in the early stage of
tumorigenesis. In summary, our findings agree with previous evidence that ligand-
independent signaling of Eph receptors has tumor-promoting activity but
ligand-dependent signaling of Eph has a tumor-suppressing effect, a notion similar to
Chen’s working model of dual roles of Eph receptors in tumor promotion and
suppression. We also examined the expression of EphB3 at the tissue level in a small
number of tissue sections. Comparison of EphB3 immunostaining between normal
intestinal crypt cells and cancer cells in the same tissue sections clearly demonstrated

that EphB3 was highly expressed in Dukes’ B, but not in Dukes’ C and Dukes’ D
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tumor specimens. To inspect the role of EphB3 in colorectal cancer, we established
stable transfectants in which the long-term effects of EphB3/ephrin-B signaling could
be well characterized. Ephrin-B1 and ephrin-B2, cognate ligands of EphB3, are
constitutively expressed in wild-type HT-29 cells. Immunoprecipitation experiments
revealed the level of EphB3 tyrosine phosphorylation in stable clones.
PART VI. Over-expression of EphB3 induces morphological changes and
intracellular redistribution of molecules consistent with mesenchymal-to-epithelial
transition

Under phase contrast microscopy, a broad transparent zone could be seen in the
cell margin of EphB3 over-expressing cells, but not in control cells. Confocal
microscopy demonstrated the transparent border was actually a result of increased
accumulation of E-cadherin, B-catenin and F-actin over the cell periphery. Control
cells (control vector-transfected cells) ‘and EphB3 over-expressing cells also had
distinctly different morphologies. Cells ‘transfected with control vector exhibited
mesenchymal-like morphology: elongated appearance, loose cell-cell contact, visible
lamellipodia, spreading morphology and little cortical actin. By contrast, EphB3
over-expressing cells had a relatively epithelial-like morphology: cobble-stone
appearance, tight cell-cell junctions, diminished lamellipodia and cell spreading, and
prominent submembranous cortical actin. Cortical-actin-cytoskeleton is currently
regarded as a MET effector because formation of such cytoskeleton is an important
step in the progression of MET by which junctional adhesion molecules can
re-establish epithelial cell-cell junctions. Polarization of E-cadherin, another
important characteristic of epithelialization, was also detected in Z-axis confocal
images. It is known that intracellular distribution of B-catenin is a determinant of cell
fate: nuclear B-catenin induces stem cell and cancer cell de-differentiation and/or

oncogenesis but cytoplasmic f-catenin functions as cytoskeleton in differentiated cells.
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Although our confocal images could not quantify changes of B-catenin in cell nuclei,
we did observe that more B-catenin had accumulated in the cytoplasm and cell margin
in EphB3 over-expressing cells, suggesting there was a trend toward epithelial differ-
entiation in these cells.
PART VII. Over-expression of EphB3 induces changes in cell behavior consistent
with mesenchymal-to-epithelial transition and reduced invasive phenotypes
Migration is a fundamental ability of mesenchymal cells by which they can reach
their destination to carry out their particular function. Increase in migratory ability
also enhances cancer cells’ invasiveness. We found EphB3 over-expressing cells had
impaired migration in the Matrigel invasion chamber. Cell-cell adhesion is usually
loose in mesenchymal and cancer cells. Here we found EphB3/ephrin-B signaling
resulted in a significant increase in cell-cell adhesion.- The increased adhesion was
Ca2+-dependent; therefore, increased| cell=cell-adhesion is E-cadherin-mediated. It is
known that Racl, a member of Rho family GTPases, is over-expressed in many
cancers, including colon cancer and is responsible for initiating EMT, including
depolymerizing actin cytoskeleton, decreasing cadherin-mediated cell-cell adhesion,
facilitating loss of apico-basal polarity, increasing lamellipodia formation and
promoting cell migration, as well as suppressing apoptosis and contributing to tumor
initiation and progression. After pull-down from cell lysates and Western blot analysis,
we observed a significant reduction in GTP-bound Racl, the active form of Racl, in
EphB3 over-expressing cells, but not control cells. Therefore, EphB3/ephrin-B
interaction could promote MET through reducing Racl activity and this finding
provided an explanation for the morphological and phenotypic changes in EphB3
over-expressing cells.
PART VIII. Over-expression of EphB3 induces apoptosis, suppresses HT-29 growth

in monolayer cultures, anchorage-independent growth in soft agar and xenograft
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growth in nude mice

The difference in growth between EphB3 over-expressing cells and control cells
was remarkable. In culture dishes, suppression of growth in EphB3 over-expressing
cells could be observed as early as the third day. Anchorage-independent growth, one
of the most important malignant features of cancer cells, was also found to be
significantly reduced in EphB3 over-expressing cells. In nude mice, EphB3 over-
expressing cells grew into smaller tumor masses than control cells. At the tissue level,
expression of proliferation marker Ki-67, quantified by counting Ki-67 positive cells
in a tissue section, paralleled the macroscopic findings. It has been reported that
EphA2 and EphB4 signaling can induce apoptosis. In our study EphB3/ephrin-B
signaling also induced apoptosis in vitro and in vivo. Recently, resistance to apoptosis
has been proposed as an.in vitro functional marker of EMT. Increased apoptosis
owing to EphB3/ephrin-B signaling is, therefore, consistent with MET.
PART IX. Over-expression of EphB3 induces molecular changes consistent with
mesenchymal-to-epithelial transition, modifying the Wnt signaling pathway and
completion of cell-polarity program

