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ABSTRACT DNA fragments amplified in a stomach can-
cer-derived cell line, KATO-M, were previously identified by
the in-gel DNA renaturation method, and a 0.2-kilobase-pair
fragment of the ampliflied sequence was subsequently cloned.
By genomic walking, a portion of the exon of the gene flanking
this 0.2-kilobase-pair fragment was cloned, and the gene was
designated as K-sam (]KATO-IHi cell-derived stomach cancer
amplified gene). The K-sam cDNAs, corresponding to the
3.5-kilobase K-sam mRNA, were cloned from the KATO-l
cells. Sequence analysis revealed that this gene coded for 682
amino acid residues that satisfied the characteristics of the
receptor tyrosine kinase. The K-sam gene had significant
homologies with bek, FLG, and chicken basic fibroblast growth
factor receptor gene. The K-sam gene was amplified in KATO-
m cells with the major transcript of 3.5-kilobases in size. This
gene was also expressed in some other stomach cancer cells, a
small cell lung cancer, and germ cell tumors.

Many cancer cells are characterized by aneuploidy. In-
creased cellular DNA content is often associated with ad-
vanced malignancy (1, 2). Yet, only a limited amount of
information is available on genetic changes involved in
stomach cancers, which have the highest incidence among
malignant diseases worldwide (3-14). Amplification of as-
yet-unrecognized genes was expected to occur in stomach
cancer, especially in the late stage of carcinogenesis. We
have previously demonstrated the presence of amplified
DNA sequences in several cancers (15-17), including a
KATO-III cell line, established from a signet-ring cell carci-
noma of the stomach (18), by the in-gel DNA renaturation
method (19, 20). We also reported cloning of a 0.2-kilobase-
pair (kbp) amplified DNA fragment from KATO-III cells.
This 0.2-kbp fragment was designated as SAMO.2 (16, 17). We
have shown that DNA sequences containing SAMO.2 were
amplified preferentially in poorly differentiated types of
stomach cancer (17).
Here we report isolation of the exon of a gene flanking

SAMO.2, designated as the K-sam gene (KATO-III cell-
derived stomach cancer amplified gene), and characteriza-
tion of the K-sam cDNA.* Sequence analysis of the K-sam
cDNA showed that the gene encoded a receptor tyrosine
kinase. The K-sam gene had significant homologies with
mouse tyrosine kinase gene, bek (21), chicken basic fibroblast
growth factor (bFGF) receptor gene (22), and humanfms-like
gene, FLG (23).

MATERIALS AND METHODS
Cells and Tumors. The gastric cancer cell lines KATO-III

(signet-ring cell carcinoma), OKAJIMA (poorly differenti-

ated adenocarcinoma), SCH (choriocarcinoma), TMK1
(poorly differentiated adenocarcinoma), MKN1 (adeno-
squamous carcinoma), MKN7 (well-differentiated tubular
adenocarcinoma), MKN28 (moderately differentiated tubu-
lar adenocarcinoma), MKN45 (poorly differentiated adeno-
carcinoma), and MKN74 (moderately differentiated tubular
adenocarcinoma) were maintained as described (16, 18, 24,
25). NSC3, NSC4, NSC8, and NSC10, the human stomach
cancer cells transplanted to nude mice, are all poorly differ-
entiated adenocarcinomas. Culture conditions and charac-
teristics of the following cell lines have been mentioned
elsewhere: small cell lung cancer, Lu135 (26); immature
teratoma, NCC-IT (27); teratocarcinoma, NCC-EC-1 (27).

Identification of the Exon. The SAMO.2 fragment was used
to identify clones containing the exon flanking SAM0.2 from
the bacteriophage charon 4A genomic library constructed
from human placental DNA.
cDNA Library Construction. A cDNA library was con-

structed from the poly(A)+ RNA of KATO-I11 cells and
cloned to the bacteriophage vector AgtlO (28, 29). Phage
DNA screening was carried out under the same conditions as
described (30).
cDNA Sequence Analysis. The K-sam cDNAs were inserted

into the EcoRI site of M13mpl8 phage. The overlapping
subclones were generated by the stepwise deletion method
(31, 32). Both strands ofcDNA were sequenced in full by the
dideoxy chain-termination method using deoxy-7-deazagua-
nosine triphosphate (33, 34). Nucleotide and amino acid
sequences were analyzed by the GENETYX programs (Soft-
ware Development Co. Ltd., Tokyo, Japan) for a microcom-
puter and the IDEAS programs (35) for the VAX/VMS com-
puter. The GenBank nucleic acid data base (release 60.0) and
the Protein Identification Resource National Biomedical Re-
search Foundation protein data base (release 20.0) were used
for the homology search.

