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Objectives: To characterize peritoneal dendritic cells (DCs) in endometriosis and to clarify their role in its etiology.
Design: Experimental.
Setting: University hospital.
Patient(s): Sixty-three women (35 patients with endometriosis and 28 control women) who had undergone laparoscopic surgery.
Intervention(s): Peritoneal DCs from endometriosis and control samples were analyzed for the expression of cell surface markers.
Monocyte-derived dendritic cells (Mo-DCs) were cultured with dead endometrial stromal cells (dESCs) to investigate changes in
phagocytic activity and cytokine expression.
Main OutcomeMeasure(s): Cell surface markers and cytokine expression and identification with the use of flow cytometry or reverse-
transcription polymerase chain reaction (RT-PCR). Changes in cytokine expression and phagocytic activity of Mo-DCs cultured with
dESCs and D-mannan were measured with the use of flow cytometry and RT-PCR.
Result(s): The proportion of mannose receptor (MR)–positive myeloid DC type 1 was higher in endometriosis samples than in control
samples. The blocking of MR reduced phagocytosis of dESCs by Mo-DCs. Mo-DCs cultured with dESCs expressed higher levels of
interleukin (IL) 1b and IL-6 than control samples.
Conclusion(s): Peritoneal DCs in endometriosis tissue express high levels of MR, which promotes phagocytosis of dead endometrial
cells and thereby contributes to the etiology of endometriosis. (Fertil Steril� 2017;107:167–73.�2016 by American Society for Repro-
ductive Medicine.)
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E ndometriosis is a disease in
which the endometrium grows
beyond the uterus, commonly

into the ovary and/or peritoneal cavity.
The prevalence of this condition is 6%–

10% in women of reproductive age and
35%–50% in women diagnosed with
infertility or menstrual-related pain
(1, 2). The cause is still undetermined,
although retrograde menstruation
and immune abnormalities in the
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peritoneal cavity are thought to
contribute to the onset and
progression of this disease (3).

Dendritic cells (DCs) are antigen-
presenting cells that recognize and cap-
ture antigens, promote differentiation
of naïve T cells, and thereby induce
antigen-specific immune responses.
DCs are extremely heterogeneous and
are therefore divided into several sub-
sets according to their origin and func-
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tions. Dzionek et al. identified three
blood DC antigens (BDCAs): BDCA1
(CD1c), BDCA2 (CD303), and BDCA3
(CD141). They classified DCs into three
subsets—myeloid DC type 1 (MDC1),
myeloid DC type 2 (MDC2), and plas-
macytoid DC (PDC)—on the basis of
the presence of BDCA1, BDCA3, and
BDCA2, respectively (4, 5).

In addition to these subsets, DCs are
further classified according to their
expression of cell surface proteins.
CD83 and other mature markers are ex-
pressed in DCs that have captured
pathogens and acquired antigen pre-
sentation capacity. The C-type lectin
receptors, such as mannose receptor
(MR; CD206), DEC205 (CD205), and
CD209 (DC-SIGN), are responsible for
recognition and uptake of pathogens
(6). CD163 is a member of the scavenger
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ORIGINAL ARTICLE: ENDOMETRIOSIS
receptor cysteine-rich (SRCR) superfamily class B, which
scavenges haptoglobin-hemoglobin and is known to have a
role in regulating immune tolerance (7).

Many studies have demonstrated that various immune
cells, such as neutrophils, macrophages, T cells and natural
killer (NK) cells (3, 8, 9) are involved in the development of
endometriosis. Immune cells in the peritoneal cavity have
been extensively studied regarding their frequency and
functions, because endometriosis most commonly develops
in the peritoneal cavity. Many studies have examined the
CD4-CD8 T-cell ratio (10), the cytotoxicity of NK cells (11),
and the M1-M2 ratio of macrophages (12) and provided evi-
dence implicating their possible role in the etiology of endo-
metriosis. In contrast, studies that focus on peritoneal DCs in
endometriosis are very limited. Until now, peritoneal DCs in
endometriosis have been investigated in a single study, which
showed that their frequency was not different between the
different stages of endometriosis (10). Further evidence,
such as characteristics and function(s), of peritoneal DCs in
endometriosis is extremely limited.

