Vol. 168, No. 3, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
February 15, 1989 Pages 996-1004

ANALYSIS OF THE SIZE OF THE CARCINOEMBRYONIC ANTIGEN (CEA) GENE
FAMILY: ISOLATION AND SEQUENCING OF N-TERMINAL DOMAIN EXONS

John A. Thompson, Eva-Maria Mauch, Fun—-Shan Chen!, Yuji Hinoda!, Heinrich
Schrewe, Barbara Berling, Sabine Barnert, Sabine von Kleist, John E. Shively! and
Wolfgang Zimmermann

Institute of Immunobiology of the University of Freiburg, Stefan—Meier-Str. 8,
D-7800 Freiburg, FRG
1 pivision of Immunology, Beckman Research Institute of the
City of Hope, Duarte, CA 91010

Received December 20, 1988

Five members of the human CEA gene family [human regnancy-sgeciﬁc Bl-glyco—-
protein (PS8G), hsCGM1, 2, 3 and 4] have been isolated and identified through
sequencing the exons containing their N-terminal domains. Sequence comparisons
with published data for CEA and related molecules reveal the existence of
highly~conserved gene subgroups within the CEA family. Together with published
data eleven CEA family members have so far been determined. Apart from the
hl%]:lly conserved coding sequences, these genes also show strong sequence conser-
vation in their introns, indicating a duplication of whole gene units during the
evolution of the CEA gene famlly. © 1989 Academic Press, Inc.

Carcinoembryonic antigen (CEA) is one of the most widely used human fumour
markers, especially in the post-operative surveillance of patients with colonic
tumours (1,2). A number of closely related molecules have been described which
crossreact with CEA antisera, indicating a CEA-family. The exact size of the CEA
family has been difficult to determine for a number of reasons which were recently
discussed (3). However, protein sequencing (4,5), as well as DNA sequencing has
lead to the identification of the complete primary structures of CEA (6,7,8), a non-
specific crossreacting antigen (NCA: 9,10,11,12), biliary glycoprotein 1 (BGPl: 13),
pregnancy-specific B1-glycoprotein (PSBG-C/D, PSG16, PSG93: 14,15), PSRG-E (i4),
and "Schwangerschaftsprotein 1" (SP1: 18). These molecules exhibit sequence
similarities, and can be subdivided into several domains: a leader peptide, an
N-terminal domain, a variable number of repeating units, and apart from BGP1, a
short C-terminal domain. In the case of BGPl, a transmembrane region and a
cytoplasmic domain follow the repeat domains. The deduced primary and secondary
structures of all these CEA-related molecules reveal homology to the immunoglobu-
lin superfamily (4,17,18).

Ajzblr_e_ﬂ_gggng: CEA = carcinoembryonic antigen, NCA = non-specific crossreacting
antigen, BGP1 = biliary glycoprotein 1, PS8G = pregnancy-specific 81-glycoprotein,
SP1 b= "Schwangerschaftsprotein 1", hsCGM = Homo sapiens CEA gene-family
member.
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DNA/DNA hybridization studies indicate that approximately 10 genes exist in the
CEA family (7,9,19). We have started to screen human genomic libraries in an
attempt to isolate and identify all these genes. For this purpose, we have decided
to concentrate our investigations on the N-terminal regions of the genes for two
main reasons. Firstly, this domain appears to be present only once per antigen
(3), whereas multiple copies of the repeat domain are known to exist in CEA
(6,7,8), and in other genes belonging to this family (20). Secondly, in order to
identify these genes with respect to their products, it is apparently easier to gain
partial protein sequence data from the N-~terminal domains than from other
regions of CEA-like antigens (4,56). In this paper, we shall present sequence data
from the N-terminal domains of five genes belonging to the CEA family.

Materials and Methods

Chemicals and oligonucleotides: T4 DNA ligase, polynucleotide kinase, the Klenow
fragment of DNA-polymerase I from Escherichia coli, and restriction endonucleases
were from Boehringer Mannheim Biochemica, Bethesda Research Laboratories and
Pharmacia/LKB. Low-gelling temperature agarose was obtained from International
Biotechnologies Inc. and Sigma. Nitrocellulose filters were purchased from
Schleicher and Schuell. Radiochemicals were supl})lied bsy Amersham and New
England Nuclear. The sequencing kits were from United States Blochemicals and
Amersham. RNasin was obtained from Amersham, All other chemicals were of
analytical %rade. Oligonucleotides were synthesized by the phosphoramidite method
on an Applied Biosystems B308A DNA synthesizer, and purified according to the
manufacturers protocol.