Nucleic Acid Hybridization. Southern blot hybridization
analyses and blot hybridization analyses of RNA were per-
formed under the high-stringency condition described previ-
ously (30, 36).
Polymerase Chain Reaction (PCR). The method of cDNA

PCR was essentially as described (37). Briefly, cDNAs were
synthesized from 1 gg of total cellular RNA or 0.5 pug of
poly(A)+ RNA by murine leukemia virus reverse transcrip-
tase (Bethesda Research Laboratories) using oligo(dT) or
random hexamer as a primer. The RNA-cDNA hybrid was
then denatured and amplified for 30 cycles using a DNA
thermal cycler and a GeneAmp kit (Perkin-Elmer/Cetus).
The DNA sequences of primers were as follows: primer 1
(sense), 5'-GGCTGTGCACAAGCTGACCAA-3' (corre-
sponding to nucleotide positions 1569-1589 of K-sam7);

Abbreviations: FGF, fibroblast growth factor; bFGF, basic FGF;
PCR, polymerase chain reaction.
*The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M35718).
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primer 2 (antisense), 5'-ATCAT(
(1946-1927); primer 3 (sense), 5
GATGAT-3' (1927-1946); primer
CATCATCATGTACAG-3' (2537
5'-AACTGCAGTGCTGGCTC1
1315) with a Pst I site created at
(antisense), 5'-TTAAGCTTCCGA
3' (1140-1121) with a HindIII site
PCR product with primer 1 and pri
primer 3 and primer 4 were expec
Sau3AI site and Bal I site, resp
primers 5 and 6 will generate a 1E
region spanning nucleotides 1073-
K-sam transcripts. Thermal cycle 1
4 were denaturation at 940C for 1
2 min, and extension at 720C for 3 n
5 and 6 were denaturation at 940C fi
for 20 sec, and extension at 720C

RESULT
Isolation of the K-sam cDNA. S

did not contain an exon portion,
screen the normal human placenta
tification of exons flanking SAMo.:
a clone containing a 1.6-kbp frag
isolated. This K-samHP-1.6 fragi
mRNA in KATO-Ill cells, indi4
contained the K-sam exon. The i
was used for screening ofthe cDN
poly(A)+ RNA of KATO-Ill cells
clones obtained by screening of
were selected at random and pun
tion enzyme maps, the 17 clone
groups: 12 clones represented by tt
one Pvu I site and one Ava I s
sequences (Fig. 1), whereas the
represented by the clone K-saml7
I sites and two Ava I sites (Fig. I

K-sam22 bore the inserts of 3.0 k
respectively. By blot analysis of R
the inserts of these three clones
mRNA (data not shown).
cDNA Sequence. K-sam7, K-se

examined by nucleotide sequence
sequence of K-sam7 is shown in ]

nucleotides. The translation was
ATG codon at positions 595-59
largely satisfied Kozak's translati
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FIG. 1. Schematic diagram of the
sented are untranslated (-) and tran
peptide (hatched box), transmembra
tyrosine kinase domain (stippled boxe4
the EcoRI/Acc III 0.7-kbp fragment 2
fragment, respectively. RAO.7 and SR(
cDNA cloning, Southern blot analysis,
restriction enzyme recognition sites ar4
I; A, Ava I; S, Sma I.

