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ABSTRACT

Mass cytoscreening for the early diagnosis of endometrial carcinoma
has thus far been hampered by the low diagnostic accuracy of current
cytopathology. In this study we have analyzed the reactivity of the two
monoclonal antibodies, AR-3 and B72.3, recognizing two distinct glyco-
sylated high molecular weight carcinoma associated antigens on histolÃ³g
ica! specimens from normal, hyperplastic, and transformed endometrium
with the aim of establishing their diagnostic potential. Because women
with a high risk of endometrial cancer are frequently postmenopausal,
where normal endometrium is characterized by atrophy and cystic glan
dular hyperplasia, the following findings were of interest. Both antibodies
reacted with variable and apical staining patterns with a minority of
specimens of normal cycling endometrium from premenopausal women.
However, they were constantly negative when tested on normal atrophie
postmenopausal endometrium, and only monoclonal antibody AR-3 oc
casionally stained glandular cystic hyperplasia. By contrast, lesions with
atypical hyperplasia, which represent a preneoplastic condition, were
stained by both antibodies in 89 or 67% of the cases depending on the
monoclonal antibody used (100% if used in combination). Furthermore,
98% of the endometrial carcinomas tested were found to react with the
combination of two monoclonal antibodies. If these findings are confirmed
in a multicentric study, the use of the two reagents could be a valuable
adjunct in the cytodiagnosis of endometrial cancer, especially in providing
a guideline to selecting patients for endometrial curettage and additional
diagnostic procedures.

INTRODUCTION

Endometrial carcinoma represents the most frequent pelvic
malignancy with an incidence higher than that of cervical
carcinoma (1, 2). Unlike the latter tumor for which mortality
has been significantly reduced through cytopathological screen
ing (3-5), a comparable approach for endometrial cancer has
not yet been developed. In fact conventional cytopathology is
often affected by a low diagnostic accuracy (6-8). The increasing
identification of transformation associated macromolecules
through the use of mAbs3 in immunocytochemical tests offers

a new promising tool with which to improve a number of
conventional cytodiagnostic areas (9-13).

In the present study we have evaluated whether AR-3 mAb,
which was preliminarily found to react with a consistent per
centage of endometrial carcinomas (14), could be a useful
complement to conventional cytology in screening high risk
women for endometrial carcinoma and its preneoplastic lesions.
To this end, we have previously analyzed the immunohisto-
chemical reactivity of this reagent with normal cycling endo
metrium and benign and malignant endometrial lesions. The
immunoreactivity of AR-3 mAb has been compared with the
expression of the high molecular weight tumor associated gly-
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coprotein TAG-72, defined by B72.3 mAb, which in previous
reports has been shown to react with a significant fraction of
endometrial cancers (15, 16). The present results indicate that
the combined use of AR-3 and B72.3 mAbs may result in the
immunohistochemical identification of 98% of endometrial
cancers and can discriminate lesions with atypical features from
hyperplastic changes and resting epithelium in postmenopausal
patients in whom this malignancy has a higher incidence.

MATERIALS AND METHODS

Tissue Samples. Surgical tissue specimens of 71 normal cycling
endometria, 32 hyperplastic lesions, and 42 neoplastic lesions were
obtained from the Department of Gynecology-Oncology at the Regina
Elena Cancer Institute. Tissues were divided, upon removal, into two
parts: one was processed for routine histological examination; the other
was snap frozen in liquid nitrogen and stored at â€”20Â°Cprior to use in

immunohistochemical assays.
Cryostat sections (4 urn) were obtained and fixed in absolute acetone

for 10 min. Sections were either used immediately as a substrate in the
avidin-biotin peroxidase complex method (17) or stored at -20Â°C for

up to 6 months. Under these storage conditions no appreciable changes
in reactivity of tissue substrates were observed. The avidin-biotin com
plex method was also applied to formalin fixed and paraffin embedded
tissues. Prior to staining the paraffin sections were deparaffinized in
xylene. Sections were also stained with hematoxylin-eosin for morpho

logical evaluation. Endometrial hyperplasia was classified in accordance
with the system of Welch and Scully (18).

