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Four antibodies (anti-CCA, anti-CEA, Ca-I, and anti-EMA) were used to study the
distribution of antibody-binding sites in normal endocervical mucosa, metaplastic squamous
epithelium, squamous epithelium exhibiting varying grades of intraepithelial neoplasia, and
invasive squamous cell carcinoma. Anti-CCA, a novel monoclonal antibody raised against
an extract of squamous cell carcinoma of the cervix, recognizes dysplastic, neoplastic,
and metaplastic cervical epithelial cells. While anti-CCA and Ca-I rarely stained normal
glandular epithelium, 31.4 and 45.7% of the samples stained positively for CEA and EMA,
respectively. There did not appear to be significant differences between anti-CCA and the
other antibodies in the frequency with which neoplastic conditions were stained. Based
upon these observations, it appears that none of the antibodies tested can be regarded as
a Specific tUInOr marker. 0 1988 Academic Press. Inc.

INTRODUCTION
The identification and characterization of tumor-associated antigens which may
facilitate the immunologic identification of preneoplastic and neoplastic cells of
the uterine cervix have been intensively pursued over the last several years [l61. As a result, a variety of monoclonal and polyclonal antibodies have been
produced which recognize several antigens reported to be present in squamous
cancer cells of the uterine cervix [l-14]. Detection of epithelial membrane antigen
(EMA), carcinoembryonic antigen (CEA), TA-4 antigen, the Ca antigen, and an
antigen expressed on the basal cell layer of human skin and other epithelia (VM2) have received the most recent attention [1,3,8,10,11]. While McGee et al. [15]
and others have suggested that the detection of these antigens may be of value
in identifying neoplastic changes in cervical biopsy and cytology samples, there
are conflicting data regarding whether some of these markers are uniformly
present in preneoplastic lesions [ 16,171.
Employing a panel of antibodies including a monoclonal antibody raised against
an extract of squamous cell carcinoma of the cervix (anti-CCA [7]), we describe
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in this report the immunoperoxidase-staining patterns of normal endocervical
glandular epithelium, squamous metaplasia, and intraepithelial neoplastic conditions.
Our goal was to compare this monoclonal antibody to those already in use and
to determine whether this antibody panel could distinguish between these various
cervical lesions.
MATERIALS AND METHODS
Tissue samples. Tissues were selected from colposcopic biopsy samples submitted
for pathologic examination at Womens’ Hospital, The University of Michigan.
These specimens were fixed in 10% Formalin and embedded in paraffin. Biopsy
samples which demonstrated either normal endocervical epithelium, squamous
metaplasia, invasive squamous carcinoma, or cervical intraepithelial neoplasia
(Grades l-3) were selected for study. The samples were selected on the basis
of their hematoxylin and eosin-stained appearance. The intraepithelial neoplastic
lesions were evaluated and classified according to the criteria of Richart [18].
Additional histologic sections for immunoperoxidase staining were prepared.
Antisera. Monoclonal antibodies to cervical carcinoma antigen (CCA) were
produced using conventional hybridoma methodology [19]. Briefly, Balb/C mice
were immunized with homogenates of human cervical squamous cell carcinomas.
Splenic lymphocytes from the hyperimmune mice were fused with SP2/0 cells
(a nonsecreting plasmacytoma line). The appropriate hybridoma was selected by
growth of the clone in selective (HAT) medium and by screening the culture
supernatant for reactivity against normal and carcinomatous cervical tissue by
immunofluorescence. One clone (14-3) was thus chosen for its ability to selectively
stain cervical carcinoma tissue.
Murine monoclonal antibodies against epithelial membrane antigen and Ca
antigen were obtained from Dako (anti-EMA, Santa Barbara, CA) and Wellcome
Diagnostics (Ca-1, Greenville, NC), respectively. A polyclonal rabbit antibody
against carcinoembryonic antigen was also obtained from Dako.
Zmmunoperoxiduse staining. Immunoperoxidase staining was performed according to the method of Hsu et al. [20] using commercially available avidinbiotin complex (ABC) kits (Vectastain, Vector Labs, Burlingame, CA). Endogenous
peroxidase was removed from the sections using a methanol-H202 solution and
all antibody staining was visualized using diaminobenzidine as the chromogen.
Hematoxylin was used as a counterstain. The negative control for the staining
with anti-CEA consisted of substitution of the primary rabbit antiserum by normal
rabbit serum. As a negative control for the monoclonal antibody staining, a
murine monoclonal control for the monoclonal antibody staining, a murine monoclonal of matched isotype but directed against an irrelevant antigen was used.
Specificities of the antibodies were confirmed by testing the antibodies against
control tissues with known positivity to the respective antigens and against
normal tissues not bearing the antigen.
The immunoperoxidase-stained slides were reviewed and the cells graded for
intensity of staining on an arbitrary scale from negative (0) to strongly positive
(4+). The staining reactions of normal endocervical glandular epithelium were
also recorded. When the results were tabulated, samples containing 2 + , 3 + ,
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FIG. 1. Endocervical epithelium. Most of the epithelium stains intensely for EMA. Peroxidase
staining, X 80.