Bacterial strains, human genomic library and cloning vectors: All work with
recombinant DNA was carried out according to the German and US safety
regulations. A Charon 4A, human, genomlc library (21) was amplified in Esche-—
richia coli strains LE392 and BHB2600. A human cosmid genomic library (ﬁlft from
W. Lindenmaier) was amplified in E. coli strain ED8767. For subcloning the insert
DNA fragments, either Bluescript phagemid (Stratagene) was used in E. coli strains
ﬂﬁ%gg and RR1 M15, or M13mpl18/19 phage, which was amplified in E. coli strain

Screening of the human genomic libraries: Various DNA fragments and two
oligonucleotides (see Results), were radiolabelled (22), and used to screen the
human genomic libraries (23). Recombinant phages were amplified and transferred
to nitrocellulose filters (24). Colony hybridization (23) was used to identify the
cosmid clones. Hybridization with DNA fragments was carried out overnight at 44°C
in 6x SSPE (1x SSPE = 0.18M NaCl, 10mM NaH2PO4 pH 7.4, 1lmM EDTA), 0.5%
(¥/v) 8DS, 5x Denhardt's solution, 30% formamide, 100pg/ml denatured calf thymus
DNA, 10mM EDTA and 1 x 10® dpm/ml {a—%P] dATP- labelled DNA fragment. The
filters were washed twice (10-15 min at room temperature) in 2x SSPE, 0.5% SDS,
followed by two low stringency washes (1h each at 66°C) in the same buffer. The
oligonucleotide probes were 5'-end-iabelled and hgbndized. as described (25). Filters
were washed three times in 6x SSPE, 0.1% SDS (15 min at room temperature),
followed by 15 min washes up to high stringency (60-65°C in the same buffer).

Positive plaques were isolated and plaque purified (23).

Determination of DNA sequences: Subcloned restriction fragments in phage
M13mp18/19 and Bluescript phagemid were sequenced as single or double stranded
templates by the dideoxy-chain-termination method (26), using universal, reverse
T3, T7, SK, KS (Strata%ene) or internal oligonucleotide primers. For comparison o£
the nucleotide and deduced amino acid sequences, the “computer proiram "Align
(M. Trippel, Freiburg and R. Friedrich, Giessen, unpublished) was used. Secondary
?rotein structure calculations were performed with the computer program "Novotny"
PCgene, Genofit, Switzerland).

RNA blot hybridization: Isolation and analysis of RNA by Northern blot hybridiza-
tion was performed as described (27).

Results

For the first screening, a 534bp Pst I fragment from the repeat domains of the
CEA cDNA clone pCEAl (6) was used to probe a human genomic lambda library.
After applying low stringency hybridization conditions, 78 clones were picked. For
further analyses, a Pst I fragment from an NCA cDNA clone, pNCAl, which covers
approximately the last two thirds of the leader and half of the N-terminal domain
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Fig. 1. Structure of subfragments of six genomic clones containing the N—-terminal
domaln exons of CEA-related genes. Leader (L) and N-terminal domains are
depicted by hatched and stippled boxes, respectively. The Pst I/Eco RI NCA
fragment whose sequence has been published elsewhere (9) is included for
reference. The §'—-untranslated region is depicted as an open box. The transcript—
ional start which is assumed in analogy to primer extension data for CEA (8) and
ungubllshed data from us for NCA is indicated by a broken line. The smaller solid
and horizontally-lined boxes symbolize simple repeated sequences of d(CA) and
d(GT) units, resi)ectlvely. _Restriction endonuclease sites relevant for subcloning,
sequencing and identification of probes for Northern analyses are indicated. The
sequencing strategy is shown by arrows.