Cytological specimens obtained by scraping or endocyte from sur
gical resected uteri were treated with a thrombin cell block technique
for cytohistological examination as reported previously by Kaltenbach
et al. (19).

Monoclonal Antibodies. AR-3 mAb was obtained following immuni
zation against the human carcinoma cell line A431. The antigenic
determinant (CAR-3) recognized by this mAb has been shown to be
expressed on a heavily glycosylated high molecular weight molecule
(Mr >400,000), expressed preferentially in association with different
types of carcinomas (14, 20). B72.3 mAb was purchased from Sorin
Biomedica (Saluggia VC, Italy); this antibody reacts with a high molec
ular weight tumor associated mucin-like glycoprotein termed TAG-72
(15, 16). The two reagents were used as culture supernatant (mAb AR-
3) or purified antibody (mAb B 72.3).

Immunohistochemical Assays. The expression of the antigens iden
tified by AR-3 and B72.3 mAbs in normal endometria, hyperplasias,
and endometrial carcinomas was analyzed by using an avidin-biotin
peroxidase complex immunohistochemical method, with commercially
available reagents (Vectastain, Burlingame, CA), as follows. Slides were
incubated overnight with the two mAbs at 4Â°Cin a moist chamber.

AR-3 and B72.3 mAbs were used, respectively, as culture supernatant
containing 15 jug/ml of antibody and as purified reagent at a concentra
tion of 50 Mg/ml in Hanks' balanced salt solution containing 1% bovine

serum albumin (Sigma Chemical Co., St. Louis, MO). Enzymatic
activity was developed using 3-amino-9-ethylcarbazole in 0.1 M sodium
acetate (pH 4.9) containing 5% /VV/V-dimethylformamide and 0.02%
H2O2as chromogenic substrate for 10 min at room temperature. Tissue
sections were counterstained with Mayer's hematoxylin (BDH Chemi

cal, Ltd., Poole, United Kingdom) for 8-10 min and mounted in
buffered glycerol. The evaluation of the extent of the stain was sche-
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matically scored as: Â±(focal positive) in those cases in which <10% of
the section was stained; as + or as ++ when 10-40% and 40-60% of
the tissue lesion was stained, respectively; and as +++ when the stain
was >60%.

RESULTS

Immunohistochemical Reactivity of mAbs AR-3 and B72.3
with Normal Endometrium. The two macromolecular antigens
identified by AR-3 and B72.3 mAbs were evaluated in their
degree of expression in normal endometrial tissue sampled at
different times of the estrus cycle. The endometrial phase was
evaluated histologically on hematoxylin-eosin stained tissue
sections. As shown in Table 1, mAb AR-3, when used on a wide
range of concentrations (5-50 Mg/ml), reacted with proliferative
endometrium only in one isolated specimen among the 23
analyzed. Reaction with postovulatory endometrium was de
tected in about 21% of the cases tested. The reaction was weak
and restricted to some glandular formations with apical stain
and heterogenous distribution. Atrophie and inactive endome-
tria were found to be consistently unreactive with mAb AR-3.
When the expression of the TAG-72 antigen was analyzed on
the same specimens, a weak spotty stain with mAb B72.3 was
appreciable in only 2 of the 22 cases of proliferative endome
trium. This glycoprotein was detected in 24 of 33 both early
and late postovulatory endometria. The expression was variable
in distribution and mostly confined to the luminal aspect of
endometrial cells. Inactive and atrophie endometria displayed
no detectable levels of TAG-72 antigen.

Expression of the Two High Molecular Weight Glycoproteins
Identified by mAbs AR-3 and B72.3 in Benign and Malignant
Endometrial Lesions. Tables 2 and 3 summarize the pattern of
reactivity of mAbs AR-3 and B72.3 with a panel of hyperplastic,
precancerous, and neoplastic endometrial lesions, respectively.

