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Epitopes Predominantly Retained on the Carcinoembryonic Antigen Molecules in
Plasma of Patients with Malignant Tumors but Not on Those in Plasma of Normal
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We have previously reported that a group of monoclonal antibodies (MAbs) to carcinoembryonic
antigen (CEA), designated Group F MAbs, are able to diseriminate CEA. in tumor tissues from normal
fecal antigen-2, a soluble form CEA-counterpart in normal adult feces, and that the protein epitopes
recognized by them are present on the domain A3-B3 of the CEA molecule. In this study, we further
investigated the molecular localization of the epitopes recognized by the Group F MAbs using three
new recombinant CEA proteins with restricted domain structures expressed in Chinese hamster ovary
cells, and found that the epitopes for the Group F MAbs are present on domain B3 close to the
anchoring device of the CEA molecule. The epitopes for the Group F MAbs were retained on the CEA
molecules in the plasma of patients with malignant tumors and on the CEA molecules spontaneously
released into the culture media from established tumor cell lines. However, a large part of the CEA
molecules in the plasma of normal individuals were found to lack the epitopes for the Group F MAbs.
These results provide a basis for the improved cancer diagnosis by using our CEA assay system

utilizing a Group F MAb, and indicate the potential clinical utility of the Group F MAbs,
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Carcinoembryonic antigen (CEA®), a highly glyco-
sylated protein with a molecular mass of 180 kDa, is one
of the most useful human tumor markers.” There are
several areas in which MAbs to CEA are being used in
the management of patients with malignant tumors.
These include blood assays to monitor tumor burden,*?
immunchistochemical analyses of tissue samples to detect
tumor celis,*” tumor imaging with radiolabeled
MADbs,®*” and MAb-guided therapy.*® We have
reported a group of MAbs to CEA,'™ which had been
previously defined as Group 5 on the basis of cross-
reactivity with CEA-related antigens'’ and were able to
distinguish CEA in tumor tissues from NFA-2, a scluble
form CEA-counterpart in normal adult feces,'" ' so that

* To whom correspondence should be addressed.

5 Abbreviations: CEA, carcinoembryonic antigen; kDa, kilo-
dalton; MAb, monoclonal antibody; NFA-2, normal fecal
antigen-2; CHO, Chinese hamster ovary; PI-PLC, phospha-
tidylinositol-specific phospholipase C; RIA, radioimmunoassay;
NCA, nonspecific cross-reacting antigen; PCR, polymerase
chain reaction; FBS, fetal bovine serum; PBS, 0.15 M
Dulbecco’s phosphate-buffered saline free from Ca’t and Mg?*,
pH 7.6; EIA, enzyme immunoassay; BBS, 0.01 M borate-
buffered saline, pH 8.0; SDS, sodium dodecyl sulfate; GPI,
glycosyl-phosphatidylinositol,
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the antigenicity recognized by them had been called
“CEA-distinctive.”'® ' One of the Group 5 MAbs, F33-
104, has been classified into epitope group Gold 1 with a
high degree of CEA specificity in the International
Workshop on anti-CEA MAbs."”” The Group 5 MAbs
have recently been shown to recognize the protein
epitopes on domain A3-B3 of the CEA molecule using
the recombinant CEA proteins expressed in CHO cells
and hence redesignated Group F.'¥

Several recent studies, however, demonstrated that
normal colon mucosae produce CEA quite actively™'
and that more than 90% of the CEA-related antigen
in normal adult feces is still in membrane-bound form
which is solubilizable with PI-PLC, and about 109% or
less of the antigen is in soluble form from which NFA-2
is derived.">'® It has also been clarified that, unlike
NFA-2, the PI-PLC-solubilized antigen from normal
adult feces reacted well with the Group F MAbs, indicat-
ing that the “CEA-distinctive” antigenicity is not due to
the difference between antigens in normal and cancerous
tissues but is probably due to the structural difference
between the naturally soluble antigen and the membrane-
bound, PI-PLC solubilized antigen.'™

