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ABSTRACT

Complementary DNA clones coding for both carcinoembryonic antigen
(CEA), a well characterized colonie tumor marker, and nonspecific cross-
reacting antigen (NCA), a related antigen, were expressed in Chinese
hamster ovary (CHO) cells and L-cells (mouse fibroblasts). A genomic
clone coding for CEA was also expressed in CHO cells. Positive clones
were identified by fluorescence flow cytometry and enzyme-linked im-
munosorbent assay. Membrane location of the recombinant CKA and
NCA was confirmed by indirect immunofluorescencc labeling of the
transfectants, followed by visualization under a fluorescence microscope.
The apparent molecular weight of the expressed CEA and NCA were
180,000 and 96,000, respectively, for both cell lines, as determined by
immunoblot analysis. The CEA and NCA expressed on CHO cells were
sensitive to treatment with phosphatidylinositol-specific phospholipase
C (PI-PLC), whereas the CEA and NCA proteins on L-cells were
resistant to removal by PI-PLC. Unlike NCA, which contains three
methionine residues, the only methionine in CEA is in the C-terminal
hydrophobic domain. This domain in CEA was shown to be removed and
replaced by a phosphatidylinositol glycan (PI-C) anchor (Hefta et al.,
Proc. Nati. Acad. Sci. USA, 85: 4648-4652, 1988). The recombinant
CEA from both CHO cells and L-cells could be labeled with |'I(|-
ethanolamine (a component of the PI-G anchor) but not with |'*Sj

methionine, whereas the recombinant NCA could be labeled with both
('Hjethanolamine and |"S|methionine. The labeling studies and PI-PLC

treatment results are consistent with the CEA and NCA expressed on
CHO cells possessing a PI-G anchor. The CEA expressed on the L-cell
transfectants may contain a PI-G anchor which is resistant to cleavage
by PI-PLC. In addition, the membrane-bound and secreted levels of CEA
from the CHO and L-cell transfectants were determined.

INTRODUCTION

CEA3, a M, 180,000 glycoprotein, was first described by Gold
and Freedman in 1965 as a tumor-specific antigen in colonie
carcinomas (1). Later it was found in fetal colon (2). CEA has
since been found in normal adult colon, but the level of expres
sion is 35-fold lower than that found in primary colon carci
nomas (3, 4). Because of its presence on tumors, CEA remains
an important indicator for the progression of colonie cancer
and for locating the site of cancerous growth (reviewed in Ref.
5). The sequence of CEA, as determined by both cDNA and
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direct protein sequencing (6-8), has revealed that it is a member
of the immunoglobulin supergene family. Its structure, as pre
dicted from the cDNA sequence, is composed of a 34-amino
acid leader peptide, a 108-residue N-terminal domain, three
highly homologous immunoglobulin-like domains each com
prising 178 residues, and a 26-amino acid hydrophobic C-
terminal domain, which originally was believed to act as a
membrane-anchoring domain. Recent work from our laboratory
and others has demonstrated that this predicted C-terminal
domain is removed post-translationally with addition of a PI-
G anchor (9, 10).

Immunological and structural studies have established the
existence of a family of proteins related to CEA. The first such
antigen to be described was NCA, which has a molecular weight
of 55,000-60,000 (11-13). It has been isolated from colonie
tumors, normal lung, and normal spleen (11, 13). Mach and
Pusztaszeri (12) found NCA to be present in smaller amounts
in normal liver, breast, prostrate, and gut. NCA has also been
located on the surface and in the cytoplasm of neutrophils,
monocytes, bone marrow myelocytes, and macrophages (14,
15). More recently. Mach and co-workers (16, 17) have distin
guished between four forms of NCA: NCA-55 (M, 55,000)
found on granulocytes and epithelial cells and NCA-90 (M,
90,000), NCA-95 (Mr 95,000), and NCA-160 (M, 160,000)
found on granulocytes. In addition, this laboratory has isolated
an NCA-like antigen from liver mÃ©tastasesof a colonie adeno-
carcinoma. Because of structural and immunological differences
from NCA, this antigen was given the provisional designation
of TEX (18). Besides the NCAs, several other antigens belong
ing to the CEA family have been isolated, including biliary
glycoprotein I (19), a M, 128,000 antigen (20), and several fecal
antigens (21). Southern blots probed with N-terminal- or im
munoglobulin-like domain-coding sequences of CEA suggest
that there are 9-11 possible genes in the CEA family (22).
Recently, the genes for this family were localized to chromo
some 19 (23).

