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Abstract Cadherins and CD44 isoforms are transmem-
brane glycoproteins with diverse functions in cell—cell
and cell-matrix interactions and may be a determinant of
invasive and metastatic behavior in carcinomas. The im-
munohistochemical expression of cadherins and CD44 in
tissue samples from 15 normal endometrium and 33 en-
dometrial adenocarcinomas were examined. The immu-
nohistochemical analysis was performed using the mo-
noclonal antibody HECD-1 against E-cadherin and the
polyclonal antibody against N-cadherin. In addition, the
monoclonal antibodies 2C5, which binds to CD44s and
al of the variants encoded by exons 3-10; 3G5, which
is specific for CD44v3; and 2F10, which is specific
for CD44v6 were used. E-cadherin (P=0.0001) and N-
cadherin (P<0.001) expressions were statistically lower
in endometrial adenocarcinoma than in normal endome-
trium. In contrast, an overexpression of CD44 isoforms
(P<0.01) and CD44v3 (P<0.01) expressions was found
in endometrial adenocarcinomas compared with normal
endometrium. No difference was noted for CD44v6. An
association was found between a decrease in E-cadherin
expression and the occurrence of local recurrent and
nodal metastasis. An association was found between
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CD44 overexpression, lymph space involvement, and
myometrial invasion. Our results suggest that cadherin
and CD44 expressions in endometrial carcinomas may
have a prognostic value. Alteration of CD44 seems to be
related to local invasion, while alteration of E-cadherin
seems to be associated with dissemination of the disease.
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Introduction

Endometrial cancer is the leading gynecologic cancer
and the fourth most frequent cancer in women [29]. Fifty
percent of endometrial adenocarcinoma occur in women
with risk factors, such as hyperplasia, with atypical cyto-
logic features and obesity [15, 18, 25]. Endometrial car-
cinoma is a heterogeneous disease with five-year surviv-
al rates ranging from 36% to 95% for women with clini-
cal stage | disease [19]. Preoperatively, only a few fac-
tors, such as patient age, histology, and tumor grade, are
available to predict the extent of disease [15, 18, 19, 25,
29, 33]. Despite these prognostic factors, the prediction
of patients at high risk of extrauterine disease remains
difficult. Indeed, the prediction of nodal disease based on
depth of myometrial invasion using an imaging tech-
nigque [20] and on grade determination from curettage
specimens is controversial. Therefore, in addition to his-
tologic type and grade of the tumor, the identification of
reliable [19] prognostic markers is particularly crucial in
the case of endometrial carcinoma.

Cadherins and CD44 isoforms are transmembrane
glycoproteins implicated in cell-cell and cell-matrix ad-
hesion [32, 35, 36]. Impairment of cadherin and CD44-
mediated adhesion is likely to constitute one of the main
factors leading to the reduced cell-cell and cell-matrix
adhesion characteristics of tumor cells and play a pivotal



role in the acquisition of invasive and metastatic proper-
ties by neoplastic epithelial cells [3, 27, 34, 37]. There
are many examples of carcinomas in which the occur-
rence of altered cadherin expression has been correlated
with low histological differentiation, increased risk of lo-
cal invasion and metastatic disease, recurrence, and poor
prognosis [9, 10, 14, 21]. In the same way, much interest
has recently focused on the role of CD44 proteins, par-
ticularly CD44 variants v3 and v6 as diagnostic and
prognostic markers in gynecologic pathology [7, 15],
malignant tumors of the breast, [17] and premalignant
and malignant tumors of the ovary [5, 6].

We were, therefore, prompted to analyze the immuno-
histochemical expression of E- and N-cadherins, CD44
isoforms, and variants v3 and v6 in a series of endome-
trial carcinoma. In order to verify the correct histological
analysis of endometrial carcinomas, only formalin-fixed,
paraffin-embedded tissue was used. Our aims were to
evaluate: (1) the immunohistochemical expression of E-
and N-cadherins and CD44 proteins in endometrial ade-
nocarcinoma tissue samples, (2) to compare the expres-
sion with that found in normal endometrium, and (3) to
correlate the expression in endometrial carcinomas with
clinicopathological parameters.

Material and methods

Material

Tissue samples from endometrial adenocarcinoma (n=33) and nor-
mal endometrium (n=15) were obtained from 48 patients, treated
at the Service de Gynécologie de I hopital Bichat-Claude Bernard.
Histological typing was performed according to the International
Federation of Gynecology and Obstetrics recommendations [24].
Patients with a disease other than endometrial adenocarcinoma
were excluded.