However, a new monoclonal RIA,'” which has re-
cently been established with three MAbsincluding a Group
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F MAD and is able to discriminate CEA from NFA-2,
showed improved cancer specificity, sensitivity and accu-
racy in clinical trials as compared with a polyclonal RIA
which is not able to distinguish CEA from NFA-2."”
This implies that, although the “CEA-distinctive” anti-
genicity seems to be by no means cancer-specific as
mentioned above, the recognition of this antigenicity in
patients’ plasma is critical for cancer diagnosis with
CEA.'*'%20 This, in turn, led us to the idea that there
might be a structural difference essential for reactivity
with the Group F MAbs between the CEA molecules in
blood of cancer patients and those in blood of normal
individuals.

In the present study, we mapped in more detail the
epitopes for the Group F MAbs on the CEA domain
structure using three new recombinant CEA proteins
with restricted domain structures, investigated if the
CEA. molecules in plasma of patients with malignant
tumors or of normal individuals retain the epitopes for
the Group F MAbs, and tested if the CEA molecules
spontaneously released into the culture media from CEA-
producing tumor cell lines possess the epitopes for the
Group F MAbs.

MATERIALS AND METHODS

Antibodies Polyclonal anti-CEA antisera were prepared
in BALB/c mice or goats as described previously and
specifically purified with CEA-Sepharose 4B. '*?" An
affinity-purified goat anti-CEA antibody was conjugated
to CNBr-activated Sepharose 4B (10 mg/g dry gel) and
used as an immunoadsorbent.?” Another affinity-purified
goat anti-CEA antibody was further adsorbed with
NCA-Sepharose 4B*" and used as the tracer in sandwich-
type solid-phase EIAs or RIAs. Four anti-CEA MAbs
used in this study were prepared and purified as described
elsewhere.'"?** The epitopes recognized by the MAbs
were mapped in terms of the domain structure of the
CEA molecule as described elsewhere.'” In brief, F4-82
(Group C) recognized an epitope present on domain N
of the CEA molecule, F3-30 (Group E) reacted with
domains A2-B2, and F33-104 and F36-96 (both Group
F) recognized different epitopes on domains A3-B3, re-
spectively. None of the four MAbs was reactive with
NCA-50 or NCA-90."" F4-82 and F3-30 reacted strongly
with both CEA and NFA-2, and F33-104 and F36-96
both reacted strongly with CEA but weakly with NFA-
2,919 A purified myeloma protein MOPC 21 (IgGl) was
used as a negative control (Organon Technika, West
Chester, PA).

Reference antigens NFA-2 and CEA were highly
purified from nomal adult feces and colonic cancerous
tissues, respectively.'>??
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Recombinant CEA proteins The schematic structures of
three new recombinant CEA proteins used in this study
are shown in Fig. 1 in comparison with that of CEA-
whole. pdKCR-dhfr-CEA-whole was described pre-
viously.*

pdKCR-dhfr-CEA-N-III-M  was constructed as
follows. pd KCR-dhfr-CEA-whole was digested with Pst
I, then the resultant 6.1 kb and 2.3 kb fragments were
recovered and re-ligated to yield pd KCR-dhfr-CEA-N-
ITI-M.

pdKCR-dhfr-CEA-N-M was constructed as follows.
pCEA14™ was digested with EcoR I and Eael, then 494
bp EcoR I-EgeI and 775 bp Eae I-EcoR I fragments were
recovered and ligated into the EcoR 1 site of pUCI13
using T4 DNA ligase. Then 1269 bp EcoR 1 fragment
was isolated and cloned into the EcoR I site of pd KCR-
dhfr to yield pdKCR-dhfr-CEA-N-M.

