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Abstract

Endometriosis is an estrogen-dependent, inflammatory gynecological disorder characterized by the growth of endometrial
cells in lesions outside the uterus. Bone marrow-derived cells (BMDCs) engraft lesions and increase lesion size. Do endome-
triosis cells regulate differentiation of engrafted BMDCs in the pathogenesis and growth of endometriosis? Here, we report
endometriosis derived stromal cells promote the differentiation of BMDCs to stromal, epithelial and leukocyte cell fates
through paracrine signaling. In-vitro studies demonstrated that both mRNA and protein levels of vimentin, cytokeratin and
PD-1 were significantly increased in BMDCs cocultured with stromal cells from endometriosis (ENDO) patients compared
to stromal cells from normal endometrium (CNTL). Increased expression of PD-1 has been reported in malignancy where it
promotes T cell quiescence and immune tolerance. Increased PD-1 was also confirmed in-vivo where we showed that PD-1
expression was induced in BMDCs engrafted into endometriotic lesions in a murine model of endometriosis. AMD3100,
an antagonist for CXCR4 receptor inhibited PD-1 expression in BMDCs suggesting that PD-1 induction requires CXCL12.
These results suggest that endometriosis stimulated BMDC differentiation through paracrine signaling and increased T cell
PD-1 expression. Increased PD-1 expression may be one mechanism by which endometriosis avoids immune surveillance.
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Introduction experiencing infertility or chronic pelvic pain [1, 3]. Endo-

metriosis is characterized by the growth of endometrial
Endometriosis is an estrogen dependent, chronic inflamma-  tissue outside the uterine cavity, commonly in the pelvic
tory gynecological disorder, common among reproductive-  peritoneum [1]. While the etiology of endometriosis still
aged women that causes infertility and pelvic pain [1, 2].  remains unknown, the most widely accepted mechanism for

Approximately 10 percentage of reproductive age women  the development of the peritoneal endometriotic lesions is
suffer from this disease and it is far more common in women  through retrograde menstruation [4, 5]. In multiple organs
bone marrow-derived cells (BMDCs) migrate and differen-
tiate into tissue-specific cells [6]; in endometrium BMDCs
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[13—15]. Recent studies demonstrate that BMDCs promote
proliferation in cancer cells through inhibition of T cell
immune responses via programmed cell death 1 (PD-1)
and its ligand PD-L1 [16]. In patients with endometriosis,
there are increased numbers of circulating lymphocytes that
express PD-1 and PD-L1 [17]. PD-1 is an immunoreceptor
containing 288—amino acids, expressed on all T-cells during
their activation by the T-cell antigen receptor and cytokine
receptors [18]. PD-1 expression causes immune tolerance
by functioning as an immune checkpoint. Increased PD-1
expression on T-cell surface is known to promote cancer
cells survival [19-21]. Furthermore, Wu et al. reported
upregulated PD-1 expression on immune cells in endo-
metriosis, implying immune dysfunction in endometriosis
through PD-1/PD-L1 pathway and subsequently endome-
triosis development [22]. PD-1 and its ligands PD-L1 and
PD-L2 (programmed death ligand 1 and 2), play key roles
in the regulatory inhibition of immune homeostasis as well
as peripheral tolerance. The role of the PD-1 in endome-
triosis has not been extensively studied. The relationship
between endometriosis and the impaired immune response
indicate that PD-1 may be involved in the pathogenesis of
the disease.

The maintenance and remodeling of endometrium and
endometriosis likely relies on the interaction of BMDCs with
local cell types. The interactions between mesenchymal stem
cells and resident endometrial cell populations in a given tis-
sue are still poorly characterized. The mechanisms leading
to tissue specific cell type induction of BMDCs is not well
understood. We developed an in vitro model to monitor these
interactions, allow us to investigate the role of paracrine cel-
lular communication in endometriosis formation.

We demonstrated that stromal cells from endometriosis
lesions induced BMDC stromal, epithelial and immune cell
(T cell) differentiation in vitro. Further PD-1 expression was
increased both in vitro and in engrafted BMDCs in a murine
model of endometriosis.

