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A cDNA containing the entire coding region for a member of carcino-
embryonic antigen (CEA) gene family has been cloned from cONA Tibrary of HLC-1
cells by immunochemical screening with the antibody specific to nonspecific
crossreacting antigen (NCA). The cDNA encodes a precursor form of a polypep-
tide consisting of a 34-residue signal sequence, a 108-residue N-terminal (N-)
domain, a 178-residue domain (NCA-I domain) and a 24-residue domain rich in
hydrophobic amino acids (M-domain). Each domain has a distinct but homologous
amino acid sequence to that of the corresponding domain of CEA. Unlike the
coding sequences, the 3'-untranslated sequences differ markedly in the NCA and
CEA cDNAs facilitating the preparation of probes that will discriminate
between nucleotide sequences for CEA and NCA. o 1988 academic press, Inc.

CEA (1,2) is a heterogeneous highly glycosylated protein with a molecular
weight of ca. 180,000, Although it is one of the most widely used human tumor
markers, it lacks absolute tumor specificity because of the presence of a
number of immunologically closely related glycoprotein antigens, e.g., NCA or
NCA-1 (3), NCA-2 (4), TEX (5), normal faecal antigens (NFA-1, NFA-2 and NFCA)
(6) and BGP-1 (7). Therefore, it is of the utmost importance to elucidate the

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; kb,
kilobase; bp, base pair.
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primary structure of the protein moieties of these antigens in order to
understand their relationships to each other and the biological significance
of each molecule. '

Recently, we have cloned the cDNAs of mRNA which encode entire CEA
peptide and shown that the CEA is a member of Ig supergene family and
synthesized as a precursor polypeptide having a signal sequence of more than
30 residues. The 668-residue peptide which follows the signal is constructed
as follows consecutively: a 108-residue N-terminal domain, three 178-residue
repetitive domains, I, II and III, and a 26-residue putative membrane
anchoring domain (8,9). We have also cloned a genomic sequence carrying exons
encoding the signal sequence and the N-terminal domain of a CEA related
antigen, probably NCA (10).

Recently, partial amino acid sequences of CEA and NCA have been obtained
from direct amino acid sequence analysis on protease digests of deglycosylated
antigens (11) and deduction from nucleotide sequences of cloned partial cDNA
(12,13) and genomic sequence (14) by others.

We report here the cloning of cDNA and complete amino acid sequence of a
precursor for an NCA deduced from the nucleotide sequence.

METHODS

cDNA cloning Poly(A)+ RNA was prepared from total RNA extracted from 2
X 10 “cells of a human lung carcinoma cell Tine, HLC-1 (15), as described (16)
and was fractionated by sucrose density gradient centrifugation. RNA in each
of the resulting fractions was analyzed by Northern blot hybridization (17)
using CEA cDNA (N-terminal 201-bp Pst I-Pvu II fragment of pCEA 80-11 (8)) as
a probe, and a cDNA Tibrary was constructed with RNA in the pooled positive
fractions (about 2.5 to 4.0-kb in length) using a phage expregsion vector
Agt11 (18). Double stranded DNA corresponding to the poly(A)  RNA was
prepared according to the RNaseH method of Watson et al (19), ligated to the
Agtll DNA (Promega Biotec. U.S.A.) and,packaged using Gigapack (Vector Cloning
System, U.S.A.). Approximately 5 X 10" clones were plated and submitted to
jmmunological screening using as the first antibody either rabbit anti-CEA
antibody (DAKOPATTS, Denmarkg or rabbit anti-NCA antibody completely absorbed
with CEA (20). Four positive clones were identified and processed further for
nucleotide sequencing as described in the legend to Fig.Z2.

Immunological Methods Immunclogical staining of plaques transfered to
nitrocellulose membrane was performed according to the manufacturer's
instruction (Express-Blot Assay Kit, Bio-Rad Lab., U.S.A.). The first anti-
bodies for screening were described above. Peroxidase labelled goat anti-
rabbit IgG antibody is from Bio-Rad Lab. (U.S.A.).

