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Abstract Lectins are proteins and glycoproteins of non-
immune origin which bind specifically to carbohydrate
residues, agglutinate cells and/or precipitate complex
carbohydrates. Lectin-binding patterns in normal, hyper-
plastic and neoplastic endometria were studied using
four biotinylated lectins (Con A, LCA, e-PHA, |-PHA)
and the avidin-biotin-peroxidase technique. Canavalia
ensiformis agglutinin (ConA) and Lens culinaris aggluti-
nin (LCA) reacted strongly with the luminal borders and
the cytoplasm of epithelia cells but, whilst in normal
and benign endometrial tissues the cytoplasmic staining
was confined to the apical and the basal aspect of the
cells, in endometrial carcinomas and in some atypical
hyperplasias lectin binding also occurred in the lateral
cytoplasm (Con-A-lat), although in differing proportions
of cells. Interestingly, extensive Con-A-lat in the tumour
cells was much more frequent in non-endometrioid car-
cinomas (P<0.05) and was significantly associated with
poor histological differentiation (P<0.0001), low oestro-
gen and progesterone receptor content (P<0.01 and
P=0.0001, respectively) and an unfavourable long-term
survival (P<0.05). With Phaseolus vulgaris erythroag-
glutinin (e-PHA) and leucoagglutinin (I-PHA) a linear,
rather inconsistent, staining at the level of the basement
membranes was observed in the glands: this, also noted
with LCA, appeared intact in normal and hyperplastic
glands without cytological atypia, and fragmented or ab-
sent in malignant glandular structures and in most hyper-
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plastic glands showing cytological atypia. It is concluded
that changes in the distribution of lectin-binding mole-
culesin the endometrial cells are associated with the ma-
lignant state, whilst the extent of Con-A-lat reflects the
biological behaviour of the tumours.
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Introduction

The cell membrane structures are rich in glycosylated
proteins and lipids [9]. These molecules, particularly the
glycoproteins, are important for regulating cell behaviour
[9] and, in this connection, many of the aberrant proper-
ties expressed by malignant cells, e.g., loss of growth
control, local invasiveness and the ability to metastasise,
are related to modifications in the structure and/or distri-
bution of carbohydrate groups from the normal [4, 29].
Evidence in support of this assumption is provided by
several avenues of investigation, including biochemical
analyses of cell surface glycoproteins and glycolipids,
cell agglutination experiments with lectins and, more re-
cently, histochemical studies of lectin reactivity directly
onto tissue sections [15, 28]. The latter approach consti-
tutes an improvement over the other methods for it allows
examination of cellsin their natural environment, in addi-
tion to providing the means of valid retrospective studies.
Despite these advantages, little has been reported on the
significance of lectin binding in the human endometrium
[2, 22, 27]; however, it is hoped that information to be
gained from such studies would be useful.

With this anticipation the present investigation was
undertaken in order (a) to study the patterns of lectin
binding in normal, hyperplastic and neoplastic endome-
trium and relate possible differences in the distribution
of these molecules in malignant cells with histopathol og-
ical features, and (b) to evaluate the biological signifi-
cance of the observed differences by relating these to
long-term survival data.



Materials and methods

Materias

Surgical specimens from 42 normal, 45 hyperplastic and 150 neo-
plastic endometria were retrieved from the files of the Department
of Pathology, Democritus University of Thrace (Table 1) and stud-
ied for their patterns of reactivity with the biotinylated lectins: Ca-
navalia ensiformis (ConA), Lens culinaris agglutinin (LCA),
Phaseolus vulgaris erythroagglutinin (e-PHA), and Phaseolus vul-
garis leucoagglutinin (I-PHA). The tissues were fixed routinely in
10% formalin. None of the patients concerned had received preop-
erative treatment.

Histochemical method for lectins
Reagents

All biotin-labelled lectins and their respective inhibitory sugars
were obtained as lyophilised preparations from Sigma Chemical
Co. From this source were also obtained: avidin, peroxidase-biotin
labelled and trypsin type Il crude from porcine pancreas. Normal
swine serum was purchased from Dako Immunoglobulins and di-
aminobenzidine tetrahydrochloride, from Aldrich Chemical Co.
The sugar specificities of the lectins used are shown in Table 2.