We hypothesized that peritoneal DCs encounter antigens,
such as debris in retrograde menstruation, and induce an im-
mune response in the peritoneal cavity, thereby contributing
to the development of endometriosis. To test this hypothesis,
we first conducted experiments to characterize peritoneal DCs
in endometriosis. With the discovery that MRs were highly
expressed on peritoneal DCs from endometriotic tissue, we
further attempted to elucidate the possible role of MR in the
etiology of endometriosis.
MATERIALS AND METHODS
Tissue and Peritoneal Cell Sampling

Peritoneal fluid (PF) was obtained from patients who under-
went laparoscopy for a benign gynecologic condition and/or
infertility. Women who did not have regular menstrual cycles,
had taken hormonal or immunosuppressive medication, or had
a history of pelvic inflammatory disease or hysterosalpingog-
raphy were excluded from the study. The stage of endometri-
osis was established according to the revised American
Society of Reproductive Medicine classification. Sixty-three
women were recruited for this study. Twenty-eight of the 63
women had never been diagnosed with endometriosis and 35
were diagnosed with stage III–IV endometriosis. The mean
ages of nonendometriosis patients and endometriosis patients
were 34.0 and 37.1 years, respectively; there was no significant
difference of age between groups. At the time of surgery, 14 of
the 28 nonendometriosis patients and 16 of the 35 endometri-
osis patients were in the proliferative phase, and there was no
significant difference between groups. Endometrial tissues
were obtained from patients during hysterectomies for benign
disease. The experimental procedures were approved by the
Institutional Review Board of the University of Tokyo and
signed informed consent was obtained from each woman.
Isolation of Peritoneal Fluid Mononuclear Cells

Peritoneal fluid was aspirated from the pouch of Douglas
immediately after the insertion of trocars to minimize
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contamination with blood. Grossly hemorrhagic specimens
were excluded. PF was heparinized and centrifuged at 300g
for 10 minutes and supernates were discarded. The cell pellet
was resuspended in phosphate-buffered saline solution (PBS),
layered onto Ficoll-Paque (GE Healthcare Bio-Sciences KK),
and centrifuged at 900g for 30minutes. The cells in the middle
layer were collected and identified as peritoneal fluid mono-
nuclear cells (PFMCs). Red blood cells were removed
completely bymeans of lysis with NH4Cl lysing buffer. PFMCs
were then washed with the use of PBS and resuspended in
flow cytometry buffer (PBS with 0.1% bovine serum albumin
and 0.04% NaN3).
Characterization of Dendritic Cells in PFMCs

Dendritic cells in PFMCs were characterized as previously
described (4, 13). PFMCs were incubated with the following
antibodies: anti-BDCA1-FITC, anti-BDCA3-FITC, anti-
BDCA2-FITC, anti-CD19-APC, and anti-CD14-APC (Miltenyi
Biotec), and analyzed with the use of flow cytometry (FACS-
caliber; Bekton Dickinson). BDCA1þCD19� cells were
defined as myeloid dendritic cells type 1 (MDC1s), and
BDCA3þCD14� cells as myeloid dendritic cells type 2
(MDC2s). BDCA2þ cells were defined as plasmacytoid den-
dritic cells (PDCs). The proportions of MDC1s, MDC2s, and
PDCs in PFMC samples were compared between endometri-
osis and control groups.

MDC1s were found to constitute a major proportion of
PF; therefore, subanalysis of MDC1s was performed. First,
the level of maturation was evaluated by incubating PFMCs
with anti-CD83-PE, and the proportions of CD83þ MDC1s
were compared between endometriosis and control samples.
To detect pattern recognition receptors, cells were identified
with the use of anti-MR-PE (Miltenyi Biotec), anti-DEC205-
PE (Biolegend), CD209-PE (Miltenyi Biotec), and anti-
CD163-PE (R&D Systems). The proportions of MRþ cells in
MDC1s were compared between groups. Mean fluorescence
intensities (MFI; the mean of fluorescent intensity of all
analyzed cells) for DEC205, CD209, and CD163 were
compared between endometriosis and control samples,
because these receptors were detected in all MDC1s.
Isolation, Culture, Staining, and Cell Preparation of
Endometrial Stromal Cells

