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Involvement of a Tumor Suppressor Protein CADM1/TSLCl1
in Human Non-small Cell Lung Cancer

Yoshinori Murakamil

Division of Molecular Pathology, Institute of Medical Science, The University of Tokyo, Japan.

ABSTRACT —— Purpose. Aberration of a novel tumor suppressor gene, CADM!1 (cell adhesion molecule 1)/ TSLC1
(tumor suppressor in lung cancer 1), and its pathological significance in multistage carcinogenesis of non-small cell
lung cancer (NSCLC) were investigated. Methods. Methylation of the gene promoter was analyzed by bi-sulfite se-
quencing or bi-sulfite single-strand conformation polymorphism (SSCP) methods. Functions of CADM]1 protein
were examined by immunohistochemistry, immunoblotting and immunoprecipitation assays using specific anti-
bodies against CADMI. Specific proteins that interact with CADM1 were identified by yeast 2-hybrid screening.
Expression of CADM]1 protein was induced in cells by introducing a plasmid containing a full-length CADM1,
while CADM1 expression was suppressed by siRNA specific to CADM1 mRNA. Results. We show that CADM1
acts as an epithelial cell adhesion molecule, associates with 4.1B/DAL-1 as well as MPP3 proteins, and participates
in formation of an epithelia-like cell structure. In human NSCLC, promoter methylations of the CADM1 and the
4.1B genes are observed in 45 (44%) and 59 (57%) out of 103 tumors, respectively. These methylations are prefer-
entially detected in advanced NSCLC and correlate with poor prognosis. Conclusion. A novel molecular cascade
that contains a cell adhesion molecule, CADM]1, and an actin-binding protein, 4.1B, as its main components, is criti-
cally involved in tumor suppression in human non-small cell lung cancer.
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BB — B8Y. IEhMaiasA (NSCLC) oFr#las A
il # (=¥ CADM1/TSLC1 ®IE/NHIERE2S A S BT 5 5
WOEELZOEHRTWASTIZT L. FHik. CADMI i#E
{EF 7O E—F —FHD X FVALIZHEHERIRALEE - 3k
BE | g g i, WEBTER AL - SSCP 22 TH#AT L 72,

CADML1 % ¥ 787 B, Feipufh 2 v 72 et ik e o,
ETI Y b, RIERRE L SICX DT L. B
UONZBEIFERE2 N T v FiEREICK D FEIEL .

CADMI1 @583 & Zoiflix, 4&K cDNA, &2 WIid4s
FY SIRNA OEAIZ X D fT- 7z, #&HR. CADMI 255
fodagsrF & LCHkre L, MIlaN Tix 41B/DAL-1 %

MPP3 &6 3 5 2 &, FEMMIEZEEOIEIZLIAT
»HbH L& R L NSCLC 103 I @ f# #r 20 &,
CADM1, 4.1B #&15F D X F VALIZ X % NGk A5 45 651
(44%), 59 B (57%) IZFNZFNBD LN, BADEE
S TRIEIET 2 2 &, MRS ATIIEZEOFHAR
EHIMET LR AWML R MBEESS T
CADMI1, 727 F V&% 7328 41B # &40 R
2%, NN 25 A D EE L EEIHIREE TH LI L &
52U 72,

FEIRAE— /MM 25 A, %A ¥l #E 1= T,
CADMI1/TSLC1, 41B/DAL-1, X F )1t

URRUR A BERHER FE A A0 R (5120 2
BRI RIG © A B3 H, SORCR 2 R AR ZE A AT (R {5

5B, T108-8639 H Hi AR X H 4 13 4-6-1 (e-mail: ymurakam@
ims.u-tokyo.ac.jp).
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BMERER

