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Plasma carcinoembryonic antigen concentrations and
immunohistochemical patterns of epithelial marker
antigens in patients with large bowel carcinoma
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SsUMMARY Carcinoembryonic antigen (CEA), secretory component (SC), and epithelial IgA were
traced by paired immunofluorescence staining in 102 large bowel carcinomas from 99 patients.
The immunohistochemical results were evaluated semiquantitatively in relation to histological
tumour grade, clinicopathological stage, and preoperative plasma CEA concentration. CEA
expression was significantly increased (p < 0-05) in the following order: histologically normal
colon mucosa, transitional mucosa adjacent to tumours, neoplastic epithelium; the reverse was
true for the expression of SC and epithelial IgA (p < 0-01). CEA was significantly more abundant
in the moderately and poorly differentiated tumours than in the well differentiated ones (p <
0-05), whereas the latter showed better expression of SC (p < 0-05) and epithelial IgA (p
=2(0-06). In the transitional mucosa, CEA staining tended to be inversely related to histological
tumour grade, whereas SC and epithelial IgA were significantly better seen in this zone when the
adjacent tumour was well differentiated than when it was moderately or poorly differentiated (p
< 0-01). Furthermore, the expression of SC and epithelial IgA in the transitional mucosa
decreased with increasing invasiveness of the tumours, whereas the opposite relation was indicated
for CEA expression. Plasma CEA concentrations were not clearly correlated with histological
tumour grade, but the localised well differentiated tumours tended to be associated with lower
levels than the localised moderately differentiated ones (p===0-06). Moreover, the latter variety
was associated with lower plasma CEA concentrations than disseminated tumours of comparable
differentiation (p < 0-01).

The malignant potential of large bowel carcinomas
has up till now been predicted on the basis of
pathological staging and histopathological grading.'
In addition, pre- and postoperative measurements
of carcinoembryonic antigen (CEA) in plasma may
aid monitoring of cancer treatment.? Recently,
expression of epithelial marker antigens has been
suggested as a useful tumour characteristic. CEA®
and components of the secretory IgA system* have
thus been studied in gastric malignancies® and in
large bowel carcinomas.® The latter investigation
was based on semiquantitative and concomitant
evaluation of CEA, secretory component (SC), and
epithelial IgA by paired immunofluorescence stain-
ing. Although the cases were relatively few and the
individual variations large, the expression of SC and
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IgA in neoplastic epithelium was, on the whole,
positively correlated with the histological degree of
tumour differentiation. Conversely, there was no
apparent relation between expression of CEA and
tumour differentiation.

In this extended study we evaluated immunohis-
tochemically the same three epithelial markers in
102 large bowel carcinomas in relation to histologi-
cal tumour grade and clinicopathological stage. The
preoperative plasma CEA levels of the 99 included
patients were also taken into account.

Material and methods

TISSUE SPECIMENS

Altogether 102 tumour specimens were obtained
from 99 patients (47 men and 52 women) who were
subjected to surgery for adenocarcinoma of the
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large bowel. Their mean age was 63 yr (range:
28-90 yr).

Immediately after resection, the tissue material
was transported in ice-cold phosphate-buffered
saline (PBS) (0-01 M phosphate buffer, pH 7-6, con-
taining 0-15 M NaCl) to the laboratory where the
macroscopic examination was done, and appropriate
tissue samples were excised for immunohistochemis-
try. All samples were placed in cold 96% ethanol
and processed for paraffin embedding as detailed
elsewhere.”

HISTOPATHOLOGICAL GRADING

Serial sections were cut at 6 um. The first section in
every series was stained for histopathological evalu-
ation with a trichrome routine method combining
haematoxylin, azofloxine, and saffron (HAS).® After
randomisation of these sections, the tumours were
graded as poorly, moderately, or well differentiated
on the basis of Evans’ criteria.® The same trained
pathologist was responsible for this grading
throughout the study, and a blind test for reproduci-
bility did not reveal any systematic error.®

CLINICOPATHOLOGICAL STAGING

The extent of bowel involvement and the presence
or absence of lymph node metastasis were staged in
accordance with the criteria given by Dukes and
Bussey.' In addition to Dukes’ stages A, B, and C,
tumours with distant organ metastasis were assigned
stage D.

