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ABSTRACT

For the detection of cancerous and precancerous lesions in
cervical cytopathology, the feasibility of a concanavalin A-per-

oxidase labeling procedure was tested and compared with the
Papanicolaou method. To this end, the percentage of labeled
flattened epithelial cells with a morphologically normal appear
ance present in cervical cell suspensions was determined.

It was found that the mean labeling percentage of the control
group was 71% (SD, 11%). The means for mild, moderate, and
severe dysplasia groups were, respectively, 54% (SD, 19%),
48% (SD, 13%), and 44% (SD, 16%). The mean for the carcinoma
in situ group was 32% (SD, 11%), and for the squamous cell
carcinoma group 16% (SD, 5%). It appeared that the labeling
percentage gradually decreases with increasing atypia of the
epithelium as confirmed by histological observation. A complete
dissimilarity was found between healthy individuals and cancer
patients.

In a follow-up study it was found that the mean labeling

percentage did not alter in cases of an unchanged stage of
disease. A reestablishment of the normal concanavalin A-per-

oxidase labeling percentage often appeared once the cancerous
or precancerous lesion was treated.

In conclusion, the concanavalin A-peroxidase labeling method

can be considered as a supplementary technique to the Papan
icolaou method for the early detection of cervical cancer. It
reduces the effect of sampling and screening errors of the
Papanicolaou method, and it allows a more objective cytological
diagnosis. In addition, it may possess prognostic significance.

INTRODUCTION

Cytological screening for cervical cancer and its precursor
lesions using Papanicolaou stained smears is an approved and
generally applied method. Nevertheless, results obtained with
this screening method are not completely reliable because of the
well documented occurrence of sampling and/or screening errors
(1).

We recently reported the application of another promising
approach in screening for cancer of the uterine cervix (2,3). This
method is based on the detection of cytochemical alterations of
the cell surface of normal flattened squamous epithelial cells.
The method uses the fact that cells contain considerable
amounts of oligosaccharide residues on their surface which
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specifically bind to lectins such as concanavalin A (3). The
number of cells with a considerable amount of these binding
sites appears to differ significantly between healthy individuals
and squamous cell carcinoma patients. A high percentage of
labeled flattened epithelial cells has been shown to be present in
the former group and a low percentage in the latter. Statistical
analysis revealed that at least 99% of all healthy individuals will
have a labeling percentage above 45%, while at most 1% of the
cancer patients will show a percentage above 30%. It has been
shown that the procedure for assessment of the labeling results
can be done by either a machine-aided procedure or a visual

assessment procedure (4).
In the present study, the ConA3-HRP labeling method has also

been applied to cervical cell suspensions from patients with
precancerous and cancerous lesions. The study addressed the
determination of the labeling percentage of normal flattened
epithelial cells in healthy individuals and in case of mild, moderate,
and severe dysplasia, carcinoma in situ, and squamous cell
carcinoma of the uterine cervix. In addition, the course of the
labeling results (alteration in labeling percentage) during follow-

up of patients with a persisting epithelial abnormality and of
patients treated for a cervical abnormality was determined. Also
the change in labeling percentage caused by therapeutic inter
vention was studied. Finally, the diagnostic accuracy of the
ConA-HRP labeling method for the detection of cancerous and

precancerous lesions of the uterine cervix was compared with
that of the Papanicolaou method.

MATERIALS AND METHODS

Cytopathological Material. Cervical cells were collected one or more
times from healthy individuals (number of women = 40), and from patients
with a mild (n = 10), moderate (n = 15), or severe (n = 28) dysplasia,
from patients with a carcinoma in situ (n = 24), and from patients with a
squamous cell carcinoma (n = 10). In addition, samples from patients

after conservative treatment (diathermic stripping, cf. Ref. 5; conization)
or by way of uterine extirpation for severe dysplasia (n = 17), carcinoma
in situ (n = 15), or squamous cell carcinoma (n = 7) were studied. A

small number of the latter patients forms part of the previously enumer
ated patients.

For the follow-up study, samples were used from part of all the above-

mentioned patients on two different occasions during their disease, or
on two different occasions after treatment. The aim of this follow-up

study was to investigate whether the labeling percentage is consistent
in the case of an unchanged stage of disease. In order to investigate
whether treatment results in a change of the labeling percentage, sam
ples were taken from some of the above-mentioned patients before and
after therapeutic intervention. Sampling of these follow-up groups of

patients was achieved by including all patients who returned to the clinic
in a period of 0.5 yr (October 1983-March 1984) after their initial

3The abbreviations used are: Con A. concanavalin A; HRP, horseradish perox-

idase.
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consultation. The period between the two times varied from 2-10 mo.