CTTCATCATCTCCAT-3' (ii) because there were three in-frame stop codons upstream
'-ATGGAGATGATGAA- of this ATG codon. The longest open reading frame was
4 (antisense), 5'-TCCCT- composed of2046 nucleotides from positions 595 to 2640, and
'-2518); primer 5 (sense), the translated amino acid sequence of 682 residues is also
PGTTCAATG-3' (1296- shown in Fig. 2. The calculated molecular size was 76,704 Da.
the 5' terminus; primer 6 At the 3' end of the cDNA sequence, there was neither the
iCCACTGTGGAGGCAT- classical poly(A) signal AATAAA nor the poly(A) stretch.
added to the 5' end. The Compared with K-saml7 and K-sam22, K-sam7 revealed
mer 2 and the product with two discrepancies in sequence. In K-sam7 and K-sam22,
cted to contain an internal nucleotide positions 1075-1413 were single stretch, whereas
3ectively. Combination of in the K-saml7 this region was tandemly doubled. Thus, the
34-bp fragment, only if the difference of the two types of K-sam cDNAs was due to the
-1411 is duplicated on the presence or absence of the in-frame 339-bp tandemly re-
parameters for primers 1 to peated sequence of positions 1075-1413 of K-sam7. cDNA
min, annealing at 600C for PCR with primers 5 and 6 amplified a 184-bp fragment, which
min,parameters forprimers is specific to the 339-bp duplication, from the mRNA of
r20 sec,annealing at62°C KATO-III but not from mRNA of OKAJIMA, MKN7,
for 30 sec. MKN28, MKN45, MKN74, SCH, or NCC-IT (data notfor30sec. shown). The initiation codon ofK-sam mRNA containing this

repeated sequence remains to be determined. The second
Fs sequence difference was that K-saml7 and K-sam22 con-
,ince the SAMo.2 fragment tained a six-base insertion, TAACAG, between nucleotide
this fragment was used to positions 1612 and 1613 of K-sam7.
genomic library for iden- Deduced Amino Acid Sequence. The amino acid sequenceAmon2l deduced from the nucleotide sequence data ofcDNA showed

2. Among 200,000 plaques, that the presence of 15 hydrophobic amino-terminal residuesm (K-s.dHPd1*6) wasb preceded by several basic residues exhibited the features of
cient hybridized to 3.5-kb the signal peptide. The putative extracellular domain ex-
cating that this fragment tended from 21 to 287 amino acid residues. The consensus offragment of K-samHP-1.6 N-linked glycosylation sites (NXS/T, where X = unspecified
A library constructed from amino acid) was observed in six places. Four cysteine
s. Among the 300 positive residues were distributed in the extracellular domain. These
400,000 cDNA clonesh17 cysteine residues and adjoining amino acids residues satisfiedfled. Based on the restric- the immunoglobulin-like domain conserved sequences of
Ds were divided into two VX3CX11W and DXGXYXC (39); the first set is
ie clone K-sam7 possessed VKFRC90PAGGNPMPTMRW and DKGNYTC142; the sec-
ite in the middle of their ond is VEFVC'"KVYSDAQPHIQW and DAGEYIC251.
remaining 5 clones were The 339-bp repeated sequences lead to a 113-amino acid
,which contained two Pvu insertion in the extracellular domain of the product. Next to
l). K-sam7, K-saml7, and the extracellular domain existed the highly hydrophobic 23

bNA fromKATO-ba cells, amino acids (residues 288-310) characteristic of a transmem-.Nbrom to ells, brane domain. The remaining region was thought to be thehybridized to the 3.5-kb cytoplasmic domain, which contained the consensus tyrosine
kinase (40): the putative nucleotide binding site

aml7, and K-sam22 were G398XGX2GXV and K427, the sequences that distinguished
analyses. The nucleotide protein tyrosine kinase from serine/threonine kinaseFig. 2 and consists of 3025 I533HRDLAARNV and K578WMAPE (Fig., 2). y567 residue
probably initiated by the was the likely target of autophosphorylation reactions (40).