IMMUNOHISTOCHEMISTRY
The immunohistochemical investigaiion was for
most tumours based on serial sections from two tis-
sue blocks—both containing neoplastic epithelium
and the adjacent transitional mucosa. As controls,
47 histologically normal samples of large bowel
mucosa were included. One section of each series
was incubated with fluorescein isothiocyanate
(FITC)-labelled sheep anti-SC and tetramethyl-
rhodamine isothiocyanate (MRITC)-labelled rabbit
anti-CEA, and another with FITC-labelled rabbit
anti-IgA and MRITC-labelled sheep anti-SC. The
preparation and characterisation of these sheep and
rabbit IgG-fluorochrome conjugates have been
reported previously.®

Evaluation of paired immunofluorescence stain-
ing was performed in a Leitz Orthoplan fluorescence
microscope equipped with an Osram HBO 200 W
lamp for excitation of rhodamine (red) emission,
and with an XBO 150 W lamp for fluorescein
(green). Narrow-band excitation and selective filtra-
tion of the fluorescence colours were obtained with
a Ploem-type epi-illuminator. The staining of the
three epithelial marker antigens (CEA, SC, and
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IgA) was scored semiquantitatively as detailed else-
where.® Briefly, a score of three indicated abundant
staining reaction and 0 negligible or no reaction.
Both the tumour and the adjacent transitional
mucosa were evaluated. The sarhe investigator was
responsible for this scoring throughout the investiga-
tion, and a blind test for reproducibility did not
reveal any systematic error.®

PLASMA CEA LEVELS
The concentration of CEA in plasma was quantified
with a slightly modified Roche radioimmunoassay.'®

STATISTICAL ANALYSES

Since our observations were mainly recorded as
scores, grades, or stages, only statistical methods
compatible with the application of the ordinal scale
were considered valid.'!" Non-parametric rank
methods were therefore used, and distributions were
given as medians and observed ranges. Group com-
parisons were based on the Mann Whitney U test.'?

Results

HISTOLOGICAL GRADING

Approximately 10% of the tumours were well dif-
ferentiated and 20% poorly differentiated; most of
them were, however, classified as moderately dif-
ferentiated (Table). All well differentiated tumours
were localised (Dukes’ stages A or B), whereas 17
of the 22 poorly differentiated were disseminated
(Table).

IMMUNOFLUORESCENCE STAINING
CHARACTERISTICS
When neoplastic epithelium contained detectable
cell markers, they were generally distributed fairly
evenly throughout the tumour. If only isolated posi-
tive epithelial elements were seen in an otherwise
negative tumour, such areas were disregarded when
fluorescence scores were assigned (Fig. 1).
Tumours that were SC-positive usually exhibited
diffuse intracellular staining but apical inten-
sification was noted in glandular elements (Figs. 1
and 2). Epithelial staining for IgA was generally
confined to the apical aspects of the cells (Fig. 2).

Table Relation between histological tumour grade and
clinicopathological stage

Tumour grade Clinicopathological stage

A B C D

Total No

Well differentiated 6 5 — — 11
Moderately differentiated 13 32 12 12 69
Poorly differentiated 2 3 10 7 22
Total No 21 40 22 19 102
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Fig. 1 Poorly differentiated adenocarcinoma with a better differentiated area in the lower part. (a) HAS-stained section.
Area corresponding to frame was studied immunohistochemically in adjacent sections; (b, c) same field of adjacent section
stained by paired immunofluorescence for CEA (b) and SC (c). The better differentiated part contains both CEA and SC,

whereas only traces of CEA can be seen in the undifferentiated part. (a) <40, (b, c¢) X125

Accumulations within glandular lumina were some-
times positive for both SC and IgA (Fig. 2).