The mean age of the patients with adenocarcinoma was
66 years (range 43-88 years). Twenty-three (70%), zero, eight
(24.2%), and two (5.8%) patients had stage I, stage Il, stage IlI,
and stage |V disease, respectively, according to the system for sur-
gical staging of endometrial carcinoma.

Normal endometrium tissue samples were obtained from 15
patients. Tissue samples were taken in the proliferative (n=7) and
the secretory (n=8) phases. Patients with endometrial hyperplasia,
adenomyosis, or endometriosis were excluded. The median clini-
cal follow-up was 58 months (range 30-120 months).

Methods
Antibodies

The antibody against E-cadherin was the monoclonal mouse antibody
HECD-1 (R&D Systems, Abingdon, UK). To detect N-cadherin we
used a commercialy available rabbit polyclona antibody raised
against the C-terminal amino acid sequence of chicken N-cadherin
(Sigma, St Louis, Mo.). The monoclonal antibodies (R&D Systems,
Abingdon, UK) 2C5, which bindsto CD44s and al of the variants en-
coded by exons 3-10; 3G5, which is specific for CD44v3; and 2F10,
which is specific for CD44v6 were used in this study.

Immunohistochemical technique

In al cases, 3-um-thick paraffin-embedded sections of formalin-
fixed tissue samples was used. Sections were deparaffinized and
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rehydrated through a graded ethanol series and were incubated in
methanol containing 0.3% H,0, to inhibit endogenous peroxidase.
For antigen unmasking, sections were incubated in 10 mM citrate
buffer, pH 6, in a microwave oven for three 5-min periods at
500 W. After washing, sections were incubated for 1 h at room
temperature with the primary antibody in 1/100 dilution as previ-
ously reported [5, 6, 7]. The revelation was performed using the
avidin-biotin technique (Vector Laboratories, Burlingame, UK).
Peroxidase activity was detected according to the method of
Graham and Karnovsky [12]. Negative controls were obtained by
means of omitting the primary antibody, substituted by either
phosphate-buffered saline (PBS) or isotopic immunoglobins. All
controls were negative.

Analysis of immunohistochemical results

The percentage of positive cells was evaluated on ten consecutive
high magnification power fields (x40) by two observers. Mean
values were obtained by averaging ten counts per tissue section.
Variations between the two observers were less than 5%. In addi-
tion, for cadherin expression, in accordance with previous studies
[17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], tu-
mors were considered homogeneously positive when more than
90% of tumor cells were labeled, heterogeneously positive when
10-90% of tumor cells were labeled, and negative when less than
10% of tumor cells were |abeled.

Statistical analysis

For statistical evaluation, Fisher's exact test was used for compari-
son of the percentage of epithelial cellslabeled in normal endome-
trium and endometrial carcinoma. Wilcoxon two-sample test was
used to evaluate the association between CD44 or E-cadherin ex-
pression and clinicopathological parameters in endometrial carci-
noma. A P value less than 0.05 was considered significant.

Results

Immunohistochemical detection of E- and N-cadherins
in normal endometrium and endometrial carcinoma

At the cellular level, E- and N-cadherins were detected
along the lateral membranes and in the cytoplasmic com-
partment of endometrial cells (Fig. 1a). In endometrial
carcinoma cells, E-cadherin was detected over the whole
surface of the cells (Fig. 1b). A similar distribution was
observed for N-cadherin immunostaining.

In the normal endometrium, E-cadherin immunostain-
ing was homogeneously positive in 13 cases (86.6%) and
heterogeneously positive in two cases (13.4%). No dif-
ference in E-cadherin expression was found according to
the phases of menstrual cycle. Furthermore, there was no
detection of stromal E-cadherin immunostaining in any
of the normal endometrium samples.

