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We have recently shown that human submandibular salivary gland
and saliva contain a number of glycoproteins belonging to the
carcinoembryonic antigen (CEA) gene family. The members of the
CEA family can be divided into the CEA subgroup and the pregnancy
specific g1 glycoproteln (PSG) subgroup. The latter glycoproteins
are abundant in placenta and fetal liver. Here we report that
PSG's are expressed in normal adult submandibular salivary gland.

Thus, cDNA cloning and sequencing gave two clones (SG5 and SG9)
which coded for glycoproteins with a domain arrangement of N-Al-
A2-B2-C and a third clone (SG8) which coded for a glycoprotein
with a domain arrangement of N-A1-B2-C. SG5 is identical to PSG3,

and SG9 to PsSGld, while SG8 most probably corresponds to PSG2.

The 3! untranslated regions of the different members of the PSG
subgroup contain highiy homologous segments, suggesting a common
evolutionary origin.  ©1990 Academic press, Inc.

Carcinoembryonic antigen (CEA) (1) of the human digestive tract
is a widely used tumor marker. Determination of the circulating
levels of CEA is of proven value in monitoring patients with
colorectal cancer after surgical removal of tumor. CEA is a
promising target antigen for radioimmunotherapy of colorectal
carcinomas. However, CEA belongs to a family of closely related
macromolecules with wide distribution in cancerous and normal
tissues and immunological cross-reactivity of anti-CEA antibodies
with related antigens reduces the clinical utility of these

antibodies. Efforts have been focused therefore on the molecular

Abbreviations: PSG, pregnancy specific f1 glycoprotein; CEA,
carcinoembryonic antigen; NCA, nonspecific cross-reactive
antigen; FL-NCA, fetal liver NCA; BGP, biliary glycoprotein;
TM-CEA, transmembrane CEA; hsCGM, homo sapiens CEA gene family
member; UTR, untranslated region.
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definition of the antigen-family, and determination of the
primary structure of CEA-related molecules should hopefully lead
to the development of more specific antibodies and/or other

probes.

The CEA family belongs to the immunoglobulin superfamily (2). All
members have a characteristic N-terminal domain (N) corresponding
to the variable region of immunoglobulin, and varying numbers of
repeat domains (A) and (B). The (A) and (B) domains correspond to
the constant region (C2) of immunoglobulin. A variety of C-
terminal domains are present giving rise to either trans-
membrane, cytoplasmic (3), and phosphatidyl inositol-linked (4,5)
membrane-bound forms, or to secreted forms (6,7,8). The family
can be divided into the CEA subgroup and the PSG subgroup (9,10).
Glycoproteins of the latter subgroup are synthesized in placenta
(6,11) and fetal 1liver (7,8) and increase in concentration in
blood of pregnant women, reaching a peak concentration at partus
(12). So far 17 members of the CEA gene family have been
identified. Six of these belong to the CEA subgroup and 11 to the

PSG subgroup (Table I).

Using immunochemical techniques and RNA blot analysis (13) we
have recently demonstrated the co-expression of different CEA
family members (NCA 55/95, BGP, PSG) in human submandibular
salivary gland. Here we report the cDNA cloning and sequencing of

three members of the PSG group from this gland.

MATERIALS AND METHODS

Probes

The following DNA-probes were used: 1) PSGld [FL-NCA-1 (7)] as a
universal CEA/PSG-family probe; 2) a BGP-specific 24-mer
oligonucleotide (5' AGGTGGGTCATTGGAGTGGTCCTG 3') corresponding to
position 1504-1527 in TM1-CEA (3); 3) NCA 55/95 specific 24-mer
oligonuclectide (5' CACAGACTCCTCCCTGTTCAGCTG 3!') corresponding to
position 1678-1703 of NCA 55/95 cDNA (14).
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The oligonucleotide probes are complementary to the coding
sequence.

