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CEACAM1 1% kR MR -C i BRPEAB G, M/E AR BT 5 T RBEEEAEEA CTH Y |
Immunogloblin superfamily <> CEA family IZJ&7 5, Z4UE T, CEACAML I RIGHEE CIXFELN
KBTI EVIWEERIANERT DL VI T I2HREN SN TE T, AFRICEBNT, &
FEETIIHIANMETLTE D, EIT28AOREEET CIIRBNHERT HE 0D 22l
MZL, ZOFEREMRF LT, o, RGBTV TIX CEACAML O RS EiLo# B | 3 B & B E
L7V EW D JITBWTH, RIFFEICW T, BHGME XY 4 isoform balance 23 HEME & B
W52 L 2O Ln, HEEERIAIZE ) & CEACAMI-L isoform OFRWKAREIL. - 12iY
WCPHET S Z L AL L7-, CEACAMI isoform balance Z =L hua—/ L4542 L1280 KIEE
DR, B2 MHE T A AEEMEZBH O NI LT, & 512, CEACAML 12X Y lumen formation
NHFEEND Z LN THRE SN TWD Z 0D, RIBEOEHEEERIC R T 5 E R
% & CEACAMI DF&H1F5 LN isoform balance IZ DWW THKRETLT- & 2 A, &HEAE LD 0 1T
CEACAM1 long cytoplasmic domain isoform Z 3L TWAZ & &R L=, X OICEREKRAE
FHNTHERHRNT L, A HEE D IR N T RIS OWTHREICHBI L, 2>> Budding X
DHENTIIETH L Z L2 Lo, Fio, KEBEETEMAEZ VT CEACAML @ isoform %
G DT FEIZL A 1TV, CEACAML 1 lumen formation MFHHHA 7 Td ¥ . CEACAM1-Long @ JR%s
& R 72 Tumen formation & OFABIIZ DWW TG NMZ Lz, ARIFEIZB W T, KiFERE
S DB e & M ) A EIIEBE B L O TR AEOMN. LZRN+THD Z ENRH LI -
722 & T, KIBEICk T 2EPEZ S il ISR REE R L C WA RTREME D & 5,
St I B35 KGR HER OB 2 2 R EOBRRICOWTHRFT 2 LENH D,

WFFER R OEEL (3530) -

Carcinoembryonic antigen-related cell adhesion molecule 1(CEACAML) is known to be
downregulated at the transcriptional level in adenoma and carcinoma. Recent reports have shown
that CEACAML is overexpressed at protein level in colorectal cancer, and correlated with clinical
stage. The reason why colorectal cancer cells re-expressed CEACAML1 remains unclear. The aim of
the present study was to clarify the implication of CEACAML1 re-expression in colorectal cancer.
Immunohistochemical analyses were conducted with CEACAML long (CEACAML1-L) or short
(CEACAM1-S) cytoplasmic domain-specific antibodies on clinical samples from 164 patients with
colorectal cancer. The risk factors for metastasis and survival were calculated for clinical
implication of CEACAML re-expression. Invasion chamber and wound healing assays were
performed for the effect of CEACAML expression on invasion and migration of colorectal cancer
cells. CEACAML1-L and CEACAML-S stained with greater intensity at the invasion front than at
the luminal surface of tumors. Differences between the long and short cytoplasmic isoform
expression levels were observed at the invasion front. Multivariate analysis showed that
CEACAM1-L dominance was an independent risk factor for lymph node metastasis, hematogenous
metastasis, and short survival. The Kaplan-Meier evaluation demonstrated that CEACAM1-L
dominance was associated with shorter survival time (p<0.0001). In the invasion chamber and
wound healing assays, CEACAM1-L promoted invasion and migration. Re-expression of
CEACAML is observed at the invasion front of colorectal cancer. CEACAM1-L dominance is
associated with metastasis and shorter survival of the patients with colorectal cancer.



CEACAML-L dominance is important for colorectal cancer cells invasion and migration.

