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Cadherins are cell surface proteins crucial for cell adhesion and tissue integrity. The mechanism of deep tissue

invasion in gastrointestinal endometriosis is unknown and may be related to the altered expression of these cell

surface proteins. The goal of this study was to evaluate the expression of N-cadherin, E-cadherin, and b-catenin

in peritoneal endometriotic implants, gastrointestinal endometriosis, and carcinoma arising in gastrointestinal

endometriosis. Cases of peritoneal endometriosis, gastrointestinal endometriosis, and carcinoma arising in

gastrointestinal endometriosis were identified from our pathology database. Immunohistochemistry was

performed using antibodies against N-cadherin, E-cadherin, and b-catenin on representative tissue sections.

Cases of normal proliferative and secretory endometrium and adenomyosis were included in the study for

comparison. The intensity and extent of staining for each marker was scored semiquantitatively. Appropriate

positive and negative controls were used. A total of 38 cases (peritoneal endometriosis (n¼ 14), gastrointestinal

endometriosis (n¼ 21: 11 colon, 8 appendix, 2 small bowel), and 3 cases of endometrioid carcinoma arising in

colonic endometriosis (n¼ 3)) were included in the study. Compared with normal proliferative endometrium,

N-cadherin expression was decreased in intensity and extent in secretory endometrium. Peritoneal and

gastrointestinal endometriosis also showed markedly decreased expression of N-cadherin compared with

proliferative endometrium. All three cases of carcinoma arising in colonic endometriosis showed a total loss of

N-cadherin in the tumor, but preserved E-cadherin and b-catenin expression. In these cases, areas of benign

endometriotic glands near the tumor showed weak and focal N-cadherin expression that was gradually lost.

Moderate-to-strong membranous staining for b-catenin expression and variable intensity of E-cadherin

expression was seen diffusely in normal endometrium and all study cases. These results strongly suggest that

alterations of N-cadherin expression in gastrointestinal endometriosis may have an important role in the

mechanism that underlies deep tissue invasion, and possibly also in the development of malignancy.
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Endometriosis is defined as the presence of ectopic
endometrial glands and stroma outside the uterine
cavity. It is a common disease that affects B10% of
women, predominantly in their reproductive years.1

Gastrointestinal involvement may exist in up to 37%
of these women.2 The clinical presentations of
gastrointestinal endometriosis are diverse, mimick-
ing appendicitis, ischemia, Crohn’s disease, or even
malignancy. The symptoms depend on the location
and the extent of bowel involvement. Patients with

serosal lesions may be asymptomatic, whereas those
with deeply infiltrative lesions may present with
obstructive symptoms. The disease can also mimic
malignancy clinically and radiologically.3 Infiltra-
tive endometriosis can cause significant morbidity
and the mechanism of infiltration remains unclear.2

Rarely, malignant transformation may occur, in up to
1% of women with gastrointestinal endometriosis.4

Cadherins are cell surface proteins with crucial
roles in tissue development and integrity. Both
E-cadherin and N-cadherin are type 1 cadherins
that bind to b-catenin to create a regulatory complex
in the adherens junction.5 These cadherins mediate
strong cell–cell and cell–matrix adhesion in many
types of mature tissues. Normal endometrium shows
intense E-cadherin and b-catenin expression
throughout the menstrual cycle.6,7 However, the
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expression of N-cadherin in normal endometrium is
more variable between the proliferative and secre-
tory menstrual phases.6,8 The reported expression of
N-cadherin in the endometriotic lesions
has been inconsistent. One study of peritoneal
endometriosis showed no significant difference in
E-cadherin and N-cadherin expression compared
with normal endometrium, whereas others have
shown varying N-cadherin expression between
endometriosis and normal endometrium.6,7

Cadherin and b-catenin expression have not been
previously evaluated in gastrointestinal endome-
triosis that deeply infiltrates the wall. The mecha-
nism of this infiltration is unknown and may be
related to abnormal expression of these adhesion
molecules. The goal of this study was to evaluate the
expression of N-cadherin, E-cadherin, and b-catenin
in cases of gastrointestinal and peritoneal endome-
triosis, and compare the results with the expression
in normal endometrium. We also wanted to compare
the results with the expression of these adhesion
molecules in malignant transformation of gastro-
intestinal endometriosis.