The cDNA sequence for NCA (24, 25) has been determined.
Like CEA, the predicted sequence contains a 34-amino acid
leader peptide. a 108-residue N-terminal domain, and one copy
of the 178-residue immunoglobulin-like domain. In addition,
NCA contains a predicted 24-amino acid hydrophobic C-ter
minal domain which, like CEA, is processed post-translation-
ally by addition of a PI-G anchor (47. 48). The 3' untranslated

regions of CEA and NCA are unique to each protein. When
Southern blots are probed with fragments from each 3' untrans

lated region, unique and distinct bands are seen for each probe,
indicating that CEA and NCA are each coded for by a single
unique gene (23).

The function(s) of CEA and NCA are yet to be established
definitively. Recent evidence suggests that CEA can act as an
intercellular adhesion molecule (26). In order to gather more
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CEA AND NCA EXPRESSION

evidence concerning the functions of CEA and NCA and to
study the signals directing the attachment of the PI-G tail, we
have expressed both CEA and NCA in two different mammalian
cell lines, L-cells and CHO cells. For expression we have used
full-length cDNA clones for CEA and NCA, as well as a full-
length genomic clone for CEA which we recently have isolated.4

We have characterized the expression products and quantitated
the levels of CEA expression. Furthermore, we demonstrate
that both CEA and NCA can be released from CHO cells with
PI-PLC, whereas the proteins are resistant to release upon PI-
PLC treatment of the L-cell transfectants. L-cells have been
postulated to contain some defect which interferes with mem
brane expression of PI-G-anchored proteins (27, 28).

MATERIALS AND METHODS

Transfection and Cell Lines. L-cell strain NCTC clone 929 (L-929)
(ATCC CCL 1) and CHO-K1 cells (ATCC CCL 61) were purchased
from the American Type Culture Collection. L-929 cells were grown in
Eagle's minimum essential medium with Earle's salts, 10% calf serum,
and CHO-K1 cells in Ham's F12, 10% FBS. LS174T cells (ATCC
CL188) were grown in Dulbecco's modified Eagles' medium/Fl2, 10%

FBS. All media and supplements, as well as D-PBS and 1x trypsin-
EDTA (0.05% trypsin, 0.53 mM EDTA), were purchased from Irvine
Scientific, J. R. Scientific, GIBCO, or Flow Laboratories, Inc.

A 2800-base pair EcoRl fragment from pCEA 14 (unpublished clone
with the same coding region sequence as that published in Ref. 8),
containing a full length cDNA for CEA, and a 1200-base pair Ssp\/
EcoRl fragment from pNCA 13 (24), containing a full length cDNA
for NCA, were each cloned into the Hindlll site of the mammalian
expression vector pHfÃAPr-1-neo(29), containing the /i-actin promoter,
to form CEA/pHÃŸand NCA/pH/3, respectively (see Fig. 1). In both
cases, the 5' overlapping (EcoRl and Hindlll) ends of each insert and

the vector were filled in using Klenow fragment (30) to make blunt
ends, and the inserts were ligated into the vector using T4 DNA ligase.
All enzymes used were purchased from Bethesda Research Laborato
ries, Boehringer Mannheim Biochemicals, or New England Biolabs,
Inc.

L-929 cells were transfected with CEA/pHft NCA/pH/3, and
pH/3APr-l-neo by electroporation (31), using a Cell-Porator system
(Bethesda Research Laboratories). The cells (2.5 x IO6 viable cells/
transfection) were transfected with 40 Mgof linearized plasmid in Opti-
MEM I medium (GIBCO) containing 2% FBS at 200 V, 800 MF.After
24 h, 1 mg/ml G418 (GIBCO) (1 mg/ml actual concentration of G418;
crude G418 contains 40-50% G418) was added. Colonies were counted
after 11 days of G418 selection. Transfection efficiencies of approxi
mately 1 transfectant/106 viable cells/Mg DNA were obtained. G418-

resistant transfectants were subcloned twice by limiting dilution. Clones
were assayed using an ELISA (see below) to identify those clones
expressing the highest levels of CEA and NCA. In this manner, CEA/
pHÃŸclone A6-B6 and NCA/pH/3 clone D5-A4 were obtained.