The avidin-biotin—peroxidase complex (ABC) method was
used in the present study for the detection of saccharide residues
in endometrial tissues [22]. In brief, 5-um paraffin sections were
dewaxed in xylene and hydrated through graded alcohols. Endoge-
nous peroxidase activity was blocked by immersing the sectionsin
acidified absolute methanol containing 0.3% hydrogen peroxide
for 30 min. The sections were subsequently washed, first in run-
ning tap water and then in 0.05 M Tris-buffered saline (TBS) at
pH 7.6. Non-specific background staining was reduced by cover-
ing the slides with 1:10 dilution of normal swine serum (NSS) for
15 min. Excess NSS was drained off and the sections then incubat-
ed with the appropriate biotin-labelled lectin at concentration
10 pg/ml in TBS with 1 mM calcium chloride (CaCl,) for 30 min
at room temperature. Following washes in TBS and CaCl,, the
sections were incubated for 60 min with a solution of 52 pl avidin
in 5135 pl TBS, to which was added 13 pl biotin-peroxidase (ABC
complex), prepared 30 min before required. After awash in TBS,
the sections were stained for peroxidase with the diaminobenzidi-
ne (DAB) reaction: the slides were immersed for 5 min in a fil-
tered freshly prepared solution of 50 mg of DAB in 100 ml of
TBS and 0.02 ml of 30 vol. hydrogen peroxide per 100 ml of sub-
strate solution. Finally, the slides were counterstained with methyl
green, dehydrated to xylene and coverslipped with permount.

Representative sections of normal, hyperplastic and neoplastic
endometrium were treated with trypsin (0.1% for 15 min) prior to
application of biotinylated lectins.

Controls

Specificity controls were performed by substitution of Tris-buf-
fered saline pH 7.6 for the biotinylated lectins and by incubation
of the conjugates with the appropriate inhibitory sugars at a con-
centration of 0.1 M. Normal kidney served as a positive tissue
control, but most endometrial sections aso had built-in positive
controlsin the form of mast cells[14].

Evaluation and quantitation of results

The reactivity of lectins with endometrial cells was evaluated in
relation to the cytoplasm (basal, apical and lateral), the luminal
border, the basement membranes and the intraluminal secretions.
The extent of binding to carcinomas could be assessed efficiently
only for Con A and LCA, and was scored in relation to the lateral
cytoplasm. The following semiquantitative scale was used: limit-
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Table 1 Tissues studied for patterns of Canavalia ensiformis ag-
glutinin (ConA), Lens culinaris agglutinin (LCA), Phaseolus vul-
garis erythroagglutinin (e-PHA) and Phaseolus vulgaris leucoag-
glutinin (I-PHA) reactivity in the human endometrium

No. of cases

Normal endometria

Proliferative 24
Secretory 18

Simple endometrial hyperplasia 15
Complex hyperplasia 15
Atypical hyperplasia 15
Endometrial carcinomas

Endometrioid 123
Non-endometrioida 27

a Adenosquamous 4, serous papillary 9, clear cell 6, mucinous 2,
mixed 2, and undifferentiated 4

Table 2 The specificity of lectins used in this study

Lectin and source Abbreviation Sugar specificity

Canavalia ensiformis ConA Mannose, glucose
(Jack bean)

Lens culinarisagglutinin - LCA Mannose, glucose
(lentil)

Phaseolus vulgaris e-PHA Bi-antennary
erythroagglutinin N-linked sequences
(red kidney bean)

Phaseolus vulgaris [-PHA Tri- and tetra-antennary

leucoagglutinin
(red kidney bean)

N-linked sequences

ed, where <10% of malignant cells reacted; moderate, where
11-50% of tumour cells reacted; extensive, where >50% of tu-
mour cells reacted; in general, the intensity of the reaction was
graded as strong (++), moderate (+), weak () and absent (-).