was used as a probe (unpublished results). Using the same low stringency condi-
tions as for the first probe, 28 clones also hybridized with this DNA fragment.
Three approaches were then adopted in an attempt to identify clones representing
genes belonging to the CEA family which have so far not been analysed. Firstly, a
direct isolation of the gene for CEA was attempted using a presumably CEA-speci-
fic (CEA 8+) oligonucleotide, which has been described elsewhere (9). At a high
stringency wash, one clone (\hsCGM1-1), was identified which preferentially hybri-
dized with this oligonucleotide. Sequence analyses revealed that it does not
represent the CEA gene, but a closely related one (see Figures 1, 2 and 3). In a
second approach, a 1kb, Eco RI, DNA fragment from the intron between the
N-terminal and first repeat exons of an NCA gene (9), was used as a probe. Of the
28 clones which had hybridized with the repeat and N-terminal probes, 4 were
identified which did not hybridize with this DNA fragment and could not,
therefore, represent the NCA gene. Digestion of the recombinant phage DNAs with
different restriction endonucleases and hybridization with the various probes des-
cribed above, revealed that three of these clones were apparently from the same
chromosomal locus (data not shown). One of these three (\hsCGM2-1), together
with the fourth clone ()\hsCGMS—l), was selected for closer analyses of the
N-terminal domain exon regions. In a third approach, a number of other clones
were isolated which showed very similar restriction patterns to A\hsCGM3-1,
although these clones did hybridize with the 1kb Eco RI intron fragment from the
NCA gene. Prior to closer analyses, an oligonucleotide (see Figure 2: oligo PSBG 1),
based on sequence data from the 3' end of the N-terminal domain of a cDNA
clone which we recently isolated from a foetal liver library (results to be
published), was used to probe these latter clones. This ¢cDNA clone is identical to
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AR TECAAGCANARCCACGATOACA CACCATG AL TCARCACCCGCC TG ACG6G6C TCCCACABAGC TCACTTATTCCCAMCAAC ' TGCMGGAGGAT T TTACCATCE TECTTTTACKARTCAGGGANTEANGEATCATAGMAGCCACGTGCAC TG TCEAGTCANCAT
180 AGTTARGTGACAGARCCATTAGCTGTCCCOAGBTACATCTSGACATAMETTCATG T TTATGCCAC TETETCAGCATT TCCANMANC TGATT T TAGSCGA COTANGTAAGLTTTTTAKAAAL TTTAATACTTATGCGTITAT TTAATATACAT TGAGMACAT T TAAGCACACATE
o AATCTGTARTTTCATGRACAATAT T6CATAAGACAAGGATTTTTGTCTCCAMC TCCTERCC TCAMGCEATCC TCCCALCATAGETC TCBAGTAGC TGEGATCACAGAL TGAGCCACCRATCEC TGC TAGGACAGGATET TTTGTAMC TAKATTTATT IAGAAMAGGATGAMTAT
N1 ATAATAATAR ACAAGE TAGAGAGAMMATCATAMGTCAGLC TAGAATGTCTEG TGTCTGGATGACATAMGETACAGCAC TG TEANGCC TCATTCTCASTTACTCCCAGGAAAT TAGAG TCACATAATGE TGCAGMMGAACAGL TCAGAATC TTAGATCOBGCTTTAGCLS

72, TAGATATATECATTTETAGEACCCCAGALATCTCTTGACCTC T TG TGaRAGTAANTCCAMCC TTCCCAGNCATSTGAGACAGTANGANGACCC TELACACACAMAGIAGTT TCTCCETCACAGAGAATIMCALEAGET TCAGGGACCOCACEGAL TCTGLATSTGC TEACAGA
001 CCCANGGCANGGCAAGCHGAGSTCCACTETCGOMAEHGETCATCLTET TATGARNCAGGBATCCAMETANGLC TG0 TTCTCAGAGCE TGRTCTEGECANCTCAMATE TAGACAGANGGOLOCANGGANGAAGASAMMTGACGLAMNLTCACACORGACOORACILAGAEETE
1081 ACCTGEECAGAGE TTCACCCATOACCCTES TCCTE0CC TE6AGSAGECTCAGCATGOAMGAGEAESATAGCAGAGEC TANGTCACAG TAGCCLTGACTACAGLATTCCTERAGCS RIS ACGAMGACCACGCAGCAIGACCA

TSGGR00C0L
MetGLyProPr

260 CICARECT CECEACAGRANTSCATCCECTGRCAGGEBLTTCTECTCACARSTOASTooAGoATTCC oGS TOGBAMGAGEAGGEATCALAGAGAATGE TSR TC I TGRGEAROATGRGGL T TGATAGERACAGANGRLTTC 6 TGAMBCCTCAGREEAIGAACATE
oSerAlaserProHishrgelulrsIeProTroGinGlyLeul el euThra

1661 AGAGAGGOACAGDE TCACRAANGACANTCACATTAAE TGMATTEATAKGAGEGAGGAMMATCLATTGATCATGTTT TCEANG TTARTCATTACTGRCCALTACAAT TAGAMAATGATANGAATAAGARTTACATCAGEGTGATACTTTAMTARMATATACCAGOGCAC TRANR
1620 CCTOTCTTTECCCCAMCCACANGT TGLARATMCCACCACTCLTTARCTCATCCACCAS TATT TGCARTCAAAT TTTAGGCAC TGG0GTACAMCARATATCAGACAGTCTCTGTGTTCAMGARCTTACACTCTTGCAGAGATGAMGATAGACACCCAMGAGATC TGARTE TGS T
1801 TCAGGTETTACARGAGCCE TEOARGARCAGAGCABAAMNGETCAGAMNGGGACECCCCAGEE  CTCTAGABGAGETE TCAGGOSAGTATCTCOCARGATOOCC TEATETGAGCASATC TRAGSCAGTEORGAGSCAGCLATGLAGACOOC TGERGANRORATICACACAGS
1981 nmsccuiwrwiccrmukmmmrumcérrmincﬂmrwmrcrcrwmcéwc11vccircccurAcimsucuimmrdmcmcto&mn%
2161 CACTTCTANCTTC TGRANCCCBCCCACCACTGCCARGC TCACTATTGAATCCACGLCS TTCANTE TCOCAGABGGGANGGAGETOCTTCTAC TS TCCACAATCTECCCANCATCTTTTTGRLTACABC TG6 TACAMSOAMAGAS TGGATGRAACAGTCTARTTGTAGGATATG

erLeu euksoPheTrpASHProProThe ThrAL L sl euThe 116 1uSerThrProPheAsnvalALnG1u61 L ysG LVa1Lewk eul eualishsnL euProGinki sLeuPheG 1y TrrSer TroTyrLys6 G ludrgialsos L vksnSert sull eV 11y Tyey

