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ABSTRACT

Nine monoclonal antibodies against carcinoembryonic antigen (CEA)
were prepared and used to investigate the immunological and physico-
chemical heterogeneity of circulating CEA. Two of these, M221-73 and
M272-11, recognized "CEA-distinctive" epitopes and they gave sand

wich-enzyme immunoassays far less reactive with nonspecific cross-
reacting antigen (NCA) and nonspecific cross-reacting antigen-2 (NCA-
2). Sandwich-enzyme immunoassays selective for NCA-2 and NCA were
also established using suitable monoclonal antibodies as competitive
inhibitors against enzyme-labeled antibodies. The studies on the serum
CEA levels determined by the "CEA-specific" assay indicated that CEA

molecules recognized by M221-73 and M272-11 were generally found in
the sera of both cancer patients and normal adults. CEA and related
substances in sera were further analyzed by the sandwich-enzyme im
munoassays after adsorption on M 272-11-coupled immunosorbents and
by gel filtration on an Ultrogel AcA-34 column. These studies revealed
the presence of a CEA variant detected by the "NCA-2-selective" assay.

The variant seemed to be closely related to NCA-2 because it lacked
CEA-distinctive epitopes and had an apparent molecular weight similar
to that of NCA-2. This variant appeared in the sera of some cancer
patients and normal adults.

INTRODUCTION

CEA2 (1, 2) is one of the most extensively investigated human
tumor-associated antigens. A glycoprotein containing 50-60%
carbohydrates, CEA has shown some heterogeneity in its im
munological and physicochemical properties (3, 4). In addition,
a number of related substances, NCA (5), NCA-2 (6), and NFA
(7, 8), have been isolated from normal tissues. The development
of hybridoma technology (9) has provided potent reagents to
characterize complex antigen systems such as CEA. There have
been some reports that described monoclonal CEA antibodies
unreactive or far less reactive with NCA-2 (10-12), NFA-2 (11),
or meconium antigen (13). Some of these "CEA-specific" an

tibodies appeared to be reactive only with subpopulations of
CEA molecules (11, 12, 14) and were applied to immunoassays
with increased specificity for carcinomas (10, 12). However, the
immunological and/or physicochemical heterogeneity of circu
lating CEA remains to be explored using monoclonal antibodies
with well-defined specificities (15).

In the study reported here, we prepared nine monoclonal
anti-CEA antibodies and developed sandwich-EIAs for CEA,
NCA-2, and NCA. The latter two assays were set up by a newly
developed technique using suitable monoclonal antibodies as
competitive inhibitors against the enzyme-labeled ones. These
assays were used to characterize CEA and related substances in
sera. Our results suggest that a CEA variant lacking "CEA-
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distinctive" epitopes is present in the sera of some cancer

patients and normal adults.

MATERIALS AND METHODS

CEA and Related Antigens. Two CEA preparations, CEA(I) and
CEA(II), were isolated as follows. CEA(I) was extracted from a primary
colon carcinoma with 0.15 M NaCI containing 1% Tween 20, and
partially purified by affinity chromatography on Concanavalin A-Seph-
arose 4B (Pharmacia, Sweden) (16) and by gel filtration on an Ultrogel
AcA-34 (LKB, Stockholm, Sweden) column. CEA(II) was extracted
from the lung metastasis of a primary colorectal carcinoma with l M
perchloric acid (17), and purified by rabbit anti-CEA antibody (DAKO,
Copenhagen, Denmark)-coupled Sepharose 4B immunosorbents, fol
lowed by Ultrogel AcA-34 column chromatography. NCA-2 and NCA
were purified from meconium and normal lung, respectively, as de
scribed previously (18, 19). CEA(II) and the NCA-2 preparation gave
single diffuse bands on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The NCA preparation was heterogeneous and eluted
from an Ultrogel AcA-34 column in two peaks; the latter peak being
major. Smith-degradated CEA was prepared with CEA(II) by one cycle
of degradation (20). CEA(II) was used as a standard in sandwich-EIAs.

