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Pregnancy-specific Bl-glycoprotein (PSBG), a major product of the 
placenta with unknown function, consists of a set of glycoproteins 
synthesized by the syncytiotrophoblast. We report here the molecular cloning 
of 3 cDNA encoding different members of the PSpG family. Two clones (C, D) 
correspond to a single transcript undergoing differential splicing. 
The third one (E) originates from a different gene. All three clones have 
identical (C, D) or similar (E) coding sequences except for the last residues 
at their carboxyl end. They contain 93 residue motifs related to the 
ancestral Ig-like domain which makes them new members of this gene 
superfamily. A striking sequence similarity (50 to 60 W) is observed between 
PSBG and carcinoembryonic antigen (CEA)-related proteins. The evolutionary 
relationship between CEA and PSSG points to a possible common function in the 
control of cell invasion and/or metastasis. 0 1988 Academic Press, Inc. 

Among placental proteins, pregnancy specific Bl-glycoprotein (PSBG) 

is a major heterogenous product of the syncytiotrophoblast, with unknown 

function (1). Like other placental proteins, PSSG is found in neoplasms of 

various origins (2) and, in some cases, can be used as a marker of malignancy 

(3). In fact, PSBG is not specific to the placenta (4) and has been found in 

different cellular types including fibroblasts and granulocytes (5, 6). 

We have isolated cDNA clones from a cDNA library of a human term 

placenta and describe here, the primary structure of 3 PSpG proteins encoded 

by 2 different genes. Surprisingly, they share a striking homology with the 

carcinoembryonic (CEA)-related proteins which makes them members of related 

multigene families. 

*Permanent address: Department of Endocrinology, 
University School of Medecine of Poznaii, Poznti, Poland. 

Abbreviations: PSBG, pregnancy specific pl glycoproteins; CEA, 
carcinoembryonic antigen; NCA, nonspecific cross-reacting antigen. 
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MATERIALS AND METHODS 

Construction and screening of the cDNA library. A full-term human placenta 
was used to construct a cDNA expression library in the ),gt 11 vector (7) from 
a 14 to 19 S mRNA fraction enriched in PSDG mRNA activity as determined by a 
in vitro translation (not shown). The library was screened, first with a 
rabbit anti PSDG antiserum (RIA Dakoppats-Promega) and secondly, with a probe 
corresponding to the common 5' portion of the clones (see results) 
Subcloning and sequencing of cDNAs. Full-length clones were subcloned in the 
Eco Rl site of M13mplB and sequenced (8) using synthetic oligonucleotides 
(Applied Biosystem 381A) as primers and the exonuclease III digestion method 
(9) - 
Sequence analysis. The Protein Identification Resource databank (release 
15.0, Dee 87) was searched for similarities using the FASTP programm (10). 
Homologies in nucleic acids were identified as described (11). 

RESULTS 

Initial screening of the Xgt 11 human placenta cDNA library with 

anti-PSBG antibody yielded two populations of clones (termed C and D) 

presenting an identical sequence over 1328 bp from their 5' end but with a 

different polyadenylated 3' segment (fig. 1). The corresponding transcripts 

originate most probably from alternative splicing combined with differential 

use of polyadenylation signals. They contain open reading frames with the 

potential to encode proteins of 428 (C type, Mr. 48,200) and 419 (D type, Mr. 

47,200) :amino acids, differing only at their carboxyl-terminal segment (fig. 

1). The 'common primary structure of these polypeptides displays the internal 

repetition of a 93 residue motif with 72.4% and 50.0 % similarity at the 

nucleic acid and amino acid levels, respectively (fig. 1, 2, Table I). 