CHO-K1 cells were transfected with CEA/pH/3, NCA/pH/3,
pH/3APr-l-neo, and full-length CEA genomic clone cosCEAl4 by li-

pofection (32). Clone cosCEAl was obtained from a genomic library
constructed in the cosmid vector pHC79-20s/tk (gift from W. Linden-
maier, Braunscheig, Federal Republic of Germany). CHO-K1 cells (5
IO5 viable cells/transfection) were transfected with either 20 ng of
linearized plasmid (CEA/pHft NCA/pH/Ã,pH0APr-l-neo) or 15 Mgof
CEA genomic clone cosCEAl plus 5 Mgsupercoiled pH/3APr-l-neo,
using 60 Mgof lipofectin (Bethesda Research Laboratories) in Opti-
MEM-I medium supplemented with nonessential amino acids but not
FBS. After 24 h 10 ml of Ham's F12, 10% FBS, were added. After an
additional 24 h, the medium was removed and 15 ml of Ham's F12,

10% FBS, containing l mg/ml G418, were added. Colonies were
counted after 10 days of G418 selection. Transfection efficiencies of

' H. Schrewe, J. Thompson, M. Bona, L. J. F. Hefta. A. Maruya, M. Hassauer,
J. E. Shively, S. von Kleist, and W. Zimmermann. Cloning of the complete gene
for the carcinoembryonic antigen: analysis of its promoter indicates a region
conveying tissue-specific expression. Submitted for publication.
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Fig. 1. Schematic of the expression plasmids. cDNAs coding for NCA and
CEA were cloned into the Hindlll site of the expression vector pH0APr-l-neo
(29), as described in "Materials and Methods." The hatched region next to the

BamHl site contains an SV40 polyadenylation site. For NCA and CEA diagrams:
55, signal sequence; N, the N-terminal domain; A and B, immunoglobulin-like
domains; M, a short hydrophobic putative membrane-anchoring domain. Restric
tion sites: S, Sail; H, Hindlll; B. BamHl: E, EcoRl.

60-80 transfectants/IO6 viable cells/Mg DNA were obtained for CEA/
pH/3, NCA/pH/3, and pHÃŸAPr-1-neo,and approximately 40 transfec
tants/IO6 viable cells/Mg DNA for the genomic clone. G418-resistant
CHO-K1 transfectants were sorted once by fluorescence-activated cell
sorting (Becton Dickinson FACS-IV). The highest expressing cells were
collected and subcloned once by limiting dilution. Cells were assayed
by ELISA to choose high expressing clones. CEA/pH/3 clone B-10,
NCA/pHÃŸclones E-10 and B-7, and CEA genomic clone C-7 were
obtained. Clone B-10 was unstable and contained two populations,
which were further sorted by FACS into clones B-10H and B-10L (high
and low levels of CEA expression, respectively). Both L-929 and CHO-
Kl transfectants were selected at l mg/ml G418 and maintained at 500
Mg/ml.

ELISAs. The following procedure was used to assay the L-929 and
CHO-K1 transfectant subclones. The subclones were grown to con-
fluency in 96-well microtiter plates at 37Â°C,5% CO2. The cells were

removed with 1x trypsin-EDTA, and one third of the cells from each
well were plated in each of two wells (duplicates) of a 96-well microtiter
plate, which had been incubated overnight with 0.1% glutaraldehyde in
PBS, pH 8.5, at 4Â°C.The cells were pelleted at 1500 rpm for 5 min

and incubated with 0.025% glutaraldehyde (in D-PBS) for 30 min at
room temperature and then 2 h at 37Â°Cwith 4% FBS, 0.5% nonfat dry

milk (in D-PBS). The wells were washed twice with D-PBS and incu
bated 1 h at 37Â°Cwith a 1:200 dilution of anti-CEA monoclonal

antibody T84.1 (33) in D-PBS. They were then washed twice with D-
PBS and incubated 1 h at 37Â°Cwith a 1:500 dilution of horseradish

peroxidase-conjugated goat anti-mouse IgG (Sigma) in D-PBS. Finally
the wells were washed 6 times with D-PBS and incubated with substrate
solution (0.4 mg/ml o-phenylenediamine, 0.01% H2O2, 0.01 M sodium
citrate, pH 5) for 10-15 min at room temperature. The reaction was
quenched by adding an equal volume of 1 M H2SO4, and the absorbance
at 490 nm was read using a microplate reader (model MR600; Dyna-
tech. Terranee, CA).