pdKCR-dhfr-CEA-N-B3 was constructed as follows.
pdKCR-dhfr-CEA-N-III-M was digested with EcoR 1,
then the resultant 1.8 kb fragment was cloned into the
EcoR 1 site of pUCI13 to yield pUC13-CEA-N-III-M,
which was used as a template for PCR. The fragment
encoding the 5'-untranslated region, signal peptide and N
domain of CEA was amplified by PCR using a DNA
Thermal Cycler (Perkin-Elmer Cetus, Emeryville, CA).
PCR was carried out in 100 yl using reagents in the
GeneAmpTM DNA Amplification Reagent Kit (Perkin-
Elmer Cetus) in a standard reaction mixture according
to the instruction manual. The oligonucleotides 5'-GTT-
TTCCCAGTCACGAC-3' (M13 primer M4, Takara
Shuzo Co., Ltd.,, Tokyo) [5'-primer] and 5'-CGGG-
TATACCCGGAACTGGCCAGTTG-3“ [3'- primer]
were used for the amplification of 5°-untranslated region,
signal peptide, and N domain. The amplification was
carried out by heating at 94°C for 1 min, followed by
annealing at 55°C for 2 min and extension at 72°C for 3
min. This cycle was repeated for 30 cycles followed by a
10-min final extension at 72°C. The PCR product (520
bp) was purified on a 2% agarose gel, blunt-ended with
T4 DNA polymerase and then digested with EcoR 1. The
amplification of B3 domain was carried out essentially
under the same conditions using 5-TATGGGCCGG-
ACACCCCCATCATTTC-3" as a 5 primer and 5'-

- GATCTAGACTATGCAGAGACTGTGATGC-3,

which contain a stop codon and the Xba 1 site, as a 3’
primer. The PCR product (270 bp) was purified on a 2%
agarose gel, blunt-ended with T4 DNA polymerase and
digested with Xba 1. The 520 bp and 270 bp fragments
were ligated and introduced into the EcoRI and Xba 1
sites of pUCI19 to yield pUCI9-CEA-N-B3, then the
Hind 111 site was replaced by the EcoR 1 site as described
previously'® and the product was digested with EcoR 1.
The 790 bp EcoR I fragment was recovered and intro-
duced into the EcoR 1 site of pdKCR-dhfr to yield



