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Background: Endometriosis (EMS) is an estrogen-dependent disease in which
endometrial glands and stroma arise outside the uterus. Current studies have suggested
that the number and function of immune cells are abnormal in the abdominal fluid and
ectopic lesion tissues of patients with EMS. The developed CIBERSORT method allows
immune cell profiling by the deconvolution of gene expression microarray data.

Methods: By applying CIBERSORT, we assessed the relative proportions of immune
cells in 68 normal endometrial tissues (NO), 112 eutopic endometrial tissues (EU)
and 24 ectopic endometrial tissues (EC). The obtained immune cell profiles provided
enumeration and activation status of 22 immune cell subtypes. We obtained associations
between the immune cell environment and EMS r-AFS stages. Macrophages were
evaluated by immunohistochemistry (IHC) in 60 patients with ovarian endometriomas.

Results: Total natural killer (NK) cells were significantly decreased in EC, while plasma
cells and resting CD4 memory T cells were increased in EC. Total macrophages in EC
were significantly increased compared to those of EU and NO, and M2 macrophages
were the primary macrophages in EC. Compared to those of EC from patients with r-AFS
stage | ~ II, M2 macrophages in EC from patients with stage lll ~ IV were significantly
increased. IHC experiments showed that total macrophages were increased in EC, with
M2 macrophages being the primary subtype.

Conclusions: Our data demonstrate that deconvolution of gene expression data by
CIBERSORT provides valuable information about immune cell composition in EMS.

Keywords: endometriosis, immune infiltration, GEO, M2 macrophages, r-AFS stages

INTRODUCTION

Endometriosis (EMS) is a chronic inflammatory disease defined as the presence of endometrial
tissues outside the uterus, that causes pelvic pain and infertility (Chapron et al., 2019; Lagana et al.,
2019). EMS affects nearly 10% of women of reproductive age, and causes a significant economic
burden, costing $70 billion dollars annually in the United States alone (Simoens et al., 2012; Wang
etal., 2020). Although EMS is a benign disease, it exhibits malignant behaviors such as infiltration
and growth, implant metastasis and relapse tendency.

In 1979, the American Fertility Society (AFS) proposed a classification system for EMS, which
was revised in 1985. The revised American Fertility Society (r-AFS) classification system is the most
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commonly used clinical classification system for EMS (Zeng
et al., 2014). Based on clinical experience and scientific
finding, this classification system can describe any case, has an
associated paper form to encourage complete documentation,
is quantitative to allow for analysis, and has assigned cutoff
points, reflecting severity of EMS to a certain extent. The specific
classification is as follows: 1~5 were divided into stage I (minor
lesions); 6~15 were divided into stage II (mild lesions); 16~40
were stage III (moderate lesion); and >40 were divided into stage
IV (severe lesion).

The decrease in quality of life and working days, the increase
in surgical intervention and the assisted reproductive technology
rate caused by EMS contributes to high social costs (Vitagliano
et al, 2016). Therefore, EMS has become an urgent social
problem to be solved, but its pathogenesis is still unclear.

Recently, increasing attention has been given to the study
of immune factors related to EMS. As early as 1981, Dmowski
et al. proposed that the composition of local immune cells
affected the occurrence and development of EMS (Dmowski
et al,, 1981). Some studies suggest that the number and function
of immune cells change significantly in the peritoneal fluid and
ectopic endometrial tissues of patients with EMS, and these
abnormal immune mechanisms may play an important role in
the occurrence and development of EMS. It was found that
expression levels of some immune genes related to immune cell
infiltration, cell adhesion and the interactions between cytokines
and their receptors in ectopic lesions were increased (Ahn et al.,
2015).

EMS is an immune inflammatory disease, and the abnormal
number and function of various immune cells in the abdominal
cavity environment improves the invasion and adhesion ability
of endometrial cells, including natural killer (NK) cells,
macrophages, dendritic cells, mast cells, T cells, etc., promoting
implantation of ectopic endometrial cells, angiogenesis and the
establishment and maintenance of ectopic lesions, which can
cause ectopic endometrium to flow back into the pelvic and
abdominal cavity with menstrual blood and escape from immune
monitoring (Symons et al., 2018).

Previous studies primarily used immunohistochemistry (IHC)
and flow cytometry to analyze the composition of immune cells
in tissues. However, these experimental methods all depend on
the specific recognition of cell surface markers, and the tissues
need to be decomposed during flow cytometry, which may
lead to the loss of some cells and the distortion of results.
To solve these problems, Newman developed the biological
software CIBERSORT in 2015 (Newman et al., 2015), which
could calculate the composition of immune cells in tissues based
on complex gene expression profiles to verify its reliability in
colorectal cancer, lung cancer, gastric cancer, breast cancer and
other tumors by flow cytometry (Angelova et al., 2015; Ali
et al, 2016). Rohr-Udilova et al. (2018) applied the original
CIBERSORT gene signature file LM22 which defined 22 immune
cell subtypes and analyzed datasets from human hepatocellular
carcinoma (HCC), HCC tumor adjacent tissue and healthy
livers. Therefore, it can be widely used in the analysis of gene
expression profiles of various diseases and saves costs to a
certain extent.

