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Abstract: Given the importance of menstrual blood in the pathogenesis of endome-

triosis and the multifunctional roles of menstrual mesenchymal stem cells 

(MenSCs) in regenerative medicine, this issue has gained prominence in the sci-

entific community. Moreover, recent reviews highlight how robust the integrated 

assessment of omics data is for endometriosis. To our knowledge, no study has 

applied the multi-omics approaches to endometriosis MenSCs. It is a case-control 

study at a university-affiliated hospital. MenSCs transcriptome and proteome 

data were obtained by RNA-seq and UHPLC-MS/MS detection. Among the dif-

ferentially expressed proteins and genes, we emphasize ATF3, ID1, ID3, FOSB, 

SNAI1, NR4A1, EGR1, LAMC3, and ZFP36 genes and MT2A, TYMP, COL1A1, 

COL6A2, and NID2 proteins that were already reported in the endometriosis. Our 

functional enrichment analysis reveals integrated modulating signaling pathways 

such as epithelial-mesenchymal transition (↑) and PI3K signaling via AKT to 

mTORC1 (↓in proteome), mTORC1 signaling, TGF beta signaling, TNFA signal-

ing via NFkB, and response to hypoxia via HIF1A targets (↑in transcriptome). Our 

findings highlight primary changes in the endometriosis MenSCs, suggesting that 

the chronic inflammatory endometrial microenvironment can modulate these 

cells, providing opportunities for endometriosis etiopathogenesis. Moreover, they 

identify challenges for future research leveraging knowledge for regenerative and 

precision medicine in endometriosis. 
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1. Introduction 

Menstrual blood is a non-invasive source for obtaining mesenchymal/stromal stem 

cells (MenSCs) which have a powerful capacity for self-renewing, high proliferation rate, 

pluripotency, and migratory and immunomodulatory functions in the inflammatory, tu-

mor, and tissue injury conditions. Consequently, they are considered a promising tool for 

regenerative medicine [1–3]. Due to the varied potential of clinical applications combined 

with no ethical dilemma, MenSCs have gained prominence in the scientific community 

since their discovery in 2007 [4] in different gynecological diseases [5] and, therefore, in 

the context of endometriosis [6–9]. 

Endometriosis is an enigmatic benign gynecological disease, estrogen-dependent, 

progesterone resistant, and chronic inflammatory, affecting 5 to 10% of women of repro-

ductive age worldwide [10]. Its case history is heterogeneous, with lesions identified in 

7% of asymptomatic women undergoing tubal ligation, 50% of adolescents with uncon-

trolled dysmenorrhea, 5% to 24% of women with persistent acyclic pain, and 10% to 40% 

of infertile women [11,12]. The disease is characterized histologically by the presence of 

endometrial tissue implants (glands and/or stroma) outside the uterine cavity (ectopic tis-

sue), most often located in the pelvis [13]. Due to its impact on physical and psychological 

health, as well as the socioeconomic impact on the costs of its diagnosis, treatment, and 

monitoring, endometriosis is considered a public health problem [14,15].  

This characteristic heterogeneity of the disease is not only related to the clinical as-

pects but also its origin. Its etiopathogenesis is complex and not completely understood 

[16]. The source of the ectopic endometrium has been the subject of much investigation. 

Thus, several theories and hypotheses are suggested as concomitant [17]. In this sense, the 

idea that progenitor cells in the endometrium (eMSCs), and consequently present in the 

menstrual flow (MenSCs), are initiators and maintainers of ectopic lesions [18] makes up 

a very plausible hypothesis combined with the theory of Sampson's Retrograde Menstru-

ation [19]. 

Simultaneously with discovering these progenitor cells, several approaches such as 

genomics, epigenomics, transcriptomics, and proteomics have been applied to under-

stand endometriosis [20–23]. Some differential gene or protein expression studies aimed 

at better understanding the gene expression behavior in stromal fibroblastic cells (SFs) 

and mesenchymal progenitors (eMSCs) were carried out using different experimental 

proposals in the endometrium, endometriotic lesion [24–27] and, more rarely, in men-

strual flow cells [7,28]. Since the gene expression is modulated at the transcriptional, post-

transcriptional, translational, and post-translational modifications, these intricate mecha-

nisms often lead to inconclusive studies and arduous interpretations when a single “omic” 

is evaluated.  

