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Loss of epithelial cell surface carbohydrates during experimental oral
carcinogenesis in the rat
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Cell surface glycoconjugates were investigated in a rat model of oral chemical carcinogenesis. The lectins
Griffonia simplicifolia (GS-I-B4; specific for a-D-galactosyl end groups) and Ulex europeus (UEA-I; specific for
a-L-fucosyl groups) were examined microspectrofluorimetrically in the oral epithelium of rats painted with the
carcinogen 4-nitroquinoline N-oxide (4NQO) and compared with those treated with solvent alone. After
labelling with GS-I-B4, the fluorescent intensity of the basal and parabasal epithelial cells was significantly less
after 9 months of 4NQO treatment and in overt squamous cell carcinomas compared to controls. The
fluorescent activity of the spinous epithelial cells in the non-invasive tissues treated with 4NQO and in the
well differentiated (sites of keratin elaboration) malignant epithelium of squamous cell carcinomas was

unchanged after labelling with UEA-I. UEA-I failed to stain undifferentiated (areas lacking keratin) malignant
epithelium. The findings indicate that a-D-galactosyl residues are diminished on the membranes of
premalignant and malignant rat epithelial cells. The expression of a-L-fucosyl groups, however, remains

unchanged in premalignant rat oral epithelium and is closely correlated to the presence of keratin in the
malignant epithelium of squamous cell carcinomas.

Cell surface carbohydrates change with malignant trans-
formation (Nicolson, 1976; Hakomori, 1985). It has been
demonstrated, for example, that the blood group antigens A
& B, which are cell surface glycoconjugates (Hakomori,
1981b), are lost in human malignant and premalignant
lesions, and that the precursor H antigen accumulates
(Dabelsteen & Pindborg, 1973; Dabelsteen et al., 1975;
Dabelsteen et al., 1983; Kuhns & Primus, 1985). The bio-
logical significance of such changes in cell surface glyco-
conjugates is incompletely understood but it has been
suggested that changes in cell surface glycoconjugates may
disrupt normal processes such as proliferation (Hakomori,
1985), adhesion (Hakomori, 1981a; Okada et al., 1984) and
contact inhibition of cell movement (Nicolson, 1974),
resulting in disrupted growth control and cellular recognition
- features characteristic of malignant neoplasia. What is not
clear, however, is whether the changes in cell surface carbo-
hydrates that occur in overt malignancies also act as reliable
predictors of impending malignancy.

It appears that the acquisition of the malignant phenotype
in human oral epithelial malignant lesions is associated with
a diminished expression of certain lectin-labelled cell surface
sugar residues (Dabelsteen & Mackenzie, 1978; Prime et al.,
1985a). Recently, we described the topographical binding of
the lectins Griffonia simplicifolia (GS-I-B4; specific for a-D-
galactosyl groups) and Ulex europeus (UEA-I; specific for a-
L-fucosyl groups) in rat oral mucosa and demonstrated
specificity of the labelling to basal/parabasal and spinous
epithelial cells, respectively (Prime et al., 1986b). The lectins
GS-I-B4 and UEA-I, therefore, can be used as markers of
epithelial differentiation (Brabec et al., 1980) and this makes
them ideal probes for the study of cell surface carbohydrate
changes in carcinogenesis.

Rodent tumours, comparable with human oral carcinomas
(Prime et al., 1986a) can be induced by 4-nitroquinoline-N-
oxide (4NQO) (Wallenius & Lekholm, 1973). Since the
tumours develop in all animals after approximately 9
months, cell surface changes from normality through pre-
malignancy to overt malignancy are likely to be present.
The purpose of this study, therefore, was to examine oral

epithelial cell surface glycoconjugates in rats painted with
4NQO using differentiation-specific lectins. The results
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demonstrate that certain carbohydrates are partially lost
during the development of epithelial malignancy and that the
expression of specific oligosaccharides in squamous cell
carcinomas reflects the degree of differentiation of the
tumour.