By grouping hyperplastic lesions according to the absence or
presence of cytological atypia, mAb AR-3 was found to stain
89% of the lesions characterized by histological atypical fea
tures (Table 2; Fig. 1C). Hyperplasia without atypia was het-
erogenously stained by mAb AR-3 in 5 of 15 cases analyzed;
the reactivity was confined to the luminal portion of some
glandular formations (Fig. 1Ã„),while glandular cystic hyperpla-
sias (typically postmenopausal) were only minimally stained
(Table 2). The expression of the TAG-72 antigen, while almost
undetectable in simple (8%) and cystic hyperplasia (0%), was
demonstrable in 67% of the cases of atypical hyperplasia. The
two reagents when used in parallel identified atypical hyperpla-
sias in 100% of the cases (Table 2). When endometrial carci
nomas were assayed, the following findings were observed.
Thirty-six of the 42 cases (85.7%) tested reacted with mAb AR-
3 (Table 3). The staining pattern was variable in distribution
and involved both the cytoplasm and plasma membrane of
tumor cells (Fig. ID). Of the six negative cases, two were poorly
differentiated tumors. Reactivity of B72.3 mAb was consistently
overlapping with that of mAb AR-3; 90.4% of the carcinomas
tested were in fact found to be positive (Table 3). Because (data
not shown) some TAG-72 negative tumors were stained by AR-
3 and vice versa, the two reagents, when used in parallel, showed
the ability to identify endometrial carcinoma in 98% of the
cases analyzed.

AR-3 and B72.3 Reactivity on Cytological Specimens of Nor
mal Hyperplastic and Neoplastic Endometrium. Table 4 shows
the results of the indirect immunoperoxidase stain on cytolog
ical specimens by normal cycling endometrium, hyperplastic
lesions, and neoplastic lesions. The reactivity of the two re-

Table 1 AR-3 and B72.3 reactivity on normal cycling endometrium

PhaseProliferative

endometrium
(early and late)

Secretive endometrium (pre-
menopausal women)

Atrophie and inactive endome
trium (postmenopausal
women)AR-31/23

var."

(4%)
7/32 het. apic.

(21%)
0/16B72.32/22

weak het.
(9%)

24/33 var. apic.
(73%)

0/16

" var., variable intensity; het., heterogenous (with large negative areas); apic.,

apical stain of the epithelium.

Table 2 AR-3 and B72.3 reactivity with hyperplastic lesions

Case AR-3 B72.3

Hyperplasia without atypia
1. Ita. (simple glandular hyperplasia) â€”"
2. Ian. (simple glandular hyperplasia) â€”
3. Ven. (simple glandular hyperplasia) â€”
4. Mar. (simple glandular hyperplasia) + apic.*

5. Lorn, (simple glandular hyperplasia)
6. Vec. (simple glandular hyperplasia)
7. Ven. (simple glandular hyperplasia) â€”
8. 315/89 (simple glandular hyperplasia) + apic. +
9. Val. (simple glandular hyperplasia) + apic.

10. Pol. (simple glandular hyperplasia) N.T.
11. Ran. (simple glandular hyperplasia) Â±
12. Man. (simple glandular hyperplasia) + apic. â€”
13. Di M. (simple glandular hyperplasia) + het. -
14. Leo. (simple glandular hyperplasia) â€”
15. De C. (simple glandular hyperplasia) â€” â€”
16. Lib. (simple glandular hyperplasia)

Total 5/15 2/16

1. Alb. (glandular cystic hyperplasia) + â€”
2. For. (glandular cystic hyperplasia) Â± â€”
3. Di C. (glandular cystic hyperplasia) Â±
4. D'An, (glandular cystic hyperplasia) Â± -

5. Sfo. (glandular cystic hyperplasia)
6. Squ. (glandular cystic hyperplasia) â€” -
7. Delli P. (glandular cystic hyperplasia) â€” -
Total 4/7 0/7

Hyperplasia with cytological atypia" 1. Pac. +

2.Cor. Â±
3. 7595/87 ++ +
4.Pet.
5.Sab.
6.Pol.
7. 7908/86 +
8.9506/86 + Â±
9. 3389/87 ++ +
Total 8/9(89%) 6/9(67%)

"Score by indirect immunoperoxidase: Â±,<10% stain; +, >10-<40%; ++,
>40-<60%; +++, >60% stain.