Recent reviews accentuate the importance of the “omics” era for endometriosis and 

highlight how powerful the integrated assessment of these data is [16,29]. Here, we de-

scribe for the first-time integrated pathways obtained from transcriptomic and proteomic 

data in endometriosis MenSCs that modulate biological processes involved in angiogen-

esis, proliferation, cell migration, and inflammatory response. We believe that dysregu-

lated pathways may reflect primary alterations in these cells favoring endometriosis. 

2. Results 

2.1. Study flowchart, Clinical variables, and the MenSCs in vitro model 

From November 2014 to December 2016, 1,251 medical records of women assisted in 

the Assisted Reproduction Program of the University Hospital of the Faculty of Medicine 

of Ribeirão Preto and the Reference Center for Women's Health of Ribeirão Preto (MA-

TER) were evaluated. Among these women, 54 were eligible, 20 for the endometriosis 

group and 34 for the control group. After the interviews, 11 women in the control group 

withdrew from participating, and two we excluded due to irregular menstrual cycles. 

Also, three were excluded from the endometriosis group because they had started 
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hormonal treatment before collection. Thus, menstrual flow samples were effectively col-

lected from 38 women. After samples exclusion for cell culture contamination, we stored 

ten samples from each group, the healthy and endometriosis, in the biorepository until 

use. For the large-scale approaches, we were unable to evaluate three transcript samples 

for low RNA integrity and one protein sample due to insufficient concentrations (Figure 

1).  

The clinical characterization of the women involved in this study and the establish-

ment of the MenSCs in vitro model were previously described in [30]. No significant dif-

ferences were observed regarding the patients' clinical data, such as age, body mass index, 

and days in the menstrual flow collection. There were also no differences between the 

percentages of immunophenotypically labeled cells between the two conditions [30] (pp. 

736, Tables 1 and 2), with the expressions in agreement with the minimum criteria that 

define multipotent MSCs [31] and the MenSCs profile previously described [3,32,33]. 

Figure 1. Study flowchart. 

2.2. Differential transcript profile 

RNA-seq analysis was performed to profile MenSC transcripts from women with and 

without endometriosis. The median mapping percentage was 77% (range from 60.6 to 

88.6) with a median number of mapped reads of 45,818,461.5 (range 32,252,535 from to 

73,828,997). We identified approximately 16,383 characterized transcripts in the database, 

41 of which were differentially expressed genes (DEGs) (Supplementary Table S1, Fig-

ure 2A, FDR< 0.1, no FC cut-off). A greater homogeneity in the DEGs profile was observed 

among women with endometriosis than in the healthy group (Figure 2B). We also evalu-

ated the predicted association networks between the 19 DE coding genes (https://version-

11-5.string-db.org/cgi/network?networkId=b2VpX4zPkdlf) and verified whether they 

were previously associated in the literature with endometriosis (Table 1). The protein-
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protein interaction enrichment was strong (p-value <1.0e-16) between eleven proteins 

(represented here by HES1, ATF3, ID1, ID3, FOSB, SNAI1, NR4A1, NR4A2, NR4A3, EGR1, 

and ZFP36 genes). It means that these proteins have more interactions with each other 

than expected for a random set of proteins and, thus, can be considered, at least partially, 

biologically connected as a group [34]. They are involved in pathways such as positive 

regulation of cell population proliferation, cell migration, response to a steroid hormone, 

regulation of epithelial cell proliferation, signaling by receptor tyrosine kinases, and oth-

ers. Moreover, in the endometriosis scenario, the genes ATF3, ID1, ID3, FOSB, SNAI1, 

NR4A1, EGR1, and ZFP36 were already associated with different disease aspects. 

 

Figure 2. Differential expression data in graphical representation. Volcano plots showing gene (A) and protein (C) 

expressions in endometriosis MenSCs. Heatmap and hierarchical clustering of the DEGs (B) and DEPs (D) in MenSCs 

of women with endometriosis and healthy controls. Notes: Rows represent genes/proteins and columns represent 

samples. 
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Table 1: Differential expression of coding genes in endometriosis MenSC and endometriosis-related genes/proteins in the literature 

 

Ensemble 

ID. 

