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PRIMARY STRUCTURE OF HUMAN CARCINOEMBRYONIC ANTIGEN (CEA)
DEDUCED FROM cDNA SEQUENCE
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The cDNAs corresponaing to the mRNA encoding a polypeptide which is immu-
noreactive with the antisera specific to carcinoembryonic antigen (CEA) (1)
are cloned. The amino acid sequences deduced from the nucleotide sequences
of the cDNAs show that it is synthesized as a precursor with a signal pep-
tide followed by 668 amino acids of the putative mature CEA peptide, whose
N-terminal 24 amino acids and amino acids 286 to 295 exactly coincide with
those known for N-terminal sequences of CEA (2) and NFA-1 (3), respectively.
The first 108 N-terminal residues are followed by three very homologous re-
petitive domains of 178 residues each and then by 26 mostly hydrophobic resi-
dues which probably comprise a membrane anchor, Each repetitive domains con-~
tains 4 cysteines at precisely the same positions and as many as 28 possible
N-glycosylation sites are found in the CEA peptide region agreeing with high
carbohydrate content of purified CEA. o 1987 Academic Press, Inc.

CEA first described by Gold and Freedman (1) is a complex immunoreactive
glycoprotein with a molecular weight of 180,000 comprising 60% carbohydrate
(4) found in adenocarcinomas of endodermally derived digestive system epi-
thelia and foetal colon. The roles of the CEA immunoassay for diagnosis and
serially monitoring cancer patients for recurrent disease or response to
therapy, particularly in the case of colonic cancer, have been widely evalu-
ated and documented. But in practicing the immunoassay for such purposes,
one encounters difficulties because of the presence of CEA-1ike substances
e.g. NCA or NCA-1 (5), NCA-2 (6), TEX (8), various normal faecal antigens
(NFA-1, NFA-2 and NFCA) (9) and BGP-I (10), in normal colonic mucosa and in
the serum, saliva, faeces and colon lavages of apparently normal individuals.
These CEA-like substances share with CEA antibody binding sites which are
mostly on peptide moieties in addition to distinct binding sites suggesting

Abbreviations: CEA, carcinoembryonic antigen; NCA, nonspecific crossreacting
antigen; TEX, tumor-extracted CEA-related antigen; NFA, normal faecal
antigen; NFCA, normal faecal cross-reacting antigen; BGP-I, biliary
glycoprotein-I; b, base; kb, kilobase; bp, base pair.
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the presence of very closely related genes as well as precursor-product
relationships between some of them (11). It is essential to clarify the
molecular nature of these antigens for establishing the tumor-specific assays
for clinical use and for the study of their biological significance,

In this report we describe the cloning of cDNAs corresponding to the
mRNA encoding a polypeptide which is immunoreactive with the antisera spe-
cific to CEA and the primary structure of the precursor for the putative CEA
deduced from the nucleotide sequences of the cDNAs.

METHODS

cDNA Cloning. Poly(A)+ RNA was prepared from total RNA extracted from
1.3g of human maTignant colon tissue from a patient as described (16), and a
cDNA Tibrary was constructed using a phage expregsion vector Agtll (17).
Double stranded DNA corresponding to the poly{A)  RNA was prepared according
to the RNaseH method of Watson et al. (18?, methylated at EcoRI sites,
ligated to EcoRI linkers, digested by EcoRI, and size fractionated on a
Bio-Gel A-50m column. The cDNA larger than 500-bp was ligated to the
EcoRI-cut dephosphorylated rgt1l DNA (Promega Biotec, U.S.A.) and pagkaged
using Gigapack (Vector Cloning Systems, U.S.A.). Approximately 3x10° clones
were plated and submitted to immunological screening. One positive clone
termed AKr40 was detected and purified by plague purification. A cDNA insert
was isolated by electrophoresis following cleavage with EcoRI and ligated to
pBR322. Resulting plasmid, pBRCEA5 was used to transform E.coli DH1 to
prepare DNA for further study. Two Pvull fragments {from 566 to 1099 and
from 1700 to 1633, Fig.2) were labelTed by nicktranslation with [a-32P]dCTP
and used as a hybridization probe in RNA blot ana]ysi; shown in Fig.4 and in
the screening of a cDNA library prepared from poly(A) RNA isolated from
healthy part of the colon tissue of the game patient as above. After sucrose
density gradient centrifugation, poly(A)  RNA of 2 to 5-kb was pooled and
used for the construction of a cDNA library by the method of Okayama and Berg
(19). Approximately 7,000 clones of E.coli DH1 transformants thus obtained
were transfered to nitrocellulose filters and screened. After hybridization
with the probes described above for 16hr at 65°C, 8 positive clones, of which
4 contained longer cDNA inserts than AKr40 were obtained. After restriction
enzyme mapping, plasmids, pCEA55-2 and pCEA8-11 were isolated for nucleotide
sequence analysis as described in Fig.2 legend.