07 (i) because this codon Compared with other tyrosine kinases (40), the tyrosine
ion initiation rule (38) and kinase domain was split by a 14-amino acid insertion, resi-

SR 0.5 dues 494-507. The amino acid sequence suggested the prod-uct of the K-sam gene to be a receptor tyrosine kinase. In
]JTvrILK-saml7 and K-sam22, the six-base insertion between nucle-
S _R KR AM otide positions 1612 and 1613 resulted in addition of 2 amino

+_---_ K-SAM 7 acids in the cytoplasmic domain near the transmembrane.
e R Homology Search of Deduced Amino Acid Sequence. Al---- K-SAM1 7 though the sequence for the transmembrane and extracellular

S R
K-SAM2Z domains of the bek cDNA has not been reported, the tyrosine

kinase domain of the K-sam gene shared 97% homology at
'.0 2.5 3.0 kbp the amino acid level with that of the bek cDNA. Tyrosine
..-- kinase domains of chicken bFGF receptor (22), the FLG

protein (23), and the chicken cek 1 protein (48) were also 89%,
cDNA clone K-sam7. Repre- 81%, and 89%o homologous at the amino acid level, respec-
slated (boxed) regions, signal tively. The chicken cek 1 protein was 99.8% homologous to
tne domain (black box), and chicken bFGF receptor.
s). RAO.7 and SRO.5 represent ciknbG eetr

and the Sma IlEcoRI O.5-kbp We examined the genomic Southern blot hybridization
0.5 were used as the probes for patterns of different species with the K-sam cDNA probe.
,and RNA blot analysis. Major The K-sam cDNA probe hybridized in mouse, rat, and
e designated: R, EcoRI; P, Pvu chicken under the high-stringency condition. Under the low-

stringency condition (36), this probe also hybridized to Xe-
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CGC"-GAC G'. r.GAG GGAGCGCGCGCG'I'CCG'CCAC CAA CCT.GGGCGCl-CCc-CuGGGCC-TCATGCGGCGTACC'TGGCCC CGGCGCGC-ACTGCTCTCC GGCTGGC i C02-CT~~~~~~~~~~~~~0GGGGGCCGGCC,--CGAGCCCC-OGGGGCCCC"GA,,-GCCGCAGCT TGCCTC-7CGCGC 1TCGA]C TTCGCAACTCGCGAGCAAGT TT ,G-GGAGGCAACGCCAAGC 2 0 4
CTGAGTCCTTTCTTCCTCCTCGTTCCCCAAATCCGAGGGCAGCCCCsCGeGCGCTCCAt CGCCGCCCTCICCGCAGCCCCTGGCC-TACCGCGTGAAGCCCCGGGAGCCCT 306
TGGCGCCGGC"-AAGACCCAAGGACCACTCJTTCTGCGT"T"--GAG, TGCTCCCCACAACCCCGGGCTC GTCTTTCTCCATCCCGACCC"ACGCGG-GGCGCGGG 4 0 8
GACAACACAGGTCGCCGAGGAGCGTTGCCCATTCAACTGCAGCAGCCACACCCCAGCCCCTCCCTTC CCCCACCGCAGGCTGAAGGCATTGCCCGTA 510
CTCCATGCCCGTAGACCAAGTGTGCACATGGGATTACTCCACATGGAGATATGGAAGAGGACCGGCCGT GGTACCGTAACCATCCGTCAGCTGCCGTCGT 612

M V S W G R

TTCATCTGCCTGGTCGTGGTCACCATGGCAACCT GTCCCTGGCCCGGCCCTCCTTCAGTTTAGTTGAGGATACCACATTAGAG'-CAGAAGATGCCATCTCA 71 4
F I C L V V V T M A T L S L A R P S F S L V E D T T L E P E D A I S

10 20 30 40
TCCGGAGATATC;AGGATGACACCGATGGTGCGGAAGATTTGTCTCACGTCAGAACAGTAACAACAAGAGAGCACCATACTGGACCAACACAGAAAGACTGGAA 816
S G D D L D D T D G A E D F V S E N S N N K R A P Y W T N T F K M E

50 60 70
AAGCGGCTCCATGC-GTGCCTGCGGCCAACACTGICAAGT TTCGCTGCC:CAGCCGGGC-GGAACCCAATGCCAACCATGCGGTGGC;TGAAAAACG;GAA'GAG 9918
K R L H A V P A A N T V K F R W P A G G N P M P T M R W L K N G K E