Official 

gene 

symbol 

Gene type 
Chromosom

e location 
Gene name log2FC p-value p-adj 

Endometriosis-related 

gene/protein in the 

literature 

ENSG00000162772 ATF3 protein coding 1q32.3 activating transcription factor 3 1.782043 0.000234 0.099158 [35] 

ENSG00000214212 C19orf38 protein coding 19p13.2 chromosome 19 open reading 

frame 38 

1.756059 0.000165 0.073847  

ENSG00000121898 CPXM2 protein coding 10q26.13 carboxypeptidase X, M14 family 

member 2 

2.647503 0.000124 0.058576  

ENSG00000144655 CSRNP1 protein coding 3p22.2 cysteine and serine rich nuclear 

protein 1 

1.076952 5.07E-05 0.036267  

ENSG00000120738 EGR1 protein coding 5q31.2 early growth response 1 1.217478 8.09E-05 0.049207 [36] 

ENSG00000125740 FOSB protein coding 19q13.32 FosB proto-oncogene, AP-1 

transcription factor subunit 

1.50465 8.48E-06 0.009987 [23,37] 

ENSG00000114315 HES1 protein coding 3q29 hes family bHLH transcription 

factor 1 

2.103473 5.75E-07 0.001951  

ENSG00000125968 ID1 protein coding 20q11.21 inhibitor of DNA binding 1, HLH 

protein 

1.282674 9.56E-05 0.054622 [38,39] 

ENSG00000117318 ID3 protein coding 1p36.12 inhibitor of DNA binding 3, HLH 

protein 

1.530359 6.71E-06 0.009036 [38,39] 

ENSG00000211643 IGLV5-52 protein coding 22q11.22 Immunoglobulin Lambda Variable 

5-52 

4.818943 0.000117 0.056648  
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ENSG00000050555 LAMC3 protein coding 9q34.12 laminin subunit gamma 3 2.187422 6.99E-05 0.043905 [40,41] 

ENSG00000248672 LY75-CD302 protein coding 2q24.2 LY75-CD302 readthrough 2.969177 0.000148 0.068122  

ENSG00000123358 NR4A1 protein coding 12q13.13 nuclear receptor subfamily 4 group 

A member 1 

1.965574 0.000114 0.056648 [42] 

ENSG00000153234 NR4A2 protein coding 2q24.1 nuclear receptor subfamily 4 group 

A member 2 

1.993967 1.86E-05 0.015948  

ENSG00000119508 NR4A3 protein coding 9q31.1 nuclear receptor subfamily 4 group 

A member 3 

2.200431 0.000237 0.099158  

ENSG00000124216 SNAI1 protein coding 20q13.13 snail family transcriptional 

repressor 1 

1.473873 1.20E-05 0.012836 [43–46] 

ENSG00000157734 SNX22 protein coding 15q22.31 sorting nexin 22 1.968101 6.28E-05 0.040804  

ENSG00000128016 ZFP36 protein coding 19q13.2 ZFP36 ring finger protein 1.512248 8.75E-05 0.05156 [36] 

ENSG00000070087 PFN2 protein coding 3q25.1 profilin 2 -0.52405 2.42E-05 0.019852  
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2.3. Differential protein profile 

Our large-scale proteome approach identified 1373 proteins represented by two or 

more peptides. Among the proteins found, we analyzed the protein-protein interaction 

(PPI) of 34 proteins with a p-value < 0.05 (https://version-11-5.string-db.org/cgi/net-

work?networkId=bNWNnkCu2eRF). The interaction enrichment was strong (p-value 

<1.27e-7) between seven proteins (SERPINH1, LEPRE1, FKB10, COL1A1, COL6A2, 

LAMA5, and NID2). They represent pathways related to the extracellular matrix organi-

zation, collagen formation, matrix metalloproteinases, and negative regulation of post-

translational protein modification and serpin h1. Although the remaining proteins do not 

have a strong protein-protein interaction, interestingly, 17 of them play a role in acetyla-

tion processes. However, we considered differentially expressed proteins (DEPs) in endo-

metriosis, those with a p-value < 0.05- and a 2-fold chance cut-off (Figure 2C and D). 

Among the 15 DEPs, COL1A1, COL6A2, and NID2 are among the proteins with strong 

interactions, and MT2A, TYMP, COL1A1, and COL6A2 have already been associated with 

endometriosis (Table 2). 

 

Table 2. Differential expression proteins (DEPs) in endometriosis MenSCs and endometriosis-related genes/proteins in 

the literature 

Official 

protein 

symbol. 