Immunohistochemical method for oestrogen
and progesterone receptors

Antibodies

Mouse anti-human oestrogen receptor (ER) and progesterone re-
ceptor (PR) antibodies (ER; clone 1D5, AMAC, Westbrook, Me,;
PR, clone 1A6, NCL-PGR, Vector Laboratories, Burlingame, Ca-
lif.) were used and distinct nuclear staining were obtained.

Serial 5-um paraffin-embedded sections were cut and assayed
immunohistochemically for detection of ER and PR, using the
ABC method. In brief, the sections were deparaffinized in xylene
and rehydrated through graded alcohols. Endogenous peroxidase
activity was blocked by exposure to 3% hydrogen peroxide for
5 min followed by a wash for 5 min with phosphate-buffered sa-
line (PBS). The sections were then incubated with anti-ER (undi-
luted) and PR (diluted 1:10 in PBS with 1% bovine serum albu-
min). Sections were washed twice for 5 minin PBS, and incubated
for 20 min with horse anti-mouse biotinylated secondary antibody
(Vector) diluted at 1:200 in PBS. Slides were washed twice in PBS
for 10 min and incubated for 20 min in preformed ABC (Vecta-
stain Elite kit, Vector). Sections were washed and developed with
diaminobenzidine tetrahydrochloride substrate (Sigma, Paisley,
UK), lightly counterstained with Mayer’s haematoxylin, dehydrat-
ed, cleared and mounted.
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Endometrial carcinomas were regarded as being hormone re-
ceptor rich if more than 40% of the proliferating tumour cells were
labelled by the primary antibody [24]. Estimations were made us-
ing an eyepiece graticule without knowledge of the clinical
course.

Histological methods

Normal endometria were “dated” by using the criteria of Noyes et
al. [19].

The endometrial hyperplasias were classified along the lines
suggested by Norris et a. [18] and Buckley and Fox [5] as simple
endometrial hyperplasia, complex hyperplasia and atypica hyper-
plasia

The endometrial carcinomas were typed morphologicaly in
accordance with the classification of Buckley and Fox [5], a clas-
sification that differs from that recommended by WHO [21] only
in its recognition of the adenosguamous carcinoma as a discrete
entity. The depth of invasion into the myometrium was assessed in
terms of invasion of inner and outer halves. Grading and staging
criteria were those defined by the International Federation of
Gynaecology and Obstetrics (F.I.G.O. ) in 1988 [8]. Also recorded
were the presence or absence of lymphatic invasion and the extent
of lymphocytic response in and around the primary tumour (trivi-
a, moderate and prominent).

Statistical analysis

Statistical analysis and graphic presentation were performed using
the GraphPad Prism 2.01 package (USA). Fisher’s exact test was
used to assess correlations between categorical variables. Survival
curves were plotted using the method of Kaplan-Meier, and the
log-rank test was used to determine statistical differences between
lifetables. A P-value <0.05 was considered significant.

Results
Histochemical staining
Controls

All the sections with built-in positive controls and the
kidney tissues gave the expected positive result. The
omission of the biotinylated lectins and their substitution
by Tris-buffered saline resulted in totally negative results.
With the exception of PHA (e-PHA, I-PHA), whose com-
petitive inhibitor was not available, absorption or dis-
placement of lectins by the appropriate sugars eliminated
or completely abolished the staining reactions.

Sections with and without trypsin digestion showed
similar staining patterns and comparable intensities.

Normal endometria

ConA reacted strongly with the luminal membrane sur-
faces and with cytoplasmic constituents, both apical and
basal, of essentially all normal epithelial cells. The stain-
ing was diffuse and finely granular and involved the in-
traluminal secretions also, particularly during the secre-
tory phase of the menstrual cycle. No other difference in
ConA binding was noted between proliferative and se-
cretory endometria.

Tissues treated with LCA showed a similar, though
not identical, pattern of reactivity: it was somewhat less
extensive and in some areas showed a weak but continu-
ous, linear staining at the level of the basement mem-
branes.