While performing hybridization screening of the library to ensure 

that our "C-D" clones were complete, we came across a series of different 

clones sharing a strong sequence similarity with them. We report here the 

sequence of one of these, termed "E" (fig. 1) which encodes a putative 

polypeptide of 335 residues (predicted Mr. 37,200) containing only one of the 

93 amino acid repeats present in C-D clones. Except for this, the overall 

sequence similarity between C-D and E is 86.7%. Interestingly, the similarity 

at amincm acid level ceases abruptly at the point where the sequences of C and 

D diverge. Further downstream in 3' untranslated segments, a 126 bp. sequence 

is found showing a similarity of 85% between C and E clones (fig. 3). 
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Signal peptldt A 1 1 A 11 I B II 11 
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PS4G E f K6PLSdPPcTEHIKuKELLYlAsLLNfR~LPl~A 
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Fig. 2. Comparison of NH2 terminal segments, domains A and domains B between 
PSpG (C-D and E, NCA (18) and CBA (17). The upper sequence indicates the 
perfect consensus between all the sequences. CP-set is the reported consensus 
sequence for one subgroup of the Ig superfamily (16). The potential N-linked 
glycosylation sites are underlined. Amino acid sequences diverge in the COOH 
terminal end following domain B. Structural protein organization is shown in 
inset. 

Table I. Amino acid similarities between NH2 terminal segments, domains A and 
domains B of PSPG C-D and E, CEA (17) and NCA (18). The structural 
organization of the proteins is showed in fig. 2. The number of matches is 
expressed as percent of the homology length. 

NH2 terminal 
NCA PSpG C-D PSpG B 

CEA 83.6 58 57.2 
NCA 58.7 59.4 
PSPG C-D 92.3 

Domain A 
CEA II CEA III NCA PS@G C-D I PSpG C-D II PSpG E 

CEA I 73.1 82.8 81.7 58.7 53.8 55.3 
CEA II 76.3 78.5 56.5 56.7 55.4 
CEA III 64.9 57.6 54.8 58.7 
NCA 62 59.1 59.8 
PSpG C-D I 50 88.2 
PSBG C-D II 50 

Domain B 
CEA II CEA III NCA PSPG C-D PSPG E 

CEA I 73.8 60.7 86.9 54.8 60.2 
CEA II 58.8 74.1 55.3 59.5 
CEA III 60 48.2 51.2 
NCA 54.1 60.7 
PSBG C-D 79.8 
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',:;"6 : GCIyl6lClGA~l6CCCCAGAAllss6AAlclAllcAlGA 
c c A 

PS36 E GlAllCAIA16lllAl66lAAlAAA6ClAT1l6CACAAGTlC 
PS16 C A 6 C CA A 

NCA 
957 1045 1076 1524 

-' 
..+.-.-.-.-.-., 

2025 2119 2150 
CEA -+----+ .I 

Holology III 

PSbG D ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
NCA 1 CA61 1 Cl c A + C A A 61 16 c 1 1 A 

PSBS D ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
NCA L A A CAG6 C 616 1 6AClT ACC+tt++++++tttr+ , 6 CAGG C 1 616 t 

;:fl" D ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
A A 1 A TA 1 11 1 

F""o" 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
+ A 6 11 A TCA 16 Tt CG A 

Fig. 3. Nucleotide alignements of similarities in the 3' end between PSSG C, 
D and E, CEA (17) and NCA (18) clones. All nucleotides sre identical, except 
printed nucleotides end "+" representing mismatches and gaps, respectively. 
The inset shows the localisation of homologies I (...), II (--) and III (.-.-). 
The first number of each clone corresponds to the last base of the similarity 
between domains B. Stars indicate the stop codons. 

In its NH2 terminal region, the E sequence contains an Arg-Gly-Asp 

(RGD) tripeptide which has been implicated in recognition phenomena between 

cell surface receptors and extracellular proteins (12). Two others type of 

clones under current study have a similarly located RGD (not shown). 

Computer screening of a protein data bank (see methods) revealed a 

significant sequence similarity between the 93 residue repeat and repeated 

motifs found in myelin-associated-glycoprotein (MAG) (13). MAG is a member of 

the Ig-gene superfamily (14) which includes a large set of proteins having 

evolved from a common 100 to 110 residue Ig-like domain (15). The 93 amino 

acid repeat of C-D and E contains several conserved residues (including the 

invariant cysteines) characteristic of one subgroup of the Ig superfamily 

(c2-set in ref 16) (fig. 2). This clearly makes PSpG a new member of the Ig 

superfamily. Comparaison of PSpG with individual proteins of the family, 

revealed a striking sequence similarity with the recently sequenced 

carcinoembryonic antigen (CEA)(l7) and other related proteins NCA-55 (lB), 

NCA-95 (19) (fig. 2). PSBG and CBA families share a very close structural 
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organisation with homologies involving signal peptides (34 residues), amino 