Endometrial stromal cells (ESCs) were isolated and
cultured as previously reported (14, 15). Briefly, endometrial
tissue was minced and digested with the use of 0.25%
type I collagenase (Sigma-Aldrich) and 15 IU/mL
deoxyribonuclease I (Takara Shuzo). The dispersed
endometrial cells were filtered with the use of a 40-mm-
pore-size nylon cell strainer (BD Biosciences). Stromal cells
in the flow-through were collected and cultured in DMEM/
F12 with 5% fetal bovine serum (FBS). At first passage, cells
were tagged with fluorescence with the use of PKH67 Green
Fluorescent Cell Linker Kit (Sigma-Aldrich) according to the
manufacturer's protocol. To induce cell death, cultured ESCs
were collected, suspended in RPMI 1640medium (Invitrogen),
and subjected to three freeze-thaw cycles. We chose
VOL. 107 NO. 1 / JANUARY 2017
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freeze-thaw cycles (inducing necrosis) for inducing death in
ESCs because in our preliminary analysis of endometrial cells
in the peritoneal cavity obtained during the menstrual period,
most annexin-positive cells were double-positive for propi-
dium iodide (PI) (Supplemental Fig. 1, available online at
www.fertstert.org), which indicates that the majority of cells
are necrotic or late apoptotic, but not early apoptotic.
Preparations of Monocyte-Derived Dendritic Cells

Following in vitro experiments, monocyte-derived dendritic
cells (Mo-DCs) were used as an alternative to primary perito-
neal DCs (16), owing to the technical limitations in isolating
and culturing pure primary peritoneal DCs. Mo-DCs were pre-
pared as reported previously (17, 18). Briefly, peripheral blood
was obtained from healthy donors and peripheral blood
mononuclear cells were separated by means of density
gradient centrifugation with Ficoll-Paque. Monocytes were
purified with the use of magnetic microbeads with CD14 anti-
body (Miltenyi Biotec) and plated at 5� 106/mL in RPMI 1640
medium with 10% FBS, 20 ng/mL granulocyte-macrophage
colony–stimulating factor (R&D Systems) and 20 ng/mL
interleukin (IL) 4 (R&D Systems). Mo-DCs were obtained after
4 days of culture.
Culture of Mo-DCs with Dead ESCs

Mo-DCs were resuspended in fresh medium and cultured in
the presence or absence of dead ESCs (dESCs) for 6 hours
and collected. To block MR, Mo-DCs were cultured with or
without 3 mg/dL D-mannan and then suspended in flow cy-
tometry buffer. In the preliminary study, we found that MR
expression in Mo-DCs was decreased when D-mannan was
added (Supplemental Fig. 2A, available online at
www.fertstert.org).
Evaluation of Phagocytosis with the Use of Flow
Cytometry

Evaluation of phagocytosis by means of detecting the dye in
phagocytes is a classically established method with many ref-
erences (19, 20). Using this method, the authors originally
established an in vitro model that mimics interactions
between peritoneal DCs and retrograde menstruation by
culturing Mo-DCs in the presence of stained dESCs and de-
tecting the dye in Mo-DCs. Mo-DCs (1 � 106 cells) were
cultured for 4 hours in the presence of stained dESCs (1 �
107 cells), stained with anti-CD209-APC (Miltenyi Biotec),
and analyzed with the use of flow cytometry. The preliminary
study found that the presence of dESCs did not affect the MR
expression level in DCs (Supplemental Fig. 2B, available on-
line at www.fertstert.org).
Quantitative Reverse-Transcription Polymerase
Chain Reaction

