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Summary.—The measurement of carcinoembryonic antigen (CEA) in serum and
endoscopic brush specimens was evaluated for the differential diagnosis of malignant
and nonmalignant gastric disease. Brush specimens were studied from 33 patients
with gastric cancer and 36 patients with benign gastric lesions or apparently normal
gastric mucosa. Demonstrable CEA immunoreactivity was found by radioimmuno-
assay in brush specimens from 24/33 cancer patients (739,) and from 23/36 patients
with benign lesions (649,). Patients with CEA+ tissue in the immunoperoxidase test
had somewhat higher CEA concentrations in the brush specimens than cases with
CEA- biopsy tissue, although overlap was considerable. Thirty-five per cent of cancer
patients had both a positive tissue CEA reaction and a CEA/DNA ratio >10 ng/ug,
whilst patients with benign lesions had only 159%, of positives by these criteria (0-01 >
P>0-001). The serum CEA concentration was above the upper normal level of 5 ng/ml
in 2/39 patients, both of whom had gastric cancer. The CEA immunoreactive material
from benign and malignant lesions eluted in gel filtration on Sephadex G-200 in the
same volume as CEA purified from liver metastases of cancer of the colon, showing
that a glycoprotein sharing immunological and physicochemical properties with
CEA is present both in malignant and nonmalignant lesions of the gastric mucosa,
and that there is considerable overlapping in the amount of CEA. The estimation of
CEA in gastric-brush specimens is therefore of limited value in the differential diag -
nosis of benign and malignant gastric lesions.

THE PosSIBILITY of using CEA estima-
tion from plasma and other body fluids for
the detection of cancer has been widely
explored (for review see Burtin et al.,
1978). Whilst the plasma assay has turned
out to be generally ineffective for the diag-
nosis of cancer, it still may be valuable for
the detection of recurrent colorectal cancer
(Minton & Martin, 1978; Neville & Cooper,
1976). Hopes have been raised that the
measurement of CEA from secretions (Go
et al., 1975; DiMagno et al., 1977) and
effusion fluids (Molnar et al., 1976; Kim
et al., 1976) might offer a more direct
approach to the diagnosis of early malig-
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nant or premalignant lesions than the
measurement of circulating CEA.

Several antigens cross-reacting with
CEA have been identified and isolated
from tissues and body fluids, e.g. NCA (von
Kleist et al., 1972), NGP (Mach &
Pusztaszeri, 1972), CEX (Darcy et al.,
1973), CCEA-2 (Turberville et al., 1973),
CCAIII (Newman ef al., 1974), BE
(Orjasaeter, 1974), NCAy (Burtin et al.,
1973) and BGP I (Svenberg, 1576). NCA,
NGP, CEX, CCEA-2, CCAIII and BE
appear to be identical (Burtin ef al., 1978).
A molecule closely related to CEA has
been isolated from gastric juice (Vuento
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et al., 1976a). These workers found no
difference in the CEA content of gastric
lavages from patients with malignant and
nonmalignant lesions. However, speci-
mens taken from the diseased area and not
from the whole stomach might show
differences in CEA content.

We used an anti-CEA serum absorbed
to deplete it of reactivity with cross-
reacting substances of the CEA family, to
study whether the CEA measurement of
gastric-brush specimens might help in the
differential diagnosis of malignant and
nonmalignant lesions.

MATERIALS AND METHODS

Patients.—There were 69 patients, of whom
33 had a histologically verified gastric car-
cinoma, 34 had benign gastric lesions and 2
had endoscopically normal gastric mucosa.
Gastroscopy and brushing of the gastric
mucosa from the suspected lesion was per-
formed in all patients and a gastric biopsy
sample was taken from 55.

Benign lesions included 7 cases of hyper-
plastic polyps associated with gastritis and
various stages of mucosal atrophy, 18 with
gastritis or atrophic gastritis without polyps,
5 with gastric ulcer, 2 with duodenal ulcer
and 2 with gastric stump after partial gastrec-
tomy for gastric ulcer.