Monoclonal Antibodies. Splenocytes of the mice (BALB/c, female)
immunized with either CEA(I) or CEA(II) were fused with P3-X63-
Ag8-Ul myeloma cells as described previously (21). Hybridomas se
creting monoclonal antibodies M221-73, M272-11, and M215-11 were
obtained with the splenocytes from the mice immunized with CEA(I),
while the other hybridomas secreting monoclonal antibodies M603-29,
M4103-37, M6104-55, M440-11, M429-34, and M641-3 were derived
from the mice immunized with CEA(II). Class and subclass of M6104-
55 and M641-3 were IgG2a(/<) and those of the other antibodies were
IgG IM.

Monoclonal antibodies were purified from ascites fluids by precipi
tation with ammonium sulfate, followed by DEAE-cellulose (Whatman
D52; Kent, England) column chromatography. Purified antibodies were
conjugated with HRP using two heterobifunctional reagents as de
scribed previously (22). The HRP/antibody molar ratios calculated
from absorbance at 403 and 280 nm were in the range of 2.0 to 3.4
(23).

Sandwich-EIA. The binding properties of monoclonal antibodies
were investigated by sandwich-EIAs. Purified monoclonal antibodies
or rabbit anti-CEA antibody (DAKO) were immobilized on microtest
plates (Nunc, Denmark) as described previously (24). CEA, NCA-2,
NCA, or Smith-degradated CEA (150 Â¡A,0.1-200 ng/ml) in buffer B
(0.02 M sodium phosphate buffer, pH 6.5, containing 10% heat-dena
tured newborn calf serum, and 0.002% merthiolate) were put in each
well and incubated at room temperature for 16 h. After being washed
with PBS, the plates were incubated at room temperature for 4 h with
150 n\ of NCA-cross-reactive anti-CEA antibody-HRP conjugates
(DAKO) at a dilution of 1:500 in buffer B. After they were washed with
PBS, the bound enzyme activity was measured by incubating at room
temperature for 20 min with 150 ti\ of a chromogen solution (0.1 M
citrate buffer, pH 5.5, containing 0.2% o-phenylenediamine, 0.02%
H2O2, and 0.002% merthiolate). The enzyme reaction was stopped by
adding 100 //I of I M M..SO.,and absorbance at 492 nm was measured
by Titertek Multiskan (Flow Lab., VA).

Similarly, to investigate the relation between the binding sites of
monoclonal antibodies, sandwich-EIAs for CEA were carried out using
various combinations of immobilized and enzyme-labeled monoclonal
antibodies. In these assays, saturated amounts (0.3-2.4 >/n/ml) of en
zyme-labeled antibodies were used.
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Sandwich-EIAs Selective for NCA-2 or NCA. Sandwich-EIAs selec
tive for NCA-2 or NCA were performed in the same way as described
above with the exception that suitable monoclonal antibodies were used
as competitive inhibitors for enzyme-labeled ones. In the "NCA-2-
selective" assay, microtest plates coated with M6104-55 were incubated

with 150 ti\ of standard solutions or samples to be tested in buffer B
containing a final concentration of 0.33-33 Mg/m' of M272-11. After
the plates were washed with PBS, they were incubated with 150 ^1 of
enzyme-labeled M603-29 in buffer B containing a final concentration
of 0.33-33 Â¿ig/mlof M272-11. The bound enzyme activity was assayed
as described above. Similarly, in the "NCA-selective" assay, the sand-

wich-EIA using immobilized M641-3 and enzyme-labeled M215-11
was carried out in the presence of a final concentration of 0.33-33 Mg/
ml of M440-11.

Determination of CEA Levels in Sera. Heat-denatured (56"( '. 30 min)

serum samples were diluted more than five times with buffer B and
were subjected to a sandwich-EIA using immobilized M6104-55 and
mixed enzyme-labeled antibodies of M221-73 and M272-11. In parallel
with the assay, serum CEA levels of 12 cancer patients and 30 normal
adults were also determined by Abbott CEA-EIA kits (Abbott Lab.,
North Chicago), including the patients of colorectal carcinoma (n = 5,
CEA levels: 54-220 ng/ml), stomach carcinoma (n = 4, 2.3-12.4 ng/
ml), and liver, gallbladder, and pancreas carcinomas (2.9-10.3 ng/ml).

