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Abstract-The AR-3 monoclonal antibody, which defines the tumor-associated antigen CAR- 
3, was previously found to be able to discriminate between neoplastic cells in gastric, pancreatic, 
colonic, ovarian and endometrial carcinomas and their normal counterparts. In fact, it strongly 
reacts with carcinomatous cells at the level of both the glycocalix and the cytoplasm, while its 
reactivi(y with normal tisues is restricted to the glycocalix of few mucin-producing epithelial cells. 
We have now investigated the reactivio of this antibody with immunohistochemical techniques on 
a series of formalin-fixed parafJin-embedded specimens, from precancerous and cancerous lesions 
of the large bowel which were classified as adenomas with mild, moderate or severe dysplasia, 
adenomas with cancer and adenocarcinomas, respectively. It was found that the intensity and 
extent of the staining correlated with the degree of dysplasia and that the highest expression of 
the CAR-3 epitope was detectable in adenocarcinomas. Also the localization of the staining in 
the lesions displaved an increasingly complex pattern, going from linear in adenomas with mild 
dvsplasia to a very strong intracytoplasmic and/or intraluminal expression in adenomas with 
severe dysplasia or adenocarcinomas. 

INTRODUCTION 
IT IS generally accepted that adenomas are the most 
frequent precancerous lesions of the large bowel 
[l-3], their malignant potential varying with size, 
histological type, degree of dysplasia and age as 
well as a variety of other factors [4-g]. Diagnostic 
problems may arise in the evaluation of the malig- 
nant potential of a lesion, since the epithelial abnor- 
malities observed encompass a morphological 
continuum with an increasing degree of dysplasia, 
which makes it difficult to assign them precisely to 
one of the four proposed groups (adenomas with 
mild, moderate, severe dysplasia and adenocarci- 
nomas [2]). An additional problem is the fact that, 
in some adenomas, areas with different degrees 
of dysplasia may coexist [6]. In this progression, 
intraepithelial carcinoma and intramucosal carci- 
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noma represent the next two steps, where carci- 
nomatous cells are localized in foci restricted to the 
original crypts of Lieberkuhn or already invade 
the lamina propria, respectively [5]. Finally, the 
unequivocal sign of malignant transformation is 
considered to be the invasion of the muscularis 
mucosae [l, 61. 

From the above description it is clear that the 
localization of tumor cells is extremely important 
for diagnosis and subsequent therapy. An additional 
problem arising in this context is the fact that 
adenomas may be traumatized during the excision 
and microscopic foci of pseudo-invasion of the stalk 
may appear [7, lo]. Moreover the incorrect hand- 
ling of specimens (orientation and sectioning) may 
give rise to artefacts, false images, pseudocarci- 
nomatous appearance. Finally, in a few cases, it may 
be necessary to examine numerous serial sections, 
in order to ascertain the invasive nature of the 
carcinoma and to make a definite diagnosis. It is 
thus clear that a diagnosis based only on morpho- 
logical criteria may sometimes be difficult and other 
independent criteria will be helpful to the pathol- 
ogist. In this context, antigenic [l l-131 and/or 
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biochemical modifications [14--l 61 have been 
reported to be associated with the neoplastic trans- 
formation, and MAbs defining these qualitative or 
quantitative alterations could represent specific and 
objective tools in cancer diagnosis. Moreover, the 
identification of selective markers evaluating the 
malignant potential of adenomas could also be 
extremely important. In the laboratory of some of 
us (M.P., P.M.C.), a monoclonal antibody (MAb), 
identified as AR-3, has been developed and proven 
capable of discriminating between pancreatic, gas- 
tric, colonic, ovarian and endometrial carcinomas 
and their corresponding normal tissues, when 
assayed on formalin-fixed paraffin-embedded sec- 
tions by the avidin-biotin-peroxidase method [ 171, 
Among the normal tissues screened, staining ofonly 
some normal mucin-producing epithelial cells was 
occasionally observed. The AR-3 MAb-defined 
epitope was found to be different from the MAb- 
defined tumoral markers described so far and, on 
the basis of its tissue distribution, it was called CAR- 
3. CAR-3 is expressed on a heavily glycosylated 
cellular component displaying a molecular weight 
> 400 kd, whose antigenic activity is sensitive to 
metaperiodate oxidation (manuscript in prep- 
aration). 