Chromosome 

location 
Protein name log2FC p-value 

Endometriosis-

related gene/protein 

in the literature 

ANXA3 4q21.21 Annexin A3 -1.57 0.00050  

EPS8L2 11p15.5 EPS8 Like 2 -1.06 0.01287  

NUP62 19q13.33 Nucleoporin 62 -1.05 0.02018  

MT2A 16q13 Metallothionein 2A -1.02 0.03902 [47] 

SF3A2 19p13.3 Splicing Factor 3a Subunit 2 -1.02 0.02382  

TYMP 22q13.33 Thymidine Phosphorylase -1.01 0.01438 [48] 

LUC7L2 7q34 LUC7 Like 2, Pre-mRNA Splicing 

Factor 

-1.01 0.01209  

ARL8B 3p26.1 ADP Ribosylation Factor Like 

GTPase 8B 

-1.01 0.01648  

MANF 3p21.2 Mesencephalic Astrocyte Derived 

Neurotrophic Factor 

1.11 0.00944  

ACBD3 1q42.12 Acyl-CoA Binding Domain 

Containing 3 

1.14 0.01693  

COL1A1 17q21.33 Collagen Type I Alpha 1 Chain 1.15 0.01517 [49] 

COL6A2 21q22.3 Collagen Type VI Alpha 2 Chain 1.16 0.01035 [50] 

APMAP 20p11.21 Adipocyte Plasma Membrane 

Associated Protein 

1.18 0.02613  

SRP68 17q25.1 Signal Recognition Particle 68 1.23 0.00261   

NID2 14q22.1 Nidogen 2 1.45 0.00629   
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2.3. The biology of proteomic and transcriptomic systems in endometriosis MenSCs reveal related 

pathways 

We drew a Venn diagram to detect how many identified proteins were also present 

in the transcriptome (Figure 3). 92% of the identified proteins are represented at the tran-

scriptional level. Interestingly, the network interaction obtained from the 8% of proteins 

detected exclusively in the proteomics data enriched the pathways involved in ncRNA 

metabolic processing, gene expression regulation, and epigenetics (https://version-11-

5.string-db.org/cgi/network?networkId=bU6ZCYtP8bFU). Moreover, the agreement be-

tween these two biological systems is 52% regarding positive or negative signs of the 

logFC in the disease condition (Supplementary Table S2). Our enrichment analysis re-

veals signaling pathways that are modulated in an integrated form such as PI3K signaling 

via AKT to mTORC1, mTORC1 signaling, epithelial-mesenchymal transition, hypoxia via 

HIF1A targets, TNFA signaling via NFkB, IL6 STAT3 signaling during acute phase re-

sponse, and TGF beta signaling (Figure 4, Supplementary Table S3). 

 

 

Figure 3. Venn diagram representing the set of identified proteins and the coding genes. 
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Figure 4. Enriched hallmark pathways identified by pre-ranked gene/protein set of the transcriptome (A) and the 

proteome data (B). The horizontal axis represents the gene set rank according to their enrichment scores. NES 

(normalized enrichment scores) with positive or negative signs indicate the direction of the enrichment pathway, that 

is, up-regulated or down-regulated genes. 

3. Discussion  

To the best of our knowledge, no study has applied the multi-omics approaches in 

menstrual blood-derived mesenchymal stem cells in the endometriosis condition. Here, 

we describe the transcriptome and proteome profile of these progenitor cells, highlighting 

dysregulated signaling pathways that modulate biological processes involved in angio-

genesis, proliferation, cell migration, and inflammatory response. Furthermore, among 

the DEGs and DEPs, we emphasize ATF3, ID1, ID3, FOSB, SNAI1, NR4A1, EGR1, LAMC3, 

and ZFP36 genes and MT2A, TYMP, COL1A1, COL6A2, and NID2 proteins that, when 

unbalanced, may play an essential role in the etiopathogenesis of endometriosis (Tables 

1 and 2). 

Although the relationship between the cellular components of menstrual flow and 

the etiopathogenesis of endometriosis is undeniable [51], as well as the immunoregulatory 

roles of MenSCs as actors of endometriosis [8], the origin of ectopic tissue remains unclear. 

In this scenario, more outstanding efforts have been devoted to unraveling molecular 

changes in progenitor cells in the endometrium (eMSC) [24–27] than those in menstrual 

blood (MenSCs) [7,28]. In summary, these papers show that resident endometrial mesen-

chymal stem cells (eMSCs) are precursors of endometrial stromal fibroblasts (eSFs) and 

that, although there is a progressive reduction in the number of differential expression 

genes time-dependent on cell culture exposure, the most remarkable differences are be-

tween cell populations (eMSCs versus SFs) than between endometriosis versus controls. 