This linear pattern of staining, equally infrequent and
weak, was the single most important feature in both pro-
liferative and secretory endometria stained with e-PHA
and I-PHA. There was no apparent cytoplasmic binding,
and very little staining was seen in the form of intralumi-
nal secretions.

Hyperplastic endometria

In endometrial hyperplasias without cytological atypia
(simple and complex), the distribution and the extent of
staining with ConA, LCA, e-PHA and I-PHA was, in
general, similar to that seen in the normal endometria.
With respect to atypical hyperplasias, variance from nor-
mal was observed only in the most severe forms of the
disease, where some neoplastic glands showed disruptive
basement membranes (e-PHA, |-PHA) and cells with a
distinctive staining of the lateral cytoplasm (ConA,
LCA).

Endometrial carcinomas

The binding of ConA to the cytoplasm of tumour cells
appeared diffuse and finely granular; it was consistent,
rather extensive and strong. It involved basal, apical and,
to a variable extent, lateral aspects of the tumour cells
(Figs. 1, 2). At this intracellular site, 36% of the endo-
metrial carcinomas bound ConA extensively, 18% of the
carcinomas bound ConA to a moderate extent, 43% of
them bound Con A to a limited extent, and only 3%
showed complete absence of lateral cytoplasmic binding
(Table 3).

Tumour cells reacted equally strongly, but to a lesser
extent, with LCA; however, staining of the lateral cyto-
plasm was again a feature. Thus, 17% of the endometrial
carcinomas showed extensive lateral cytoplasmic bind-
ing, 18% moderate, 27% limited, and 38% no binding
(Table 3). Staining of basement membranes could be
seen in some cases, but only in a very small proportion
of glands and these were mostly disrupted. It is noted

Table 3 Endometrial carcinomas according to the number of tu-
mour cells reacted with ConA and LCA to the lateral cytoplasm

Extent of lateral ConA LCA
cytoplasmic staining

Cases Cases

No. % No. %
Extensive 54 36.0 26 17.3
Moderate 27 18.0 27 18.0
Limited 64 42.7 40 26.7
None 5 3.3 57 38.0




Fig. 1 Endometrial carcinoma:
extensive binding of Canavalia
ensiformis agglutinin (ConA)
to the lateral cytoplasm
(Con-A-lat) of tumour cells

Fig. 2 Endometrial carcinoma:
ConA hinding to the apical and
basal cytoplasm of tumour cells
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that areas of squamous differentiation within endometrial
tumours reacted strongly with these lectins, whilst clear
cells usually reacted weakly, with an accentuation of
staining at the cell periphery.

There were no differences from normal in the e-PHA
and |-PHA staining properties of carcinoma cells, but the
discrete linear staining of basement membranes was in-
consistent, somewhat |ess frequent and only exceptional-
ly intact.

Pathological correlates of “ specific” ConA and LCA
binding

There was a highly significant association between ex-
tensive binding of ConA to the lateral cytoplasm of tu-
mour cells (Con-A-lat) and the histological grade

(P<0.0001). Well-differentiated endometrial adenocarci-
nomas were less frequently reactive, whereas almost all
poorly differentiated neoplasms bound ConA extensively
to thisintracellular site (Table 4). This tendency was also
noted for LCA but was of no statistical significance.
Similarly, when endometrial carcinomas were analysed
according to the histological type, significantly more
carcinomas of the non-endometrioid cell type than endo-
metrioid carcinomas bound to Con-A-lat (17/27 vs
37/123; P<0.05).