In the work reported here, the AR-3 MAb was 
tested by immunohistochemical techniques on sec- 
tions of different colorectal adenomas and carci- 
nomas, to analyze whether any correlation could be 
observed between the degree of dysplasia present in 
the neoplastic lesion and the expression of the CAR- 
3 epitope. 

MATERIALS AND METHODS 

Production of the monoclonal antibody 
The methodology used for the generation and 

characterization of the AR-3 MAb was reported in 
detail previously [ 18, 191. Briefly, it was select- 
ed from a hybridoma culture obtained after fusing 
the non-producing variant myeloma cell line 
P3.X63.Ag8.653 with splenic lymphocytes from 
BALB/c mice hyperimmunized with paraformald- 
ehyde-fixed A43 1 epidermoid carcinoma cells. The 
hybrid was cloned twice by limiting dilution and 
adapted for growth in an ascitic form in pristane- 
primed BALB/c mice. 

Histological specimens 
Immunoperoxidase and immunofluorescence 

staining with the AR-3 MAb was performed on 73 
formalin-fixed paraffin-embedded biopsies of the 
large bowel. A total of 52 adenomas was examined; 
of these some were prepared from colectomy speci- 
mens and some from polypectomies. Histological 
type was classified into tubular, tubular-villous 
and villous adenoma, respectively [2]. In grading 

dysplasias as mild, moderate or severe, the criteria 
proposed by the World Health Organization in 
1976 [20] and by Konishi and Morson [6] were 
followed. The WHO nomenclature of well, moder- 
ately and poorly differentiated carcinomas is used 
in this paper [20]. Twenty-one cases of adenocarci- 
noma were also examined. 

Immunoperoxidase (ABC method) 
Tissue sections were deparaffinized and hydrated 

through xylene and graded alcohol series, then 
washed in phosphate buffered saline (PBS) pH 7.2. 
The endogenous peroxidase was blocked by treat- 
ment with hydrogen peroxide, followed by the per- 
iodic acid-sodium borohydride sequence according 
to Heyderman and Neville [21]. Slides were then 
sequentially incubated at room temperature with 
normal horse serum diluted in PBS-azide-O.l% 
bovine serum albumin (BSA) for 20 min and then 
with the AR-3 MAb diluted 1 : 10 for 4 hr in 
a moist chamber. Sections were incubated with 
biotinylated horse antibodies directed against 
mouse immunoglobulins (Vetor Lab., Burlingame) 
for 30 min and then washed in 0.1 M carbonate 
buffer pH 9.5 and incubated for 45 min with the 
ABC complex (Vector Lab., Burlingame), prepared 
just before use in carbonate buffer, according to 
Bussolati and Gugliotta [22]. Negative controls 
included samples where the AR-3 MAb was 
replaced by non-immune mouse serum or immuno- 
globulins. The peroxidase reaction was developed 
with diaminobenzidine tetrahydrochloride or 3- 
amino-9-ethyl-carbazole. Sections were counters- 
tained with Mayer’s haemalum, mounted and read 
in a double blind fashion. 

Immunojuorescence 
Slides were deparaffinized, hydrated, washed in 

PBS and incubated sequentially in a moist chamber 
for 20 min at room temperature with normal goat 
serum diluted 1 : 10 in PBS-azide-BSA and for 
4 hr with the AR-3 MAb diluted 1 : 10. Sections 
were incubated for 30 min with biotinylated goat 
antibodies directed against mouse immunoglobu- 
lins (Tago, Burlingame) diluted 1 : 20. After wash- 
ing in carbonate buffer pH 9.5, slides were 
incubated for 45 min in a moist chamber with 
a 0.003% solution of fluorescein-isothiocyanate- 
labelled Avidin (Sigma, St. Louis) in carbonate 
buffer. Sections were mounted in buffer-glycerol. 
As in the case of the ABC method, negative controls 
included samples where the AR-3 MAb was 
replaced by non-immune mouse serum or immuno- 
globulins and specimens were read in double blind 
fashion. 
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RESULTS 
Preliminary experiments were performed to 