Immunological Methods. Immunological staining of plaques transfered to
nitrocelTulose membranes was performed according to the manufacturers
instruction (Express-Biot Assay Kit, Bio-Rad Lab. U.5.A). The first
antibodies for screening and for the confirmation of the immunoreactivities
were rabbit ant-CEA antibody (DAKOPATTS, Denmark) and those described in
Fig.1 legend, respectively. Peroxidase labelled goat anti-rabbit IgG
antibody and rabbit anti-sheep IgG antibody are from Bio-Rad Lab. (U.S.A.)
and Kirkegaard Perry Lab. Inc. (U.S.A.), respectively.

Blot Hybridizations. RNA was separated by electrophoresis in a 1%
agarose gel after denaturation with formamide and transfered to
nitrocellulose sheet. Hybridization with the 32P-labelled probe described
above was done for 16hr at 45°C. Ten ng of DNA was digested with 50units of
endonuclease for 3hr at 37°C and electrophoresed, transfered to
nitrocellulose sheet (25), hybridized for 17hr at 65°C with N-terminal 201-bp
PstI-Pvull fragment of pCEA 80-11 insert which had been labelled by nick
transTation with [a-32P]dCTP.
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RESULTS AND DISCUSSIONS
A cDNA library was constructed using po]y(A)+ RNA extracted from colon
tumor of a patient and EcoRI-cut dephosphorylated rgt11 DNA and plated on
E.coli as described in Fig.l legend. A plaque was positively stained in the
immunoscreening assay using a rabbit anti-CEA antibody as the first antibody
and the cloned phage termed AKr40 was purified by plaque purification. To
make sure the specificity of the immunoreaction we conducted the immuno-
staining of the plaques formed by plating AKr40 on E.coli with anti-CEA
antibodies of different sources. As is shown in Fig.1, all four antibodies
including NCA- or NCA-2- adsorbed antibody but not non-immune serum
recognized the AKr40 encoded product indicating that AKr4Q carries the cDNA
which encodes CEA.

As the nucleotide sequence of the cDNA insert determined as shown in
Fig.2 indicated the absence of N-terminal sequence corresponding to that
known for CEA (2), Okayama-Berg cDNA library was prepared using po]y(A)+ RNA
islolated from apparently normal colon tissue removed from the same patient
as above. The tissue was chosen, for RNA blot hybridization analysis had
shown abundant existence of RNAs which hybridized with the mixture of two
534-bp Pvull fragments isolated from the AKr40 cDNA insert (lane 5 in
Fig.4A). Using the same probe for a colony hybridization screening, two
clones of plasmids, pCEAS5-2 and pCEA80-11, which have cDNA inserts longer
than that in AKrd0 were isolated (Fig.2).

