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Immunohistochemistry of carcinoembryonic
antigen: characterisation of cross-reactions with
other glycoproteins
P. ISAACSON AND MARY A. JUDD'

From the Department ofPathology, Faculty of Medicine, General Hospital, Southampton

SUMMARY In the course of demonstrating carcinoembryonic antigen (CEA) in normal human small
intestine cross-reactivity of specific antiserum against red blood cells, vascular endothelium,
and Paneth cell granules was noted. Pretreatment of sections with periodic acid eliminated these
cross-reactions without affecting the staining of CEA, indicating that the antigenic determinants
shared between CEA and other glycoproteins are in the carbohydrate portion of the molecules.
These findings emphasise the caution with which immunohistochemical results should be regarded
even when they are apparently well controlled.

Immunohistochemical demonstration of carcino-
embryonic antigen (CEA) in tissues has been largely
concerned with the identification of malignant
colonic epithelium (Isaacson and Le Vann, 1976).
Successful application of the procedure requires that
antibody to human CEA can be used at a high
dilution, close to that point at which a positive
reaction in tumour tissue is no longer obtainable.
This is because only at these high dilutions can
quantitative differences in tissue CEA be demon-
strated, the concentration being much higher in
malignant tissue (Khoo et al., 1973). In a recent
study of CEA localisation in normal human small
intestine (Isaacson and Judd, 1977), the object was
not to demonstrate quantitative differences in tissue
CEA and, consequently, very high dilutions of anti-
CEA were not used. At these lower dilutions of anti-
body, and sometimes persisting into quite high
dilutions, confusing, apparently specific, staining of
red blood cells and vascular endothelium was noted.
The intensity of this staining varied from case to case
and with the vascularity of the tissue under study.
Accordingly, an investigation was made into the
nature of the cross-reaction with red blood cells and
a method sought that would eliminate it.

Pretreatment of tissue sections with periodic acid

'Some of the work described in this paper will form part of a
thesis for Fellowship of the Institute of Medical Laboratory
Scientists.
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eliminated the positive staining of red blood cells and
endothelium without significantly affecting the
staining of CEA. Paneth cell granules, initially
thought to stain specifically for CEA, were likewise
affected by periodic acid. The investigation estab-
lished new criteria for immunohistochemical demon-
stration of CEA and emphasised the caution with
which immunohistochemical results should be
viewed, even when apparently well controlled.

Methods

CEA AND ANTICEA
Purified CEA and specific goat antihuman CEA
were obtained from the Chester Beatty Research
Institute, London. The methods of preparation and
immunochemical characteristics have been previously
described (Darcy et al., 1973; Tuberville et al., 1973).
The CEA was free of non-specific cross-reacting
antigen (NCA) and showed immunological identity
with CEA from the Montreal and Duarte groups.
The goat antiCEA gave a single reaction line when
diffused against perchloric acid extracts of colonic
carcinoma and, specifically, was free of antiNCA
activity.

ABSORPTION OF ANTISERA
1

One cm3 of - dilution of goat antiCEA in phos-100
phate buffered saline (PBS) was absorbed overnigh
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Table Red blood cells used to investigate cross- reactivity ofgoat antihuman CEA. Cells 1-9 stainiedfor
CEA. Cells 10 and 11 used to absorb goat antiCEA

No. Pheniotype Staininig
intensity

ABO Rh MN S s P' Lu K k Le Fv Jk

a b a b a b a b

I 0 R,R, MN + T + - + _ -
2 0 R2R, MN - - - + -
3 0 R,R, MN T - ++-+ - ++ +
4 0 rr N - + +++-+-- - ++
5 0 rr +

6 0 rr m + + +± + +

7 0 R'r MN 4l l - + - - - - + + + +-
8 0 R"r MN - + i+ - - - - +
9 AB
10 A, R'r M - + 4-- +- - -
11 0

1
with 0 3 mg purified CEA. A further 1 cm3 of 100
goat antiCEA was absorbed overnight at 4°C with
1 cm3 of washed human red blood cells of known
phenotype (Table).