and 4 + cells were classified as having strong staining, those with I+ cells as
having weak staining, and those with no positive cells (0) as negative. Staining
of parakeratotic surfaces was ignored as this staining pattern has been reported
as possibly due to nonspecific absorption of antibodies [5].
RESULTS
Glandular Epithelium
Thirty-five biopsy samples contained histologically normal endocervical epithelium. This epithelium stained positively for CCA in only 1 sample. A similar
result was obtained with Ca-1 staining. In contrast, 3 1.4 and 45.7% of the samples
stained positively for CEA and EMA, respectively. The staining was irregular,
as some glands were negative for staining in otherwise positive specimens (Fig.
1).
Metaplastic Epithelium
Nine specimens contained metaplastic squamous epithelium. While the majority
of specimens were positive for each of the antigens, the proportion of positive
samples varied from 77.7% for CEA, to 44.4% for CCA, and to 33.3% for Cal and EMA. In most cases the cells stained uniformly and intensely (Fig. 2).
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FIG. 2. Squamous metaplasia. Many of the metaplastic cells stain positively for EMA. Peroxidase
staining, X 80.

Cervical Intraepithelial

Neoplasia (GIN)

Of the 26 samples which demonstrated varying grades of CIN (3 cases of CIN
1; 16 cases of CIN 2; 7 cases of CIN 3), staining was positive for CEA in all
of the cases. The staining was usually intense regardless of the degree of abnormality. Not all of the cytologically abnormal cells stained positively; those
cells located near the mucosal surface were more often positive than those cells
situated near the underlying basement membrane (Fig. 3). Similar findings obtained
with the other antigens: 4 of the samples (3 cases of CIN 2 and 1 case of CIN
3) did not stain positively for Ca-1 , 3 samples did not stain for EMA (1 case of
CIN 1, 2 cases of CIN 2), and 2 samples did not stain for CCA (1 case of CIN
1 and 1 case of CIN 3).
Invasive Squamous Cell Carcinoma
The four samples containing invasive carcinoma were positive for CEA and
CCA. One of the invasive carcinomas did not stain with either EMA or Ca-1.
Positive staining in each sample not only varied in intensity but was also patchy,
irregardless of the antibody employed.
The results of individual antibody staining are given in Table 1.
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FIG. 3. Cervical intraepithelial neoplasia, grade 3. The abnormal epithelial cells stain intensely
for CCA. As was often the case, the epithelial cells near the basement membrane and underlying
stroma stained negatively. Peroxidase staining, x 80.

DISCUSSION

The recent development of polyclonal and monoclonal antibodies have provided
a new approach to the detection of cell surface and circulating tumor-specific
antigens. CEA has been demonstrated in a high percentage of cases of cervical
intraepithelial neoplasia [13,12]. In addition, Lindgren and associates [17] have
TABLE I
STAININGREACTIONS
OF DIFFERENTLESIONS
Ca-I

CEA
Lesion
Glandular epithelium
Squamous
metaplasia
CIN 1
CIN 2
CIN 3
Invasive cancer

EMA

CCA

Pos.