Tumor budding formed by histological undifferentiated cancer cells beyond the border of tumor
margin is associated with lymph node metastasis. However, cancer nests with a hollow, conceivable
histological advanced phenotype of tumor budding, has not been discussed. Next we investigate
that the appearance “spheroid with a hollow (SWH)” exists beyond the border of the invasive
margin, and associates with metastases and prognosis. Moreover, we present that CEACAM1
isoform balance is associated with SWH formation. Immunohistochemical analyses with
CEACAML and M30 as an apoptosis marker were performed, to address CEACAM1 expression of
SWH and central cells apoptosis for SWH formation. The correlations between the SWH beyond
the border of the invasive margin and clinicopathological characteristics of 314 patients with
colorectal cancer were evaluated. Three dimensional (3D) culture was conducted with colorectal
cancer cells transfected with CEACAM1 cDNA or shRNA, to evaluate that CEACAML1 isoform
balance controls colorectal SWH formation. The existence of SWH formation accompanying the
central cells apoptosis was confirmed by M30 staining and serial section with CEACAML staining.
Of the 314 patients, 96 (30.4%) were classified as having SWH. SWH is an independent risk
factor for metastases and shorter survival. In 3D culture, CEACAML isoform balance modulated
SWH formation of colorectal cancer cells. The colorectal cancer SWH beyond the border of tumor
margin is more important for prediction of malignant potential than tumor budding.
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CEACAMI (carcinoembryonic antigen—related
cell adhesion molecule 1) 1% bRzl fu < 1.
BRI, I/ N R BT 5 T AR
B BEE A CdH Y Immunogloblin super
family CEA family ICB T 28450 T Ch 5,
SEEZIT4EOMPEI KA A L long
isoform £ 721X short isoform OFIJEIN K A
A HHFTH, CEACAML DREAICEE %
s & LT, LR L BGHaRk MCF1OF @ Tumen
formation {Z CEACAM1 23B§5-9 % Z & (Huang
Jetal: JCell Sci 1999) . FLI#BIKK MCF7
|2 CEACAM1-4S ZB{x 1 A L. 3D culture
(Matrigel) 1 T H: % + 5 & | lumen
formation ZJEAL L. IRENIEILX apoptosis
IZE >TSS Z & (Kirshner J et al:
PNAS 2003.) . CEACAM1-4S |Z X A lumen
formation (LM KA A L @ Thr & Ser @
phosphorylation |2 LV =2 ha—LENT
W% (Chen CJ et al: JBC 2007) = & . SLiE
(MCFT7) K5 il |2 CEACAM1 D3RI H S8 7=

AR MCF7 23, humanized fat pad <
7 AET )V (in vivo) T ERAMIE O MM % 5
i lumen formation (BE4{LARE MR %
ek % (Yokoyama S et al: Oncogene 2007)
TENWMEINTE R, X562, mINIRE
(PC-3) BEEEMINAIC CEACAMI Z i@ 5l & ¢
% Z&T, MlaiEEEIHI L, anoikis &7
EH4 2% 2 LT, lumen formation % 3 KJTE:
# 1 L O humanized fat pad <7 ZAEF /LT
HiEGAHZ L AFEH L7z (submitted), B b
D KB T CEACAML | RNA L)L CHELMEK
TTBEHREINTWEDN, HTFEOHETIT
B NT L)L T OB B BE S HETTIE T
HINTEY, TOFEITx LFEfl 2237 X
TN TE LT, /2. KIEED lumen
formation {Z331F % CEACAM1 DOAEEZ->W\T
LIRS TV,

2. FEDEH
CEACAMI 13 bRz Hfn-C M ER R AR, MmN
HIC BT I REE R ES TH



Y, Immunoglobulin super family, CEA family
BT HHEENSFTHD. 3TEELIZ 4D
Mg KA A > & long isoform F 721 short
isoform O KA A 2 /T 5.

A LG i SOl Tl CEACAMI JiRHM ., ik
BIZES LTV ZERgEINTWS, K
FEHEIZ IV TIE, R AGIRIE S R R e i,
CEACAM1 OFBLUIMR T T D EMEINTE T,
UL, o4, 1T RABHE Tl CEACAMI 358
RETHEVWI Z LbHEINLTNS, Fiz,
IR T IE CEACAML DISELDIREE 1358 & 13
BEE4 228, AEfFER I LRV, A#F5E
L. ETRANCKIGE ORHRE MR 1 &
CEACAM1 ZEL L isoform balance & D EH#|Z
DUWTHRF LTz,