Materials and methods

Tissues

Ninety-four Sprague Dawley male white rats aged 6-8 weeks
were housed in polyethylene cages, a maximum of five rats
per cage, and were fed and watered ad libitum. The animals
were randomly divided into four groups: (i) Fifty-four were
painted with the carcinogen 0.5% (w/v) 4NQO (Sigma) in
propylene glycol, which was applied three times weekly to
the palates of unanaesthetised rats as described previously
(Prime et al., 1986a); (ii) Eighteen control rats were similarly
treated with the solvent alone; (iii) Fourteen rats were
painted with the carcinogen 4NQO until overt tumour
development; (iv) Eight rats were untreated controls.
The rats were sacrificed by cervical dislocation. A group of

eight rats, consisting of six carcinogen-treated (Group 1) and
two propylene glycol controls (Group 2) were sacrificed at
monthly intervals up to a maximum of 9 months. Four rats
from Group 1 died of unknown causes at 1, 3, 8 and 9
months respectively. Tumour-bearing animals (Group 3) were
killed when tumours larger than 5mm were present since
neoplasms of this size were usually associated with a marked
weight loss and a generalised decline in health of the animal.
The untreated control rats (Group 4) were sacrificed after 9
months.
For the premalignancy study, 4 mm thick transverse

(mediolateral) blocks of oral tissue showing no evidence of
tumour growth were prepared from the lingual tissue
immediately anterior to the prominent intermolar tubercle on
the dorsum of the tongue, and from the palatal mucosa
between the last molar teeth. The palatal tissues were snap
frozen in their entirety. The premalignant lingual tissues and
the overt tumours were divided sagitally; one half was fixed
in formol-saline and the remainder was immediately frozen in
isopentane-liquid nitrogen and stored until use at -70°C.
The formalin-fixed tissues were processed routinely and
paraffin embedded; 5 pm sections were stained with
haematoxylin and eosin.
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Fluorescent staining
Frozen tissues were embedded in Tissue-Tek O.C.T. (R.A.
Lamb, London, UK) and orientated so that sections could
be cut at right angles to the epithelial surface. Cryostat
sections (5 pm) were prepared on gelatin coated slides, air
dried at room temperature for 20 min and incubated with
either 150 ,ug ml- ' fluorescein-isothiocyanate (FITC)-
conjugated GS-I-B4 or with 100 pg ml-' FITC-UEA-I for
45 min at 37°C. The lectins were diluted in phosphate
buffered saline (PBS) at pH 7.3. After staining, sections were
washed three times in PBS, each for 5 min and mounted in a
1:10 PBS/glycerol solution.
A Leitz Dialux 22EB microscope equipped with a Wild

MPS-51S camera and a Leitz 3-A Ploemopak illuminator
was used to quantitate the intensity of the fluorescent
staining, as described elsewhere (Prime et al., 1986b). For the
study of the non-malignant tissue (Groups 1 and 2), the most
intense area of fluorescence of either basal or spinous cell
areas in sections of mucosa of the untreated control rats
(Group 4) was assessed and used as a standard against which
the illuminometer was calibrated at 100%. Then the
maximum photometric measurement immediately external to
the mucosa of each test animal (Groups 1+ 2) was
established from equidistant readings along the epithelial
surface and the photometer calibrated at zero. Measurements
of the fluorescent intensity of basal and spinous cell areas
were made at 1,300 pm and 500 pm intervals along the
external epithelial surface of the tongue and the palate
respectively. All measurements were made using a x 25
objective, a 2.5 sec exposure time and a field aperture of 10
by 6pm orientated parallel to the basement membrane for
measurements of basal cells and parallel to the external
epithelial surface for quantitation of the spinous cells. The
fluorescent intensity of the basal and spinous cell areas was
examined in three sections per tissue block.

In the study of malignant epithelium, five lingual
squamous cell carcinomas were selected on the basis of the
presence of invasive islands of well-differentiated (sites of
keratin elaboration) and undifferentiated (lacking keratin)
epithelium. After staining with GS-I-B4 and UEA-I, the
percentage fluorescent intensity was examined at ten different
sites of the well-differentiated and undifferentiated invasive
epithelium and in the overlying/adjacent epithelium of each
tumour. The microspectrophotometer was calibrated at 100%
using the basal and spinous epithelial cells in the mid-line of
the tongue of untreated animals.