Screening of the cDNA library

A submaxillary salivary gland (=submandibular salivary gland)
cDNA 1library in gt 11 (Clontech, Palo Alto, USA) was screened
with +the complete PSGld c¢DNA probe. Prehybridization and
hybridization of the recombinant phage DNAs on nylon membranes
(Amersham, England) was carried out at 55°C, in 4 x SET (1 x SET
= 0.15 M NaCl, 0.001 M EDTA, 0.02 M Tris-HCl pH 7.8), 0.1 %
sodium pyrophosphate, 0.1 % SDS, 5 x Denhardts solution [1lx =
0.02 % Ficoll (Pharmacia), 0.02 % polyvinylpyrrolidone and 0.02 %
bovine serum albumin] and 250 ugégl of denatured calf thymus DNA.
The <cDNA was labelled with [a~"“P]dCTP by hexanucleotide random
priming. The probe (specific activgty: 1.5 x 10° cpm/ug) was used
at a concentration of 0.7 x 10 /ml. Final post-hybridization
washing was carried out in 0.1 x SET, 0.1 % sodium pyrophosphate
and 0.1 % SDS at 68°C for two hours. For identification of
positive plagques membranes were exposed to Kodak X-omat X-ray
film.

Insert analysis by Southern blot hybridization

The recombinant phage DNA was digested with EcoRl, and size
separated on a 1.2% agarose gel and transferred to a nylon
membrane. The prehybridization and hybridization was carried out
in 6 x §SC (1 x SSC = 0.15 M NaCl, 0.015 sodium citrate pH 7), 5
X Denhardt's solution, 0.1 % SDS and 100 ug/ml denatured calf
thymus DNA at 65°C overnight. DNA inserts were identified by
autoradiography.

DNA-sequencing

Nucleotide sequencing of whole or subcloned DNA fragments was
performed by the dideoxy chain termination method (15) on double
stranded DNA in pUC19 or Bluescript plasmid vectors.

RESULTS

We recently showed that human submandibular salivary gland and
saliva contain several different CEA family members (13). To
establish whether this tissue also contained the PSGs we screened
a cDNA library from human submandibular salivary gland in phage
vector gtll using PSGld cDNA as probe. About 1200 positive
clones were found when 3.0 x 105 recombinant phage plaques were
screened. Ten clones were plaque purified and analyzed further.
The size of the cDNA inserts varied from 0.4 to 2.0 kb. Nine
inserts hybridized with the PSGld-probe (Figure 1). In contrast,
none hybridized with the NCA 55/95- and/or the BGP-specific

probes (data not shown).
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Figure 1. Southern blot analysis of cDNA clones from
submandibular salivary gland. cDNA clones were digested with
EcoRl and fractionated on 1.0 % agarose gels. PSGld positive cDNA
clones (SG 1-10) are shown: Molecular weight markers are shown in
kilobases.

Three ¢DNA clones of different sizes, 5G5 (2.0 kb), SG8 (0.7 kb)
and SG9 (1.7 kb) were chosen for sequence determination. The
restriction enzyme maps and sequencing strategies are given in

Figure 2.

S8G5 and SG9 were found to be complete cDNA clones with a domain
arrangement of N-Al-A2-B2-C while SG8 was a partial cDNA clone
with B2 and C domains (Figure 3). The three clones were different
from each other but encoded closely related genes that were found
to belong to the PSG subgroup. when compared with known members
of the CEA gene family. Accordingly, the A- and B domains were
found to contain 2 cysteins at conserved positions, giving rise

to Ig C2-like domains. SG9 had 7 Asn-Xaa-Ser/Thr glycosylation
sites and SG5 had 4. The latter were found at identical positions

in SG9.

The SG5 ¢DNA insert consisted of 1943 nucleotides of which 84

nucleotides belonged to the 5' UTR and 575 to the 3' UTR. The
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Figure 2. Schematic representation of domain arrangement,
restriction sites and sequencing strategy of three PSG clones
from human submandibular salivary gland. Arrovs indicate
sequencing strategy. L, leader peptide; N, N-terminal domain; Al
and A2, large internal domain; B, small internal domain; C, C-
terminal domain. Solid lines represent 5' and 3' UTRs.
Glycosylation sites are marked by stars. Hypothetical domains and
UTR are indicated by broken lines. 100 bp are indicated by a bar.

latter included the polyadenylation signal sequence and 82 As at
the 3' terminus. This clone coded for 428 amino acids of which 34
residues belonged to the leader peptide, giving rise to a mature
394 amino acids polypeptide with a molecular weight of 44,345
Daltons. The C-terminal domain contained 14 residues of
amphipathic character. The N-domain of SG5 contained the Arg-
Gly-Asp sequence (position 93-95) which is a cell recognition

site on fibronectin and related matrix proteins (16).