Materials and methods
Sample collection

Written consent was obtained from subjects admitted to the
Yale-New Haven Hospital for laparoscopy or laparotomy
with benign indications including uterine bleeding, pelvic
pain, elective contraception, infertility, or endometriosis.
Institutional Review Board (IRB) approval was obtained for
the use of human samples (Human Investigations Commit-
tee protocol, #1,004,006,657). Inclusion criteria included
women who were aged 18-49 years, had regular menstrual
cycles, and used no hormonal therapy for at least 3 months
prior to surgery. Exclusion criteria included post-menopausal
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status, previous hormone use within 3 months of surgery,
hyperplasia, polyps, malignancy, autoimmune disease, cardi-
ovascular disease, or use of anti-inflammatory medications.
Twenty (20) subjects were included in each group: endome-
triosis patients and controls with no evidence of endome-
triosis or endometrial pathology. Endometrial biopsies in
the secretory phase were obtained from women with mod-
erate-to-severe disease (American Society for Reproductive
Medicine stages III and IV) [23]. The endometriosis group
was surgically diagnosed and histologically verified and the
control group patients were visually verified to be free of
endometriosis during the surgery. Controls underwent sur-
gery for benign gynecologic disease and had no evidence of
endometriosis. The most common indications for surgery in
the controls were elective tubal ligation, infertility, uterine
bleeding or ovarian cysts. The phase of the menstrual cycle
was determined based on the subjects’ menstrual history and
last menstrual period.

Cell culture

Primary stromal cells from ectopic lesions (ENDO) and nor-
mal eutopic endometrial (CNTL) tissues were processed and
cultured using a protocol previously described by Ryan et al.
[24] with minor modifications [25]. Briefly, endometriotic or
endometrial tissue was minced finely and digested in diges-
tion medium containing collagenase B (1 mg/ml, Roche
Diagnostics, Indianapolis, IN, USA) and deoxyribonucle-
ase I (0.1 mg/ ml, Sigma-Aldrich, St. Louis, MO, USA) in
DMEM medium, at 37 °C for 30 min, and tissue was pipet-
ted gently to disperse the cells every 10 min. Stromal cells
were filtrated through a 40-pm cell strainer and cultured
in DMEM/F-12 containing 10% fetal bovine serum (Mil-
lipore Sigma, St. Louis, MO, Cat.#F4135) and 1% penicil-
lin—streptomycin. The fibroblast-like appearance of endome-
triosis derived stromal cells in culture under phase contrast
microscopy appeared identical to that of endometrial stro-
mal cells. Both endometriosis and normal eutopic stromal
cells were used at 2 to 3 passages for all experiments. The
normal human endometrial stromal cell line (HESC) was
used as previously described [26]. The immortalized human
endometriosis stromal cell line (endoHESC) was a gift from
Prof. Gil Mor laboratory at Yale School of Medicine, New
Haven, CT, USA.

BMDCs were obtained from the American Type Culture
Collection (ATCC, cat. # PCS-500-012, Manassas, VA,
USA). Coculture between BMDCs and stromal cells was
carried out using 4-pm pore size polycarbonate membrane
(Millipore, Burlington, USA). Stromal cells were seeded
into a 6-well plate at a concentration of 1 x 10° cells per well.
BMSC:s were plated into the trans-well insert at a concentra-
tion of 1 10* cells per insert and the insert was placed into
the 6-well plate. Each well had 3 ml growth media (ATCC
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CRL-11731) with a final concentration of 15% fetal bovine
serum. BMDCs were treated with AMD3100 (100 ng/ml)
purchased from Millipore Sigma (Cat.#A5602). Total RNA
and protein were collected from the cell cultures grown for
24, 48, and 72 h. Total RNA was used for the analysis of
gene expression by qRT-PCR while protein was analyzed
by western blot.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA was isolated from endometriotic lesions by TRI-
zol reagent (Life Technologies), followed by purification
using Qiagen cleaning kit (Qiagen, Valencia, CA, USA) to
prepare cDNA with 50 ng RNA in a 20 pl reaction mixture
by iScript cDNA Synthesis Kit (Bio-Rad Laboratories, Her-
cules, CA). Quantitative real-time PCR was performed to
quantify gene expression using specific primers for PD-1,
vimentin and CK19 and SYBR Green (Bio-Rad) and opti-
mized in the MyiQ Single Color Real-Time PCR Detection
System (Bio-Rad). The specificity of the amplified transcript
(39 cycles) and absence of primer-dimers was confirmed
by a melting curve analysis. Gene expression was normal-
ized to the expression of f-actin for each sample. Relative
mRNA expression for each gene was calculated using the
comparative cycle threshold (Ct) method, also known as
the 2-22€T method [27]. All experiments were carried out
three times and each experiment was performed in duplicate.
Nuclease-free water was used as a negative control replacing
the cDNA template.