Membrane-bound and secreted levels of CEA for each transfectant
and LS174T cells were determined using the following procedure. The
medium was removed from each 80-90% confluent flask, spun at 1500
rpm for 5 min to remove any floating cells, and decanted into fresh
tubes. The amount of CEA present in each sample was determined
using a CEA-Roche EIA kit (Hoffman-La Roche, Ine). The cells from
each flask were then removed using 1x trypsin-EDTA, pelleted at 1500
rpm for 5 min and washed once with D-PBS. The cell pellets were
resuspended in D-PBS and counted using a Coulter counter (model
0901; Coulter Electronics, Inc.). Either IO3, 10", or IO5cells from each

cell line (transfectants and LS174T) were placed in duplicate wells of a
96-well plate, which had been pretreated overnight with 1 fig/well
T84.1 monoclonal antibody in D-PBS at 4Â°C.Fifty p\ of each CEA

standard and control (0, 2.5, 5, 10, 20, and 50 ng/ml) from the CEA-
Roche EIA kit were placed in separate wells of the plate. The plate was
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centrifugea at 1500 rpm for 5 min to pellet the cells. An equal volume
of 0.05% glutaraldehyde in D-PBS (0.025% final) was added to each
well containing cells, to fix the cells. The plate was incubated 90 min
at 37Â°C.The wells were then blocked by incubating them with 4% FBS,
0.5% nonfat dry milk (in D-PBS), for 90 min at 37Â°C.The wells were

washed twice with D-PBS and 100 Â¿jlof horseradish peroxidase-con-
jugated T84.66 anti-CEA monoclonal antibody (.13) from the CEA-
Roche EIA kit were added. The plate was incubated at 37Â°Cfor 1 h.

The wells were washed 6 times with D-PBS and incubated for 30 min
at room temperature in the dark with the substrate solution listed
above. An equal volume of l M H2SO4 was added to each well to quench
the reaction, and the A 4<Â»was read as above.

Immunoblots. Transfectants (10* cells of each) were lysed by resus-

pending the cell pellet in 3x sample buffer (34) and boiling for 5 min.
The samples were run on 10% SDS-polyacrylamide gels (34) and
transferred to nitrocellulose using a Polyblot transfer system (model
SBD-1000; American Bionetics, Inc.). The recombinant proteins were
visualized by treatment first with T84.1 monoclonal antibody followed
by treatment with horseradish peroxidase-conjugated goat anti-mouse
IgG (Sigma), according to the procedure described in Towbin et al.
(35). The biotinylatcd molecular weight standards used were purchased
from Bio-Rad and were visualized using horseradish peroxidase-con
jugated avidin (Bio-Rad).

Labeling Studies. In order to determine whether the PI-G anchor
was present on the recombinant CEA or NCA, confluent T25 flasks of
each transfectant and LS174T cells were labeled for 48 h with either
[35S]methionine or ['Hjethanolamine. The flasks were rinsed twice with
D-PBS and preincubated for 2 h at 37Â°C,5% CO2, with either minimum

essential medium (containing no mcthionine) supplemented with non-
essential amino acids and 10% dialy/ed FBS, for "S labeling, or Ham's
F12, 10% dialyzed FBS, for 'H-labeling. The medium was removed

from each flask, and fresh labeling medium containing either 100 pCi
['5S]methionine or 200 jiCi ['Hjethanolamine was added to each flask

and incubated as above. After 48 h, the cells were removed from each
flask with 1 mM EDTA, combined with unlabeled cells as carrier, lysed
by boiling for 5 min in 2.5% SDS, and immunoprecipitated (36) with
T84.I monoclonal antibody. The samples were analyzed by SDS-
polyacrylamide gel electrophoresis (10% gels) (34) and visualized by
fluorography (37, 38). All radiochemicals were purchased from Amer-
sham.