The lesions were originally classified by repeated Papanicolaou cytol
ogy. Final diagnosis in cases of moderate and severe dysplasia, carci
noma in situ, and squamous cell carcinoma was based on histological
examination.

ConA-HRP Labeling. Full details about the preparation of cervical cell

suspensions and the labeling procedure have been reported previously
(3). The quantification of the labeling results has been carried out by one
observer using the visual assessment procedure (4).

Statistical Analysis. Differences in labeling results between healthy
individuals and patients with mild, moderate, or severe dysplasia, and
patients with carcinoma in situ or squamous cell carcinoma were studied.
One sample per patient was used. When more specimens of the same
patient were available, one specimen was selected at random. A one
way analysis of variance, followed by simultaneous pairwise comparisons
according to ScheffÃ©,was applied. Student's f test for paired samples

was used to examine the difference between the labeling percentages
at two different points in time either during the disease or after treatment.
The same test was used to examine the differences between labeling
percentages before and after treatment. The Pearson test was used to
analyze the correlation between the labeling percentage of treated pa
tients and the time span after treatment. This correlation was studied in
patients taken at an arbitrary point in a period of 2-48 mo after treatment.
For the control group a lower bound (one-sided guaranteed coverage

lower tolerance limit) for the 1% point of the distribution of the labeling
percentage has been established. Below this limit there are probably at
most 1% of healthy individuals. The chosen level of confidence was
90%, and a normal distribution was assumed. In an analogous way an
upper bound has been established for the group of cancer patients. The
difference in detection rate between the ConA-HRP method and the
Papanicolaou method was examined by means of Me Nemar's tests.

RESULTS

The distribution of percentages of ConA-HRP labeled flattened

cells from individual healthy controls and from individual patients
with precancerous and cancerous lesions of the uterine cervix is
shown in Fig. 1. Table 1 shows the mean labeling percentages
with the standard deviation of each group. From the data pre
sented, it can be seen that the highest mean of percentages of
ConA-HRP labeled flattened epithelial cells is found in the normal

group. The lowest mean is found in patients with squamous cell
carcinoma. Moreover, the labeling percentage decreases with

100 n

Table 1
Meanpercentages of ConA-HRPlabeled flattenedcells from healthy individuals
and from patients with precancerous and cancerous lesions of the uterine cervix
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ClassificationNormal

Dysplasia
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Carcinomain situ
Squamous cell carcinomaNo.

of
women4010
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10Mean

Â±SO71

Â±1154Â±19

48 Â±13
44Â±16
32 Â±11
16Â±5

Fig. 1. Distribution of percentages of ConA-HRP labeled flattened cells from
healthy individualsand from patients with precancerous and cancerous lesions of
the uterine cervix. Horizontal bars, mean of the group.

increasing atypia (Fig. 2). By one-way analysis of variance, the

hypothesis of equal means was rejected (P < 0.001 ). Pairwise
multiple comparisons according to ScheffÃ©showed that this was
mainly caused by a higher mean for the control group as com
pared to every other group (P Â«0.02), and by a lower mean for
the squamous cell carcinoma group as compared to every other
group (P Â«;0.05). Moreover the mean labeling percentage for
the carcinoma in situ group was significantly lower than the mean
percentage for the moderate dysplastic group (P = 0.02), and
almost significantly lower than the mean percentage for the group
with severe dysplasia (P = 0.07). No significant differences were
found between the three groups with a dysplasia (P =* 0.49).

A one-sided guaranteed coverage lower tolerance limit has

been determined with respect to the 1% point of the distribution
of the labeling percentage for healthy individuals. Supposing a
normal distribution and using a level of confidence of 90%, this
limit is 40% when the visual assessment procedure has been
used. This means that probably at most 1% of all healthy
individuals possesses a labeling percentage below 40%. The
upper tolerance limit, above which are probably at most 1% of
the cancer patients, was 33%.

Using the ConA-HRP labeling method with 40% as a discrim

inative level, it is seen from Fig. 1 that the method completely
discriminates between all healthy individuals and squamous cell
carcinoma patients under consideration. Table 2 shows a com
parison between detection rates of the ConA-HRP labeling
method and the Papanicolaou method for cancerous and pre
cancerous lesions of the uterine cervix. From this table it follows
that the Papanicolaou method is (nearly) significantly better
suited for the detection of patients with a dysplastic lesion.
Although the ConA-HRP labeling method gives higher detection

rates for patients with a carcinoma in situ or squamous cell
carcinoma compared with the Papanicolaou method, no signifi
cant differences could be found.

From some of the above-mentioned patients, cell material was

collected at two different times, when no therapeutic intervention
was applied and where the Papanicolaou classification remained
unchanged. The labeling results of these patients at two different
times are shown in Table 3. For each group a lower mean was
observed the second time. However, according to the paired
Student's f test, it appeared that the labeling percentage of the

second time did not significantly differ from the percentage of
the first time and neither was a significant difference found after
combining the groups (P = 0.20).

