
[CANCER RESEARCH 35, 2350-2354, September 1975]

SUMMARY

Fibroblasts underlying human uterine cervical dysplasia,
carcinoma in situ, and invasive carcinoma are agglutinable
by concanavalin A (Con A) but not by wheat germ
agglutinin, except at very high concentration. Studies with
low levels of Con A show that maximal agglutination is
obtained with fibroblasts from invasive carcinoma, while
the fibroblasts underlying dysplasia give minimal agglutina
tion reactions. Fibroblasts underlying carcinoma in situ give
agglutination reactions halfway between those obtained
with fibroblasts underlying dysplasia and invasive carci
noma. An epithelial-like cell line obtained from a case of
dysplasia shows agglutinability by Con A very similar to
that obtained with fibroblasts underlying dysplasia. These
epithelial-like cells are also not agglutinable by wheat germ
agglutinin.

Treatment of the cervical cells, both epithelial and
fibroblasts, with neuraminidase leads to slight increase in
agglutination by both Con A and wheat germ agglutinin.
Marked increase in agglutination is not obtained even after
treatment with high concentration of neuraminidase (10
units/ 10' cells). Marked agglutinability, however, is ob
served after trypsin treatment.

The results suggest that, while the fibroblasts obtained
from normal cervix are not agglutinable by Con A, surface
alterations necessary for Con A-specific agglutination exist
in fibroblasts during the early stage of development of
uterine cervical epithelial neoplasia (dysplasia) and increase
with the progression through carcinoma in situ to invasive
carcinoma. Loss of cell surface sialic acids may result in a
slight increase in agglutinability, but some other mech
anism(s) is likely to be involved in alteration of surface
properties that lead to marked agglutinability of the human
uterine cervical cells obtained from cancer precursor Ic
sions.

INTRODUCTION

Differences in the membrane structure and metabolic
activity of the cell surface exist between â€œnormalâ€•and
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malignant cells, as well as cells transformed by oncogenic
viruses or chemical carcinogens. These differences in cell
surface properties can be demonstrated by using various
plant lectins (3, 5, 9, 15, 16, 22â€”24, 27). In general,
malignant or transformed cells agglutinate in low concen
trations of such lectins, in contrast to normal cells, which
agglutinate in low concentrations of lectins only after
treatment by proteolytic enzymes (5, 16, 17, 23). A possible
association between alterations of cell surface detected by
Con A3 and acquisition of cell malignancy in vivo has also
been suggested (14).

It has been reported (4) that, in cells transformed by both
DNA and RNA viruses, surface sialic acid is needed for
agglutination although it is not the receptor site itself. Sialic
acid-mediated increases in cell surface charge density have
also been suggested to be associated with malignancy (2, 8,
10). However, the role of cell surface sialic acids on
agglutination and their relationship to malignancy are not
clear. It has been reported (25) that progression to a more
virulent form of the rat ascites hepatoma AS-30D is
accompanied by a decrease in neuraminidase-labile cell
surface sialic acids. Decreased amounts of sialic acids have
also been reported in strains of fibroblasts following in vitro
transformation (1 1, 19, 28).

In the course of a study of human uterine cervical
carcinogenesis, it was noted that cell cultures of stromal
fibroblasts from sites underlying dysplasia, carcinoma in
situ, and invasive carcinoma exhibit an abnormal pattern of
growth, similar to that of transformed cell lines (7). These
fibroblast cell lines were utilized to study their agglutinabil
ity by Con A and WGA and also to investigate the role of
cell surface sialic acids on such agglutination. Two fibro
blast cell lines obtained from normal human cervix and I
epithelial-like cell line obtained from human uterine cervical
dysplasia were also studied.

MATERIALS AND METHODS

Materials. McCoy's Medium 5A, fetal bovine serum,
CMFH, and aureomycin were obtained from Flow Labora
tories, Rockville, Md. Penicillin G, sodium salt, strep
tomycin sulfate, Con A (Grade IV), wheat germ lipase type
1, a-methyl-D-mannopyranoside, and muramic acid were
purchased from Sigma Chemical Co., St. Louis, Mo.

aTheabbreviationsusedare:ConA,concanavalinA;WGA,wheat
germ agglutinin; CMFH, calcium- and magnesium-free Hanks' balanced
salt solution.
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Neuraminidase (Vibrio cholerae) and N-acetyl-D-glucosa
mine were the products of General Biochemicals, Inc.,
Chagrin Falls, Ohio.