RESULTS AND DISCUSSION

As a first step toward investigating the function of CEA and
NCA, we have expressed both proteins in CHO cells and L-
cells (mouse fibroblasts) as stable transfectants. Full-length
cDNA clones for each protein were used for expression, as well
as a full-length genomic clone of CEA. To obtain expression,
full-length cDNAs for CEA (unpublished clone but the coding
sequence is the same as Ref. 8) and NCA (24) were subcloned
into the expression vector pH/iAPr-l-neo (contains the 0-actin
promoter) (29), to form clones CEA/pH/3 and NCA/pH/j (see
Fig. 1). These plasmids were transfected separately into L-cells
and CHO cells. Both cell lines were also transfected with the
pH/ÃœAPr-1-neovector as a control. In addition, CHO cells were
cotransfected with a full-length CEA genomic cosmid clone4
and pH/Ã•APr-1-neo. Clones which expressed the highest levels
of CEA and NCA were then isolated from the G418-resistant
transfectants by FACS and/or limiting dilution. As shown in
the FACS analysis depicted in Fig. 2, the level of CEA and
NCA expression in both CHO and L-cell transfectants was
above background and above the pH/Ã¡APr-1-neo-transfected
cells (the specific immunofluorescence intensity was higher in
the CEA and NCA transfectants than the pHÃŸAPr-1-neocells).
In addition, the recombinant CEA and NCA were found to be
membrane bound in both cell lines, as visualized under a
fluorescence microscope after indirect immunofluorescence la
beling of the transfectants (Fig. 3, A and B).

Characterization of the Transfectants. The molecular weight
of the recombinant CEA and NCA was determined using im-
munoblot analysis. CEA/pH/3, NCA/pH/i, and CEA ge
nomic L-cell and CHO cell clones, and their pHÃŸAPr-1-neo
control cells were lysed and run on SDS-polyacrylamide gels,
and immunoblots were made using an anti-CEA monoclonal
antibody (T84.1) (33) which cross-reacts with NCA as the
primary antibody. The results are shown in Fig. 4. The ex
pressed CEA from both CHO cells (Fig. 4/4, lanes 3, 4, and 6)
and L-cells (Fig. 4A, lane 8) appeared to be the same molecular
weight (approximately 180,000) as native CEA purified from
colonie tumors (Fig. 4/4, lane I). This was true regardless of
whether the cDNA (Fig. 4A, lanes 4, 6, and 8) or genomic clone
(Fig. 4A, lane 3) was used for the transfection. The recombinant
NCA from both cell lines (Fig. 4B, lanes 1-3) appeared to be
the same molecular weight (approximately 96,000) which, in
contrast to CEA, was higher than the molecular weight of either
native NCA (55,000) (Fig. 4B, lane 5) or TEX (A/r 86,000)
(Fig. 4B, lane 4) purified from colonie tumors. The higher
molecular weight of the recombinant NCA was not surprising
since, as previously discussed. Mach and co-workers (16, 17)
have identified an NCA-95 (M, 95,000), an NCA-90 (M,
90,000) and an NCA-160 (M, 160,000) in granulocytes. Since
all of these proteins are highly glycosylated and tend to have
very broad bands on gels, the molecular weight was calculated
for the center of the smear.

The difference in molecular weight between recombinant
NCA and NCA purified from tissues could be due to a difference
in the amount and types of glycosylation of the expressed NCA.
Evidence supporting this hypothesis was recently obtained by
Hefta el al (47). when they determined the primary structure of
both NCA and TEX through direct protein sequence analysis
and fast atom bombardment mass spectrometry. They found
that TEX and NCA have identical primary structures and the
same number and placement of glycosylation sites, even though
the two proteins differ by approximately 30,000 in molecular
weight. The only difference between the two appears to be in
the extent of glycosylation at each site. This glycosylation
difference between NCA, TEX, and our expressed NCA may
be tissue specific (due to cell-specific processing of carbohydrate
moieties at each glycosylation site), since NCA is found in
epithelial cells, granulocytes, and macrophages, while TEX is
found in colon tumor tissue. Neither the L-cell nor the CHO
pH/jAPr-1-neo transfectants contained any proteins which
comigrated with the expressed CEA or NCA.