The nucleotide sequences determined by the analyses of the three clones
(Fig.2) reveal a long open reading frame followed by 3'-non-coding region of
at least two kinds. The cDNA in the clone pCEA80-11 has a poly(A) stretch
21-b downstream of AATAAA sequence whereas that of the clone pCEA55-2 has a
poly(A) stretch about 500-b further down stream suggesting the existence of
different mode of transcription or proceséing of the primary transcript. Thac

Fig.l. Reactivity of AKr40 product to antibodies of different sources.
Plaques formed by 1; AKr40 or 2; rgtll plated on E.coli Y1090 were transfered
and fixed to nitrocellulose membrane which is then cut into pieces, and
reacted with anti-CEA antibodies of different animals and sources before
straining as described in METHODS. A, rabbit (A115, DAKOPATTS, Denmark); B,
sheep, NCA-2 adsorbed (640733-1, Miles, U.S.A.); C, sheep (AHP 105A, Serotec,
England); D, sheep, NCA adsorbed (AHP 105B, Serotec); E, sheep, non-immune
serum,
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Fig.2. Sequencing strategy of cloned cDNA (A), and primary structures of
cDNA and the CEA (B). In A, schematic structure of the cDNA depicting
protein-coding (open boxes) and non-coding regions (m) is shown at the top.
The restriction endonuclease sites only relevant to the present work are
shown. Three cDNA inserts are shown by thick horizontal bars. The direction
and extent of sequence determinations are shown by horizontal arrows under
each clone used. E , signal peptide; [J, N-terminal 108-residue sequence;
[II., 00,1, domain I, II, III; » hydrophobic C-terminus. Restriction
endonuclease and 5'-terminal nucleotide generated by cleavage are: Pv, Pvull
(187, 566, 1100, 1634 & 2043) ; Ps, Pstl (565, 1099 & 1633) ; S, Sacl (84T &
1375); B, BamHI (873); Hc, HincII (1793). In B, nucleotide residues are
numbered in the 5' to 3' direction, beginning with the first residue of the
insert in pCEA80-11, the number of the nucleotide residue at the right end of
each line is given. The deduced amino acid sequence is shown below the
nucleotide sequence, and amino acid residues are numbered so that N-terminal
sequence coincides with that reported for CEA. Residues of the signal
peptide are indicated by negative numbers. e, start of pCEA55-2 insert; o,
start and end of AKr40 insert; *, translational stop; }, start of poly(A) in
pCEA80-11. Truncated Alu family sequence is underlined and the direct
repeats boxed. N-terminal 24 amino acids identical to those of CEA are
boxed; ¥, the residue is alanine for NCA-1., Amino acids identical to those
of N-terminus of NFA-1 are underlined. Starts and ends of domain I, II and
ITT are shown above the nucleotide sequence. C-terminal hydrophobic region
is shown by broken underline. Nucleotide sequencing of AKr40 insert was done
by two methods. 1), a 2,400-bp EcoRI restriction fragment of the insert was
recioned into M13mp18 and M13mpl19 and sequenced (20) ?-——); 2), appropriate
restriction fragments shown in the figure were recloned into M13mpl8 or
M13mp19, and sequenced by the chain termination method {21} (+--=).
pCEA55-2 and pCEA80-11 were analysed by 1), chain termination method on
appropriate restriction fragments recloned into pUC9 (22) using general and
reverse primers { ——); 2), chain termination method using two synthetic
oligodeoxyribonucleotide primers 5'-GTTTCACATTTGTAGCT-3' and
5'-ATGTGGTCGCTCCAGAC-3' ( O—s ).

analysis of this region is left for future study. Another feature to be
noted about the 3'-non-coding region is that it contains an Alu family
sequence (12) flanked by a pair of direct repeats. Compared to the Alu
family consensus sequence (12), 71 nucleotides are deleted from 5'-terminal
region of the left half of the dimer.
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B §'ienee CTCGGCCC!TCCCCACAGATGGYGCAYCCCCYGGCAGAGGCYCCTRTCACMCCTCACTTCYMCCTTCTGGMCCCGCCCACCACYGCC
S;EAI aProProlisArgTrpCysl loProT;sGl nArgleuteuleuThrAlaSerLeuleuThrPheTrpAsnProProThrThrAla
- - -10 -1

AAGCTCACTATTGAATCCACGCCGTTCAATGTCOCAGAGGEGAAGGAGS TT [GCCCCAGCATCTTYTTGGCTACAGCTGGTACAAAGGTGAAAGAGTGGAT
T, roGlnHi;LwPl\cﬁ;‘y,TyrSorTrpTerysGlyGluArgV.lAsp
40