pdKCR-dhfr-CEA-N-B3. The DNA sequence of pUC19-
CEA-N-B3 determined by the chain termination
method”” revealed that there was a deletion of 15 nucle-
otides (nucleotides 401-415; Phe'®-Pro'®)*® and one
base change (C—T) (nucleotide 1917; Ala®”—>Val®").*»
Transfection and isolation of dhfr* transformants
were performed as described previously.”” CHOdhfr*
transformants were cultured in a selection medium,
a¢-MEM lacking ribonucleosides and deoxyribonucleo-
sides (Gibco, Grand Island. NY')} supplemented with 109
dialyzed FBS, 100 units of penicillin/ml and 100 ug of
streptomycin/mil.
Preparation of crude extracts of the recombinant CEA
proteins Adherent cells transfected with pdKCR-dhfr-
CEA-whole, -CEA-N-III-M, or -CEA-N-M were re-
moved from about 90% confluent culture flasks with
PBS containing 0.25% trypsin and 10 mM EDTA. About
3% 107 cells were suspended in 5 ml of PBS containing
protease inhibitors (chymostatin, pepstatin A, leupeptin
and antipain, finally 5 gg each/ml, and 100 uM p-
amidinophenylmethanesulfonyl fluoride) and incubated
with PI-PLC (finally 0.2 unit/ml) from Bacillus
thuringiensis (Funakoshi, Tokyo) for 2 h at 37°C. The
cell suspensions were centrifuged at 22,800¢ for 30 min
and the resultant supernatant was assayed by EIlAs
(see below). Adherent cells transfected with pdKCR-
dhfr-CEA-N-B3, which did not contain domain M (see
Fig. 1), were also removed from about 90% confluent
culture flasks as described above. About 1X107 cells
were suspended in 1 ml of 0.19 Nonidet P-40 in PBS,
sonicated (Heat Systems-Ultrasonics, Plainview, NY) on
ice for 10 s at scale 8, and centrifuged at 22,800¢ for
30 min. The resultant supernatant was assayed by ElAs
(see below).
Protein determination The protein concentrations of the
crude extracts were determined by the bicinchoninic acid
protein assay method (Pierce, Rockford, IL).*”
Purification of the antigens in malignant or normal
plasma The plasma (M1 to M10) of 10 patients with
various carcinomas was collected and stored at —25°C
until use. The pooled plasma samples (N1 to N6) from
normal blood donors, which were collected from 4 to 6
individuals, respectively, were obtained from Fukuoka
Red Cross Blood Center, Chikushino, Japan, The anti-
gens in each plasma reactive with goat anti-CEA anti-
body were separately adsorbed on and eluted from the
corresponding immunoadsorbent as previously de-
scribed.?"
The antigens produced by tumor cell lines Four CEA-
producing human tumor cell lines were maintained in
RPMI-1640 medium supplemented with 10% FBS.*®
The cells and culture supernatant of each human CEA-
producing tumor cell line in the stationary phase of
growth were also collected. About 1.0X 107 cells were
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treated with PI-PLC as mentioned above, and the result-
ant supernatant as well as the culture supernatant was
used for estimation of CEA by RIAs (see below).
EIAs The reactivity of MAbs with the recombinant
CEA proteins was estimated by sandwich-type solid-
phase EIAs using microtiter plates coated with a given
MAD and a bictinylated polyclonal goat anti-CEA anti-
body as the tracer.’” Briefly, 100 yl of each MAb at a
concentration of 10 #g/ml in BBS was dried overnight at
37°C in each well of 96-well pelyvinyl chloride plates
{Dynatech, Alexandria,VA), and nonspecific protein ab-
sorption was blocked as described previously.'” Fifty ul
of recombinant proteins diluted with 1% BSA in BBS
was added to each well and the plates were incubated
for 1 h at 37°C. After washing, the plates were succes-
sively incubated with 100 g1 of the biotinylated goat anti-
CEA antibody (1 zg/ml), with 100 g1 of horseradish
peroxidase-streptavidin (50 ng/ml), and then with 4%
o-phenylenediamine and 0.006% H,0,."Y
RIAs Quantitation of the antigens from plasma or
cultured tumor cell lines was carried out by using a
polyclonal sandwich-type solid-phase RIA.' A reference
CEA was used as the standard antigen for calibration.
To estimate the reactivity of the antigens from plasma
or cultured tumor cell lines with a given MAb, each MAb
was immobilized on beads at a concentration of 10
#g/ml, and an affinity-purified goat anti-CEA antibody
absorbed with NCA was used as the tracer.
Western blotting analyses Antigens were analyzed by
SDS-polyacrylamide gel electrophoresis (4-20% linear
gradient) and transferred to a hydrophobic Durapore
filter as previously described.’™® After blocking, the blots
were incubated with each MADb at a concentration of 1
pg/ml, and successively incubated at room temperature
with biotinylated horse anti-mouse IgG (H+L), with
horseradish peroxidase-streptavidin D, and then with
0.03% 3,3-diaminobenzidine and 0.01% H,0,."Y

RESULTS

Reactivity of the MAbs with the recombinant proteins
For detailed mapping of the epitopes for the Group F
MAbs, we reconstructed three new cDNAs encoding the
derivatives of CEA in a cukaryotic expression vector,
pdKCR-dhfr. They were designated CEA-N-III-M,
CEA-N-B3, and CEA-N-M (Fig. 1). Reactivities of the
Group F MAbs with these recombinant proteins includ-
ing CEA-whole were tested by solid-phase EIAs. The
results of the titrations are shown in Fig. 2. A polyclonal
BALB/c mouse anti-CEA antibody reacted with all four
recombinant CEA proteins tested, whereas a control
mouse myeloma protein, MOPC 21, did not react with
any of the recombinant CEA proteins tested. A Group C
MADb, F4-82, which recognized an epitope present on
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Fig. 1. The abbreviated names and schematic structures of

four recombinant CEA. proteins used in this study. Different
domains are indicated by letters above blocks and different

