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ABSTRACT

The carcinoembryonic antigen (CEA) domain specificities of a library
of monoclonal anti-CEA antibodies were determined to investigate the
mechanisms of homophilic binding involved in CEA-mediated intercellu

lar adhesion. Using an indirect immunofluorescence cell surface staining
technique, the reactivities of these antibodies were tested systematically on
Chinese hamster ovary cells stably transfected with constructs of CEA
gene family members CEA, nonspecific cross-reacting antigen, ( (Aid.

and biliary glycoprotein, as well as on stable Chinese hamster ovary
transfectants expressing truncated CEA and CEA/nerve cell adhesion
molecule chimeric proteins. Epitopes for these antibodies were thus local
ized on the CEA molecule as follows: monoclonal antibody groups 1, 2,
and 6 react with epitopes in the N-terminal domain of CEA, whereas

groups 3, 5a, 5b, and 9 react with determinants found in the internal
repeating domains located in the C-terminal part of the CEA molecule.

Groups 4 and 8 appear to react with a repeating epitope in the internal
domains of CEA and in all CEA subfamily members. Fab fragments of
monoclonal antibody group 1 block aggregation of CEA transfectant cells,
indicating that a region in the N domain is involved in CEA homophilic
interaction. Fab fragments of monoclonal antibody group 9 recognize an
epitope dependent on the B2 and A3 domains and stimulate aggregation.
These results support the recently reported CEA-CEA homophilic recip
rocal binding model in which anti-parallel molecules are bound by 2 bonds

between the N domain of one molecule and the A3B3 domain of the
interacting partner.

INTRODUCTION

CEA,3 discovered by Gold and Freedman (1, 2) in 1965, is a

member of a large family of cell surface glycoproteins, and was
originally detected in adenocarcinomas of the human gastrointestinal
tract and in the fetal digestive system. Members of this family of
glycoproteins have since been found in a variety of tumors including
lung, breast, ovary, pancreas, stomach, and melanomas as well as in
normal tissues (3-6), and elevated levels of CEA are present in the

sera of patients with cancers (7) and some nonmalignant diseases (8).
We have shown that CEA expression is elevated in colonie tumor
tissue to an average level 35 times higher than in normal colon mucosa
(9).

The successful cloning of CEA and related cDNAs has permitted
the identification of at least 22 CEA-related genes (10, 11). The

human CEA gene family can be divided based on sequence compar
isons into 2 major subfamilies: one consisting of genes encoding
CEA, NCA, BOPs, and CGM6, as well as several other genes whose
products have not been identified (10, 12), and a second subfamily
representing the pregnancy-specific glycoproteins (13). The CEA sub-
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family members consist of highly conserved leader and N-terminal

domains, from 1 to 3 similar internal repeating domains, which are
divided into A and B subdomains, and a C-terminal domain that

provides a glycophosphatidyl inositol membrane anchor (CEA, NCA,
CGM6) or a transmembrane region and intracytoplasmic tail (BGPs)
(see Fig. 1). CEA contains an N-domain, and AI B1, A2B2, and A3B3

internal repeating domains that are about 80% homologous at the
nucleotide sequence and 60-70% homologous at the amino acid se
quence levels (14). NCA and CGM6 consist of an N-domain and a

single internal domain (AB), and exhibit 87% nucleotide sequence
similarity to CEA (15-18). Different splice variants of BGP have been

found that differ in the number of internal repeats and length of the
cytoplasmic tail. BGPa consists of N, A1B1, A2, and TM domains
followed by a long cytoplasmic (Cyt) tail (71 AA) (19), whereas
BGPb contains N, A1B1, TM, and the same long Cyt domain (20).
BGPx lacks all internal domains and consists of N, TM. and the long
Cyt domain.4