* apic., apical stain of the epithelium; het., heterogenous (with large negative

areas); N.T.. not tested.

Table 3 AR-3 and B72.3 reactivity on endometrial carcinomas

Tumor gradeU111

IVTotalAR-38/9

18/20
7/8

3/536/42

(85.7%)
41/42"B72.39/9

18/20
7/8

4/538/42

(90.4%)
(97.6%)

" Reagents used in parallel.

agents was practically concordant with that observed in the
immunohistochernical assay. Hyperplasia with atypia and ma
lignant endometrial lesions were consistently reactive with both
monoclonal antibodies.

DISCUSSION

Endometrial carcinoma represents 13% of all female tumors
in the occidental world (2, 21-24). Although this neoplasia in
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Fig. 1. A, indirect avidin-biotin immunoperoxidase staining on normal proliferative endometria. Superificial and glandular epithelium are unstained by AR-3 mAb.
B, indirect avidin-biotin immunoperoxidase staining on glandular hyperplasia. Hyperplastic epithelium displays an apical distribution of the epitope recognized by
AR-3 mAb. (^). C, indirect avidin-biotin immunoperoxidase staining with AR-3 mAb on atypic hyperplasia. The dark positive stain was confined around dysplastic
cells (>), while normal epithelial areas were unreactive. D, indirect avidin-biotin immunoperoxidase staining on endometrial carcinomas. Stain is mainly localized at
the neoplastic cells and pseudoglandular structures: also shown is a diffuse cytoplasmic staining with AR-3 mAb.

Table 4 AR-3 and B72.3 reactivity on cytological specimens of normal
hyperplastic and neoplastic endometrium

1.2.3.4.5.6.7.8.9.10.11.12.13.14.15.16.17.18.19.20.21.22.23.24.25.ProliferativeendometriumProliferative
endometriumProliferative
endometriumProliferative
endometriumSecretive
endometriumSecretive
endometriumSecretive
endometriumSecretive
endometriumSecretive
endometriumSecretive
endometriumAtrophie
endometriumAtrophie
endometriumHyperplasia

withoutatypiaHyperplasia
withoutatypiaHyperplasia
withoutatypiaHyperplasia
withoutatypiaHyperplasia
withoutatypiaHyperplasia
withoutatypiaHyperplasia
withatypiaHyperplasia
withatypiaEndometrial

carcinomaEndometrial
carcinomaEndometrial
carcinomaEndometrial
carcinomaEndometrial

carcinomaAR-30"Oo0o00o0C0ooo0oâ€¢oB72.30ooooooAAOoooo0ooooACoâ€¢â€¢â€¢
"Score by indirect immunoperoxidase: O, negative: C, <10% stain: A. 10-

50% stain; â€¢.>50 stain.

its early stages can be successfully treated (25), cytopathological
screenings have been inefficient in controlling this cancer
through the identification of early atypical changes in the
endometria of high risk populations. This has been identified
epidemiologically in postmenopausal women with a long his
tory of excessive, absolute, or relative estrogenic stimulation
(i.e., anovulatory and obese women, patients on long term
estrogen therapy, etc.) (26). In fact the morphology of normal
and transformed endometrial cells may be influenced by a
number of factors (i.e., hormonal status, contraception, inflam
mation, etc.) and the interpretation of cytopathological changes
is often very difficult and highly influenced by subjective judg
ment (7). These considerations raise the question as to whether,
also in this context, the use of mAbs identifying well defined
tumor associated antigens may improve the current perform
ance of the cytodiagnosis of endometrial cancer.