Controls

Lectin specificity was confirmed as described elsewhere and
included pre-incubation of lectins with the appropriate
competing oligosaccharide and degradation of the tissue
sections with specific glycosidases prior to lectin application
(Brabec et al., 1980; Prime et al., 1985b). The purification of
FITC-GS-I-B4 and FITC-UEA-I was carried out pre-
purchase by Sigma (USA) using purified affinity gel electro-
phoresis. A single batch of each lectin was used throughout
the present study.

The binding affinity of the lectins to their specific oligo-
saccharides was determined by examining the fluorescent
intensity of the basal and spinous epithelial cells in normal
and malignant epithelium as a function of lectin concentra-
tion (1-l00pgml-' GS-I-B4; 1-150pgml-P UEA-I) and
competing sugar concentration (0.1-15.0mM methyl a-D-
galactopyranoside; 0.01-1.0M L-fucose). In untreated tissues,
fluorescent activity was examined in transverse sections of
the tongue on the lateral border immediately adjacent to the
last lingual papillae. In serial sections of a lingual carcinoma,
a defined point was used to determine the fluorescent activity
of well-differentiated malignant epithelium. In order to
compare normal and malignant epithelium in these two
separate experiments the microspectrophotometer was
calibrated at 100% for the maximum lectin concentration
and the minimum competing sugar concentration.

To determine whether cell number or section thickness
influenced fluorescent activity, the mean number of basal
and spinous epithelial cells in each field diaphragm (n=9)
was calculated in corresponding sites from the mid-line of
the palate and tongue in the untreated control rats and in
animals painted with 4NQO for 9 months or in which
squamous cell carcinomas had developed. Similarly, the
section thickness was determined in each of six sections of
the test and control tissues using a dial gauge fitted to the
microscope and by taking equidistant readings along the
length of each specimen.

Evaluation of tissue sections

There were no differences in the fluorescent intensities of the
lingual and palatal epithelial cells after labelling with the
lectins in the rats treated with solvent (propylene glycol)
alone for 1, 5 and 9 months. Therefore, all of the results of
1-9 months of the propylene glycol controls were pooled and
used as a standard against which the results for rats painted
with carcinogen for 9 months were compared statistically
using the unpaired t-test. The fluorescent intensity of the
malignant epithelium in the lingual carcinomas was com-
pared with the values of the overlying/adjacent epithelium
using the Z-test. P values of <0.05 were taken as statistically
significant.

Results

Lectin staining in premalignant epithelium
The membranes of the basal and parabasal epithelial cells,
constituting two to three cells adjacent to the basement
membrane, were labelled with GS-I-B4. There was minimal
staining in the remainder of the epithelium in all of the non-
invasive tissues examined. The fluorescent intensity of the
basal epithelial cells labelled with GS-I-B4 in mediolateral
sections of non-invasive lingual and palatal tissues from rats
painted with 4NQO for 0-9 months is shown in Figure 1. In
the tongue (Figure la) there was diminished staining in the
mid-line compared to the lateral margins and there was a
progressive reduction of fluorescence in the animals painted
with carcinogen for increasing time periods. The fluorescent
intensity of the lingual basal cells from 9 month carcinogen-
treated animals was consistently 30% less (P= 0.02) than
that in rats painted with solvent alone. Similarly, in the
palate (Figure lb), the fluorescent intensity of the 4NQO
treated tissues (9 months) labelled with GS-I-B4 was signifi-
cantly less than controls (P=0.01) and this finding was
evident despite site specific variations of fluorescent activity
between the mid-line and gingivae.
UEA-I stained intensely the surfaces of the cells in the

stratum spinosum, with essentially no staining in the basal or
cornified layers. Figure 2 shows the fluorescent intensity of
the spinous epithelial cells labelled with UEA-I in transverse
sections of the tongue (Figure 2a) and the palate (Figure
2b) from rats painted with 4NQO for 0-9 months. There
were no significant differences in spinous cell fluorescence
between carcinogen-treated and solvent-treated control rats
in either the tongue or the palate throughout the
experimental period. Although there was some loss of
fluorescence in the palate in the carcinogen-treated rats this
was not a generalised feature across the breadth of the
tissue. Fluorescent activity in the region of the palatal
gingivae was more intense than that noted in the palatal
mid-line. However, there was no site specific variations
revealed by labelling with UEA-I in the spinous cells of the
lingual epithelium.