In this study, the composition of immune cells in tissues
can be obtained using transcriptome data from EMS, and the
relationship between immune cells and stages can be further
analyzed. Gene expression data of ectopic endometrium and
endometrial tissue samples from 309 patients with or without
EMS were analyzed. CIBERSORT was used to evaluate the
proportion of 22 immune cell types in these endometrial tissues
to quantify the composition of cells involved in the immune
response in the endometrium and to analyze their relationship
with EMS r-AFS classification.

MATERIALS AND METHODS

We used R software (version 3.4.4, https://cran.r-project.org/doc/
FAQ/R-FAQ.html#Citing-R) and CIBERSORT (https://cibersort.
stanford.edu) (Newman et al., 2015) for all bioinformatics
analyses in the study.

CIBERSORT implements a machine learning approach called
support vector regression (SVR) that improves deconvolution
performance through a combination of feature selection and
robust mathematical optimization techniques. Unlike previous
methods, SVR performs a feature selection, in which genes
from the signature matrix are adaptively selected to deconvolve
a given mixture (Newman et al., 2015). CIBERSORT is an
analytical tool that accurately quantifies the relative levels of
distinct immune cell types within a complex gene expression
mixture. To characterize and quantify each immune cell subtype,
CIBERSORT uses gene expression signatures consistent with 547
genes (Supplementary Table 1, https://cibersort.stanford.edu).

Gene Expression Datasets

Here, we applied the original CIBERSORT gene signature file
LM22 which defined 22 immune cell subtypes and analyzed
datasets from ectopic endometrial tissue (EC) and eutopic
endometrial tissue (EU) in patients with EMS and normal
endometrial tissues (NO).

All microarray gene expression data were obtained from the
public GEO database (https://www.ncbi.nlm.nih.gov/gds/) under
the following conditions: “endometriosis, series, expression
profiling by array, homo.” June 2019 was used as the deadline
for searching.

According to the research purpose and research scope
of this project, a total of 7 series chips were included:
GSE120103, GSE51981, GSE25628, GSE37837, GSE7846,
GSE6364, and GSE7305.

A total of 309 cases of gene transcriptome data were
downloaded, including 116 cases of NO, 158 cases of EU
EMS patients and 35 cases of EC EMS patients, and the
corresponding r-AFS classification information for patients
was downloaded.

Data Processing and Immune Cell

Infiltration Analysis

Raw data from Affymetrix Human Genome U133 Plus 2.0
cel files and Affymetrix Human Genome U133A 2.0 cel
files were processed by using robust multiarray analysis
(RMA) method, normalized according to quantiles method and
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subsequently log-transformed in RMAExpress software (version
1.0.5, http://rmaexpress.bmbolstad.com/). Raw data from Agilent
Technologies text files were processed by using the “normexp”
function with an offset of 50 for background adjustment,
normalized according to quantiles method and subsequently log-
transformed in R software. Heterogeneity and latent variables are
widely recognized as primary sources of variability and bias in
high-throughput experiments, and the most well-known sources
of latent variation in genomic experiments are batch effects when
samples are performed on different days, by different people or in
different groups. Surrogate variable analysis (SVA, http://www.
bioconductor.org/packages/release/bioc/html/sva.html) package
is used to identify and remove batch effects and other unwanted
sources of variation. Data were further normalized using the
combat package in SVA to correct for batch effect. The gene
expression of each sample before batch normalization is shown
in Supplementary Table 2. Principal component analysis (PCA)
was performed on the data before (Supplementary Figure 1A)
and after (Supplementary Figure 1B) batch normalization.
All samples were analyzed for immune cell profiles by
CIBERSORT, and the number of permutations was set to
100. Permutation represents times of the algorithm run using
the default signature matrix. Theoretically, the accuracy of
the results increases with the increase of running times
(Newman et al.,, 2015). Twenty-two immune cell types, together
with CIBERSORT metrics, such as the Pearson correlation
coefficient, CIBERSORT p-value and root mean squared error
(RMSE), were quantified for each sample. The CIBERSORT p-
value reflects the statistical significance of the deconvolution
results across all cell subsets and is useful for filtering out
deconvolution with less significant fitting accuracy (https://
cibersort.stanford.edu). From all samples analyzed, we selected
68/24/112 NO/EC/EU samples (Supplementary Table 3) that
met the requirements of CIBERSORT p-value < 0.05. The
histogram of 68/24/112 NO/EC/EU samples based on immune
cell proportions was drawn by “barplot” function in R software
(Supplementary Figure 2).

R-AFS Subtyping and Inference of

Infiltrating Immune Cells
According to the r-AFS classification downloaded from the GEO
database, 30 samples with missing staging information were
removed, and the remaining 82 EU cases of EMS patients were
divided into 20 cases of stage I~II endometrial tissue and 62 cases
of stage III~IV endometrial tissue (Table 1). The list of selected
samples and corresponding GEO accessions is shown in Table 1.
The immune cell profile was calculated for each sample, and
the upper quartile (P25), median value and lower quartile (P75)
for each tissue type (NO, EC and EU) were calculated. Kruskal-
Wallis tests were applied to analyze differences among EC,
EU and NO. For macrophages, Pearson correlation coefficients
with other immune cell types were calculated using SPSS
24.0 software.