Staining of CEA was principally confined to a rim
lining the apical surfaces of the tumour cells (Figs. 1
and 2), but in most cases the fluorescence was
intensified by intercellular extensions and often also
by diffuse cytoplasmic staining (Fig. 3); CEA-
positive material was frequently seen in lumina of
gland-forming elements (Figs. 1 and 2).

The content of goblet-like cells in well differenti-
ated carcinomas was always negative for SC, IgA,
and CEA. However, in a case of signet-ring cell car-
cinoma the neoplastic cells contained all three mar-
kers (Fig. 3).

In the transitional mucosa adjacent to the tumour,
all three epithelial markers were distinctly localised
in the columnar cells whereas the mucin content of
goblet cells was unstained (Fig. 3). Some
heterogeneity with regard to staining pattern was
noted as reported previously;® each final fluores-
cence score was, therefore, in most cases an average
based on two mucosal samples from the same
specimen. When hyperplastic crypt elements were

present, staining for CEA was generally intense
whereas that for SC and epithelial IgA was faint
(Fig. 4).

Four poorly differentiated carcinomas were nega-
tive for CEA—one of them being an adenoacan-
thoma of the caecum (Fig. 5). However, in all these
cases the transitional mucosa contained CEA (Fig.
5).

OVERALL EXPRESSION OF EPITHELIAL MARKERS
The transitional mucosa showed significantly more
abundant CEA staining than histologically normal
colon mucosa, and the scores given for the tumour
epithelium were still higher (Fig. 6). SC and IgA
produced the inverse result in relation to the three
categories of epithelium (Fig. 6).

EXPRESSION OF EPITHELIAL MARKERS IN
RELATION TO HISTOLOGICAL TUMOUR GRADE
AND CLINICOPATHOLOGICAL STAGE

The well differentiated carcinomas were scored
significantly lower for CEA than both the moder-
ately and the poorly differentiated ones; it should be



Fig. 2 Moderately differentiated adenocarcinoma in a villous adenoma; transition between villous elements (upper part)
and carcinoma (lower part). (a) HAS-stained section; (b, c) same field from adjacent section stained by paired
immunofluorescence for CEA (b) and SC (c); (d) comparable field from a third serial section stained by
immunofluorescence for IgA. The three epithelial cell markers are more strongly expressed in the carcinomatous glands than
in the villous adenoma. The staining is confined to the apical part of the cells, and accumulations within the glandular lumina

are positive for all three components. X 140.




Fig. 3 -Signet-ring cell carcinoma of the caecum. (a) HAS-stained section; (b, c) same field from adjacent section stained by
paired immunofluorescence for CEA (b) and SC (c); (D) comparable field from a third serial section stained by
immunofluorescence for IgA. In the transitional mucosa (Tr) SC and IgA are expressed by columnar epithelial cells with
apical intensification, whereas CEA only occurs as a tiny luminal rim. The signet-ring cells of the tumour (Tu) are positive

for CEA and SC and some of them show uptake of IgA. Numerous IgA-producing plasma cells are present in Tr. x140.
Insert in (a) X40.
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Fig. 4 Transitional mucosa (Tr) adjacent to a moderately differentiated adenocarcinoma (Tu). (a) HAS-stained section
shows that the crypts adjacent to the tumour are lined by serrated hyperplastic epithelial elements. Area corresponding to
frame is shown immunohistochemically in adjacent sections; (b, c) same field in adjacent section stained by paired
immunofluorescence for CEA (b) and SC (c); (d) comparable field in a third serial section stained by immunofluorescence
for IgA. The hyperplastic epithelial elements show a broad and intense luminal border of CEA-positive material, whereas

the staining for SC is faint and more diffuse. Epithelial IgA is confined to the apical part of the cells and isin some parts of
the crypts almost lacking. (a) x40 (b, c, d) x140.
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Fig. 5 Adenoacanthoma
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of the caecum. (a) HAS-stained section shows sheets of squamous-like cells

with a central dyskeratotic one (arrow); (b) section from the same tumour specimen stained by
immunofluorescence for CEA, which abounds in the transitional mucosa (Tr) but is lacking in the tumour

