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Abstract

Background
The purpose of the present study was to evaluate the relationship between chronic endometritis (CE) and
the epithelial-mesenchymal transition (EMT) in the eutopic endometrium of infertile patients in the
implantation phase.

Methods
Endometrial biopsy specimens from 74 infertility patients were enrolled. The presence of CE was
investigated by immunostaining for CD138. Immunohistochemical staining for E-cadherin, N-cadherin,
Slug, and Snail was performed, and expression pro les were statistically analyzed according to the
presence of CE. When loss of E-cadherin expression and/or positive N-cadherin expression was detected,
the specimen was considered EMT-positive. EMT-positive cases were also statistically analyzed
according to the presence of CE. Patients’ characteristics were compared between the EMT-positive and
EMT-negative groups. Logistic regression analysis was also performed with variables including age, body
mass index (BMI), gravidity, parity, and each factor causing infertility to examine the independent effect
of each variable on EMT-positive status.

Results
Loss of E-cadherin expression, N-cadherin expression and EMT-positive were signi cant in CE patients (p
= 0.0037, 0.0039 and < 0.0001, respectively). Slug, cytoplasmic Snail, and nuclear Snail expression were
signi cant in CE patients (p = 0.0008, 0.0004 and 0.028, respectively). Differences were detected in
unexplained infertility and CE between EMT-positive and EMT-negative cases. Unexplained infertility and
CE were identi ed as variables related to EMT-positive status on logistic analysis.

Conclusion
The EMT was frequent in the eutopic endometrium in infertile patients with CE. Since the EMT is
associated with unexplained infertility and CE, the EMT appears to be involved in altered mechanisms of
implantation.

Background
Chronic endometritis (CE) is a persistent chronic in ammatory process of the endometrium. CE is de ned
as in ltration of plasma cells in the endometrial stroma [1-4], and immunostaining for CD138, a plasma
cell marker, has been reported to be a useful method for demonstrating plasma cells in the endometrial
stroma [2, 5]. CE is usually asymptomatic or presents only with subtle symptoms, including abnormal
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uterine bleeding, dyspareunia, leucorrhea, and pelvic pain [1-3]. However, recent studies have focused on
the association between CE and various gynecological conditions, and they have shown that CE has a
positive relationship with infertility and implantation failure [6-8]. CE has also been shown to modify the
function of endometrial cells and affect deciuda [9-12].
The epithelial-mesenchymal transition (EMT) is a process by which polarized epithelial cells lose polarity
and intercellular contraction and acquire mesenchymal cell motility [13]. It is well known that the EMT
plays crucial roles not only in normal embryological development, but also in several pathological
conditions such as wound healing, brosis, and cancer development12. Focusing on the endometrium
during the implantation phase, it has been shown that the mesenchymal-epithelial transition (MET),
which is the reverse process to that of EMT, is induced in the endometrium and promotes the acceptance
of embryos to the uterus [14, 15]. On the other hand, it has been found that the EMT also plays an
important role in implantation [16, 17]. To date, no studies have evaluated the status of the endometrial
EMT in the implantation phase in humans.
Thus, the occurrence of the EMT with or without CE was analyzed in infertile patients to elucidate the
pathophysiology of CE causing impaired implantation. In addition, the effect of the EMT on infertility was
evaluated by examining which infertility cause was associated with the occurrence of the EMT in the
endometrium.

Methods
Ethics
This study conformed to the Clinical Research Guideline of Shiga University of Medical Science and was
approved by the research ethics committee. Written, informed consent to participate in this study was
obtained from all patients. This study included only patients over the age of 20.