Materials and methods

The pathology database at our institution was
searched for patients with peritoneal endometriotic
implants, gastrointestinal endometriosis, and gastro-
intestinal endometriosis with malignant transforma-
tion from 1999 to 2008. Thirty-eight patients with
available tissue blocks were included in the study.
Slides were reviewed to confirm the diagnosis. The
depth of involvement by gastrointestinal endome-
triosis (mucosa, submucosa, muscularis propria, or
serosa) was evaluated in each case. Pertinent clin-
ical and demographic information was recorded for
all study cases. Endometrial samples of normal pro-
liferative (n¼ 10), secretory endometrium (n¼ 16),
and adenomyosis (n¼ 13) from 39 age-matched
women who underwent hysterectomy for benign
conditions were also included for comparison.

Immunohistochemical analysis was perfor-
med on 4-mm thick, formalin-fixed, paraffin-em-
bedded representative tissue sections from each case
using an indirect immunoperoxidase technique and
using antibodies against E-cadherin, N-cadherin,
and b-catenin. (Table 1) Appropriate positive and
negative controls were used with each antibody.

For each antibody, the percentage of the glands with
partial and complete membranous staining were
evaluated and scored as 0¼none, 1¼ 1–33%,
2¼ 34–66%, and 3¼ 67–100%. The intensity of the
membranous staining was scored as 0¼none, 1þ
¼ faint staining in part of the cell membrane, 2þ
¼weak-to-moderate staining of the entire cell
membrane, and 3þ ¼ strong staining of entire cell
membrane. The scores for both parameters were
combined for each sample to obtain a final score for
each marker.

Results

The clinicopathological and demographic data
for these patients are shown in Table 2. Twenty-
one cases involved benign gastrointestinal endo-
metriosis (colon¼ 11, appendix¼ 8, and small
bowel¼ 2). The patient age range was 32–84 years
(mean 45 years). Most of the patients (n¼ 19, 90%)
were in the premenopausal or perimenopausal
stage. The endometriosis infiltrated the mucosa
in 1 case (5%), the submucosa in 7 (33%), the
muscularis propria in 10 (48%), and only serosa in

Table 1 Antibodies used

Antibody N-cadherin E-cadherin b-catenin

Dilution 1:100 1:40 1:25
Clone 6G11 NCH-38 b-catenin-1
Manufacturer Dako Dako Dako
Location Carpinteria, CA, USA Carpinteria, CA, USA Carpinteria, CA, USA
Antigen retrieval Dako high pH Dako low pH Dako low pH
Retrieval time 20 min 30 min 20 min

Table 2 Characteristics of patients with benign gastrointestinal
endometriosis (21 patients)

Characteristic Cases

Age (years)
30–34 4
35–44 8
45–54 7
55+ 2

Clinical symptoms
None 1
Abdominal pain 7
Symptoms related to coinciding disease 11
Endometriosis history 3

Site of involvement
Small bowel 2
Large bowel 10
Appendix 9

Depth of involvement
Serosa 3
Muscularis propria 10
Submucosa 7
Mucosa 1
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3 (14%) cases. Fourteen cases involved peritoneal
endometriotic implants only. The patient age range
for these cases was 24–51 years (mean 39 years) and
all of the patients were in the premenopausal
or perimenopausal stage. The three patients with
malignant transformation in gastrointestinal endo-
metriosis were 41, 51, and 61 years of age.

The N-cadherin total scores for the normal
endometrium are shown in Table 3 and Figure 1.
Normal proliferative endometrium had 2þ to 3þ
staining of N-cadherin in more than 30% of the
glands in 8 of 10 cases. Secretory endometrium had
a decreased extent (5–10% of glands) and intensity
of staining (1þ to 2þ ) in all the 16 cases was
studied. Cases of adenomyosis had more variable
staining with decreased intensity of N-cadherin
expression in 8 of 13 cases with 0 to 1þ staining.