Western blot analysis

Protein was extracted from the cells with RIPA lysis buffer
containing protease inhibitors (Bio-Rad Laboratories).
Total protein concentration was determined by BCA pro-
tein assay kit (Pierce, Rockford, IL, USA). Equal amounts
of protein (25 pg) from lysates were separated on 4-20%
sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) (Bio-Rad Laboratories) and transferred on to
a polyvinylidene difluoride (PVDF) membranes (Bio-Rad
Laboratories). The membranes were blocked in 5% non-fat
milk at room temperature for 1 h and incubated overnight
at 4 °C with rabbit anti-CK19 (1:1000, catalog #12,434),
rabbit anti-vimentin (1:400, catalog #5741), and anti-PD-1
(1:500, catalog #86,163; 1:200) and anti-GAPDH (1:1000,
catalog #5174) primary antibodies purchased from Cell
Signaling Technology, Beverly, MA, USA. On the follow-
ing day, membranes were washed three times each for 5 min
in 1% TBST, followed by incubation with a goat anti-rabbit
IgG conjugated to horseradish peroxidase secondary anti-
body (Abcam) in 5% BSA. The protein bands on the mem-
brane were visualized using enhanced chemiluminescence

solutions A and B mix for 3 min (PerkinElmer, Inc.,
Waltham, MA). The density of the bands was assessed by
the Image J software, and values were normalized to the
densitometric values of GAPDH. Western blots were run
twice with duplicate samples.

Induction of endometriosis in mice

C57BL/6J wild-type and ubiquitin-GFP mice were pur-
chased from Charles River Laboratories (Wilmington,
MA, USA) and The Jackson Laboratory (Bar Harbor, ME,
USA), respectively. All animal experiments were conducted
in accordance with an approved protocol from Institutional
Animal Care and Use Committee (IACUC) of Yale Uni-
versity for animal care, 5-fluorouracil (5-FU) treatments,
bone marrow cell injections, blood collection, and anesthe-
sia. Briefly, wild-type mice (6-wk) received 125 mg/kg of
5-fluorouracil (5-FU) by i.p on 6 and 1 days (day -6 and -1)
before bone marrow transplantation (BMT, day 0). In addi-
tion, stem cell factor (SCF, 50 mg/kg) was injected twice
before BMT, as previously described [28], and fresh BM cell
transplantation was performed as described previously [29].

Endometriosis in mice (N=12) was surgically induced
under aseptic conditions and anesthesia using a modified
method previously described [8, 30]. Surgery was performed
30 days following BMT. Uterine horns were removed from
wild-type female donor mice at diestrus, opened longitudi-
nally, cut into fragments of 3-mm size and sutured onto the
peritoneal wall of recipient mice. Three fragments were sys-
tematically transplanted into peritoneal wall of each mouse.
Sham mice were subjected to the surgery, but in place of
suturing uterine tissue, peritoneal tissue from the ventral
midline was used.

Immunohistochemistry and Inmunofluorescence

Tissue from endometriotic lesions was fixed in 4% paraform-
aldehyde and embedded in paraffin. Five-micrometer tissue
sections were mounted on slides, steamed in sodium citrate
at pH 6 for 10 min for antigen retrieval, and blocked using
10% donkey serum (Vector Laboratories, Burlingame, CA,
USA). Sections on slides were incubated at 4 °C overnight
with primary antibodies, rabbit anti-CD3 (catalog #ab5690;
1:250, Abcam, Cambridge, MA, USA) rabbit anti-PD-1 (cat-
alog # 84,651; 1:200; Cell Signaling) and goat anti-GFP
(catalog #ab6673; 1:400, Abcam). Secondary antibodies
used were Alexa Fluor 568-conjugated donkey anti-goat
(1:200, catalog #A 11057, Invitrogen, CA, USA) and Alexa
Fluor 488-conjugated donkey anti-rabbit (1:200, catalog
#A21206, Invitrogen). Sections were mounted under cov-
erslips using Vectashield fluorescent mounting media with
46-diamidino-2-phenylindole (DAPI) (catalog #H-1200;
Vector Laboratories, Burlingame, CA). Visualization of the
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slides was performed using a laser scanning confocal micro-
scope (LSM 710; Zeiss) and the ZEN software (Carl Zeiss).
GFP* cells as well as GFP*-PD-17 double positive cells
were quantified in three sections per mouse (N=6). The
average of total cells was analyzed for statistical significance
between endometriosis and sham groups.