The total macrophage fraction was calculated as the sum
of M0, M1, and M2 macrophage fractions. Total T cells were
calculated as the sum of CD8T cells, naive CD4 T cells, resting

TABLE 1 | Datasets of different stage EMS.

Tissues Datasets used for CIBERSORT analysis GEO
accessions

I~ stage GSM1256672 GSM1256674 GSM1256677 GSE51981
(n = 20) GSM1256682 GSM1256683 GSM1256685

GSM1256686 GSM1256688 GSM1256689

GSM1256691 GSM1256692 GSM1256694

GSM1256698 GSM1256700 GSM1256705

GSM1256706 GSM1256708 GSM1256713

GSM1256715 GSM1256778
llI~IV stage GSM150191 GSM150193 GSM150195 GSE120103
(h=62) GSM150203 GSM150211 GSM150213 GSE51981

GSM150215 GSM150217 GSM150218 GSE37837

GSM150219 GSM1256653 GSM 1256655 GSE6364

GSM1256660 GSM1256662 GSM1256664
GSM1256668 GSM1256673 GSM1256675
GSM1256676 GSM1256678 GSM1256679
GSM1256681 GSM1256687 GSM1256695
GSM1256696 GSM1256697 GSM1256699
GSM1256701 GSM1256703 GSM1256704
GSM1256707 GSM1256710 GSM1256711
GSM1256712 GSM1256714 GSM1256716
GSM1256719 GSM1256780 GSM928781
GSM928783 GSM928789 GSM928791
GSM928793 GSM928795 GSM928797
GSM928801 GSM928803 GSM928805
GSM928809 GSM928813 GSM3393501
GSM3393502 GSM3393504 GSM3393505
GSM3393506 GSM3393508 GSM3393520
GSM3393521 GSM3393522 GSM3393524
GSMB3393525 GSM3393526

CD4 memory T cells, activated CD4 memory T cells, follicular
helper T cells, regulatory T cells (Tregs) and gamma delta T cells.

Patients and Specimens

A total of 60 anonymized patients with ovarian endometriomas
and 30 anonymized patients without EMS were enrolled and
pathologically confirmed by the Pathology Department of the
First Affiliated Hospital of Sun Yat-sen University. All patients
with EMS of childbearing age without hormone or drug
treatment in the last 6 months underwent laparoscopic ovarian
cyst removal from December 2017 to December 2019. Ectopic
endometrial tissue and eutopic endometrial tissue were collected
from the same patient with ovarian endometriomas and classified
according to the r-AFS system. Paraffin sections of endometrial
tissues as the control group were taken from patients without
EMS who underwent laparoscopic myomectomy. Normal
endometrial tissue and eutopic endometrial tissue were obtained
by endometrial biopsy. Ectopic endometrial tissue was obtained
by laparoscopic ovarian endometriomas resection. The pathology
of endometrial tissue specimens was proliferative endometrium.
Endometrial hyperplasia or malignant transformation, previous
history of EMS surgery or amenorrhea, acute inflammation
and autoimmune disease were excluded from the study. All
specimens were obtained with the informed consent of patients,
and this study was approved by the Medical Research Ethics
Committee of the First Affiliated Hospital of Sun Yat-sen
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FIGURE 1| T cells and B cells in EC, EU, and NO. CIBERSORT immune cell fractions were determined for each patient; each dot represents one patient. The upper

quartile (P25), median value, lower quartile (P75) after removing datas with large deviation for each cell subset, including total T cells (A), total B cells (B), and follicular
helper T cells (C), CD8T cells (D), resting CD4 memory T cells (E), and plasma cells (F) were calculated for each patient group and compared using the Kruskal-Wallis
test. Y axes represent the composition ratio of each immune cell.
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FIGURE 2 | Innate immune cells in EC, EU, and NO. CIBERSORT immune cell fractions were determined for each patient; each dot represents one patient. The upper
quartile (P25), median value, lower quartile (P75) after removing datas with large deviation for each cell subset including total macrophages (A), mast cells (B), NK cells
(C), dendritic cells (D), neutrophils (E), eosinophils (F), and monocytes (G) were calculated for each patient group and compared using the Kruskal-Wallis test. Y axes
represent the composition ratio of each immune cell.
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University. Clinical data were obtained in a well-designed
questionnaire, including age, body mass index (BMI), menstrual
cycle length in days, number of days of menstrual bleeding,
dysmenorrhea visual analog scale (VAS) score and r-AFS score
(Tables 4, 5). The VAS consists of a line usually 100 mm in
length, with anchor descriptors such as “no pain” and “worst pain
imaginable.” BMI is a statistical index using a person’s weight and
height to provide an estimate of body fat. It is calculated by taking
a person’s weight, in kilograms, divided by their height, in meters
squared, or BMI = weight (in kg)/ height2 (in m?).

IHC

To explore the distribution of macrophages in eutopic
and ectopic endometrium of patients with EMS,
immunohistochemical experiments were conducted to
determine the integral optic density (IOD) values of CD68
and CD206 in endometrial tissues of the control group and
eutopic and ectopic endometrium of patients with EMS to
calculate the ratio of CD206/CD68.

Total macrophages and M2 macrophages were evaluated
immunohistochemically using staining for CD68 and CD206,
respectively. All endometrial tissues were fixed with 10% neutral
buffered formalin fixative, dehydrated and embedded in paraffin.
Wax blocks were sectioned into 4 jum continuous sections, and
slides were randomly selected for immunohistochemical staining.