Patients and endometrial sampling
A total of 74 infertile patients referred to the Department of Obstetrics and Gynecology of Shiga
University of Medical Science from April 2015 to March 2018 were enrolled. They were all free from
immune diseases, cancer, and diseases increasing susceptibility to infections, and they were not taking
anti-in ammatory drugs or corticosteroids. Patients given 7 or more days of antibiotics for the treatment
of CE before endometrial sampling were excluded. The ovulation day was determined by a urine
ovulation test and ultrasonography, and the endometrium was collected 7-9 days after ovulation. On the
day of endometrial sampling, the patients’ blood was sampled to measure serum levels of estradiol (E2)
and progesterone (P4). Patients with E2 <50 pg/mL and P4 <8 ng/mL were excluded. Endometrial tissue
obtained by the rst curettage from each patient was used in this study. Clinical information including
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age, gravidity, parity, body mass index(BMI), serum levels of E2 and P4, and cause of infertility were
obtained from the clinical records.

Immunohistochemistry
Formalin- xed, para n-embedded tissue blocks of the resected and biopsied specimens were cut into 3µm-thick sections, depara nized, and rehydrated. Each section was used for immunostaining.
Immunohistochemical analyses were performed using an autostainer (Benchmark XT system; Roche
Diagnostics, Basel, Switzerland) according to the manufacturer’s instructions. The primary antibodies
used in this study were as follows: a mouse monoclonal antibody against CD138 (clone B-A38, Cell
Marque, CA, USA); a mouse monoclonal antibody against E-cadherin (clone 36, Roche Diagnostics); a
mouse monoclonal antibody against N-cadherin (clone 6G11, DAKO Japan Co. Ltd., Kyoto, Japan); a
rabbit polyclonal antibody against Slug (ab38551, Abcam, Cambridge, UK); and a rabbit polyclonal
antibody against Snail (ab180714, Abcam).

Analyses of immunostaining
In this study, the number of CD138-immunoreactive cells was counted under high-power elds
(magni cation x 400) in 10 non-overlapping, random endometrial stromal areas in all resected and
biopsied endometrial tissues. CE was diagnosed when one or more CD138-positive plasma cells were
detected in the endometrial stroma [18, 19].
Membranous immunoreactivity for E- and N-cadherin was evaluated as positive staining. When one or
more cell clusters were not stained with E-cadherin in the epithelium, it was considered loss of E-cadherin.
When one or more cell clusters were stained with N-cadherin in the epithelium, it was considered Ncadherin-positive.
Nuclear immunoreactivity for Slug was evaluated as positive staining, and positive staining in the
endometrial glandular cells and stromal cells was analyzed separately. Moreover, nuclear or cytoplasmic
immunoreactivity for Snail was evaluated as positive staining, and both of them were analyzed
separately.

Statistical analysis
Statistical analysis was performed using Graph Pad Prism 5 (GraphPad Software Inc., La Jolla, CA). Each
dataset was checked for a normal distribution using the Kolmogorov-Smirnov test, and Student’s t-test or
the non-parametric Mann-Whitney U test was used to test for signi cance depending on the distribution
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pattern. The signi cance of differences in loss of E-cadherin expression, N-cadherin expression, loss of Ecadherin expression and/or N-cadherin expression, stromal Slug expression, cytoplasmic Snail
expression, nuclear Snail expression, and both stromal Slug and cytoplasmic Snail expressions between
the CE-positive group and CE-negative group was examined using Fisher analysis.
When loss of E-cadherin expression and/or positive N-cadherin expression was detected, the specimen
was designated EMT-positive. Patients’ characteristics including age, gravidity, parity, BMI, E2 and P4
levels, cause of infertility, and CE were compared between the EMT-positive and EMT-negative groups.
In addition, since this was a retrospective study, multivariate logistic regression analysis was performed
for 8 explanatory variables, including 7 infertility factors (male factor, tubal factor, endometriosis, ovarian
factor, fertilization failure, immune factor and unexplained infertility) and CE with respect to the objective
variable, EMT-positive. SSPS statistics version 25 was used for this analysis. Odds ratios and P values
were calculated. A signi cant difference was de ned as a P value <0.05 in all analyses.