Neg.

Pos.

Neg.

Pos.

Neg.

Pos.

Neg.

11

24

I

34

16

I9

I

34

7
3
16
7
4

2
0
0
0
0

3
3
13
6
3

6
0
3
I
1

3
2
I4
7
3

6
I
2
0
I

4
2
I6
6
4

5
I
0
I
0
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reported a direct correlation between the frequency of tissue CEA positivity and
the histologic degree of severity of cervical neoplastic lesions. These results have
prompted McDicken and Rainey [5] to suggest that the presence of CEA in
dysplastic epithelium is associated with definite neoplastic transformation of the
epithelial cells. The EMA glycoprotein is widely distributed in epithelial tissues
and tumors [22]. Although EMA is expressed by abnormal cervical epithelial
cells in a consistent fashion [23], metaplastic squamous cells from normal and
abnormal cervices also express the EMA antigen [ll]. Expression of the Ca-1
antigen was initially thought to be limited to malignant cervical epithelium [ 151.
However, subsequent investigation has demonstrated expression of Ca-1 antigen
in cytologically normal cervical epithelium as well [l].
With these studies as a background, we have attempted to distinguish between
normal endocervical cells, benign metaplastic squamous cells, and cells from
intraepithelial neoplastic conditions of the cervix by using a panel of four antibodies
which recognize different antigens. In addition to using antibodies to the CEA,
EMA, and Ca antigens, we employed a monoclonal antibody which reacts with
dysplastic and malignant cervical epithelial cells, as well as with some metaplastic
and inflammatory cells. No reactivity has been observed with normal or virusinfected cells, although reactivity has been noted with tumors arising at other
sites in the body [7,24].
Although the number of samples of the benign, preneoplastic, and neoplastic
conditions was small, there does not appear to be a significant difference between
anti-CCA and the other antibodies with regard to the frequency of antigen expression. However, anti-CCA and Ca-1 rarely stained normal glandular epithelium
(only 1 of 35 samples in each case), as compared with the antibodies to CEA
and EMA. The intensity and distribution of staining for the CEA, EMA, and
Ca antigens was similar to that reported by other investigators [1,2,5,11,14]. The
staining was often focal and mainly limited in the intraepithelial neoplastic lesions
to the superficial and middle epithelial layers. With particular regard to EMA,
our staining results (most intense staining in the superficial cells and weak staining
in the deeper layers) is similar to those reported by Sloane et al. [21] and
Moncrieff and her colleagues [ 111. The relatively high frequency (31.6%) with
which normal endocervical glandular epithelium was stained by anti-CEA is at
variance with the results of other studies [5,12] in which CEA was not detected
in normal glandular epithelia. This discrepancy may be due to the presence in
this epithelia of a CEA-like substance, nonspecific cross-reacting antigen (NCA)
[5], which may have been recognized by the CEA antibody used in our study.
Our observations indicate that it is not yet possible to use only a combination
of antibodies to differentiate between benign conditions and neoplastic lesions
of the cervix, and that none of the antibodies tested can be used as a specific
tumor marker. Jha et al. [2] and Fray and colleagues [14] have reached similar
conclusions based on their experience using other combinations of antibodies.
This lack of specificity may have several explanations, including the possibility
that the binding of antibodies to surface antigens may depend to some degree
on the particular stage of the cell cycle in which the cells are found [9,25]. EMA,
for example, appears to be expressed in benign, but proliferating cervical epithelial
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repair cells [l 11. If this postulate is correct, the correlation of tumor-associated
antigen expression and cell cycle activity may serve as a more effective approach
to differentiating benign from malignant cervical cells. To this end, flow cytometric
techniques have been developed [26] and are currently being employed to test
this postulate.
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