assess the specificity of the AR-3 MA\> on specimens 
derived from normal and neoplastic tissues from 
different organs and the results previously obtained 
in another laboratory [ 171 were confirmed. More- 
over, in some experiments, different dilutions of the 
AR-3 MAb were tested, in order to define optimal 
usage conditions. Dilutions of l/10-1/20 proved to 
be the best, with an end-point dilution of l/80. A 
l/IO dilution was chosen for the present study, since 
this concentration had already been used in previous 
work with this monoclonal antibody [ 171. 

In this study, formalin-fixed paraffin-embedded 
sections derived from 73 colorectal excisional biops- 
ies were examined for their reactivity with the AR- 
3 MAb using the immunoperoxidase (ABC) and 
immunofluorescence (IF) techniques. Comparable 
results were obtained with the two techniques. In 
Table 1, the results obtained with the ABC method 
are reported and the intensity, extent and localiz- 
ation of staining in each of the four groups of lesions 
examined is described. Areas displaying the highest 
degree of atypia were selected in all cases. The 
adenomas studied were classified as adenomas with 
mild, moderate or severe dysplasia, respectively, 
the last group also including adenomas with intra- 
epithelial carcinomas. The fourth group comprised 
invasive carcinomas in adenomas and adenocarci- 
nomas, which were further classified as poorly, 
moderately or well differentiated. Staining intensity 
was graded as weak (+), moderate (+ +) or strong 
(+ + +). Staining extent was schematically scored 
as ? (focal positive) in those cases in which < 1% 
of the section was stained, as + or as + +, when 
< 50% or > 50% of the tissue lesion was stained, 
respectively. 

Colarectal adenomas 
In the first group, which comprised 15 cases of 

adenoma showing mild dysplasia, 4 cases (27%, 
Fig. 1) were negative, 8 cases (53%) were weakly 
stained (Figs. 3C, D) and 3 (20%) were moderately 
stained. No case displayed strong positivity. When 
staining extent was considered, 7 cases (47%, Fig. 
2) displayed < 50% tissue lesion stained, only 1 
case (6%) > 50%, and 7 cases (47%) were negative 
or focally positive. 

In the second group (2 1 adenomas with moderate 
dysplasia), 7 cases (33%) were negative, 5 (24%) 
were weakly stained, 5 (24%) were stained with a 
moderate intensity and 4 cases (19%) were strongly 
decorated. As regards to staining extent, 6 cases 
(29%) were stained in < 50% of the lesions, 8 cases 
(38%) were focally positive and 7 (33%) were 
negative. In the lesions with both mild and moderate 
dysplasia, the AR-3 MAb was mostly reactive with 
the surface of epithelial cells on the outer mucosal 
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layer (Figs. 3C, D, E). This linear pattern of reac- 
tivity was the result of the staining of the apical 
cellular pole. Diffuse cytoplasmic positivity was 
sometimes detected and in few cases some deposits 
of secreted material within the pseudotubules were 
also decorated (Table 1; Figs. 3E, F). 

In the third group, 10 adenomas with areas ot 
severe dysplasia and 2 adenomas with intraepithel- 
ial carcinoma were examined. Three cases (25%) 
were negative, 3 (25%) were weakly positive, 2 
(17%) were moderately stained and finally 4 cases 
(33%) revealed strong positivity. When taking into 
account staining extent, 3 cases (25%) were nega- 
tive, 3 (25%) were focally positilrc, 4 (33%) and 2 
(17%) cases stained respectively less or more than 
50% of the lesion. 