In endometrial carcinoma, E-cadherin was found neg-
ative in 9 of the 33 cases (27.3%) and heterogeneously
positive in 24 of 33 cases (72.7%) (Fig. 1b). There was
no case of E-cadherin homogeneously positive among
the endometrial carcinoma samples. A statistically sig-
nificant difference (P<0.02) in E-cadherin expression
was found between normal endometrium and endometri-
al adenocarcinoma samples (Fig. 2a8). No stromal stain-
ing was observed. A statistically significant difference
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Fig. 1 Representative examples of E-cadherin and CD44 immu-
nostaining in normal endometrium and endometrial carcinomas. In
norma endometrium (a), E-cadherin was detected along the later-
al membranes of cells. In endometrial carcinomas (b), E-cadherin
was visible only on a few scattered cells. During the proliferative
phase of the menstrual cycle (c), no CD44 isoforms staining was
detected along laterobasal membranes of endometrial cells, where-
as a strong CD44 immunostai ning was homogeneously retained by
stromal cells. In contrast, in endometrial carcinoma cells (d),
CD44 isoforms were detected over the whole surface of the cells.
(Immunoperoxidase with nuclear countercoloration with Harris
hematoxylin; original magnification x80)

(P<0.0001) was noted in the percentagetSD of E-cad-
herin positive cells in norma endometrium (92%z+17)
and in endometrial carcinoma (33%+33).

In the normal endometrium, N-cadherin immuno-
staining was homogeneously positive in al 15 cases
(100%). In addition, we noted that stroma N-cadherin
immunostaining varied according to the phases of men-
strual cycle. Indeed, stromal N-cadherin staining was
positive in five of seven cases of proliferative endometri-
um and was negative in the eight cases of secretory en-
dometrium.

In endometrial carcinomas, N-cadherin was consid-
ered negative in 1 of the 33 cases (3%) and heteroge-
neously positive in 32 of 33 cases (97%). Zero of 33 en-
dometrial carcinomas were N-cadherin homogeneously
positive. Stromal cells were N-cadherin negative. A sta-

tisticaly significant difference (P<0.001) was noted in
the percentage + SD of N-cadherin positive cells in nor-
mal endometrium (93%z3) and in endometrial carcino-
ma (62%=x10) (Fig. 2b).

Immunohistochemical detection of CD44 isoformsin
normal endometrium and endometrial carcinomas

At the cellular level, CD44 isoforms immunostaining
were detected at the latero-basal membranes of endome-
trial cells. No cytoplasmic CD44 immunostaining was
observed. In endometrial carcinoma cells, CD44 iso-
forms were detected over the whole surface of the cells.
Similar distributions were found for CD44v3 and
CD44v6 immunostaining.

In the normal endometrium, epithelial cells showed
staining for the monoclonal antibody 2C5, which was
directed to all CD44 isoforms, in five of eight cases of
secretory endometrium. In contrast, for all seven cases
of proliferative endometrium samples, CD44 staining
was negative (Fig. 1c). Stromal cells were positive for
CD44 isoforms irrespective of the phases of menstrual
cycle.

In endometrial carcinomas, CD44 isoforms immuno-
staining was positive in 32 of 33 patients (97%; Fig. 1d).
A statistically significant difference (P<0.01) was noted
in the percentage + SD of CD44 isoforms positive cells
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Fig. 2 a Distribution of an epithelial cell labeled for E-cadherin
in norma endometrium and endometrial carcinoma (P<0.0001)
(Fischer’ exact test). b Distribution of an epithelial cell labeled for
N-cadherin in normal endometrium and endometrial carcinoma
(P<0.001) (Fischer’exact test)

in normal endometrium (25%+38) and in endometrial
carcinoma (40%z+27; Fig. 3a).

In the normal endometrium, neither epithelial nor
stromal immunostaining for CD44v3 was noted. In endo-
metrial carcinomas, CD44v3 immunostaining was posi-
tive in 11 of 33 patients (33.3%). A statistically signifi-
cant difference (P<0.01) in CD44v3 expression was
found between normal endometrium and endometrial
carcinomas. A statistically significant difference (P<0.01)
was noted in the percentage £ SD of CD44v3 positive
cells in normal endometrium (0%) and in endometrial
carcinoma (15%=19; Fig. 3b).

In the normal endometrium, CD44v6 immunostaining
was observed in 5 of 15 cases (33.3%). Four of eight
cases of secretory endometrium (50%) were CD44v6
positive. In contrast, only one of seven cases of prolifer-
ative endometrium (14.2%) were CD44v6 positive. No
CD44v6 immunostaining was found in the stroma.