80 90 1o00
TTTAAGCAGGAGCATC&CATTGGAGGCTACAAGGrAC"AAAC"A7CAC TGGAG(C'TCATTA GGAAAGTGTGGTCCCA CTGACAAG&GAAATTATACCTGT -1020
F K Q E H R I G G Y K V R N Q H W S L I M E S V V P S D K G N Y T fC

l10 1 20 130 140
G GGTGGAGAA GAA ACGGTCCATCAATCACACGrr-ACCACCTG-ALGTGTGGC;A:;CTCGCCTCACCG(:;CC:::ATCCICSAGCCGACT1CC1G2GCAAAT1122
V V E N E Y G S I N H T Y H L D V V E R S P H R P I L Q A G L P A N

150 160 170
GCCTCCACAGTGGTCGGAGGAGACGTAGAGTTTGTC TGCAAGGTTTACAGTGATGCCCAGCCCCACATCCAGTGGATCAAGCACGTGGAAAAGAACGGCAGT 1224
A S T V V C G D V E F V E K V Y S D A Q P H I Q W I K H V E K N G S

180 190 200 210
AAATACGGGCCCGACGGGCTGCCCTACCTCAAGGTTCTCAAGCACTCGGGGATAAATAG~qLCC"AAT'GCA'."AAGTGCTGGCTCTGTTCAATGTGACC.-GAGGCG 1326
K Y G P D G L P Y L K V L K H S G I N S S N A E V L A L F N V T E A

220 230 240
GATGI"CITGGGGAATATATATGTAAGGTC'-TCCAATTATATAGGGCAG"2CCAACCAGTCTGCCTG-GCTCA''TGITCCTCl-7CC"AAAACAGCAAGCGCCTG7GAAGAGAA 21428
D A G E Y I F K V S N Y I G Q A N Q S A W L T V L P K Q Q A P G R E

250 260 270
AAGGAGATTACAGCTTCCCCAGACTAC--"-rGGAGA-ATAGCCATiT'rACTGCATAGGGGTCTTC-TTAATCGCCT'GTATGGTGGTAAC"AGTCA""CCT.G.TGCCGAATG 1530
K E I T A S P D Y L E I A I Y C I G V F L I A C M V V T V I L C R M

280 290 300 3 310
AA".AACAC.ACCAAIAAGCCAGACTTI-A""CAGCCAG;CCGGC G GCAC-AAGCTGArCAAACGTA CCCCCT CG-GAGACA,-TTCG-jGC i GA' T IAGCTC-1 1632
K N T T K K P D F S S Q P A V H K L T K R I P L R R Q V S A L S S S

320 330 340
I'CCATG-AAC CCAAr-ACl-CCC&C TG"- 'G.AGGAT1AA C*AACACI-CCTCTCT TCAACGG--AGACA CCCCC"-A.GCT'GGCAC-GGGT Cl TCCGAGTATGAACT1 1CCAGAG I 7 3 4
S M N S N T P L V R I T RTI. S S T A D r P M L A G V S E Y E L P L

350 360 370 380
GACCCAAAATGGGAGTTTCCAAGACATAA CCT'GACAClTG ACCCCGACCCCC"'AGTG CCTTT GCAATG GGTCATGGCCGCGAAGCAGTGGGAAT TGAC 1 8 3 6
D P K WE F P R D K L 7 C C K P L E C F Q V V M A E A V G I D

390 400 410
AAAGACAAGr;'tCCCAAGGAGGCGG'TCACCGTI-Ol.-7C"'CG-TGJAGA IGTTGAAGATGATGCCACA-UA~GAAAGA~--CC 1T-CTGATCC.GC---,.-TCAGAGAXTl-GAG-7ATGAT17G 1 9 38
K D K P K E A V T V A V K M L K D D A T E K D L S D L V S E M E M M

420 430 440
AAGAI-GATTGGGAAACACAA~IGAT.ATCA JAAATCT,1 CTCTGGAG-vCCXGCAACAGATG T TIATS CA-AG.TTG;AGTATGCrCCTAAAGGCAACCTC 2 0 4 0
K M I G XH K N I T N L C G A C T Q D G P L Y V I V E Y A S K C N L

4510 460 470 4 80
C GAG'IAATA-C rC,-CGAGCC- CGG-AGGCCACCC,-"-,-C;A GGAGTACTlCC 7ATA GAA Ti AACC G,TG -TTCIC TGA\GGAGCAG-ATGACC T CAARGGAC r.T 5GT-,,G TC 2; fi4 2
R E Y L R A R R P P G M E Y S Y D I N R V P E E Q M T F K D L V S C