It is known that areas with different degrees of 
atypia may coexist in adenomas. In these cases 
we have generally detected a predominant CAR-3 
localization in severely dysplastic or carcinomatous 
areas. Only few cases failed to show this correlation. 
Positivity was localized both at the apical region of 
the cell and in the cytoplasm, in the latter case being 
more abundant (Fig. 4A); deposits of exfoliated 
and/or secreted material wcrc also stained within 
the pseudotubulcs. 

In the three groups of adenomas examined, the 
CAR-3 epitope did not show a preferential associ- 
ation with any particular histological type (tubular, 
tubular-villous or villous). 

Normal mucosa was examined when section 
orientation allowed it. Sometimes some normal 
mucosa cells near the lesion were stained (Figs. 
3A, B). The apical border of cells lining the glandu- 
lar lumen and amorphous debris close to the super- 
ficial epithelium were reactive. In a few cases 
intracytoplasmic reactivity was also observed. 

Adenocarcinomas 
Twenty-five cases ofadenocarcinomas ofthe large 

bowel including 4 cases of adenomas with invasive 
carcinomas were examined. The AR-3 MAb 
revealed strong positivity in 14 cases (56%) and 
moderate reactivity in 4 cases (ISo/,); 3 cases were 
weakly stained (12%) and 4 cases (16%) were 
negative. In 9 cases (36%) the reactivity was 
observed in > 50% of the tissue lesion, in 7 cases 
(28%) in < 50%; focal positivity was observed in 5 
cases (20%), negativity in 4 cases (16%) or focally 
positive. Besides intense intracytoplasmic positivity 
(Figs. 4B, D), large intraluminal deposits within the 
lamina propria and submucosal connective tissue 
were detected (Table 1; Fig. 4C). 

DISCUSSION 

For diagnostic, therapeutic and prognostic pur- 
poses, it is imperative to define simple objective 
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Table 1. Reactivity of the AR-3 monoclonal antibody with adenomas and adenocarcinomas of the large bowel 

Case 
No. 

Histological 

type 

Reactivity 
Extent Intensity 

Pattern of labelling 
Linear Cytoplasmic Intralum. 

I. Adenomas with mild dysplasia 
1 Tubular 
2 Tubular 
3 Tubular 
4 Tubular 
5 Tubular 
6 Tubular 
7 Tubular 
8 Tubular 
9 Tubular 

10 Tubular 
11 Tubular 
12 Tubular 
13 Tubular-villous 
14 Tubular-villous 
15 Tubular-villous 

II. Adcnomas with moderate dysplasia 
1 Tubular 
2 Tubular 
3 Tubular 
4 Tubular 
5 Tubular 
6 Tubular 
7 Tubular 
8 Tubular 
9 Tubular 

10 Tubular 
11 Tubular 
12 Tubular 
13 Tubular 
14 Tubular-villous 
15 Tubular-villous 
16 Tubular-villous 
17 Tubular-villous 
18 Tubular-villous 
19 Tubular-villous 
20 Villous 
21 Villous 

IIIa. Adenomas with SCUCM dysplasia 
1 Tubular 
2 Tubular 
3 Tubular 
4 Tubular-villous 
5 Tubular-villous 
6 Tubular-villous 
7 Tubular-villous 
8 Tubular-villous 
9 Villous 

10 Villous 

IIIb. Adcnomas with intraepithelial carcinoma 
11 Tubular-villous 
12 Tubular-villous 

IVa. Adenomas with invasive carcinoma 
1 Tubular 
2 Tubular 
3 Tubular 
4 Tubular-villous 
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Case Histological Reactivity Pattern of labelling 
No. differentiation Extent Intensity Linear Cytoplasmic Intrdlum. 