To explain the phenotypic changes, we examined several key molecules
concerned with (i) tumor progression (E-cadherin, B-catenin and plakoglobin) and (ii)
MET (E-cadherin, B-catenin, plakoglobin, CrkL and fibronectin), in EphB3 over-
expressing and control cells. Western blots of cytoplasmic and nuclear extracts
showed that E-cadherin was up-regulated in EphB3 over-expressing cells. More
importantly, we found that cytoplasmic -catenin was increased and nuclear B-catenin
was decreased although the total amount of intracellular B-catenin was not changed.
Immunoprecipitation experiment demonstrated that E-cadherin molecules could bind
efficiently with cytoplasmic B-catenin and that the more E-cadherin molecules, the

more cytoplasmic -catenin molecules were sequestered, which may facilitate trans-
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location of B-catenin from the nucleus to the cytoplasm. A reporter assay further
demonstrated that B-catenin/TCF activity was reduced in EphB3 over-expressing cells,
signifying a moderate down-regulation of Wnt signaling pathway. We next asked
which B-catenin target gene(s) were responsible for the phenotypic changes in EphB3
over-expressing cells. Among 9 genes (Ascl2, Axin2, c-Myc, cyclin D1, p21, fra-1,
c-jun, UPAR and ZO-1) that we examined, only ZO-1, a B-catenin downstream gene
whose expression is inversely controlled by P-catenin, was up-regulated in EphB3
over-expressing cells. The tight junction-associated protein ZO-1 may potentiate
epithelial polarization; hence, this finding confirms the role of EphB3/ephrin-B
signaling in promoting epithelialization. In fact, dissociation of tight junction is
considered to be the first step of EMT and formation of tight junction the final step of
MET. Therefore, the presence of this marker indeed signals the completion of the
cell-polarity program. It is known that tight junctions are located in the subapical
region of the lateral membranes of epithelial cells, serving as paracellular barriers
restricting movement of molecules across epithelial barriers. A series of Z-axis
confocal images of ZO-1 and E-cadherin confirmed the three-dimension position of
tight junctions (subapical region of the lateral membranes) and adherens junctions
(basolateral region of the cell membranes) in EphB3 over-expressing cells, indicating
a full restoration of epithelial cell polarity. Similar to B-catenin, a small fraction of
y-catenin (plakoglobin) was also found to relocate from nuclei to cytoplasm although
the total amount remained unchanged. Crk, an upstream signaling molecule of EMT
and also an oncoprotein, is able to promote loss of cortical actin, disassociate
B-catenin and E-cadherin from adherens junctions, breakdown adherens junctions,
facilitate lamellipodia formation and cell dispersal and augment migration, invasion
and/or oncogenesis in epithelial and cancer cells. Moreover, Crk has been identified

as an upstream molecule of Racl signaling and to be responsible for EMT phenotypes.
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Here we found that over-expression of EphB3 inactivated CrkL by post-translational
modification (phosphorylation at Tyr 207) and this finding, together with findings
aforementioned, suggested that EphB3/ephrin-B signaling promoted MET by inacti-
vating the CrkL—Rac1 pathway. Fibronectin, a component of extracellular matrix and
also a mesenchymal marker, is manufactured by mesenchymal, but not epithelial cells.
Our real-time RT-PCR data showed that fibronectin expression was significantly
down-regulated in EphB3 over-expressing cell lines. Finally, we examined the
changes of E-cadherin and CrkL in xenograft tumor samples and obtained similar re-
sults.
PART X. Knockdown of EphB3 reverses MET in EphB3 over-expressing cells and
promotes EMT in cells with endogenous EphB3 activity

Successful knockdown of EphB3 almost completely reversed the molecular and
morphologic aspects of the mesenchymal-to-epithelial transition, while cells that
escaped EphB3 knockdown maintained their non-spreading morphology as well as the
accumulation of E-cadherin and cortical actin in cell margin. We next applied EphB3
siRNA to LS174T, a human colon cancer cell line with high-level endogenous EphB3
expression. Wild-type LS174T cells exhibit tight cell-cell contact, cell margin-
accumulated and polarized E-cadherin as well as prominent cortical actin, which
resembles the L32 cell line. When EphB3 was successfully knocked down, epithelial-
like LS174T converted into mesenchymal-like LS174T and polarization of E-cadherin
disappeared.
PART XI. Effect of CrkL knockdown on HT-29 cells

To test the role of CrkL in our model, we knocked down CrkL in HT-29 control
cells using siRNA. The control cells, like wild-type HT-29, displayed spreading
morphology but cells with siCrkL treatment exhibited diminished cell spreading, tight

cell-cell contact, and formation of submembraneous cortical actin. Application of

110



siCrkL also significantly reduced Transwell migration. These findings parallel the
phenotypic changes due to inactivation of CrkL by phosphorylation and suggest its

important role in EphB3 signaling.

Discussion

PART I. Clinical Correlates of Up-regulated Genes in Colorectal Cancer

Long lists of data obtained from microarray experiments help little by themselves
in the understanding of clinical characteristics. However, analysis of gene expression
in correlation with clinical or phenotypic variations may indicate biologically mean-
ingful changes at a transcriptional level. Prior to this study, other array-based studies
had demonstrated expression profiles or gene clusters associated with colorectal
cancer; whereas, any relationship between individual genes and clinicopathological
factors was never clarified. Singh et al. had utilized microarrays to identify genes that
might predict the clinical behavior of a disease (prostate cancer), but there was no
individual gene in their report whose expression correlated to the relevant clinical and
pathological parameters. In this study, we validated eight up-regulated genes in colo-
rectal cancer tissue and found six of them to be linked to clinicopathological vari-
ables.