GGCAACCGTCAAATTATAGGATATGTAATAGGAACTCAACAAGCTACCCCAGGGCCCGCATACAGTGBTCRAGABATAATATACCCCAATECATCCCTGCTGATCCAGAACATCATCCAG
GlyAsnArgGinItel1eGlyTyrVall ;;GIyThrGlnGlnMlThrProGlyProAgaTyrSﬂGlyAmGIu"onc'l'yrl’roksnll aSerleuleulleGlnAsnl1elteGin

70 80
Domain |
AATGACACAGGATTCTACACCCTACACGTCATAAAGTCAGATCTTGTGAATGAAGAAGCAACTGGCCAGTTCCEEGTATAC CCAAGCCCTCCATCTCCAGCAACAACTCC
AsnAspThrG1yPheTyrThrieuHi sV;(!)I chysS-rAschuVa\AsnGluGlu:AsThrﬁlyGlnPMArgVulTerroGlu%:ngLysProScrl lcSchcrAsnAsnS;;
1

MACCCGTGGAGGACMG&ATGCTGTGGCCYTCACCTGTWCCTGAGA&CAGGACGCMCCTACCTGMMTMACMTCAGAGCCTCCCGGTCAGTCCCAGGCTGCAGCTGTCC
LysProVa1GluAspLysAspAlaValAlaPheThrlysGluProGl uThrGlMsp::amrTyrthrpTrpVﬂhmnG! n?;ahu?roV.‘SchroAqutuG‘ anS;a
130 1

AATGGCAACAGGACCCTCACTCTATTCAATGTCACAAGAAATGACACAGCAAGC TACAAATGTGAAACCCAGAACCCAGTGAGTGCCAGGCGCAGTGATTCAGTCATCCTGAATGTCCTC
AsnG}Y yAsnAquhrl.ouThrLcuPhe?;aVnlThrArgAsnAspThrMnSchyr%gaCysGluThrGlMsnl’rovnSorAh?;gArgScrAspSchu'I [NelevAsnValleu
200

TATGGCCCGGATGCCCCCACCATTTCCCCTCTAAACACATCTTACAGATCAGGGGAAAATCTGAACCTCTCCTGCCACGCAGCCTCTAACCCACCTGCACAGTACTCTTGGTTTGTCAAT
TyrGlyProAspAlaProThrlleSerProleuAsnThrSerTyrArgSerGlyGl uQ;sLeuAsanSerCysm sAlaAl lSor;;vovProProA'l aGinTyrSerTrpPheValAsn
210 240

GGGACTTTCCAGCAATCCACCCAAGAGCTCTTTATCCCCARCATCACTGTGAATAATAGTGBATCC TATACGTGCCAAGCCCATAACTCAGACACTGGCCTCAATAGGACCACAGTCACG
GlyThrPheG1nG1nSerThrG1nG1 ul.;:;?hel leProAsnlleThrva lAsMsngorG! ySerTyrThrCysGlnAlaH{ Msng%kspfhrﬁl yleuAsnArgTheThrVa1The
60

2 280

Domain 11
ACGATCACAGTCTATGCAGAGCCACCCAAACCCTTCATCACCAGCAACAACTCCAACCCCGTGGAGGATGAGGATECTGTAGCCTTAACCTGTGAACCTGAGATTCAGAACACAACCTAC
ThriteThrValTyrAlaGluProProl. sProPMlleThrScrAmAsnSerAsngroValGluAspG'IuAspAana\A\uLtu'la’!]laCysGluProGWlhG!nAsnThrThrTyr
2*5 00 320

CTGTGGTGGGTAAATAATCAGAGCCTCCCGGTCAGTCCCAGGCTGCAGC TG TCCAATGACAACAGGACCCTCACTCTACTCAGTGTCACAAGGAATGATGTAGGACCCTATGAGTGTGGA
LeuTrpTrpValAsnAsnGInSerLeuProValSerProArglevGl nLeuSerAsngssbsnArgThrLouThrlcul.!uS.rVa l;gaArgAsnAsp\‘a 1G1yProTyrGluCysGly
330 4 360