2341 TAATAGOMAC TCAACANG TACCCOAGSORCCCATACAGL SO TCOAGAGACARTATACACCAATGLATECCTOC TOATCCACANT TCACCCAGMTGACATAGGATTCTACACCCTACAAGTCATAAMTCAGATC TTGTGARTGANGMACAAC TESACAGTTCCATETATACCS TS
Al 11661y TheGInGInALaTN-Pro6] yAL2ALaTyrSer61yArgGLuTh-1 1eTyr ThrAsnilaSerL euleul LeHisAsrNal TN-GInAsnAsp I LeG1yPheTyrTheLeunval LleLysSerhsol §1yGinPhetisvalTyr

2521 AGTATTTOCACATOACCTCTBOAGRTIGRG0STEAGTTCTAC TTCCACATATGRGATTGTACGOLC TGO TS TGLCTCTGRCCTTCTC TGCATTACATTCTGTATCABSSTTTGGACAT ITAGTECAGGACACACACHOSACACARACTTCIACMACTAGAATTE

hs0SH 2
1 CTOCAGATCLCTGORGANGAGHAT TCCGAACAGGGAANTGTANGE CAGNGGTCTATAGOGACATC TG TGTCAT TGATCCAGTABGACACACACCACACACACAC T TACT TCARGATOR6STE06 TOAGAGACC TG TCAGBATOCAGGRCCCAT TTICEACOCCAATAL
181 ATAGGTCCCAATATTGACTGATETICTCTECCCTCTAGCCTCECTTTTANCCTTC TERANCCTBOCARACAG TGO CCAGACCAATATTGATGTCRTOOCHTICAATGTORCAAMGEBAGGAGSTCL TTCTAGTAGTCCATMATGASTCCLAGMATC TTTATGECTACACIGRTAL
Serd euleuThrPhe TrpksnleuProsnSerAlaGInthehsn] 1ProPheAsrive) .

15Lys6luvelLeut ewvalvalHissnbluSerSlnasnleuTyr6lyTyrhsatroTyr

361 ARGOOAANGGTOCATOLCANCTATCEAATTATAGGATATG T ANAAATATARSTCARGAAAATCCLCAGGOOCDGCACACANCGETCOAABACARTATACCUCAATGGANCCC TECTGATCCAGACBTCACCCACMTGACRCAGBATTC TATACCCTACAGS TTATAAMGA
Lys1vGlubrgValiisalaAsrTyrarolleT eGlyTyrvalLyshsnlleSer 06 11ProA L8 SASHG1 YAPGGLu T LLeTYrProAsnGlyThe eul eulLeGLngval Thewishsnhsoh1861yPhe TyrThL eutisval 11eLysélu

SA1 ARTCTTOTGAATGAAGAAGTANCCAGACAATTCTACSTATTC TR TGAGTEATACCTCCATGACTTC T6GGTLTG0RG60CAGTTCTAC T TCATACAACGGG T T TCAGECC TOoSTTGTBCLTE TS TCOOCATCTACATTTTATCCASTGTToGAGT TTOGCATITAGTEMGGAE
AsniL eutalASnG 106 V] ThrAgGLPPTyr¥alPhe

721, ACACATOGGSGAGACAAACT FCTACKGACCAGAATCCCTTICCTOCATCCABACCCTEEAG

hsCen 3
1 GAGCTCACAC TCTCATGBAOAAGACAGACATGCAAGHGATATAGAATETGAGGTCAGETE T TGACGAALCTTAGAGOGAGCAGAGCAGGSANNSSTCAGAMGOAAGACCLAGGE T TC TANGCAGSCATCAGOAMNGANGTCTMGSATELEL TGATE TEAGEAGGACLTE
181 AGGCAGTGTBGAGB666CC TBOGBALCOLTERGOMGHOATTGCACAGAUMAATECCAAGG TCAGGAG TG T TGAMGGATGGGG TCATGC TGCTOACCTTGACCTASTAGGACAS TAGHACACACACACATACACACACACACACACATGOCC TTTTGTGTETG TG TGTTT