Despite the heterogeneity in the study designs making interpretations difficult, our results 

are consistent with the scientific community, MenSCs present subtle primary alterations 

in endometriosis. 

Here, we profiled the transcriptome and proteome of MenSCs from women with en-

dometriosis (n=10) and without endometriosis (n=10) and presented 19 DE coding genes 

and 15 DE proteins. We highlighted the genes ATF3, ID1, ID3, FOSB, SNAI1, NR4A1, 

EGR1, LAMC3, ZFP36, and proteins COL1A1, COL6A2, NID2 as overexpressed, and 

MT2A and TYMP proteins downregulated. They were previously reported as dysregu-

lated in endometriosis. The COL1A1 protein is the main collagen present in ectopic lesions 

and is suggested to participate in the progression of fibrotic diseases and wound healing 

[49,52], while TYMP, MT2A, COL6A2 proteins were related to angiogenic potential and 
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cellular proliferation [47–50]. Similar to proteins, apparently the genes appear to enrich 

pathways related to apoptosis, angiogenesis, response to steroid hormones, migration, 

differentiation, and proliferation [30]. Furthermore, ATF3 and NR4A1 play a role in the 

process of endometrial decidualization and also in the epithelial-mesenchymal transition 

[42,53], while EGR1, ZFP36, ID1, and ID3 play an important role in processes inflamma-

tion associated with endometriosis, as well as the ability to interact with TNFA and hy-

poxia [54,55]. 

Still considering the large-scale approaches, multi-omics technologies have substan-

tially revolutionized endometriosis research [29]. They stratify the various biological sce-

narios and increase the resolution of the molecular analyses involved in the disease [16]. 

An interesting observation of ours obtained from the integration of gene-protein data was 

that 8% of the proteins (not represented in the transcripts) enriched processes related to 

regulating gene expressions, such as ncRNA metabolism and epigenetic mechanisms. It 

may suggest a possible post-transcriptional regulatory effect on endometriosis MenSCs, 

mechanisms already well described in the disease development [56,57]. In a recent study 

of our group, we found an upregulation of miR-200b-3p in endometriosis MenSCs from 

the same set of women studied here. We discussed that this change might lead to in-

creased cell proliferation, stemness, and accentuated mesenchymal-epithelial transition 

process [30]. 

Additionally, our comprehensive functional enrichment analysis reveals integrated 

modulating signaling pathways such as epithelial-mesenchymal transition (EMT) (↑) and 

PI3K signaling via AKT to mTORC1 (↓ in proteome), mTORC1 signaling, TGF beta sig-

naling, TNFA signaling via NFkB, and response to hypoxia via HIF1A targets (↑ in tran-

scriptome). This related modulation of pathways makes sense when we think about the 

angiogenic, proliferative, migratory, and immunomodulatory potential of MenSCs in in-

flammatory conditions [1,58].  

The PI3K/Akt/mTOR pathway has already been reported by other researchers in en-

dometriosis [59–61] and also in cancer, due to its involvement with mechanisms respon-

sible for tumor progression [62,63]. Endometriosis is known to be a benign disease, but it 

shares characteristics similar to cancer, such as resistance to apoptosis, invasion, angio-

genesis, and generating a chronic inflammatory environment [64]. In our results, the 

PI3K/AKT/mTOR pathway was enriched with down-regulated proteins and this may re-

flect the active mTORC1 pathway in the transcriptome since its hyperactivation can lead 

to feedback inhibition of PI3K/AKT signaling [65]. Kim et al. [66] reported that mTORC1 

has elevated activity in most tumors due to its potential for activating oncogenes and in-

activating tumor suppressors and that TGF-B may mediate glucose response through 

PI3K/AKT/mTOR signaling through induction by inflammatory cytokines through the ex-

pression of the HIF1A protein [67]. 

Consistent with other studies, the TGF-B pathway is shown to be increased in women 

with endometriosis, as well as the response to hypoxia via HIF1A targets. Studies have 

identified an abundance of TGF-B in the peritoneal fluid of women with the disease, 

which may come from shed endometrial tissue, ectopic endometrial cells, and circulating 

and increased macrophages in endometriosis [68,69]. Furthermore, hypoxic conditions are 

related to angiogenesis during the development of endometriotic lesions, as well as ele-

vated levels of pro-inflammatory cytokines such as TNFA and the ID1 and ID3 genes [70]. 