Hybridization Analysis One pg of DNA was digested with 30 units of EcoR
I for I hr at 37 °C and electrophoresed in a 1 % agarose gel. The gel was
dried, hybridized for 16 h at 37 °C with CEA or NCA specific oligodeoxyribo-
nucleotide probe described in Fig.l Tegend, and washed with Me4NC1 solution
according to the method of William, et al (21).

RESULTS

To isolate NCA cDNA clones effectively, a cDNA library was constructed by
using Agtll expression vector and po]y(A)+ RNA isolated from HLC-1 cells which
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Fig.1 Autoradiogram of the direct hybridization analysis of EcoRI fragments
of 4 immunopositive clones. One vng each of DNA digested with EcoRI was
analysed as described in METHODS. Plasmid or phage DNA used was; lane 1,
pCEA80-11 (CEA positive control, (8)); lane 2, ANCA2; lane 3, ANCAll; lane 4,
ANCA14; lane 5, ANCA15; lane 6, pUCNCA4 (NCA positive control, (10)). As a
probe, 32P-labeled 17-mer oligodeoxyribonucleotide which corresponds to amino
acid 26-31 of CEA (in A) or NCA (in B) was used. DNA fragments that exhibit
strong hybridization are denoted by lines with the fragment size in kb.

are known to produce NCA much more than CEA (20). Immunochemical screening of
the two 5 X 104 clones of the library using as the first antibody, anti-NCA
antibody which is specific to NCA {20) or anti-CEA antibody which apparently

recognizes NCA in addition to CEA, yielded 4 positive clones. Clone 11, 14
and 15 reacted with the latter and clone 2, 11 and 15 with the former suggest-
ing that clone 2, 11 and 15 contain the NCA cDNA and clone 14 contains the CEA
cDNA.

To distinguish the clones carrying NCA cDNA from those carrying CEA cDNA
unequivocally, the EcoRI digests of cDNA clones were separated by electropho-
resis through agarose gel, which was visually examined for the size of the
cDNA fragments and then dried and hybridized with 32P-labeled 17-mer oligo-
deoxyribonucleotide probes which correspond to amino acids 26-31 of CEA (8)
and NCA (10,14). The size of the cDNA fragments released by EcoRI digestion
of the clones is 0.9- and 1.4-kb for the clone 11 and 1.1- and 1.4-kb for the
clone 15. The 0.9- and 1.1-kb fragments hybridized with the NCA probe but not
with the CEA probe (Fig.1). The clone 14 released a single approximately 3-kb
fragment which specifically hybridized with the CEA probe (Fig.1). The clone
2 did not give rise to a hybridizing fragment, for unknown reasons. From
these results, we identified the clone 11 and clone 15 as those carrying NCA
cDNA inserts, clone 15 carrying the longer insert.

Fig.2 depicts the nucleotide sequence derived from the cDNA inserts of
the two overlapping clones 11 and 15, and the deduced amino acid sequence.

The 2533-bp cDNA (excluding the poly(A) tract) has a long open reading frame
ending at nucleotide 1032, the start of the frame being assigned at the
nucleotide 1 which is the first nucleotide of the codon for the translation
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5'iiai. GGAGCTCAAGCTCCTCTACARAGAGGTGGACA

i Signal Peptide
GAGAAGACAGCAGAGACCATGGGACCCCCCTCAGCCCCTCCCTGCAGAT TGCATGTCCCCTGGAAGBAGGTCCTGCTCACAGCCTCACTTCTAACCTTCTGGAACCCACCCACCACTREE
MetGTyProProS§5A1aProProCysArgLeuH1sVa]PrnggLysGluValLeuLeuThrA1aSerLeuLeuThrPheTrpAsnProProThrThrAla
- -10 1