The results of immunohistochemical staining
of the benign gastrointestinal endometriosis cases
are shown in Table 3 and Figure 2. Strong (2þ to
3þ ) membranous b-catenin staining was present
in all glands in almost all benign gastrointestinal
endometriosis cases (n¼ 20, 95%) and controls,
including normal endometrium. One case showed
weak (1þ ) but diffuse staining in all endometriotic
glands. None of the cases and controls showed
nuclear staining for b-catenin. E-cadherin was
present in all cases of gastrointestinal and peritoneal
endometriosis and controls, including normal endo-
metrium, and the immunoreactivity was strong in
most cases of gastrointestinal endometriosis (76%)
and controls. There was little to no N-cadherin
expression in 13 (62%) of the gastrointestinal and 13
(87%) of peritoneal endometriosis cases. The three
cases of gastrointestinal endometriosis with malig-
nant transformation all showed similar findings.
There was 1þ to 2þ focal staining in some of the
benign glands adjacent to the tumor and no staining
in the tumor itself. (Figure 3) Many of the endo-
metriotic glands showed no staining. Areas of transi-
tion between benign endometriotic glands and
carcinoma showed gradual loss of N-cadherin.

Discussion

The most widely accepted theory regarding the
pathogenesis of endometriosis involves the reflux

of menstrual tissue through the ostia of the fallopian
tubes with subsequent peritoneal implantation.9

This retrograde menstrual flow has been clinically
identified in women who had abdominal surgery
during menstruation.10,11 Interestingly, endometrio-
sis outsidethe abdominal cavity, such as in the
nasal cavity and brain, has also been described and
is difficult to explain by this simplistic mecha-
nism.12,13 Another explanation includes the ‘meta-
plasia theory’, which proposes that an as-yet
undetermined stimulus induces metaplasia of the
visceral and abdominal peritoneum resulting in
endometriosis.14,15 Other theories include develop-
ment of embryonic rests into endometriotic lesions
and the metastasis of endometriotic tissue through
the lymphovascular system.16,17

Although endometriosis is a benign lesion, it
often displays characteristics that are associated
with malignancy. It can invade into the abdominal
tissues and the viscera and has a ‘metastatic pattern’
of spread. In addition, studies have shown that
endometriotic lesions are monoclonal and ana-
logous to neoplastic proliferations.18 A recent study
using the HUMARA assay for the X-chromosome
inactivation pattern showed that all endometriotic
foci (n¼ 40) were monoclonal, and each focus
represented a separate clone.19 The investigators
suggested that after fragments of endometrium are
shed, single cells might implant and develop
individual monoclonal endometriotic foci. Results
of the evaluation of loss of heterozygosity (LOH)
in endometriosis have been less definitive. A meta-
analysis of LOH studies of endometriosis showed
markedly variable results, ranging from none of
the cases to 56% of cases.18 A more recent study of
ovarian endometriosis found no LOH.20 Thus far,
despite some similarities to malignancy, molecular
evidence of the neoplastic nature of endometriosis
is inconclusive and the mechanism of invasive
endometriosis remains unclear.

Among the cell adhesion molecules, E-cadherin
and N-cadherin have critical roles in maintaining
normal tissue structure and function. E-cadherin has
a role in cell adhesion in the epithelial cells and
N-cadherin is, in general, a mesenchymal cadherin
that promotes cell motility. N-cadherin, in addition,
is also a regulator of apoptosis and some investiga-
tors have shown that dominant-negative N-cadherin
mutants have an increase in apoptosis and that
N-cadherin binding prevents apoptosis.21,22 Our
study showed strong diffuse N-cadherin staining
in the endometrial glands in the proliferative phase
and minimal staining in the secretory phase of
normal endometrium, findings akin to other recent
studies.6,8 This suggests that N-cadherin helps
maintain the integrity of the endometrium during
the proliferative phase and that its decreased
expression during the secretory phase may have a
role in altering cell–cell adhesion so as to allow for
the implantation of the embryo. Later, in the absence
of implantation, the persistent loss of N-cadherin

Table 3 N-cadherin combined score (intensity score+percentage
score)

N-cadherin total score 0 1–2 3–4 5–6 Mean±s.d. P-value

Proliferative endometrium 0 2 3 5 4.2±1.3
Gastrointestinal
endometriosis

3 6 8 4 2.9±1.7 0.035

Peritoneal endometriosis 3 8 1 1 1.7±1.4 o0.001
Adenomyosis 2 3 5 3 2.9±1.7 0.064
Carcinoma in
endometriosis

3 0 0 0 0±0 o0.001

Secretory endometrium 4 9 2 0 1.5±1.1 o0.001
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Figure 1 Hematoxylin and eosin staining of (a) proliferative endometrium, (b) secretory endometrium, and (c) adenomyosis. Diffuse
staining of b-catenin in (d) proliferative endometrium, (e) secretory endometrium, (f) and adenomyosis. Diffuse staining of E-cadherin in
(g) proliferative endometrium, (h) secretory endometrium, and (i) adenomyosis. N-cadherin staining with (j) diffuse staining in
proliferative endometrium, (k) staining limited to basal glands in secretory endometrium, and (l) focal staining of a single gland in
adenomyosis.
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may allow for increasing apoptosis and eventually
shedding of the endometrium (menstruation).