Adsorption of CEA in Sera. Various samples (1 ml) including heat-
denatured serum subjects in buffer B were treated overnight at 4Â°Cwith

M272-11 immunosorbents (4 mg of M272-11 was coupled to l g of
CNBr-activated Sepharose 4B). The samples contained less than 300
ng of CEA, and 100 fig of immobilized M272-11 was added. After the
mixture was centrifuged twice at 1500 X g for 10 min, the supernatant s
were subjected to sandwich-EIAs of either immobilized M6104-55 and
enzyme-labeled M221-73 or immobilized M6104-55 and enzyme-la
beled M603-29.

Gel Filtration of Perchloric Acid Extracts of Sera. Sera of patients
with colorectal carcinoma (0.5 ml) or of normal adults (12 ml) were
heat denatured at 56Â°Cfor 30 min and CEA and related substances

were extracted with a final concentration of l M perchloric acid (25).
The extracts were dialyzed against distilled water and lyophilized. They
were then dissolved in PBS, pH 6.5, and applied to an Ultrogel AcA-
34 column (1.2 x 60 cm) equilibrated with PBS, pH 6.5, containing
0.05% bovine serum albumin and 0.002% merthiolate. Immunologie-ai
activities were detected by three different sandwich-EIAs: a "CEA-
specific" assay, a "NCA-2-selective" assay, and a "NCA-selective"

assay.

RESULTS

Characterization of Monoclonal Antibodies. Reactivity of
monoclonal antibodies with CEA and related substances were
summarized in Table 1. The binding profiles revealed three
groups of antibodies as described previously (13). Group I

Table 1 Reactivity of monoclonal antibodies
Reactivity"

GroupIIIinRabbit

amiCEACAntibodyM221-73M272-11M603-29M4103-37M6104-55M440-11M215-11M429-34M64I-3IsotypeIgGHÂ«)IgGl(Â«)IgGKÂ«)IgGK/c)lgG2a(Â«)IgGlMIgGlMIgGlWIgG2a(/c)CEA100100100100100100100100100100NCA-21.83.6120110120ISO63140130110NCA0.51.02.22.93.02.81601910020Smith-CEA*154.74323536274376266

" Monoclonal and polyclonal antibodies were immobilized on microtest plates
and sandwich-EIAs were performed using NCA-cross-reactive anti-CEA antibody
(rabbit)-HRP conjugates as label. Reactivity was calculated from standard curves
for CEA, NCA-2, NCA, and Smith-degradated CEA, and was expressed relative
to CEA.

* Smith-degradated CEA.
' Obtained from DAKO (Denmark).

antibodies, M221-73 and M272-11, barely cross-reacted with
NCA-2 and NCA, indicating that they recognized "CEA-dis-
tinctive" epitopes. Group II antibodies had nearly the same

reactivity with CEA and NCA-2, but showed less than 3%
cross-reactivity with NCA. In group III antibodies, M215-11
and M641-3 strongly cross-reacted with NCA. These results
suggested that group II and group III antibodies recognized
"NCA-2-common" and NCA-common epitopes, respectively.

Monoclonal antibodies were also analyzed for their reactivity
with Smith-degradated CEA. The epitopes recognized by group
I antibodies were relatively labile for Smith degradation. In
detail, the two epitopes were damaged by periodate oxidation
in the same degree, and the following acid hydrolysis further
destroyed only the epitope recognized by M272-11 (data not
shown).

To investigate the relation of the binding sites between these
monoclonal antibodies, eight of them were conjugated with
HRP and sandwich-EIAs were carried out using various com
binations of immobilized and enzyme-labeled antibodies (Table
2). When the same antibody was used for both immobilized and
enzyme-labeled antibodies, none of the assays could detect
CEA, suggesting that the epitopes recognized by these mono
clonal antibodies occurred only once on the CEA molecules.
Two antibodies of group 1, M221-73 and M272-11, could bind
CEA simultaneously, indicating that their epitopes were differ
ent. The sensitivity for CEA was rather low in the assays of the
following combinations: M272-11 and M603-29, M6104-55
and M440-11, M440-11 (or M6104-55) and M215-11, and
M429-34 and M641-3. Judging from the results shown in Table
1, M6104-55 and M440-I1 may be directed against the same
epitope. In the cases of the other combinations, however, this
seemed less likely since the two antibodies had different reac
tivity with CEA and related antigens. It may be that these two
antibodies recognized different epitopes in close proximity to
each other. The results obtained from Tables 1 and 2 indicate
that at least eight epitopes on the CEA molecules were detected
by this series of monoclonal antibodies.