490 500 51 0
ACsACCGC1:;GCAAGCA G~nLA TTfGCToCCAAAAI LI"AT-LvA-s CGAGArTTAGCAGCCA"'AAATG.- TTTGul',AAClAGAAAAC'AAT GTGATrG 2Z244

T Y Q L A R C M E Y L A S Q K C I H R D I.A A R N V C V TE N N V M
520 530 540 550

AAAATAGCAGACTTTG,-ACTCGCC.AGAGATATCAACAATATAGA\CT1A7TACAAAAAGACCACCAATlGGGCGG(: nTCCAGTCAAG T'oGAT1GGC TCCAGAAG>CC 2 34 6
K I A D F G L A R D I N NI D Y O K K T T N G R L P V K W M A P E A

560 570 580
CTGT TTGA-TAGAGTATACACTCATCAGAG- GArTG1CTGIGTCCT CGGGGT5TTAATGTGGGAGAT1CT ~CAC -T TT1AGGCGGI-CT X -CGCCC-L A CCAC;GI-'-AT7C, 2 44 8

F C R V Y T H Q S D V W S F V L M W E I F T L G G S P Y P C I P
590 600 610

GTCGGAC&GAAC vTTTTAAGCCTGCTGAAGCAACCACACACAATC-ACATAkGCCCACCCAACTCCACCAACCAACTCGT-ACATGATGATCACGCGACTC-TTCGCAT!CCA 2550
V E E L F K L L K L G H R M C K P A N C T N ELY N M R D C W H A

620 630 64 u50
GT&I-CCC TCCCAGAGACCAACGTTCAAGCAGT-TGGTAGAA"--AC- 5GATrCG - ATICCC""CCAA"'-CC 1C TC,-CC7&TATIIAGCA1TTTTTAGPLAAA Ae'CTTAGCCA 2 6 5 2
V P S Q R P T F K Q L V £ D L D R 1 P P N P S L MS F R K

660 670 680 682
AT1GTT C1AAAATG--CrCATAAGGAAGGC-T TrGGC''-AAT TACC"' T. 7AGACACAA"-CT C 1AAziA-AC 5'CTC7FOAT TAC-AA WGGAACTT|GGAGG&Al TACAGTiCT -GGC- 2 4
CTIGCTIGGGC'CAGATGT T.ICCGAGC-G;CGGCC-1"CGGCAAGCA".-C-CTGC;C'TGCACATTGC-AACT-ACTGGC -AAMICTACG--CAAGAG;TCCvrTCA-CT1C-GTCACuA 2 8 5 6

GANTACTCTCCPA X GTGTTA i AGTTATCC -rrgAAAGCTCTTCAATITCAAGGAA;TGCT GGCACGTGTI'TACTC"'I~'r,GA.CTGGAGGGG-ACGGTAT"GTCACCTsGI-A 2 95 8
TCGTTGTCTTGGCAGACCTCAGGCGACTGAGTTlAGGTCTTTGGCC'CTCCTGACT'CGTGATGTCGCCCTGAGG 3025

FIG. 2. Nucleotide and deduced amino acid sequences of the K-sam7 cDNA. Numbers at the right indicate positions of nucleotides, and
numbers below the amino acids refer to the amino acid sequences. The open reading frame began at the ATG at nucleotide positions 595-597,
followed by the 15-amino acid signal sequence (heavily underlined). The circled TGAs or TAG indicate in-frame stop codons. Cysteine residues
in the extracellular domain are boxed. Potential N-glycosylation sites are underlined. The shaded region was tandemly doubled in the K-saml7
clone. The heavy black bar demarcates the putative transmembrane region. The arrow above the nucleotide sequence represents the insertion
site of six bases, TAACAG, in K-saml7 and K-sam22. Dots over "G" at residues 398, 400, and 403 and over "K" at 427 indicate the potential
ATP-binding sites. The circled tyrosine at the 567 amino acid residue identifies the putative site of autophosphorylation.
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nopus, Drosophila, and yeast genomic DNA (data not
shown).