> N-Domain
AAGCTCACTATTGAATCCACGCCATTCAATATCGCAGAGGGGAAGGAGOTTCT TCTACTCGCCCACAACCTACCCCAGAATCGTATTGGTTACAGCTGETACAAAGGCGARAGAGTGGAT
LysLeuThrI]eG]uSerThrProPheA?SValAlaGluG]yLysG]uVa1LeuLeuLguA]aHlsAsnLeuProGInAsnArgI]eGlyTyrSerTrpTerysGlyGIuArgVaIAsp
30

GGCAACAGTCTAATTGTAGGATATGTAATAGGAACTCAACAAGCTACCCCAGGGLCCGCATACAGTAGTCGAGAGACAATATACCCCAATGCATCCCTGCTGATCCAGAACGTCACCCAG
GlyAsnSerLeuITEValGlyTeralI1eG]yThrG]nG1nA1aThrProG]yProA1aTyrSerGlyArgG1uThrl1eTerroAsnAlngrLeuLeuI]eGlnAsﬂ!ﬂlIhrG]n
50 60 80

r—->-Dom in I

AATGACACAGGATTCTATACCCTRCAAGTCATAAAGTCAGATCTTGTGAATGAAGAAGCAAECGGACAGTTCCATGTATACCCGGAGCTGCCCAAGCCCTCCATCTCCAGCAACAACTCC
BsnAspThrG1yPheTyrThrleuGinVallleLysSerAspLeuValAsnGluGTuA) aThrGlyG1 nPheHisValTyrProGluleyProLysProSer]leSerSerAsnAsnSer
90 100 110 120

AACCCCGTEGAGGACARGGATGCTGTGGCCTTCACCTGTGAACCTGAGGTTCAGAACACAACCTACCTATGGTGGGTARATGETCAGAGLC TCCCBATCAGTCCCAGGCTECAGLTETCC
AsnProValGluAspLysAspAlaValAlaPheThrCysGluProGluValGInAsnThrThrTyrleuTrpTrpValAsnGlyGlnSerLeuProValSerProArgleuGlnteuSer
130 140 150 160

AATGGCAACATGACCCTCACTCTACTCAGCGTCAAAAGGAACGATGCAGGATCCTATGAATGTGAAATACAGAACCCAGCGAGTGCCAACCGCAGTGACCCAGTCACCCTGAATGTLCTC
AsnGl yAsnMg;IhrLeuThrLeuLeuSerVa1LysArgAsnAspA]aGIySerTyrG1uCysG]uIleG1nAsnProA1aSerA]aAsnAzgSgrAspProVa1ThrLeuAana1Leu
170 180 200

TATGGCCCAGATGTCCCCACCATTTCCCCCTCAAAGGCCAATTACCGTCCAGGGGAAAATCTGAACCTCTCCTGCCACGCAGCCTCTAACCCACCTGCACAGTACTCTTGGTTTATCAAT
TyrGiyProAspValProThrileSerProSerlysAlaAsnTyrArgProGlyGluAsnteupsnleuSerCysti sAlaAtaSerAsnProProAlaGinTyrSerTrpPhelleisn
210 220 230 240
GGGACGTTCCAGCAATCCACACAAGAGCTCTTTATCCCCAACATCACTGTGAATAATAGCGGATCCTATATGTGCCAAGCCCATAACTCAGCCACTGGCCTCAATAGGACCACAGTCACG
GlthrPheGlnGlnSerThrGlnGluLeuPhe11eProA&nllﬂIhr a AsnbsnﬁnxG\ySerTeretCysGlnA1aHxsAsnSerAlaThrGlyLeuAsnA:gIhzThrValThr
0 270 280
—» M-
ATGATCACAGTCTCTGGAAGTGCTCCTGTCCTCTCAGCTGTGGCCACCGTCGGCATCACGATTGGAGTGCTGGCCAGGGTGGCTCTGATATAGCAGCCCTGGTGTATTTTCGATATTTCA
MetIleThrVatSerGlySerAlaProvalLeuSerAiavalAlaThrValGlylleThrIleGlyValleuAlaArgvalAtaleulle *
290 300 318
GGAAGACTGGCAGATTGEACCAGACCCTGAATTCTTCTAGCTCCTCCAATCCCATTTTATCCCATGGAACCACTAAARACAAGETCTGCTCTGCTCCTGAAGCCCTATATGCTGEAGATG
GACAACTCARTGARAATTTAAAGGGARAACCCTCAGGCCTGAGGTGTGTGCCACTCAGAGACTTCACCTARCTAGAGACAGTCARACTGERAACCATGGTGAGAAATTGACGACTTCACA