Endoscopic brush specimens.—The samples
were taken by brushing under visual control
during gastroscopy. The specimens were
taken into 509, ethanol. An aliquot of each
specimen was dialysed against phosphate-
buffered saline, sonicated at 70 W for 2 min
and centrifuged at 1000 g for 15 min. The
CEA content of the supernatant was deter-
mined by radioimmunoassay as described
below. Control experiments with radioactive
CEA added to similar brush specimens showed
that 93-999, of the radioactivity remained in
the supernatant after treatment with 509,
ethanol, sonication, subsequent dialysis and
centrifugation.

Antigens and antisera.—CEA was purified
from the liver metastases of carcinoma of the
colon, as described by Hammarstrém et al.
(1975). The steps of purification included
perchloric acid (PCA) extraction, DEAE-
Sepharose (Pharmacia, Uppsala, Sweden),
ion-exchange chromatography, gel filtration
on Sepharose 4B (Pharmacia), affinity
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chromatography on a concanavalin A (con
A)-Sepharose column (Pharmacia) and finally
gel filtration on Sephadex G-200 (Pharmacia).
After this procedure impurities were still
revealed by immunodiffusion against an
antiserum raised by immunizing rabbits with
PCA extract of normal human spleen. There-
fore an additional step of immunoabsorption
using anti-spleen PCA antibodies linked to
Sepharose 4B was carried out. The final pre-
paration was shown to be more than 999,
pure by immunodiffusion and SDS-poly-
acrylamide-gel electrophoresis  (Laemmli.
1970).

Purified CEA was radiolabelled with
[125]] Na (IMS 30, England) by the chlora-
mine-T method (Greenwood et al., 1963).
After removal of unreacted 1251 the tracer
was further purified by affinity chromatog-
raphy on a column of Sepharose-linked
leukoagglutinin (Stenman ef al., 1976).

Antiserum against CEA was prepared by
immunization of rabbits with purified CEA
at 2-week intervals. The antiserum was
absorbed with Sepharose-coupled normal
human serum, Sepharose-coupled 1M PCA
extracts of human spleen, gastric juice
and meconium, and with A, B and O
red blood cells. After these absorptions the
antiserum did not agglutinate human red
cells, it gave one line of complete identity in
immunodiffusion against PCA extract of
human colonic cancer and purified CEA. Tt
did not react either with PCA extracts of
normal human spleen (NCA) or with normal
human serum and saline extract of normal
human liver. Before meconium absorption
the antiserum gave a spur over meconium in
addition to the CEA-anti-CEA precipitin
line. After a partial immunoabsorption with
a Im PCA extract of meconium coupled to
Sepharose 4B, only a line of complete identity
with purified CEA remained, but the anti-
CEA titre of the antiserum decreased. Anti-
serum to rabbit IgG was prepared by immun-
izing sheep with rabbit IgG enriched by
precipitation with 509, ammonium sulphate
and ion-exchange chromatography on DEAE-
cellulose. Anti-peroxidase serum was genera-
ted in a rabbit by immunization with purified
horseradish peroxidase (Sigma Chemical Co.,
St Louis, Mo., Type VI). This enzyme pre-
paration was also used in the final step of
triple-bridge immunoperoxidase staining.
Anti-spleen PCA serum was prepared in a
rabbit by giving 3 injections of dialysed and
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lyophilized PCA extract of normal human
spleen, 5 mg each at 2-week intervals. The
animal was bled out one week after the last
injection and the IgG fraction was pre-
cipitated with 189, sodium sulphate and
coupled to cyanogen-bromide-activated Seph-
arose 4B.

Radioimmunoassay of CEA.—The tech-
nique was principally as described in a
previous paper (Rutanen et al., 1978), but
meconium-absorbed antiserum was used in
all experiments. The final dilution of anti-
serum was 1:10,000. The titre of the anti-
serum was lower than in our previous report
(Rutanen et al., 1978) owing to absorption
with meconium known to contain CEA
(Burtin et al., 1973).