For THC, 4-pm paraffin sections were baked at 60°C for
1h, deparaffinized in xylene and rehydrated via graded ethanol.
Then slides were microwaved in citric buffer (10 mM citric acid,
pH 6.0) and cooled at room temperature to retrieve antigens.
Endogenous peroxidase activity was blocked by 3% H,O,, and
non-specific binding sites were blocked by 10% goat serum.

The following primary antibodies were used: mouse
anti-CD68 antibody (ab31630; Abcam, USA; 1:200 dilution,
cytoplasmic or/and membrane staining) and rabbit anti-CD206
antibody (ab64693; Abcam, USA; 1:1,000 dilution, cytoplasmic
or/and membrane staining). Next, the primary antibody against
CD68 or CD206 were added to the specimen sections at 4°C and
incubated overnight. The primary antibody was removed, and
the secondary antibody was incubated with the samples (1:1,000)
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FIGURE 4 | Mast cell, dendritic cells and NK cell subgroups in EC, EU, and NO. CIBERSORT immune cell fractions were determined for each patient; each dot
represents one patient. The upper quartile (P25), median value, lower quartile (P75) after removing datas with large deviation for each cell subset including resting
mast cells (A), activated mast cells (B), resting NK cells (C), activated NK cells (D), resting dendritic cells (E), and activated dendritic cells (F) were calculated for each
patient group and compared using the Kruskal-Wallis test. Y axes represent the composition ratio of each immune cell.

at 37°C for 30 min. The immunohistochemical MaxVision kit
solution was incubated with tissue samples at room temperature
for 20min, and thereafter, 3, 3 -diaminobenzidine (DAB)
chromogenic reagent was added. Finally, hematoxylin staining
was performed. The primary antibody was replaced with
phosphate buffered saline, which was used as the negative
control. IHC staining of positive samples was repeated twice.

The results of slides were identified by a double-blind
method, and immunohistochemical staining results of all
slides were independently judged by two senior pathologists.
Using semi-quantitative integration method, six visual fields
were randomly selected under a high-power microscope, and
immunohistochemical results are expressed by the average IOD
of six random visual fields: IOD = density (mean) * area.
Density reflects the concentration or intensity of positive protein,
and IOD reflects the total protein expression in the selected
area. For measurement IOD, the image system comprised
a Leica CCD camera DFC420 connected to a Leica DM
IRE2 microscope (Leica Microsystems Imaging Solutions Ltd,
Cambridge, United Kingdom). Photographs of representative
fields were captured under high-power magnification (x400)
using Leica QWin Plus v3 software. The IODs of in each
image were measured using Image-Pro Plus 6.0 software (Media
Cybernetics Inc., Bethesda, MD, USA).

Statistical Analysis

The median value (P25-P75) was used to express the fraction
of three groups of different immune cells obtained from the
GEO database, and the Kruskal-Wallis test was used to compare
them because the data didn’t conform to normal distribution
and homogeneity of variance. The pearson correlation test
or spearman rank correlation test was used to analyze the
correlation between the two groups of quantitative data. SPSS
24.0 statistical software was used for data analysis. Counting
data were expressed by percentage. Qualitative data were
described by frequency, and measurement data were measured
by nonparametric mean test (X* test and t-test). Results were
considered statically significant when p < 0.05.

RESULTS

A total of 309 cases of gene transcriptome data were downloaded
from the GEO database, including 116 cases of NO, 158 cases of
EU and 35 cases of EC of EMS patients. After screening at p <
0.05 of CIBERSORT analysis, 105 samples were eliminated, and
68 cases of NO, 24 cases of EC and 112 cases of EU remained
(Supplementary Table 3). The scatter diagram (Figures 1-4) in
the three groups and correlation diagram of the proportion of
each immune cell type in EC are shown below (Figure 6).
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FIGURE 5 | Blue: EU tissue of EMS stage I~II; red: EU tissue of EMS stage IlI~IV. White dots represent median values of the immune cell fraction.

According to r-AFS classification and staging information
downloaded from the GEO database, 30 samples with missing
information of r-AFS classification were removed, and the
remaining 82 EMS patients were divided into 20 cases of stage
I~II and 62 cases of stage III~IV endometrial tissues (Table 1).
A violin diagram of the proportion of each immune cell in the
samples is shown in Figure 5.

T Cells and B Cells in EC

The fraction of follicular helper T cells was lower in EC than
in EU (p = 0.041) (Figure 1C, Table 2). The fractions of CD8 T
cells, resting CD4 memory T cells and plasma cells in EC were
higher than that in EU and NO (Figures 1D-F, Table 2). There
was no significant difference in other T cell subsets and total T
cells among the three groups (Figure 1A, Table 2). There was no
significant difference in the fractions of total B cells (Figure 1B,
Table 2) and B memory cells among the three tissues (Table 2).
The fraction of naive B cells in all three tissues was low (Table 2).