WA, KRIGFEIREEETIC R T 5 okic s
H L7z, KIBEOIEBT#% %2 T3 5 R
¥73 BREE IR - O TR ETR O MR T RE L2
WL, B IR S C& 72, #H (Budding)
I LSEHE R ZAFAET 5 5 A O M fE 2>
O Rk A IR b 2R T & E R S, BB
T EDORBERREI N TS, L,
HEIEROENER K (lumen formation) .
DFE 0 ol - B RLOLE S S B & R
JREREIN 2 BT 2 REhE e, RS T
Td» D CEACAMI [ ZHIE £ Clo, FLFBs il
IZBWT ERAEOMM: & lumen formation
EHETLHENHEIN TS, RIFET
VI e HE TR T DM 2 O F i B
& CEACAM1 FBL & OBEIZ DWW THREFT L., &
O G RIF BRI R 1 & O B2 DV TR
AT DT, VU REEREORRIEE . T
% EDOMBEZRTF L, S HICEBNIZ, K
J s B2 2 A A VN C CEACAML D38 EIZE b &
B WER R RE O B Z DWW CTRE L7z,

3. WEDSE
O K W3 O g R B2 IR f- & CEACAML %6
B & isoform balance & OREHEIZ DV THES
[ER RIS )
KR >

2002 4F 1 A 7> 5 2003 4F 12 H (2 Fnk L A7
ERKFE 2 S4B TTRIT L 72 KA E 5
164 N&xtg s Lz,
<JiE>

B~ U VEENRT T 4 CEBREF SR
ToREA DGO 2 1B L T2,
— & BT & | CEACAMI-long cytoplasmic
domain (CEACAM1-L) ¥ 7= I CEACAM1-short
cytoplasmic domain (CEACAM1-S) {Z FF FL 1Y 72
B (Dr. JE. Shively, City of Hope, CA, USA
LML) & D TR b Y o 2 A T
L7, Uik CEA family & cross
reaction 2372\ Z & % Western blot {24V
MR LTz, £/, MRS TV S5 CEACAML
monoclonal Fif& (29H2) & [RIERNLZ 3Rk T 5
e EGEMBIT YA L proximity

ligation assay (Duolink™ in situ PLA,
0link Bioscience, Uppsala, Sweden)(Z XV
RS L7z, IEH KR N % internal
control & L., 2 EEOHKEZZEZNEN
internal control & JEIRIE & D YtaiiE D7
THI LT,

CEACAM1 isoform balance % & 7~ F&K IR
PREERIRI - (CEn, PEBI, BRSO, s b
TR, U L oNEIRE, mAEIRE) LU R
Hisfs, MATHEERE, EFRICOWTRHREL
Too WMEFFRMEL L LT, U U oREiiRE LR
fREARE & OMBRIX x */ME, RV AT 4 v
7 [BFET VT, AR L OFBIIE Cox N
— FET /L, BELO Kaplan-Meier TR
L7,

@A |

CEACAM1 DO3HL L . Z=® isoform balance
DN DR CHAR - WEEICE 53 5 A Et
T H72DIT, KGR A TR
St &4T o7z, CEACAMI 7% R4 FE 3834~ % K5
AN HT29 & | CEACAMI-L % 29k < J8 84
5 LS174T ZAd L 7=, HT29 #MAEiZ CEACAMI-L,
CEACAM1-S % sl F& Bl S &, HT29 #Hfu D
CEACAM1 isoform balance % Z b & 4.
invasion assay, wound healing assay % fii
1T L72, F£721% CEACAMI-L ZEEH T 5
LS174T HHMUIZ CEACAMI-S Z i3 8l & 4,
CEACAM1 isoform balance % Z5{b & ¥ 7=fifu
&, shRNA Z VT CEACAML %/ v 7 X v
SEMEEMER LT, FEOERE T L
720 BAG T AIZEI U CIX RT-PCR & Western
blot {24 V. CEACAMI DIEIRAFEZR LT=,

OFN TR ARt AP IR b R 72
R B O Mt

(EAZRESLTRA |

<>

FORR L RNT R K2 R 26 2 SVRHZ T
2002 4F 1 A5 2003 4F 12 H & T2 Tl & fi
ITENTZ KGR 164 JE Z %45 L LT, LE
Yt FIIT TREDORIELR AT o T, DIk,
2002 45 1 A5 2005 4= 8 A £ TIZ T % Jifi
1T ENTZKIGHE 314 JEBI 2 x5 & LT, BE
JELERIIR - & Rt LT,