Lectin staining of malignant epithelium
The fourteen rats which were painted with 4NQO until overt
tumour development (Group 3) formed squamous cell
carcinomas of the tongue and palate. Each tumour consisted
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Figure 1 The fluorescent intensity of basal epithelial cells
labelled with GS-I-B4 in mediolateral sections of the tongue (a)
and the palate (b) from rats painted with propylene glycol
(x--* x) or 4NQO for 1 month ( . ), 5 months
(- *) and 9 months (V V). Bars=s.d.

of islands of well-differentiated (sites of keratin elaboration)
and undifferentiated (lacking keratin) epithelial cells. The
pattern of lectin staining in these tumours correlated closely
with the degree of differentiation. In areas where the
tumours were well-differentiated, GS-I-B4 stained the basal
cells of the invasive islands (Figure 3a) and UEA-I labelled
the more superficial cells in closer proximity to the keratin
whorls (Figure 3b). Undifferentiated malignant epithelium
was positive for GS-I-B4 (Figure 4a) and negative for UEA-
I (Figure 4b).
The pattern of lectin expression in the malignant

epithelium was examined with the microspectrophotometer
being calibrated at 100% using the basal and spinous
epithelial cells in the mid-line of the tongue in untreated
animals (Table I). In tumours labelled with GS-I-B4, the

Table I The percentage fluorescent intensity of invasive and
overlying/adjacent epithelium labelled with GS-I-B4 and UEA-I in
squamous cell carcinomas of the tongue. The microspectrophoto-
meter was calibrated at 100% using the basal and spinous epithelial
cells in the mid-line of the tongue of untreated animals. Readings at
ten different sites in each tumour were taken and the values
expressed are the mean of five carcinomas. Numbers in parentheses

represent s.d.

Invasive epithelium
Overlying
epithelium Well-differentiated Undifferentiated

GS-I-B4 71.4 (8.94) 78.3 (10.14) 73.6 (9.87)
UEA-I 93.2 (11.80) 85.2 (14.99) 12.6 (3.75)

0

C

.

C

-

0

0

b
120 .
110 .

100

90.
80-.
70-.
60-.
50-
40 .
30 .
20 .
10

n
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number of readings

Figure 2 The fluorescent intensity of spinous epithelial cells
labelled with UEA-I in mediolateral sections of the tongue (a)
and the palate (b) from rats painted with propylene glycol
( x --* x ) or 4NQO for 1 month ( 0), 5 months
(- M) and 9 months (V ). Bars= s.d.

fluorescent intensity of the invasive epithelium and the
epithelium overlying/adjacent to the carcinoma was sig-
nificantly less (P <0.05) than the basal cells in control
animals. In carcinomas labelled with UEA-I, no significant
differences were noted between the fluorescent intensities of
the cells at sites of the well-differentiated invasive epithelium,
the overlying/adjacent epithelium to tumours and the
spinous cells of control rats. Little/no staining was evident in
undifferentiated malignant epithelium labelled with UEA-I.

Controls

All control experiments demonstrated the specificity of GS-I-
B4 for a-D-galactopyranoside residues and UEA-I for a-L-
fucose groups. The binding affinity of the lectins for their
specific oligosaccharides was similar in normal and
malignant epithelium.