The CEA family is a subset of the immunoglobulin gene superfam-

ily, many of whose members are involved in cell recognition phe
nomena, including intercellular adhesion (21). We and others have
demonstrated that CEA, NCA, and BGPs can mediate homophilic as
well as heterophilic intercellular adhesion in vitro (22-25). We have

proposed a reciprocal homophilic CEA binding model in which the
N-domain of one molecule recognizes the A3B3 domain of an anti-

parallel CEA molecule on the apposed cell surface, thus forming 2
regions of interaction and a particularly strong intermolecular bond.5

The precise mapping of the immunological determinants recog
nized by monoclonal antibody reagents (26) can be exploited in the
definition of the regions of the CEA molecule relevant to the inter
cellular aggregation process. Our laboratory has produced a library of
MAbs reactive with purified CEA that, on the basis of competitive
inhibition and immunochemical studies, have been subgrouped into 9
distinct epitope groups, each recognizing a different region on CEA
(27). In the current study, we took advantage of truncated CEA and
CEA-NCAM chimeric constructs expressed in stable CHO transfec

tants and CEA domain fusion peptides made in bacteria to more
precisely locate the epitopes recognized by each of these 9 subgroups.

We then studied the effects of Fab fragments of these "mapped"

reagents on CEA-mediated homotypic intercellular adhesion. A MAb
of group 9 enhanced cell-cell aggregation, whereas a MAb of group 1

completely inhibited aggregation, indicating that regions of the A3B3
and the last two-thirds of the N-domain are involved in CEA-CEA

homophilic binding; these results support our proposed double recip
rocal binding model of homophilic CEA interaction.5

MATERIALS AND METHODS

Constructs. CEA/NCAM chimeric cDNA constructs were made and their
sequences were confirmed as reported previously5 (see Fig. 2J.ANCEA cDNA,

a CEA cDNA construct with a deletion of the last 75 amino acids of the
N-domain, was generously provided by Dr. S. Oikawa5 (Suntory Institute for

Biomedicai Research, Osaka, Japan).

J T. R. Barnett, personal communication.
5 H. Zhou, A. Fuks. G. Alcaraz, T. J. Boiling. C. P. Stanners. Homophilic adhesion

between lg superfamily carcinoembryonic antigen molecules involves double reciprocal
bonds, accepted for publication.
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Antibody Group
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Fig. 1. Reactivities of anti-CEA monoclonal antibodies with transfectants of CEA, NCA, CGM-6, BGPa, BGPb, and BGPx and their corresponding protein domain structures. The

monoclonal antibodies are grouped from 1 lo 9 as shown in "Materials and Methods." P, polyclonal rabbit anti-CEA antiserum. Each antibody was tested for cell surface

immunofluorescence with each transfectant as described in the text. +, strong cell surface immunofluorescence; -, lack of detectable reactivity (see Fig. 3); letters above each construct,
different domains, n = N-terminal domain (V-set Ig domain), A1-A3 and B1-B3, internal repeat subdomains (C2-set Ig domain); TM, TM domain; Cyt, cytoplasmic domain. Arrows

at the end of CEA, NCA, and CGM6, glycophosphatidyl inositol (GPI) linkages to the cell membrane.

Cell Culture and Cell Transfections. LR-73 cells (27), derived from the
CHO line, and its transfectants were grown in monolayer culture in a-MEM

(28, 29) supplemented with 50 fig/ml ascorbic acid and 10% fetal bovine
serum (growth medium).

CGM6 cDNA was isolated by Dr. Danny Boucher in our laboratory (18).
BGPx cDNA was generously provided by Dr. Thomas R. Barnett (Molecular
Diagnostics, West Haven, CT). Transfectants of CEA, NCA, CGM6, BGPa,
BGPb, and BGPx were obtained by calcium phosphate-mediated coprecipita-
tion (30). Briefly, 3 X IO6 cells were transfected with 5 ^g of the correspond

ing cDNA inserted into the p91023B expression vector (R. Kaufman, Genetics
Institute, Boston, MA), 10 pig of LR-73 carrier genomic DNA, and 0.5 (xg of

the dominant selectable marker pSV2AS (31) (for CEA, NCA, CGM6, and
BGPx) or pSV2Neo (32) (for BGPa and BGPb). PSV2AS-transfectant clones
were selected with the asparagine synthetase inhibitor, albizziin, in asparagine-
free medium (31), whereas pSV2neo-transfectant clones were selected with

400 /xg/ml of G418 in growth medium (24). The transfectant clones were
characterized for their recombinant protein production as reported previously
(22, 24, 33).