In endometrial carcinomas, 16 of 33 tumors were
CD44v6 positive. No difference in CD44v6 expression
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Fig. 3 a Distribution of an epithelia cell labeled for CD44
isoforms in normal endometrium and endometrial carcinoma
(P<0.01) (Fischer’exact test). b Distribution of an epithelial cell
labeled for CD44v3 in norma endometrium and endometrial car-
cinoma (P<0.01; Fischer’ exact test). ¢ Distribution of an epithelial
cell labeled for CD44v6 in norma endometrium and endometrial
carcinoma (not significant; Fischer’ exact test)

was found between normal endometrium and endometri-
al carcinomas. No difference in the percentage + SD of
CD44v6 positive cells was found between normal endo-
metrium (10+£18) and endometrial carcinomas (27%+38;
Fig. 3c).
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Fig. 4 a Distribution of patients according to histological differ-
entiation and E-cadherin expression (P=0.02; Wilcoxon two sam-
ple test). b Distribution of patients with or without metastasis
and E-cadherin expression (P=0.001; Wilcoxon two sample test).
c Distribution of patients with or without pelvic recurrence and E-
cadherin expression (P=0.001; Wilcoxon two sample test)

Relationship between cadherins and CD44 isoform
expressions and clinicopathological parametersin
endometrial carcinomas

In endometrial carcinomas, a relationship was found be-
tween the loss of E-cadherin expression and clinico-
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Fig. 5 a Distribution of patients with or without lymphatic space
involvement and CD44 isoforms expression (P=0.03; Wilcoxon
two sample test). b Distribution of patients with or without
depth myometrial invasion >50% and CD44 isoforms expression
(P=0.02; Wilcoxon two sample test)

pathological parameters such as (1) the histological
grade (P=0.02; Fig. 4a), (2) occurrence of recurrence
(P=0.001; Fig. 4b), and (3) the presence of metastasis
(P=0.001; Fig. 4c). No relation was observed between E-
cadherin negative tumors and (1) the stage of the disease
according to the International Federation of Gynecology
and Obstetrics (FIGO) classification, (2) the age of pa-
tients, (3) the lymphatic space involvement, and (4) the
depth of myometria invasion greater than 50%. In asim-
ilar manner, no relationship was observed between N-
cadherin expression and the clinicopathological parame-
ters.

In endometrial carcinomas, a relationship was found
between overexpression of CD44 isoforms and (1) the



occurrence of lymphatic space involvement (P=0.03;
Fig. 5a) and (2) the depth of myometrial invasion greater
than 50% (P=0.02; Fig. 5b). No relationship was found
between CD44v3 and CD44v6 expressions and the clin-
icopathological parameters. The number of patients with
E-cadherin negative and CD44 isoforms positive tumors
was too small to evaluate the prognostic interest of this
combination. Due to the sample size, multivariate analy-
sis could not been performed.

Discussion

The present study shows that at least two cadherins are
expressed in endometrium and endometrial carcinomas:
E-cadherin and a cadherin related to N-cadherin. We ob-
served that normal endometrium epithelial cells were
constantly E-cadherin positive without variation accord-
ing to the phase of the menstrua cycle. Similar results
were found for epithelial N-cadherin expression. Fur-
thermore, in the endometrial stroma, no immunostaining
for E-cadherin was detected. In contrast, we found that
the stromal cells during the proliferative phase do ex-
press N-cadherin. These results are similar to previous
studies [40, 41], which reported a similar expression of
E-cadherin during proliferative and secretory phases and
the absence of arelationship between this expression and
estradiol and progesterone serum levels.

In endometrial carcinomas, we found a decrease of E-
cadherin expression relative to normal endometrium
samples. Our results are in accordance with those found
in various carcinomas, such as epithelial ovarian cancers
[5], uterine cancer of the cervix [8, 14], and breast carci-
nomas [16]. Furthermore, our data are in line with those
of experimental studies [23], which reported an enhance-
ment of invasiveness in the presence of an anti-E-
cadherin antibody, HECD-1, in three human endometrial
carcinoma cell lines. In addition, several authors [27, 28]
have identified mutations in the E-cadherin gene on
chromosome 16¢g22 in endometrial cancers. This sup-
ports the classification of E-cadherin as a human tumor
suppressor gene. Moreover, recently, a decrease in E-
cadherin and (3-catenin mRNA expressions were noted in
endometrial cancer [10], suggesting that cadherin in as-
sociation with catenins may have a pivotal role in endo-
metrial carcinogenesis.