Cell numbers and section thickness

The mean number of cells labelled by GS-I-B4 and UEA-I in
each field diaphragm (n= 9) for the untreated and
carcinogen-painted rats is shown in Table II. For each tissue
and individual ligand, there were no significant differences
between the untreated animals and those rats painted with
4NQO for 9 months or in which squamous cell carcinomas
had developed.
The mean thickness of randomly selected frozen sections in

this study was 5.0+ 0.2 um.
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Figure 3 A well-differentiated squamous cell carcinoma of the
tongue with evidence of keratin (K) elaboration. (a) Labelling
with GS-I-B4 shows positive staining of the majority of cells in
the invasive epithelial islands. Bar= 50,m. (b) Sequential section
to (a) stained with UEA-I with the more superficial cells in
closer proximity to the keratin whorls showing positive staining.
Bar = 50 gm.

Table II The mean number of cells in each field diaphragm
(n= 9) in lingual and palatal tissues stained with GS-I-B4 and
UEA-I from untreated control animals and rats painted with
4NQO for 9 months or in which squamous cell carcinomas
(SCC) had developed. Numbers in parentheses represent s.d.

GS-I-B4 UEA-I

Tongue Palate Tongue Palate

Untreated controls 10.2 10.1 7.0 6.9
(1.39) (0.93) (1.80) (1.27)

4NQO-9 months 9.4 9.5 6.0 7.9
(0.73) (0.72) (1.80) (1.32)

SCC-differentiated 8.9 9.7 6.2 6.7
(2.81) (1.36) (1.26) (1.90)

SCC-undifferentiated 7.5 6.8 5.1 5.4
(3.27) (3.84) (3.85) (2.73)

Tumour incidence

None of the rats showed evidence of tumour development
before 24 weeks but, by 28 weeks, three of six rats, at 32
weeks four of five rats, and at 36 weeks all of five rats had
developed infiltrating squamous cell carcinomas in either the
palate or the tongue. There was no evidence macroscopically
or microscopically of carcinoma in the so-called pre-
malignant tissues examined for lectin binding.

Figure 4 An undifferentiated squamous cell carcinoma of the
tongue in which the malignant epithelium (ME) shows no
evidence of keratin formation and is undermining the overlying
epithelium (OE). (a) Labelling with GS-I-B4 shows staining of
the majority of malignant epithelial cells and the basal cells of
the overlying epithelium. Bar=50pm. (b) Sequential section to
(a) labelled with UEA-I showing an absence of staining of the
malignant epithelium, but positive reactivity of spinous cells in
the overlying epithelium. The arrows indicate the basement
membrane zones. Bar= 50 pm.

Discussion

The results of this study have demonstrated diminished
binding of the lectin GS-I-B4 (specific for a-D-
galactopyranosyl) to the cell surfaces of premalignant and
malignant oral epithelium. The results also confirm previous
observations of site specific variations in the binding of GS-I-
B4 to normal rat oral epithelium (Prime et al., 1986b). It was
shown that the reduction in binding of GS-I-B4 in
premalignant and malignant tissues was real and was not
attributable to technical variables such as section thickness,
changes in cell number or an alteration of the binding
affinity of the oligosaccharide to its specific lectin. It is
conceivable that 'fluorescent quenching' (Nairn, 1976), may
have caused an apparent diminished binding of GS-I-B4, but
this seems unlikely because of the consistency of the
fluorescent intensities using control (basal cells labelled with
GS-I-B4 in propylene glycol treated rats) and test (spinous
cells labelled with UEA-I throughout the experimental
period) tissues.
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GS-I-B4 interacts with structures closely related to blood
group antigens and hence tends to show blood group
specificity (Goldstein & Hayes, 1982). The results of the
present study, therefore, support the concept that the
development of epithelial malignancy is associated with the
loss of blood group antigens (Kuhns & Primus, 1985) and
confirm the reports of the loss of blood group antigens A
and B in human oral premalignant lesions (Dabelsteen et al.,
1975) and the loss of blood group antigen A in oral
carcinomas (Dabelsteen & Pindborg, 1973). The advantage,
however, of using lectins rather than antibodies to blood
group antigens to define the cell membrane changes in oral
carcinogenesis is the ability to examine changes in specific
carbohydrate residues compared to observing more
generalised alterations of cell surface oligosaccharide chains.