SG9 had a 1721 bp ¢DNA insert, of which 97 nucleotides at the 5!

end and 347 at the 3' end belonged to the untranslated region.
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SG9 (=PSGld)

el
GGGAGGACAGCACAGCTGACAGCCGTGCTCAGAGAGTTTCTGGATCCTAGGCTTATCTCCACAGAG GAGAACACACAAGCAGCAGAGACCATGGGAACCCTCTCAGCCCCTCCCTGCACA 120
G T L S A P P C T -10

=N
CAGCGCATCAAATGGAAGGGGCTCCTGCTCACAGCATCACTTTTAAACTTCTGGAACCTGCCCACCACTGCCCAAGTCA TTGAAGCCGAGCCAACCAAAGTTTCCGAGGGGAAGGAT 240
Q R T K W K ¢ L L L TASTLIULNTFWNULTZPTTAGQVTTIEA ATETPTIKTVGVSEGIK KD 16

GTTCTTCTACTTGTCCACAATTTGCCCCAGAATCTTACCGGCTACATCTGGTACAAAGGGCAAATG AGGGACCTCTACCATTACATTACATCATATGTAGTAGACGGTGAAATAATTATA 360
VLLLVHNLPQ:LTGYIHYKGQHRDLYHYITSYVVDGEIII 56

TATGGGCCTGCATATAGTGGACGAGAMCAGCATA'H‘CCMTGCATCCCTGC‘I‘GATCCAGMTGTCACCCGGGAGGACGCAGGATCCTACACCTTACACATCATMAGGGAGATGATGGG 480
YGPa\YSGRETAYsgASLLIQNVTREDAGSYTLHIIKGQD 96

-
ACI‘AGAGGAGTMCI‘GGACGT'I'I‘CACCTTCACCTTACACCI‘GGAGACTCCTMGCCCTCCATCTCCAGCAGCML‘I‘TMATCCCAGGGAGACCATGGAGGCTGTGAGC‘KTMCCTGTGAC 600
T R 6 VvV T GRTFTTFTULHTLTETT®PI KT PSTIS S S HNILNZPR RIET EAVSLT(“ 136

CCTGAGACTCCAGACGCAAGCTACCTGTGGTGGATGAATGGTCAGAGCCTCCCTATGACTCACAGE TTGMGCTGTCCGAMCCMCAGGACCCIC'I‘TTC‘K‘AT'I‘GGGTGTCACAMGTAT 720
P ETPDAS Y LW WMNG QS LPMTHS L KTLSE T L 176

r”
ACTGCAGGACCCTATGAATGTGAAA ACGGMCCCAGTGAGTGCCAGCCGCAGTGACCCAGTCACC CTGMTCTCCTCCCGMGCTGCCCMGCCC‘I‘ACATCACCATCMCMCTTMAC 840
TAGPYECEIRNPVSA [v] N L L P KL P KUPY ITTINNTILNSR 216

CCCAGGGAGMTMGGATGTC}TMACTTCACCTGTGMCL'I'MGAGTGAGAAC'l‘}\CACCTACATTTGGTGGCI‘MATGGTCAGAI:LL TCCCGGTCAGTCCC, TAAAGCGACCCATT 960
R DVL:FTCEPKSER‘{TYIWHLNGQSLPVSPRVKRPI 256

g
GAAAACAGGATCCTCATTCTACCCAGTGTCACGAGAAATGAAACAGGACCCTATCAATGTGAAATA CGGGACCGATATGGTGGCATCCGCAGTGACCCAGTCACCCTGAATGTCCTCTAT 1080
ENRILILPSVTR#ETGPYQ%EIRDRYGGIRSDPVTLNVLY 296

GGTCCAGACCTCCCCAGAATTTACCCTTCATTCACCTATTACCGTTCAGGAGAAGTCCTCTACTTG TCCTGTTCTGCGGACTCTAACCCACCGGCACAGTATTCTTGGACAATTAATGAA 1200
GPDLPRIYPSFTY‘IRSGEVLYLSCSADSNPPAQYSHTINE 336