351 TALGTGTGToTGTOEATATE TTCAROCTATOATToMMGHGACC T TeAGGACAC R CLLATC T T TCACECCANTACATAGGTCCATATT AR TGATGL TG CTCTACLTCLTAGEATEACT T TAAATTE TGS TGROCALEACTGELCAAGTAATAATTGARREER
SerLeu eusrPheTroAsnLeProThe ThralaGlrValllel leGlublalL

541 AGLCACCAAGTTTCCGABGRGANGEATETTCTTCTACTIGTCCACAATTTHCCCAGANTCTTACTBHCTACAT 66T ACAAAGBSCAAATGACGBACCTCTACCATEACATACATCATATGTAGTACACGETCAMTTATATATBSBCCTECCTACAG TGGACGAGAMCAGTAT
ysProProLyselSerclublyLyshsovalLeut euleualHi shsnl euProd nAenl euTheG1yTyr T1eTroTyrLysGlyS nMet ThehsoLeuTyrHiSTyr T1eThrSerTyr¥alvalHis6lysinl leTie TyrG yProlaTyrSerslyArg6luThvall

721 ATTCCAATGCATCCCTOC TOATCCAGAATETCACACASGAGEATCAGOATCL TACACC TTACACATCATAMNGCBAGBCOATCE0AC TGoAGGAGTAACTOATATT TCAC T TCACLTTATACTG TGN TOATTCCSCATGATCLC TGOS TS TTBG060RCAGGRETEATTICTACTH
yrSerAsnalaSerLeut eul leGinAsnVal Thr61nGluAspAlablySer TyrThrieutisTlel leLysArgGlyAspBlyThrG v 1yVal ThrGlyTyrPheThrval TheieuTyr

901 CACACACACAGAATTSTCAGGCCTGBACTCTGOCTGTETCACTCTCTGCATTATTCCCATGE TG0R6TTTGB6CATT TAGTGCAGGACACACACAGAGGAGACACATTTCANCAGATCAGAATTC

hsten &

1 GACTCACACAGTCATOROGE060AMGATAGACATECTANGTGATCTAGAATE TGAGATCAGS TG TTGACANGAACCL TBACGOAGBAGAGCAGEAAGGTCASAMABGBANGACLCAGGETC TCTGANGAGETATCAGGAMGANG TCTANGSATECCCTBATGTGAGCAGGAC

181 TGAGGGCASTOTBoAG6630C5TE0RACCC TESEEAGABGATCCAMMMGMAATCCCAAGETCAMGTE T TEANGGANTG666TCATGC TELTBATCT TGACCTATGRGACAGTAGGACACACACACATACACTCACRCCEC T TTAG TG TETTATGTGITIGTATG 1676

31 TGTTIGIGTG) tcrmee'cmwvlchmaccnélmcchct1rrucécwmrlecrctcurirmcrwécrcrcrsuécrccr&i:cftrnmkrmasu'rwacccmkrmmnmab:wnnré
e Thel

heTrpAsnProPraThe The roProLysVsiSe

541 TOAGGRBABATGTTCTICTACTTETCCACANT TTGCOCEAGATCT TG TEEC TACATT TOTACARNSCAATGACATACCTC TACCATTACATTACATCATATGTAGTAGACO TCAMGMTTATATATGSGCCTCCATACAS TGS MGAGAMGACTATAT TECATEEATE
FE1UGLYL ysAsoValleul el eualNi shsni ecProsinksnleuAls61y Ty 1 1eTrpTyrLysGLyGlomet TheTyrLeuTyrHisTyrTLeTheSerTyrVnl Ve AsoS yGintrol eTLeTyrélyProklaTyrSerciyAros ukrghel TyrSer Asphl ade

721 CCTGCTGATCONGATGTCACGCNGGABEATGCASGATCETACACC TTACACATCATAAAGCGACSCGAT 5 AT TTOACH TCACCTTRACTTOAGTEATICCACATEATCEE TS TG TG ABGGS ACT TETCTTACACACAGG
rLeuteulle6InAsnval ThrGinGluAspAlablySerTyrTheleuHisTiel leLysArgArghspbly TheGLyGlyVal ThrGlyHisPheThrPhe Thrieutis

901 TTCTCAGGCCTOACTCTOLCTGTGTCCCTC ICTGCATTARGTCCATGC T6566TTTGGGCATTTAGTCAGOACACACAGAGOAGACARAT T TCAACAGATCAGAATTC

Pté
1 GAGCTCACGLTGTCATEG68 ASACATCCAMGAGATCTAGAA GG TG TTGACAMAGAACCC TGGAGGGAGCAGNGCNGTGAMNGG TCAGAMMGEGANGACCCAGSH TC TC TGANGCABECATCARG: TCTAACSATGOCC AGCAGBACC 16
181 AGSGCATTT66AGE636CCATGUGEACCC TGEEHMBACGATTCCAMCNGANARTSCCAACTCAGANGTGTTGAASGAKTGRGCETCATEC TGCTGACC TTGACCTAG TAGGACHS TAGGACACACACACATACACACACACAA ICACACATAC0GC T T TG TG G TGTGTSTGT