Some of the patients have been treated for severe dysplasia,
carcinoma in situ, and squamous cell carcinoma. The mean
labeling percentages from the severe dysplasia/carcinoma in situ
group (n = 9) before and after treatment are 39 Â±12% (SD) and

61 Â±15%, respectively. For the squamous cell carcinoma group
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Table 2
Comparisonof detection rates of the ConA-HRPlabeling method and the

Papanicolaoumethod for healthy individuals and for precancerous and cancerous
lesions of the uterine cervix

The detection rate was determined as the ratio of the number of correctly
detected patients with a particular (pre)cancerous lesion that has histologically
been confirmed and the total number of women under consideration with that
lesion. Ps indicate the results of testing the hypothesis of equal probability of
detection by meansof the Me Nemar's test.

ClassificationNormal

Dysplasia
Mild
Moderate
Severe

Carcinomain situ
Squamouscell carcinomaNo.

of
women4010

15
28
2410ConA-HRP00.30

0.13
0.50
0.88
1.00Papanicolaou00.90

0.80
0.82
0.83
0.60P0.05<p<0.10

<0.01
0.01 < p s 0.20

>0.10
>0.10

Table 3
Meanpercentages of ConA-HRPlabeled flattened cells from patients at two

subsequenttimes during their disease
Ps indicate the results of testing the hypothesis of no change by means of the

paired Student's t test.

ClassificationModerate
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Fig.3. Distribution of percentages of ConA-HRP labeled flattened cells from
patients after treatment for precancerous and cancerous lesions of the uterine
cervix. Horizontal bars, mean of the group.

â€¢â€¢''..:*

Fig.2. ConA-HRP staining of cervical epithelial cells in different lesions. The
number of labeled flattened cells collected from a healthy individual (a), and from
patients with severe dysplasia (b) and a squamous cell carcinoma (c) decreases
with increasing atypia; unlabeledcells are indicated by asterisks. Specimensfrom
squamouscellcarcinomapatientsoften containerythrocytes(blackspots),whereas
the density of epithelial cells in the specimen is rather low. x 100.

(n = 4) labeling percentages before and after treatment were 15
Â±7Â°/oand 74 Â±20%, respectively. These differences appeared
to be significant according to the paired Student's f test (P =

0.01) for both the combined severe dysplasia/carcinoma in situ
group and for the squamous cell carcinoma group.

Other patients who were also treated for severe dysplasia,
carcinoma in situ, and squamous cell carcinoma were then
considered in order to examine the labeling percentage after
treatment. These groups of patients were augmented by patients
similar to those mentioned immediately above. When several
days' specimens from a patient were available, one of them was

chosen at random. Fig. 3 shows the distribution of the labeling
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Table4
Mean percentages of ConA-HRP labeled flattened cells from patients treated for

precancerous and cancerous lesions of the uterine cervix

After treatmentforSevere

dysplasia
Carcinoma in situ
Squamous cell carcinomaNo.

of
women17

157Mean

Â±SD63

Â±16
62 Â±14
68 Â±18

percentages of the individual patients treated for severe dyspla
sia, carcinoma in situ, or squamous cell carcinoma. Table 4
presents the mean labeling percentages with respect to the three
treated lesions. They are about the same level as the percentage
of healthy individuals.

In the group of patients that were treated for severe dysplasia,
no significant correlation (P = 0.67) could be established between
the labeling percentage and the time span after treatment (Pear
son correlation coefficient = 0.11). On the other hand, patients

treated for carcinoma in situ showed a significantly higher labeling
percentage (P = 0.04) with an increasing time span posttreat-
ment (Pearson correlation coefficient = 0.53). The Pearson cor

relation coefficient for patients treated for squamous cell carci
noma was 0.65, but it may be that the number of patients was
to small to be able to determine a significant association (P =

0.11).
In addition, the per patient change in labeling percentage after

treatment was studied. The labeling percentages of 16 patients
taken on two occasions were compared. The period between
the two times varied from 2-10 mo. Student's f test for paired

observations did not reveal a significant increase (mean, 67 and
70%, respectively; P = 0.54).

DISCUSSION

It has been shown in previous studies that the cell surface of
normal cells may undergo alterations before or during the devel
opment of (pre)malignancy in the uterine cervix (2). This datum
has been used to develop a ConA-HRP labeling procedure which

allows the discrimination between healthy individuals without any
known epithelial abnormality and patients with a histologically
confirmed squamous cell carcinoma (3, 4). In this study, the
ConA-HRP labeling procedure has also been applied to cervical

cells from patients with a mild, moderate, or severe dysplasia,
and from patients with a carcinoma in situ.