Sandwich-EIAs. Several sandwich-EIAs were established and
are summarized in Table 3. Systems I-III were almost specific
for CEA. System I consisted of two monoclonal antibodies,
M221-73 and M272-11, recognizing CEA-distinctive epitopes.
In system II, these two antibodies were enzyme labeled and a
NCA-2-cross-reactive antibody, M6104-55, was used as an
immobilized antibody. System II was used to determine serum
CEA levels in this study because of its high sensitivity and
specificity. System IV strongly cross-reacted with NCA-2 since
the assays consisted of two NCA-2-cross-reactive antibodies,
M603-29 and M6104-55. Systems V and VI were designed to

Table 2 Sensitivity of sandwich-EIAs for CEA using various combinations of
immobilized and enzyme-labeled antibodies

In each of nine different immobilized antibody systems, the most sensitive
combination is shown as +++*, and the other combinations are classified by
comparing their sensitivities with that of the most sensitive one.

Immo
bilized

Enzyme-labeled antibody

Group antibody M221 M272 M603 M4103 M440 M215 M429 M641
I M221-73 -Â° +++ +++ +++ +++ +++ +++* +++

M272-11 +++ + ++ +++ +++Â« +++ ++
II M603-29 +++ - - +++ +++* +++ +++ ++

M4103-37 +++ +++ +++ - +++ +++ ++ +++Â»
M6104-55 +++ +++ +++* +++ - Â± ++ ++
M440-11 +++ +++ +++Â« +++ - Â± ++ ++

III M215-11 +++ +++ +++* +++ Â± - +++ +++
M429-34 +++* +++ +++ ++ +++ +++ - -
M641-3 +++ +++ +++ +++* +++ ++ - -

Â°Sensitivities: 99-50% (+++), 49-20% (++), 19-5% (+), 4-1% (Â±),and <1%
(-) of that of the most sensitive assay (+++*).
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Table 3 Sensilivity and specificity of sandwicH-ElAs

No.1IIIIIIVVVIImmobilizedantibodyM272-11M6

104-55M6

104-55M6
104-55M6
104-55M641-3Enzyme-

labeled
antibodyM221-73M221-73

M272-11M221-73M603-29M603-29M2I5-11Inhibiting

antibody'M272-I1M440-1IDetection
limit

(ng/ml)0.50e0.15e0.25e0.25e0.40"0.40*Specificity

(%)*CEA100100100100305.2NCA-23.33.63.0651008.8NCA0.70.70.72.84.4100

" A competitive inhibitor for an enzyme-labeled antibody.
* Specificity calculated from standard curves for CEA, NCA-2, and NCA.
' Detection limits were defined as the least amounts of CEA that could be

distinguished from zero within 99% confidence limits.
d Detection limit for NCA-2.
' Detection limit for NCA.

CEA

pb

NCA-2

CEA

Â£Â¿3CEA-distinctive region

L IJ NCA-2-common region

FI NCA-common region

ESJ NCA-specific region

~fa M 272-11

â€¢$fM 603-29

â€¢^ M 6104-55 or M 440-11

â€¢$fM 215-11

â€¢^SfM 641-3

() Enzyme

NCA

Fig. I. Principles of sandwich-El As selective for NCA-2 (A) and NCA (B).

be selective for NCA-2 and NCA, respectively, as described
below.

Sandwich-El As Selective for NCA-2 and NCA. M272-11 and
M603-29 recognized CEA-distinctive and NCA-2-common ep-
itopes, respectively. They were, however, subjected to steric
hindrance or other restrictions, when bound to CEA simulta
neously. A similar phenomenon was observed in the case of
M440-11 (or M6104-55) and M215-11, which were directed
against NCA-2-common and NCA-common epitopes, respec
tively. On the basis of these phenomena, sandwich-EIAs selec
tive for NCA-2 and NCA were developed according to the
principles shown in Fig. 1. The binding of enzyme-labeled
M603-29 to CEA may be competitively inhibited by coexisting
M272-1I, while such inhibition may not occur in the case of
NCA-2 since the epitope recognized by M272-11 is not present
on the NCA-2 molecules (Fig. 1/1). Similarly, coexisting M440-
11 may competitively inhibit the binding of enzyme-labeled
M215-11 to CEA and NCA-2 but not NCA, since the epitope
recognized by M440-11 is shared by CEA and NCA-2 but not