In post-array validation of this study, we tested 20 candidate genes using real-time
RT-PCR in 31 paired samples, including the same samples studied in the initial array
experiments, plus an additional 27 new samples. The 20 candidate genes were up-
regulated in all four chips; however, only 40% (8/20) of these candidate genes were
post-array validated by real-time RT-PCR as being up-regulated in colorectal cancer.
Previously, Rajeevan et al. had used real-time RT-PCR to test 24 selected candidate

genes from their array data and 71% (17/24) of those genes passed the post-array
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validation. Their high agreement between array data and real-time RT-PCR results
was mainly due to the fact that they used only one pair of cultured cell lines (two
keratinocyte subclones) in both array experiments and post-array validation. In the
current study, we used tissue samples from different patients; heterogeneity of tissue
cells and sample-to-sample variation led to the low agreement between array data and
real-time RT-PCR results. Therefore, validation of microarray results using another
independent laboratory approach with additional tissue samples is mandatory if few
microarrays are carried out and tissues are used as sources of experimental samples.

In combination with previous reports, some connections, either between up-
regulated genes and carcinogenesis or between gene expression and clinical factors,
can be established from this study. Inferences based on our findings and evidence
from others’ studies are discussed below.

MYC vs Sex

In this study, c-MYC was over-expressed in 94% (17/18) of samples from male
colon cancer patients, but only in 54% (7/13) of females. This suggests a gender-
related influence on c-MYC expression. The role of androgen in increasing c-MYC
expression has been investigated and confirmed in prostatic cancer by many authors.
So it is likely that androgen may have a similar effect in colorectal cancer. In fact,
epidemiological data concerning relative risk of colorectal cancer between males and
females = 1.25 in Taiwan, supports this postulation.

MYC vs HNRNP Al

Our data also disclosed a strong linear correlation between mRNA transcript
levels of c-MYC and that of HNPRAL (correlation coefficient = 0.948). HNRPAL, the
heterogeneous nuclear ribonucleoprotein (hnRNP) core protein Al, has a modular
structure consisting of two conserved RNA binding domains and functions as a carrier

for RNA during export of RNA to the cytoplasm. The strong correlation between
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c-MYC and HNPRAL expression may indicate a tight association between the
transcriptional factor and the RNA binding proteins trafficking in and out of the
nuclear membrane. Many authors have reported using c-myc anti-sense oligo-
nucleotides to inhibit cellular proliferation of various cancers, including colon cancer.
From our data, a combined anti-sense oligo of c-myc and hnRNP Al could be a
strategy of treating colon cancer more effectively than c-myc anti-sense oligos alone.
GROL1 vs age and tumor stage+LN metastasis+CEA level

Up-regulation of the GRO1 gene in colorectal cancer and that the GRO1 protein
functions as a potent mediator of leukocyte recruitment and proliferation in inflamma-
tory diseases hint that the tumor growth of colon cancer might trigger an immune
response together with GRO1 over-expression. In this study, two findings indirectly
support this speculation. First, our data showed GRO1 was frequently up-regulated in
less invasive cancers (less advanced in stage, lymph node metastasis and CEA levels).
This implies GRO1 may have a protective effect (the immune response against tumors)
in preventing the progression of colon cancer. Second, we found the GRO1 gene was
significantly up-regulated in patients younger than 65 years old; the immune response
of young people is generally stronger than the elderly, hence up-regulation of GRO1
largely occurs in colon cancer patients younger than 65.
GPX2 vs differentiation

GPX2 expresses mainly in the epithelium of the gastrointestinal tract and its
protein product, GPX-GI, functions as an intracellular selenium-dependent glutathi-
one peroxiase that can reduce H,O, and alkyl hydroperoxides. Previously, Chu et al.
reported that GPX2 mRNA levels in the colon of mice relatively resistant to dimethyl-
hydrazine-induced colon cancer were higher than those in mice sensitive to chemical-
induced colon cancer. In this study, we found an up-regulation of GPX2 was related to

a higher degree of tumor differentiation. Both Chu’s study and ours suggest GPX2
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gene expression has an adverse effect on tumor proliferation, maybe due to its
differentiation-promoting effect. Chu et al. also identified three retinoic acid response
elements (RARE) in this gene and demonstrated that retinoic acid, a vitamin with
known pro-differentiation effects, could induce GPX2 gene expression in a human
breast cancer cell line. Therefore, if retinoic acid can induce GPX2 over-expression in
colon cancer cells just as it does in cultured breast cancer cells, vitamin A could
possibly clinically be used to promote cell differentiation of colon cancer.

THY1 & PHLDAL1 vs anemia

THY1 encodes THY-1, a surface glycoprotein characteristic of T cells, hemato-
poietic stem cells, liver stem cells and blast cells of acute myeloid leukemia. THY-1 is
structurally the simplest of the T-cell antigen receptors in the immunoglobulin super-
gene family, but its role in immune response is unclear: PHLDAL, known in mice as
the T-cell death-associated gene, is one of the gut-expressed proteins with high T-cell
epitope homology. In this study, we found both THY1 and PHLDA1 were up-regulated
in colon cancer tissue and both of them were relevant to patients’ anemia statistically.
This finding together with others’ reports hint that THY1 and PHLDA1 products are
two surface molecules responsible for crosstalk between colon cancer and the immune
system.