JE/ Nl A5 A (Non-small cell lung cancer : NSCLC)
X, ZEDEET, DNA OBRFIZL ) LR 2B TI
H, HEIET L. ZOHE D55 RO, MBAD
FrLwogrFEENEERENEERT S5 Z 81E, EGFROF
F—ERHEHIDS, MASA DGR E LTSN
FELLLWL2THS. LarL, MELIEWHOR
EONDUI L, FFREMGEEICH L TD, kA
AL DO TH S Z & S FERFICHS IR - T
&7z, IhaRRT 272012, S 5ICEHOH5TEN
DOWESLDLEN, TERDODVADIBENFEIC L - THRB X
NTE7255FRETIM A, 25 A DOHEFEN 70 BAR T HE G IFHHT,
FEBUFNTIZ X o TH 7220 FEN %2 R % J1 55T 5
NTws, it AMHE L7z NSCLC D A A il #E =1
Cell adhesion molecule 1 (CADM1) /Tumor suppressor
in lung cancer 1 (TSLC1) (ZfifgHEE D T2 —FL,
LERRERBIZICE D D, MidSA DRI - TARIL
TOHEELRGTREZIH-TWS, 22 TlE, ZOFEE
ENiASAMERICEBIT B ERIZOWVT, BEDHRZ B
L 72w,

HHEERER

1. FRHAMEEIEF TSLC1 DFEIE

I/l 2s A (NSCLC) Tid, KRAS2, NRAS #&fz
T D% 5, EGFR#Efz T o WIg & %4 %, TP53, RBI,
CDKN1A/p16 BAZF DORIEAL % Lk # % AR FRE DS
RO LMD, Fiz, 3 Gt ikiEli(3p), 9p, 11q, 13q,
17p 7 L O et R IR O~ T O A5 O L (Loss of
heterozygosity : LOH) 2@ IS 51, 3p Tl
RASSF1, 9p Tl¥ CDKN1A/p16, 13q TiZ RB1, 17p Tl
TP53 #AZF ORIHEALIZ K AR T B EHEZ N5 12
413 11q ® LOH X NSCLC O #EJRIZfE > TRO 51
% Z & IZ7EH L, NSCLC Hizk DNA TI@REZ R T
11923 #E3> DNA Wil & iR s AMINE AB49 1Z3E A L,
FDOR— R AR TICBUT 2 EEFEE O % g &
LT, #HBAAHE#ERT TSLCL & FE L 7z. 34

CADMI1 mRNA 13V ¥ 738k Z R $R_RTOMBE TS
HL, feE7ay MENTIE, KR, WO, Bh i
5 < FEBLT % A, AB49 % & i NSCLC Mg 12 #irh 6 #1
TIEEHOXRM, HHVIFFHAKFERLZZ. ZLT,
AR T 5B % 7R 3/ g <2 B F& % NSCLC @ — &8¢
CADMI1 #InT- 70 E— % — D X F VAL b
7z. & 512, CADMI1 % A549 MIlBIZEA S % &, IEH
EFLANVETEOFRBZEBIEL 728K oMsr a—
T, X — F= 7 AR T TOREEEMEAZE L  # S 7z,
P EDORERD S, CADMI 12 NSCLC O Hi AT A BNl &

ZFTHhb EHmIT7z. 1 2Dk, TSLCLIZATA DI
o, WTEK S ¥F 7 AEHK, 6 v~ X MilladEs, 7
LR EeRE, 8 N T Milat: s (ATL), O S5 See1012
REIZBVWTHEELEREZ R/ T EPHLIIE S
722 ehn, ERKETHE, RAORREICID, #HIR
1% % Cell adhesion molecule 1 (CADM1) & #— L 7.
2. CADM1 EEHE O#EE & 5 FiE

CADMI 13557184 100 kD o %fE 7 v 7 YRk —
T & 3L 1 BEHEEEHE T, N-CAM, Nectin
7o &L MFMEE R L, Nectin-like molecule-2 (Necl-2) &
HITIEN 5.8 CADML ISMIfE OB IZiH > THBIL,
s P A G U BE IR B (2 43 A 3 % . Fe 41X CADMI
AANH, OBUESHAINZ =2, ¥R, FF Y A—FKE2
EHIRZIER L, Mg EFEEEZRL, WEya 7y » -
A —=X—7 7 I Y — N 4+ Immunoglobulin
superfamily cell adhesion molecule : IgCAM) & L T
LT & %KL B - T, CADMI OFfemfEIX, 25A
MPLORM - ER A5 ERITIDOETFHINSG.