(Tw). (a)
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Fluorescence score

%420 (b) x125.
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Fig. 6 Immunofluorescence scores given for epithelial staining of histologically normal colon mucosa
(A), transitional mucosa adjacent to carcinoma (O), or carcinoma (e). Medians are connected by dashed
lines. Transitional mucosa was scored significantly higher for CEA than normal mucosa (p < 0-05), and
carcinoma higher than transitional mucosa (p < 0-01). Scores for SC- and epithelial IgA were significantly
lower in transitional mucosa than in normal mucosa (p < 0-01), and lower in carcinoma than in
transitional mucosa (p < 0-01).
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Fig. 7 Immunofluorescence scores given for epithelial staining of poorly (w), moderately ( o), or well differentiated
(M), carcinomas. Medians are connected by dashed lines. Well differentiated carcinomas were scored significantly
lower for CEA than moderately (p < 0-05) or poorly differentiated carcinomas (p < 0-05). Well differentiated
carcinomas tended to express more SC and IgA than moderately differentiated (p=2-0-08 and p=-0-09,
respectively), and moderately and poorly differentiated carcinomas taken together were scored significanily lower
than well differentiated ones (p < 0-05 for SC and p==0-06 for IgA). No statistically significant differences
appeared between moderately and poorly differentiated carcinomas.
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Fig. 8 Immunofluorescence scores for epithelial staining of transitional mucosa adjacent to poorly (m),
moderately (o), or well differentiated (A) carcinomas. Medians are connected by dashed lines. Transitional
mucosa adjacent to well differentiated tended to express less CEA than adjacent to poorly differentiated
carcinomas (p==0-05). SC and IgA scores were significantly higher adjacent to well differentiated than
adjacent to moderately or poorly differentiated carcinomas (p < 0-01 for both markers). No statistically
significant differences appeared between specimens with moderately and poorly differentiated carcinomas.
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Fig. 9 Immunofluorescence scores given for epithelial staining of transitional mucosa adjacent to
carcinomas of stage A (A), B (o), C (¥), or D (w). Medians are connected by dashed lines. Transitional
mucosa adjacent to localised carcinoma (stages A and B) tended to express less CEA than adjacent to
disseminated (stages C and D) (p < 0-05), whereas expression of SC and IgA was best adjacent to the
localised tumours (p < 0-01).
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noted, however, that among the latter there were
four cases completely negative for CEA (Fig. 7).
Conversely, both SC and IgA scores were
significantly higher in well differentiated carcinomas
than in the two other categories (Fig. 7). No statisti-
cally significant differences were found between
moderately and poorly differentiated carcinomas for
any of the three marker proteins (Fig. 7). Expres-
sion of CEA in neoplastic epithelium was apparently
unrelated to stage, whereas SC (but less clearly IgA)
decreased from localised (A and B) to disseminated
(C and D) tumours (p < 0-02).

The transitional mucosa tended to express more
CEA adjacent to poorly differentiated than adjacent
to well differentiated tumours (Fig. 8). Conversely,
SC and IgA scores were significantly higher in this
zone adjacent to well differentiated than adjacent to
moderately or poorly differentiated carcinomas, but
there was no distinct difference between the two
latter varieties (Fig. 8). Expression of SC and
epithelial IgA in the transitional mucosa was
inversely related to stage whereas a positive relation
was indicated for CEA expression (Fig. 9).