Results
CE was identi ed in 40 of 74 cases (54.1%). Age, gravidity, parity, BMI, and E2 and P4 levels were not
different between the CE and Non-CE groups (Tables I). Regarding causes of infertility, among ovarian
factor, tubal factor, endometriosis, male factor, fertilization failure, immune factor, and unexplained
fertility, ovarian factor was higher in the Non-CE group, and unexplained infertility tended to be higher in
the CE group, although there were no differences in other factors between the groups (Tables I).
Comparison of cadherin expression pro les between the CE and Non-CE groups
Table summarizes the immunohistochemical results of the CE and Non-CE groups. Loss of E-cadherin
expression in the endometrial glands was observed in 14 of 40 and 2 of 34 cases in the CE and Non-CE
groups, respectively (p = 0.0037) (Fig. 1A, B). N-cadherin-positive glandular cells were seen in 22 and 7
cases in the CE and Non-CE groups, respectively (p = 0.0039) (Fig. 1C, D). Loss of E-cadherin expression
and/or N-cadherin expression was observed in 26 and 8 cases in the CE and Non-CE groups, respectively
(p = 0.0005).
Comparison of EMT marker expressions between the CE and Non-CE groups
Table summarizes the associations between CE and expression pro les of Slug and Snail. Slug
expression in the stromal cells was seen in 39 of 40 and 23 of 34 cases in the CE and Non-CE groups,
respectively (p = 0.0008) (Fig. 1E, F). No cases showing Slug expression in the endometrial glandular cells
were present in both groups. Cytoplasmic Snail expression was noted in 31 and 12 cases in the CE and
Non-CE groups, respectively (p = 0.004) (Fig. 1G, H), and nuclear Snail expression was seen in 6 and 0
cases, respectively (p = 0.028). Both stromal Slug and cytoplasmic Snail expressions were seen in 30 and
8 cases, respectively (p < 0.0001).
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Analysis of the variables related to EMT-positive status
Table summarizes patients’ characteristics in the EMT-positive and EMT-negative groups. Age, gravidity,
parity, BMI, E2 and P4 levels were not different between the EMT-positive and EMT-negative groups.
Regarding causes of infertility, among ovarian factor, tubal factor, endometriosis, male factor, fertilization
failure, anti-sperm antibody, and unexplained fertility, only unexplained infertility was higher in the EMTpositive group; there were no differences in the other factors between the groups. Regarding
gynecological disease, among uterine broids, adenomyosis, endometrial polyps, and CE, only CE was
higher in the EMT-positive group.
Unexplained infertility and CE were identi ed as variables related to EMT-positive on multivariate logistic
analysis (Table )
.