Other histological and clinical characteristics of ma-
lignant endometrial disease (depth of myometrial inva-
sion, lymphatic vascular space invasion, F.1.G.O. stage
of disease and patients age) were independent of the
“specific’ ConA and LCA binding (data not shown).
Such relationships were not sought for e-PHA and I-
PHA because of inconsistency of staining.
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Table 4 Extensive binding of ConA to the lateral cytoplasm of tu-
mour cells (Con-A-lat) in relation to histological type and tumour
differentiation

Histological Con-A-lat
characteristic

No./total % P-value
Histological type 0.05
Endometrioid 37/123 30.1
Adenosquamous 3/4 75.0
Serous papillary 7/9 77.8
Clear cell 2/6 33.3
Mucinous 1/2 50.0
Mixed 1/2 50.0
Undifferentiated 3/4 75.0
Tumour differentiation 0.0001
Gl 15/99 15.1
G2 15/26 57.7
G3 24125 96.0

Table 5 Relationship of extensive binding of ConA to the lateral
cytoplasm of the tumour cells (Con-A-lat) with ER and PR in en-
dometrial carcinoma

“Specific” lectin binding patterns versus survival.
Relationships with ER and PR status

Patients with Con-A-lat had an overall poorer survival
than those without (Figs. 3, 4). This association was of
statistical significance for both extensive (P=0.02) and
combined moderate / extensive (P=0.04) ConA hinding,
and was shown by corrected disease-specific survival
rates. However, using different multivariate models,
F.I.G.O. stage was the only independent prognostic fac-
tor (data not shown).

Interestingly, a highly significant association was es-
tablished between Con-A-lat and endometrial carcino-
mas of PR-poor status (P=0.0001; Table 5), a marker of
known unfavourable prognosis. The extent of LCA bind-
ing to the lateral cytoplasm of tumour cells was not relat-
ed to patient survival, neither was the reactivity or other-
wise of the basement membranes to LCA, e-PHA and
[-PHA.

Discussion

Two points of interest emerged from this study. First, the
distribution of saccharides in the endometrium has a rel-
evance to the neoplastic state, though it is not useful in
distinguishing frankly invasive from pre-invasive le-
sions. Secondly, the “specific” pattern of ConA in malig-
nant cells is predictive of patient’s survival, and this is
independent of clinical and most histopathological fac-
tors of known prognostic significance.

“—|_\— -—— A: none/limited/moderate (96pts)

------ B: extensive (54pts)

............

...................... log-rank p=0.02

Steroid hormone Con-A-lat
receptor status
No./total % P-value

ERrich 14/59 23.7
ER poor 40/91 43.9 0.01
PR rich 12/70 17.1
PR poor 49/80 52.5 0.0001
Fig. 3A, B Corrected disease- 100+
specific survival by extent of = —LT_
ConA binding to the lateral cy- 2 80-
toplasm of tumour cells for al z
patients with endometrial carci- @ 60
noma: A absent/limited/moder- =
ate binding, B extensive bind- [
ing (log-rank P=0.02) g 40+

R 201

0 T

_‘—‘_l— —— A: none/limited (69pts)

------ B: moderate/extensive (81pts)

........... log-rank p=0.04

Fig. 4A, B Corrected disease 100+
specific survival by extent of —_ =
ConA binding to the lateral cy- S &0
toplasm of tumour cells for all 2
patients with endometrial carci- ":;
noma: A absent/limited bind- = 607
ing, B moderate/extensive ©
binding (log-rank P=0.04) @ 404
o]
204
o T
0 1




Lectin binding to malignant endometrium differed
from normal in the distribution of saccharide residues.
Thus, in normal endometrial tissues specific ConA and
LCA binding was exclusively on the basal and apical
cytoplasm of the epithelia cells, showing a polarised
expression. By contrast, in endometrial carcinomas a
lateral cytoplasmic binding of ConA and LCA was also
seen in tumour cells, resulting in a circumferential pat-
tern of expression. With e-PHA and |-PHA, the predom-
inant staining pattern observed was an inconsistent and
rather inconspicuous linear deposit outlining the periph-
ery of some glands; this, also noted with LCA, was in-
tact in normal endometrium, whilst in carcinomas a
mixture of intact and fragmented staining of the base-
ment membranes was seen. Kluskens et al. [15], using
fluorescent labelled lectins, reported comparable results
with respect to ConA: a strong staining reaction at the
luminal border of normal and hyperplastic endometrial
cells; increased intensity of staining in adenocarcinomas
with involvement of the entire cell periphery. A range of
other lectins employed by Kluskens' group [15] was un-
reactive, while PHA and LCA were notable absentees
from this study. Others found that Ulex europaeus ag-
glutinin (UEA) bound extensively to most endometrial
carcinomas, but failed to stain norma endometrial
glands[2, 3, 28].