Indirect Immunofluorescence Cell Surface Staining. Cells were grown
on chamber slides (Lab-Tek) to confluency and exposed to growth medium
containing monoclonal antibodies for l h at 4Â°C.The monolayer was then

washed with the same medium lacking the antibody and incubated for l h at
4Â°Cwith a fluorescein isothiocyanate-conjugated goat anti-mouse antibody.

Positive staining was evident as bright cell surface fluorescence in a continuous
or punctate pattern. Cells that were not stained by a given antibody were
indistinguishable from the dark background (see Fig. 3).

Enzyme-linked Immunosorbent Assay. Constructs expressing CEA do
mains N, A1B1, A2B2, and A3B3 fused to the Escherichia coli CTP:CMP-3-
deoxy-ma/ino-octulosonate cytidylyltransferase (CKS) gene (34) were grown

in E. coli and the expressed products purified following the protocol of Hass
et al. (35); 200 n\ of CEA fusion peptides (containing from 480 to 960 ng)

were coated on Immulon 2 microtiter plates (Dynatech Laboratories, Inc.) and
incubated at 4Â°Covernight. The wells were washed 4 times with PBS, blocked

with 5% milk in PBS at room temperature for 2 h, and washed twice with PBS.
The plates were then incubated with 100 jxl of monoclonal antibodies at 4Â°C

overnight, washed 4 times with PBS, and incubated with 100 fj.1 of 1/3000
diluted alkaline phosphatase-conjugated AffiPure goat anti-mouse IgG + IgM

(H + L) (Jackson ImmunoResearch) at room temperature for 2 h. The plates
were washed 4 times with PBS, 100 fxl of p-NPP solution [1 mg of parani-

trophenyl phosphate (Kiekegaard & Perry Laboratories)/ml diethanolamine]
were added, and the A405was read on a microplate reader (Bio-Rad). A positive

reaction in the tabulated results represents a value greater than twice that
obtained by the given antibody with an irrelevant protein (negative control) in
the enzyme-linked immunosorbent assay.

Preparation of Fab Fragments by Papain Digestion. MAb groups 1 to 9
have been described previously (27), and the following specific monoclonal
antibodies were chosen as representative; group 1, A20.12.2; group 2, A21.9.1;
group 3, B7.8.5; group 4, J22.4.4; group 5a, D6.20.7; group 5b, E13.21.25;
group 6, bl8.7.7; group 7, Fl.1.8; group 8, bl7.25; group 9, dl4.6.43. Hybri-

doma T84.66A3.1A.1F2 was obtained from the American Type Culture Col

lection.

Antibody Group

4 5a 5b 6 7 89

CEA

NCAM

CN-1

CN-2

NC-1

NC-2

ANCEA
A1 B1 A2 B2 A3 B3

Fig. 2. Reactivities of anti-CEA monoclonal antibodies with Iransfectants of CEA, NCAM, CN-1, CN-2, NC-1, NC-2, and ANCEA and their corresponding protein domain structures.
The monoclonal antibodies are grouped from 1 to 9 as listed in "Materials and Methods." P, polyclonal rabbit anti-CEA antiserum. Each antibody was tested for cell surface

immunofluorescence with each transfectant as described in the text. +, strong cell surface immunofluorescence; -, lack of detectable reactivity. The N-terminal and internal repeat
domains of CEA are labeled as N, Al, Bl, A2, B2. A3, and B3. The 5 C2-set Ig domains in NCAM are numbered; FN, partial fibronectin-like repeats. Arrows at the end of each protein

construct, glycophosphatidyl inositol (GPI) linkages to the cell membrane.
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LR