Immunoperoxidase staining of CEA.—CEA
was stained in formalin-fixed deparaffinized
histological sections using the 3-layer bridge
immunoperoxidase technique as described
by Primus et al. (1975). Endogenous peroxi-
dase activity was first destroyed by incubat-
ing the tissue sections in cold methanol con-
taining 0-59, H20q2. Then the sections were
treated with 1:40 diluted rabbit anti-CEA
serum, 1:50 diluted sheep anti-rabbit-IgG
serum, and 1:100 diluted rabbit anti-
peroxidase serum. Finally, the sections were
incubated with peroxidase, 100 mg/ml in
phosphate-buffered saline (PBS) and the
peroxidase reaction developed for 5 min
with 0-05m Tris buffer, pH 7-6, containing
0-0759%, 3,3-diaminodibenzidine (Fluka, Basle,
Switzerland) and 0-05% Hz0s. The sections
were washed with PBS between each step
of the staining procedure, and before the
addition of each antiserum the slices were
incubated for 10 min with inactivated 2%,
normal sheep serum to abolish nonspecific
background staining (Burns, 1975). Adjacent
control sections were stained with 1:40
diluted anti-CEA serum completely absorbed
with CEA. This absorbed antiserum did not
bind radioactive CEA. Diluted haematoxylin
was used for counterstaining, and immuno-
chemically stained sections were compared
with those conventionally stained.

Staining was considered positive for CEA
when distinction could be made between the
test and the adjacent control section. The
absorbed anti-CEA serum had the following
characteristics in the immunoperoxidase
staining of control tissues:

1. Tt did not stain human polymorphonuclear
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leucocytes, confirming that NCA was not
interfering.

2. It stained the brush border and apical
parts of malignant cells of human car-
cinoma of the colon.

3. It stained the brush border of normal colon
mucosa.

4. These staining properties were abolished
when anti-CEA serum was absorbed with
purified CEA.

Determination of DNA.—The CEA content
of the endoscopic brush specimens was corre-
lated with the amount of DNA. Of the same
specimens from which CEA had been deter-
mined, 0-2ml aliquots were taken for DNA
determinations. The samples were incubated
with 20 ul of a solution containing 10 wug/ml
DNase (Sigma) and 50 pg/ml crude phospho-
diesterase (Sigma) for 30 min at 37°C. This
liberates deoxyribose from purine nucleotides.
Deoxyribose was determined fluorimetrically
after reaction with thiobarbituric acid. This
method (Nordling, to be published) is a
modification of a method to determine sialic
acid described by Hammond & Papermaster
(1976). The excitation wavelength was 532 nm
and emission 550 nm. Sialic acid present in
the sample does not interfere with the meas-
urement at this wavelength. Furthermore, no
sialic acid is liberated from sialomucoproteins
under these incubation conditions, and only
free sialic acid forms a chromophore in the
thiobarbituric acid assay.

Gel filtration.—The sonicated and centri-
fuged samples from 2 patients with carcinomas
and one with a benign lesion were chromato-
graphed on a calibrated Sephadex G-200
column (2-5 x 89 c¢m) equilibrated with 0-05m
Tris-HCI buffer (pH 7-5). The CEA activity
in the fractions was determined by radio-
immunoassay as described above. The molecu-
lar weight of the immunoreactive CEA peak
was calculated according to the method of
Laurent & Killander (1964) using blue dex-
tran, human IgG, human serum albumin and
a-lactalbumin as reference proteins.

RESULTS

CEA in cytological brush specimens

CEA was found by radioimmunoassay
in the brush specimens of patients with
both benign and malignant gastric lesions
(Fig. 1). The highest values were seen in
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Fie. 1.—CEA concentration by radioimmuno-
assay of brush specimens from 69 patients
with gastric cancer or benign mucosal
lesions. dl=detection limit.

cancer patients. Seven out of 8 patients
with CEA concentration in brush speci-
men > 25 ng/ug DNA had cancer. Twelve
out of 33 specimens from patients with
cancer and 5/36 specimens from patients
with benign lesions had a CEA concentra-
tion >10 ng/ug DNA (P <0-025). Cases
with low or undetectable amounts of CEA
were observed both in cancer and benign
groups.
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Immunoperoxidase staining of CEA in
biopsy tissue