Discussion
In the present study, the effect of CE on the endometrial EMT in infertile patients was investigated, and it
was found that the EMT occurred frequently in CE patients, and EMT-related transcription factor was also
induced in CE patients at a high frequency.
The risk factors for EMT were also investigated among the characteristics of infertile patients, and it was
found that CE was associated with the highest risk for the induction of the EMT. Thus, CE is closely
related to the induction of the EMT in the implantation phase endometrium of infertile patients. To the
best of our knowledge, this is the rst report on the impact of CE on the occurrence of the EMT in the
endometrium in the world.
One of the key functions of the endometrium is for embryos to implant and be nourished for the
establishment and maintenance of pregnancy. The process of embryo implantation has long been
classi ed into three phases: apposition, attachment, and penetration [20–22]. Apposition is de ned as
unstable adhesion of the blastocyst to the endometrial surface when blastocysts and the endometrial
apical surface face each other. During this stage, the trophoblasts come close to the luminal epithelium.
Then, trophoblasts begin to invade the endometrial surface, called the attachment phase. At this stage,
the embryo and endometrium begin cross talk. A local increase in stromal vascular permeability at the
blastocyst attachment site occurs, and rapid morphological changes in the endometrium are initiated.
Penetration is a phase that involves the invasion of the embryo into the stromal area through the luminal
epithelium to establish a closer relationship with the mother. It has been reported that the EMT and the
MET are involved at the time of this attachment or penetration [14, 16]. Decidualization is the process by
which the broblast-like endometrial stromal cells differentiate into polygonal epithelial-like cells during
implantation [23, 24]. Zhang et al. showed that decidualization induced the MET by showing
downregulated Snail and upregulated E-cadherin in mouse models [15]. E-cadherin has also been
reported to be expressed in the mouse uterus at the start of implantation [16, 17]. It is expressed in stroma
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before the trophoblastic cell invasion. On the other hand, some reports suggested that the EMT occurred
in vivo and in vitro during the implantation process. The upregulation of N-cadherin and vimentin with
downregulation of E-cadherin and cytokeratin was shown in the in vitro implantation model. Increased
expressions of N-cadherin and TWIST2 (twist family basic helix-loop-helix transcription factor 2: a key
transcription factor for Epithelial-mesenchymal transition) were detected at the implantation sites of
trophoblasts. The immunohistochemical analysis for TWIST2 suggested that it was extensively
expressed in endometrial glandular epithelium and luminal epithelium at implantation sites. The
implantation rate of embryos was lower after the administration of TWIST2-siRNA interference, which
prevented the EMT via decreased TWIST2 expression17. These ndings suggest that the EMT is involved
in receptivity of the uterine endometrium to the embryo. Thus, the endometrial cell possesses the ability
to transform between epithelial and mesenchymal phenotypes by undergoing timely switches between
the EMT and the MET and develop healthy gland and stromal structure for successful implantation of
embryos24. CE is known to cause impaired implantation [6, 7]. In the present study, it was shown that CE
frequently induces the EMT in the endometrium at the implantation phase. Implantation might be
impaired due to abnormal EMT induction by CE or due to the presence of such an environment that
induces an abnormal EMT.
In the present study, unexplained infertility was shown to be associated with the induction of the EMT in
the endometrium. The EMT was found in 68% (13/19) of unexplained infertility cases. This rate is higher
than that found in CE patients (65%, 26/40), and it was also signi cantly higher compared with infertility
patients with other than unexplained infertility (21/55, P = 0.033). Patients with unexplained infertility
include a high proportion of patients diagnosed with implantation failure and endometriosis [26–28]. The
high frequency of the EMT in unexplained infertility suggests that the EMT may be associated with
implantation failure and endometriosis.
The present study found no relationship between CE and endometriosis in infertility patients. In our
previous report, we showed that patients with endometriosis had a high frequency of CE in resected
uterine specimens. Endometriosis was diagnosed in the present study when endometriosis was detected
by laparoscopy or laparotomy in the past three years or ovarian chocolate cysts were detected by
ultrasonography or MRI. Since laparoscopic or laparotomy was not performed for all patients, a de nitive
diagnosis of early endometriosis was not obtained. This might be a cause of the difference between the
present study and the previous study.
Endometrial cancer and endometriosis, as well as CE, are known to be frequent in infertile patients [4–8,
29–32]. Considering that CE is frequently found in infertile patients, CE, by triggering the EMT, might be
the cause of the increased prevalence of endometrial cancer and endometriosis in infertile patients. The
EMT is thought to be a central process of cancer invasion and metastasis, and some recent studies
demonstrated the association between endometriosis and the EMT [33–36]. Moreover, regardless of the
factors that induce the EMT in stem cells (or non-stem cells), genetic or epigenetic changes caused by
endogenous or external stimuli establish a partial EMT and make the hybrid (epithelial-mesenchymal)
phenotype stable [37, 38]. Whether the EMT or its reverse process the MET enables cells to obtain
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pluripotency still remains controversial [39], it is necessary to study whether CE affects the development
of endometrial cancer or endometriosis through the EMT in the future.