CEA-NI-M shading, whereby homologous regions have the same shading.
N, N-terminal (IgV-like) domain; Al-A3 and B1-B3, IgC-like
domains; M, hydrophobic M-domain replaced by GPI anchor.
C, cysteine residue. Amino acid numbers reconstructed in this

CEA-N-B3 study are presented below the blocks.

CEA-N-M
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Fig. 2. Reactivity of MAbs of Groups C, E and F with four recombinant CEA proteins in sandwich-type solid-phase
EIAs. The recombinant proteins captured on the wells coated with a given MADb or polyclonal antibody were detected
by a biotinylated polyclonal goat anti-CEA antibody as described in “Materials and Methods.” Antibodies im-
mobilized on wells: F4-82 (Group C) (O); F3-30 (Group E) ( 2 ); F33-104 (Group F) ( ®); F36-96 (Group F) (a);
an affinity-purified BALB/c mouse anti-CEA antibedy (0); and MOPC 21 ( X). The protein concentrations of the
crude extracts of the recombinant proteins were determined by the bicinchoninic acid protein assay method,
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Table I. Reactivity of the Antigens Purified from Normal or Malignant Plasma with MAbs of Groups C, E and F
Plasm Original Original Final Final Reactivity (cpm)® of 100 ng antigen with
No. Diagnosis volume CEA value volume CEA value Group C MAb  Group E MAb Group F MAD
(ml) (ng/ml)® (ml)® (ng/mi)® (F4-82) (F3-30)® (F33-104)
M1 colon cancer 3.5 7,800 0.4 39,000 28,100 24,800 38,400
M2  colon cancer 5.0 12,800 0.4 100,000 27,800 25,600 45,600
M3 colon cancer 4.2 10,000 0.5 55,500 29,000 23,900 42,900
M4  colon cancer 7.0 13,200 0.5 122,000 28,900 24,600 38,500
M3 gastric cancer 7.0 9,000 0.5 84,800 26,900 24,900 45,000
M6  gastric cancer 7.2 19,400 0.5 218,000 27,400 24,200 41,500
M7  lung cancer 4.1 8,500 0.5 43,600 26,800 23,500 45,800
M8  lung cancer 6.0 3,200 0.5 25,500 28,500 25,900 40,700
M9  pancreatic cancer 2.3 288 0.4 12,500 27,300 22,700 39,900
MI10 breast cancer 6.2 104 0.4 11,800 28,600 23,400 43,800
N1 Normal 1,600 23 0.8 2,700 27,700 25,100 2,100
N2 Normal 700 2.1 1.6 600 29,100 22,600 2,200
N3 Normal 1,000 1.9 1.2 1,080 27,900 24,100 1,900
N4 Normal 1,800 2.3 1.0 2,520 26,300 25,700 2,300
N5 Normal 500 21 1.7 366 28,300 23,800 2,400
N6 Normal 2,600 2.2 0.5 7,400 26,800 24,900 2,900
Reference CEA® — — — — 28,500 28,000 48,500
Soluble form NFA-2? - - — — 26,300 24,700 2,100

a) CEA values determined by a sandwich-type solid-phase RIA using polyclonal goat anti-CEA antibodies, which do not

cross-react with NCAs.

by Volumes of the antigen preparations purified and concentrated from plasma with goat anti-CEA-antibody im-

munocadsorbent as described in “Materials and Methods.”