Innate Immune Cells in EC

The fraction of total macrophages was significantly higher in
EC than in EU and NO (p = 2.7e7%, p = 0.0015), but there
was no significant difference between NO and EU (p = 0.052)
(Figure 2A). Compared to EU and EC, total dendritic cells were
increased in NO (p = 0.011 and p = 0.051, respectively), but
there was no significant difference between EC and EU (p =
0.7) (Figure 2D). In contrast, total NK cells were significantly
decreased in EC (p = 3.9¢™7, p = 4.1e™>) (Figure2C).
The fractions of total mast cells, neutrophils, eosinophils and

monocytes were not significantly altered among the tissue types
(Figures 2B,E-G).

Macrophage Subgroups in EC

M2 macrophages were increased in EC compared to NO and
EU (p = 5.1e™> and p = 9.4e "/, respectively) (Figure 3C).
M2 macrophages/ (M1 macrophages+M2 macrophages) in EC
were higher than that in NO or EU (p = 0.36 and p =
0.46, respectively) (Figure 3D), but there was no significance
difference, indicating that M2 macrophage polarization existed in
EC. In contrast, neither MO macrophages nor M1 macrophages
were significantly different among tissues (Figures 3A,B).

Mast Cell, Dendritic Cells, and NK Cell
Subgroups in EC

The fraction of activated mast cells in endometrial tissues was
low (Figure 4B). Resting NK cells were significantly decreased
in EC (p = 0.0077, p = 0.011), but there was no significant
difference between EU and NO tissues (p = 0.81), and activated
NK cells were also significantly decreased in the EC group (p =
0.0097, p = 0.00055) (Figures 4C,D). Activated dendritic cells
were decreased in EC compared to NO and EU (p = 0.012 and
p = 0.13, respectively) (Figure 3F). The fractions of resting mast
cells and resting dendritic cells were not significantly altered
among the tissue types (Figures 3A,E).

Immune Cell Patterns in EMS r-AFS

Classification
The r-AFS classification is used to predict the recurrence
potential of EMS after surgery, reflecting severity of EMS to
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a certain extent. Generally speaking, stage III ~ IV exhibits
early recurrence and poor prognosis. Therefore, we investigated
differences in immune cell patterns of eutopic endometrium
between r-AFS stage I ~ II and stage III ~ IV. Fraction of resting
NK cells (p = 0.003) were decreased in eutopic endometrium
from people with stage III ~ IV compared to stage I ~ II
(Figure 5, Table 3). In contrast, fractions of activated NK cells
(p = 0.003) and M2 macrophages (p = 0.026) were increased
in eutopic endometrium from people with stage III ~ IV
(Figure 5, Table 3). M2 macrophages/ (M1 macrophages+M2
macrophages) were higher in eutopic endometrium from people
with stage III ~ IV compared to stage I ~ II (p = 0.414)
(Table 3), but there was no significance difference. The primary

immune cells in tissues are follicular helper T cells, NK cells,
M2 macrophages and resting mast cells (Figure 5, Table 3). Thus,
different EMS r-AFS classifications were associated with distinct
immune phenotypes.

Correlation of Immune Cells in EC

To further elucidate immue cell network in EC, we analyzed
correlations of different immune cell populations by calculating
r2 Pearson correlation coefficients (Figure 6). Immune cells
with larger correlation coefficients in EC included naive B
cells and memory B cells (—0.52); naive B cells and CD4
memory activated T cells (0.7); naive B cells and resting
dendritic cells (0.62); resting dendritic cells and CD4 memory
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TABLE 2 | Comparison of CIBERSORT immune cell fractions between ectopic endometrial tissue (EC), eutopic endometrial tissue (EU), and normal endometrial tissues

(NO).

Immune cell type

CIBERSORT fractions of all infiltrating immune cells

Median + Inter-quartile range

p-values (with Kruskal-Wallis)