WIZFK 41X, CADMI A%, ZOMBBNFEIIZFET %
L1 FHEEF— 7% LRl 5 E 0 H 4.1B/DAL-1
( Differentially expressed in Adenocarcinoma of the
Lung) &HEL, 727 F CMIRBEIIERNT5 2 &2
HL7 1M AIBIEMRASATRBASRT 5 2 205,
filiAs A OB F B E L CHBESh TWz4FTh
0, FGHNES;D— > T % R E 2 O JHH T
HBHNF2HIZFEYEDMHEAEZAET 5.5 2512
F 41X, CADMI »SHIlBN 88 C ¥t \CFEAE 9 % PDZ &
GRAAL VEMNLT, Yavya s NToFAMEH
HDlghe hAETTZD—D>TH S MPP3 & HEK%Z
E$ 52 &ax Rl L7216 CADMI X 4.1B & 1 [H £k
41N %, MPP3 o H Dk MPP1, MPP2, CASK, Pals2
b ENEFNHEETH.178 2o X HiZ, CADMI
EHIBIEAE O Y 7 F V2 MBI RE L, MldE g6
IR D il % 38 U < BRI D RS 1k %2 $iifil 3 %
BT REOMIFENRLEZ->TBYD, ZOTHRSTFLE
neh, PAMHEMRT L L TRIET 2 WREEIEZ 5
N7z (Figurel).
3. ERMPPAICEITS CADMT BIZFD X FIL{LE

ki X512, CADMI #EIZF I3 EFEME NSCLC D%
{T2ky MZXARHILZRT. TNE TORHTH, S,
FOGTHMEE LT, M EETE (7LLV) RE+E
AR L B DI —HTHY, KREAB»-E7 L
WRRK+TaE—F —AF )AL, HEHVIEWT LIV X
FNMLIZE B EDBHL NI R 572, £ T, CADMI
BIZFORAFMLDERE ZOERIIONWT, EHOTF
Wi % TG L7z, CADMI @ 78 € — & — §Ili
& CpG 74 7 ¥ FIZHHYST ZIRIERFI VAT 5. Bl
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A. CADM1 protein

N-glycosylation

O-glycosylation
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v C2 C2 domain 442 aa
N C C C C CC LT / c .
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peptide 8A 8B 8C omain
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B. Epithelial cell _
Tight junction Apical
4.1B
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—-
Q
o
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e — — e

Figure 1. Schematic representation of the CADMI protein (A) and its cascade in epithelial tissues (B) (Ref. 18).

BEE - WIEEHIT B IS X - T2 DI CpG FEY %
IRNTS 5 &, BB RE S E D 6 > CpG HLd X F )b
{bASFEI RN & 50 < MBI3 % & & A5 NSCLC g TH &
M T o724 F 2 THEFEMENSCLC 1220w T, 0
DX F WAL % BN - AT ToEd:, H5WIdHE
HifEEE - SSCP (Bi-sulfite (BS)-SSCP) #: % Hw»THET L
7z. Figure 2 12/R3 & 912, BS-SSCP i, * FIL{ko
EPE BRI, 2OMEICHITCE 28R FETH
5. 19 Z iR, NSCLC 103 i 45 51 (44% ) T CADM1
BT OAF L LE R L7z (Tablel). 2 F L1 ki
NSCLC O3 _XTOMBEI CTRAD SN F=A5, 1T BLJE T
DEVHEEBHROBE CHBICRHEEICED SN,
CDKN1A/p16, RASSF1 #&1nF T O & kR, FEASA D
W& L TOEET A FNMEDEE DR S iz, 20

¥ 72, CADMI1 #I=TFHLiE 3 % 11923 #ilk © LOH
WA AUNDIESE CHLRDENL Z L2 5, flokks
ZIESZIZDOWT S CADMI O FHE OFEM AR S 7z,
ZORER, EAAD50% 21X Lo L LT, g A,
BEDS A, BINVIBRASA, DA DE 30%, F-HIFA, &
HEHAS A, FEBD A, BEIETD EREG TR
CADMI1 & #* F ML R FEBAR T A I & L7z (Table