MG'['ITCAGCTACCAGGACMAAGCT CTTTATCCGCCATATTACTACAAAGCATAGCGGGCTCTATGTTTGCTCTGTTCGTAACTCAGCCACTGGCAAGGAAAGCTCCAAATCCATGACA 1320
K F Q L P QKLFIRHITTKHSGLYVCSVRNSATGKESSKSHT 376

|-—
c‘rccucrcrc‘rsc'rusmcncccmcucc'rrcc.cuncccn"rnccrcmmcrncmc CATTCAGAGAAGAGTCAGGARAACAATTGTATTCCCAGCCTGTGTCCCATGGGE 1440
VEVSGKWIUPASTLATIG End 392
ACMGCMATCCCMATTCTCCX‘CCTGMCCCK‘CCAMTTI‘GTCTMGMCTTCGAAAACTTTMCAAACAGGCTGATATCTTCATMTATTCCCAGCC]‘AGACCMGCAGGMGCATTG 1560
ATTTCATTGAAATAATTGATAATAATGAAGATAATGTTTTTATGATTTTTATTTGAAAATTTGCTG ATTCTTTAAATGG TT TG TTTTCTACATTGATGGAATTTITCTCTTAATTAATCT 1680
ATCTACAGCTTATAGCAGTTCAATARA 1707

SG8 (=PSG2)

—=B2
GAATTCACCCTTCATACACCAATTACCGTTCAGGAGATAACCTCTACTTGTCTTGCTTCGCGAACTCTAACCCACCGGCACAGTATTCTTGGACAATTAATGGGAAGTTTCAGCAATCA 119
I H P S Y TNJZYR S G DN NILY L S C F AN S NP P A QY S WTTINGI KT F Q Q S 39

GGACMMTCTGTTTATCCCCCMATTACTACAMGCATAGCGGGCTCTATG’I‘TTGCTCTGTTCGTMCI‘CAGCCACTGGGCAGGAMGCTCCACATCGTTGACAGTCMAGTCTCTGCT 239
GQNLFIPQITTKHSGLY'\«'CSVRNSATGQESSTSLTVXVSA 79

TCTACMGMTAGGACTTC!‘TCCTCTCC'I‘TMTCCMCATAGCAGCTGTGATGTCAT’l'l‘CTGTAT'X'PCAGGMGACTGGCAGGAGA’I']'!‘ATGGAMGGTCTC‘ITACMGGACTC‘K‘I‘GMT 359
s T R GLLPLL;PTEnd 92

ACAAGCTCCTGATAACTTCAAGATCATACCACTGGACTAAGAACTTTCAAAATTTTAAT GAACACGCTGATACCTTCATGAAATTCAAGACAAAGAAGAAAAATACTCAATGTTATTGGA 479
CTAAATAATCAAAAGGATAATGATTTCATAATTTTCTATTTGAAAATGTGCTGATTCTTGGAATGTTTCATTCTCCAGATTTATGAACATTTTTTCTTGAGCAATTGGTAAMGTATACTT 599

TTGTAAACARAAATTGAAACATTTCCTTTTGCTCTCTATCTGAGTGCCCCAGAATTGGG AATCTATTCATGAGTATTCATATGTTTATGGTAATAAAGCTATTTGCACAAGTTCAAAAAA 719
AAAAAAAAAALA 731

SG5 (PSG3)

L
GGACAGCACAGCTGM'AGCCATGCTCAGGMG'I‘TTC]'GGATCCTAGGCTCAGCTCCACAGAGGAGMCACGCAGGCM:CAGAGACCATGGGGCCCCTCTCAGCCCCTCCCTGCACACAG 119
M G P P C T Q -11

N
CGCATCACCTGGAAGGGGCTCCTECTCACAGCATCACTTTTAAACTTCTGGAACCCOCC TACCACTGCCCAAGTCACGATTGANGCCGAGCCAACCAAAGTTTCCAAGGGGAAGGACGTT 239
R ITMWIXGTLLTLTAGSTLTLINTPFMWNTPPTTAQTVTTITETR ATETPTZEVSTEKTS GNXKDV 17

CTTCTACTTGTCCACMT'H'GCCCCAGMT(.'H‘G(.’K‘GGCTACATCTGGTACAMGGGCAMTGMGGACCTC.I'ACCA'I'I'ACA’I'I‘ACATCATACGTAGTAGATGGTCMATMTTATATAT 259
L L L V HNILUPUOQNTILAWALSGYI W Y K G Q M KDL Y T 8 Y VVDGQTII 57