¢} Reactivity was normalized for 100 ng of antigens estimated by the sandwich-type solid-phase RIA using polyclonal

goat anti-CEA antibodies as described in a).

d) Each MADb was used as the solid-phase antibody and one and the same polyclonal goat anti-CEA antibody absorbed

with NCA was used as the tracer.
e) Purified Preparations were tested in this experiment.

domain N of the CEA molecule, reacted with all four
recombinant CEA proteins, while a Group E MAb, F3-
30 (Group E), which recognized an epitope on domains
A2-B2, reacted only with CEA-whole. Two Group F
MAbs, F33-104 and F36-96, were reactive with CEA-
whole, CEA-N-III-M, and CEA-N-B3 but not with
CEA-N-M, although the reactivity with CEA-N-B3 was
slightly lower than those with the two former. These re-
sults indicate that the epitopes recognized by the Group
F MAbs are present on domain B3.

Reactivity of the M Abs with the antigens from malignant
or normal plasma To examine the reactivity of the
Group F MAbs with the CEA molecules in the circula-
tion, the antigens reactive with a polyclonal goat anti-
CEA antibody were purified from the plasma of 10
cancer patients with elevated CEA levels and from 6
pooled plasma samples of normal individuals. A sum-
mary of plasma used and the reactivity of the purified
antigens with MAbs of Groups C, E and F obtained by
solid-phase RIAs is shown in Table I. The antigens from

all 10 malignant plasma samples reacted with a Group F
MADb F33-104 as well as a Group C MADb F4-82 or a
Group E MAb F3-30. On the other hand, the reactivity
of the antigens from all 6 normal plasma samples with
F33-104 is about one-tenth of those with F4-82 or F3-30.
As previously described, a reference CEA purified from
tumor tissues reacted well with a Group F MADb F33-104,
but the soluble form NFA-2 showed a much weaker
reaction with this MAb although these 2 antigens both
showed strong reactivity with F4-82 or F3-30 (Table I).
These results indicate that the antigens in all malignant
plasma samples tested have the epitopes for the Group F
MAbs, while, like the soluble formmn NFA-2, a large part
of the antigens in normal plasma do not possess the
epitopes for the Group F MAbs.

Waestern blotting analysis of the antigens from malignant
or normal sera The reactivity of the MAbs with the
antigens in plasma was also tested by Western blotting
analysis. Fig. 3 shows the Western blotting profile of the
antigens purified from plasma of 4 patients with colon
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Fig. 3.  Western blotting analysis (4-20% polyacrylamide gel)
of CEA from the plasma of patients with malignant tumors.
About 200 ng of purified antigen was added to each lane. After
electrophoresis, the proteins were transferred to a hydrophobic
Durapore filter, and immunostained with a Group C MAb (F4-
82) or a Group F MAb (F33-104) or a control MAb (C:
MOPC 21). For descriptions of M1, M5, M7, and M9, see
Table 1. Vertical scales, mol. wt. markers ( x 10 ).

Table II,
Cell Lines with MAbs of Groups C, E and F

F33-104 &
N1 N3 N4 N6 N6

F4-82

N1 N3 N4 N6

200—

116—
97.4 — |
66.2
42.7 —

1 2 3 4 5 6 7 8 9
Fig. 4. Western blotting analysis (4-20% polyacrylamide gel)
of CEA from the plasma of normal individuals. The antigen
preparations (N1, N3, N4, and N6, see Table I) purified from
normal plasma were further concentrated about 7 to 10 times
for Western blotting. About 200 ng of purified antigen was
added to each lane. After electrophoresis, the proteins were
transferred to a hydrophobic Durapore filter, and immuno-
stained with a Group C MADb (F4-82) or a Group F MAb
(F33-104) or a control MAb (C: MOPC 21). Vertical scales,
mol. wt. markers (10 ).