LR (CEA)

LR (NCA)

Fig. 3. Indirect immunofluorescent cell surface
staining of parental cells (LR), and CEA, NCA, and
BGPa transfectanl cells. Cells grown on microwell
slides were labeled with MAb groups 4 (A ) or 9 (B)
and detected by anti-mouse IgG FITC conjugate.
Fluorescence and phase-contrast micrographs of
monolayer cultures were taken for cells indicated.
Magnification: X 400.

LR (BGPa)

B

LR

LR (CEA)

Purified monoclonal antibodies were digested with papain following a mod
ification of the protocol of Parham (36). Briefly, monoclonal antibodies were
digested with papain at a ratio of 10:1 by weight in PBS solution containing 2
HIMEDTA and 5 mm cysteine (freshly prepared). The digests were incubated at
37Â°Cfor 4 h, and iodoacetamide was added to a final concentration of 7.5 nui

to inactivate the papain. The Fab fragments were fractionated by Sephadex
G-100 chromatography, and dialyzed against a-MEM in preparation for ag
gregation assays. Papain digestions were monitored by sodium dodecyl sulfate-

gel electrophoresis, and eluate fractions were selected so as to reduce the
possibility of contamination by intact antibodies.

Adhesion Blocking Assays. Monolayer cultures of a CEA transfectant
clone of LR-73 (producing 100 ng of CEA/mg of cell protein) in the late

exponential phase of growth were rendered single cell suspensions by incu
bation at 37Â°Cfor 3 min in PBS containing 15 mM sodium citrate and 0.06%

Bacto trypsin. Adhesion assays were carried in suspension as described pre
viously (22). Briefly, cells at a concentration of 3 X 10'' cells/ml in a-MEM
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containing 0.8% fetal bovine serum and 10 ng/ml of DNase I were stirred at
KM)rpm at 37Â°C,and the percentage of cells remaining as single cells was

measured as a function of time. For the blocking studies, adhesion was per
formed in the presence of Fab fragments at a final concentration of 83.3 )j.g/ml.

RESULTS

Reactivities of Anti-CEA Monoclonal Antibodies. A large series

of monoclonal antibodies reactive with purified CEA had previously
been categorized into 9 epitope groups, in which the members of a
given group recognize the same or neighboring antigenic determinants
on CEA (27). Group 5 was further subdivided into group 5a and 5b on
the basis of the sensitivity or resistance, respectively, of its epitope to
reduction with ÃŸ-mercaptoethanol. For the current studies, a repre

sentative member of each group was selected to determine its reac
tivity by indirect immunofluorescence on whole, unfixed cells from
stable transfectant clones of CEA, NCA, CGM6, BGPa, BGPb, and
BGPx (see Fig. 1 for their basic structures). The results are shown in
Fig. 1: antibodies of groups 3, 5a, 5b, and 9 were reactive only with
CEA, thus recognizing a determinant not shared by the other members
of the CEA subfamily. Group 8 was cross-reactive with CGM6,
whereas groups 1 and 2 were cross-reactive with all members of the

BGP set tested. The antibody of group 6 reacted with every family
member except CGM6, whereas MAb group 4 interacted with CEA,
NCA, CGM6, BGPa, and BGPb, but not BGPx. The antibody of group
7 was not reactive with any of the transfectants tested; we have
previously shown this reagent to recognize a cryptic epitope that is not
displayed on the cell surface but that is accessible only on the purified
molecule (27). Finally, a polyclonal anti-CEA antiserum was reactive

with all the tested CEA family members and was used as a positive
control in the staining experiments. Examples of the cell surface
staining patterns on the transfectants are illustrated in Fig. 3 and
demonstrate the cell surface localization and distribution of the trans
fectant gene products.