GGGCC‘I‘GCATACAGTGGACGAGAMCAGTATATI‘CCMTGCATCCCTGCTGATCCAGMTGTCACCCGGGAGGACGCAGGATCCTACACC‘K‘TACACATCGTAMGCGAGGTGATGGGACT 479

G P A Y S GRETV Y A1 L I Q s V TREUDA AGS Y T H I V K R [ 97
AGAGGAGMAC‘I‘GGACA’I‘TTCACCI‘TCACCTTATACC'I‘GGAGACTCCCAAGCCCTCCAT CTCCAGCAGCAACTTATACCCC TGTGAGCTTAACCTGTGATCCT 599
R G E T H F T F L Y L K P S I 8§ s S N L Y PREUDNMTEA KV Y SULT C D P 137

GAGAC‘I‘CCGGACGCMGCTACCI‘GTGGTGGATGMTGGTCAGAGCCTCCCI'ATGACTCACAGC‘K'I‘GCAG‘I"NSTCCAMMCAMAGGACCCI’CK‘I'I‘CTATHGGTGTCACAMGTACACT 719
ETPDASYLWHHNGQSLPHTHSLQLSKNAzKRTLPbFGVTKYT 177

——
CAGCCGCAGTGACCCAGTCACCCTGAATCTCCTCCCGAAGCAGGACCCTATGAATGTGAAATACGGAACCC, “GCTGCCCA 'CCTACATCACCATCAACAACTTAAACCCC 839
A G YEEEIRNPVSASRSDPVTLNLLPKLPKPY!TINNLNP 217

AGGGAGAATAAGGATGTCTTAGCCTTCACCTGTGAACCTAAGAGTGAGAACTACACCTA CAT‘I'I‘GGTGGC'I‘AMTGGTCAGAGCCTCCCGGTCAGTCCCAGGGTMAGCGACCCATTGM 959

RENKDVLAFT(“EPKSE:YTYKHHLNGQSLPVSPRVKRPI 257
=82

MCAGGRTCC‘I‘CA‘I‘TC‘I‘ACCCAGTCTCACGAGMATCMACAGGACCCTATCMTGTGA MTACAGGACCGATANGTGGCATCCGCAGTTACCCAG'!‘CACC(.‘I’GAATGTCCI‘CTATGG'l‘ 1079

N R I PSVTR‘ETGPYQCEIQDRYGGIRSYPVTLNVLYG 297

CCAGACCTCCCCAGAATTTACCCTTCATTCACCTATTACCATTCAGGAGAAAACCTCTACTTGTCCTGCTTCGCGGACTCTAACCCACCAGCAGAATATTCTTGGACAATTAATGGGAAG 1199
PDLPRIYPSFTYYHSGBNLYLSSPADSNPPAIYSHTINGK 337

TTTCAGCTATCAGGACAAMGCTCTTTATCCCCCAGATTACTACARAGCATAGCGGCCTCTATGCTTGCTCTGTTCGTAACTCAGCCACTGGCATGGAAAGCTCCAAATCCATGACAGTC 1319
PQLSGQKLFIPOITTKHSGLYA(.:SVRNSATGIESSKSHTV 377

——
AAAGTCTCTGCTCCTTCAGGAACAGGACATCTTCCTGGCCTTAATCCATTATAGCAGCCGTGATGTCATTTCTGTATTTCAGGAAGACTGGCAGACAGTTGCTITCATTCTTCCTCAAAG 1439
K v S AP SGTGEHTLPGTLNTEL 394
TATTTACCATCAGCTACAGTCCAAAATTGCTTTTTGTT TTTATGAAMAGAC T=TGACAAGGACTCTTGAATACAAGTTCCTGATAACTTCAAGATCATACCACTGGACTAAG 1559
AACTTTCAAAATTTTAATGAACAGGCTGATACTTCATGAAATTCAAGACAAAGAAAAAA ACCCAATTTTATTGGACTAAMTAGTCAAAACAATGTTTTCATAATTITCTATTTGAAAATG 1679
TGCTGATTCTTTGAATGTTTTATTCTCCAGATTTATGCACTTTTTTTCTTCAGCAATTG GTAAAGTATACTTTTGTAAACAAAAATTGAAACATTTGCTTTTGCTCOOTANGTGCCCCAG 1799
AATTGGGAAACTATTCAGGAGTATTCATATGTTTATGGTAATAAAGTTATCTGCACAAG TTCAAAAAAAAAAAAAAAA} AAAAAAAAAAAAAAAAAAAARAAAAARAAMMAAAAAAAAAA 1919
AAAAAAAAAAARAAAAAAAAAAAAN 1943
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1108 TAGCAGCCGTGAAGTCATTTCTGTATTTCAGGAAGACTGGCAGGAGATTTATGGAAAAGACTCTGACAAGGACTCTTGAATACAAGTT
284 T T G_T T, Lof
1371 T