Further work is required to determine whether the up-regulation of these two
genes in colon cancer is related to tumor-infiltrating T cells being recruited, leading to
increased tumor cell necrosis and subsequent tumor mass bleeding and patients’
anemia.

The clinical correlates of up-regulated genes in this study are essentially statistical
inference. More scientific evidence confirming the correlation and associated post-
ulations are still necessary. However, the findings in this study provide clues to

molecular events related to the carcinogenesis or clinical features of human colorectal
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cancer and suggest possible therapeutic targets.

PART II. EphB3 Promotes MET and Suppresses Tumor Growth

Over the last few years increasing evidence has implicated EMT in the
progression of primary tumors; however, little is known about the reverse process,
MET. Here we report an example of tumor MET, resulting from EphB3/ephrin-B
signaling, that is intimately associated with tumor suppression activity.

To investigate the role of EphB3 in colorectal cancer, we stably transfected HT-29
cells with EphB3-expressing vectors. After isolation of stable clones, we noticed that
the EphB3 over-expressing cells were morphologically more epithelial-like and less
mesenchymal-like than control vector-transfected cells. We then inspected the
alterations of cell behavior due to EphB3 signaling. Miao et al. have reported that
stimulation of EphB3 receptor with soluble pre-clustered ephrin-B1-Fc promoted cell
rounding, inhibited cell migration, impaired cell-matrix adhesion and reduced Racl
activity. In this study, we made similar findings regarding changes in cell morphology,
migration and Racl activity, but we could not found a significant change in
cell-matrix adhesion in our experimental model. The disparity in cell-matrix adhesion
between these two studies may be due to a cell-type idiosyncrasy and/or difference in
EphB3/ephrin-B interaction pattern (EphB3/ephrin-B interacted in trans in Miao’s
study but interacted in cis in the current study). Racl signaling is known to promote
EMT, initiate tumorigenesis and contribute to tumor progression. Similarly, Crk
(CT10 regulated kinase), the protein product of a proto-oncogene and its homolog
v-Crk originally isolated from an avian sarcoma virus CT10 (chicken tumor 10), is an
EMT effector and an oncoprotein. Racl is known to be a downstream molecule of Crk
and inactivation of Crk—Racl signaling pathway promotes MET. Our data

demonstrated that over-expression of EphB3 inactivated both CrkLL and Racl and
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knockdown of EphB3 activated CrkL by decreasing pCrkL. In addition, knockdown
of CrkL resulted in similar morphological and functional alterations as EphB3
over-expression. We therefore suggest that EphB3/ephrin-B interaction promotes
MET through inactivation of the CrkL—Racl signaling pathway. Recently, Noren’s
study of breast cancer demonstrated that EphB4 signaling suppresses tumorigenicity
by activating the Abl-Crk pathway (EphB4/ephrin-B2 activates Abl which sequenti-
ally inactivates Crk by tyrosine phosphorylation) and such activation also confers an
epithelial phenotype on non-transformed mammary epithelial cells. Whether EphB3
signaling promotes MET and suppresses tumor growth through the Abl-Crk-Rho-
GTPases pathway need further investigation.

Recently, tumor compartmentalization through E-cadherin-mediated adhesion was
identified by Cortina et al. as a new mechanism of tumor suppression in colorectal
cancer. Here we provide the following additional interesting and important findings in
support.

Firstly, E-cadherin is up-regulated in EphB3-overexpressing HT-29 cells. It is
well documented that E-cadherin is not only an adhesion molecule, but also a tumor
suppressor as well as the most important epithelial marker. E-cadherin is believed to
be the master programmer of EMT (or MET) because signaling pathways contributing
to EMT (or MET) converge on regulation of this molecule. Although some results
concerning E-cadherin in our study differed from Cortina’s study (i.e. change or no
change in the amount of E-cadherin), both our data and Cortina’s data demonstrated a
redistribution of E-cadherin and reinforcement of the cell-cell junction. Thus, it is
evident that E-cadherin plays a major role in the downstream effect of EphB3/ephrin-
B signaling.

Secondly, EphB3 signaling changes the intracellular distribution of B-catenin.

B-catenin is the central molecule of Wnt signaling. Various downstream effectors of
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B-catenin/TCF constitute versatile functional modules of Wnt signaling, responsible
for cell proliferation, de-differentiation, inhibition of apoptosis and tumor progression.
B-catenin is currently regarded as the master oncoprotein in colorectal cancer and
nuclear B-catenin is well correlated with tumor stages and patient survival. Nuclear
B-catenin has also been shown to induce EMT and used as a mesenchymal maker.
Furthermore, reduced B-catenin/TCF activity has been demonstrated to promote
epithelial differentiation and restore epithelial cell polarity. It is known that
E-cadherin-bound B-catenin cannot function as a Wnt signaling molecule and excess
cadherin could interfere with Wnt signaling by competing for B-catenin binding. Here
we reiterate that excess E-cadherin sequestered B-catenin to the cell margin and
resulted in an increase of cytoplasmic B-catenin and a decrease of nuclear -catenin in
our experimental model. Thus, decreased B-catenin/TCF-mediated transactivation of
Wnt responsive genes might be an  explanation for tumor suppression, cell
differentiation and/or other phenotypic changes. However, we did not find significant
changes in expression of cyclin D1, c-Myc and p21 (B-catenin targets related to cell
proliferation) in our model (data not shown), but we did find that ZO-1, an epithelial
marker and also a B-catenin target, was up-regulated in EphB3 over-expressing cells.
Furthermore, ZO-1 fluorescence signaling in our confocal images demonstrated the
formation and polarization of tight junctions and this event was equivalent to a
completion of the MET process and restoration of epithelial cell polarity. Therefore,
our result suggests that EphB3 signaling crosstalks onto Wnt signaling, activating the
Wnt signaling module that governs cell differentiation. Other B-catenin target genes
responsible for tumor suppression, differentiation and apoptosis remain to be elucid-
ated. Taken together, EphB3/ephrin-B interactions might collectively exert their tumor
suppression effect through compartmentalization, apoptosis and differentiation-pro-