ATCCAGAACGAATTAAGTGTTGACCACAGCGACCCAGTCATCCTGAATGTCCTCTATGGCCCAGACGACCCCACCATTTCCCCCTCATACACCTATTACCGTCCAGGGGTGAACCTCAGC
[1eGInAsnGluleuSerValAspHisSerAspProvallleLevAsnVal LouTyrgl yProAspAspProThrl loS‘rProScr‘;gszhrTeryrArgProGl yValAsnLeuSer
370 80 400

CTCTCCTGCCATGCAGCCTCTAACCCACCTGCACAGTATTCTTGGCTGAT TGATGGGAACATCCAGCAACACACACAAGAGCTCTTTATCTCCAACATCAC TGAGAAGAACAGCGGACTC
LeuSerCysHisAlaAld nScrAsnProPrsAhGl nTyrSerTrpLeul 1eAspG) y:;SI 1eG1nGInHisThrG1nG1 uLwPM}'IcScrAsn 11eThrGlulysAsnSerGlyleu
4 440

Domain 11

TATACCTGCCAGGCCAATAACTCAGCCAGTGGCCACAGCAGGACTACAGTCAAGACAATCACAGTC TCTGCGGAGCTGCCCAAGCCCTCCATCTCCAGCAACAACTCCAAACCCGTGGAG
TyrThrCysG1nAlaAsnAsnSerAlaSerGlyH{ sSnArgThrThrVﬂLysThr}lcThrValScrAl .Glul.wProLysProS;al TeSerSerAsnAsnSerLysProValGlu
450 60 4 480

GACAAGGATGCTGTGGCCTTCACCTGTGAACCTGAGGC TCAGAACACAACCTACCTGTGGTGGGTAAATGGTCAGAGCCTCCCAGTCAGTCCCAGGCTGCAGCTGTCCAATGGCAACAGG
AspLysAspAlaValAlaPheThrCysG1uProGluAlaGlnAsnThrThrTyrLeuTrpTrpValAsnGlyG1nSerLeuProValSerProArgLeuinLeuSerAsnGlyAsnArg
490 500 510 520

ACCCTCACTCTATTCAATGTCACAAGAAATGACGCAAGAGCCTATGTATGTGGAATCCAGAACTCAGTGAG TECAAAGCGCAGTGACCCASTCACCCTGBATGTCCTCTATSGGCCEEAC
TherThrLcuPhcAannthrArgA;sAspMnArgkhTero 1CysG1yl1eGinAsnServal ScrAIaAsnArgScrAsp:srghlThrLcuAspVal LeuTyrG1yProAsp
5. 540 560

ACCCCCATCATTTCCCCCCCAGACTCGTCTTACCTTTCGEGAGCGAACCTCAACCTCTCCTGCCACTCGGCCTCTAACCCATCCCCGCAGTATTCYTGGCGTATCAATGGGATACCGCAG
ThrProllel hSerProProAspStrS%TerouSerGI yAl aAsnLeuAsanngysmsScrAlnSerAsnProSchroGlaTyrSanrpArgI 1eAsnGlyI1eProGin
5 0 59 600

CAACACACACAAGTTCTCTTTATCGCCAAAATCACGCCAAATAATAACGGGACCTATGCCTGTTTTGTCTCTAACTTGEC TACTGGCCGCAATAATTCCATAGTCAAGAGCATCACAGTC
G1nHisThrG1nValleuPhel1eA) nls.{a 11aThrProAsnAsnAsnGl yThrTyrgl aCysPheYalSerAsnLeuA) aThrGlygggksnAsnSerI leVallysSerIleThrVa)
20 640

rc?EE?rcrsenAcrrcTccrucrcrcrcnscrecccccAcrsrccacn1cAraArrccAsrscrcsrtcssctchrcrcArArAecAscccTscrcrnsrrfcrrcATTrcAscAAsA
amnxﬁumﬁwmmﬁuggwmmuuumuwmguggwgmwyhuw@%i'