PLASMA CEA CONCENTRATION IN RELATION TO
HISTOLOGICAL TUMOUR GRADE AND
CLINICOPATHOLOGICAL STAGE

Plasma CEA concentrations were not clearly corre-
lated with histological tumour grade, and in the
whole material only a weak positive correlation with
stage appeared. Well differentiated carcinomas,
which all belonged to stage A or B, tended to
be associated with lower plasma CEA concentra-
tions than both localised and disseminated (stages C
or D) moderately differentiated carcinomas (Fig.
10). Furthermore, among the latter the dissemi-
nated were associated with significantly higher
plasma CEA concentrations than the localised ones,
whereas no such difference was observed in the rela-
tively small group of poorly differentiated car-
cinomas (Fig. 10).

Discussion

The proportion (about 60%) of localised (stages A
or B) adenocarcinomas of the large bowel was
somewhat higher in the present material than in
larger series of patients.''* Nevertheless, the dis-
tribution of different histological tumour grades was
in agreement with that reported by Dukes and Bus-
sey;' they found in a material of 2097 rectal car-
cinomas 20% poorly, 61% moderately, and 19%
well differentiated tumours. Such classification of
carcinomas is necessarily arbitrary with ill defined
boundaries between the three histological grades. It
seems important, therefore, to search for more
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objective criteria for prediction of malignant tumour
potential. To this end we evaluated the expression of
different types of epithelial cell markers both in the
tumour and in its adjacent transitional mucosa.

Previous studies had indicated that two compo-
nents of the secretory immune system, SC and
intraepithelial IgA, may disappear partly or com-
pletely from neoplastic epithelium.®!'¢'s-18 Car-
cinoembryonic antigen, on the other hand, which
normally abounds only in the fetal intestinal
epithelium, may appear in increased amounts in
cancerous and inflammatory lesions of the large
bowel.>¢'7!°=2!  Qur present finding, indicating
significantly more CEA and less SC and epithelial
IgA in adenocarcinomas than in normal colonic
mucosa, was, therefore, as expected. Moreover, the
intermediate expression of these epithelial markers
in the transitional mucosa confirmed our previous
observations.®

Carcinoembryonic antigen was fairly evenly dis-
tributed within individual tumours, as also reported
by others.?' Conversely, small groups of epithelial
elements positive for SC and IgA could occur in
otherwise negative tumours. Such topical variability
in the expression of SC and IgA, as well as differ-
ences between individual tumours, might in part
depend on the growth pattern of the neoplastic
epithelium. In gland-forming tumour elements, lum-
inal transport of SC and dimeric IgA could presum-
ably occur at a high rate and there would conse-
quently be no excessive epithelial staining for these
two markers. When no lumen was formed, on the
other hand, expression of SC and uptake of dimeric
IgA might result in cytoplasmic accumulation of
both components and thereby disproportionately
bright staining. Nevertheless, the overall positive
relation previously noted® between staining for both
these markers in neoplastic epithelium and the
degree of tumour differentiation was confirmed in
our extended material.

Tumour metastases were commonly found to con-
form to the primary tumour with regard to SC and
epithelial IgA (Rognum et al, unpublished observa-
tions), and measurements of secretory IgA in seruin
have previously been suggested as an adjunct in follow-
ups of SC- and IgA-positive carcinomas.???* It
should be noted, however, that a weak negative cor-
relation between tumour expression of SC (and
IgA) and stage was indicated, and that a high pro-
portion of the tumours were negative for both mar-
kers (41% lacked SC and 53% lacked epithelial
IgA).

Most authors have failed to find a clear relation
between the degree of tumour differentiation and
the expression of tumour CEA as evaluated by
immunohistochemistry**?* or by measurements of



932

extractable antigen.?°?' In our extended material
there seemed to be, on the average, less CEA in well
differentiated than in both moderately and poorly
differentiated tumours; it should, nevertheless, be
noted that the latter category contained four CEA-
negative specimens. These results are in general
agreement with those of Bordes et a/** but in con-
tradiction to the claim of Denk et a/*’ that well dif-
ferentiated tumours contain most CEA. However,
only five moderately and two poorly differentiated
adenocarcinomas were included in the latter study.
We have, moreover, recently found that aneuploid
tumours express significantly more CEA than near
diploid ones,”® and heterogeneity of this variable
probably explains some of the conflicting results in
the literature.