Amplification of the K-sam Gene. Southern blot analyses
were performed with the K-sam cDNA probes to compare
DNAs from stomach cancer cell lines with human placental
DNA (Figs. 1 and 3). Among nine stomach cancer cell lines,
including KATO-11, OKAJIMA, SCH, TMK1, MKN1,
MKN7, MKN28, MKN45, and MKN74, K-sam amplifica-
tion was detected only in KATO-Il1 cells. The K-sam7
full-length cDNA probe hybridized to seven EcoRI fragments
with sizes of 12.5 kbp, 9.4 kbp, 7.9 kbp, 6.6 kbp, 5.2 kbp, 3.0
kbp, and 2.8 kbp in human placental DNA. In KATO-I11 cells
there were at least two additional bands with sizes of 4.0 kbp
and 3.4 kbp. The significance of these additional bands is not
known. To determine to which part ofthe K-sam cDNA these
seven fragments of human placental DNA correspond,
Southern blot analysis was repeated with SR0.5 and RA0.7 as
probes. The SRO.5 spanning tyrosine kinase domain of the
K-sam cDNA, corresponding to nucleotide positions 2071-
2604 of the K-sam7 cDNA, hybridized to the 12.5-kbp and
9.4-kbp bands, whereas the RA0.7, corresponding to posi-
tions 1-719, hybridized to 6.6-kbp and 5.2-kbp bands (Figs.
1 and 3).
Gene Expression. RNA blot analysis of nine stomach

cancer cell lines with the K-sam RAO.7 probe revealed that
K-sam was highly expressed in KATO-III cells with a major
3.5-kb transcript. The K-sam 4.5-kb transcript was detected
in OKAJIMA, MKN45, SCH, MKN28, and MKN74 cells. In
SCH and KATO-III cells, a 1.8-kb transcript was also
observed. In SCH and MKN45 cells, mRNA with a size of
about 4.0 kb was detected. However, the origins ofthe 1.8-kb
and 4.0-kb signals hybridized to the K-sam-specific RAO.7
probe are yet to be determined. In nude mouse xenografts, a
3.5-kb transcript was detected in NSC4 cells, whereas 3.5-
and 4.5-kb transcripts were detected in NSC10 cells (Fig. 4).
The K-sam gene was also amplified in NSC4 and NSC10 cells
(17). PCR amplification with primer 1 and primer 2 was
carried out to identify the K-sam transcripts in MKN28 and
MKN45 cells, which showed a 4.5-kb mRNA hybridized to
the K-sam probes, indicating that the 4.5-kb band was not
generated by nonspecific hybridization to 28S rRNA. The
PCR products showed the expected sizes, hybridized to the
K-sam cDNA, and contained the expected internal restric-
tion enzyme sites, indicating that the 4.5-kb transcript was
encoded by the K-sam gene. The same results were obtained
by PCR amplification with primer 3 and primer 4 (data not
shown). RNA blot analysis revealed that the K-sam mRNA
was also detected in the small cell lung cancer cell line
Lu-135, immature teratoma cell line NCC-IT, and teratocar-
cinoma cell line NCC-EC-1 (Fig. 4). In NCC-IT, the SRO.5
K-sam probe hybridized to 4.0-kb mRNA in addition to
4.5-kb mRNA.

1 2 3 4 5 6
23.1 kbp

_ - 9.4
6.6

4.4

. -2.3
2.3

FIG. 3. Southern blot analysis with the K-sam cDNA probe. Ten
micrograms ofgenomic DNAs was digested by EcoRI and hybridized
to the 32P-labeled 3.0-kbp full length of the K-sam7 cDNA probe
(lanes 1 and 2), SRO.5 (lanes 3 and 4), or RAO.7 (lanes 5 and 6). Lanes
1, 3, and 5, human placenta; lanes 2, 4, and 6, KATO-II cells. Films
of lanes 4 and 6 were exposed for 30 min at room temperature, and
those of other lanes were exposed overnight at -70°C.