1 mgmm'rourgrsrsigchvg'rsrrerxercricrmc&mtcaistnm&éwvmnécrcrwu'nuawshcmccxérccwﬁ;mmméncmachscmcirecoumc’
SerLeul euksnPheTrpAsnl euProThv ThrAlas nval

541 ACEATIGAMCCBAGCCAACCAAGT T TCCGAGGGRANGOATGT TCTTCTACTTGTCLALANTTTGCCCCAGAATCTTACCERE TACATC TG TACANAGBSCARTEAGSGACC TCTACCATTACATTACATCATATGTAGTAGACGGT GAAATAY TTATATATGRGCCTRCATATAGT
Thel1eG1uAlaGluProThelysValSertlud] rLyssovall eul eul euvaiHishsnieuProbloAsnleuThrSlyTyr1ieTrpTyrLysGlyGintet Arghsot eulyrHisTyr 11eTheSerTyrvaivalAsob yGlul lellel leTyrelsProAlaTyrSer

TANGTGATTCCACATRATCCCTGRSTETT666GGACA

721 GEACGAGAACAGCATAT TCARTBCATCCCTGCTGATCONGAATGTCACCCGOGAGGACGLAGGATC TACACCTTACACATC \ \
GlyArg LUThALaTyrSerAsnhlaSert eul eul LeGinksrval TheArG yserTyr et euttis 1eTleLys6L TheArgGLyVal The§ LyAr gPhe ThePhe T Leuttis

Q01 GORETCACTTCTACTTCACACACAGOAT T6TCABECC T6GACTCTGCE TGTETCAC TCAC TGCG TTATGTOCCATGE TGGGATTTGGGCATTTAGTECAGGACACACACAGAGEAGACAMAT T TCAACAGATCAGATTC

Fig. 2. Nucleotide and predicted amino acid sequences of the N-terminal domain
exons and flanking intron sequences of CEA-related genes. Exon/intron borders are
indicated by arrows. The simple repeated nucleotide sequences found upstream of
the N-terminal domain exons are underlined. The boxed sequences for hsCGM1 and
PSBG correspond to the oligonucleotides oligo CGM1 and oligo PSB8G 1, respectively.
The underlined amino acid sequences represent potential glycosylation sites.
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Amino Acid Level
CEA NCA hsCGM1 | hsCGM2 PspG hsCGM3 | hsCGM4

CEA 89 66 57 58 58
NCA 92 66 57 58 57
hsCGM1 95 94 64 58 59 58
hsCGM2 81 81 82 52 52 51
PSBG 73 n 73 69 89 89
hsCGM3 73 72 13 68 93 91
hsCGMd 12 10 12 67 93 93

Nucleotide Level

Fig. 3. Comparison of the N-terminal domain exons of human CEA-like genes at the
nucleotide and amino acid levels. The percentage similarity values were calculated
after optimal alignment. The CEA sequence was derived from cDNA (8) and the
NCA from genomic DNA sequences (9).

one of the recently described PS8G c¢DNA clones (PS8G-D: 15). Oligo PS8G 1
hybridized under stringent conditions with one of these genomic clones (A\PS8G-1),
which was also selected for further analyses.

In parallel, we also screened a human cosmid genomic library with various probes,
and in one approach we isolated a clone (cosmid hsCGM4-1), using a 1.5kb EcoRI
fragment probe from the 3' non-translated region of the recently described NCA
¢cDNA clone (11). This cosmid clone hybridized with oligo PS8G 1 under medium
stringency conditions (50°C in 6x SSPE), but not at higher stringency (60°C in 6x
SSPE), being, therefore, similar, but different to \PSBG-1.

Suitably sized restriction endonuclease fragments, which hybridized with the probe
containing the N-terminal region of the NCA ¢DNA clone, pNCAl (see above), were
subcloned for each of these five genes. The sequencing strategies for these gene
clones and their nucleotide and derived amino acid sequences are shown in Figures
1 and 2. The exon/intron borders can be defined by the presence of donor/acceptor
consensus sequences (28), as well as a sequence comparison to known data for the
NCA gene (9) and its corresponding c¢cDNA (11). Potential glycosylation positions sare
also shown, whereby some variations can be noted (Figure 2). The deduced amino
acid sequences are compared with those for CEA and NCA in Figures 3 and 4.