Another study with peritoneal fluid from women with endometriosis showed that TNFA 

signaling can increase EGR1 expression and collaborate with the establishment and 

maintenance of the disease [71]. In addition, TNFA can be increased by NFkB accelerating 

the prolonged inflammatory process responsible for the reduction of apoptosis activity in 

endometriosis [72], making sense for TNFA signaling via the NFkB pathway in our find-

ings. 

The EMT pathway has been widely associated with endometriosis [44,73,74]. It is 

noteworthy that it can be induced by inflammatory cytokines such as TGF-B, and TNFA 

and under hypoxic conditions [75]. Other studies have shown that PI3K/Akt/mTOR is also 
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capable of inducing EMT, as well as the important involvement of the SNAIL in this pro-

cess [44,76,77]. We believe that the MenSCs (protein phenotype) are genetically pro-

grammed (transcriptome) for accentuated mesenchymal-epithelial transition in endome-

triosis [30]. 

We observed that the pathways enriched in our study are similar to the literature. 

This fact only reinforces the idea that proteomic analysis (phenotype) complements the 

data observed in the transcriptome (genetic programming), but it also leads to an im-

proved understanding of the MenSCs mechanisms acting in endometriosis.  

These pathways are related to inflammatory processes. In a meta-analysis, our group 

discusses the same pathways in the endometrium of women with endometriosis and as-

sociates their imbalances directly with macrophage polarization (M1 to M2) and disease 

progression [23]. This polarization has been found in tumor conditions and is believed to 

be stimulated by the tissue microenvironment resulting from hypoxia, NFkB signaling 

alterations, and in the composition of the extracellular matrix (ECM). Thus, when polar-

ized, it promotes immune system escape, angiogenesis, and metastasis [78]. 

The endometrium contains a variety of immune cells involved in tissue repair that 

are subject to changes during the menstrual cycle. It is known that there is a continuous 

increase in the number of macrophages, peaking at the desquamation phase, which sug-

gests an inflammatory component to menstruation [79,80]. As a matter of fact, an in vitro 

study reported that mesenchymal cells derived from endometrioma induce macrophages 

to modulate evasion of the immune system allowing lesion growth [81]. Therefore, we 

believe that the inflammatory microenvironment of women with endometriosis can pro-

mote macrophage polarization, affecting the molecular signature of MenSCs, thus con-

tributing to the origin and maintenance of the disease. 

The most significant strength of our study is that we used integrative omics ap-

proaches in the same biological condition. So, even under subtly dysregulated expression 

conditions, it was possible to interpret genetic programming with the temporally regu-

lated protein phenotype. Further, we used stringent inclusion criteria to define the biolog-

ical groups as homogeneous as possible. Despite the advantages, this study had some 

limitations. The expression profile after the culture models must be carefully interpreted. 

It is difficult to extrapolate the same results to in vivo systems as the culture systems can 

mask the cellular environment [25]. It is also important to remember that these results 

must be validated in larger sample sizes. 

4. Materials and methods 

4.1. Ethics statement and duration 

This case-control study was conducted under the approval of The Research Ethics 

Committee of the University Hospital of the Ribeirao Preto Medical School (HCRP 

3644/2019) from April 2019 to December 2021. All participants provided written informed 

consent. The cells used in this study were collected from November 2014 to December 

2016 (HCRP 15227/2012) following the ethics guidelines established by the Declaration of 

Helsinki and were transferred to a biorepository (HCRP 3644/2019) in the Human Repro-

duction Sector of the Department of Gynecology and Obstetrics of the Ribeirão Preto Med-

ical School. 

4.2. Settings  

We included the recruited women from the Assisted Reproduction Program of the 

University Hospital of the Ribeirao Preto Medical School and the Reference Center for 

Women's Health in Ribeirao Preto (MATER). The number of patients per group is pre-

sented in Figure 1. Samples were processed, and the in vitro model was established at the 

Hemotherapy Center of Ribeirão Preto. The RNA-seq protocols were performed at the 

Center for Genomic Medicine of the Ribeirao Preto Medical School and the Proteomic at 

the Translational Medicine Drug Research and Development Center of the Federal 
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University of Ceará. We conducted bioinformatics analysis at the Laboratory for Transla-

tional Data Science of the Department of Gynecology and Obstetrics and the Department 

of Biochemistry and Immunology of Ribeirão Preto Medical School. 