HISTOLOGICAL SECTIONS
Sections of normal human small intestine and posi-
tive control sections of colon carcinoma were
obtained fresh and routinely processed into paraffin
blocks as described elsewhere (Isaacson and Judd,
1977). A panel of washed human red blood cells
was obtained from the Wessex Regional Blood
Transfusion Service; the cells were suspended in
plasma which was then clotted, and the clots con-
taining the red blood cells fixed in formol saline and
processed into paraffin blocks.

STAINING METHOD
Although the staining method for CEA has been
previously described, it will be briefly summarised
again, as small variations in the technique produced
significantly different results. The sequential steps
were as follows:

1. 5 ,um sections were deparaffinised to alcohol.
2. Endogenous peroxidase was inhibited using

05 % H202 in methanol for 10 minutes followed
by three washes in PBS at pH 7-3.

3. Sections were flooded with normal horse serum
for 10 minutes to block non-specific staining by
the peroxidase conjugated horse antigoat serum.

4. Goat antiCEA in appropriate dilution2 was

2The actual dilution of goat antiCEA used varied according to
the activity of the horse antigoat peroxidase conjugate. With a
highly active conjugate, as was the case during most of the

present investigation, a dilution of -00 goat antiCEA was

used with positive staining of small intestine and colon carci-

noma persisting maximally to a dilution of 3

applied for 30 minutes followed by three washes
in PBS.

5. Sections were flooded with 1/5 normal horse
serum for 10 minutes.

6. Horse antigoat peroxidase conjugate3, pre-
pared by the method of Nakane and Kawaoi
(1974) was applied for 30 minutes.

7. The peroxidase was 'developed' using 3, 3'
diaminobenzidine (DAB) according to the
method of Graham and Karnovsky (1966).

8. After rinsing in distilled water slides were
counterstained with haematoxylin, dehydrated,
and mounted in DPX.

Two sections of small intestine and a section of
colon carcinoma were stained substituting the
various absorbed antisera for goat antiCEA (step 4).
Each section studied was also stained substituting
normal goat serum for goat antiCEA.

Results

UNMODIFIED STAINING PROCEDURE
There was a strong positive staining reaction for
CEA over the surface of small intestinal villous
epithelium, often intensified as a lumenal border in
the crypts (Fig. 1). Goblet cells often stained and
Paneth cells stained strongly (Fig. 5). Red blood cells
and endothelium stained positively with considerable
variation in intensity from section to section, the
positive staining almost always fading before that of
the epithelium with increasing dilution of antiCEA.
Sections of colonic carcinoma used as a positive
control stained positively, as previously described
(Isaacson and Le Vann, 1976), with red blood cell
and blood vessel staining becoming evident
at higher concentrations of goat antiCEA
(Fig. 7). When normal goat serum was substituted

3Horse antigoat serum obtained from Burroughs Wellcome
as donkey antisheep serum.
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Immunohistochemistry of carcinoembryonic antigen7

EFFECT OF PERIODIC ACID
t= iSubstitutionof I periodic acid for H202 in methanol

in step 2 of the staining procedure not only inhibited
endogenous peroxidase of red blood cells and
neutrophils but abolished endothelial, red blood cell,
and Paneth cell staining even at high concentrations
of antiserum (Figs. 3, 6). Staining of the epithelial
surface of the small intestine, the lumenal border in
the crypts, and the goblet cells was unaffected, as was
the staining of colonic carcinoma. Positive staining
persisted into equally high dilutions of goat anti-
CEA.