DNA/RNA hybridization analyses using specific probes for AhsCGM1-1, 2~1 and 3~1
were carried out to determine whether transcripts for these genes could be identi-
fied. The probe used for AhsCGM1~1 was an oligonucleotide synthesized from the &'
non-translated region, being complementary to a putative mRNA, which exhibits
sequence differences to CEA and NCA (see Figure 2: oligo CGM1). For AhsCGM2-1,
a Bam HI/Pst I genomic fragment, and for AhsCGM3-1, an Ssp I/Eco RI genomic
fragment was used {(see Figure 1), both of which contain the N-terminal domain
exons. These probes only hybridized with one genomic restriction endonuclease
fragment under high stringency conditions (results not shown). No probes were
tested for cosmid hsCGM4-1 and APSBG-1, as their sequences are so closely related
to AhsCGM3-1 (see Figure 3), that any related mRNA species should also have
hybridized with the latter probe. None of the probes used could detect corres—
ponding mRNAs under higher stringency conditions in any of the following human
tumours which had been propagated in nude mice: carcinomas of the gall bladder
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Fig. 4. Comparison of the predicted amino acid sequences encoded by the N-term-—
In"a:I “domain exons of human CEA-like genes with the corresponding sequences of
CEA (8) and NCA (9). Amino acids are identified by the single letter code. Dots
indicate amino acids which are identical to CEA. Dashes denote missing amino acids
and were inserted to achieve optimal alignment of the compared sequences.
Positions which are conserved throughout are shadowed gre* The border between
the leader (L) and the N-terminal domain (N) is indicated. The position and extent
of the 8 strands (A-G) are indicated by lines above the sequences having been
calculated using the "Novotny" computer program. Residues which are highly con-
served in the variable domain of the immunoglobulin superfamily are la%e led by
?\%légs circles (18). Those not conserved in the CEA family are marked with arrow

and pancreas, squamous carcinomas of the lung and cervix, two adenocarcinomas of
the colon, a hepatoma and a bone metastasis of an oesophagus carcinoma. Also
negative were the following primary tumours: four adenocarcinomas of the colon,
an ovarian sarcoma, one serous and three mucinous ovarian carcinomas, one
serous/mucinous ovarian carcinoma and leukocytes from a patient suffering from
chronic myeloid leukaemia, as well as metastases from carcinomas of the stomach,
colon and breast and normal colonic tissues. However, we were recently able to
identify transcripts for PS8G and for hsCGM4 in a 31 week placenta using gene-
specific oligonucleotide probes (results to be published).

Discussion

The data presented in Figures 2, 3 and 4 reveal that each of the five, newly
isolated clones (AhsCGM1-1, AhsCGM2-1 AhsCGM3-1, APS8G-1 and cosmid
hsCGM4~1), represents an individual member of the CEA gene family. At present,
only one of these genes (PSBG), can be identified with respect to a known cDNA
(15). The N-terminal domain exon for this gene, reveals only two nucleotide
differences to the published ¢cDNA data for PSRG (15) at positions 5563 according to
our numbering (G instead of C) and 559 (A instead of C) (Figure 2). These two
changes both lead to exchanges in the deduced amino acid sequences of the
APSRG—1 genomic clone; Glu for Gln,and Thr for Pro, respectively. We assume that
this gene represents an allele of the published PSB8G c¢DNA because of the
otherwise identical coding sequences. For the other newly isolated genes, we have
adopted a temporary nomenclature system, as recently proposed (3), until the gene
products, when existent, have been identified. We have designated each gene
numerically, according to its species (Homo sapiens = hs), as a CEA gene-family
member (CGM).

A comparison of the degrees of similarity for each gene with respect to the
others, as well as to CEA and an NCA, is shown in Figure 8 at both the nucleo-
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tide and amino acid levels. It is noticeable from these comparisons that the
N-terminal regions of three genes and their products (CEA, NCA and hsCGM1),
are very similar, and can, therefore, be grouped together. In a closer comparison
(see Figure 4), hsCGM1 shows complete sequence similarity to CEA at the start of
the exon, which explains the strong hybridization with the assumed CEA-specific
oligonucleotide. Although not included in Figure 4, BGP1 (13) can also be placed in
this group. Three other genes (PS8G, hsCGM3 and 4) also show a very high
sequence conservation amongst themselves, but their lower sequence similarity to
the CEA group shows that they represent a second subgroup within the CEA gene
family. PSBG-E (14), a second pregnancy-specific glycoprotein gene, can also be
placed within this subgroup, as can SP1 (16). The other gene (hsCGM2), reveals
homology, but a lower sequence similarity to the CEA group, as well as to the
PSB8G group, indicating that it represents a separate entity or a third subgroup
member within the CEA family.