Reactivity of Spontaneously Secreted CEA and PI-PLC-solubilized CEA from Tumor

Reactivity (epm)? of I()Oing antigen with

Tumor CEA value

cell line® Sample (ng/mh)? Group C MAb? Group E MAb? Group F MAb”
) (F4-82) (F3-30) (F33-104)

M7609 s-CEA? 1,800 27,300 24,400 40,800
p-CEA® 2,600 26,900 25,000 42,000

KNS-62 s-CEA 54 27,100 27,200 51,000
p-CEA 105 28,000 27,500 57,800

MEKN-45 s-CEA 2,300 25,900 28,000 40,500
p-CEA 7,800 27,800 32,200 53,000

QGP-1 s-CEA 7,800 27,200 24,600 39,000
p-CEA 9,400 28,400 28,200 37,800

a) M7609, a colon carcinoma line; MKN-45, a gastric garcinoma line; KNS-62, a lung carcinoma

line; and QGP-1, a pancreatic carcinoma line.

b) CEA values determined by a sandwich-type solid-phase RIA using polyclonal goat anti-CEA

antibodies, which do not cross-react with NCAs.

¢) Reactivity was normalized for 100 ng of antigens estimated by the sandwich-type solid-phase RIA
using polyclonal goat anti-CEA antibodies as described in b).

d) Each MAb was used as the solid-phase antibody and one and the same polyclonal goat anti-CEA
antibody absorbed with NCA was used as the tracer.

e) s-CEA and p-CEA mean soluble CEA spontaneously secreted into culture medium and CEA

solubilized by PI-PLC treatment, respectively.
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cancer, gastric cancer, lung cancer, and pancreatic
cancer, which were visualized by immunostaining with a
Group C MAb F4-82 or a Group F MAb F33-104. The
antigens with high molecular masses of about 180 to 200
kDa reacted with both MAbs. When stained with F33-
104, two bands were more clearly visualized in the high-
molecular-weight region. An antigen with a molecular
mass of about 100 kDa was detected with F4-82 in two
samples M1 and M9, but not with F33-104. These results
indicate that the antigens with high molecular masses of
about 180 to 200 kDa in malignant plasma have the
epitopes for the Group F MAbs.

On the other hand, as can be seen in Fig. 4, the

antigens from normal plasma showed several broad
bands with molecular masses ranging from 100 to 200
kDa stained with F4-82. Similar staining profiles were
also obtained with F3-30 (data not shown). The antigens
with high molecular masses of 180 to 200 kDa, which
seem to account for only a small part of the antigens in
the normal plasma, were stained with F33-104, This
result indicates that a large part of the antigens in normal
plasma with molecular masses of 100 to 180 kDa do not
possess the epitopes for the Group F MAbs.
Reactivity of the MAbs with CEA released from cultured
tumor cells Then, we tested whether CEA released
spontaneously from tumor cells has reactivity with the
Group F MADbs, in comparison with CEA solubilized
from tumor cells with PI-PLC by using several cultured
human tumor cell lines. As reported previously,”™ a
variable but considerable amount of CEA was released
into culture medium from cultured cells of all the CEA-
producing tumor cell lines so far tested. The reactivity of
the antigens with MAbs of Groups C, E and F obtained
by solid-phase RIAs is shown in Table II. The soluble
CEA (s-CEA) spontaneously released from tumor cells,
as well as the PI-PLC-solubilized CEA (p-CEA), showed
strong reactivity with all three MAbs, a Group C MAb
F4-82, a Group E MAb F3-30 and a Group F MADb F33-
104. Similar results were obtained with another Group F
MADb F36-96 (data not shown). These results indicate
the presence of the epitopes for the Group F MAbs on
these antigen molecules.

DISCUSSION

Since the membrane-bound, PI-PLC-solubilized anti-
gen in normal adult feces reacted with the Group F
MADbs,'"® the “CEA-distinctive” antigenicity recognized
by them seems to be by no means cancer-specific. The
recognition of this antigenicity in patients’ plasma is,
however, critical for cancer diagnosis with CEA because
a new monoclonal RIA using a Group F MAb'™ showed
improved cancer specificity, sensitivity and accuracy in
clinical trials as compared with a polyclonal RIA."