In endometrial carcinomas, no data was so far avail-
able about N-cadherin expression, which is usually re-
garded as characteristic of neural and muscular cells
[26]. We observed a decrease of N-cadherin expression
by endometrial carcinoma cells relative to normal endo-
metrial cells. These data are in line with those of previ-
ous studies [5, 26], which reported a decrease of N-cad-
herin expression from benign to overt malignant tumors
of the ovary.

In the present study, epithelial endometrial cells ex-
pressed CD44 isoforms only during the secretory phase
of the menstrual cycle. Similar results were found for
CD44v6 expression. In contrast, in the normal endome-
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trium, no CD44v3 immunostaining was detected. Our
data are in accordance with others [30, 38] who found
CD44 expression in the secretory phase to be higher than
in the proliferative phase. These results suggest a possi-
ble role of CD44 proteins in the implantation phase and
a potential hormonal regulation of CD44 expression.
This hypothesis is reinforced by experimental studies[1,
13], which postulated that CD44 expression appeared to
be triggered by embryonic signaling. However, the varia-
tions of CD44 expression according to the phases of
menstrual cycle may only coincide with the increase in
motility required for cyclical re-epithelialization [2].

In endometrial carcinomas, compared with normal en-
dometrium, we observed an overexpression of CD44 iso-
forms and CD44v3 but not of the CD44v6 splice variant.
These results are partly in accordance with previous
studies, which reported an overexpression of both CD44
isoforms and splice variants for tumors of other origins,
such as those of the digestive tract [42], the breast [17],
the ovary [5, 6], and the cervix [7]. In endometrial can-
cers, controversial results on CD44 expression have been
published. Indeed, in uterine adenocarcinomas and hu-
man endometrial carcinoma cell lines, Fujita et al. [11]
showed, using reverse transcriptase polymerase chain re-
action (RT-PCR) and immunohistochemistry, a decrease
in CD44 expression and splice variants. In contrast, asin
our experience, Yorishima et a. [43] reported an overex-
pression of both CD44 isoforms and variant v6 in a se-
ries of 23 uterine carcinoma.

Few biologic markers, which are used to evauate the
prognosis, are available in endometrial carcinomas. High
levels of estrogen and progesterone receptors have been
correlated with tumor differentiation, myometrial inva-
sion, nodal metastasis, and survival [4]. Furthermore,
DNA aneuploidy, overexpression of HER-2/neu, and mu-
tations of P53 tumor-suppressor gene have been identified
[29]. Nevertheless, their implications for trestment are not
yet clear. In our experience, a loss of E-cadherin expres-
sion was associated with poorly differentiated endometrial
cancer and the recurrence and metastatic spread. Our re-
sults are partly in accordance with those of previous stud-
ies [22, 31], which reported, in endometrial carcinomas, a
relationship between E-cadherin expression and the tumor
grade, and with myometria invasion and lymph node me-
tastasis. In addition, Nomura et a. [22], in multivariate
analysis, revealed that among histologic grade, nuclear
grade, and E-cadherin expression, E-cadherin was the bet-
ter prognostic factor of myometrial invasion.

In our series, no relationship was found between N-
cadherin expression and the clinicopathological parame-
ters. In this report, in endometrial carcinomas, arelation-
ship was noted between CD44 overexpression, the
lymph space involvement, and the depth of myometrial
invasion. Our data are in accordance with a previous
study [11],which reported CD44 overexpression in endo-
metrial carcinoma. However, these authors [11] did not
find a relationship between CD44 expression and
myometrial invasion that may be due to the low number
of stage I1l and stage IV tumors included in their series.
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As in our experience, previous studies [38, 39] have
reported the absence of a relationship between CD44v6
expression and the clinicopathological parameters in en-
dometrial carcinomas. Finally, our results suggest that
overexpression of CD44 isoforms by endometrial carci-
nomas is related to local invasion. In contrast, the loss of
E-cadherin expression seems to be related to the devel-
opment of metastasis and the risk of recurrence. In con-
sequence, the combination of E-cadherin and CD44 iso-
form expressions may help to identify patients present-
ing a high risk of poor evolution.

In summary, from the pathogenetic point of view, our
results strongly suggest a differential involvement of
cadherin and CD44 dterations in the process of endome-
trial carcinogenesis. Alterations of E-cadherin seem to
be associated with the dissemination of the disease. In
contrast, alterations of CD44 seem to occur during local
invasion. Therefore, from the clinical point of view, in
endometrial cancers, the analysis of cadherin and CD44
expressions may help to identify patients with poor prog-
nosis who may benefit from adjuvant therapies.
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