IVb. Adenocarcinomas 
5 Poor 
6 Moderate 
7 Moderate 
8 Moderate 
9 Moderate 

10 Moderate 
11 Moderate 
12 Moderate 
13 Moderate 
14 Moderate 
15 Moderate 
16 Moderate 
17 Moderate 
18 Moderate 
19 Moderate 
20 Moderate 
21 Moderate 
22 Moderate 
23 Moderate 
24 Moderate 
25 Good 
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Staining extent: - negative; 2 focal positivity. i.e. < 1% positive tissue section; t < 50% positive tissue Icsion; 
t + > 50% positive tissue lesion. 
Staining intensity: - negative; + weak; + + moderate; + t t strong. 
Pattern oflabelling: Intralum. Intraluminal; - absent; t present. 

60 r Adanomas with mild dyspLasia 

60 Adenocarcinomas 

50 

Stoining intensity 

Fig. 1. CAR-3 distribution in preneoplastic and neoplastic lesions of the large bowel. Staining intensi@ mzs nrbitrari!v scored a.5 
negatiue (-), weak (t ), moderate ( + +) or strong (+ t t ) Forfurther details. see Results. 
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60 

r 

Adenomas with mild dysplasia 60 r Adenomas with moderate dyplasia 

L 
cn” 60 Adenomas with severe dysplasia 60 Adenocarcinomas 

50 

E 

50 

40 40 E 

+ + ++ + + ++ 

Staining extent 

Fig. 2. CAR-3 distribution in preneoplastic and neoplastic lesions of the large bowel. Staining extent was scored as negative ( -), 
focal ( f , i.e. < 1% of the section stained), positive (+, i.e. < 50% of the tissue lesion stained), stronglypositive (+ +, i.e. > 50% 

of the time lesion was stained). Forfurther details, see Results. 

criteria for the pathological evaluation of adenomas 
of the gastrointestinal tract. 

Since diagnosis based on morphological criteria 
may sometimes be subjective and not definitive, it 
is important to use other available parameters to 
support the conventional histological examination. 
The identification of tumor associated markers [ 131, 
which are the result of qualitative and/or quantitat- 
ive biochemical changes occurring in neoplastic 
lesions, has received new impetus from the tech- 
nology of monoclonal antibodies, which allows the 
dissection of single antigenic specificities among the 
complex antigenic pattern of neoplastic cells. MAbs 
defining tumor associated markers could thus rep- 
resent a powerful and objective tool for the pathol- 
ogist and may be helpful in defining the possible 
neoplastic potential of precancerous lesions. 

In this paper we have tested the possibility that 
the expression of one such tumor-associated marker 
correlates with the different degree of dysplasia in 
precancerous lesions of the large bowel. The AR-3 
monoclonal antibody was chosen for this study, 
since it was found capable ofdiscriminating between 
neoplastic cells in pancreatic, gastric, colonic, 
ovarian and endometrial carcinomas and their nor- 
mal counterparts [ 171. In fact, the antibody reacted 
strongly with carcinomatous cells in the above 

tumors, displaying only a marginal reactivity with a 
few mucin-producing epithelial cells. Furthermore, 
the localization of reactivity was also different in 
the two cases. It was restricted to the glycocalix in 
the case of normal epithelial cells, while in the 
case of carcinomatous cells, the cytoplasm was also 
deeply stained. 

The data reported show that the reactivity of the 
AR-3 monoclonal antibody on the four groups of 
lesions examined, encompassing adenomas with 
mild, moderate, severe dysplasia and adenocarci- 
nomas, respectively, varied. This difference was 
largely quantitative in nature. In fact, adenomas 
with mild dysplasia showed some reactivity, but 
only of weak or medium intensity. The extent and 
intensity of the staining increased parallel to the 
degree of dysplasia with the highest expression of 
CAR-3 in the adenocarcinoma group. Moreover, 
from a morphological point of view, CAR-3 localiz- 
ation in the lesion also showed different patterns, 
going gradually from a linear expression in aden- 
omas with mild dysplasia to very intense cytoplas- 
mic and/or intraluminal localization in adenomas 
with cancer and adenocarcinomas. It can thus be 
concluded that, when positivity to the AR-3 anti- 
body is present, its qualitative evaluation parallels 
the degree of the dysplasia. In this context, in line 
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Fig. 3. Human tissues routine!v J&d and paraffin-embedded. Sections were stained with AR-3 MAb u.ciri,c either the 

immunoperoxidw or the immunoJluorescence technique. (A) Normal mucosa close to a tubular adenoma with mild dvrplasia. Weal 