Although such observations demonstrate the useful-
ness of lectins in contrasting normal and malignant tis-
sues, we found, as indeed have others [26], that the
boundary between invasive and pre-invasive lesions is
less clear. Apparently, simple and complex endometrial
hyperplasias and the atypical hyperplasias of mild and
moderate form had lectin-binding characteristics similar
to those described for normal endometria, but there was
an overlap in the more severe cases of atypical hyperpla-
sia (closely packed glands with epithelial multilayering
and nuclear atypia) [11] which showed disruption of
basement membranes and epithelia cells exposing man-
nose/glucose residues in their lateral cytoplasm. The
presence of such altered staining patterns in a borderline
endometrial lesion, that is alesion not readily recognised
either as a severe case of atypical hyperplasia or as a
well-differentiated endometrioid adenocarcinoma, far
from being diagnostic of malignancy, may well be the
first sign of an incipient malignant transformation.

It is of interest that, in our series, although almost all
endometrial carcinomas showed some circumferential
reactivity with ConA (Con-A-lat), those with the most
extensive involvement were the carcinomas that dis-
played the most aggressive behaviour. This was borne
out from our long-term survival data and the striking as-
sociation of Con-A-lat with high histological grade and
the non-endometrioid carcinomas [25]. Thisis consistent
with previous suggestions that the appearance of exces-
sive amounts of mannose and glucose residues in breast
carcinomas is related with local invasiveness [17] and an
increased risk of early recurrences [12]. Other features
related to prognosis of endometrial cancer, such as the
patient’s age, the F.1.G.O. stage of disease, the depth of
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myometrial invasion and the presence or absence of lym-
phatic involvement [1, 7, 23, 25], were not significantly
associated with depolarised ConA expression. Endome-
trial carcinomas with high affinity to Ulex europaeus ag-
glutinin-1 (UEA-I), however, did relate to the presence of
myometrial invasion, lymphatic penetration and an unfa-
vourable outcome [20]. Presumably, the difference in re-
activity and therefore survival, within malignant endo-
metrial tissues reflects a genuine alteration in the struc-
ture or rate of synthesis of the oligosaccharide chains to
which ConA or UEA-I bind.

The predictive value of ConA on prognosis was dem-
onstrated by neither the “isolectins’ of Phaseolus vulgar-
is ePHA, I-PHA, nor the agglutinin of Lens culinaris
(LCA), though the latter is known to have a very similar
affinity for simple sugars with that of ConA [10]. This of
course illustrates the value of using two lectins with os-
tensibly the same monosaccharide specificity. For al-
though differences in the staining properties of lectins ex-
pected to react with the same sugar have been well docu-
mented [10], the present report extends this observation
to include a difference in the ability to expose the biologi-
cal behaviour of the tumour in addition. Such differences
are most probably due to the recognition of complex oli-
gosaccharides on the cells by lectins, rather than simple
sugar residues [13]. It is possible that other lectins with
similar or different monosaccharide specificities may aso
be proved to form a useful basis for evaluating prognosis,
as did biotin-labelled ConA in thisinvestigation.

While these results would have to be verified by other
independent studies, the absent or limited binding of
ConA to the lateral cytoplasm of tumour cells was sig-
nificantly correlated with arich ER and PR status. This,
as reported elsewhere [24], is a very favourable prognos-
tic factor in the endometrium. Furthermore, it should be
recalled that none of the patients in the series received
any form of preoperative treatment, indicating that
Con-A-lat identifies a different evolution of endometrial
tumours independent of treatment intervention.

Finaly, it should be noted that lectin binding to nor-
mal endometrium remained largely unaffected by the cy-
cle-related changes reported earlier [6, 16], although
ConA did express intraluminal reactivity more frequent-
ly during the secretory, rather than during the prolifera-
tive, phase of the menstrual cycle.
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