The epitopes on CEA recognized by these antibodies were mapped
using LR-73 cells stably transfected with reciprocal chimeric con
structs of the N-terminal and C-tcrminal portions of CEA and NCAM
as well as a construct lacking two-thirds of the N-terminal domain of

CEA (Fig. 2). Fig. 2 summarizes the results of immunofluorescent cell
surface staining of these transfectants. MAb groups 1, 2, and 6 were
reactive with cells expressing CN-2, but negative for ANCEA. Group
3 is reactive with NC-1, NC-2, and ANCEA, but nonreactive with
CN-1 and CN-2, whereas groups 4 and 8 were positive for all the
constructs except CN-2 (lacking all of the internal domains). Finally,
groups 5a, 5b, and 9 interacted with NC-1 and ANCEA but not with
NC-2. These reactivities define the domains recognized by the differ
ent MAb groups, as delineated in the "Discussion."

Epitope Localization by CEA Fusion Peptides. Various CEA
domains were expressed and purified as fusion proteins with bacterial
CKS. CKS-N, CKS-A1B1, CKS-A2B2, CKS-A3B3, and purified

CEA were immobilized on microtiter plates and tested for reactivity
with different MAbs in an enzyme-linked immunosorbent assay sys

tem. As noted in Table 1, purified CEA showed positive staining with
all of the antibodies tested. Some groups did not react with any of the
peptides, presumably because of conformational requirements only
realized in whole CEA. It is also possible that the relevant determinant
is hindered by the CKS portion of the fusion pcptide. CKS-N reacted
with MAb groups 1 and 6. CKS-A1B1 reacted with MAb groups 4,
5a, 5b, and 8. The CKS-A3B3 domain was reactive with MAb T84.66;

this is consistent with a previous report on the localization of this
epitope (35).

Effects of MAbs on CEA-mediated Adhesion. The epitope map
ping data described above were then used to identify sites on the CEA
molecule involved in homotypic adhesion. Fab fragments of MAbs

from each group were prepared and purified. Aggregation assays were
performed with CEA transfectant cells in suspension in the absence or
presence of the Fab fragments. As shown in Fig. 4, CEA transfectant
cells in the absence of Fab fragments formed aggregates, thereby
resulting in a reduction of the percentage of single cells to a final value
of about 30% at 2 h. Fab fragments of MAb group 1 inhibited aggre
gation completely, yielding 95% single cells at the end of the incu
bation period. On the other hand, Fab fragments of MAb group 9
stimulated aggregation, giving about 10% single cells after 2 h incu
bation (Fig. 4); furthermore, the rate of aggregate formation was
enhanced such that fewer than 40% single cells were present at 30
min, a level that was not achieved in the control suspension until 60
min (Fig. 4). This stimulation of aggregation was demonstrated in 3
separate experiments, and an analysis of the data showed statistically
significant stimulation at 30, 60, and 90 min but not at 120 min.
Finally, the cellular aggregates formed in the presence of this antibody
were more than twice the size seen in the control transfectant cells in
the absence of antibody (data not shown). Fab fragments of MAb
T84.66, which recognizes specifically the A3B3 domain, did not affect
the final level of single cells in the CEA-mediated adhesion assay,

although it reduced the size of the aggregates compared to the control
(data not shown). No effects on adhesion were obtained in the pres
ence of Fab fragments of the remaining groups 2 to 8 of the mono
clonal antibodies listed in Table 1.

DISCUSSION

Studies on CEA-CEA homophilic binding interactions in mediating

cell aggregation in an in vitro adhesion assay system have led us to
propose a novel adhesion model in which the V-like N-domain of one
CEA molecule interacts with a C2-set domain (A3) of another CEA

Table 1 Reactivities of anti-CEA monoclonal antibodies

Antibody
group12345a5b6N A1B1 A2B2A3B3+

- --__++-

+-*
- - -CEA+++++++

9
TÂ°

'' T. MAb T84.66.