In agreement with others,?* ¢ ?* we found that the
transitional mucosa adjacent to tumours seemed to
contain more CEA than normal, especially when
hyperplastic epithelial elements were present. We
also observed that increased expression of CEA was
generally associated with decreased expression of
SC and epithelial IgA in this zone, and that these
alterations were related to the degree of tumour dif-
ferentiation. In another study®® we have shown also
that the DNA profile of the tumour is related to its
influence on the expression of CEA, SC and epithe-
lial IgA in the adjacent transitional mucosa. Filipe
and Branfoot** have reported that a decreased
sulphomucin-to-sialomucin proportion in the transi-
tional mucosa was directly related to stage. We simi-
larly found a relation between stage and decreased
expression of SC and epithelial IgA in this zone.
Both mucin- and immunohistochemistry of the
transitional mucosa may hence contribute to eluci-
dation of the malignant potential of large bowel car-
cinomas.

Pre- and postoperative measurements of plasma
CEA concentrations may provide useful informa-
tion in follow-ups of patients with large bowel
carcinoma,> but interpretation of data in
clinicopathological terms is rendered difficult by
numerous discrepant reports.?° 243! ~3¢ We found that
the plasma CEA concentration tended to be higher
in patients with localised moderately differentiated
tumours than in those with well differentiated ones.
On the whole, however, our study supported neither
the opinion that poorly differentiated tumours are
associated with particularly high plasma CEA con-
centrations?* 3! nor the suggestion that such tumours
tend to release relatively little CEA.2** Our results
are more in agreement with those of Bivins et al*?
who reported that plasma CEA concentrations were
independent of tumour differentiation, and we have
recently found that a tumour’s capacity for CEA
output is rather influenced by its DNA profile.?®

Rognum, Elgjo, Brandizaeg, Orjasaeter, Bergan

Like Goslin et al** we have seen normal plasma
CEA concentrations in patients with disseminated
large bowel carcinomas that have been both poorly
differentiated and negative for CEA staining; but
we have also seen such a case associated with high
plasma CEA concentration (180 ug/1). We do not
agree, therefore, with the claim®® that patients with
such tumours should be excluded from serial CEA
measurements.

A positive correlation between stage and
preoperative plasma CEA concentration has been
reported by several authors?®?*' ** although not con-
sistently so.*> Skewness in the distribution of stage
within different patient groups may have influenced
the results.>? In our material as a whole, this correla-
tion was weak; but in the group of moderately dif-
ferentiated tumours the plasma CEA concentrations
were significantly higher in disseminated than in
localised cases. As mentioned above, the DNA
profile of the tumour seems to influence its output of
CEA; the same variable is, moreover, apparently
involved in the relation between stage and plasma
CEA level.”® Results of CEA measurements thus
have to be interpreted against a very complex
biological background.

In conclusion, large bowel carcinomas show strik-
ing heterogeneity with regard to: (a) tumour expres-
sion of CEA, SC and epithelial IgA; (b) influence of
tumour growth on the expression of the same
epithelial markers by the adjacent transitional
mucosa; and (c) capacity for release of CEA into
plasma. Such heterogeneity can only to some extent
be explained by taking into account the differentia-
tion of tumour epithelium as judged by traditional
histopathological criteria. However, both these
criteria and the ways in which the functional vari-
ables have been assessed are necessarily static and
extremely unsatisfactory in biological terms; only
hints about meaningful correlations may hence be
expected to emerge from such studies. Results of the
present investigation indicated that further marker
tracing in large bowel carcinomas is warranted
to obtain a better functional basis for their
classification. We plan to evaluate the prognostic
significance of the variables included in this and
another study?® by clinical follow-up of our patients.

This study was supported by the Norwegian Cancer
Society and Oleand Rolf Nordberg's Legacy. The
authors are grateful to Gunn Jamne, Vigdis Wendel
and Elisabeth Falleth for skilled technical assistance.
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