CTATGGACAGCTTTTCCCAAGATGTCAAAACAAGACTCCTCATCATGATAAGGCTCTTACCCCCTTTTAATTTGTCCTTGCTTATGCCTGCCTCTTTCGCTTGGCAGGATGATGCTRYCA

TIAGTATTTCACAAGAAGTAGCTTCAGAGGGT AACTTAACAGAGTGTCAGATCTATCTTGTCAATCCCAACGTTTTACATAARATAAGAGATCCTTTAGTGCACCCAGTGACTGACATTA

GCAGCATCTTTAACACAGCCGTGTGTTCAAATGTACAGTGATCCTTTTCAGAGTTGGACTTCTAGACTCACCTGTTCTCACTCCCTGTTTTAATTCAACCCAGCCATGCAATGCCARATA
ATAGAATTGCTCCCTACCAGCTGAACAGGGAGGAGTCTGTGCAGTTTCTGACACTTGTTGTTGAACATGGCTAARTACAATGGGTATCGCTGAGACTAAGT TATAGAAATTAACAARTGT

GCTGCTTGETTARAATGGCTACACTCATCTGACTCATTCTTTATTCTATTTTAGT TGETTTGTATCTTGLCTAAGGTGCGTAGTCCAACTCTTGRTATTACCCTCCTAATAGTCATACTA
GTAGTCATACTCCCTGGTGTAGTGTATTCTCTAAAAGCTTTAAATGTCTGCATGCAGCCAGCCATCARATAGTGAATGGTCTCTCTTTGECTGGAATTACAAARCTCAGAGAARTGTGTC
ATCAGGAGAACATCATAACCCATGAAGGATAARAGCCCCAAATGGTGGTAACTGATAATAGCACTAATGCTTTAAGATTTGGTCACACTCTCACCTAGGTGAGCGCATTGAGCCAGTGET
GCTAARTGCTACATACTCCAACTGAAATGT TAAGGAAGAAGATAGATCCAATTARAAAAAATTAARACCAATTTAAARAARAAARAGAACACAGGAGATTCCAGTCTACTTGAGT TAGCA
TAATACAGAAGTCCCCTCTACTYTAACTTTTACAAAAAAGTAACCTGAACTAATCTGATGT TAACCAATGTATTTATTTCTGTGGTTCTGTTTCCTTGTTCCAATTTGACAAAACCCACT

GTTCTTGTATTGTATTGCCCAGGGEGAGCTATCACTGTACTTGTAGAGTGGTGCTGCTTTAATTCATARATCACARATARRRGCCAAT TAGCTCTATAACT (A)n. . ... 3"

Fig.2 Nucleotide and amino acid sequence derived from NCA cDNA clones ANCA1l
and ANCA15. Amino acids are numbered so that N-terminal sequence coincides
with that reported for NCA (10,14); residues of the signal peptide are indi-
cated by negative numbers. The starts of signal peptide and each domain are
shown by —»; possible N-glycosylation sites by underlines. The translational
stop codon for NCA is shown by *. Long open reading frames other than that
for NCA are underiined. AATAAA segquence is boxed. Nucleotide seguencing on
ANCA15 insert was done by two method:1) EcoRI restriction fragments of the
insert were recloned into pUC19 and sequenced by the chain termination method
(22) using general and reverse primers; 2) appropriate restriction fragments
were recloned into M13mpl8 or M13mpl9, and sequenced by the chain termination
method. ANCAll insert was ana]ysed by chain termination method on EcoRI
fragments recloned into pUC19 using general and reverse primers.
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initiative methionine determined earlier on the sequence of the genomic clone