A~~~~~ j~~~~~~ ~Discussion

- '~~~.~~~ ~ .~~ Contamination of some CEA and antiCEA prepa-
rations with the closely related antigen NCA and

- : - antiNCA respectively has been noted (von Kleist et
~~~~~ ~ ~~. al. 1972) The CEA and antiCEA used in this inves-
W~~ tigation were free ofNCA and antiNCA activity and

..... ......i n vn NCA isfon in CEA pstveithelia
=:t~~~~~ ~~~ .... ....

~.: .. .. ..
..

..

Fig. 1 Normal human ileum stainedfor CEA. Note a __ is-

Red blood cell and vascular ennldothelium sain stronly

positiv.. x.100.

for goat antiCEA all sections were negative. Endo- .

genous peroxidase within red blood cells and neutro
phils was well inhibited by the H202 in methanol.

lnn.Thereisualtsosofestainingscinofsrfaedmcelsnro

the transfuslon panel are given in the Table. Varia

intensity and, while no sections were entirely negando
thive, was negatnhiivcelstaiedoyteH0nl verylihtnly.

Sections stainedwith normalgecati serum s ightult

sor goa tantionpelre giCEA with CEAabolishedi
all positive staining in small intestine and colonic
carcinoma including that of endothelium red cells-
and Paneth cells (Fig. 2). ^: :: .i.te

Absorption of goat antiCEA with human red cells
both pl positive and negative (Table), caused some .::' >; ::: }
reduction in epithelial cell staining of small intestine colonic;:
and colon carcinoma with prompt disappearance Of Fig 2 Normal human ileum stained for CEA after
endothelial, red blood cell, and Paneth cell staining absorption ofgoat antiCEA with purified CEA All
(Figs. 3, 8). positive staining is ablolished. x 1(0.
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Fig. 3 Fig. 4

Fig. 3 Normal human ileum stainedfor CEA after
treatment of sections with 1% periodic acid. Positive
staining of epithelieal surface, goblet cells, and crypt
lining persists. Red blood cells and vascular endothelium
no longer stain. x 100.

Fig. 4 Normal human ileum stainedfor CEA after
absorption ofgoat antiCEA with human red blood cells.
Surface epithelial and goblet cell staining are reduced
in intensity. Red blood cell and endothelial staining are
abolished. x 100.

Fig. 5 High power view of small intestinal crypt
stainedfor CEA. Goblet cells, crypt border, and
Paneth cell granules stain positively. x 1000.

Fig. 5
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Fig. 6

Fig. 7

Fig. 6 Small intestinal crypt stained for CEA after
treating section with 1% periodic acid. Goblet cells and
crypt border stain positively but Paneth cell staining is
abolished. x 1000.

Fig. 7 Colon carcinoma and adjacent normal mucosa
stainedfor CEA. There is strong staining of lumenal
border of malignant glands with staining of red blood
cells and vascular endothelium. x 100.

Fig. 8 Same section as Fig. 7 stainedfor CEA after
absorption ofgoat antiCEA with human red blood cells.
Positive staining of malignant glands is reduced but not
abolished. Red blood cell and endothelial staining is
abolished. x 100.

Fig. 8

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.18.10.779 on 1 O

ctober 1977. D
ow

nloaded from
 

http://gut.bmj.com/


P. Isaacson and Mary A. Judd

and in macrophages and neutrophils but not in red
blood cells (Burtin et al., 1975).

Immunological cross-reactivity between CEA and
certain red blood cell antigens has been well des-
cribed (Holburn et al., 1974). The red blood cell anti-
gens involved are related to those of the patient from
whose tumour the CEA was extracted, so that in a
pooled preparation, broad cross-reactivity with red
cell antigens, as is evident from the present study,
would be likely, although the intensity of the cross-
reaction could be expected to vary. There are two
possible explanations for cross-reaction of antiCEA
and red blood cell antigens, one being the contami-
nation of the CEA preparation with red blood cell
material (Cooper et al., 1974) and the other being the
actual sharing of antigenic determinants by the glyco-
proteins concerned ((Holburn et al., 1974). The pre-
sent investigation supports the latter explanation and
suggests that other tissue glycoproteins such as those
present in Paneth cell granules (Taylor and Flaa,
1964) may behave in a similar manner. The endothe-
lial reactivity is explained by the presence of red
blood cell antigens on endothelium (Eisen, 1976).
While contamination of purified CEA is a possi-