Cervical Biopsies and Cell Cultures. The collection of
cervical biopsy tissue samples, techniques of establishing
cultures and maintaining cultures of fibroblasts derived
from stroma underlying sites of different cervical intraepi
thelial neoplastic lesions, and development of an epithelial
like cell line from a case of cervical dysplasia have been
described (7).

Cell Lines. The following cell lines were studied: 2-fibro
blast cell lines from normal cervix; 6 fibroblast cell lines
from dysplasia; 4 fibroblast cell lines from carcinoma in
situ; 2 fibroblast cell lines from invasive carcinoma; and 1
epithelial-like cell line from dysplasia. The growth charac
teristics of these cell lines have been described (7). All
these cell lines have limited life-span in vitro. The epithe
hal-like cell line from dysplasia could not be maintained
for more than 19 passages. All the fibroblast cell lines grew
well up to passage 22. After that they began to degener
ate and died a few passages thereafter. One of the 2 fibro
blast cell lines from invasive carcinoma (T18) grew well up
to passage 26 but died shortly thereafter. Cytogenetic
studies (P. Ming, N. Brodsky, S. Chaudhuri, and I.
Koprowska, unpublished studies) indicate that the fibro
blasts from dysplasia and carcinoma in situ and the
epithelial-like cells from dysplasia have a mild degree of
aneuploidy. Considerable aneuploidy, however, was ob
served in the fibroblasts from invasive carcinoma.

Agglutination Assay. The agglutination test was per
formed in all types ofcells between 8 and 14 passages. After
subcultivation all the cell lines grew to confluency in 5 to 6
days. The studies were performed on the 7th day. Only
confluent cell cultures were used for the study. Cells used in
the agglutination test were released from the culture flasks
with a 0.02% disodium Versenate solution ( 16), washed, and
then dispersed in phosphate-buffered saline (CaC1, 0. 1 g/
liter; KC1, 0.2 g/liter; KH2PO4, g/liter; HgC12.6H2O,
0.1 g/liter; NaCI, 8.0 g/liter; and Na2HPO4, 1.15 g/liter);
70 to 85% of the dispersed cells were found to be viable as
determined by the trypan blue exclusion test before the
agglutination assay. Before the agglutination test some of
the cells were also treated with 0.025% trypsin for 5 mm at
370, washed 3 times, and suspended in phosphate-buffered

saline.
Con A was dissolved in phosphate-buffered saline. A

crude preparation of WGA was prepared from wheat germ
lipase type 1 according to the procedure of Moore and
Temin (18) and stored at â€”20Â°until time of use. The
agglutination assay was performed in 35-mm Falcon organ
culture dishes at room temperature and at 4 different
concentrations of the agglutinins. A 0.4-mi cell suspension
(1.2 to 2.0 x 106 cells/ml) was applied to 0.1 ml of different
concentrations of Con A (50, 500, 1000, and 5000 zg/ml)
and WGA (1:100, 1:10, 1:5, and 1:1 dilution of the crude
preparation in phosphate-buffered saline) to give a final
concentration of 10, 100, 200, and 1000 jzg/ml for Con A,
and 20, 200, 400, and l000zg/ml for WGA in the respective
reaction mixtures. After 10 mm of incubation with gentle
hand shaking, the degree of agglutination was observed

under the microscope and graded according to the following
scale: â€”,no agglutination; Â±,1 to 20% ofcells agglutinated;
+, 21 to 50% of cellsagglutinated; ++, 51 to 75% of cells

agglutinated; +++, more than 75% of cells agglutinated.
Size of the aggregates varied from a + to + + + reaction.
Clump size was estimated to be small in a + reaction, large
in a +++ reaction, and medium to large in a ++ reaction.
The average number of cells in different clumps was not
estimated. The specificity of the agglutinin-cell surface
interaction was demonstrated by agglutination inhibition
tests using specific sugar haptenic inhibitors: N-acetyl
glucosamine for WGA (6) and a-methyl-D-mannopyrano
side for Con A (16).