by NCA (Fig. IB).
The results of the sandwich-EIA using immobilized M6104-

55 and enzyme-labeled M603-29 are shown in Fig. 2A. In the
presence of 3.3 Me/ml of M272-11, the sensitivity for CEA was
lowered to approximately one-seventh of its previous level,
while there was no effect on the dose-response curves for NCA-
2. The resulting assay showed increased selectivity for NCA-2.
Fig. 2B shows the effects of M440-11 on the sandwich-EIAs
using immobilized M641-3 and enzyme-labeled M215-11. At a
concentration of 3.3 /tg/ml. M440-11 reduced the sensitivity

to 100

01 10 100
CEA, NCA-2 or NCA (ng/ml)

Fig. 2. A, sandwich-EIAs for CEA (O) and NCA-2 (â€¢)using immobilized
M6104-55 and enzyme-labeled M603-29 in the presence ( ) or absence
( ) of M272-11. B, sandwich-EIAs for CEA (O), NCA-2 (â€¢),and NCA (A)
using immobilized M641-3 and enzyme-labeled M215-11 in the presence ( )
or absence ( ) of M440-11.

for both CEA and NCA-2, which was three to four times less
than that without the antibody, but did not elicit any changes
in the dose-response curves for NCA. The inhibiting effects of
M272-11 and M440-11 were observed at concentrations up to
10 and 33 Mg/ml, respectively, without any further changes.
These results demonstrated that the selectivity of the sandwich-
EIAs could be improved by adding suitable monoclonal anti
bodies as competitive inhibitors for the enzyme-labeled ones.
Furthermore, these results supported the observation that
M272-11 and M440-11 did not cross-react with NCA-2 and
NCA, respectively. The sensitivity and specificity of these assays
are also summarized in Table 3.

Determination of CEA in Sera. Serum CEA levels of 12 cancer
patients were determined with system II (a CEA-specific assay)
and in parallel with Abbott CEA-EIA reported to be CEA
specific (26). The values obtained by the two methods are
similar. The regression equation and the correlation coefficient
(r) were Y (system II) = 0. Â»21X(Abbott kit) + 6.54 (ng/ml)
and r = 0.980, respectively. Similarly, CEA levels in the sera of
30 healthy adults were detf rmined with both assays. In normal
male sera (n = 17), system II gave slightly lower CEA levels
than did the Abbott kit: the mean values obtained were 2.24 Â±
1.20 (SD) ng/ml in system II and 2.63 Â±0.97 (SD) ng/ml in
the Abbott kit. In female sera (n = 13), the mean values obtained
were almost equal: 1.88 Â±1.20 (SD) ng/ml in system II and
1.93 Â±1.05 (SD) ng/ml in the Abbott kit. The regression
equation and the correlation coefficient calculated from the
values of 30 normal adults were Y (system II) = 0.999A*(Abbott

kit) - 0.237 (ng/ml) and r = 0.879, respectively. The fairly

good accordance between the two methods indicates that CEA
molecules expressing the epitopes recognized by M221-73 and
M272-11 are generally found in the sera of both cancer patients
and normal adults.

Adsorption of Serum CEA with M272-11. To investigate the
heterogeneity of serum CEA, standard antigens or serum sam-
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HETEROGENEITY OF CIRCULATING CEA

pies were adsorbed on M272-11 immunosorbents and then
subjected to the assays of system III (a CEA-specific assay) or
system IV (a NCA-2-cross-reactive assay) (Table 4). Most of
the CEA activity of the purified CEA preparations was adsorbed
with M272-11 and residual activities were less than 5% in
system III and less than 10% in system IV. In contrast, a NCA-
2 preparation showed no significant decrease of activity after
adsorption with M272-11 in system IV, indicating again that
M272-11 did not react with NCA-2. When assayed with system
III, CEA activity in the sera of patients and normal adults was
almost completely adsorbed with M272-11. In system IV, how
ever, significant levels of CEA activity were not adsorbed with
M 272-11. Nonadsorbed activity in the sera of patients with
malignant and nonmalignant diseases and of normal adults
were 12-43% (n = 6), 23-80% (n = 7), and 19-62% (n = 9) of
CEA activity before adsorption, respectively. The highest value
was found in the serum of a patient with ulcerative colitis; 80%
of the activity was not adsorbed with M272-11 in system IV.
These results indicate that serum CEA include some species
unreactive with M272-11.