moting effect.
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Plakoglobin (y-catenin), which is generally accepted as an epithelial marker and a
weak tumor suppressor, is a component of desmosomes and shares many common
features with its close homolog, B-catenin. Simcha et al. demonstrated that the nuclear
translocation and transactivation abilities of plakoglobin were weaker than -catenin.
In this study, we showed that the reverse process (cytoplasmic translocation of plako-
globin) is also weaker than B-catenin and that seems to be a reasonable explanation
for its known role as a weak tumor suppressor. Increased cytoplasmic plakoglobin
might also contribute to the formation of cortical actin in EphB3 over-expressing
cells.

MET is a process consisting of a series of events that re-establish epithelial cell-
cell junctions and restore epithelial cell polarity in a stepwise manner: cortical-actin-
cytoskeleton reorganization, adherens-junction assembly, desmosome association and
finally tight-junction formation. We have observed all of these events in the present
study and identified that inactivation of the CrkL—Racl pathway is responsible for
EphB3-mediated MET. We also found that crosstalk between EphB3 and Wnt signal-
ing assists in constructing the cell-cell junction.

In summary, we have demonstrated EphB3/ephrin-B signaling promoted MET and
suppressed tumor growth in the current experimental model. The MET-promoting
effect could be seen in both cancer cells and cells near the crypt-villus junction in the
normal intestine, suggesting a new role for EphB3 in the biology of the gut and in

cancer.
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Dukes' Stage

KT HF RN L L wn? =8 * P <0.05 using one-way
ANOVA and Tukey's post-hoc test compared to stage B

B4 ~ X8~ % 2 % g ere tAHT-29 cellsiE =
¥_EphB3 over-expressing cell lines K6 & L32

HT29 Vector K6
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IP: anti-EphB3
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Bl Ap L BT T O g A AR
EphB3erim®e $AL32ch/m e % i85 — & B g o
K F B

Bl - — ~ EphB3/ephrin-B4 & 2t 4, 513 %% 3} it &1
% 14 2 & mesenchymal-to-epithelial transition 43 ji

Mesenchymal-like Epithelial-like
Elongated appearance Cobble-stone appearance
Reduced cell-cell contact Tight cell-cell junction
Cell spreading (+) Cell spreading (-)
Lamellipodia (+) Lamellipodia (-)

Cortical actin (-) Cortical actin (+)
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Cortical-actin-cytoskeleton (-) Cortical-actin-cytoskeleton (+)
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g 100 Fkok

+ 90+

@]

O wn 80+

3 g 7049

g) O 604

5+ 50 n =3, 200~300
S c 401 cells were counted
S0 30 per experiment
v <

S ig' *+ P < 0.001 by
pd y et

< ol === Student’s t-test

° Vector L32
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Catenin':"hji‘. LA W — dm e ?’P\ ﬁﬁ-catenin};]ﬁ &F,‘i‘a’ A

Vector

[BYA! — ll 5 -catenin

DAPI — i 5 -catenin
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B+ EphB3/ephr|n B 3 3 4 i 49 B 3 crup i
Pz ente {7 3¢ 4 —Transwell migration assay

WL e NECoR
60+ T
50+
40-
30 *kk
204

Sy
b
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*kk

Number of Cells/HPF

Undersurface of Transwell HT20WT ~ Vector k6 L32

membrane (100x)

n=3 ** P <0.001 compared with control cells using one-
way ANOVA and Tukey’s post-hoc test. Six random fields
were counted for each Transwell membrane.

Bl-+- - EphBS/ephrin-B/ﬂ\ FA L e — A TR
;\lx‘cy!:'@ 4 / }i &E £ ﬁ%fgri
=
=3 Vector
Em1.32

Value of ODgggnm
N
[

Fibronectin  Collagen | Laminin
Cell-Matrix Adhesion
n = 3, There is no statistical difference between
Vector & L32 in each group of different ectra-

cellular matrix (FN, Col I and LN) using Two-way
ANOVA and Bonferroni post-tests
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‘oz 3k & 4 —Cell dissociation assay

1mM Ca2*

(TE-treatment)(TC-treatment)

*k*k

1mM EDTA

L) 1]
Vector L32

WP o f Ca?tis ipF (TC-treatment) » # JAEphB3:1L32/m e 1t 44 /B e fm ¥
{ #pak Trypsins 2 = 5 fheimre 3p4 5 % Ca* 4 75 fpF (TE-treatment) »
ruzZ Z R WYL n=3 ** P<0.001 by Student’s t-test

B+ 14 ~ EphB3/ephrin-B4 =+ 2t 4, it 43 5 i* ‘m%e —

iz 4L & 4 —Cell association assay

©

Vector L32

*kk

30 min

0 min

Vector L32

WP o g Catiy ApF 0 £ MEPhB3:L32mie i ¥R e mie { % 4 B B
i BE. n=3 ** P <0.001 by Student’s t-test
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4 % i+ —Pulldown & Racl activity assay
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T S s (0 -Tubulin

- Vector » K6% L32iz= BimPethv » {55 Jﬁ’fﬂ AT
t# hRacl (5 GTP-bound Racl) 7 P &t > ehIR %

GTP v S and GDP are positive and negative control.

