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The specificity and sensitivity of commercially available mono-
clonal antibodies (McAb) to tumor antigens were tested using 
McAb 19-9, derived from a colorectal adenocarcinoma, and URO-
2, derived from a renal adenocarcinoma. Using the avidin-biotin-
complex technique and frozen tissue, 53 adenocarcinomas repre-
senting lung, breast, colorectal, ovarian, renal, and uterine origin 
were studied. All slides were randomized and subsequently evalu-
ated for staining intensity and percent tumor-area positivity. The 
sensitivity and specificity of 19-9 for colorectal adenocarcinoma 
were 74% and 54%, respectively. The sensitivity and specificity of 
URO-2 for renal adenocarcinoma were 100% and 87.5%, respec-
tively. In most cases, URO-2 stained greater than 75% of the renal 
tumor area; however, 19-9 stained less than 50% of the colorectal 
tumor area. 
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Surgical pathologists have long used histochemical stains, 
such as the periodic acid Schiff and colloidal iron stains, 
for the diagnosis and classification of neoplasms. Use of 
special stains has evolved to include immunohistochemical 
procedures to detect tumor antigens. These tumor-associ-
ated antigens vary greatly in their biochemical and func-
tional characteristics; they range from cytoskeletal ele-
ments, such as keratin, to alphafetoprotein, an oncofetal 
antigen.1 
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In 1975, Kohler and Milstein2 reported the 
development of mouse hybridomas capable of 
secreting monoclonal antibodies (McAb) of de-
fined specificity. Since then, a large number of 
McAbs to tumor-specific antigens has been re-
ported.3 Although most have subsequently 
proved to be oncofetal or tissue-specific antigens, 
they may nonetheless be valuable in defining the 
histogenesis of a carcinoma.4 

Two commercially available tumor-specific 
McAbs developed as a result of hybridoma tech-
nology are URO-2 and 19-9. URO-2 is McAb 
specific for the glomerular and proximal tubular 
epithelium of the kidney and appears to be rela-
tively specific for carcinomas of renal origin.5 A 
McAb generated from immunization of mice 
with human colorectal carcinoma cells, 19-9 was 
initially reported to be specific for gastrointes-
tinal adenocarcinomas.6 

It is the purpose of this study to compare and 
evaluate, in a retrospective and randomized man-
ner, the specificity and sensitivity of URO-2 and 
19-9 for renal and gastrointestinal adenocarci-
nomas, respectively. 

Materials and methods 
Specimens 

Fifty-three cases of adenocarcinoma were re-
trieved from the frozen tumor bank of The 
Cleveland Clinic Foundation. These adenocarci-
nomas were of the lung (8), breast (9), colon (12), 
ovary (7), endometrium (9), and kidney (8). The 
presence of tumor in each frozen block was con-
firmed by hematoxylin and eosin-stained, 4-/x sec-
tions. All tumors had initially been snap frozen 
in isopentane in liquid nitrogen and stored at 
—70° C. The length of storage did not exceed 
17 months. 

Antibodies 
All antibodies were obtained from commercial 

sources and included URO-2 (Ortho Diagnostic 
Systems; Cambridge, Mass.) and 19-9 (Centacor; 
Malverne, Pa.). 

Immunoperoxidase procedure 
The immunoperoxidase assay was performed 

by the avidin-biotin-complex method of Hsu et 
al.7 Four-micron sections were cut in a cryostat 
and air dried onto glass slides. Primary antibodies 
were used at a dilution previously determined to 
give maximal specific staining intensity with min-
imal background staining. Sections were incu-

bated with primary antibody, washed in modified 
phosphate-buffered saline, and incubated with 
biotinylated, affinity-purified, horse anti-mouse 
IgG (Vector Laboratories; Burlingame, Calif.). 
Sections were rewashed and incubated with a 
preformed avidin-DH/biotinylated peroxidase 
complex (Vector Laboratories). The color reac-
tion was developed with 3-amino-9-ethylcarba-
zole and hydrogen peroxide in 0.02 M acetate 
buffer, counterstained with Mayer's hematoxy-
lin, and mounted with aquamount (Lerner Lab-
oratories; New Haven, Conn.). Immunoreactive 
tissue was red-brown against a blue background. 

Known 19-9 and URO-2 positive colon and 
renal adenocarcinomas, respectively, served as 
positive controls. A negative control was included 
on all 53 adenocarcinomas by substituting the 
primary antibody with an equivalently diluted 
IgG containing mouse ascitic fluid. 