The mRNA expressions of tumor necrosis factor (TNF)
a, IL-6, transforming growth factor (TGF) b, IL-1b,
and IL10 in Mo-DCs cultured with dESCs were evaluated
because these are major cytokines known to be involved
VOL. 107 NO. 1 / JANUARY 2017
in the pathogenesis of endometriosis (9,21–28). In
this experiment, Mo-DCs (1 � 106 cells) were cultured in
the presence or absence of unstained dESCs (5 � 107 cells)
for 6 hours. We had confirmed that this culture condition
achieved >98% Mo-DC–phagocytized dESCs. Total
Mo-DC RNA was isolated from cells with the use of RNA
Easy Mini Kit (Qiagen) and then treated with
ribonuclease-free recombinant deoxyribonuclease (Roche
Diagnostics). Reverse transcription was performed with
the use of Revertraace (Toyobo). PCR amplification
was performed with the use of the Lightcycler 480
System (Roche Applied Science). TNF-a primers
(sense, 50-TGCCTGCTGCACTTTGGAGTGAT-30; antisense,
50-TGGTTATCTCTCAGCTCCACGCCAT-30), IL-6 primers
(sense, 50-GAACTCCTTCTCCACACAAGCG-30; antisense,
50-TTTTCTGCCAGTGCCTCTTT-30), TGF-b primers (sense,
50-AGCTCCGAGAAGCGGTACCTGA-30; antisense, 50-
TCAACCACTGCCGCACAACTCC-30), IL-1b primers (sense,
50-AAGTGTCTGAAGCAGCCATGGCA-30; antisense, 50-
TGAAGCCCTTGCTGTAGTGGTGGT-30), IL-10 primers
(sense, 50-CCTGGGTTGCCAAGCCTTGTCT-30; antisense,
50-ATTCTTCACCTGCTCCACGGCCT-30), and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) primers (sense,
50-ACCACAGTCCATGCCATCAC-30; antisense, 50-TCCAC-
CACCCTGTTGCTGTA-30) were used. The conditions for po-
lymerase chain reaction (PCR) were as follows: TNF-a,
TGF-b, IL-1b, and IL-10) 45 cycles at 95�C for 10 seconds;
58�C for 10 seconds, and 72�C for 9 seconds; IL-6) 45 cy-
cles at 95�C for 10 seconds, 59�C for 10 seconds, and 72�C
for 12 seconds; and GAPDH) 30 cycles at 95�C for 10 sec-
onds, 64�C for 10 seconds, and 72�C for 18 seconds. We
confirmed that contamination of Mo-DC RNA with dESC
RNA was negligible. All PCRs were followed with melting
curve analysis. The expression level of each mRNA was
normalized against GAPDH levels in each case.
Data Analysis

Flow cytometry analysis was conducted with the use of
Flowjo (Tree Star). Statistics were calculated with the use of
JMP Pro 10.0 and the paired Student t test or Wilcoxon
rank sum tests. P values of< .05 were regarded as significant.
Values in the text indicate the median or the mean � SEM.
RESULTS
The Proportion of MR-Positive MDC1s Was
Significantly Higher in Endometriosis

As shown in Figure 1, the major proportion of peritoneal DCs
consisted of MDC1s, whereas MDC2s and PDCs constituted
0%–2% of PFMCs. The proportions of MDC1s (22.3% in con-
trol, 17.3% in endometriosis), MDC2s (0.75% in control,
0.58% in endometriosis), and PDCs (0.22% in control,
0.22% in endometriosis) in PFMCs were not significantly
different between control and endometriosis samples. The
proportions of mature MDC1s (CD83þ MDC1) were not
different between the two groups (Fig. 2A). The proportions
of MRþ MDC1 were significantly higher in endometriosis
samples than in control samples (P< .05; Fig. 2B). The MFIs
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FIGURE 1

Proportions of peritoneal fluid dendritic cell (DC) subsets are not
different between endometriosis patients and nonendometriosis
patients. (A) The proportions of myeloid DCs type 1 (MDC1s) in
peritoneal fluid were not significantly different between groups
(n ¼ 63; P¼.067). (B) The proportions of MDC2s in peritoneal fluid
mononuclear cells were not significantly different between groups
(n ¼ 29; P¼.74). C: The proportions of plasmacytoid DCs (PDCs)
were not significantly different between groups (n ¼ 29; P¼.41).
Boxes represent the first (25%) and third (75%) quartiles,
horizontal lines in the boxes represent the medians, and whiskers
represent the 10th and 90th percentiles. NS ¼ no significant
difference.
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.
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for DEC205, CD209, and CD163 were not different between
the two groups (Fig. 2C–2E).
MR on DCs Is Crucial for Phagocytosis of Dead
Endometrial Cells