1).18 BRICABEA A TIE, CADMI1 D3R ABI D 5 4E
HEEREPAEICKL, 2T, NEHTIZO2WTHY L
FHERTLRVBIENRREN2L D XIS,
CADMI 134 T3 % 11 etk R oM 72 55 A Wi
BET & # 2 5h, NSCLC M0k 4 70l o k112
LB LEITRENT NS,

4. CADM1, 4.1B BIZFD X FILLEFi%

CADMI1 253 AMGIEE T THh L, Zofiasy o8
7 TH D 41B R MPP 5 F#ED, FL < 25AWHl#ER
F L LTHEET 2 TREMEAVRIB S NG, £ THR AT,
k> 103 B> NSCLC JEH T2 W T, 3 41B ORIE
IbOBFEEMET L, 4.1B #ImT- O 70 E—F — D 2
FVALAS 103 51 59 Bl (57%) \ZFBO S, ¥ LA
TEFEA S, TP A TIIERBY OEITICHES T
RiEfb3 5 &2 A L7 (Table2, 3, Figure3).22
4.1B Z RS AKINBIZE AT 5 &, ZOMEI Iz 5N
HZEDLRENTWVBEDT, 41B b NSCLC OFEFE 2 At
AR T & L CHET 22L& EZONE.15 &5
IZF 4 1%, 4.1B D X FVALHSE ML A3 A 55 Bl 25
B (45%) I2HDOSNB T L %L, 41B A NSCLC
DI 5T, MWOMkA RIEEIZHB VTS RNIHFLoEY &
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A. Bi-sulfite sequencing

CpG island

Exon 1

CpG
GADM gene 0,
TATA Expression LOH <t—>
Normal lung OHORONONO) + "
ot B B N N N ; *
NCI-H596 ' ‘ ' ‘ ' ‘ + -
+ -
B8 000000
OO0O0O0O0O0

B. Bi-sulfite-SSCP
in primary NSCLC

Hypermethylation
Partial methylation

No methylation

°! L oo
cll t— o O
L227C f 8 g
Lzséc | 8 8
L231;:- { \ | § §

Figure 2. Analysis of promoter methylation of the CADMI gene in NSCLC (Ref. 19, 20).

Table 1.

@ Hypermethylation
O No methylation

O O OO

3888
8888
8888

Inactivation of the CADM1 and 4.1B Gene in Human Cancers (Ref. 18-24)

Tumor

Promoter methylation
(primary tumors) (%)

Loss of expression
(cell lines) (%)

Suppression of
tumorigenicity (cell lines)

1. CADM1 gene

Non-small cell lung ca. 45/103 (44)
Small cell lung ca. NR
Nasopharyngeal ca. 13/38 (34)
Esophageal ca. * 28/56 (50) *
Gastric ca. 15/97 (15)
Hepatocellular ca. 4/14 (29)
Pancreatic ca. 25/91 (27)
Breast ca. 10/30 (33)
Cervical ca. 30/52 (58)
Prostate ca. 7/22 (32)
Meningioma * 26/41 (63) *
Anal squamous cell ca. 9/12 (75)
Medulloblastoma 0/30 (0)

2. 4.1B gene

Non-small cell lung ca. 59/103 (57)
Renal clear cell ca. 25/45 (56)
Medulloblastoma NR

6/12 (50)
2/10 (20)
2/5 (40)
3/3 (100)
8/9 (89)
3/8 (38)
8/11 (73)
1/3 (33)
9/10 (90)
2/5 (40)
3/10 (30)
NR
NR

8/11 (73)
12/19 (63)
16/26 (62)

A549

KYSE520

SiHa
PPC-1

* Loss of expression. NR, not reported.
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Table 2. Promoter Methylation of the CADM1 and 4.1B Genes and Clinicopathologic Character-

istics in Primary NSCLC (Ref. 20, 22)

No. of tumors

Methylation of

Methylation of

Parameters analyzed the CADMI the 4.1B P
Total 103 45 (44%) 59 ( 57%)
Gender

Male 74 36 (49%) 41 ( 55%)