Neuraminidase Treatment. One ml of neuraminidase
solution, containing 500 units in acetate buffer at pH 5.5,
was diluted to a volume of 10 ml with CMFH at a final pH
of 6.7. Cells were washed and suspended in CMFH at pH
6.7. The reaction mixture contained: 1.8 ml cell suspension
(1.5 to 2 x 10' cells/ml); 1.0 mM CaCl2; and 2.5 or 10 units
neuraminidase per 106 cells. Control (without neuramini
dase) and treated groups were incubated for 20 mm at 37Â°.
After incubation the cells were centrifuged, washed, and
then dispersed in phosphate-buffered saline for the aggluti
nation assay. Neuraminidase treatment did not reduce the
number of viable cells from that obtained after normal
preparation of the cells for the agglutination assay.

RESULTS

The following results were obtained from all the cell lines
between 8 and 14 passages. No significant difference in
agglutinability was observed between passages 6 and 15.
Whether these cell lines show different agglutinability
immediately after isolation or during the late passages
before the cells begin to degenerate were not determined in
the present study.

Normal human uterine cervical fibroblasts showed negli
gible or very low agglutinability by both Con A and WGA.
Agglutination of these cell lines was markedly increased
after trypsin treatments. Fibroblasts obtained from human
uterine cervical dysplasia, carcinoma in situ, and invasive
carcinoma showed marked agglutinability by Con A. A
maximal (+++) agglutination, however, was obtained with
low concentrations of Con A from fibroblasts underlying
invasive carcinoma. Fibroblasts underlying carcinoma in
situ gave an agglutination reaction halfway between those
obtained with fibroblasts underlying dysplasia and invasive
carcinoma. This was particularly demonstrable with 10 @zg
ofCon A per ml (Table 1). At this concentration ofCon A,
among the 6 fibroblast cell lines from dysplasia only 1 cell
line (T15-3) showed slight agglutinability; while among the 4
fibroblast cell lines from carcinoma in situ, in 2 cell lines
(T5-6 and T27-6) agglutination was obtained from 15 to 20%
ofthe cells, and in the other 2 cell lines (T19-l2 and T23-3) 30
to 50% of the cells were agglutinable; in the 2 fibroblast cell
lines from invasive carcinoma, agglutination was obtained
from 70 to 90% of the cells. After trypsin treatment,
agglutination was maximal in all cases (Table 2). All 3 types
of cervical fibroblasts, from dysplasia, carcinoma in situ,
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Degree ofagglutination'ConAWGA101001000202001000CelllineTissue

diagnosis@g/ml@g/ml@g/ml@g/ml@g/ml@g/mlT,,-ll(F)tNormalâ€”â€”Â±â€”â€”â€”T,,-8(F)Normalâ€”â€”+--Â±T4-3(F)Moderate

to severe
dysplasiaâ€”++

++â€”â€”Â±T,-6(F)Moderate

to severe
dysplasiaâ€”Â±+

++â€”â€”+T,-6(F)Moderate

to severe
dysplasia-Â±+

+NDT15-3(F)Moderate

dysplasiaÂ±+++NDT,,-9(F)Dysplasia
with a focus

of carcinoma in situâ€”Â±+
+â€”â€”+T519(F)Severe

dysplasiaâ€”++ ++â€”â€”Â±T,-6(F)Carcinoma
in situÂ±++ ++â€”â€”+T19l2(F)Carcinoma
insitu

anddysplasia+++++â€”â€”+T,,-3(F)Carcinoma
in situ with

a focus of invasion++
++ ++â€”â€”+T,7-6(F)Carcinoma

in situ and
severe dysplasiaÂ±++

++â€”â€”Â±T13-3(F)Invasion

and carcinoma
in situ+

++ + ++ ++â€”â€”+T18(F)Invasion+++++++++-Â±++T4-3(E)Moderatetosevere

dysplasiaâ€”+++++â€”â€”+

S. Chaudhuri et a!.

Table 1

Agglutination of cells of normal, preinvasive, and invasive lesions of human uterine cervix by Con A and WGA

a See â€œMaterials and Methodsâ€• for the scale.