(10,14). The 5'-untranslated sequence of 50 residues does not have any

in-frame stop codon which, in the case of genomic sequence, is located at the
position corresponding to -66 to -64 of this figure (10,14). The location of

the cap site is not known at this stage and is left for future study. The
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Table I. Comparison of the primary structure of CEA and NCA

No. of No. of No. of
Amino Acid Asn-X-Thr/Ser Met Homology(%)*
Domain CEA NCA CEA NCA CEA NCA base A.A.
S 34**x 34 0 0 1 1 83.3 73.5
N 108 108 2 3 0 0 93.2 88.9
I 178 178 11 9 0 3 90.3 83.7
11 178 - 7 - 0 - 86.0 76.4
111 178 - 8 - 0 - 83.0 73.6
M 26 24 0 0 1 0 78.2 65.4
NtoM 668 310 28 12 1 3

(M.W.) 72,890 33,524

* NCA-1 domain is compared with each of CEA-I, -II and -I1Il domain.
** N-terminal four residues upstream the known 30 residues (8) have
been deduced as MetGluSerPro (our unpublished results and (24)).

3'-untranslated region (excluding the poly(A) sequence) is 1451-bp long with
the consensus poly{A) signal sequence, AATAAA, located 20 nucleotides upstream
from the poly(A) addition site.

The peptide encoded consists of 344 amino acids, a 34-residue signal
sequence and the following 108-residue N-terminal domain being exactly
identical to those deduced from genomic sequence except for the 108th residue
of the N-domain whose codon is divided by an intron and therefore could not be
determiried on the genomic sequence (10,14). The N-domain is followed by a
202-residue sequence, the first 178 residues being very homologous to the
178-residue repetitive domains of the CEA and C-terminal 24 residues being
similar to the 26-residue putative M-domain of the CEA. The comparison of the
features of primary structure of NCA deduced presently and CEA (8) is depicted
in Table 1 and in Fig.3. The M-domains are compared as are aligned in Fig.3
rather than being aligned in other possible ways, for it allows the maximal
homology for nucleotide sequences, without changing the length of the
preceding domain of NCA.

It has been noted that the three repetitive domains of CEA are strikingly
jdentical in their length and the location of four Cys residues (8). No less
striking is the apparent strict conservation of the length of the N-terminal
and 178-residue domains and the location of the Cys residues between NCA and
CEA, although ambiguity surrounding the domain boundary does not allow one to
determine the position of the boundary indisputably. For instancé, N-terminal
domain of NCA could be either 107- or 108-residue long because the codon
encoding the 108th amino acid is interrupted by the insertion of an intron
after the first nucleotide (10).

The sequence homology is the highest between the N-terminal domains
(Table 1) and interestingly, the homology of the 178-residue domain of NCA
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B
Repetitive Domain
*
NAfELPKPSISSNNSNPVYEDKDAVAFTCEPEVIQNTTYLWWY NG| 109-148
1 |ELPKPSISSNNSEKIPVEDKDAVAFTCEPE|T|QMAITY LW W VNN 109-148
11 EEPKPISNNSNPVEDI'_E]DAVATCEPEIQNTTYLWNVNN287-326
1] [ECPKPSISSNNS[KIPVEDKDAVAFTCEPEAIQNT T YL WWY NG| 465-504
NAJQSLPVSPRLQLSNGNM[TLT AfS] 149-188
I{QSLPVSPRLQLSNGNIRITLT v|s| 149-188
1M]QSLPVYSPRLOLSNDNRITLT L|s| 327-366
MIfQSLPVSPRLOQLSNGNJRITLT y|s] 505-544
NCA [ANRSODPVTILNVLYGPDIVIPTISP 189-228
1]A RSDVLNVLYGPDAPTISP 189-228
I1 VDHSDPViJLNVLYGPDIDIPTISP 367-406
111 [ANRSDPVTL[OIVLYGP DITIP[T[L S P 545-584
NCA Iv 229-268
1 T 229-268
11 T 407-446
111 A 585-624
NCA M 269-286
1 T 269-286
11 T 447-464
111 S 625-642
M-Domain
NCA--SAVLSAV!ATVGJTIGVL, VAL I| 287-310
CEA SGTSIPGIL S AGIAT VG IMIGVLVGVALI 643-668