As shown in Figure 3A, phagocytosis of dESCs by Mo-DCs
was evaluated with the use of flow cytometry. Fluorescence
in the upper right quadrant (PKH67þ and CD209þ) represents
Mo-DCs that phagocytosed dESCs. Fluorescence in the upper
170
left quadrant (CD209þ) represents Mo-DCs that did not
phagocytose dESCs, and in the lower right (PKH67þ) repre-
sents dESCs. To clarify the involvement of MR on phagocy-
tosis of dESCs, D-mannan was added to the Mo-DC culture.
As shown in Figure 3B, the addition of D-mannan signifi-
cantly reduced phagocytosis of dESCs by Mo-DCs (P< .05).

Cytokine mRNA Expressions of DCs Were Altered
by the Presence of Dead Endometrial Cells in the
Culture

To evaluate the effect of phagocytosis of dESCs by Mo-DCs,
RNA expression levels between Mo-DCs cultured with or
without dESCs were compared (Fig. 4). The level of IL-6
mRNA expression was significantly higher in Mo-DCs
cultured with dESCs (P< .05) compared with monocultured
Mo-DCs. Similarly, the level of IL-1b mRNA expression was
significantly higher in Mo-DCs cultured with dESCs (P< .05)
compared with monocultured Mo-DCs. The levels of mRNA
expression of TNF-a, TGF-b, and IL-10 by Mo-DCs were
similar regardless of the presence of dESCs.

DISCUSSION
In this study, we characterized the phenotype of peritoneal
DCs and compared endometriosis samples with control sam-
ples. The proportions of MDC1s, MDC2s, and PDCs were
similar between groups. We further analyzed MDC1s,
focusing on cell surface protein and discovered that perito-
neal MDC1s from endometriosis samples contained a higher
proportion of MRþ cells. We also demonstrated that MR on
DCs was involved in the phagocytosis of dESCs, and that
phagocytosis affected cytokine expression by DCs. These
findings implicate peritoneal DCs in the development of
endometriosis.

We first characterized peritoneal DCs with the use of
BDCA1–3 markers. The proportions of MDC1s, MDC2s, and
PDCs were similar between endometriosis and control samples.
Tariverdian et al. (10) previously analyzed the frequency of
peritoneal DCs identified by Lin�HLA�DRþCD11cþCD123þ
cells, a myeloid phenotype, and found no statistically signifi-
cant difference between control subjects and samples from
different stages of endometriosis (10). The present results are
consistent with this report; on the basis of the myeloid/plasma-
cytoid–based classification, no difference in peritoneal DC
phenotypes was detected in endometriosis samples.

Because MDC1s constitute a major proportion of perito-
neal DCs, we then characterized the expression of MDC1
cell surface proteins. The proportion of MRþ MDC1s was
significantly higher in endometriosis samples than in control
samples, whereas no significant differences were detected for
DEC205, CD209, and CD163 expressions by CD83þ cells be-
tween the two groups. The high expression of MR by DCs has
been reported for patients with allergen sensitivity (29), and
MR expression by DCs was reduced after allergen-specific
immunotherapy (30). The high proportion of MRþ peritoneal
MDC1s found in samples from endometriosis patients impli-
cates MR in the development of endometriosis.

Regarding CD163, Bacci et al. (12) discovered that CD163
expression by peritoneal macrophages was enhanced in
VOL. 107 NO. 1 / JANUARY 2017