CTGACAGTTGTTTTGCTTCTTCCTTAMGCATTTGCAACAGC TACAGTCTAAARTTGCTTCTTTACCAAGGATATTTACAGANRAGACTC TCACTAGAGATCGAGACCATCCTAGCCAAG
ATCGTGAAACCCCATCT| TACAARAATH TTGGTGGCECGCACCTGTAGTCCCAGTTACTC TCGCTT GGGAGGTGEAG
ATTGCAGTGAGCCCABATCGLACCACTGCACTCEASTCTGRCAACAGAGCAAGAC TCCATCTCAAMAGAAMAGAMMAGACTC TCACGTGTACTC TTGAATACAAGTTTCTGATACC
ACTGCACTGTCTGAGAATTTCCAAAACTTTAATGAACTARCTGACAGCTTCATGAAACTGTCCACCAAGATCAAGCAGAGAAAATAATTAATTTCATGGGACTAAATGAAC TAATGAGGA
TAATATTTTCATAATTTTTTATTTGAAATTTTGCTGATTCTTTAAATGTCTTGTTTCCCAGATTTCAGGAAACTTTTTTTCTTTTAAGCTATCCACAGCTTACAGCAATT TGATAARATA
TACTTTTGTGAACAAAAATTGAGACAT TTACATTTTCTCCCTATGTGGTCAC TCCAGACTTGRGAMACTATTCATGAATATTTATATTG TATGGTAATATAGTTATTGCACAAGTTCAAT
AggAfrcrscrcTTrernrsacAGXArACATTTGAAAAcAtrearTATA!rACCAasAcTTTGAcTAGAATGrcsrAT.....3'

Fig. 2—Continued.
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The long open reading frame truncated at its N-terminal portion
including the initiative methionine contains 2095 nucleotides encoding 698
amino acids. The first 30 amino acids seem to comprise a truncated signal
peptide (13) which generally precedes secretory proteins and contains a
hydrophobic core (14). Alanine which is often found at the end of many
signal sequences (14) also marks the end of the signal sequence in this case
and is followed by a protein of 668 amino acids, which most 1ikely is the
mature form of CEA peptide for the following reasons in addition to the
immunoreactivities (Fig.1). First, the N-terminal 24 amino acids are exactly
identical to those reported for CEA (2) and differ from those of NCA-1 (7)
and TEX (8) at 21st residue which is valine for the former and alanine for
the Tatters. Second, it contains only one methionine at position 658, i.e.
methionine comprises 0.15% of total residues. The low content of methionine
is in good agreement with that reported by Krantz and Laferte (15) and
distinguish CEA from NCA-1 which are reported to have small but a definite
guantity of methionine when 1ittle, if any, is found in CEA (2), NFA-1 and
NFA-2 (3). Finally, amino acid sequence identical to N-terminal 14 amino
acids of a fragment released from a CEA preparation (X556, DAKOPATTS,
Denmark) treated with a mixture of trypsin (Sigma, U.S.A.) and Achromobacter
protease I (Wako, Japan) is found at the positions 49 to 62 in the protein
(Fig.2B, experimental details will be published elsewhere). Accordingly, we
tentatively call the 668-residue peptide CEA.

The N-terminal 108 amino acids are followed by three homologous repeats
of 178 residues named domain I, II and III, the amino acid sequence homology
between I and II, II and III, III and I and I, II and III §s 73.0, 67.4,
72.5, and 61.8%, respectively (Fig.2 & Fig.3). All 12 cysteine residues are
found in this region, each domain having 4 residues at the same positions as
others. The finding of a sequence identical to the N-terminal 10 amino acids
of NFA-1 at positions 286 through 295 suggests that NFA-1 (3) is the degrada-
tion product of CEA. It is interesting to note in this context that the
domain II somewhat diverges from the domain I and III in this regicn (Fig.3).
The domain III is followed by 26 mostly hydrophobic amino acids which seem to
form a membrane anchor region. There are 28 possible N-glycosylation sites,
i.e. Asn-X-Thr/Ser (X is any residue except Pro), 2 in N-terminal sequence,
11, 7 and 8 in the domain I, II and III, respectively. The peptide is rather
acidic and hydrophilic except for the C-terminal short sequence.