- -+ - ~ EphB3/ephrin-B4 + 1 & #x CrkL4 +
ehd F 14 > 3 4e E-cadheringnprotein level » 1 i%_i
e % ¢ e B-catenin v -catenins + & 4% 3] fm e
Fe —me e Trig&a > B2

Cytoplasmic
fraction
S
Y
S % o
o N © m .
N J X g Nuclear fraction
=== g - E-Cadherin o
el
3§ @ &
wes w== - 3_Catenin ~ ~
S = - == (-Catenin

s e~ -Catenin

) S ssm &= - -Catenin

wwe s — Phospho-CrkL
(Y207) W e e + Histone H1

— —— —|'CrkL

+ GAPDH

-— ey S S - GAPDH

— Histone H1

L24, a stable clone derived from EphB3 expressing-vector transfected
cells but without EphB3 over-expression, was used as another control.
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E-Cadherin IP
\
S
RN N
o .. =2 - E-Cadherin
0 _ lgG heavy

5/o.lr.1put and IgG are .... chain
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control.

- - ~= e== - SB-Catenin
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» . - - chain

Bl= - = - EphB3/ephrin-B4 3 2 4, ¥ 3 5-
catenin/TCF /& 1 em% i — 3R F AL F1 & A 47 F 2%
(TOP/FORP luciferase reporter assay)

*kk

(Eprrra—
4.66X

(p < 0.001)
>20q L ]
S 18- Il TOP-Flash
‘% 1.6+ =1 FOP-Flash
qu_; 1.4+
S 1.24
9 1.04
'S 0.84 2.29X 1.38X
= 0.6 (p > 0.05) (p > 0.05)
f’zj 0.4+ |-'L|
S 0.2+ i - I-'"'I
& 0.0 M

Vector K6 L32

One-way ANOVA and Tukey's post-hoc test showed there was no statistical difference between Vector-
FOP, K6-FOP and L32-FOP but there were statistical differences (***, P < 0.001) between Vector-TOP
and K6-TOP as well as Vector-TOP and L32-TOP. Using two-way ANOVA and Bonferroni post-hoc
tests, the difference between TCF-Luciferase reporter TOPFlash (black bars) and internal control
FOPFlash (grey bars) was statistically significant in Vector (P < 0.001) but insignificant in K6 & L32 (P >
0.05). Numbers indicate relative activation (Top/Fop ratio) in each cell line (n > 6 for each bar).
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Lane 1-3 in Western blot data indicates the protein samples that were collected from three independent experiments.
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g
e f iz 2 2R L Fibronectin & ¥ % > Vimentin

feN-cadherinp] ;2 5 #c %
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I
QO 0.1004
(o
0.05+ é 0.0754 —|_ —|—
c
£ 0.0504
0.04+ T T %
g 0.0254
- 0.034 >
Z 0.000+ T T
L 004 WT  Vector K6 L32
*
T * 0.15-
=)
0.00 ' T ; v <
WT  Vector ké L32 © 0109 —|_
c
The normalized expression of fibronectin o 005
= mRNA level of FN1/mRNA level of <
GAPDH (n =5~7). *, P < 0.05 using one- LZ)
way ANOVA and Tukey'’s post-hoc test 0.00- T

. . WT Vector K6
for comparison with control cells.
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L " §
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i 2
0.00 - - L o " r
Vector L3z Vector L2

B L~ - # ",f EphB3:48 7] 4 3. (knockdown of
EphB3) it 73 = 2 if # L.32 ' #2 c-samesenchymal-to-
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EphB3 %

a»TubuIin%-— —_—— —— ‘

E-Cadherin | ——
B-Catenin | w—-—  sm— e -

Phospho-CrkL — s =

ZO_l«\»_ — — _.__.‘

Arrowhead indicated cells with sufficient EphB3 knockdown.
Arrow indicated cells that escaped EphB3 knockdown.
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Arrowhead indicated cells with sufficient EphB3 knockdown.
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migration n=3 ** P <0.001 by Student’s t-test
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Twist/GAPDH

Snail/lGAPDH

ZEB2(SIP1)/GAPDH

Bl= + - -~ A&EphB3/ephrin-B4 & 31 4, @ 1E8: /T 2
® > Twist » Slug -~ Snail » FOXC24rZEB23522 4
E-cadherinerat #5787l — & Q-PCRe % %

Vector

Vector Léz

WT  GAPDH K6 L32
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Bl= -+ - -~ EphB3/ephrin-B4 + 31 4 @R T 28