tF, fibroblasts; E, epithelial cells; ND, not done.

and invasive carcinoma, however, showed very low
agglutinability by WGA, but after trypsin treatment ag
glutination was markedy increased in all types of fibro
blasts. The epithelial-like cell line developed from a single
case of dysplasia also showed marked agglutinability by
Con A and very low agglutinability by WGA; WGA
specific agglutination was also markedly increased in this
cell line after trypsin treatment. The results are shown in
Tables 1 and 2.

A preparation of V. cholerae neuraminidase increased the
agglutinability of normal fibroblast cell lines by both Con A
and WGA. However, the increase was not marked (Table
3). Table 3 also shows some evidence that neuraminidase
rather than a contaminating enzyme was responsible for
such alteration in the surface properties of these cell lines.
Thus Ca2@ was required (1) and N-acetylneuraminic acid
(0.5 mM), but not pyruvate or muramate, blocked the
action of the enzyme preparation.

Increase in agglutination, by both Con A and WGA, was
also obtained after treatment with neuraminidase of fibro
blast cell lines isolated from different cervical lesions. The
epithelial-like cell line isolated from a case of dysplasia also
showed increased agglutinability by both Con A and WGA
after neuraminidase treatment. However, in all cell lines,
the increase was not as marked as in the case with trypsin
treatment. The results are shown in Table 4, which shows
that after neuraminidase treatment the increase in

agglutinability of the cells obtained from cancer precursor
lesions was approximately the same as that obtained from
the normal cervical fibroblasts (Table 3).

DISCUSSION

Study of the agglutination reactions by Con A and WGA
indicates that fibroblasts underlying human uterine cervical
dysplasia, carcinoma in situ, and invasive carcinoma are
agglutinable by Con A, but not by WGA, except at very
high concentration. Studies with low levels of Con A show
that maximal agglutination is obtained with fibroblasts
from invasive carcinoma, while the fibroblasts underlying
dysplasia give minimal agglutination reactions. Fibroblasts
underlying carcinoma in situ give agglutination reactions
halfway between those obtained with fibroblasts underlying
dysplasia and invasive carcinoma. Numerous studies mdi
cate that malignant or transformed cells agglutinate in low
concentrations of Con A ( 14â€”17), in contrast to normal cells
which agglutinate only after trypsin treatment (5, 16, 17,
23). It has also been suggested that acquisition of cell
malignancy in vivo may be associated with alterations of
cell surface detected by Con A ( 14). The fibroblast cell lines
studied in the present investigation have limited life-span in
vitro and are presumably not transformed. However, the
results suggest that, while the fibroblasts obtained from
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TrypsinDegree

ofagglutination'Con

AWGACelllinetreatment(lO0@g/ml)(200@g/ml)NormalT30-ll(F)'â€”â€”â€”T30-ll(F)++++++T,1-8(F)â€”â€”â€”T,,-8(F)+++++++DysplasiaT4-3(F)â€”+â€”T,-3(F)+++++++T25-9(F)â€”Â±â€”T25-9(F)++++++Carcinoma

insituT19-l2(F)â€”++â€”T19-l2(F)+++++++T23-3(F)â€”++â€”T23-3(F)+++++++Invasive

carcinomaT,2-3(F)â€”+++â€”T,2-3(F)++++++T,,(F)-+++Â±T,,(F)+++++++DysplasiaT4-3(E)-++-T4-3(E)+++++++

Neuraminid@seDegree

ofagglutination'Con

AWGACell
lineunits! 10' cells( 100 @sg/ml)(200@.tg/ml)DysplasiaT4-3(F)@'2.5

10+
++
++-

+
+T25-9(F)2.5

10Â±
+
+â€”

+
+Ca

rcinoma insituT,,-l2(F)2.5

10++
++
++â€”

+
++T23-3(F)2.5

10++
+++
+++â€”

+
+Invasive

carcinomaT,,(F)2.5

10+++
+++
+++Â±

+
+DysplasiaT,-3(E)2.5

10++
+++
+++â€”