!taining OJ the apical pole of the cells (ABC; 183x). (B) Normal mucosa adjacent to adenocarcinoma. I,inear .stainin,g ?J‘the 
apical border CI/’ the cells and some intracytoplasmic spotr ofpositi$v. (II:; 183 X). (C) Adenoma with mild dvsplasia. Weak 

Gaining with .4R-3 .k’rlb in immunoperoxidase (ABC; BYLx ). (D) Adenoma with mild @.rplaJia. Linear .rtainin,g qf‘the apical 

cellular pole (IF; 183X ). (E) Intense AR-3 staining of the apical surface of cells in adenoma with moderate <vrpla.ria (IF: 
292 X ) (Fl Adenoma with moderate dvsplasia showing positive intraluminal deposits (ABC: 183 X ), 
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Fig. 4. Human tissues routines fixed and para&-embedded. Sections tuere stained with AR-3 h4Ab using either the 
immunofieroxidase or the immunojuorescence technique. (A) Adenoma with areas of moderate and severe dyglasia. Strong positiuity 
in the p%@sm of adenomatous cells with the AR-3 MAb (ABC; 24X). (B) Localization of the positivip on the apical file and 
in the @oplasm of adenocarcinomatous cells (IF; 73X). (C) Adenomr&oma. Intraluminal material stained by the monclonal 

antibody (IF; 292 X ) . (D) Intense staining of colonic adenocarinoma glands intltrating normal mucosa (ABC, 18 X ) . 
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with epidemiological studies, mild dysplasias, which 
are considered low-risk lesions, expressed low, if 
any, amounts of CAR-3 epitope, while the other 
higher risk lesions expressed it in greater amounts. 

The positivity of normal mucosa adjacent to 
adenomas or to adenocarcinomas of the large bowel 
is not surprising. Biochemical and ultrastructural 
modifications of this mucosa, which has been 
defined as “transitional mucosa” when compared 
to normal mucosa of the colon have been described 
[14, 16, 23, 241. W e cannot establish whether the 
positivity ofthe mucosa adjacent to the lesion should 
be considered reactive and thus secondary rather 
than primary and, therefore, indicative of a preneo- 
plastic condition. Moreover, in this context, the 
possibility that the reactivity was due to the presence 
of CAR-3 containing material released from the 
adjacent neoplastic cells and adsorbed onto the 
normal mucosa cannot be discarded. A similar 
finding has also been reported for the carcinoem- 
bryonic antigen (CEA [ 1, 121) and the gastro-intes- 
tinal carcinoma antigen (GICA [26]), the most 
widely studied markers for gastro-intestinal tumors 
[ll, 12, 27-311. 

The expression of CEA in preneoplastic lesions 
of the gastro-intestinal tract has been investigated 
using immunohistochemical techniques [ 12, 28, 
32-341. Its usefulness for the evaluation of lesions 
of the large bowel, however, is still debated, sin& 
contradictory results have been obtained in different 
laboratories. In fact, while some researchers 
reported a positive correlation between the 
expression ofCEA staining and the degree ofdyspla- 
sia [34], these findings were not confirmed by others 
[35]. Moreover, CEA appears to be expressed more 

frequently in tubular rather than in villous aden- 
omas [33]: ths observation is in contrast with epid- 
emiological studies showing that the latter are at 
higher risk [2]. I n contrast, the expression of CAR- 
3 in cola-rectal adenomas did not display a preferen- 
tial association with any particular histological type. 

Recently the expression of GICA in dysplasias 
and adenocarcinomas from 13 patients with chronic 
ulcerative colitis has been examined using immu- 
nohistochemical techniques and a good correlation 
was found between the presence of GICA and the 
degree of dysplasia [26]. Anti-GICA monoclonal 
antibodies were able to discriminate between pre- 
neoplastic lesions and regenerative epithelial 
changes. No correlation was observed, however, 
between the pattern and extent of staining with the 
antibody and the degree ofdysplasia and, moreover, 
in two cases of epithelial changes believed to rep- 
resent a non-ncoplastic reaction to inflammation, 
GICA was found detectable. 