EphB3/ephrin-B

l Junctional adhesion molecules (JAMs)
?
AbI (7) : ZO-1* ¢
l | E-cadherin 1

from nuclei to
cytoplasm

Crk =—» Crk-P ’\( B -cadherin * } translocation

Plakoglobin
Racl-GTP —> Racl-GDP

\/

Mesenchymal Epithelial
Phenotypes Phenotypes

* Molecules that corsstalk onto Wnt signaling
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Bl= - = -~ EphB3/ephrin-B4 & 2t 3, frd]+ % 2 %
ot sz do TaE P gl
4004 —i— \/ector
% 350 —*—K6
Y. —— 32
= 300-
(%)
8 250-
© 200
— *kk
2 150-
£
3 100-
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Day

n=3 * P <0.05; *** P <0.001 using one-way ANOVA and Tukey’s
post-hoc test for comparison with control vector-transfected cells on Day 7

|\

2z ~ EphB3/ephrin-B 4 =+

._:_ ou:ﬁpﬁ:l %:E'L. %
iz fsoftagar? it 54 &

HT29WT Vector K6 L32

Area of a square = 1/35 area of a 6-cm dish. Five random square fields were
counted for each 6-cm dish. **, P < 0.01; ***, P < 0.001 using one-way ANOVA
and Tukey’s post-hoc test for comparison with control vector-transfected cells.
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T imte AARE Pt K

0.45-
0.40-
0.354
0.304
0.254
0.20+
0.15+
0.10-
0.05+
0.00-

Weight Ratio of Tumor Pairs

K6/Vector L32/Vector

Growth suppression was quantified and is represented as weight ratio of
tumor pairs (EphB3 over-expressing tumor/non-overexpressing tumor).
Each pair of tumors was harvested from the same mouse. *, P < 0.05 by
Wilcoxon signed-rank test with theoretical median = 1.0.

Bl = -+ - EphB3/ephrin-B4 = 2 4 #riik & £
< 5 v B o %2 Ki-67 proliferation markers4 2

110+
100+

Vector

L32
Number of Ki-67(+) cells/HPF
g

Vector L32
Tumor Xenografts

n=5 * P <0.05. Five random fields were counted for each tissue section.
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n=3 * p<0.05;** p<0.001 compared with control cells
using one-way ANOVA and Tukey’s post-hoc test
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Numbers refer to the percentage of Annexin V(+) PI(-) cells.
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n=3 * P <0.01 by paired t-test

Bl = - ~ EphA2/ephrin-Al12 2 EphB3/ephrin-B 4 =+

WL BER TG AT 01 2 G AR R w4

=+ 1% §% (feedback inhibition loops)
EphA2/ephrin-A
(Macrae et al., 2005)

EphB3/ephrin-B
(Chiu et al., 2009)
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v "’-
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Epithelial cell

Mesenchymal cell

These feedback loops provide a driving force that decreases Eph
expression and increases ephrin expression.
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Table 1. Patient characteristics

n (%)

Total number of patients 31(100%)
Age

Range (years) 33-87

Mean+SD 67.4+12.4

Median 69

Mode 69
Gender

Male 18(58%)

Female 13(42%)

Tumor location
Colon (male:female)
Rectum (male:female)
Anemia
Yes (R’t colon: L't colon)
No (R’t colon: L’t colon)

17(55%)(7:10)
14(45%)(11:3)

21(68%)(10 :11)
10(32%)(0:10)
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post-array validation . %

Table 2. Twenty-nine genes up-regulated in four microarray experiments

Gene Name

GRO1 oncogene (melanoma growth stimulating
activity, alpha)

B-factor, properdin

Thiosulfate sulfurtransferase (rhodanese)
Interferon-inducible protein 1-8D

V-myc avian myelocytomatosis viral oncogene
homolog

Human gamma-glutamyl hydrolase (hGH) mRNA,

complete cds

Human ribosomal protein L10 mRNA, complete cds

Tropomyosin beta chain (skeletal muscle)

Pleckstrin homology-like domain, family A, member
1

Human gene encoding prepro form of corticotropin
releasing factor

Glutathione peroxidase 2, gastrointestinal
Heterogeneous nuclear ribonucleoprotein Al

Ribosomal protein S5

Collagen, type 1V, alpha 2

Human dystroglycan (DAG1) mRNA, complete cds
Prostacyclin-stimulating factor [human, cultured
diploid fibroblast cells, MRNA, 1124 nt]

H.sapiens HEK2 mRNA for protein tyrosine kinase
receptor

H.sapiens mRNA for testican

Nuclear factor (erythroid-derived 2)-like 3
H.sapiens ERF-1 mRNA 3' end

Nucleophosmin  (nucleolar phosphoprotein  B23,

Accession No.

W46900

AA401441

AA461065

AAB62371

AA464600

AAA455800

AA434088

AA477400

AA258396

R45054

AA135289

AA127116

AA4L56616

AA430540

AA496691

T53298

AAA455591

AAB99317

W76339

AA4L24743

AAB6I758

Gene Symbol

GRO1 **

BF *

MPST *

1-8D *

MYC **

GGH **

RPL15

TPM2

PHLDA1 **

CRH *

GPX2 **

HNRPAL **

RPS5

COL4A2

DAG1 *

IGFBP7

EPHB3 **

SPOCK *

NFE2L3

BRF1

NPM1 *

Function Category

oncogene/chemokine

m-protease
m-transferase

surface molecule
oncogene/transcription
factor/cell cycle

m-hydrolase

structure protein/protein
synthesis/RNA binding protein
structure protein

binding protein
Icytoskeleton/apoptosis

stress protein

peroxidase

RNA binding protein/transport
structure protein/protein
synthesis/RNA binding protein
structure protein

receptor

binding protein

receptor/kinase

cell matrix protein/cell
adhesion /cell proliferation
transcription factor
transcription factor

RNA binding protein

154




numatrin)

Nucleoside diphosphate kinase A

Heat shock factor protein 1
Immunoglobulin gamma 3 (Gm marker)
THY-1 membrane glycoprotein precursor
H.sapiens mRNA for D1075-like gene