NO EU EC NO vs. EU NO vs. EC EU vs. EC

Total T cells 0.323 + 0.141 0.353 + 0.151 0.365 + 0.098 0.2 0.056 0.28
T cells CD8 0.166 + 0.172 0.175 + 0.146 0.228 + 0.116 0.28 0.083 0.085
T cells CD4 memory resting 0.000 + 0.034 0.000 + 0.032 0.020 + 0.094 0.82 0.055 0.026
T cells CD4 memory activated 0.000 + 0.000 0.000 + 0.005 0.000 + 0.000 0.48 0.78 0.42
T cells follicular helper 0.080 + 0.103 0.081 + 0.081 0.055 + 0.037 0.47 0.15 0.041
Tregs 0.009 + 0.035 0.014 + 0.036 0.022 + 0.036 0.88 0.6 0.6
T cells gamma delta 0.000 + 0.000 0.000 + 0.000 0.000 =+ 0.000 0.21 0.19 0.53
T cells CD4 naive 0.000 =+ 0.000 0.000 + 0.000 0.000 =+ 0.000 0.57 0.6 0.39
Total B cells 0.085 + 0.076 0.081 + 0.082 0.116 + 0.077 0.71 0.099 0.056
B cells memory 0.004 + 0.043 0.010 + 0.068 0.027 + 0.071 0.35 0.27 0.61
B cells naive 0.004 + 0.044 0.000 + 0.019 0.000 + 0.016 0.056 0.19 0.99
Plasma cells 0.031 + 0.040 0.035 + 0.038 0.059 + 0.048 0.99 0.018 0.0069
Total Macrophages 0.109 £ 0.087 0.087 £+ 0.057 0.164 £ 0.172 0.052 0.0015 2.7¢76
MO macrophages 0.032 + 0.067 0.035 + 0.044 0.053 + 0.078 0.97 0.41 0.23
M1 macrophages 0.008 + 0.019 0.006 + 0.018 0.011 +£0.013 0.38 0.21 0.061
M2 macrophages 0.051 + 0.047 0.045 + 0.064 0.120 + 0.080 0.26 51e7° 9.4e77
M2/(M1+M2)macrophages 0.864 + 0.331 0.866 + 0.335 0.924 +0.119 0.92 0.36 0.46
Total Mast cells 0.058 + 0.057 0.059 + 0.060 0.063 + 0.046 0.49 0.24 0.41
Mast cells resting 0.038 + 0.077 0.047 + 0.067 0.038 + 0.069 0.17 0.9 0.32
Mast cells activated 0.000 + 0.027 0.000 + 0.005 0.004 + 0.055 0.23 0.16 0.021
Neutrophils 0.000 + 0.011 0.000 + 0.003 0.000 + 0.005 0.19 0.99 0.36
Total dendritic cells 0.057 + 0.066 0.042 + 0.047 0.034 + 0.046 0.011 0.051 0.7
Dendritic cells resting 0.023 + 0.053 0.020 + 0.032 0.018 & 0.051 0.11 0.76 0.47
Dendritic cells activated 0.020 + 0.051 0.014 + 0.033 0.003 + 0.021 0.1 0.012 0.13
Monocytes 0.032 + 0.049 0.035 + 0.041 0.035 + 0.040 0.42 0.54 0.99
Eosinophils 0.000 + 0.000 0.000 + 0.000 0.000 + 0.000 0.11 0.68 0.45
Total NK cells 0.265 + 0.152 0.254 + 0.150 0.163 £ 0.127 0.61 4.1e7° 3.9e77
NK cells resting 0.055 + 0.126 0.068 + 0.149 0.002 + 0.069 0.81 0.0077 0.011
NK cells activated 0.183 £ 0.154 0.179 + 0.141 0.090 + 0.150 0.32 0.0097 0.00055

activated T cells (0.59); resting dendritic cells and activated
NK cells (—0.51); activated mast cells and resting mast cells
(—0.57); activated mast cells and M0 macrophages (0.53); naive
CD4T cells and resting NK cells (0.78); naive CD4T cells
and monocytes (0.6); naive CD4T cells and Tregs (0.78);
monocytes and Tregs (0.54); activated dendritic cells and
eosinophils (0.65) (Figure 6). Naive B cells correlated positively
with CD4 memory activated T cells and resting dendritic
cells in EC. However, they correlated negatively with memory
B cells in EC. Furthermore, resting dendritic cells correlated
positively with CD4 memory activated T cells, and correlated
negatively with activated NK cells in EC. Naive CD4T cells
correlated positively with monocytes, resting NK cells and
Tregs in EC, and monocytes correlated positively with Tregs.
Additionally, activated mast cells correlated positively with
MO macrophages, and correlated negatively with resting mast
cells in EC. Activated dendritic cells correlated positively
with eosinophils.

IHC Analysis of Clinical Patient Samples

To verify the exploratory data obtained for macrophages, we
conducted immunohistochemical experiments to detect the IOD
values of CD68 and CD206 in endometrial tissues of control,
eutopic and ectopic endometrium of patients with ovarian
endometriomas and calculated the ratio of CD206/CD68, using
SPSS 24.0 statistical software to analyze the data.

Comparison of General Data Among

Clinical Patients

Patients with ovarian endometriomas were divided into two
groups according to r-AFS stage, including 30 cases of stage I ~ II
and 30 cases of stage III ~ IV. Patients in the control group were
24-49 years old with an average age of 36.20 & 5.40. Patients in
stage I ~ II were 24-46 years old with an average age of 32.37 +
6.19, and patients in stage III ~ IV were 24-48 years old with an
average age of 33.93 & 7.13 (p = 0.065). These differences were
not statistically significant (Table 4).
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TABLE 3 | Comparison of immune cell fractions between two eutopic endometrial tissue (EU) subclasses.

Immune cell type

CIBERSORT fractions of all infiltrating immune cells

Median + Inter-quartile range

p-values

Subclass | ~ Il (n = 20)

Subclass lll ~ IV (n = 62) (with Kruskal-Wallis)

T cells CD8 0.253 + 0.209
T cells CD4 memory resting 0.000 + 0.021
T cells CD4 memory activated 0.000 + 0.001
T cells Follicular Helper 0.059 + 0.080
Tregs 0.031 £ 0.071
T cells gamma delta 0.000 + 0.000
T cells CD4 naive 0.000 £ 0.000
B cells memory 0.042 £ 0.067
B cells naive 0.000 £ 0.024
Plasma cells 0.037 £ 0.038
MO macrophages 0.040 £ 0.045
M1 macrophages 0.004 £+ 0.010
M2 macrophages 0.038 £+ 0.058
M2/(M14M2) macrophages 0.854 +£0.164
Mast cells resting 0.022 £+ 0.053
Mast cells activated 0.000 £ 0.016
Neutrophils 0.000 =+ 0.000
Dendritic cells resting 0.025 + 0.028
Dendritic cells activated 0.002 £+ 0.020
Monocytes 0.046 £+ 0.047
Eosinophils 0.000 + 0.000
NK cells resting 0.140 £ 0.179
NK cells activated 0.108 £ 0.124