FIGURE 2

Myeloid dendritic cell type 1 cell surface marker expression in endometriosis samples. (A) No significant difference was detected between control
and endometriosis sample median proportions for CD83 (n ¼ 28; 0.93 vs. 0.78; P¼.89). (B) The median proportion of mannose receptor (MR)–
positive cells was significantly higher in endometriosis samples than in control samples (n ¼ 31; 88.2% vs. 86.8%, respectively; P<.05). (C) No
significant difference was detected in MFI medians for DEC205þ cells (n ¼ 12; 118.9 vs. 203.6; P¼.22). (D) No significant difference was
detected in mean fluorescence index (MFI) medians for CD209þ cells (n ¼ 17; 18.1 vs. 16.6; P¼.43). (E) No significant difference was detected
in MFI medians for CD163þ cells (n ¼ 19; 16.3 vs. 11.3; P¼.07). Boxes represent the first (25%) and third (75%) quartiles, horizontal lines in
the boxes represent medians, and whiskers represent the 10th and 90th percentiles.
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.
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endometriosis patients, but similar results were not observed
for DCs. It has been suggested that CD163 expression by mac-
rophages contributes to the progression of endometriosis by
transferring iron and provoking an immune response (12),
but the function of CD163 on DCs may be different from
CD163 on macrophages.

Knowing that MR is enhanced in peritoneal DCs from
endometriosis tissue, we attempted to clarify the function of
MR on peritoneal DCs. MR is responsible for recognition
and phagocytosis of antigens (6), and it is reported to induce
TH2 differentiation in DCs by mediating antigen uptake (31,
32). Given that C-type lectin receptor recognizes foreign
antigen and dead cells (33–36), we hypothesized that MR on
VOL. 107 NO. 1 / JANUARY 2017
peritoneal DCs engages in the clearance of dESCs in
retrograde menstruation, a well known risk factor for
endometriosis (37–39). To test this hypothesis, we
established an in vitro model that mimics interactions
between peritoneal DCs and retrograde menstruation, by
culturing Mo-DCs with dESCs, and evaluated the function
of MR on DCs. We found that phagocytosis of dESCs by
Mo-DCs was significantly decreased by blocking MR, which
indicates that MR on DCs is responsible for the phagocytosis
of dESCs. Taken together with the finding that MR is
enhanced in peritoneal DCs in endometriosis, this result im-
plies that peritoneal DCs in endometriosis patients are more
capable of phagocytosing dESCs compared with control DCs.
171



FIGURE 3

Mannose receptor plays a crucial role in the phagocytosis of dead
endometrial stromal cells (dESCs). (A) Phagocytosis of monocyte-
derived dendritic cells (Mo-DCs) was evaluated with the use of flow
cytometry. The x-axis indicates levels of fluorescence intensity for
PKH67þ cells (dESCs). The y-axis indicates fluorescence intensity
levels for CD209þ-APCs (Mo-DCs). CD209þ-APCs are represented
in the upper quadrants. PKH67þ cells are represented in the lower
right quadrant. Fluoresence in the upper right quadrant represents
Mo-DCs that have phagocytosed dESCs. The ratio of fluorescence
in the upper right quadrant to the upper half is the proportion of
phagocytic MoDCs. This figure is represents the results of three
independent experiments. (B) The proportion of phagocytic MoDCs
decreased when Mo-DCs were cultured with D-mannan (75.7 �
4.9% compared with control; P<.05).
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.
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Finally, we evaluated the effect of phagocytosis of dESCs
on cytokine expression by Mo-DCs, given that activated DCs
express various cytokines to provoke immune responses (40).
We found that Mo-DCs cultured with dESCs expressed
FIGURE 4

mRNA expression by monocyte-derived dendritic cells (Mo-DCs)
cultured with dead endometrial stromal cells (dESCs). Interleukin (IL)
6 mRNA expression was significantly increased in Mo-DCs cultured
with dESCs (3.26 � 0.88–fold increase; P<.05; n ¼ 3). Mean IL-1b
mRNA expression was significantly increased in Mo-DCs cultured
with dESCs (3.00 � 0.54–fold increase; P<.05; n ¼ 6). The mRNA
expressions of tumor necrosis factor (TNF) a, transforming growth
factor (TGF) b, and IL- 10 did not differ significantly between Mo-
DCs cultured with and without dESCs (P¼.43, P¼.05, and P¼.16,
respectively; n ¼ 6). *P < .05.
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.
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significantly higher IL-1b and IL-6 mRNA, whereas expres-
sion levels of TNF-a, TGF-b, and IL-10 mRNA were not
significantly changed by the coculture. IL-1b promotes endo-
metriosis by up-regulating angiogenesis (22) and escaping
immunosurveillance (23). IL-6 has also been shown to pro-
mote endometriosis progression (24, 25). In addition, in the
presence of TGF-b, IL-6 secreted from DCs triggers the differ-
entiation of naïve T cells to TH17 (41, 42), which implicates IL-
6 in the pathogenesis of endometriosis (26, 43, 44). In
contrast, TNF-a, which promotes inflammatory response in
endometriosis (9), and IL-10, which induces immune toler-
ance, are not increased inMo-DCs cultured with dESCs. Taken
together with the present findings, peritoneal DCs may
contribute to the pathogenesis of endometriosis by phagocy-
tosing cells from retrograde menstruation, thereby provoking
various immune responses.