There are problems in the investigation of cell surface
changes associated with immunocytochemical techniques.
Traditionally the quantitation of ligand binding has relied
almost exclusively on dilution studies with ligand binding
being expressed as an end-point titre. Other methods of
quantitation, such as the use of peroxidase systems and
simple densitometry, are limited by the difficulties of
standardising the binding affinities of multiple antibodies.
This study reports the quantitation of lectin binding using
optimal labelling conditions and spectrofluorimetric
microscopy and has described the epithelial cell surface
changes in an animal model of oral carcinogenesis. In this
system, the so-called premalignant state can be defined more
closely. The development of tumours in all of the rats by 36
weeks in the present study suggests that any changes
occurring prior to the development of epithelial invasion are
representative of a premalignant phenotype.

It is not possible from the present study to draw
conclusions about the mechanism of the loss of a-D-galacto-
pyranoside residues. Incomplete synthesis of oligosaccharides,
possibly due to an absence or deficiency of glycosyl trans-
ferases (Starling & Fernbach, 1970; Hakomori, 1973), the
proteolysis of cell surface molecules (Hynes, 1973; 1974), the
masking of cell membrane receptors by other molecules such
as sialic acid (Simmons & Rios, 1974; Prime et al., 1985b),
or degradation of cell surface carbohydrates by glucosidases
(Nemanic et al., 1983) are possible explanations. It seems
likely that several mechanisms might operate, possibly to
cause changes in cell surface glycoconjugates in malignant
cells at different times during the development of the
malignant phenotype. Recently, Corfield et al. (1985) demon-
strated, in rat colonic mucosa undergoing premalignant
change, selective changes in sialic acid metabolism, while in
overt malignancy there were major changes. This suggests a
step-wise transition to malignancy.

The present study demonstrated no significant differences
in the expression of oa-L-fucopyranosyl in spinous cells
labelled by UEA-I (specific for blood group H) between rats
painted with 4NQO for 9 months and controls. Site specific
variations in the palate, but not tongue, confirmed previous
observations (Prime et al., 1986b). In contrast, we have
previously shown in humans the loss of cx-L-fucose residues
in leukoplakias and malignant oral lesions (Prime et al.,
1985a) - clearly in this respect there are notable species
differences. Central to this problem is the way in which
epithelial antigens are expressed in human and rodent oral
epithelium. In humans, a step-by-step elongation and
branching of carbohydrate chains occurs during the normal
maturation of oral epithelium (Dabelsteen et al., 1982),
whereas in rodent epithelia it seems that a shortening of the
carbohydrate chains takes place during normal differen-
tiation (Reibel et al., 1984; Prime et al., 1985b).

Reibel et al. (1984) have shown a correlation between the
expression of blood group H cell surface antigens and the
molecular weight of the keratin polypeptides synthesized in
the epithelium of rat epidermis, oral mucosa and fore-
stomach. The results of the present study support the
findings of Reibel et al. (1984) because we have shown that
the expression of UEA-I in the invasive epithelial islands of
the squamous cell carcinomas was closely related to keratin
formation. It remains to be determined, however, whether
the disturbed keratin patterns noted in human premalignant
and malignant oral epithelium (Reibel et al., 1985) are
evident in similar lesions of rodent epithelium. It may be
that the expression of cell surface molecules and cytoplasmic
biochemical profiles can be examined more easily in cultures
of premalignant and malignant oral keratinocytes against
which more established markers of malignancy can be
correlated (Crane et al., 1986).

In conclusion, the results of the present study show that
the expression on rat lingual and palatal epithelial cell
surfaces of a-D-galactosyl groups, as demonstrated by GS-I-
B4, was diminished in lingual squamous cell carcinomas and
following treatment of the oral mucosa with 4NQO. The
expression of a-L-fucose residues on epithelial cell surfaces,
as shown by UEA-I, correlated closely with the elaboration
of keratin in overt carcinomas and was unchanged in non-
invasive tissues treated with 4NQO.

This study was supported by the Cancer Research Campaign. We
wish to thank Mr Derek Coles and his staff for their excellent
technical assistance, and Miss G. Hiles for her careful typing of the
manuscript.
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