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The distribution pattern of certain monosaccharides in the epithelial cells of the
hamster buccal pouch was studied during carcinoma development induced by
9,10-dimethyl-l,2-benzathrancene (DMBA). An avidin-biotin-peroxidase
complex (ABC) immunohistochemical technique with high affinity biotinylated
lectins was employed to identify monosaccharides. Lectins used in this
experiment included Concanavalin A (Con A), for identifying mannose or
glucose, Ricinus communis agglutinin I(RCA-I), for identifying galactose, and
Ulex europaeus agglutinin I(UEA-I), for identifying fucose. The results show
that in normal buccal pouch epithelial cells, fucose or galactose were
concentrated predominantly on the cellular membrane, while mannose and
glucose were distributed in the cytoplasm. In the epithelial cells undergoing
neoplastic transformation induced by DMBA, most cells showed decreased
staining of the above-mentioned monosaccharides, while in other areas the cells
were heavily stained. However, the most striking change which occurred was
that galactose and fucose shifted from the cellular membrane to the
intracytoplasmic area during the malignant transformation. Thus, the changes of
anatomic location and intensity of staining of monosaccharides in the buccal
pouch epithelium may be used as a criteria for early histochemical diagnosis of
malignant transformation.
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Cell glycoconjugates are carbohydrate-
rich molecules that are found intracy-
toplasmic and on the cell surface (1),
The carbohydrate moieties of the cell
coat are associated with surface mem-
brane phenomena including cell adhe-
sion, intercellular linkage, contact in-
hibition (2), Alteration in cell prolifer-
ation, morphology, and differentiation
in some epithelia are accompanied by
changes in these glycoconjugates (3, 4),

Lectins are proteins or glycoproteins
that exhibit non-immune but selective
binding to specific carbohydrate moie-
ties within cells and their membranes
(5, 6), Lectins have been utilized exten-
sively to isolate glycoproteins, glycoli-
pids, and polysaccharides and have
been used as tools to investigate the
sugar residues of the cell surface and
cytoplasm (7, 8). They also have been
used as histochemical markers to mon-
itor developmental, functional, and

pathologic changes in cell glycoproteins
(9).

Changes in the lectin binding pattern
have been noted in studies of tissue
sections from various neoplastic and
nonneoplastic pathologic conditions
(10, 11). In addition, demonstration of
altered lectin binding pattern by tumor
cells has been used to predict the likeli-
hood of both recurrence (12) and the
invasive potential (13) of a neoplasm
and to distinguish between benign and
malignant tumors (14-16).

The mucosa of the hamster buccal
pouch is a squamous epithelium com-
posed of three to four cell layers. This
epithelium is one of the most com-
monly used models for oral carcinoge-
nesis (17). The histology of such experi-
mentally induced squamous cell carci-
noma has been studied in detail, and
histochemical techniques have been
used to localize enzymes in such tumors

(18, 19). However, immunohistochem-
ical techniques have not yet been ap-
plied to detect alterations in the distri-
bution of sugar residues during carcino-
genesis.

The purpose of this study is to iden-
tify changes of specific monosaccha-
rides and to examine if a correlation
exists between lectin binding and ex-
perimentally induced malignant trans-
formation in the hamster buecal pouch
epithelium by using immunohistochem-
ical staining techniques. Changes in the
lectin binding patterns may be of value
for predicting and diagnosing early ma-
lignant development.

Material and methods

Forty-eight adult male hamsters (Crice-
tus auratus), obtained from commercial
sources were divided into 16 groups,
each group containing three animals.
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The right pouches of all animals were
painted three times per week for 16 wk
with a 0.5% solution of 9,10-di-
methyl-l,2-benzanthracene (DMBA)
(Sigma Chemical Co., St. Louis, Mo.)
in heavy mineral oil (U.S.P.) (18). The
left pouch of all animals remained un-
treated and served as a control.

Sacrifice of the animals started at the
beginning of every week following a
3-day period free of DMBA painting.
One group of three animals was ran-
domly selected and killed by inhalation
of an overdose of ethyl ether. The kill-
ing of all the animals was completed at
the beginning of 17th wk by sacrificing
one group each week. Specimens of the
pouch mucosa obtained from the ani-
mals were fixed in 10% neutral buf-
fered formalin and embedded in paraf-
fin by routine procedures. Serial see-
tions were cut at 5 microns.

Avidin-biotin-horseradish perox-
idase technique (ABC) (20) was used
for identifying a number of specific oli-
gosaccharides (21). Biotinylated lectins
purchased from a commercial source
(Vector Lab.) were Concanavalin A
(Con A), for identifying a-D-glucosyl
or a-D-mannosyl residues, Ulex euro-
paeus agglutinin (UEA-I), for P-D-fu-
cosyl or a-D-fucosyl residues, and Rici-
nus communis agglutinin (RCA-I), for
a-L-galactosyl residues (22).