From the studies reported here and in the litera- 
ture, it is clear that neither AR-3 nor anti-CEA 
or anti-GICA antibodies can trace the totality of 
adenomas with severe dysplasia, adenomas with 
cancer or carcinomas of the large bowel, nor can 
any one of them detect all the neoplastic cells within 
a malignant lesion. It is therefore suggested that the 
combined use of all three antibodies will help in 
defining a higher percentage of neoplastic lesions 
and in evaluating the neoplastic potential of colonic 
adenomas. In this context it is important to remem- 
ber that this result was observed when the three 
antibodies were tested on serial sections from a 
limited number of carcinomas from different orqans 

1171. 

REFERENCES 
1. Fenoglio CM, Pascal RR. Colorectal adenomas and cancer. Pathologic relationships. Cancer 

1982, 50, 2601-2608. 
2. Muto T, Bussey HJR, Morson BC. The evolution of cancer of the colon and rectum. Cancer 

1975, 36, 2251-2270. 
3. William AR, Balasooriya BAW, Day DW. Polyps and cancer of the large bowel: a necropsy 

study in Liverpool. Gut 1982, 23, 835-842. 
4. Eide TJ. Remnants of adenomas in colorectal carcinomas. Cancer 1983. 51, 1866-1872. 
5. Fenoglio CM, Lane N. The anatomical precursor of colorectal carcinoma. Cancer 1974, 34, 

819-823. 
6. Konishi F, Morson C. Pathology of colorectal adenomas: a colonoscopy survey. J Cl& 

Path01 1982, 35, 830-841. 
7. Lipper S, Kahn LB, Ackerman LV. The significance of miroscopic invasive cancer in 

endoscopically removed polyps of the large bowel. A clinicopathologic study of 51 cases. 
Cancer 1983, 52, 1691-1699. 

8. Morson BC. The pathogenesis of cola-rectal cancer. In: Bennington JL, ed. Major Problem., 
in Pathology. Philadelphia, Saunders, 1978, Vol. 10. 

9. Winawer SJ. Detection and diagnosis of colorectal cancer. Cancer 1983, 51, 2519-2524. 
10. McDivitt RW. Early large bowel cancer. A morphologist’s dilemma. Cancer 1974, 34. 

904-908. 
11. Atkinson B, Ernst CS, Herlyn M, Steplewski Z, Sears HF, Koprowski H. Gastrointestinal 

cancer-associated antigen in immunoperoxidase assay. Cancer Res 1982, 42, 4820-4822. 
12. Goldenberg DM. Sharkey RM, Primus FJ. Carcinoembryonic antigen in histopathology 

immunoperoxidase staining of conventional tissue sections. J Natn Cancer Inst 1976, 57, 
I I-22. 



932 M. Prat et al. 

13. Skinner JM, Whitehead R. Tumor-associated antigens in polyps and carcinoma of the 
human large bowel. Cancer 1981, 47, 1241-1245. 

14. Filipe MI, Branfoot AC. Abnormal patterns of mucus secretion in apparently normal 
mucosa of large intestine with carcinoma. Cancer 1974, 34, 282-290. 

15. Filipe MI, Branfoot AC. Mucin histochemistry of the colon. Can TOP Path01 1976, 63, 
143-178. 

16. Listinsky CM, Riddel RH. Patterns of mucin secretion in neoplastic and non-neoplastic 
diseases of the colon. Human Path01 1981, 12, 923-929. 

17. Prat M, Morra I, Bussolati G, Comoglio PM. CAR-3: a monoclonal antibody-defined 
antigen expressed on human carcinomas. Cancer Res 1985, 45, 5799-5808. 