1412 |[BAGACAGTTGCTTTCATTCTTCCTCAAAGTATTTACCATCAGCTACAGTCCAAAATTGCTTTTTGTTCAA| 1580

1185 CCTGATAACTTCAAGATCATACCACTGGACTAAGAACTTTCAAAATTTTAATGAACAGGCTGATACCTTCATGAAATTCTAGACAAAG
371 A
1458

1283 AAGAAAAAAACTCCATGTTATTGGACTAAATAATCAAAAGCATAATGATTTCATAATTTTCTATTTGAAAATGTGCTGATTCTTTGAA
459 T A G G

1545 CA_T G C T

1371 TGTTTTATTCTCCAGATTTATGAACTTTTTTTCTTGAGCAATTGGTAAAGTATACTTTTGTAAACAAARAATTGAAACATTTGCTTTTG
547 C A C

1632 C C

1459 CTCTCTATCTGAGTG
635 CCCCAGAATTGGGAATCTATTCATGAGTATTCATATGTTTATGGTAATAAAGCTATTTGCACAAGTTC

1719 C A G T C

Figure 4. Nucleotide alignments of 3' untranslated regions of
PSG5, SG8 and SG5. Identical nucleotides are represented with a
line, only missmatches are written out. Broken lines show gaps.
Nucleotide numbers are given to the left. The 67 nucleotide
deletion (position 1412-1580) in SG5 1is shown under the
alignment. The consensus splice acceptor site in SG5 is boxed at
the point of deletion.

The pre-protein of SG9 was 426 amino acids and the molecular

weight of the polypeptide without the leader was 44,120 Daltons.

The

C-terminal domain consisted of 12 residues and was

hydrophobic in character.

SG8, an EcoR1l fragment of 731 nucleotides, was a truncated cDNA
lacking most of the coding sequence at the 5' end. The 5' EcoR1l
site was an internal site and this clone probably has resulted
from incomplete EcoRl site protection during construction of the
cDNA library. The coding sequence started at the twentysecond
nucleotide of the B2 domain and contained 78 amino acids. This
domain was followed by the C-terminal domain, which comprised 14

amino acids, and the 3' UTR (453 bp). There was a polyadenylation

Figure 3. Nucleotide and deduced amino acid sequence of SG3, SG8
and SG5. Sequences are marked with domain boundaries. Cysteines
are marked with dots and Asn-Xaa-Ser/Thr glycosylation sites with
stars. RGD sequence and poly (A) signal are underlined.
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site at position 690-695 and the cDNA ended with an 18 oligo (A)

stretch.

The 3' UTRs of SG5 and SG8 were highly homologous (95 %) (Figure
4). On the other hand, the 3' UTR of SG9 differed from that of
SG5 and SG8, except for 80 % homology over a stretch of 92 bp

(1553~1645) located 30 bp 5' to the poly A signal of SG9.

DISCUSSION

Data base comparisons reveal that the three submandibular
salivary gland clones described here are identical to recently
described c¢DNA clones from placenta and fetal liver. Thus, SG5
was identical to PSG3, originally described in placenta while SG9
was 1ldentical to PSGld, expressed in fetal liver and placenta
(Table I and II). As the SG8 partial cDNA clone is identical to
the 3' end EcoRl fragment of PSG2, which includes the B2 and C
domains as well as the entire 3' UTR, we may reasonably
conclude that SG8 and PSG2 code for an identical glycoprotein
although it cannot be excluded that the SG8 and PSG2 mRNAs are
two differentially spliced variants of the same gene, having a

different domain arrangement.