Gel Filtration of Serum CEA. The perchloric acid extracts of
the serum of a cancer patient in Table 4 (No. 1), which contained
relatively higher amounts of CEA species unreactive with
M272-11, were applied to the column and immunological ac
tivities were monitored with the assays of system II (a CEA-
specific assay), system V (a NCA-2-selective assay), and system
VI (a NCA-selective assay) (Fig. 3). Three different peaks were
detected corresponding to the elution positions of standard
CEA, NCA-2, and NCA, respectively. These results indicate
that the serum contained not only CEA and NCA but also a

Table 4 CEA levels of various samples before and after adsorption with M2 72-11

SystemHIÂ«CEA

levelSamplePurified

antigenCEA(II)CEA(I)NCA-2SerumMalignant*No.

1No.
2No.
3No.
4No.
5No.
6NonmalignanNo.

1No.
2No.
3No.
4No.
5No.
6No.
7NormalNo.

1No.
2No.
3No.
4No.
5No.
6No.
7No.
8No.

9Before

(ng/ml)100780.277004401401308460tit3.83.72.51.61.22.91.33.43.12.92.92.81.61.51.51.0After(ng/ml)4.61.6<0.2512.51.7<3.40.56<2.5<1.3<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25<0.25Nonad

sorbed
activity
(%)4.62.11.90.4<2.40.4<3.0<2.2<6.6<6.8<IO<16<21<8.6<19<7.4<8.1<8.6<8.6<8.9<I6<I7<17<25CEASystem

IV"levelBefore

After
(ng/ml)(ng/ml)100739.5112049018013094756.66.13.53.42.56.07.44.83.74.93.94.42.92.32.72.69.14.89.0480120481613132.12.10.81.30.92.75.91.40.71.21.22.11.40.81.21.6Nonad

sorbed
activity

(%)9.16.69543242712141733282338364580291924314848344462

Â°Systems HI (CEA-specific) and system IV (NCA-2-cross-reactive) were de

scribed in Table 3.'' Nos. 1-5, colorectal carcinoma; No. 6. stomach carcinoma.
' Nos. 1-5, gastric and/or duodenal ulcer; Nos. 6 and 7, ulcerative colitis.

20

10

NCA-2

CEA

MRP

NCA

40 50

Elulio Volume (ml)

Fig. 3. Ultrogel AcA-34 column chromatography of perchloric acid extracts
from a serum of a cancer patient. Immunological activity was detected with
system II (a CEA-specific assay. O), system V (a NCA-2-selective assay, â€¢),and
system VI (a NCA-selective assay. A) using CEA, NCA-2, and NCA as standard
for the assays, respectively. Systems II, V, and VI are described in Table 3. Arrows,
elution positions of standard CEA, NCA-2, NCA, HSA (M, 69,000), and HRP
(M, 40,000), respectively.

CEA variant with an apparent molecular weight similar to that
of NCA-2. Furthermore, this variant was detected by a NCA-
2-selective assay and not by a CEA-specific assay suggesting
that it lacked the CEA-distinctive epitopes recognized by M221 -
73 and M272-11. The variant was also found in relatively small
amounts in extracts of sera of other cancer patients.

Similarly, the perchloric acid extracts of normal sera were
examined in the same manner. The activities of CEA, NCA,
and the variant lacking the CEA-distinctive epitopes were also
found (data not shown). These results suggested that the im
munological activity in the sera nonadsorbed with M272-11 in
system IV (Table 4) was due to the low molecular weight variant
of CEA.

DISCUSSION

The studies presented here demonstrate the immunological
and physicochemical heterogeneity of circulating CEA analyzed
by several sandwich-EIAs with different selectivities. We pre
pared nine monoclonal antibodies directed against eight dis
tinctive epitopes. Among them, M221-73 and M272-11 recog
nized CEA-distinctive epitopes and yielded sandwich-EIAs far
less reactive with NCA-2 and NCA (systems I-III). These CEA-
distinctive epitopes were relatively labile for Smith degradation
suggesting that carbohydrates may play some role in the im
munological recognition. However, our results do not rule out
the possibility that these antibodies recognized peptide moieties
since Smith degradation also destroys amino acids to a certain
extent (20). It may be that these antibodies, similar to antibodies
to human chorionic gonadotropin-0 C-terminal peptide (27),
recognized the tertiary structures of peptide chains, which are
significantly influenced by carbohydrate moieties attached to
the peptide chains.