Biopsy specimens from 16/30 cancer
patients (53%,) showed positive CEA
staining in cancerous tissue (Fig. 2). The
staining properties did not correlate with
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Fic. 2—CEA concentration by radioimmuno-
assay of brush specimens in patients with
immunohistochemically CEA+ and CEA-
biopsy specimens. dl=detection limit.
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the histological type of cancer. In these
specimens some morphologically non-
cancerous parts were also stained. In 2
cancer patients CEA was immunohisto-
chemically detected in non-cancerous
tissue, but not in malignant cells. Both
patients had a low CEA concentration in
the brush specimen (<0-1 ng/ug DNA).
In patients with benign disease, tissue
CEA was positive in 9/25 cases. All types
of mature mucosal cells stained. The
reason for the lack of parallelism between
the amount of CEA and the positivity of
the immunohistological reactions is not
known. Possible explanations are the
greater sensitivity of the radioimmuno-
assay, and the non-quantitative nature of
immunohistological staining methods, as
well as the possibility that some tumours
secrete CEA, whilst others retain it.

Serum CEA concentrations

The serum CEA concentration was
> 2-5 ng/ml in 2/17 patients with benign
lesions and 2/22 patients with cancer.
Higher values (> 5 ng/ml) were only seen
in the same 2 cancer patients. The con-
centration of 5 ng/ml was the cut-off level
estimated on the basis of 160 apparently
healthy individuals (Rutanen et al., 1978).
There was no correlation between the
serum CEA and the CEA concentration in
brush specimens, nor between serum CEA
and positive staining in biopsy specimens.

Histology of the tissue in cases with a high
CEA concentration in brush specimens

Data on gastric histology in patients
whose - brush specimens contained CEA
>10 ng/ug DNA are presented in the
Table. High CEA/DNA values were seen
in all histological types of gastric carcin-
oma without preponderance of any par-
ticular type. CEA staining was localized
in the secretory or brush border of the
benign or malignant epithelium (Fig. 3).
Two mucocellular carcinomas with diffuse
spread showed cytoplasmic CEA staining
in the malignant cells. In the benign
lesions CEA was localized in the foveolar
epithelium and occasionally in the meta-
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TaBLE.—Gastric histology and tissue CEA
reaction in patients with CEA concentra-
tions > 10 ng/ug DN A in gastric mucosal
brush specimens

Brush Presence

CEA of
Age (ng/pg  tissue
(yrs) Sex DNA) CEA Histology
Benign lesions

40 F 27 +  Antral gastritis

57 F 21 + Active duodenal
ulcer disease, antral
gastritis

89 M 19 —  Atrophic gastritis,
hyperplastic polyp

64 F 16 - Gastric ulcer,
atrophic gastritis

57 F 15 + Giant gastric ulcer,
atrophic gastritis

Carcinomas

59 M 134 +  Poorly differentiated
ulcer cancer

70 M 60 + Adenoca

71 M 38 +  Diffuse spreading
mucocellular Ca

80 M 31 —  Adenoca

62 F 29 —  Poorly differentiated
ulcer cancer

65 M 26 +  Poorly differentiated
Ca

69 M 25 +  Adenoca

72 M 18 +  Adenoca

79 M 16 + Adenoca

66 M 14 —  Diffuse spreading
mucocellular Ca

66 F 13 + Adenoca

66 M 11 + Adenoca

plastic epithelium. The 2 biopsy samples
from normal gastric epithelium were
CEA-. Goblet cells were regularly CEA-.
Two out of 6 biopsy specimens in which
intestinal metaplasia was observed were
CEA+, and CEA was also demonstrated in
7 benign lesions in the absence of intestinal
metaplasia. All 5 patients with benign
lesions and a CEA value > 10 ng/ug DNA
in brush specimens had gastritis or
atrophic gastritis. In addition, one had a
hyperplastic polyp, one had a gastric
ulcer, and one had a duodenal ulcer (Table).