The follow-up study shows that the labeling percentage of

patients from a disease group does not change distinctly. More
over, the follow-up study shows that patients after treatment

again possess the normal high labeling percentage with the
exception of a small number of patients. The cell samples of
these patients were not taken immediately after treatment, so it
is possible that these exceptions may represent patients with a
higher risk of recurrence.

The relative frequency of false negatives in the group of
carcinoma in situ patients, i.e., patients with a labeling percent
age above 40%, is very low (12%). In the group of patients with
severe dysplasia the relative frequency of false negatives ap
pears to be high (50%). According to Fisher's exact test for a 2

x 2 table there is a significant difference between these frequen
cies of false negatives (P < 0.01). This difference is striking
because other approaches do not offer a possibility to clearly
discriminate severe dysplasia from carcinoma in situ not only

cytomorphologically and histologically but also cytogenetically
(6), immunologically (7), and immunocytochemically (8). It is
possible that all these approaches "overdiagnose" severe dys

plasia to carcinoma in situ. Our results with the ConA-HRP
labeling technique indicate that a more optimal discrimination is
possible. These results may reflect the occurrence of an essential
alteration during the transition from severe dysplasia to carci
noma in situ. However, the biology of the transition between
both stages is not understood.

The current cytological screening method of cervical cancer
according to Papanicolaou is one of the best cancer diagnostic
tests currently available. It has aided in the drastic reduction of
deaths from cervical cancer. Our studies have shown that cyto-
chemical cell surface analysis may also be a suitable screening
method in terms of specificity and sensitivity, and objectivity and
rapidity. The ConA-HRP labeling method has the advantage that

an abundant number of cells is available for detection in contrast
to the frequently inadequate number of (pre)neoplastic cells
which may cause sampling and screening errors. Whereas la
beled and unlabeled cells show a distinct difference in labeling
intensity, the (pre)neoplastic cells show a continuous transition
from a less to a more atypical character, which causes a less
objective cytological diagnosis. The ConA-HRP labeling method

allows the complete discrimination between healthy women and
squamous cell carcinoma patients. This labeling method detected
proportionately more cancer patients, as compared with the
Papanicolaou test. However, this difference was not significant.
On the other hand the detection rate is lower for dysplasia
patients. With regard to the patients with a carcinoma in situ,
the ConA-HRP method seems to score better as compared with
literature data on the occurrence of false-negative findings using
the Papanicolaou method (cf. Ref. 9). The ConA-HRP method is
a simple procedure with little danger of technical errors. In
principle, the method allows flow cytometrical treatment of cell
samples which might offer a more rapid and more accurate
application of the method.

Our results seem to indicate that patients with a labeling
percentage below 40% and who have a negative Papanicolaou
cytology need continual surveillance. This is especially so know
ing that not all cervical cancers pass through a long-standing
phase of premalignancy (10, 11, 12) and that not all cases with
distinct dysplasia and carcinoma in situ advance to invasive
cancer (13, 14). It may be that the continual application of the
ConA-HRP labeling method can predict the future behavior of a

lesion because all cancer patients are characterized by a low
labeling percentage and because a gradual decrease of the
labeling percentage exists with increasing atypia. The prognostic
value can be extended by application of other cytochemical
labeling techniques, as for instance labeling of antigenic deter
minants. Valet ef al. (15) have shown an improved sensitivity in
the detection of abnormal cells from cervical cancers. They have
simultaneously measured antigenic determinants of carcinoem-
bryonic antigen and epithelial membrane antigen on the cell
surface together with cell volume and cellular DNA. Boon ef al.
(16) have shown carcinoembryonic antigen positivity in squa
mous and in malignant exfoliated epithelial cells in sputum from
patients with carcinoma of the lung. Their possible prognostic
significance was found in the carcinoembryonic antigen-positivity
of benign squamous cells from high-risk patients without clinical
evidence of neoplasm. Wagner and Noltenius (17) have sug-
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gested that cervical cell suspensions without a positive erythro-

cyte adherence test might not be related to cervical carcinoma
until the rosette test becomes positive. Das and Roy-Chowdhury

(18) have stated that the glycogen accumulation in cervical
epithelial cells can possibly serve as a useful tool in the early
detection of recurrence.

In conclusion, we consider the ConA-HRP labeling method as

a supplementary procedure to the Papanicolaou method in
screening for the early detection of cervical cancer. The ConA-

HRP labeling method reduces the effect of the sampling and
screening errors of the Papanicolaou method, and it allows a
more objective cytological diagnosis. In addition, the ConA-HRP

labeling method may possess prognostic significance.
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