Fig.3 (A) Schematic structure of the cDNA of CEA and NCA. Open boxes and
horizontal bars depict protein cod1ng nd non~ cod a regions, respectively.

B, signal peptide; IE N- doma1n, ! , domain I, II, III;

A, M-domain. (B) Compar1son of am1no ac sequences of the doma1ns of NCA
and CEA. Comparison of N-terminal domains has been reported (1 0) and is
omitted here. The numbers of amino acid residues at the first and last ends
of each 1ine are given. Resjdues identical to those of NCA are boxed.

* indicates the location of cysteme residue. Bold N is the asparagine
residue at the possible N-glycosylation site.

[l
1

i
(NCA-I1 domain) to each of the CEA repetitive domain I, II and III (CEA-I, -1I
and -II1 domain) is higher than that between any pair of the repetitive
domains of CEA (8), the highest being to CEA-I domain (Table 1). The presence
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of three Met residues in NCA-I domain in addition to the presence of Ala
instead of Val at position 21 distinguish the peptide clearly from CEA. The
number and location of the possible N-glycosylation sites are comparable to
those of the CEA domains (Table 1 & Fig.3).

Another feature to be noted is that despite the high homology of the
nucleotide sequences of the coding regions between the NCA and the CEA cDNAs,
the 3'-untranslated regions are entirely different except for the first 42
residues after the stop codon, which are 85.7 % homologous. Unlike the CEA
cDNA, the NCA cDNA lacks Alu family sequence but rather contains two long open
reading frames in its 3'-untranslated region which could be translated into
100- and 43-residue polypeptides {Fig.2). Studies to determine whether the
sequences are actually translated in cells or not are now in progress.

DISCUSSIONS

Here we have described the isolation and characterization of NCA cDNA
clones. The most remarkable feature revealed by the deduced complete amino
acid sequence of NCA is the resemblance and difference of the structure and
construction of the domains between NCA and CEA (8). As is summarized
schematically in Fig.3A, both proteins are apparently synthesized as a
precursor having a signal sequence typical of secretory proteins, the mature
form has a 108-residue N-terminal domain followed by one (NCA) or three (CEA)
178-residue domains consisting of subdomains A and B each of which, along with
N-domain, appears to have Ig-related structures (9,23). A short C-terminal
sequence of 24 to 26 mostly hydrophobic residues following the last 178-
residue domain probably serves as a membrane anchoring site (8,12) directly or
indirectly (23), therefore designated M-domain (9). Each corresponding domain
shows extensive homology between the two proteins as is described in RESULTS
and summerized in Table 1.

These results, together with the previous observations that the genomic
sequences encoding a part of signal peptide and N-domain of NCA (10,14),
homologues of subdomain A, and those of subdomain B comprise separate exons
(9) and that N-domain (9,23) and subdomains A and B (9,11,14,23) have sequence
similarity to the members of Ig supergene family, suggest that the ancestral
genes for these three domains are derived from a primodial Ig gene and
diversified through various events e.g. duplication, deletion, recombination,
conversion, exon shuffiing, point mutation, etc., to develop into present-day
CEA gene family (11).

Contrary to the close similarity of the nucleotide sequences of the
coding regions, those of 3'-noncoding regions are quite different between the
CEA and NCA cDNAs, implying differential regulation of the expression of CEA
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and NCA. From the practical point of view, this will enable one to prepare
probes to study the expression of CEA and NCA in tissues at various
developmental stages and under various physiological conditions.
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