Slide scoring system 
All 159 slides were labeled and paired with a 

random number by an independent third party 
who had no knowledge of either the primary 
antibody or tumor diagnosis. The random num-
ber code was not broken until all slides had been 
scored independently by two pathologists. Each 
slide was assessed for presence or absence of 
neoplastic cell staining and percent of neoplastic 
tissue staining. Staining was graded on a 0 - 2 + 
scale with 0 representing no staining and 2+ 
intense tumor staining. Tumors were divided 
into four subgroups according to percent of neo-
plastic tissue staining. Those tumors in which less 
than or equal to 25% of the neoplastic cells 
stained were given the score of 1, those with 
between 26%-50% positivity were given the 
score of 2, those with 51%-75% staining were 
given the score of 3, and those with greater than 
75% staining were given the score of 4. 

Statistics 
The sensitivity and specificity of each antibody 

for its tumor of origin were calculated using 
standard equations.8'9 

Results 
All positive controls exhibited intense tumor 

staining with minimal background positivity. Al-
though all slides were randomized, it was possible 
to discern the origin of many of the sections from 
the histology outlined by the hematoxylin 
counterstain. In addition, it was apparent which 
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Fig. 1. Photomicrograph of renal adenocarcinoma immunostained with 
McAb URO-2. The stroma (5) is negative, and the tumor (T) is positive (aminoe-
thylcarbazole chromogen with hematoxylin counterstain, X150). 

Fig. 2. Photomicrograph of colorectal adenocarcinoma immunostained with 
McAb 19-9. The tumor cells exhibit intense membrane positivity (arrows) (ami-
noethylcarbazole chromogen with hematoxylin counterstain, XI00). 

sections had been immunostained with URO-2 
because of vessel-wall positivity. There was 100% 
concordance that 53 of 53 tumor sections exhib-
ited no positivity on the negative control. 

Seven of eight primary renal adenocarcinomas 
were positive for URO-2 (Fig. 1). The single 
negative renal tumor was a clear-cell adenocar-
cinoma of which only a granular cell focus had 
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Table. Immunoreactivity of primary adenocarcinomas with monoclonal antibody 19-9 

Adenocarcinomas 

Number of 
positives 

Observer agreement 
(individual sections) 

Adenocarcinomas Observer 1 Observer 2 Positive Negative 

Colorectal (12) 8 5 5 4 
Lung (8) 3 0 0 5 
Breast (9) 3 3 3 6 
Ovary (7) 2 2 2 5 
Endometrium (9) 4 3 3 5 
Kidney (8) 1 0 0 7 

been frozen and stained. There was 100% ob-
server agreement for all 53 tumors on the pres-
ence or absence of staining. All positive renal 
carcinomas stained intensely (2+) with 100% ob-
server agreement. There was complete agree-
ment that all seven cases exhibited greater than 
7.5% tumor-area positivity. The remaining 45 
non-renal adenocarcinomas failed to show any 
staining. Therefore, the specificity and sensitivity 
of URO-2 positivity for the diagnosis of renal cell 
adenocarcinoma were 100% and 87.5%, respec-
tively. 

There was less than 100% concordance on 
colorectal and noncolorectal tumor positivity 
with 19-9 (Table). Both observers agreed that five 
of 12 colorectal tumors exhibited positivity (Fig. 
2) and that four of the 12 were negative. All of 
the colorectal cancers were moderately differen-
tiated with the exception of a single well-differ-
entiated tumor. Both observers agreed that the 
well-differentiated cancer did not stain. 

Eight of the 41 noncolorectal cancers were 
graded as positive by both observers; there was 
agreement that 28 were negative. Most positive 
cases were of endometrial, ovarian, or breast 
origin. There was a low number of lung and 
renal positives and no observer agreement on 
positivity (Table). 

All colorectal tumors exhibited 2+ staining 
intensity, as did all noncolorectal tumors on 
which the observers agreed staining was present. 
The percent tumor-area positive was <50 for the 
majority of colorectal tumors for both observers. 
Two of the three colorectal tumors in which 
observers disagreed on the presence of staining 
exhibited <25% tumor area positivity. There was 
never any disagreement on tumor positivity for 
both colorectal and noncolorectal tumors when 
at least one observer noted >50% tumor positiv-
ity. 

The mean specificity and sensitivity of 19-9 for 
colorectal adenocarcinoma were 74% (range, 
68%-80%) and 54% (range, 42%-67%), respec-
tively. 

Discussion 
Using the ABC immunoperoxidase technique 

on frozen tissue, we have determined the speci-
ficity and sensitivity of McAbs URO-2 and 19-9 
for renal and colorectal adenocarcinomas, re-
spectively. 

There are several levels of specificity at which 
a monoclonal antibody to a tumor-associated an-
tigen may be evaluated. The most specific assays 
either compare tumors of similar histogenesis 
(i.e., those of renal origin) or compare tumors 
with similar architectural features (i.e., adenocar-
cinomas). The latter is of value in surgical pa-
thology when the determination of the primary 
origin for a metastatic adenocarcinoma is impor-
tant. Using this definition of specificity, URO-2 
and 19-9 were tested against 53 different aden-
ocarcinomas representing six different primary 
sites. 