1 2 3 4 5 6 7 8 9 10

4.5kb_--
4.Okbo-_
3.5kbb-
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FIG. 4. RNA blot analysis of K-sam. Two micrograms of
poly(A)+ RNA from tumor cell lines and nude mouse xenografts was
hybridized to the K-sam RAO.7 probe (lanes 1-8 and 11-13) or SRO.5
(lanes 9 and 10). Lane 1, SCH; lane 2, KATO-III; lane 3, OKAJIMA;
lane 4, MKN74; lane 5, MKN45; lane 6, MKN28; lane 7, MKN7; lane
8, Lu135; lane 9, NCC-IT; lane 10, NCC-EC-1. Lanes 11-13 are nude
mouse xenografts: lane 11, NSC4; lane 12, NSC8; lane 13, NSC10.

Recently we have cloned two types of cDNA clones from
NCC-IT cells, one of which represented the cDNA corre-
sponding to the 4.0-kb transcript. Sequence analysis of the
cDNA showed that this type of clone represented the K-
sam-related gene designated as N-sam (NCC-IT cells derived
sam), which was highly homologous to FLG and the chicken
bFGF receptor gene (unpublished data). The other type of
cDNA clone represented the K-sam transcript of NCC-IT
cells; the nucleotide sequence ofthe 5' portions ofthis cDNA
was identical to that of nucleotide positions 1-214 of the
K-sam7 cDNA clone. The SRO.5 K-sam probe hybridized to
both K-sam and N-sam cDNAs under the high-stringency
condition. The K-sam-specific probe RA0.7 did not hybridize
to the N-sam cDNA. The K-sam transcripts have not been
detected in K562 and MCF7 cell lines by RNA blot analysis
(data not shown).

DISCUSSION
In this paper, we identify and characterize the K-sam cDNA.
The K-sam product was significantly homologous to the
chicken bFGF receptor (22). This suggests that the K-sam
product is one ofthe receptors for the heparin-binding growth
factor family, such as acidic and basic FGFs, HSTIl (30, 36),
HS12/FGF6 (41, 42), INT-2 (43), FGF5 (44), and kerati-
nocyte growth factor (45). The tyrosine kinase domain of the
K-sam cDNA, corresponding to nucleotide positions 1750-
2668, had 88% homology at the nucleotide level with the
mouse bek cDNA. However, the sequence other than that of
the tyrosine kinase domain of the bek gene is not available,
and it is not possible to conclude whether the K-sam gene is
the human counterpart of the mouse bek gene. The gene
products of K-sam, N-sam, bek, FLG, and chicken bFGF
receptor can establish a family of the receptors for heparin-
binding growth factors. According to results of the homology
search, at least two classes of heparin-binding growth factor
receptors likely exist: the one is encoded by K-sam (human)
or bek (mouse), and the other is encoded by N-sam/FLG
(human), the chicken bFGF receptor gene, or cek 1.
The presence of the immunoglobulin-like domain was

suggested in chicken bFGF receptor (22), and the K-sam
product had two sets of the immunoglobulin-like domain in
the extracellular domain. One immunoglobulin-like domain
was encoded by the repeated sequence of the 1075-1413
nucleotides. Thus, this repeated sequence could have some
important biological function such as ligand recognition.
The 14 amino acids inserted in the tyrosine kinase domain

were as long as those of the bek protein, the chicken bFGF
receptor, and the FLG protein and were much shorter than
those of platelet-derived growth factor receptors, the colony-
stimulating factor 1 receptor, and the c-kit protein (40, 46).
We do not know whether the kinase insert was essential to
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signal transduction as has been studied in detail in platelet-
derived growth factor receptor (47).

Amplification of the K-sam gene was restricted to poorly
differentiated types of stomach cancer (17). In contrast,
amplification of c-erbB-2, the gene for another receptor
tyrosine kinase, was confined to well-differentiated adeno-
carcinomas (12). The biological significance of amplification
of these two different genes remains yet to be determined.
Thus far, the size of the predominant mRNA hybridized to

the K-sam probe was 3.5 kb in the cells with the amplified
K-sam gene, such as KATO-III cells and nude mice xe-
nografts NSC4 and NSC10, whereas in the cells without the
amplified K-sam gene it was 4.5 kb. It is likely that the 3.5-kb
and 4.5-kb K-sam transcripts are generated by differential
splicing of this gene.

Identification of the ligand for the K-sam protein will give
us a crucial insight into the biological roles of the family of
heparin-binding growth factors and their receptors in normal
cells and in cancers, especially in gastric cancers.
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