The levels of CEA expressed on the membrane surface or
secreted into the medium by the CHO and L-cell transfectants
and colon tumor cell line LS174T (a control) were measured
by ELISA and calculated per 10" cells (Table 1). The CHO cell
CEA/pH/i B-10H and B-10L clones were derived from one
unstable clone (B-10) which gave two cell populations differing
in the level of CEA expression. The two populations were FACS
sorted and renamed B-10H and B-10L. B-10L remained stable
while B-10H continued to produce a second population, ex
pressing lower levels of CEA approximately equal to the B-10L
level. When assayed, the CHO cell cDNA B-10H and B-10L
clones had similar membrane levels of CEA (20-30 ng/106
cells), although the B-10H clone secreted higher levels of CEA
(120 ng/106 cells compared to 84 ng/10" cells for B-10L). The

CEA expression level for both clones was similar to that for
LS174T cells (membrane bound, 28 ng/106 cells), a colonie

adenocarcinoma cell line known to express high levels of CEA
(39). The CHO CEA genomic clone (7 ng/10" cells) and the L-
cell CEA/pH/i cDNA clone (9 ng/106 cells) expressed similar
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Fig. 2. Fluorescence flow cytometry of PI-
PLC-lreated CEA and NCA transfectants.
CHO and L-cell transfectants were treated
with or without 2 units of PI-PLC, visualized
by indirect immunofluorescence using the
T84.1 anli-CEA monoclonal antibody (33)
(cross-reacts with NCA) as a primary antibody,
and analyzed by fluorescence flow cytometry.
as described by Hcfta et al. (9). The fluores
cence intensity is displayed on a log scale. The
no primary antibody control (â€¢â€¢¿�â€¢¿�â€¢¿�)in each
case was treated only with fluoroscein isothio-
cyanate-conjugated goat anti-mouse F(ab')2
second antibody (Boehringer Mannheim Bio-
chemicals) and gives the background fluores
cence of each sample. pHrf control cells are L-
cells or CHO cells transfected with the
pHf)APr-l-neo vector only (no insert) and la
beled with both primary and secondary anti
bodies. A, CEA/pHrf in L-cells; B, NCA/pHtf
in L-cells; C, CEA/pHrf in CHO cells; D.
NCA/pHrf in CHO cells; E. CEA genomic
cosmid clone in CHO cells.
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amounts of CEA on their cell membranes, which were approx
imately one third the level of the CHO cell CEA/pHÃŸclones
(B-10H and B-10L). They also secreted much less CEA (14-21
ng/106 cells) than the B-10H and B-10L clones (120 and 84
ng/106 cells, respectively). CHO and L-cells transfected with
only the pH/SAPr-1-neo plasmid had no detectable CEA either
on their cell membranes or in the medium. Lower expression
of CEA from the genomic clone is not unexpected, since the
genomic clone is under control of the natural CEA promoter,
not the ÃŸ-actinpromoter.

The decreased expression of the CEA/pH/3 cDNA clone in
L-cells relative to CHO cells is potentially due to a defect in
the expression of PI-G-anchored proteins in L-cells, a phenom
enon also reported for Thy-1 and Qa-2 (27, 28). Evans et al.
(27) found 50-fold higher membrane expression of Thy-1 in
mouse lymphoma or rat neuronal cell lines (Thy-1 is normally
expressed in T-cells and neuronal cells) than in L-cells. Waneck
et al. (28) could obtain a low amount of cell surface Qa-2
expression in L-cells only if they used a cDNA clone for
transfection and not a genomic clone. Our expression levels for
CEA were consistent with those experienced by these other
laboratories.

Mode of Attachment to the Membrane. When the cDNA
sequences for CEA and NCA were first determined, it was
postulated that both proteins were anchored to the membrane
through their respective short hydrophobic C-terminal do
mains. Since then, one of our laboratories and others (9, 10)
have shown that CEA is attached to the membrane via a PI-G
anchor similar to that of alkaline phosphatase or trypanosome
variant surface glycoproteins (40). We have evidence that NCA
is also anchored in this way (47). To determine if the recombi
nant CEA and NCA produced by our transfectants were an
chored by a PI-G tail, the CHO and L-cell transfectants were
treated with PI-PLC (gift from S. Udenfriend, Roche Institute)
as outlined in Hefta et al. (9), labeled by indirect immunofluo
rescence using the T84.1 monoclonal antibody (recognizes
NCA as well as CEA), and analyzed by FACS (Fig. 2). We
found that the expressed CEA and NCA could be removed
from the CHO transfectants (Fig. 2, C-E) with PI-PLC (fluo
rescence intensity displayed on a log scale decreased upon PI-
PLC treatment) but not from the L-cell transfectants (Fig. 2, A
and B) (no decrease in fluorescence intensity upon PI-PLC
treatment). The removal of CEA from the CHO transfectants'
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Fig. 3. Membrane fluorescence of expressed CEA and NCA. CHO and L-cell
transfectanls were treated as described in the legend to Fig. 2, except 1 unit of
PI-PLC was used instead of 2 units. A, NCA/pHff in L-cells without Pl-PLC
treatment; B, CEA/pH/J in CHO cells without PI-PLC treatment; C CEA/pHrf
in CHO cells with Pl-PLC treatment.

cell membrane by PI-PLC was also demonstrated by fluores
cence microscopy (Fig. 3, B and C). The field in Fig. 3C has
many more cells in it that are not visible because most of the
CEA has been removed from the membrane of these cells by
treatment with PI-PLC.