Characterization of the CEA-reactive
material

Extracts from the brush specimens of
patients with benign and malignant gastric
lesions showed a single homogeneous peak
of CEA immunoreactivity when chromato-
graphed on Sephadex G-200. The molecu-
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F1c. 3.—Demonstration of CEA on the secretory border of benign gastric mucosa. Note the absence
of staining in goblet cells. Left: anti-CEA serum, Middle: anti-CEA serum absorbed with CEA,

Right: haematoxylin—eosin.

lar weight of the peaks was 220,000,
corresponding to that of purified CEA
(Fig. 4). The small amount of CEA in the
specimens did not allow further character-
ization of the material.

DISCUSSION

The results presented here indicate
immunoreactive CEA in both benign and
malignant gastric mucosa. Vuento et al.
(1976b) estimated the CEA activity in
gastric lavages from patients with appar-
ently normal stomach and from patients
with malignant and non-malignant lesions,
and found no correlation with malignancy.
They suggested that this was due to the
presence in gastric secretions of a CEA-
related antigen, CELIA, which eluted
slightly after CEA in gel filtration. How-
ever, they found that CELIA was im-
munologically  indistinguishable from
CEA. In this study we did not find any
difference in elution pattern between our
standard CEA and the CEA-reactive
material extracted from malignant and
non-malignant gastric mucosae.

In order to deplete the cross-reactivity
with other antigens in the CEA family,
our anti-CEA serum was absorbed using
solid-phase = immuno-absorption  with
NCA- and NCAjz-containing materials.
The occurrence of NCAs; has been im-
munohistochemically demonstrated in
gastric cancer and in the intestinal meta-
plasia of gastric mucosa (Burtin et al.,
1977). After the absorptions, our anti-
serum did not stain human polymorpho-
nuclear leucocytes or goblet cells, and in
immunodiffusion the spur between CEA
and meconium disappeared. This suggests
that NCA and NCA; were not responsible
for the positive staining seen in non-
malignant gastric tissue.

The immunohistochemical localization
of CEA in gastric carcinoma is both intra-
cellular and in the epithelial surface of the
lesion. Therefore it was hoped that the
routine brush specimen would contain
CEA* cells if they existed in the lesion.
Since the number of cells varies greatly
from one specimen to another, and also
since non-malignant mucosa appears to
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F1e. 4.—Gel filtration on Sephadex G-200 of
brush samples from benign gastric mucosa
(solid line) and carcinoma (dotted line).
The column was calibrated with human
immunoglobulin G (IgG), human serum
albumin (HSA) and alpha-lactalbumin
(«LA). The CEA-reactive material in the
brush samples eluted in the same volume
as 125]-labelled CEA (CEA) corresponding
to a mol. wt of 220,000.

contain CEA (Bunn et al., 1979), the
amount of the sample had to be quanti-
tated. The DNA content was chosen, as
blood does not interfere (except leuco-
cytes) and DNA determinations are more
sensitive than the measurement of pro-
tein. Cancer cells are known often to con-
tain more DNA than normal cells. In
addition, the cohesion in cancer tissue is
lower than in non-malignant tissue. There-
fore it could be expected that malignant
specimens would contain more cells (and
hence more DNA) than non-malignant
specimens. This would tend to minimize
possible differences in CEA content be-
tween malignant and non-malignant
samples, when the result is expressed as
the amount of CEA/DNA rather than the
total CEA in the specimen. However, the
number of cells in the brush specimen is
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largely dependent on the sampling tech-
nique, so it was not felt justifiable to give
the total CEA.

Many reports (Egan et al., 1977; Go et
al., 1975; Isaacson & Judd, 1977; Sven-
berg, 1976) suggest that CEA or antigens
immunologically indistinguishable from it
are widely distributed and secreted in the
gastrointestinal tract, even in patients
with non-cancerous disease and in normal
individuals. Our results accord with these
observations. Some gastric carcinomas
obviously produce CEA in high amounts
(Denk et al., 1974), but high concentrations
may also be seen in non-malignant lesions.
No difference between CEA and the CEA-
related substances in gastric cells was
demonstrated in this study, possibly be-
cause the difference is subtle and not
recognized by the rabbit antibodies used.
Therefore the estimation of CEA from
gastric brush specimens by either radio-
immunological or immunohistochemical
techniques is of limited value for the
differential diagnosis of benign and malig-
nant gastric lesions.
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