4.3. Participants and eligibility criteria 

The clinical characterization of the women involved in this study was previously de-

scribed in [30] (pp. 736, Table 1). In summary, eligible patients were women between 18 

and 40 years of age with regular menstrual cycles (intervals from 24 to 32 days ± three 

days; 2 to 7 days of duration) and not on hormone therapy for at least three months before 

the sample collection. Any systemic disease, tumor, endocrinopathy, cardiovascular or 

rheumatological diseases were excluded. The case group was composed of women with 

a histological and laparoscopic diagnosis of endometriosis classified as III or IV [82]. Since 

the stem cells have tropism for endometriotic lesions [83], we selected patients who had 

presented diagnostic imaging suggestive of endometrioma at the time of collection as ev-

idence of active disease in the pelvic cavity. For the control group, we included fertile 

women (with kids and no history of recurrent abortion) without clinical symptoms of en-

dometriosis and endometriotic lesions by laparoscopy. 

4.4. Characterization and establishment of the MenSCs in vitro model 

MenSCs. Sample collection. The menstrual blood was collected through a silicone 

cup (Inciclo, Brazil) sterilized with gamma radiation. It was inserted into the vagina for 3 

hours during the 2nd, third or fourth day of the menstrual cycle. The samples were stored 

at 4ºC for up to 4 hours in a solution containing PBS 1x (ThermoFisher, USA), antibiotic-

antimycotic solution 10x (Gibco, USA), and 10% acid citrate-dextrose (JP Farma, Brazil). 

MenSCs isolation. We adopted the isolation method described by [4] with modifications 

[84]. The mononuclear cell layer was isolated by density gradient centrifugation at 800g 

for 30 min at 22 °C with Ficoll-Paque (#71-7167-00AG, GE Healthcare Bio-Sciences, Swe-

den). The cells were cultivated to α-minimum essential medium (# 11900-016, Gibco, USA) 

with 15% fetal bovine serum (# SH30071.03, GE Healthcare - HyClone, USA), 1% penicil-

lin/streptomycin (# 15140-122, Gibco, USA), 10 mM HEPES (# H4034, Merck, USA), and 

20 mM sodium bicarbonate (# 56297, Merck, USA). We sub-cultured the cells using 0.05% 

trypsin-EDTA solution (#25300054, Gibco, USA). Cells characterization. Following the 

minimal criteria for multipotent mesenchymal stem cells [31], the MenSCs were charac-

terized for expressing 23 markers following the manufacturer's instructions on the 

FACSCalibur flow cytometer (BD Biosciences, USA) using CellQuest™ version 4.0 soft-

ware (BD Biosciences, USA) and for their ability to differentiate into adipocytes and oste-

ocytes. We previously published these protocols and results in [30] (pp. 736 Table 2, Fig-

ures S1 and S2). We sub-cultured the cells until passage 3 (P3) for cell characterization 

analysis (early culture). However, the cells were stored in P2 in the biorepository (HCRP 

3644/2019). We expanded the cells from P2 to P3 for transcriptome and proteome analyzes. 

4.5. OMICs Approaches  

4.5.1. Transcriptome. Total RNA extraction, RNA integrity, and Quantification.  

Total RNA was extracted using the AllPrep DNA/RNA/miRNA Universal Kit 

(#80224, Qiagen, USA) according to the manufacturer's instructions, followed by treat-

ment with Ambion DNA-free Kit (#AM1906, Invitrogen, USA) for removal of contaminat-

ing DNA. We assessed the RNA integrity using Agilent RNA 6000 Nano Kit (# 5067-1511, 

Agilent, USA) in the 2100 Bioanalyzer Instrument (Agilent, USA), and we included only 

samples with RNA Integrity Number (RIN) ≥ 8 for library preparation. Total RNA con-

centration was measured using Qubit RNA BR Assay Kit (#Q10210, Invitrogen, USA) on 

the Qubit 2.0 Fluorometer (ThermoFisher, USA). Library construction. Ribosomal RNA 

depleted strand-specific RNA libraries were generated with TruSeq Stranded Total RNA 

LT Sample Prep Kit (with Ribo-Zero Gold) set A (#RS-122-2301) and set B (#RS-122-2301) 
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(Illumina, USA) following the manufacturer's instructions. Clustering and running. The 

library was sequenced on NextSeq 500 System (Illumina, USA) using chemistry v2 with 