McAb 19-9 is an IgGl antibody secreted by a 
hybridoma generated from mice immunized with 
colon-carcinoma cell-line SW111G.6 This McAb 
reacts with a sialylated lacto-2V-fucopentaose II, a 
carbohydrate antigenic determinant which shares 
structural features with Lewis blood group anti-
gens.10 The antigen was first detected in the sera 
of patients with colorectal, gastric, and pancreatic 
cancers. Although it has been consistently absent 
from the sera of normal individuals, it has sub-
sequently been found in the sera of patients with 
a number of benign diseases. In addition, 19-9 
has been found in the sera of patients with breast, 
bronchial, renal, and thyroid carcinomas.11 

Several studies have detected 19-9 in tissue. 
Atkinson et al12 detected 19-9 in paraffin-em-
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bedded tissue with an indirect PAP technique. 
Fifty-nine percent of colonic, 86% of pancreatic, 
89% of gastric, 9% of hepatic, and 40% of gall-
bladder adenocarcinomas exhibited positivity. In 
addition, positivity was found in lung, breast, 
thyroid, prostatic, ovarian, and renal adenocar-
cinomas. In an earlier immunoperoxidase study 
using frozen tissue,13 19-9 was detected in 90% 
of colorectal, 100% of gastric, 100% of endo-
metrial, 33% of renal, 50% of ovarian, 33% of 
lung, and 20% of breast adenocarcinomas. The 
study described here found a mean specificity of 
74%. The sensitivity of this McAb was 54%, 
approximating the value given by Atkinson et 
al.12 

Specificity and sensitivity are often inversely 
related; therefore, it may have been possible to 
increase the specificity of 19-9 with a less sensitive 
assay. Monoclonal antibodies are initially selected 
by their reaction with fresh or frozen tissue.14 

Antigens may be masked or destroyed when tis-
sue is fixed and embedded.15 Thus, frozen tissue 
is the substrate of choice for maximum sensitivity. 
The use of paraffin-embedded tissue in the study 
of Atkinson et al12 did not appear to increase the 
specificity of 19-9 for colorectal adenocarcinoma. 

McAb URO-2 is an IgG2 antibody secreted by 
a hybridoma established from the splenocytes of 
mice immunized with the human renal cancer 
cell line SK-RC-7.5 The antigen is a glycoprotein 
found in glomerular and proximal tubular epi-
thelium, the interstitial matrix of the kidney, 
vessel walls, placental tissue, and myometrium. 

Using frozen tissue, Finstad et al17 found 
URO-2 antigen in 13 of 16 primary and three 
of four metastatic renal adenocarcinomas. It was 
not detected in colonic, breast, ovarian, or pros-
tatic adenocarcinomas. Tomaszewski et al18 

found URO-2 antigen in seven of seven primary 
renal adenocarcinomas. One metastatic renal cell 
was negative. Breast adenocarcinomas were neg-
ative, as was a single colon primary. URO-2 an-
tigen was found within a mesonephric adenocar-
cinoma of the bladder. This present study 
showed that the presence of URO-2 antigen was 
100% specific for renal adenocarcinomas, a find-
ing in accord with the work by Finstad et al17 

and Tomaszewski et al.18 

The sensitivity of URO-2 antigen was 87.5%. 
That the sensitivity was not 100% may have been 
related to the granular cell nature of the single 
negative renal tumor. It is possible that the non-

frozen remainder of the tumor, a classic clear-
cell adenocarcinoma, would have immuno-
stained. Vesoulis et al19 reported granular cell 
positivity with URO-2. Finstad et al did not dis-
close the histology of their reactive and nonreac-
tive primary renal adenocarcinomas.17 

Our study shows that there can be marked 
differences in interpretation of positive versus 
negative staining. This phenomenon appears to 
correlate with both antibody specificity and per-
cent tumor positivity; thus, this variability was 
not seen with the highly specific URO-2. Second, 
differences in interpretation with 19-9 only oc-
curred when percent tumor-area positivity was 
<50. Furthermore, 62% of discordant interpre-
tations of colorectal and noncolorectal positivity 
occurred when percent tumor-area positivity was 
<25. 

The sensitivity and specificity of the McAbs in 
our study are based upon evaluation with primary 
adenocarcinomas. These data cannot be directly 
extrapolated to metastatic lesions. Metastatic tu-
mors have been shown to lose primary tumor 
antigens.20 

Conclusion 
This study demonstrates that monoclonal an-

tibodies to tumor-associated antigens, despite 
their hybridoma inception or commercial availa-
bility, are not intrinsically specific for their tumor 
of origin. However, within the confines of this 
study, McAb URO-2 is 100% specific and may 
be of practical value in surgical pathology. 

Daniel D. Sedmak, M.D. 
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4 1 7 0 Graves Hall 
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