Conclusion
This is the rst report to demonstrate the association between CE and the endometrial EMT. The infertility
caused by CE may be due to its high EMT frequency and its effect on endometrial function during
implantation.
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Tables
Table . Patients’ characteristics in the CE and Non-CE groups
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CE (40 cases)

p value

Age (y.o)

37.08

Non-CE (34
cases)
36.35

Gravidity

0.63

0.62

0.97

Paritiy

0.3

0.29

0.96

Serum level of
estradiol
Serum level of
prgesterone
Infertiity cause

135

135.9

0.95

14.69

15.58

0.55

Ovarian factor

0

5

0.017

Tubal factor

9

10

0.6

10

9

0.79

Male factor

9

9

0.6

Fatilization
failure
Immune factor

4

1

0.37

0

0

1

Unexplained

14

5

0.063

Gynecological
disease
Uterine fibroid

11

6

0.41

Adnoemyosis

0

1

0.46

5

3

0.72

Endometriosis

Endometrial
polyp

0.43

CE: chronic endometritis

Table . Association between chronic endometritis and cadherin expression profiles in the
specimens
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CE (40 cases)

Non-CE (34
cases)

p value

Loss of Ecadherin
expression
N-cadherin
expression

14

2

0.0037

22

7

0.0039

Loss of Ecadherin
expression
and/or Ncadherin
expression

26

8

0.0005

CE, chronic
endometritis

Table . Associations between chronic endometritis and EMT marker expression in the
specimens
CE (40 cases)

Non-CE (34
cases)

p value

Stromal Slug
expression

39

23

0.0008

Cytoplasmic
Snail expression

31

12

0.0004

6

0

0.028

8

<0.0001

Nuclear Snail
expression

Both stromal
30
Slug + Cyto
Snail
CE, chronic endometritis; EMT, epithelialmesenchymal transition.

Table . Patients’ characteristics in the EMT-positive and EMT-negative groups
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p value

EMT+

EMT- (40

(34cases)

cases)

37.59

36.03

0.087

Gravidity

0.68

0.58

0.65

Paritiy

0.32

0.28

0.67

129.1

140.7

0.47

15.21

14.99

0.88

1

5

0.21

6

12

0.28

11

6

0.78

5

11

0.78

2

3

1

0

1

1

13

6

0.033

8

10

1

Age

Serum level of
estradiol
Serum level of
prgesterone
Infertiity cause
Ovarian
factor
Tubal
factor

Endometriosi
s
Male
factor

Fatilization
failure
Anti-sperm
antibody
Unknown
Gynecological
disease
Uterine
fibroid
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0

1

1

5

6

1

26

14

0.0005

Adnoemyosis

Endometrial
polyp
Chronic
endometritis

EMT: epithelial-mesenchymal transition.

Table . Logistic regression analysis for the EMT
Variable

p value

Odds ratio

95% CI

Chronic

0.002

5.3

1.83-15.4

0.046

3.72

1.03-13.5

endometritis
Unexplained
infertility

EMT: epithelial-mesenchymal transition.

Figures

Page 15/16

Figure 1
Immunohistochemical results of the specimens. (A) E-cadherin was detected in the glandular cells in
endometrial specimens. (B) A cluster of E-cadherin-negative in endometrial glandular cells was observed
(arrows). When such a nding was detected, it was judged as loss of E-cadherin. (C) N-cadherin was not
detected in the glandular cells in endometrial specimens. (D) N-cadherin-positive glandular cells was
present in endometrial glandular cells. When the staining was observed, it was judged as N-cadherin
positive. (E) Slug was not expressed in stromal cells of the endometrium. (F) Slug is expressed in the
nuclei of endometria stromal cells. When the staining was observed, it was judged as slug positive. (G)
Snail expression was not noted in the glandular cells of the endometrium. (H) Cytoplasmic Snail
expression was noted in the glandular cells of the endometrium. When the staining was observed, it was
judged as Snail positive. Bar is 100µm.
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