Statistical analysis

Data were analyzed using GraphPad Prism 8.0 (GraphPad
Software Inc., La Jolla, CA, USA). An unpaired student’s
t-test for total labeled cells, one-way analysis of variance
(ANOVA) for cell counts and RT-PCR data were used to
determine statistical significance. Data is expressed as
means + standard error mean (SEM).

Results

Upregulation of vimentin in BMDCs by stromal cells
from endometriosis

Vimentin in BMDCs was used as a specific marker for
stromal cells. Both mRNA and protein levels were deter-
mined for vimentin in BMDCs on day 1 (24 h), day 3 (72 h)
and day 6 (144 h) of co-culture. Expression was compared
between BMDCs cultured alone or cocultured either with
primary endometriosis stromal cells (ENDO), or primary
eutopic endometrial stromal cells (CNTL). Vimentin mRNA
(Fig. 1a) as well as protein levels (Fig. 1b) were significantly
(p <0.05) increased in BMDCs cocultured with ENDO
cells at all time points (dayl, 3, & 6) compared to BMDCs
alone, while coculture with CNTL cells showed significant
decreases in vimentin levels on day 3 and 6. Densitometry
analysis of protein bands shows an increase in protein levels
to 2.0, 2.5, and 3.0 fold on day 1, 3, and 6 respectively in
BMDCs cocultured with ENDO cells compared to BMDCs
alone while protein levels decreased significantly by 2.0 fold
on day 3 and 6 in BMDCs cocultured with CNTL cells.

Upregulation of CK19 in BMDCs by stromal cells
from endometriosis

After determining the expression levels of stromal cell
marker vimentin in BMDCs, we determined the status of
CK19, a specific marker for an epithelial cells, under the
paracrine influence of endometriosis derived cells. Figure 2a
shows a significant increase (p <0.05) in CK19 mRNA lev-
els on day 3 and 6, but not on day 1 in BMDCs cocultured
with ENDO cells compared to BMDCs alone, while CNTL
cells did not have any effect on this marker of epithelial
differentiation. Figure 2b shows that CK19 protein levels
increased significantly (p <0.05) on day 6 (7.5 fold) in
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BMDCs cocultured with ENDO cells and to twofold after
coculture with CNTL cells.

Increased PD-1 expression in BMDCs induced
by stromal cells from endometriotic lesions

We determined the effect of primary stromal cells obtained
from endometriotic lesions (ENDQO) from subjects with
endometriosis as well as eutopic endometrium (CNTL)
from subjects without endometriosis on PD-1 expression in
BMDC:s. As shown in Fig. 3a, PD-1 mRNA levels increased
significantly (p <0.05) on day 1 (threefold), 3 (threefold)
and 6 (7.5-fold) in BMDCs cocultured with ENDO cells
compared to BMDCs alone. In contrast, PD-1 mRNA levels
in BMDCs decreased significantly (p <0.05) on day 1, 3
and 6 when cocultured with CNTL cells. Figure 3b shows
the western blot analysis of PD-1 protein levels mimic the
mRNA levels in cocultures as well as BMDCs alone. Densi-
tometry analysis of protein bands shows an increase in pro-
tein levels to 1.5, 2.2, and 2.2 fold on day 1, 3, and 6 respec-
tively in BMDCs cocultured with ENDO cells compared to
BMDCs alone while protein levels decreased significantly
in coculture with CNTL cells. Besides primary stromal cells
from endometriosis, we also tested the effect of immortal-
ized stromal cells originated from an endometriosis cell
line (endoHESC) as well as normal human stromal endo-
metrial cell line (HESC) as a control, on PD-1 expression in
BMDC:s to establish the effect of endometriosis stromal cells
on PD-1 expression in BMDCs. In-vitro coculture studies
showed that PD-1 mRNA levels were significantly (p <0.05)
increased on day 1, 3 and 6 in BMDCs when cocultured with
endoHESC cells compared to HESC cells or BMDCs alone
as shown in Fig. 4. There is a dramatic increase in mRNA
levels on day 6 (16-fold) compared to day 1 (2.5- fold) and
3 (threefold) compared to BMDCs alone.