The inability of PI-PLC to remove CEA from the L-cell
transfectants suggested a defect in the PI-G anchoring mecha
nism. To determine if the CEA from L-cells was anchored via
a PI-G moiety, biosynthetic labeling studies were performed
with ['H]ethanolamine and ['5S]methionine (Fig. 5). The only

methionine in CEA, besides the initiator methionine in the
leader peptide, is located in the putative C-terminal hydropho-
bic domain. Hence, post-translational addition of a PI-G anchor
would result in elimination of the methionine. The CEA ex-

Fig. 4. Immunoblot analysis of expressed CEA and NCA. CEA and NCA
transfectant extracts were run on \0% SDS-polyacrylamide gels, transferred to
nitrocellulose, and immunostained as described in "Materials and Methods." A.

lane I, CEA standard: lane 2, deglycosylated CEA standard; lane 3, CHO cell
CEA genomic cosmid clone C-7; lane 4. CHO cell CEA/pHf) clone B-10L; lane
5, pHfiAPr-1-neo vector in CHO cells; lane 6. CHO cell CEA/pH/i clone B-IOH;
lane 7, pHf)APr-l-neo vector in I.-cells; lane 8, L-cell CEA/pH/J clone A6-B6;
lane 9. biotinylated molecular Â»eight standards (Bio-Rad). B. lane I. CHO cell
NCA/pHrf clone B-7; lane 2, CHO cell NCA/pH/i clone E-10: lane 3. L-cell
NCA-pHrf clone D5-A4; lane 4, TEX standard; lane 5, NCA standard; lane 6,
deglycosylated NCA standard: lane 7. biotinylated molecular weight standards
(Bio-Rad).

Table 1 Membrane-bound and secreted levels of recombinant CEA
The levels of CEA bound to the membrane or secreted from the L-cell and

CHO cell transfectants were determined by ELISA, as described in "Materials
and Methods." The levels in LSI74T cells were measured also as a control. The
levels in ng were calculated/10* cells.

CEA (ng/10* cells)

CelllineCHO-K1

CEA/pH0 cloneB-IOHCHO-K1
CEA/pHff cloneB-IOLCHO-K1
CEA genomic cloneC-7L-929

CEA/pH0 cloneA6-B6CHO-KI
pH/iAPr-lneoL-929

pH/JAPr-1-neoLS
174T (control)Membrane30247.09.00.00.028Secreted1208414210.00.078

pressed on L-cell and CHO transfectants could not be labeled
with [35S]methionine (Fig. 5B, lanes 2, 5, and 6), suggesting

that the hydrophobic domain is removed in both cell lines. As
a positive control, NCA, which contains three methionine res
idues, could be labeled with [15S]methionine (Fig. 5ÃŸ,lanes 3
and 7). Furthermore, biosynthetic labeling with ['Hjethanola-

mine showed that this component of the PI-G anchor was
present in the CEA as well as the NCA from both CHO and L-
cells (Fig. 5/4). The results of the labeling studies and PI-PLC
treatment were consistent with the CEA and NCA expressed
on CHO cells being anchored through a PI-G tail. The L-cell
NCA and CEA proteins may also be anchored in this way, since
the proteins were labeled with ['Hjethanolamine, but the PI-G
anchor was resistant to cleavage with PI-PLC. Increasing in
cubation times or PI-PLC concentration did not result in fur
ther release of CEA or NCA from either the CHO or L-cell
membranes. This resistance may be due to acylation of the
inositol ring with a fatty acid moiety, as has been shown for
human erythrocyte acetylcholinesterase (41). This acyl group
could, in addition to blocking the 2'-hydroxyl group and thus

preventing formation of the 1,2-cyclic phosphate product, act
as a second anchor in the membrane, preventing release even if
cleavage occurs. Further work to elucidate the structure of the
L-cell anchor is planned.