0.180 £ 0.133 0.087
0.000 £ 0.030 0.879
0.000 £ 0.011 0.46
0.084 + 0.085 0.103
0.014 + 0.031 0.066
0.000 + 0.000 0.761
0.000 + 0.000 0.296
0.009 + 0.068 0.42
0.000 + 0.082 0.66
0.033 + 0.087 0.884
0.033 £+ 0.039 0.327
0.008 &+ 0.019 0.418
0.057 £+ 0.059 0.026
0.895 + 0.232 0.414
0.049 + 0.068 0.165
0.000 + 0.005 0.304
0.000 + 0.005 0.251
0.019 + 0.029 0.623
0.011 £ 0.087 0.494
0.033 + 0.039 0.317
0.000 £ 0.000 0.24
0.043 £ 0.120 0.003
0.190 £+ 0.121 0.003

TABLE 4 | Comparison of general data of clinical patients.

Group n Age BMI (kg/m?) Menstrual cycle (d) Menstrual bleeding (d)
Control 30 36.20 + 5.40 20.69 + 1.83 31.40 + 3.82 5.8+ 1.75

I~ 30 32.37 £ 6.19 20.27 £1.72 30.27 £ 2.46 6.37 +1.35

I~ 1V 30 33.93+7.13 20.25 +1.70 29.87 +2.84 6.23 +1.28

F 2.823 0.604 1.983 1.211

p 0.065 0.549 0.144 0.303

Other basic data, including BMI, menstrual cycle length
in days, number of days of menstrual bleeding, etc., showed
no significant difference among the three groups (p > 0.05)
(Table 4). There was no significant difference in VAS scores of
dysmenorrhea between stage I ~ II and stage III ~ IV EMS
patients (Table 5). The r-AFS scores of patients with stage I ~
IT EMS were 2~15, with an average score of 10.03 =+ 4.11, while
those of patients with stage III ~ IV EMS were 30~132, with an
average score of 78.27 = 26.73 (p < 0.001) (Table 5).

Macrophages in EC of Patients With
Ovarian Endometriomas

Examples of CD68 and CD206 macrophage staining in EC
tissues, along with a quantification summary, are shown
in Figure7 and Table6. Immunohistochemical results

TABLE 5 | Comparison of VAS score of dysmenorrhea and r-AFS score.

Group VAS score of dysmenorrhea r-AFS score

|~ 2.33+2.23 10.03 + 4.11

I~ v 2.60 £ 2.57 78.27 £26.73
t —0.43 -13.82

p 0.669 0.000

demonstrated that CD68 and CD206 were expressed in
normal endometrium, eutopic endometrium and ectopic
endometrium, exhibited cytoplasmic/membrane staining.
Staining was distributed in the periphery and stroma of glands,
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FIGURE 7 | IHC of CD68 and CD206. Brown yellow staining indicates positive expression, and blue staining indicates nuclear staining. (A) Total macrophage CD68
staining in human NO tissue, x400. (B) Total macrophage CD68 staining in human EU tissue of EMS stage | ~ Il, x400. (C) Total macrophage CD68 staining in
human EC tissue of stage | ~ Il EMS, x400. (D) Total macrophage CD68 staining in human EU tissue of stage Ill ~ IV EMS, x400. (E) Total macrophage CD68
staining in human EC tissue of stage Il ~ IV EMS, x400. (F) M2 macrophage CD206 staining in human NO tissue, x400. (G) M2 macrophage CD206 staining in
human EU tissue of stage | ~ Il EMS, x400. (H) M2 macrophage CD206 staining in human EC tissue of stage | ~ Il EMS, x400. (I) M2 macrophage CDE8 staining in
human EU tissue of stage Ill ~ IV EMS, x400. (J) M2 macrophage CD206 staining in human EC tissue of stage Ill ~ IV EMS, x400. All EU and EC tissues were from
patients with ovarian endometriomas.

and its positive expression showed as brown yellow and its  TABLE 6 | Comparison of IHC results.
nucleus as blue.

In agreement with the CIBERSORT results, macrophage Group coes Ccb206 Cb206/CD68
density was higher in EC compared to eutopic and normal g 26.46 + 10.76 16.00 £ 6.51 062 4+ 016
endometrial tissue. Meanwhile, CD206/CD68 was increased in | _ gy 30.31 4 10.07% 19.761 4+ 7.90° 0.68 4 0.21°
EC, which confirmed M2 macrophage polarization in ectopic | _ g 4571 + 13.64% 31.65 4 11.60%¢ 0.74 + 0.16°
endometrium. Compared to stage I ~ II, CD68 and CD206 |, _\ gy 36.15 4+ 16.85% 05.77 + 14.18% 0.71 £ 0122
density anq CD68/CD206 in endometrial tissue of stage ITI ~ IV Il ~ IV EC 5163 4 26,497 41.47 + 2414750 079 + 0.15%®
EMS were increased. £ 11131 14.858 5.900

P P < 0.001 P < 0.001 0.001

DISCUSSION
aCompared to NO, p < 0.05; PCompared to stage | ~ Il EU, p < 0.05; °Compared to