< FiE>

SaE et « BRI CTHURIRTE (L. £ 0%
—k, “RPURKISZ1TV, DAB THRE S
77e —FUAR L LT CEACAMI monoclonal $T
& & CEACAM1 @ long F7-1% short isoform
WZHFRA) 72 polyclonal Fifk, 7AR b— &
D~—H—& L TM0HUEZEMEH L7z, #Y)
serial YA 2 /ERL L, (LA MIAR B o SEAR
REEZ TR L, FEBIC oUW T 4 FE I S
BEIT> T, WA FOLER . ERRo K
RERIEZ v, BRI BER SR - I2DnT Y
VOREIRR L EIRES & OMBEIxe 2T
4 v 7 ERET VTR LTc, T & OFEE



X Cox N — FEF )L, £7-13 Kaplan-Meier
ECHRE LT,

[ ZEAErOaroE ]

<>
RN RS2 /e (HT29, LS174T) & v 7=,
<FHiE>
KNG 6 55 22 M0 12 CEACAMI-4L % 7= 1%
CEACAM1-4S D 5@IZsEL, CEACAML @ il #71H
(shRNA) 21T o> 7-, BETEAZTI A7 =7
vaiEr AW, BRI LA 2 IRICET-
X 3 ot Matrigel™) TEIZE L7-, BERFAYIC
lumen formation DEEZITVY, F-RELE
{bI% RT-PCR ¥, western blotting JEIZTE
M- EREMRE LT,

4. BrERRFE
DK 59 O g AR ER 2 AR - & CEACAMI 3§
B & isoform balance & ORHHEIZ DV TS

[E& R IFSE]
1. CEACAMI OFEIIEEXIZHOWVT

CEACAMI-L, S & H1Z, 164 i+ 149 51 (91%)
CTREMRER B TIEFBL TS < | iR Se S
[CBWTHRFEBL L Tz, 15 Blix2pl, o
BN TR ECICE EEL R TH
D (CEACAM1-L, S & HITFHIBNE T LTV,
2 . CEACAM1 isoform balance &HERIZDOW
<

IR EE IS B T D i b BBLORE
4y D FEAmR I X W CEACAM1-L dominant &%
(n=94) & =DM (n=70) 1T/ L7z, VX
LR & TN ZE N ORE T O HE BT O
. EEE (mod) . TR (SS LA . U o
TR b PE i 2 B 5 % . CEACAM1-L
isoform dominant 23V » NEifEEIZ 59 5
BERKRTFTHoTZ, ZNHDORTZHW-
2958 BT ORGSR, TR (SS L) . U »oX
I . CEACAM1-L isoform dominant 23§53}
WA E Th o 7= (p20.02, p=0.03,
p<0.0001), MATHEERE & ZNZNDR O
IS BfAT DFE R, L (mod) . RS (SS
DIEE) . U R i IR B R
CEACAM1-L isoform dominant 73 MfTH:#ERIZ
BMETLIHAERRTFTHoT-, ZNLHDRT
W72 22 B AT O fE R . CEACAMI-L
isoform O BN A E RN F+ TH o 1=
(p=0.0092),
3. CEACAM1 isoform balance & AfFEZ|IZD
WT

Cox BNV — REF/)L T, BEEMYTT
EFERICABICEEOH T2 D%, U o)
B, U R EiiEE, MTHEBEOH S
@D & . CEACAM1-L dominant # ChH-o7-, L&
BT CIZATFRICABICEEOH -2 b
DIk, MATHEE O H 5 H D (p=0. 0027) & .
CEACAM1-L dominant &f (p=0.02) ToH o 7=,

Kaplan-Meier {% . CEACAM1 DFEEME T
EFREPH LI A, AEEEZRDRN

S 7253 (p=0. 10) . CEACAM! isoform balance
T LIEEZ A, AEELZR D=
(p<0.0001),

[ FLpsgraarse ]
1. CEACAMI-L DFIR & KGO - b
S RAY i

CEACAMI-L Z3R< FEBL4 2 LS174T #ifd %
shRNA % U T CEACAM1 ¥l % knockdown L
7= & 2 A, vector control & tb#g L
invasion (p<0.01), migration (p<0.01) &
Bzl STz,