18. Prat M, Gribaudo G, Comoglio PM, Cavallo G, Landolfo S. Monoclonal antibodies against 
murine IFN-y. PYOG Natn Acad Sci U.S.A. 1984, 81, 4515-4519. 

19. Prat M, Bussolati G, Spinnato MR, Comoglio PM. Monoclonal antibodies against the 
human epidermoid carcinoma A 43 1. Cancer Detect Prev 1985, 8, 169-l 76. 

20. Morson BC, Sobin LH. Histological Typing of Intestinal Tumors. Geneva, WHO, 1976. 
21. Heyderman E, Neville AM. A shorter immunoperoxidase technique for the demonstration 

of carcinoembryonic antigen and other cell products. J Clin Path01 1977,30, 138-145. 
22. Bussolati G, Gugliotta P, Nonspecific staining of mast cells by avidin-biotin-peroxidase 

complexes (ABC). J Histochem Cytochem 1983, 31, 1419-1422. 
23. Dawson PA, Filipe MI. An ultrastructural and histochemical study of the mucous 

membrane adjacent to and remote from carcinoma of the colon. Cancer 1976, 37, 
2388-2398. 

24. Ride11 RH, Levin B. Ultrastructure of the “transitional” mucosa adjacent to large bowel 
carcinoma. Cancer 1977, 40, 2509-2522. 

25. Burtin P, von Kleist S, Sabine MC, King M. Immunological localization of carcinoem- 
bryonic antigen and nonspecific cross-reacting antigen in gastrointestinal normal and 
tumoral tissues. Cancer Res 1973, 33, 3299-3305. 

26. Olding LB, Ahren C, Thurin J, Karlsson KA, Svalander C, Koprowski H. Gastrointestinal 
carcinoma-associated antigen detected by a monoclonal antibody in dysplasia and aden- 
ocarcinoma associated with chronic ulcerative colitis. Znt J Cancer 1985, 36, 13 l-l 36. 

27. Arends JW, Wiggers T, Schulte B, et al. Monoclonal antibody (1116 NS19-9) defined 
monosialoganglioside (GICA) in colorectal carcinoma in relation to stage, histopathology 
and DNA flow cytometry. Int J Cancer 1983, 32, 219-229. 

28. Bordes M, Michiels R, Martin F. Detection by immunofluorescence of carcinoembryonic 
antigen in colonic carcinoma, other malignant or benign tumors, and non cancerous tissues. 
Digestion 1973, 9, 106-115. 

29. Huitric E, Laumonier R, Burtin P, et al. An optical and ultrastructural study of the 
localisation of carcinoembryonic antigen (CEA) in normal and cancerous human rectoco- 
ionic mucosa. J Lab Invest 1976, 34, 97-107. 

30. O’Brien MJ, Zamcheck N, Burke B, Kirkham SE, Saravis CA, Gottlieb LS. Immunocytoch- 
emical localisation of carcinoembryonic antigen in benign and malignant colorectal tissues. 
Am J Clin Path01 1981, 75, 283-290. 

31. Primus FJ, Clark CA, Goldenberg DM. Immunoperoxidase localisation of carcinoem- 
bryonic antigen in normal human intestinal mucosa. J Natn Cancer Znst 1981, 67, 
1031-1035. 

32. Burtin P, Sabine MC, Chavanel G. Presence of carcinoembryonic antigen in children’s 
colonic mucosa. Int J Cancer 1972, 10, 72-76. 

33. Goldenberg DM, Sharkey RM, Primus FJ. Immunocytochemical detection of carcino- 
embryonic antigen in conventional histopathology specimens. Cancer 1978,42, 1546-1553. 

34. Isacson P, Le Vann HP. The demonstration of carcinoembryonic antigen in colorectal 
carcinoma and colonic polyps using an immunoperoxidase technique. Cancer 1976, 38, 
1348-1356. 

35. Burtin P, Martin E, Sabine MW, von Kleist S. Immunological study ofpolyps of the colon. 
J Natn Cancer Int 1972, 48, 3299-3305. 