In this study, we applied CIBERSORT to assess differential stage | ~ Il EC, p < 0.05; ¥Compared to stage lll ~ IV EU, p < 0.05; ©Compared to stage
. ; . . o I~ IV EC, p < 0.05.
immune cell infiltration profiles in normal endometrial tissue,
EC and EU of EMS. We observed considerable differences in
immune cell composition among EC, EU, and NO. Additionally,
different EMS r-AFS classifications were associated with distinct ~ chemokines, and growth factors that mediate tissue repair, which
immune phenotypes. Macrophages were increased in EC, and  is a key procedure of the formation of ectopic foci (Brancato and
M2 macrophage polarization was observed. In the ectopic  Albina, 2011; Ding et al., 2015).
endometrium of patients with stage III ~ IV EMS, the Macrophages are mostly derived from progenitor cells in the
total number of macrophages and M2 macrophages was also ~ bone marrow (Doulatov et al., 2010). Each macrophage subgroup
increased, suggesting that M2 macrophages played an important  in a specific tissue has a specific gene expression pattern and
role in EMS. corresponding functional characteristics (Sprangers et al., 2016).

The recruitment and distribution of macrophages within At present, macrophages can be divided into M1 type and M2
the endometrial lesion have been demonstrated to facilitate  type (Brown et al,, 2012; Gordon et al., 2014). M1 macrophages
and maintain EMS (Takebayashi et al., 2015; Scheerer et al,  can be activated by IFN-y, TNF-a, or lipopolysaccharide, while
2016; Wu et al, 2017). Berbic et al. found that the number = M2 macrophages can be activated by IL-4, IL-10, or transforming
of macrophages in ectopic lesions and peritoneal fluid from  growth factor-p (Franco and Ferndndez-Sudrez, 2015). Some
patients with EMS was significantly higher compared to eutopic  scholars have confirmed that expression levels of IL-10 and IL-4
endometrial tissue (Berbic et al, 2009). After coculture of in peritoneal fluid of patients with EMS are obviously increased,
macrophages and endometrial stromal cells (ESC) in vitro, the  while expression levels of IFN-y are markedly decreased (Khan
proliferation and invasion ability of ESC were enhanced, and et al,, 2012). M1 macrophages can kill tumor cells and eliminate
the interaction between macrophages and nerve fibers enhanced  pathogens by inducing immune response or pro-inflammatory
EMS-related pain (Tran et al, 2009). Macrophages remove  response. In contrast, M2 macrophages have anti-inflammatory
invasive pathogens and cell debris and express various cytokines, — properties, promote wound healing and fibrosis, repair tissues,
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participate in angiogenesis and promote tumor growth and
infiltration (Hesketh et al., 2017). M2 macrophages produce
various matrix metalloproteinases (MMP), such as MMP-2,
MMP-7, and MMP-9 (Atri et al., 2018). MMP-9 enhances
intercellular adhesion and promotes ectopic implantation and
growth of endometrial cells by degrading extracellular matrix
(Liu et al., 2015).

In this study, 22 types of immune cells were analyzed by
CIBERSORT using transcriptome data from EMS patients in
GEO databases. The distribution of total macrophages in ectopic
endometrium was significantly increased. Compared to patients
with r-AFS stage I~II, the proportion of M2 macrophages was
increased in patients with stage III ~ IV disease, suggesting
that the infiltration degree of M2 macrophages was related
to the severity of EMS. IHC experiments showed that total
macrophages were increased in ectopic endometrium, with M2
macrophages comprising the primary subtype. M2 macrophages
in stage III ~ IV patients were increased compared to stage I~1I,
which was consistent with the CIBERSORT results. At present,
many studies suggest that M2 macrophages are involved in the
seeding and spreading of ectopic endometrium. Establishment of
a BALB/c mouse EMS model showed that the degree of fibrosis
was positively correlated with expression of M2 macrophages
(Duan et al., 2018). After establishment of the mouse EMS model,
depletion of macrophages affected the formation of blood vessels
in the lesions and stopped the growth of ectopic lesions (Bacci
et al., 2009).

Macrophage polarization involves many intracellular signal
transduction molecules and complex signaling pathways,
including the PI3K/AKt pathway, JAK/STAT pathway, Notch
pathway and so on. IL-17A recruits peritoneal macrophages
and promotes the polarization of macrophages into the M2
phenotype by acting on the EMS itself (Miller et al, 2020).
Further studying the signaling pathways and related signaling
molecules and intervening M2 macrophage polarization is vital
for the prevention and treatment of EMS and can provide new
ideas for hindering the occurrence and development of EMS.

In this study, bioinformatics analysis revealed that in addition
to macrophages, NK cells, dendritic cells, plasma cells and resting
CD4 memory T were also abnormally distributed in the ectopic
endometrium of patients with EMS. Among them, the number
of resting NK cells and activated NK cells were significantly
decreased in ectopic endometrium. The abnormal number of
NK cells and dysfunction of expression were present in ectopic
lesions of EMS patients, and the number of activated NK cells
was decreased, which might be related to the imbalance of
activated receptor/inhibitory receptor ratio. These factors allow
the endometrium to escape immune surveillance and immune
clearance, leading to the occurrence and development of ectopic
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