bility, this would not explain the ability of red blood
cells to absorb some antiCEA activity, or the cross-
reaction between certain blood group antibodies and
CEA observed by Holburn et al. (1974) using radio-
immunoassay. Endothelial staining has been observed
by other workers using immunofluoresence and an
antiserum from a source different from ours (Unger,
1976) and we have observed red blood cell and
endothelial staining with commercially prepared rab-
bit antiCEA4. Other reports of immunohistochemical
demonstration of CEA using a peroxidase technique
have not mentioned cross-reactivity with red blood
cells (Primus and Wang, 1975; Huitric et al., 1976;
Goldenburg et al., 1976; Isaacson, 1976; Isaacson
and Le Vann, 1976). In some cases this is because
antiserum was used at a dilution close to the point at
which no reaction was obtainable and in others
because endogenous red blood cell peroxidase was
not inhibited, thus masking any cross-reaction with
red blood cells and endothelium.
The results of treating sections with periodic acid

are of great interest, as this abolisbes cross-reaction
of antiCEA with red blood cells, endothelium, and
Paneth cell granules, leaving the CEA specificity
intact. The action of 1 % periodic acid on tissues is to
convert carbohydrates to aldehydes (by this action
endogenous peroxidase is also destroyed) and this
presumably interferes with the antigenic properties of
the carbohydrate portion of glycoproteins leaving
that of the protein component intact. Thus it seems

4Dakopatts.

that the antigenic determinants shared between
CEA, red blood cell antigens, and other glyco-
proteins reside in periodate sensitive carbohydrate
portions of the molecules and an antiserum prepared
against CEA continues to react with the protein
portion of the molecule after the carbohydrate por-
tion has been destroyed. Westwood and Thomas
(1975) were able to remove up to 50 %Y of the carbo-
hydrate portion of CEA by treatment with periodate
and showed no loss of antigenic activity as measured
by radioimmunoassay. While the effect of treating
tissues with 1% periodic acid is not necessarily
similar, it would be of interest to see if the cross-
reaction of blood group antibodies with CEA, as
demonstrated by Holburn et al. (1974), persisted
with periodate treated CEA. Absorption of antiCEA
with red blood cells should remove from the anti-
serum those antibodies to the carbohydrate deter-
minants shared between red blood cells and CEA.
The results of diminished, but not abolished, epithe-
lial staining coupled with prompt disappearance of
red blood cell, endothelial, and Paneth cell staining
indicate that this is the case.

Conventionally, immunohistochemical procedures
are controlled by demonstrating abolition of the tis-
sue reaction after absorption of the specific antibody
with specific antigen. Had we not inhibited endo-
genous peroxidase the obviously non-specific stain-
ing of red blood cells would have been masked and
we would have concluded that Paneth cells, and
later, perhaps other tissue elements, contained CEA.
Thus it is essential that pretreatment of sections with
1 % periodic acid be performed in all future immuno-
histochemical studies of CEA. Actual extraction of
pure CEA from tissues as carried out by Goldenburg
et al. (1976) is another way of ensuring that it is
indeed CEA that is being demonstrated but extraction
studies are not always possible, particularly when
isolated cells or small groups of cells are involved.
With the improvement of immunoperoxidase tech-
niques, immunohistochemistry is now a rapidly
expanding field and the validity of the results is of
great importance. The importance of pure antigens,
avid antisera, and good negative controls using
absorbed antisera has been stressed (Heyderman and
Neville, 1976). None of these measures will exclude
spurious results caused by cross-reacting antigens.
These can be detected only by intensive testing of
the method, under a variety of conditions, on a wide
range of tissues.

We are indebted to Professor A. Munro Neville for
supplies of CEA and antiCEA,toDr D. S. Smith for
the panel of washed human red blood cells, to
Professor D. H. Wright for his advice, and to Mrs
Oliver Huber for secretarial assistance.
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