Ribosomal protein S14

Non-metastatic cells 2, protein (NM23B) expressed in

Endoglin (Osler-Rendu-Weber syndrome 1)

AAB44092

AA449119

N92646

AA496283

AA422058

H73727

AA496628

AA446108

NME1 *

UBE2M *

CSF2RA *

THY1 **

METTL1 *

RPS14

NME2 *

ENG

transcription factor

apoptosis

receptor

antigen

m-transferase

structure protein/protein
synthesis/RNA binding protein
kinase

receptor

* Gene failed to pass post-array validation
** Gene succeeded in passing post-array validation
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Table 3. Primers and Experimental conditions of GAPDH and 8 up-regulated genes
confirmed with quantitative RT-PCR in 31 paired samples

Accession No Primer pair Annealing  Elongation Seg 4

Tm time detection*

GAPDH (F) 5'- TCCTCTGACTTCAACAGCGACACC -3' 59°C 14S 84°C
(R) 5- GTCTCTCTCTTCCTCTTGTGCTCTTGC -3'

AA464600 (F) 5°-TCTGGATCACCTTCTGCTGG-3’ 60°C 12 85°C <0.001
(R) 5’-TGTTGCTGATCTGTCTCAGG-3’

AA455800 (F) 5- AGACTATTTTCCTGTGTGGGGC -3' 61°C 17s 82°C <0.001
(R) 5'- CTCATAAGGTGCTTTCTCTGGATG -3'

AA455591 (F) 5'- CAGAAGACCTGCTCCGTATTGG -3' 61°C 16S 87°C 0.001
(R) 5'- TCACCCCCTCTCCTAATCCATC -3'

AA496283 (F) 5'- CGTTGCTACTAAGTGGTTGGGGAG -3' 62°C 14S 87°C 0.004
(R) 5'- GGTGGTTCTTCCTGTTCTGTGACTG -3'

W46900 (F) 5'- CACATACATTCCCCTGCCTTCAC -3' 63°C 10s 81°C <0.001
(R) 5'- CAACCCCAAGTTAGTTCAATCTGG -3'

AA127116 (F) 5- TTTGAGCAATGGGGAACGC -3' 61°C 125 83°C <0.001
(R) 5'- GGGCACCTGGTCTTTGAGAATC -3!

AA258396 (F) 5- GCTGGCACAACAATGAAAGTGTC -3' 61°C 6S 74°C <0.001
(R) 5'- CTTGGAGAATAAAAAAGGGCGG -3'

AA135289 (F) 5'- GCAGGAGAGACAGAAGTAGCAAACC -3' 64°C 8s 82°C 0.001

(R) 5- ACAAATGGCTTGGCTGGCTC -3'

* Seg 4 detection temp = fluorescence detection temperature at the end of each PCR cycle
** Wilcoxon signed ranks test
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Table 4. Correlation between clinicopathological variables and expression status of
the GRO1 gene (n=31)

No. of Patients

Factors Patients GRO1 (+) GROL1 (-) p value

Age ©
<65yl/o 12 12 0 0.010**
>65y/o 19 11 8

Gender ¢
Male 18 15 3 0.170
Female 13 8 5

Tumor location ?
Right 10 8 2 0.483
Left 21 15 6

Anemia ?
Yes 21 16 5 0.517
No 10 7 3

CEA level 2
< 4.3 ng/ml 13 12 1 0.058*
> 4.3 ng/ml 18 11 7

Duke’s stage
A 0 0 0 0.075*
B 18 16 2
C 10 5 5
D 3 2 1

LN metastasis 2
Yes 14 8 6 0.060*
No 17 15 2

Distal metastasis 2
Yes 4 3 1 0.732
No 27 20 7

Other polyp @
Yes 16 13 3 0.303
No 15 10 5

Differentiation °
Well to moderate 11 9 2 0.724
Moderate 16 11 5
Moderate to poor 3 2 1

GROL1 (+):(GRO1/GAPDH of tumor )/( GRO1/GAPDH of normal ) > 2
GROL1 (-): (GRO1/GAPDH of tumor )/( GRO1/GAPDH of normal ) < 2
* GROL1 = growth-related oncogene-alpha

& : Fisher’s exact test

b chi-square test

* : trend forward significance

** : statistically significant (p<0.05)
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Table 5. Summary of statistical correlation between up-regulated genes and
clinicopathological Variables in 31 colorectal cancer patients

Gene Symbol (function) Variable p value (n=31)
MYC (oncogene/transcription Gender 0.012
factor)
HNRPA1 ( RNA binding Tumor location 0.027
protein/transport)

GRO1 (oncogene/chemokine) Age 0.010
Tumor stage 0.075*
LN meta 0.060*
CEA elevation 0.058*

GPX2 (peroxidase) Differentiation 0.019

THY1 (antigen) Anemia 0.036

PHLDAL1 (binding protein Anemia 0.009

/cytoskeleton/apoptosis)

* trend forward significance ( 0.05<p<0.1)

There was no statistical correlation between “clinicopathological factors and GGH (gamma-glutamyl
hydrolase) or EPHB3 (erythropoietin-producing hepatoma amplified sequence B3 = HEK2, human
embryo kinase 2 ) in this study.

HNRPAL1 = Heterogeneous nuclear ribonucleoprotein (hnRNP) core protein Al

GROL1 = Growth-related oncogene-alpha

GPX2 = Glutathione peroxidase 2

THY1 = THY-1 T-cell antigen = Theta antigen

PHLDAL = Pleckstrin homology-like domain, family A, member 1
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