Interesting sandwich-EIAs selective for NCA-2 (system V)
and NCA (system VI) were also developed using suitable mono
clonal antibodies as competitive inhibitors against enzyme-
labeled ones. These assays were based on the observation that
the simultaneous binding of the two monoclonal antibodies to
CEA were unexpectedly restricted by steric hindrance or other
reasons. Similar phenomena have been found in monoclonal
antibodies reactive or unreactive with NCA (13, 28), but further
investigations have not been made.
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The comparative study between our "CEA-specific" assay

(system II) and Abbott kits revealed that CEA molecules ex
pressing the "CEA-distinctive" epitopes recognized by M221-
73 and M272-11 were generally found in the sera of both cancer
patients and normal adults, indicating that these epitopes were
different from ones with allotypic characters described previ
ously (11). The subsequent adsorption studies on M272-11
immunosorbents, however, revealed that circulating CEA in
volved CEA variants lacking the CEA-distinctive epitopes. Al
though more extensive studies were required to elucidate the
clinical significance of such variants, our results show that the
variants are contained with slightly higher ratios in normal sera
than in the sera of cancer patients (P < 0.05). Relatively higher
amounts of the variants were also found in the sera of patients
with ulcerative colitis. The latter result was consistent with an
earlier report that the sera of patients with ulcerative colitis
show lower CEA levels in sandwich-EIAs noncross-reactive
with NCA-2 (10).

CEA and related substances were extracted with perchloric
acid and further analyzed by gel filtration on an Ultrogel AcA-
34 column. These studies demonstrated the presence of a CEA
variant in the sera of both cancer patients and normal adults.
The variant had NCA-2-like properties because it lacked only
CEA-distinctive epitopes and had an apparent molecular weight
similar to that of NCA-2. In addition, normal sera seemed to
contain the other variant lacking both CEA-distinctive and
NCA-common epitopes (data not shown).

CEA is known to be heterogeneous in molecular weight (M,
180,000 Â±20,000), and the M, 160,000 CEA distinguishable
from the M, \ 80,000 CEA by monoclonal antibodies was found
(29, 30). A low molecular weight variant of CEA (CEAiow,Afr
125,000) was also isolated from tumor homogenates (4). Hedin
et al. prepared two monoclonal antibodies fully reactive with
CEA|OWbut less reactive with NCA-2 (10, 28), suggesting that
CEA|OWmay express CEA-distinctive epitopes and may be dif
ferent from the CEA variant in this study. Recently, Neumaier
et al. detected a M, 128,000 colorectal antigen in tumor tissues
(31), and M, 114,000 and 85,000 antigens in normal plasma
(32) by transblot studies. Although the Mr 128,000 antigen was
slightly smaller than NCA-2, it resembles the CEA variant in
this study because it lacked only an epitope recognized by a
monoclonal antibody unreactive with NCA-2. The M, \ 14,000
and M, 85,000 antigens lacked NCA-2-common epitopes (32)
suggesting that they were similar to serum NCA and not iden
tical with the CEA variant in this study.

While monoclonal anti-CEA antibodies unreactive or far less
reactive with NCA-2 have been prepared and applied to im-
munoassays with improved specificity for carcinomas (10, 12),
circulating levels of NCA-2 or NCA-2-like substances have not
been explored extensively. The variant demonstrated in this
study seems to be closely related to NCA-2. However, it remains
to be further investigated whether the NCA-2-like substance in
this study is equal to NCA-2, and whether the CEA variant
represents in vivo degradating products of CEA or not. Our
preliminary investigation revealed that spent culture media
from two CEA-producing cell lines also contained the CEA
variants lacking CEA-distinctive epitopes (data not shown).
The monoclonal antibodies directed against CEA-distinctive
epitopes and unique sandwich-EIAs described in this study may
provide useful methods to elucidate biological interrelations
between NCA-2 and CEA.
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