Serial sections from the experimental
and control groups of buccal epithelium
were deparaffinized by xylene and
cleansed with ethanol. The sections
were dipped in 0.0075% HCl with etha-
nol for 15 min to remove endogenous
peroxidase activity. The tissue was then
washed in water and covered with 0.2%
bovine serum albumin in 0.05M Tris-
buffered saline (TBS/BSA) for 20 min.
The sections were then incubated for 30
min in an appropriate dilution of bioti-
nylated lectin (10 [xg/ml for Con A; 50
Hg/ml for RCA-I and UEA-I) in 10%
albumin in Tris-buffered saline, (in the
case of Con A, 1 mM each of CaCU and
MnCl2 were added.) Sections were then
washed in TBS/BSA, three changes.

*̂,-

Fig. 1. A, positive staining for glucosyl/mannosyl residues in cytoplasm variably positive or
negative staining occures on cell surface in normal hamster buccal pouch epithelium by Con
A lectin binding, ABC stain, xlOO, B, UEA-1. defining fucosyl residues, shows positive
reaction on cell surface of hamster cheek pouch mucosal epithelium. Similar staining pattern
is seen in RCA-I lectin binding, ABC stain, x 100,

Avidin-biotin-peroxidase complex was
prepared 30 min before use, and ap-
plied to the sections for 1 h (Vectastain

Table 1,

Lectins

Con A
RCA-I
UEA-I

Distribution of monosaccharides defined

Normal

Cell surface

4-4-4-

mucosa

Cytoplasm

1 
1 

4-

by specific

Cell

lectins.

Tumor

surface

4
-4

-4
-

cells

Cytoplasm

- 4 -

--I- = Variably positive or negative reaction,
+ = Positive reaction,
- = Negative reaction.

ABC kit #PK-4000), and then washed
in three changes of TBS/BSA. Local-
ization of the peroxidase labelled per-
manent brown coloration was visual-
ized by adding diaminobenzidine tetra-
hydrochloride" (0,04% in 0.05M
ammonium acetate-citrate buffer, pH
5,5, containing 0,0075% hydrogen per-
oxide) for 2 min. Sections were then
washed in five changes of water. Fi-
nally, sections were counterstained in
hematoxylin for 3 min, washed, dehy-
drated, cleared and mounted in Per-
mount before microscopic examin-
ation. Omitting the biotinylated lectins
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or using specific glycosides (glucose,
mannose, galactose, and fucose) to in-
hibit the binding of lectins were per-
formed as controls.

Results

The immunohistologic examination of
sections of mucosal epithelium, stained
by an avidin-biotin-peroxidase (ABC)
method was performed, A reddish-
brown deposit indicating a positive lec-
tin reaction was found in the cytoplasm
or the intercellular (cell surface) area of
the cells (Table 1),

The normal hamster buccal pouch is
composed of a thin squamous cell
layer, connective tissue and a muscle
layer. The mucosal epithelium consists
of three to four layers of squamous cells
exhibiting slight keratinization. The
Concanavalin A (Con A) binding sites
occurred predominantly in the cyto-
plasm of the epithelial cells (Fig. IA)
while the Rieinus communis agglutinin
I(RCA-I) and Ulex europaeus aggluti-
nin I(UEA-I) showed similar positive
staining patterns on the cell surface (in-
tercellular) (Fig, IB),

During malignant transformation
there were varying degrees of hyper-
keratosis, basal cell hyperplasia, cellu-
lar pleomorphism and nuclear hyper-
chromatism observed at 3-8 wk after
application of DMBA, Intracytoplas-
mic Con A binding sites were de-
creased in areas of malignant transfor-
mation (Fig, 2A), RCA-I and UEA-I
also lost their intercellular binding sites
primarily in middle and upper parts of
the spinous cell layer (Fig, 2B),

In areas of papillary projections
overlying squamous cell carcinomas,
following DMBA application for ten to
twelve weeks, staining for Con A,
RCA-I, and UEA-I was either com-
pletely absent or showed a very weak
reaction. An abrupt change of these
staining patterns could be seen in the
junctional areas of the normal epithe-
lium adjacent to the dysplastic areas
(Fig, 3A),

In the final stages after 12 wk appli-
cation of DMBA, invasive squamous
cell carcinoma were found. Tumor cells
had infiltrated into the connective tis-
sue, forming nests or small islands. The
staining for Con A, RCA-I, and UEA-I
was generally decreased. However,
very intense staining was present in a
few tumor cells scattered throughout
the tumor nests in a very irregular pat-
tern (Fig, 3B),

Itg 2 A gluc()s>l/m<innosvl residues <irc m<irkcdl> decreased in cytoplasm compared to
normal mucosal epithelium (Fig, IA) during malignant transformation. Con A ABC stain,
X100, B, less positive staining for RCA-I binding is shown during malignant transformation
of mucosal epithelium mainly in upper portion of spinous cell layer. Similar pattern is also
seen in UEA-I lectin binding, ABC stain, xlOO,