It is the alterations in the expression of E-cadherin
and N-cadherin that further reveal the additional
functions of these proteins. E-cadherin has been
shown to have a role as a tumor suppressor and a
regulator of cell polarity.23 The loss of E-cadherin-
mediated cell adhesion is considered a feature
of epithelial-to-mesenchymal transformation.24,25

Alterations in N-cadherin expression in epithelial
cells have also been shown to change the metastatic
ability of some types of tumor cells. The switch
from E-cadherin to N-cadherin expression has been
shown to promote motility and invasion in several
types of malignancies, including breast and prostate
carcinoma, and melanoma.26–28

However, one crucial feature of this finding is that
this change in cadherin expression and the subse-
quent alteration in cell motility have been described
only in the context of tissues that do not normally
express N-cadherin. In normal tissues that do
express N-cadherin, such as the endometrium, it is
possible that the change in ratio between the various

cadherins may confer a more infiltrative behavior. In
settings in which expression is not lost from benign
to malignant transformation, further investigation is
warranted with regard to other adhesion molecules.
In one study of 225 endometrial carcinomas, the
majority of the endometrioid variants did retain
E-cadherin expression.29 Our cases of carci-
noma arising in endometriosis also retained the
E-cadherin expression but showed complete loss
of N-cadherin. Although the full significance of this
observation is still unclear, further investigation is
warranted. This alteration in N-cadherin, and not
E-cadherin, may have a role in the infiltrative
behavior of these lesions.

The cadherin expression in peritoneal endo-
metriotic lesions in our study differs from previous
studies. One recent study showed no significant
difference in E-cadherin or N-cadherin expression
in peritoneal endometriosis when compared with
the normal endometrium.6 Our results showed that
compared with normal proliferative endometrium,
N-cadherin expression in peritoneal endometriosis
was markedly decreased, both in the intensity and

Figure 2 Gastrointestinal endometriosis staining with (a) hematoxylin and eosin, (b) b-catenin and (c) E-cadherin showing diffuse
staining, and (d) N-cadherin showing no staining of endometriotic glands.
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extent of staining. The more invasive gastrointest-
inal lesions, particularly those that invaded into the
muscularis propria and beyond, also had markedly
decreased expression compared with proliferative
endometrium. Interestingly, even the endometriotic

glands infiltrating within the myometrium (adeno-
myosis) also showed reduced expression of
N-cadherin compared with normal.

Another factor that may also contribute to
decreased expression of N-cadherin in various

Figure 3 Case of carcinoma arising in gastrointestinal endometriosis staining with (a) hematoxylin and eosin, (b) b-catenin and (c) E-
cadherin showing diffuse staining, and (d) N-cadherin showing no staining in tumor. The adjacent benign endometriotic glands are
shown staining with (e) hematoxylin and eosin and (f) N-cadherin with only focal staining.
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lesions may be cyclical changes in N-cadherin
expression with the menstrual cycle. The informa-
tion regarding the phase of the menstrual cycle was
not available in any of our cases; however, our
findings with regard to the deeply invasive gastro-
intestinal endometriosis were consistent irrespec-
tive of age or menopausal status. Thus the changes
in the expression of N-cadherin seen in our study in
endometriotic lesions are unlikely to be solely due
to changes with the menstrual cycle.

These results strongly suggest that decreased
expression of N-cadherin may have an important role
in the shedding of endometrial glandular cells during
the menstrual cycle, peritoneal implantation of endo-
metrial glands, infiltrative growth, and the develop-
ment of malignancy. The underlying molecular mech-
anisms leading to the more infiltrative gastrointestinal
lesions may be crucial to our understanding of endo-
metriosis and the subsequent development of malig-
nancy. Further studies evaluating these mechanisms
would also be important in our understanding of
malignant transformation of endometriosis.
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