We created murine experimental endometriosis by
transplanting uterine tissue into the peritoneal cavity. Four
weeks after transplantation to recipient mice the lesions were
confirmed using H & E staining that demonstrated growth
of glandular and stromal endometrial tissue as shown in
supplemental Fig. 2. Before analyzing PD-1 expression
in lesions, we localized T cells in endometriotic lesions
using IHC with an anti-CD3 antibody (Suppl. Figure 1).
Similarly, we used PD-1 as another T cell marker with a
known immune function. In-vivo studies in a mouse model
of endometriosis showed that some of the GFP-BMDCs
(green) engrafted into endometriotic lesions, expressed
PD-1 protein (red) as shown in Fig. 5a in the endometriosis
group (right, endometriotic lesions) compared to sham mice
where no GFP-BMDCs expressed PD-1 protein (left, eutopic
endometrium). The number of GFP-BMDCs engrafted into
lesions and the number of GFP-BMDC:s that express PD-1
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Fig. 1 Increased expression of vimentin in BMDCs. a vimentin
mRNA levels were significantly increased in BMDCs on day 1, 3 and
6 when co-cultured with ENDO cells and decreased with CNTL cells
on day 3 and 6. Each bar represents the mean+SEM of three indi-
vidual experiments and each experiment was performed in duplicate.

is significantly higher (P <0.05) in mice with endometriosis
compared to sham mice as shown in Fig. 5b.

AMD3100 inhibited PD-1 expression in BMDCs
cocultured with primary stromal cells
from endometriosis patients

Previously we showed that AMD3100, an antagonist for
CXCR4 receptor inhibited CXCR4-CXCL12 signaling axis
[31] and lesion growth [7] in endometriosis. To determine
the effect of AMD3100 on PD-1 expression, we treated
BMDCs with AMD3100 in coculture with primary stromal
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b increased protein levels in BMDCs by ENDO cells on day 1,3 and 6
and decreased by CNTL cells on day 3 and 6. Each bar represents the
mean =+ SEM of two separate blots and each sample run in duplicate.
*p <0.05 between BMDCs alone vs coculture with ENDO or CNTL
cells

cells from patients with endometriosis. AMD3100 inhibited
the effect of primary stromal cells on PD-1 expression at
both mRNA (Fig. 6a) as well as protein levels (Fig. 6b) in
BMDC:s in coculture condition on day 1, 3 and 6 as shown
in Fig. 6.

Discussion
We previously reported that endometrial stromal cells

in endometrium provided a local microenvironment for
BMDC:s to differentiate and engraft endometriosis lesions
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els were significantly increased in BMDCs on day 3 and 6 when co-
cultured with ENDO cells. Each bar represents the mean+SEM of
three individual experiments and each experiment was performed in

[29]. Further, we have also shown that engrafted BMDCs in
endometriotic lesions are responsible for the development
of endometriosis in a murine model of endometriosis [29].
Others have described that BMDCs can differentiate in the
direction of endometrial epithelial cells in certain micro-
environments in mice [32-34]. To investigate the effect of
endometrial stromal cells from tissue collected from endo-
metriotic lesions from patients with endometriosis (ENDO
cells), on BMDC:s differentiation, we used an in-vitro cocul-
ture system that allowed the biological factors secreted by
endometrial stromal cells to pass freely through a membrane
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duplicate. b increased CK19 protein levels in BMDCs by ENDO and
CNTL cells on day 6. Each bar represents the mean+SEM of two
separate blots and each sample run in duplicate. *Denotes p <0.05
between BMDCs vs coculture with ENDO or CNTL cells

to the BMDCs microenvironment. Bone marrow (BM) con-
tains both hematopoietic and mesenchymal stem cells.
Here we observed that stromal cells from endometriosis
lesions can trigger BMDC:s differentiation toward vimentin
expressing stromal cells, cytokeratin expressing epithe-
lial cells and PD-1 expressing T cells. Paracrine factors
drive stem cell differentiation preferentially in endome-
triosis. We have previously shown that endometriosis
recruits stem cells to a far greater degree than eutopic
endometrium [8]. While we have identified the chemokine
CXCL12 as necessary for recruitment [31, 35, 36], the role
of stromal cells in directing stem cell differentiation has
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not been previously explored. Here we conclude that stro-
mal derived factors lead to increased cell differentiation as
well as the previously described chemotaxis.