Figure 4A depicts the blot hybridization analysis of RNA from human
cells and tissues using as a probe 32P-1abel]ed Pvull fragments which
correspond to the repetitive domains of the CEA (Fig.2). The presence of
multiple size species of RNA, i.e. major 3.5-kb species and minor 4,2-, 2.9-
and 1.6-kb species, reflects partly the fact that two cDNA clones which have
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HIlECPKPSISSNNSKPVEDKDAVAFTCEPE 465-504
1[QSLPVSPRLQLSN 149-188
IH|GSLPYSPRLQLSN 327-366
mIflQsLePvsPRLQLSN 505-544

[ ]
1rRsolslviinviverojaferispPlunf[Tsyrs6lefNLNLSCHAA] 189-228
11 VDHsODPVILNVLYGPD|o|pTISCP|S YTy RIPIGIVIN LSJL S C H A A} 367406
111 [KN[RS 0P v[TILfoly L ¥ 6 P OJT|PJTII S P]P D SIS VLIS GJA[N L W L S C HS]A] 545-584
i[sneppaqrswrylne|rrloalslraecr ijeNT Tjvlins ¢fs[r T c q Aln 229-268
1mlsvepaqyswlcTioleln 1l QR TQELF I|S|NT Te KN S 6|y T.C g AN 407-446
HI [SNPSPlaYSHRIINGPlQQHTQIV]LF IJAR]L T|P[N N[N]G| T{Y[AC[F V'S 585-624
1 fnslofralefn rrrvle]r 11 vlyJa| 269-286
11 |[NSASIG|HSIRTTVKTIITVS A| 447-468
111 |[N[CJA T 6| R[NJR S TV K[STLT v S A] 625-642

Fig.3. Comparison of amino acid sequences of homologous repetitive domains
of the CEA. The three homologous domains are aligned for comparison of the
amino acid sequences. The numbers of amino acid residues at the first and
last ends of each line are given. Identical residues between domains are
boxed. # indicates cysteine residues.

A 12345 B 1 2 3
23.1-
28S- 9.4-
ELd
18S-
4.4-
2.3
2.0-

Fig.4. Autoradiograms of blot hybridization analysis of RNA from human
tissues, (A), and of restriction fragments of human genomic DNA (B). 1In A,
poly(A)” RNA equivalent to 150ug of total RNA was analysed as described in
METHODS. RNA was prepared from; lane 1, colonic cancer tissue from patient
A; lane 2, human gastric carcinoma cell line (KATO III) producing CEA; lane
3, human hepatoma maintained in nude mice (total RNA, 15ug); lane 4, colonic
cancer tissue from patient B; lane 5, healthy colonic mucosa of patient A; In
B , human lymphocyte DNA digested with restriction endonuclease was analysed
as described in METHODS. Restriction endonuclease used was; lane 1, BamHI;
lanez, EcoRI; lane 3, HindIII. Molecular weight markers are ONA digested
with HindTII run through the same gel,
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different 3' termini are cloned from the Okayama-Berg library (Fig.2). The
relationships of the two clones and the individual RNA are not clear at this
stage. Another feature to be noted is that the amounts of the RNAs expressed
in the tissues and cells of different sources including cancerous and healthy
colonic tissues of the same patient differ significantly. It is too early to
interpret these data at this stage, for we do not know whether the
hybridization probe is specific to CEA encoding sequence or recognizes other
CEA-related antigen encoding sequences as well.

Human lymphocyte DNA analysed by blot hybridization after restriction
endonuclease digestion gives many fragments which hybridize with short
5'-terminal region of the cDNA (Fig.4B), indicating the presence of either
multipie copies of a gene homologous to the putative CEA cDNA or multiple
CEA-related genes. The latter is more 1ikely, for the presence of several
similar genes are expected from the biochemical and immunochemical data of
CEA and CEA-1ike antigens (11).
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