Female 29 9 (31%) :| 0.027 18 ( 62%) :| NS
Histology

Adenoca. 68 29 ) — 34 ( 50%) —

Sq. cell ca. 26 14 ) 19 ( 73%)

Ad sq cell ca. 2 1 ) 2 (100%)

Large cell ca. 7 1 ) — NS 4(57% — NS
Stage

I 51 21 ) — 25 ( 49%) —

I 27 12 ) 14 ( 52%)

il 22 11 ) 17 ( 77%)

v 3 1 ) — NS 3 (100%) — 0.010
Smoking index

-799 46 13 (28%) 22 ( 48%)

800- 57 32 (56%) :| 0.0054 37 ( 65%) :| NS

Table 3. Promoter Methylation of the CADM1 and 4.1B Genes in Primary NSCLC (Ref. 22)

4.1B gene
total
methylation no methylation
methylation 33 (32%) 12 (12%) 45 ( 44%)
CADM1 [ 71 (69%), P=0.0049
no methylation 26 (25%) ‘ 32 (31%) 58 ( 56%)
total 59 (57%) 44 (43%) 103 (100%)

CADM1 and 4.1B unmethylated

CADM1 and/or 4.1B methylated

P=0.027

Disease-free survival

(Kaplan-Meier log rank test)

0 10 20 30 40 5 60 70 (months)

Figure 3. Disease-free survival of a patient with lung ade-
nocarcinoma (Ref. 22).

LU REMEERLTWS. B

CADM1, 4.1B BIZT- D A F NMLDOFEE L BEDO T
& DOHBE & 68 B @ fili Bt A% A 12D\ T Kaplan-Meier %
WX DET L7z, S ofEE, CADMI, 4.1B W§hZBw
Th, BT AFILERLAERNIZ, 2 F I bEERE

Lo 2R L LT, AEICTFEIARTH S 7.

E 51T, WEETOXF VLI OWTHEET 5 &, 103
BlIR 71 1 (69%) o NSCLC ¢, CADMI, 4.1Bi#{=T
DTN —FBAF VI L Y AT L TEBD, ZTD
HERE D FH AYNSCLC DERIZEES DL Z EAVREN
72. LT, CADMI1, 4.1B #IZTFDOVTNHIL—FHITAF
WAL Z R LIRS AERNIZ, & BICIEXF ML TH - 72
JEB) & IR LT, ARICTEIARTH 7220 Do
FI21E, NSCLC DH#ERIZ, CADMI, 4.1B ORI DHE D
THEETHDLILEZRBELTVS. bokd, HEIET XA
F AL L P L OMBIZ, D% DBEZEFIZTONVTD
RENTWVWSLEZ &S, LELofRiE, AMBD X T
WALFEIA! (Methylator phenotype) DA MEZEH L Tw»
HEVWHFRLBY LD EBHETHY, S5ITEHK
DBIZT-DMBEVPLETHSH. T2, A A4 XD Heller
5 3 NSCLC fE#5 268 B+ 100 1 (37%) i CADMI @ A
FAbE, F72147 B (55%) 12 4.1B ® X F )ik Rk
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L, ¥512, 41B DA FIUALDEERB PR ORI - T
T2 EZMEL TS24 25 0HIEDNS,
CADM1, 4.1B Wz T D X F VA bAS NSCLC 28T 5
HELRETH S Z L AFEL STz

ZHUIxt L, Ito 5, Uchino &1k CADMI (2% % 4%
Ryuihz 7o oG ic L D, CADM1 o 53R
MASHEIRAS A OREMEES ICB VT, X 0 ERWICED
biad Zk, F7z, FEBURMASERIRWY], v >/ s,
Y ooRERE, MERBEEMEBEL, PEARE DM
5T EEME LTS, 2526 —J5, Goto & b 30 Bl D Jifi
2RA DE—NEIEIZ BT 2 RIEE8, EREE D CADMI1
DIEH % RIEHMESIC X > THHT L, CADMI1 D38
73 Bronchioloalveolar carcinoma kD &l 453 TIEFED 6 1
%A%, EHEETIEERWIIKRMT S &2 /AL,
CADM1 OFEHRIMNAZMEEMBEAT L &2 EL T
2z 27
5. CADM1 (C & B REEAZR DOHNHI & 5% D HPH]