PD-1 is express by T-cells. We showed previously that
some of the BMDCs engrafted into endometriotic lesions
are immune cells [29, 37-39]. We confirmed that endome-
triotic lesions contain T-cells and that many of these cells
expressed PD-1. T cell immune responses are inhibited
through the PD-1 pathway [16, 40] which plays a role in
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each experiment was performed in duplicate. b increased PD-1 pro-
tein levels in BMDCs by ENDO cells on day 1, 3 and 6. Each bar
represents the mean + SEM of two separate blots and each sample run
in duplicate. *Denotes p<0.05 between BMDCs vs coculture with
ENDO or CNTL

maintaining peripheral T-lymphocyte tolerance and regu-
lating inflammation [41]. Our in-vitro results from primary
cells as well as cell lines revealed that cells from endome-
triosis upregulate the mRNA and protein levels of PD-1 in
BMDCs compared to the normal control cells. Our in-vivo
study in a murine model of endometriosis demonstrated that
more of the engrafted BMDCs expressed PD-1 in endome-
triotic lesions from mice with endometriosis compared to
sham mice controls. When PD-1 is bound to PD-1 ligand,
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A

Sham

Fig.5 Representative images of PD-1 expressing cells by immu-
nofluorescence studies after GFP BM transplant. Tissue sections
from uterus of sham mice and lesions from mice with endometriosis
were immuno-stained by anti-GFP, anti-PD-1, and DAPI for nuclear

it prevents cytotoxic T cells from killing other cells; this
strategy is used by cancers to avoid immune surveillance.
Similarly, endometriosis cells may use this approach; the
increased PD-1 levels detected here may potentiate the
immunoprotective effect enabling survival of endometrio-
sis. Immune checkpoint inhibitors that antagonize PD-1 are
an effective cancer treatment strategy; they may also have
an effect on endometriosis, allowing reversal of the PD-1
mediated immunosuppression. While the paracrine effect
on T cells demonstrated here may allow for local immune
privilege, it is unlikely to block the systemic inflammation
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Endometriosis

resents the mean+SEM of three individual experiments and each
experiment was performed in duplicate. *denotes statistical signifi-
cance (p<0.05) between BMDCs coculture with endoHESC cells vs
BMDCs

vy
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stain. a lesions from endometriosis (right) showed some of the GFP-
BMDC:s (green) expressing PD-1 (red) compared to sham mice (left).
b shows that PD-1 expressing cells are significantly higher (p <0.05)
in endometriosis compared to sham mice. Scale bar: 100 pm

seen in endometriosis; endometriosis generates an inflamma-
tory environment that is mediated by secretion of cytokines
derived from macrophages and other immune cells [42]. The
role of PD-1 in repressing local T cell mediated cytotoxicity
but not inflammatory cytokines from other immune cells
may help to explain the paradox of lost immune surveil-
lance of endometriosis within an otherwise inflammatory
milieu. C-X-C motifs containing chemokine 12 (CXCL12),
also known as stromal cell-derived factor-1 (SDF-1) is also
highly expressed in endometriotic lesions from patients
with endometriosis compared to eutopic endometrium from
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Fig.6 Effect of AMD3100 on PD-1 expression in BMDCs.
AMD3100 inhibited PD-1 expression in BMDCs. a PD-1 mRNA lev-
els were significantly inhibited in BMDCs treated with AMD3100 on
day 1, 3 and 6 when co-cultured with ENDO cells while decreased
with CNTL cells. Each bar represents the mean+ SEM of three indi-
vidual experiments and each experiment was performed in dupli-

normal subjects [43—45]. CXCL12, like PD-1, also functions
in the modulation of the immune system via lymphocyte
migration, development, or survival [46—48], and mediates
the mobilization and homing of bone marrow stem/progeni-
tor cells to injured microenvironments [48, 49]. It will be
important to study the cross talk between signaling pathways
that are regulated by CXCL12 and PD-1 in endometriosis.
We have previously shown that CXCL12 recruits stem and
immune cells to endometriosis, however PD-1 may repress
T cell function, allowing endometriosis to evade immune

cate. b PD-1 protein levels in BMDCs were significantly decreased
in BMDC:s treated with AMD3100 on day 1, 3 and 6. Each bar rep-
resents the mean+SEM of two separate blots and each sample run
in duplicate. *p<0.05 between BMDCs vs BMDCs treated with
AMD3100

rejection. Here we show that blockade of CXCL12 signaling
with AMD3100 prevents PD-1 expression suggesting that
the CXCL12 / CXCR4 axis is necessary for BM T cell differ-
entiation. Further studies are needed to dissect the cross-talk
between PD-1 and CXCR4-CXCL12 signaling pathways and
the direct effects of PD-1 inhibitors.

We conclude that local paracrine factors promote BMDCs
cell differentiation into stromal, epithelial and immune cells.
Further, stromal cells from endometriosis upregulate PD-1
expression in BMDCs engrafted into endometriotic lesions
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suppressing immune mediated endometriosis rejection.
Therapeutics to target and inhibit PD-1 may be helpful in
treating endometriosis.
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