+
+

Cell lineNeuraminidaseunits/ 10' cellsCations (mM)Other (mM)Degree

ofagglutination'Con

A
(200 @.tg/ml)WGA(400sg/ml)T,,-l

I (normal)

T31-8 (normal)0

0
2.5
2.5
2.5
2.5
2.5
2.5

10
0
2.5

100

lCaCl,
lCaCl2
lMgCl,
1 CaCI,
1 CaCI,
1 CaCI,
1 CaCI,

ICaCI,
0
ICaCI,
lCaCl,0

0
0
0
0.5 NANA'
5 pyruvate
2 muramate
2 muramate

+0.SNANA
0
0
0
0â€”

â€”

+
â€”

-

+
+
â€”

++
â€”

+
+â€”

â€”

+
â€”

-

+
+
â€”

+
â€”

+
+

Agglutinabiity of Cells from Cancer Precursor Lesions

normal cervix are not agglutinable by Con A, surface
alterations necessary for Con A-specific agglutination exist
in fibroblasts during the early stage of development of
uterine cervical epithelial neoplasia (dysplasia) and increase
with the progression through carcinoma in situ to invasive
carcinoma. The relationship between the epithelium and the

Table 2

Effect of trvpsin treatment on the agglutinabilitv of cells of normal,
preinvasive. and invasive lesions of human uterine cervix by Con A and

WGA

underlying stroma in the evolution of epithelial neoplasia
(20, 21) cannot be determined at the present time. However,
the results of the present study, considered in conjunction
with the earlier findings (7) that these fibroblasts also
exhibit an abnormal pattern of growth similar to that of
transformed cells, may focus attention to such a relation
ship.

Only 1 epithelial-like cell line from a case ofdysplasia has

Table 4

Effect of neuraminidase treatment on the agglutinabilitv of cells of
preinvasive and invasive lesions of human uterine cervix by Con A and

WGA

a See â€œMaterials and Methodsâ€• for the scale.

S F, fibroblasts; E, epithelial cells.

a See â€œMaterials and Methodsâ€• for the scale.

S F, fibroblasts: E, epithelial cells.

Table 3

Effect ofneuraminidase treatment on the agglutinabilitv offibroblast cell lines ofnormal human uterine cervix
by Con A and WGA

a See â€œMaterials and Methodsâ€• for the scale.

S NANA, N-acetylneuraminic acid.
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been available for the present study. Due to the difficulty of
isolation no epithelial cell lines from carcinoma in situ and
invasive carcinoma could be studied. The epithelial-like cell
line from dysplasia (T4-3E) shows agglutinability by Con A
very similar to that obtained with the fibroblasts underlying
dysplasia. These epithelial-like cells are also not agglutina
ble by WGA. Whether the epithelial cells, like the fibro
blasts, also show increasing agglutinability by Con A as
they progress toward malignancy remains to be determined.

This study also shows that treatment of the cervical cells,
both epithelial and fibroblasts, with neuraminidase leads to
a slight increase in agglutination by both Con A and WGA.
Steck and Wallach (26) have also reported increased
agglutination after removal of sialic acids (phytohemag
glutinin-erythrocyte system), while Burger and Goldberg (6)
reported decreased agglutination after treatment of L 1210
leukemia cells with neuraminidase. Although the present
study shows results similar to those obtained by the former
investigators, the increase in agglutination after neuramini
dase treatment is not as marked as in the case with trypsin
treatment. Even a high concentration of neuraminidase (10
units/ l0 cells) does not lead to marked increase in
agglutination. Furthermore, after treatment with neurami
nidase, all the cell lines show approximately the same
increase in agglutination whether obtained from normal
cervix or from cancer precursor lesions. The results thus
suggest that, while loss of cell surface sialic acids may result
in a slight increase in agglutinability, some other mech
anism(s) is likely to be involved in alteration of surface
properties that lead to marked agglutinability of the
human uterine cervical cells obtained from cancer precur
sor lesions. That decreased sialic acid levels may not be
absolutely necessary for transformation has also been re
ported (12, 13).
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