One of the reasons for expressing CEA and NCA was to
study the function of these glycoproteins. Recently, Stanners
and co-workers (26) have suggested that CEA acts as a Ca2+-

independent homotypic cell adhesion molecule. They found
that CHO cell line LR-73 aggregates in a cell adhesion assay
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Fig. 5. [3H]Ethanolamine and |"S]methionine labeling of CEA and NCA
transfectants. CHO and L-cell transfectants. as well as LS174T cells (a control),
were labeled with either [3H]ethanolamine or ["SJmethionine. lysed in SDS, and
immunoprecipitated as described in "Materials and Methods." A. transfectants
labeled with [3H]ethanolamine. B, transfectants labeled with ["SJmethionine.
Lane 1. LS174T cells; lane 2. CEA/pHrf in L-cells; lane 3, NCA/pHrf in L-cells;
lane 4. pHfiAPr-1-neo in L-cells; lane 5, CEA/pHf) in CHO cells; lane 6. CEA
genomic clone in CHO cells; lane 7, NCA/pH(< in CHO cells; lane 8. pHfiAPr-
1-neo in CHO cells. The positions of the Rainbow molecular weight standards
(Amersham) are marked.

upon transfection with and high level expression of CEA. Very
recently, one of our laboratories (42) has reported similar results
for both CEA and NCA CHO cell transfectants, but the NCA
adhesion properties appear to be very weak. Since NCA is
expressed largely in granulocytes and clumping of granulocytes
would be detrimental, one would not expect NCA to function
as an adhesion molecule but rather to have a more immunolog-
ical function. We are currently investigating other possible roles
for NCA.

No morphological change was observed in the CHO-K1 or
L-cells upon transfection with either the cDNA or genomic
clones. Although cell adhesion assays have not, as yet, been
done using the CEA and NCA transfectants described in this
paper, the transfectants did not appear to clump until anti-CEA
bivalent antibody (T84.1) was added to the cells, which appar
ently cross-linked them.

A possible criticism of the cell adhesion results reported thus
far in the literature is that the glycosylation pattern of CEA
may be critical to its function, and the CHO cell lines may
differ from human cell lines in this respect. The immunoblot
results presented here, especially for NCA, suggest that the
glycosylation patterns do differ between rodent and human
tumors. We currently are investigating the effect of glycosyla
tion on the possible cell adhesion function of CEA and other
possible functions by expressing CEA in human cell lines, such
as HeLa cells, which have been shown previously not to express

either CEA or NCA (43). HeLa cells are of epithelial morphol
ogy and should glycosylate proteins similarly to the colon
epithelial cells which normally express CEA.

One critical component of the membrane expression pattern
for CEA, namely attachment through a PI-G anchor, was
preserved in the studies presented here. These studies also
demonstrate that, although L- cells were previously suspected
of containing a defect which interferes with the post-transla-
tional addition of a PI-G tail to several proteins (40), this is
not true for CEA and NCA. Both proteins were able to be
labeled by ['H]ethanolamine (a component of the anchor), and

the expressed CEA was shown not to retain its protein anchor.
This strongly suggests that the PI-G anchor is present on the
CEA and NCA from L-cells but is resistant to cleavage by PI-
PLC.

Since the CEA and NCA expressed on CHO cells is sensitive
to PI-PLC and better expression levels can be obtained than in
L-cells, the CHO expression system will be used to investigate
the signal for PI-G attachment to CEA and NCA, using site-
directed mutagenesis. Recent studies on alkaline phosphatase
and decay-accelerating factor (two PI-G-anchored proteins)
have indicated a minimal length of hydrophobic sequence is
required for PI-G attachment (44, 45). However, Orchansky et
al. (46) found that, when they expressed (in CHO cells) a
truncated form of platelet-derived growth factor receptor that
was missing its normal transmembrane sequence, instead of
being secreted as they expected, it was PI-G tailed. They did
not determine the identify of the C-terminal amino acid at
tached to the PI-G anchor, but the region near the truncation
site is very hydrophilic, not hydrophobic as in other PI-G-
anchored proteins. Therefore, the signal for attachment, as has
been suggested by others (44, 45), appears not to be as simple
as just any hydrophobic stretch of residues of a certain minimal
length. In light of these very recent results, it will be of interest
to determine the exact nature of the signal for CEA and NCA.
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