The seven sequences compared in Figure 4 reveal homology to the immunoglobulin
superfamily through the conservation of 9 out of 138 critical amino acids (18). This
evolutionary relationship becomes more obvious when the deduced secondary struc-—
tures are compared. In each case, a specific number of 8-strands can be deduced,
which are characteristic for the immunoglobulin-like fold. Williams (18), recently
showed that the N-terminal domain of CEA reveals a close structural similarity to
the variable domains of the immunoglobulins, whereas the CEA "half-repeats" are
more similar to the constant domains. The extra 8-strand (C'), which is a typical
feature of immunoglobulin variable domains, appears to be present in the deduced
secondary structures of the N-terminal regions for all seven members of the CEA
family. In addition, the C'/C'" connecting loop, which represents a region of
hypervariability in immunoglobulin variable domains, also reveals higher variability
between the different subgroups of the CEA gene family. These structural
similarities to members of the immunoglobulin superfamily indicate possible receptor
or recognition functions for members of the CEA family. Specificity of function for
each individual molecule could be determined by the hypervariable regions. It is
noticeable that none of the seven human genes contain cysteine residues in their
N-terminal domains. However, in all cases, the arginine and aspartic acid residues
which build a salt bridge in the immunoglobulin wvariable domains (18), are
conserved (Figure 4). Therefore, it may be assumed that this salt bridge is suffi-
cient for stabilization of the two hypothetical B8-sheets to form the immuno-
globulin-like fold of this N~terminal domain in the CEA family.

The high degree of sequence similarity between these CEA-related genes is not
restricted to the exon regions. Indeed, a high sequence conservation is also
apparent in the surrounding introns (Table 1). However, one interesting region of
variability between NCA and the five newly isolated genes is apparent at a location

Table 1: Comparison of the intron regions flanking the N-terminal domain exons

NCA : hsCGM1 87%=2 hsCGM1 : PSBG 80%
NCA : hsCGM2 83% hsCGM2 : hsCGM3 82%
NCA : hsCGM3 82% hsCGM2 : hsCGM4 80%
NCA : hsCGM4 79% hsCGM2 : PSBG 82%
NCA : PSBRG 82% hsCGM3 : hsCGM4 94%
hsCGM1 : hsCGM2 79% hsCGM3 : PSBG 93%
hsCGM1 : hsCGM3 81% hsCGM4 : PSBG 93%
hsCGM1 : hsCGM4 79%

a8 The percentage similarity values were calculated after optimal alignment, and
only the regions covered by all gene fragments were considered. The NCA
sequence has been published elsewhere
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approximately 100 bp upstream from the start of the N-terminal exon. All six genes
contain a region of simple—-sequence DNA, [(dA-dC)s], but of varying length (see
Figure 2). This upstream region has already been described for the NCA gene
(9,10). In PSBG, hsCGM3, and 4 it is followed directly by a poly (dT-dG) sequence.
In this latter subgroup a stable secondary structure in the form of a double-hair-
pin, or cruciform could be formed. Such poly(dA-dC) .- poly (dT-dG) sequences are
highly repetitive in the human genome (29). Possible functions of these "TG-
elements" have been discussed in the regulation of gene expression (830), or as
recombination sites (31).

With regard to the expression of these genes, the PS8G gene has been shown,
through Northern blot analyses (own unpublished results), as well as through
isolation of corresponding cDNA clones to be transcribed in the placenta (15), and
in foetal liver (own unpublished results). PS8G represents a member of a hetero~-
genous group of pregnancy-specific glycoproteins (32,33). At least three of these
immunologically crossreacting glycoproteins were recently isolated from human
placenta, with apparent molecular masses of 72, 64 and 54 kDa (15). The close
sequence similarity of the PSBG gene subgroup (PS8G, hsCGM3 and 4) presented
here (compare also PS8G-E: 14 and SP1: 16), indicates that these pregnancy
proteins are encoded by distinct, but highly conserved genes. Investigations to
determine this are underway. In order to analyse the potential of these gene
products as tumour markers, as well as an attempt to identify potential transcripts
for the non-identified genes, we have begun to screen different tumours in
Northern analyses. So far, none of the tumours investigated revealed expression of
any of these newly-isolated, CEA-related genes but as mentioned, expression of
PSB8G and hsCGM4 has been found in the placenta. This indicates a high tissue-
specificity of expression. At present, it cannot be ruled out that hsCGM1, 2 and 3
are pseudogenes.

If we compare our results with published data (4-16), and assuming that the N-
terminal domain occurs only once per gene, then a total of eleven genes have so
far been identified which belong to the CEA gene family. These are; CEA (4-8),
NCA (9-12), BGP1 (13), hsCGMI1, hsCGM6é (a clone recently isolated in our
laboratory from a c¢DNA library costructed from the spleen of a chronic myeloid
leukaemia patient: results to be published), PS8G (cf. 14,15), PSBG-E (14), SP1 (16),
hsCGM3, hsCGM4 and hsCGM2.
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