2. CEACAMI isoform balance & KJBJEDIZ
i - EEIC BT D BE

CEACAM1 % A8 EREBI4 2 HT29 AHALRRIC
CEACAM1-L % 5®| 58 B X, isoformbalance
B EHT-E 2 A, vector control & R
L < . invasion (p<0.01),
migration (p<0.05) & HIZHETR L7, HT29 ff
Ja#kiZ CEACAMI-S Z RIS 2L T A,
vector control & b#k L T . invasion
(p<0.05), migration (p<0.05) & & IZHNH]
iz, CEACAMI-L Z 3R < FEHLJ 5 LS174T
HO KR 12 CEACAMI-S 7 58 ] 78 81 & |
isoform balance # 23 ¥t Z A,
vector control & kb L C. invasion
(p<0.01), migration (p<0.05) & & (ZHMif
Sz,

QORGERELETITB T H2EEEZES
HR B DR

[E& R IFSE]

AR HE R B S AFAE LT 2 (& T ot
e A 2 R L PNIZEIC CEACAMI Z 38 L 7=
222 PE D BRIKCTH 5 LR L=, 200 f541
P2 BV THEEB LR O 71 1L Loy
(R R B SFAE T D b D % LBy
N SLphtE & B L, TEREDRFEH> 5 Spheroid
with a hollow (SWH) & IEFRL 72, 164 o> 5
B, 40 1 (24. 4%) OREEEF G JeHEERIZ SWH %
RO Tz, [FHEER2FIZ M0 DFRENRH Y |
AEDOT RN = RAEROE-, F7-.
CEACAM1-Short Ti72 <. CEACAM1-Long ®i#
B EROT, 314 FHloH B, 96 4] (30. 6%)
(2 SWH 2§28, 131 #1] (41. 7%) |~ Budding % 32
Oz, U/ BRI 25 Cid, BE
BT C 6 SOFERKTBGFEL, HEE
fig Hr < U > N E AR BEBG ME (p=0.001; OR
4.170) & SWH [t (p<0.001; OR 5.407) A3AH
SETRIR A & 7o T, mIRERREIZ B D
Tld., BB T5 SOA B E T IMETE
L. 2725 8fi##HT C Budding Btk (p=0. 005; OR
2.840) & SWH [ (p<0.001; OR 6.334) A3AH
SETPRIRF & 7o T, RAEFIZET OMET
I B BAENTC T S OHE K7 DMETE L.
% 28 BN CiE BB B M (p<0.001; HR
3.799) & SWH 51k (p=0. 001; HR 2.849) 23



SEFERRIK - & 72 o 72, Kaplan-Meier 15 CHmt

L7z& 2 A, SWH BEMEREIT A B AR A
RETH -7 (p<0. 0001, 5FEAELFER 44, 8%),
[ ZEErOaroE ]

HT29 i % CEACAMI % v 2% FE S 3R 9~ 2 i
BTHY ., isoform NT U AZEBLEIHED 2
EAEHMICEBREZIT o 72, HT29 flfd i
CEACAM1-4L F 7213-4S Z &z FE AT 5 L%
Ry 22 B IE R BRI = NN A B IS8R &
77139859 L 7=, CEACAM1-Long D 3&EL DR
LS174T AR iE o bR Mfa 5 & 28l L 728k
RTHD EHE L TEREIT 72, LS1T4T
JllZ CEACAM1-shRNA % i#Efx+E A L. knock
down XH 2 &RREFH 2 EEEREISA BT
1385 L7z, LS174T #MEIZ isoform /3T A D
AL AT Z & 2 HAYE LT CEACAMI-4S %
Ba AT 5 & CEACAMI-Long D IEELILIH
595 L., FERFRY 728 Ve BRI A SIS LT,
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(DRe-expression of CEACAM1 long cytoplasmic
domain isoform is associated with invasion and
migration of colorectal cancer. leda J, Yokoyama
S, Tamura K, Takifuji K, Hotta T, Matsuda K,
Oku Y, Nasu T, Kiriyama S, Yamamoto N,
Nakamura Y, Shively JE, Yamaue H. Int J
Cancer. 2011 Mar 16. doi: 10.1002/ijc.26072.
[Epub ahead of print], &%
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