This study shows clearly that PSGs are expressed in normal
submandibular salivary gland. Thus PSGs are not confined to
placenta and fetal liver, although it would appear as if they are
only expressed at high levels in these tissues. Earlier studies,
using reactivity with antisera or monoclonal antibodies and
molecular size as the criteria to identify PSGs, indicated that
normal skin fibroblast (17,18,19), and cells of the
myelomonocytic lineage (20) express PSG. However, due to the

difficulty in distinguishing different CEA family members from
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Table IJ. Distribution of PSGs in normal human tissues and tumor cell lines

Tissues and cells

PSG
Normal tissues Tumor cell lines
Placenta Fetal Salivary Colon Testis HL-60 KG-1 HeLa
liver gland
1 + + + +(t)
2 +(t)
3 + +(t,1)
4 +(t)
5 +(t)
6
7 +
8 +(1)
9
10 +(?)
11 + +

Data compiled from the following sources: placenta and fetal liver (see Table
I); submandibular salivary gland (this paper); normal colon (21); testis
(22,23), HL-60 (25); KG-1 (24); HelLa (22). (t), truncated cDNA; (i), <cDNA
containing intervening sequences.

each other by immunological reagents, these earlier studies do
not conclusively prove that the tissues express PSGs. Table II
gives tissues and tumor cell lines where the presence of PSGs has
been established by molecular cloning and sequencing of the
corresponding cDNA. As can be seen PSGs have so far been
demonstrated in normal submandibular salivary gland (this paper),
colon (21), and testis (22,23). Note, however, that all three PSG
cDNA from testis either contained intervening non coding
sequences or were truncated at the 5' end (Table II). Among tumor
cell 1lines PSG cDNAs were demonstrated in libraries from the
erythroleukemia cell line, KG-1 (24), the promyelocytic leukemia
cell 1line, HL-60 (25) and the cervix carcinoma cell line, Hela

(22). It is interesting to note that different tissues or cells
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tend to express different PSGs. PSG expression may therefore be
regulated in a tissue specific - as well as in a developmentally
related-manner. Experiments aiming at identifying regulatory

elements in selected PSG genes are in progress.

There is a strikingly high homology (94 %) between the 3' UTR of
SG5, SG8 and PSG5 (Figure 4). This homology extends to PSGld
(5G9) and to CEA since they contain segments which are homologous
to 5G5, SG8 and PSG5. Moreover, 3' UTR of NCA 55/95 was found to
be highly homologous (430 bp) to PSGla (26). These findings

strongly suggest a common evolutionary origin of the genes.

As mentioned above, the homology between the 3' UTRs of SG5, SGS8
and PSG5 was of the order of 94 %. However, a deletion of 67
nucleotides was found at position 1146 and 321 of PSG5 and SG8,
respectively. The 67 bp segment begins with a consensus splice
acceptor site. The results indicate that the 3' UTRs of these

genes comprise more than one exon.

There are four differentially spliced forms of the PSGl gene (a-
d) (Table I) which give rise to PSGs with different C-terminal
domains. In this tissue we have so far only identified PSGld. The
intron-exon organization is known only for one member of the PSG
subgroup, i.e. PSG8 (ref 26, Table I). The predicted PSG1l gene is
analogous to PSG8 in that all the domains of PSG1l have
corresponding exons in the PSG8 gene, including the C-terminal
domains. The four C-terminal domain exons are arranged in two
sets of two overlapping exons where Cd overlaps with Cc and Ca
overlaps with Cb. PSG1ld is an unspliced mRNA, the C-terminal of
which is a continuation of the open reading frame of the B2

domain. It utilizes the first poly A signal which 1lies in the
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coding part of the 1lc C-terminal domain. Recently, Streydio et al
(27) reported a second variant of PSGld cDNA (Ci), which gave the
same 12 amino acid C-terminal as does the PSGld studied here
while utilizing the poly A signal present in the next exon, to
form a longer 3' UTR. CEA mRNA also occurs in two different size
fractions (i.e. 4.0 and 3.5 kb). They apparently code for an
identical peptide but wutilize two different polyadenylation

signals.

In summary, we show through cDNA cloning the expression of three
PSGs in human submandibular salivary gland. Protein and mRNA
analysis of submandibular salivary gland revealed the presence of
NCA 55/95 and BGP a/c in this normal adult tissue (13). Thus
there are at 1least 5 CEA gene family members expressed in

salivary gland although not necessary in the same cell type.
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