Epitopes Specific for CEA in Malignant Plasma

Thus, to clarify the epitopes recognized by the Group F
MAbs is of obvious importance for the improvement of
the specificity of CEA detection and measurement, which
are now widely applied in various clinical fields.

It has recently been shown that the Group F MAbs
recognize the protein epitopes on domains A3-B3 of the
CEA molecule by using recombinant CEA proteins ex-
pressed in CHO cells.® In the present study, the
reactivity with three new recombinant CEA proteins
with restricted domain structures revealed that the
epitopes for the Group F MAbs are present on domain
B3 close to the anchoring device of the CEA molecule,
But the Group F MAbs did not react with CEA-N-M,
which contains a 14-amino acid sequence adjacent to the
anchoring device (Fig. 1 and 2). This result indicates
that the C-terminal 14-amino acid sequence of domain
B3 does not constitute the epitopes for the Group F
MAbs, although it is questionable whether or not the 14
amine acids were adequately able to take up the confor-
mation corresponding to that part of the native CEA
molecule.

We then wondered whether CEA released into the
circulation from cancer tissues has the epitopes for the
Group F MAbs. When the immunoreactivity was tested
by solid-phase RIAs, the antigens in the plasma of all 10
patients with various cancers were found to react well
with a Group F MADb, F33-104. The Western blotting
profile of the antigens from the plasma of 4 patients with
colon cancer, gastric cancer, lung cancer, and pancreatic
cancer showed that the antigens with high molecular
masses of about 180 to 200 kDa, which seem to account
for a large part of the antigens in the malignant plasma,
have the epitopes for the Group F MAbs. The antigen
with a molecular mass of about 100 kDa, which was
detected only with F4-82 in two samples M1 and M9,
seems to be a tumor-associated antigen, TEX, which
possesses antigenic determinants found in CEA but
not in NCA and has often been found in plasma of
patients with carcinomas.””*¥ TEX, however, does not
always increase in the sera of patients with malignant
tumors.™ This may be the reason why two samples M5
and M7 lack the 100 kDa band. Although the number of
cases tested is too small to draw a conclusion, this result
implies that, in cancer patienis, the CEA molecules
possessing the epitopes for the Group F MAbs may be
steadily released into the circulation from tumor tissues
by the action of some enzyme presently unknown, but
probably a kind of phospholipase, or by cell breakdown.
This possibility was supported by the fact that the CEA
spontaneously released from cultured tumor cell lines
into the culture medium possessed the epitopes for the
Group F MAbs, as the PI-PLC solubilized CEA did,
although the mechanism by which CEA is released from
tumor cells remains obscure. The fact that two bands
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were visualized with F33-104 in the high-molecular-
weight region of the Western blotting profile of the
antigens from malignant plasma samples may suggest the
presence of two different releasing mechanisms of CEA
in vivo. Another possible explanation is that the smaller
band may be a degraded product of the larger one,
formed after its release.

On the other hand, when the immunoreactivity was
tested by solid-phase RIAs, the antigens in the plasma of
normal individuals showed a very weak reactivity with a
Group F MAD F33-104. The Western blotting profile of
the antigens from the plasma of normal individuals
showed that only the antigens with high molecular
masses of 180 to 200 kDa, which seem to account for
only a small part of the antigens in the normal plasma,
were weakly stained with F33-104, indicating that a large
part of the antigens in normal plasma with molecular
masses of 100 to 180 kDa do not retain the epitopes for
the Group F MAbs. Recently, Neumaier et al. isolated
antigens related to CEA from normal human plasma by
perchloric acid extraction, gel filtration, and immuno-
affinity chromatography and delineated four CEA-related
antigens in normal plasma with molecular masses of 85
to >200 kDa.”® They have also found that only the
antigens with high molecular masses of >200 and 177
kDa showed reactivity with their two MAbs with a high
degree of CEA specificity. One of them has since been
classified into the same epitope group Gold 1 in the
International Workshop on anti-CEA MAbs as has been
our MAb F33-104."Y Thus, it seems likely that a large
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