This working hypothesis has already been transformed into
practical applications in some areas of controversial cytopath-
ology. Combinations of mAbs have in fact been shown to
significantly improve the accuracy of cytodiagnosis of neoplas
tic serous effusions (9-11) and fine needle aspirates of pulmo
nary masses (12) as well as to be a valuable adjunct in the
diagnosis of breast aspirates (13). In order to evaluate whether
the combination of AR-3 and B72.3 mAbs could be used in the
immunocytochemical diagnosis of endometrial carcinomas, we
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have previously submitted the two reagents to an extensive
immunohistochemical testing, which permits a more critical
morphological evaluation. To this end a detailed and compar
ative analysis of their immunoreactivity with (a) normal cycling
endometrium, (b) endometrial hyperplasia without or with cy-
tological atypia, and (c) endometrial carcinomas has been per
formed. The results of our analysis have shown that AR-3 and
B72.3 mAbs reacted on normal cycling endometria in the
secretive phase in 21 and 73% of the cases, respectively, and
the stain was limited to apical region of the epithelium; on the
contrary atrophie or resting epithelium from postmenopausal
women was completely unreactive. Among the hyperplastic
endometrial changes, mAb AR-3 reacted only with simple

glandular hyperplasia and stain was limited at the apical region
of the epithelium in 33% of the cases tested. This endometrial
change is typical of anovulatory young women and may be
found in perimenopausal but rarely in postmenopausal women,
where it represents the anatomic substrate of a persistent hy-
perestrogenic stimulation. MAb AR-3 also reacted occasionally
and heterogenously with cystic hyperplasia. However, when the
histolÃ³gica! features of hyperplasia were associated with cyto-
logical atypia, an increasing gradient of reactivity could be
demonstrated with both the AR-3 and B72.3 mAbs. Further
more, the combination of the two reagents was able to identify
98% of cancers with plasma membrane and cytoplasmic stain
ing pattern, independently of the clinical stage and differentia
tion grading (Fig. ID).

These observations may be of biological as well as clinical
relevance. Because endometrial hyperplasias with cytological
atypia are recognized as precursors of endometrial cancer (18,
27-36), the finding of an increased expression of TAG-72 and
CAR-3 antigens with cellular atypia suggests that the two
macromolecules may represent early markers of transforma
tion. Furthermore, because the majority of the patients at risk
of endometrial cancer are postmenopausal women with endo
metrium undergoing atrophie changes or cystic hyperplasia,
and not expressing TAG 72 and CAR-3 antigens, the finding
of cells reacting with the AR-3 and B72.3 mAbs may allow a
more critical selection of those patients who are candidates for
microhysteroscopy (37), endometrial curettage or other more
invasive procedures. Since sampling of endometrial material by
the endocyte method (8, 19, 38) provides adequate material for
cytodiagnosis, we are currently evaluating the diagnostic poten
tial of the two mAbs in cytological specimens obtained by this
technique. The patterns of immunohistochemical reactivity de
scribed in this study have been confirmed by preliminary exper
iments on cytological preparations.

Although in the present work no comparative biochemical
studies have been reported on the molecular structure of the
CAR-3 antigen (20) expressed by endometrial cancer, it is
worthwhile to mention that elevated serum levels of CAR-3
have recently been detected in about 40% of endometrial car
cinoma bearing patients.4 In conclusion, the results of this

immunohistochemical testing if confirmed in a larger number
of patients indicate that the combination of AR-3 and B72.3
mAbs could be a valuable adjunct in the cytodiagnosis of
endometrial cancer and eventually could improve the clinical
management of this neoplasia in two ways: (a) by identifying
early stage patients with cytological atypic hyperplasia; and (b)
by confirming the cancerous nature of those lesions with ques
tionable morphological features.

' Submitted for publication.
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