Time (min)

Fig. 4. Effects of Fab fragments of anti-CEA monoclonal antibodies on intercellular
adhesion of CEA transfectants. Aggregation results are shown for a CEA transfectant
clone of LR-73 cells treated with Fab fragments of MAb 9, MAb 1, or control medium.
The stimulation noted by MabM was statistically different from control at 30, 60, and 90
min but not at 120 min.

3820

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/16/3817/2450853/cr0530163817.pdf by guest on 19 M

ay 2023



EFFECTS OF ANTI-CEA ANTIBODIES ON CEA-CEA INTERACTION

molecule, forming 2 stable adhesive bonds between 2 antiparallel
CEA molecules on apposing cell surfaces.5 We have made use of a set

of characterized anti-CEA monoclonal antibodies (27) to directly test
this model: the effects of Fab fragments of these antibodies on CEA-

mediated cell-cell interaction support the model that we have de

scribed.
This series of monoclonal antibodies is reactive with purified CEA;

competitive inhibition assays were used to group them into 9 distinct
epitope groups, each recognizing a different region on CEA. Antibod
ies within a given group compete for binding to CEA and thus rec
ognize the same, or a sterically neighboring epitope, whereas those
from different groups react with sterically distinct regions on the CEA
molecule (27). Representative antibodies were chosen from each
group and the precise epitope topography of each group was defined
by: (a) cross-reactivities with members of the CEA subfamily includ
ing NCA, CGM-6, BGPa, BGPb, and BGPx; (h) reactivities with
CEA-truncated and chimeric products expressed on a transfected cell

surface; and (c) reactivities with purified specific CEA domains ob
tained as fusion peptides from bacterial expression constructs.

MAb groups 1 and 2 react with CEA and all splice variants of BGP
including BGPx, with only an extracellular N-domain; thus, the cog
nate determinant for these groups must reside in the N-terminal do

main. This was confirmed by the reactivity of groups 1 and 2 with the
CN-2 transfectants expressing only the CEA N-domain and by the

absence of staining of cells expressing the ANCEA construct. Finally,
the MAb of group 1 reacted with the fusion peptide containing the
N-domain, whereas the MAb of group 2 did not. We have previously

shown (27) that the determinant of the group 2 MAb used in this study
is carbohydrate-dependent in that chemical degradation of sugars on

CEA decreased its reactivity with this antibody; its failure to react
with a peptide produced in bacteria is thus perhaps not surprising. The
reaction pattern of MAb group 6 is similar to those of groups 1 and 2
in demonstrating positive staining of BGPx and CN-2, but not of

ANCEA; it differs, however, in recognizing a determinant that is
shared by NCA. Thus, MAb groups 1, 2, and 6, though all specific for
epitopes in the last two-thirds of the N-domain of the CEA family

members, are unique in the precise nature and sequences of the sites
that they recognize.

MAb groups 3, 5a, 5b, and 9 are distinctive in that they are CEA-
specific, and do not cross-react with the other CEA family members
tested. They all react with ANCEA and NC-1, but not CN-1 or CN-2,
and thus are directed towards a determinant in the C-terminal half of

the CEA molecule. Group 3 differs, however, in that it reacts with
NC-2, placing its epitope within the A3B3 domain. Groups 5a, 5b, and
9 react with neither NC-2 nor CN-1, yet are positive with NC-1.

Antibody reactivity for these 3 groups requires the presence of both
the B2 and A3 subdomains in the same construct, suggesting that
either the epitope spans the B2-A3 junction or a conformational de

terminant is involved in binding. In fact, the group 9 monoclonal
antibody does not react with the individual peptide domains produced
in bacteria, consonant with its recognition of a determinant to which
more than one domain contributes. In addition, the MAb of group 9
actually stimulated adhesion (Fig. 4), which favors a conformational
interaction with CEA. Groups 5a and 5b do cross-react with peptide
A1B1, suggesting that the conformation-dependent, CEA-specific

epitope that they recognize is represented on more than one internal
domain. This determinant is presumably cryptic in that it is not ex
pressed on the A IBI domain of the glycosylated CN-1.