This study has several limitations. First, we used Mo-DCs
as an alternative to peritoneal primary DC for evaluating the
interaction between DCs and dESCs. It is possible that Mo-
DCs act differently from peritoneal DCs, and this may have
affect the results. Second, we only detected only mRNA ex-
pressions of various cytokines in DCs, and their secretion
levels were undetermined. Although the authors think that
this cytokine profile may have certain contributions to the
local immune environment, further studies are warranted
to elucidate the impact of these cytokines expressed by
DCs on the entire peritoneal cavity, or on neighboring cellss
such as T cells.

In conclusion, this study demonstrates that peritoneal
DCs from endometriotic tissue express high levels of MR
and increase the ability of these cells to phagocytose dESCs,
thereby contributing to the development of endometriosis.
Controlling MR activity or expression by peritoneal DCs
may be a potential strategy for managing endometriosis.
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SUPPLEMENTAL FIGURE 1

Apoptosis/necrosis analysis of endometrial cells in the peritoneal
cavity. Endometrial cells in the peritoneal cavity were collected from
peritoneal fluid during the menstrual period by negative selection
of CD45þ cells with the use of magnetic cell sorting, and their
apoptosis/necrosis was analyzed with the use of propidium iodide
(PI) and annexin V staining. (A) unstained; (B) stained. Most of
annexin V–positive cells were double-positive for PI, which indicates
that the majority of endometrial cells in the peritoneal cavity are
necrotic or late apoptotic, but not early apoptotic.
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.
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SUPPLEMENTAL FIGURE 2

(A) Mannose receptor (MR) expression onmonocyte derived dendritic
cells (Mo-DCs) cultured in the presence or the absence of D-mannan.
Mean fluorescence index (MFI) of MR on Mo-DCs cultured in the
presence of D-mannan was significantly lower than on Mo-DCs
cultured in the absence of D-mannan (792 � 199 vs. 1,009 � 205,
respectively; P<.05). (B) MR expression of Mo-DCs cultured in the
presence or absence of dead endometrial stromal cells (dESCs). The
presence of dESCs did not significantly change the MR expression
on MoDC. Blue: isotype control; red: Mo-DCs cultured in without
dESCs; green: Mo-DCs cultured with dESCs.
Izumi. Peritoneal dendritic cells in endometriosis. Fertil Steril 2016.

VOL. 107 NO. 1 / JANUARY 2017 173.e2

Fertility and Sterility®


	Mannose receptor is highly expressed by peritoneal dendritic cells in endometriosis
	Materials and methods
	Tissue and Peritoneal Cell Sampling
	Isolation of Peritoneal Fluid Mononuclear Cells
	Characterization of Dendritic Cells in PFMCs
	Isolation, Culture, Staining, and Cell Preparation of Endometrial Stromal Cells
	Preparations of Monocyte-Derived Dendritic Cells
	Culture of Mo-DCs with Dead ESCs
	Evaluation of Phagocytosis with the Use of Flow Cytometry
	Quantitative Reverse-Transcription Polymerase Chain Reaction
	Data Analysis

	Results
	The Proportion of MR-Positive MDC1s Was Significantly Higher in Endometriosis
	MR on DCs Is Crucial for Phagocytosis of Dead Endometrial Cells
	Cytokine mRNA Expressions of DCs Were Altered by the Presence of Dead Endometrial Cells in the Culture

	Discussion
	Acknowledgments
	References