terminal domains (110-108 residues) and tandemly arranged doublets of Ig-like 

domains (A and B in fig. 2). The proteins differ mainly in the number of 

doublets they contain: one in NCA (18) and in PGpG E, three in CBA (17) and 

one-and-a-half in PSBG C-D (fig. 2). In spite of their identical 

organisation, PSDG E and NCA doublets share a higher similarity with PSpG C-D 

and CEA, respectively, which clearly defines two separate gene families (see 

details in Table I). Interestingly, the similarity extends to the 3' 

untranslated regions of the different ml?NA's: a 31 bp. segment constituting 

the 3' border of the NCA-CEA homology, 13 bp. 3' from their stop codon, is 

found at a similar location in PSDG-E (fig. 3). More surprising, a 448 bp. 

segment constituting the 3' extremity of PSBG D is found with 76% similarity 

within tlhe 3' untranslated segment of NCA, beginning precisely where NCA-CEA 

sequencers become dissimilar (fig. 3) 

DISCUSSION 

Our results demonstrate that PSBG proteins are encoded by a 

multigene family comprising a minimum of four members of which two, C-D type 

and E type, are described here. At least one gene transcript (C-D type, fig. 

1) is subjected to alternative splicing which helps explaining the structural 

heterogeneity of the protein (2). Watanabe and Chou recently reported the 

sequence of two PSpG cDNAs (20). One is virtually identical to our D clone, 

showing only three amino acid differences at position 41, 43 and 319, 

respectively, which could correspond to polymorphism. Our E clone, encoding a 

putative 37.2 kD protein, is a good candidate to account for the minor 36 kD 

PSpG-related peptide observed by these authors in in vitro translation 

experiments (20). 

The PSpG multigene family clearly belongs to the Ig-gene superfamily 

(fig. 2). In particular, with an overal 50 to 60 % sequence similarity, it is 

very close to the CEA-NCA multigene family, suggesting a relatively recent 

common ancestor. Sequence similarity, on one hand, between PSBG and CEA-NCA 

polypeptides and between individual internal repeats (Table 1) and, on the 
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other hand, between the 3' non translated end of the differents clones (fig. 

3) will allow the definition of an evolutionary tree (in preparation). 

In the absence of any solid knowledge on the role of PSpG during 

wegn-3, this evolutionary relationship provides important clues regarding 

possible functions of the protein and may explain some of its structural 

features. The known tendancy of PSDG to form multimers or aggregates (21) 

might be explained by the aptitude of Ig-like domains to engage in homophilic 

or heterophilic interactions (15). Most members of this superfamily encode 

membrane proteins with demonstrated (poly Ig receptor, macrophage Fc 

receptor, T-cell receptor, MRC) or suspected (MAG, CEA, NCAM, Thy-l) roles in 

recognition phenomena (14). While there is no indication from presently 

available sequences that PSSG could have membrane-bound forms, it is tempting 

to speculate that the various members of PSDG family could play a role in the 

recognition phenomena involved in the invasion of the mother tissue by the 

trophoblast. The presence in three members of PSDG of the RGD tripeptide 

gives further support to this hypothesis. RGD, in extracellular matrix 

proteins, has been demonstrated as a signal recognized by specific cellular 

receptors and controlling cell adhesion and migration on subtrates (12). 

Considering the "tumoral" nature of placenta, a potential role for the high 

concentration of soluble PSfiG during pregnancy might be searched in the light 

of experiments showing that RGD-containing peptides can inhibit tumor cell 

invasion (22). 

From a more practical viewpoint, the high similarity between PSDG 

and CEA-NCA may have implications in the assay of these proteins by 

immunological methods. The possibility of immunological cross-reaction should 

be considered in analysing reports on the extratrophoblastic production of 

PSDG (4, 5). In granulocytes, two "NCA", with the same molecular weight as 

two PSDG-like proteins, have indeed been identified (6, 23). 

The demonstration of close evolutionary and structural relationships 

between PSDG and CEA will undoubtedly orient future research on the role of 

both proteins. The availability of PSDG cDNA clones provides the tools to 
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test the various hypotheses regarding the functions of the protein in stably 

transfected cells and in transgenic mice. 
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