MAb groups 4 and 8 do not react with CN-2 or BGPx and are likely

directed against a determinant in the internal domains. Furthermore,
their positive reactions with both CN-1 and NC-2, with nonoverlap-

ping internal domains, indicate that this epitope is repetitive and is

present in at least 2 of the 3 internal domains, most likely A3B3 (the
only CEA domain in NC-2) and A1B1 (in CN-1), confirmed in part by

the reaction of peptide A1B1 with groups 4 and 8. Note that although
both antibody groups react with a repetitive epitope, the actual sites
for the 2 are quite distinct, being shared among CEA, BGP, NCA, and
CGM6 in the case of group 4, but only between CEA and CGM6 for

group 8.
Based on the above data, the distribution of CEA epitopes may be

summarized as follows: epitopes recognized by MAb groups 1, 2, and
6 are placed at the N-terminal domain; groups 5a and 5b react with a

complex repeating epitope that may require contributions from more
than one domain; group 3 recognizes the A3B3 domain; groups 4 and
8 react with repeating epitopes on the A1B1 and A3B3 domains; and
the determinant of group 9 is localized to the region between the B2
and A3 subdomains and is conformation dependent. In terms of the
international classification (37), these data would place Gold epitopes
1 and 4 in the C-terminal portion of CEA and Gold epitope 5 in the
N-terminal domain.

Kuroki et al. (38) and Ikeda et al. (26) have carried out similar
studies and have categorized at least 21 CEA epitopes into 6 groups in
terms of the domain structure of CEA based on the reactivities with
recombinant CEA and/or NCA proteins expressed in E. coli and CHO
cells. The identification of CEA epitopes using the monoclonal anti
bodies available makes it possible to study the functional involvement
of each domain, or subdomains, in intercellular adhesion (22) or
bacterial binding (39).

In our studies, MAb group 1 that recognizes a site on the last
two-thirds of the N-domain can block the intercellular aggregation

mediated by the CEA transfectants, suggesting the involvement of a
region within the last 75 amino acids of the N-domain in CEA-CEA

homophilic binding. Also, an epitope recognized by MAb group 9
localized to the region between the B2 and A3 subdomains had a
positive effect on adhesion. This region is structurally homologous to
the elbow regions between the V and C domains of antibody chains
and shows similarly conserved prolines and hydrophilic residues (40).
The binding of MAb group 9 to this exposed elbow region (or to an
epitope consisting of residues in both the B2 and A3 domains) could
affect the conformation of the A3 domain, giving the Fab-bound CEA

a structural configuration favorable to interaction with an apposed
CEA molecule. This would enhance the initial kinetics of adhesion
and lead to more aggregation within the assay period compared to the
control cells. Thus, we speculate that the binding of MAb 9 may
induce an "allosteric" change in the conformation of the "adhesion"

site on the A3 subdomain. The effect of the Fab fragment of MAb
T84.66 in reducing the size of the aggregates showed that the blocking
of the A3B3 domain by this reagent may give rise to weaker adhesion.
It has been reported that a monoclonal antibody specific to the V-like
N-domain of CEA can inhibit the adhesion of the CEA-expressing

human colon adenocarcinoma cells (LoVo) to immobilized CEA, im
plicating the involvement of the N-domain in adhesion in this system
as well (41, 42). Furthermore, Jessup'' has examined the interaction of

colorectal carcinoma cell lines with CEA attached to a solid phase and
have also noted the involvement of internal repeating domain(s) in
addition to the N-domain in such interactions.

These data are thus consistent with our suggestion that both the
V-like N-domain and the C-like A3B3 domains are directly involved
in CEA-CEA binding and support the CEA reciprocal binding model
that we have proposed.5

'' J. M. Jessup, personal communication.
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