CADMI iZ 2D FEDKE#E 2 S W S 74 X 5 I,
NSCLC #ilg A549 12533 % it v Jld 355 P 3 s 2 % 7
9. F£72 CADMI T & 2 JES5EHEIHIZ, FEBURINZ R
FTHIVIRAS A, BENA, FEFA, SIHEAMNE %
ETHHBRICEDOOLNS. 18 S 5124 1%, AS49 Mgz
CADMI, WIZT > PO — X7 & —%#EA LAk
s —r%X— v AOPBIZEAL, 6 BHERDNF
BEANDIRFETE K & #i5d L€, CADMI & AN T U1 Wbk
O~ DIBERBEPEECHZONDS 2 &2 Ml L
72,14 Mao 5%, ~ 7 AR FICHHRL L 72 A549 Hll o 1%
DOWEFICCADML 2L b 4 LV ANRY & —|2 & )i
AT HZEIZXY, EHEoMMEAEH IR I, o
B, TR = ADHRSFHEEINDLZLEZRL TN 5. 28
NS DOFERIE, CADMI 2SS ABREDEEN 5T £ LT
LIERET 2T REZ R T LD DTHS.

F 72413, CADM1 D5 2 %85 % &, I
[XI-7- Hepatocyte growth factor (HGF) I2 & %52 1 X &
I Madin-Darby canine kidney (MDCK) Cell @ 2 k7T
AR TOHER, 3 IRICEFE TOE ML A I HH =
N5z %KL, CADMI A5 Fz - HIZESRI 2 FZERIYIC
WHl 5 Rk ZR L7229 & 512 CADML 38 %
SIRNA 12 X 0 P55 &, Hise B RO oG 55k
B L C LM EA I b, M7 Y A7+ — AflE
ROBBIZEALTHI LA R LTS, IS DORR
1%, CADM1 2sHtifa$eE, MifuEigofli#zm L < Lk &
LCOREDOHMFFIE S THEMEZ IFT DD TH 5.

S 52 CADM] O #IEF R AEER L7 & 2
5, FADKRERB~Y T AWML, BFERES%
AL, CADMI 28I TIRKICHLETH S 2 &
WO T 7% o 72,30 Mo EEEZF O FEA I RE IR

OOLNGEDo7zhs, &k, RPFHEIZLD, KERET
7 ANZHRENE, NS A DS —EDBHETHRET L & &
BELTws, #HIzWERE L THW C57BL6 I3,
i A% A @ B X 38 4= R° 4- (N-methyl-N-nitrosamino)-1- (3-
pyridyl)-1-butanone (NNK) 12 & 2 iliFEATA FEEETIX T
L AP A R T2 &, FEFITHEEREVWHEIE L
Ex, WidsA D5 T HHE O TR GED 720 D L
WE TR B AR & O T 2 D T 5.

MaEEAE 5T CADML, 727 F U #& % v /327 41B
oL i RS, IR A A R0 OB D NESE D HE
BB B HE R EGEIHER TH LI L, FHRARD
R L b 2 &, MUGEIH], ERIH OGS TER 5D
WREVEIZ D WTR L7z, 26 oF5H1iE, CADML D41
HEEEASHNEREE o 77 F )V & MIE B A& R TR I K D il HI L
DY, FEMEEERFET 2T o2 LIRS
HeEZohD, MiAD3A, HEIZIE, EGFR, K-
ras 72 ED ¥ 7 F IWGEREE O T, pb3 7 &g Y
RHRIEZ R BN Y 82 e & IS, HBANE/E
FNC D S JERE & 35 & A 3 2 a5 o T RE O S A
HTHbDH. Gk, #HIBEFREB~I A TORENPAEKOHG
W& &o, Mg EPAEBROMEEZRESIELZ L
VUETHD.
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