Discussion

Considerable evidence indicates that
changes in cell products occur during
transformation of a normal cell into a
malignant cell and that these changes
determine some of the important prop-
erties of tumor cells (23-25), These
properties include loss of contact inhib-
ition, a decrease in cell adhesion, in-
creased growth, prolonged survival, ex-
pression of new antigens, and an ability
to escape from immune destruction by
the host. Cell surface carbohydrates.

glycoproteins and intracytoplasmic pro-
teins are believed to be involved in
many of these properties (10-16),

Studies have been done to identify
different cellular products comparing
normal and neoplastic cells by using im-
munohistochemical techniques (26),
However, very few studies have been
focused on time related changes of ne-
oplastic transformation during experi-
mentally induced carcinogenesis in ani-
mals especially in the hamster cheek
pouch (27, 28), This is the first report
to identify alterations in the levels and
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%. 3. A, continuity of the Con A staining of the epithelium is disrupted at junctional area
where squamous cell become malignant and exophytic in growth. ABC stain, xlOO. B,
Strongly positive staining of RCA-I receptors in perinuclear area is observed in invasive
squamous cell eareinoma. ABC stain, xtOO.

distribution of sugar residues during
the process of carcinogenesis in the mu-
cosa of a hamster buccal pouch.

In this study, the expression of
monosaccharides during experimen-
tally induced carcinogenesis in the buc-
cal pouch mucosa of hamsters was in-
vestigated by using lectins along with
ABC immunohistochemical tech-
niques. In the normal squamous cell
epithelium of hamster buccal pouch,
mannosyl/glucosyl residues were immu-
nohistochemically detectable in the cy-
toplasm of the cells whereas galactosyl
and fucosyl sugar residues were primar-
ily observed on the cell surface.

In the epithelial cells undergoing ne-
oplastic transformation after DMBA
application for 3 wk, most of the cells
showed reduced staining of the above-
mentioned monosaccharides. Other
cells, however, were stained with high
intensity in some areas. However, the
most striking change was that galactose
and fueose had shifted from the cellular
membrane to an intracytoplasmic loca-
tion during the malignant transforma-
tion.

The pattern of a reduced staining re-
action for sugar residues on epithelial
cells during neoplastie tranformation
agrees with the concepts of modulation
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of eell surface structures whieh are as-
sociated with tumor cell mobility of the
membrane component. This pattern is
also consistent with many studies of cell
surface changes in oral epithelia that
have shown a loss of blood group anti-
gen activity in cases of oral carcinoma
(11, 16). Thus, the tissue which shows a
loss of reaction for Con A, RCA-I, and
UEA-I receptors on epithelial eells dur-
ing carcinogenesis may be an indication
of an increased potential for cell mobil-
ity. Besides this, the proteolysis of sur-
face receptors (29) or masking of cell
membrane receptors by other cell sur-
face components such as sialie acid (30)
may also be one of the causes of de-
creased staining of Con A, RCA-I, and
UEA-I,

One possible explanation for the
strong intraeytoplasmic or perinuclear
deposits of staining with Con A,
RCA-I, and UEA-I, especially those
staining only at one pole of the nucleus,
may be due to the monosaecharide ac-
cumulation or glycosylation in the
Golgi apparatus (31), In squamous cell
carcinoma it may be that the protein in
the Golgi apparatus cannot be deliv-
ered to the cell membrane after glyeo-
sylation, and thus it accumulates in the
Golgi apparatus.

Genetic control for glyeosylation is
disturbed in squamous cell carcinoma
(32), This may explain why some cells
show negative staining while the others
are strongly positive appearing pheno-
typically different. Furthermore, this
may explain why, even in the same area
of squamous cell carcinoma, the cells
show individual differences in sugar re-
sidue identification.

The positive staining of Con A in the
cytoplasm of neoplastically tranformed
cells by the ABC method used herein
was contrary to the findings reported
previously by Louis et al. (15), in which
a more grossly diminished level of
staining was found in normal epithe-
lium than in squamous cell carcinoma.

The observation of RCA-I localiza-
tion in cells in this experiment was con-
sistent with those reported by KIM et al.
(33), but contrasts, however, with the
findings reported by DABELSTEEN &
MACKENZIE (34). The latter authors
stated that in human tissue the RCA-I
receptors could not be demonstrated in
neoplastic cells of invading islands.
However, cell surface carbohydrates in
epithelia are expressed in a different
way in human and rodents (35).

Thus, the immunohistochemical
demonstration of galactosyl and fucosyl
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residues in the cytoplasm as opposed to
residues in the cellular membrane of
epithelial cells may be helpful as a crite-
rion for early histochemical diagnosis
of malignant transformation.
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