NextSeq 500/550 High Output Kit (#FC-404-2004, Illumina, USA) in paired-end mode with 

a read length of 2x150bp. The paired-end sequencing runs were performed containing six 

samples each (3 controls and 3 cases per run) distributed in four lanes. We realized three 

sequencing runs. Upon run completion, libraries were demultiplexed, adapters trimmed, 

and fastq files were generated using the Illumina NextSeq Control Software version 2.02 

on BaseSpace (Illumina's cloud-based resource). Raw data processing and statistics. The 

reads in fastq files were trimmed based on the quality score < 20 and the quality control 

was evaluated using the fastqc software (Illumina NextSeq Control Software version 2.0.2 

on BaseSpace). Gene level read counts were inferred using the pseudo-alignment method 

using the Salmon software with default parameters and the GRCh38 reference genome 

based on the Ensemble annotation [85]. Differential expression analysis was performed 

using the DESeq2 pipeline [86] based on the coefficient of variation between the two con-

ditions (control versus endometriosis) and adjusted by the mean percentage (z-score ad-

justed) of cells expressing the CD73 and CD90 proteins at the flow cytometry analysis. 

Genes with very low expression (sum of reads for all samples < 5) were filtered out of the 

statistical analysis. We considered differentially expressed genes (DEGs) if adjusted p-

value by the false discovery ratio (FDR) < 0.1 (without FC cut-off). After normalization 

with the rlog() function using the blind parameter (the dispersion estimation is unbiased 

by the information about experimental groups) in the DESeq2 package in R. The differen-

tially expressed genes were selected and used for agglomerative hierarchical clustering. 

We used the Euclidean distance as the metric for dissimilarity and the complete agglom-

erative method for clustering. The dendrograms were plotted with the heatmap scaling 

(Z-score) the expression values by rows using the heatmap3 package in R [87] 

(https://CRAN.R-project.org/package=heatmap3). 

4.5.2. Shotgun Proteomic. Extraction, Quantification, Trypsinization, and Desalination of 

Proteins.  

Total proteins were extracted and solubilized using cell lysis buffer containing 8M 

urea, 10 mM Tris (pH = 8.0), and protease inhibitor (#P8340, Sigma-Aldrich, USA). Then, 

3 sonication cycles at 45 W for 5 minutes each were performed. The samples were centri-

fuged at 20,000g for 30 minutes at 4°C and total proteins were quantified in triplicates by 

the Bradford method [88] using the Quick Start Bradford Protein Assay Kit (#15000201, 

Bio-Rad, USA). Approximately 100 μg of total proteins were reduced by incubation at 

37°C for 30 minutes with 10 μg/μL dithiothreitol (DTT) (#D9779, Sigma- Aldrich, USA). 

Subsequently, they were alkylated at 25°C and in light deprivation for 30 minutes by the 

addition of 10 μg/μL iodoacetamide (IAA) (#I1149, Sigma- Aldrich, USA). Then the sam-

ples were diluted 8x with 10 mM Tris solution (pH = 8.0). Protein digestion. Total proteins 

were incubated with trypsin (#V5111, Promega, USA) diluted in 20 mM Tris (pH = 8.0) in 

a 1:50 ratio (enzyme/proteins, m/m) for 18 h at 37°C under agitation. The peptides ob-

tained from the digested samples were purified on reversed-phase OASIS-HLB columns 

(#186000383, Waters, USA). After the OASIS-HLB columns, the peptides were dried in the 

SpeedVac apparatus (Thermo Scientific, Marietta, OH), resuspended in the appropriate 

buffer, and quantified by the Qubit Protein Assay Kit (#Q33211, ThermoFisher, USA). 

UHPLC-MS/MS detection. The peptides were fractionated in UHPLC Dionex Ultimate 

3000 (ThermoFisher, USA) and analyzed in the Q Exactive Plus HMR mass spectrometer 

(ThermoFisher, USA), in full MS/ddMS2 (Top5) positive mode. One µg of peptides per 

sample was injected into the mass spectrometer for 210 min using 18 0.1% formic acid 

(solvent A or equilibrium) and 0.1% acetonitrile/formic acid in an 80:20 ratio (solvent B or 

elution). The elution followed an optimized linear solvent B gradient from 4 to 85%. Raw 

data processing and statistics. Raw files from MS analysis were processed using the 

MaxQuant computational proteomics platform [89] version 1.6.17.0, which obtained a list 

of identified proteins and the relative label-free quantification (LFQ). The search 
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parameters used were carbamidomethylation of cysteine residues as a fixed modification; 

oxidation of methionine residues as a variable modification, trypsin enzyme with a toler-

ance of two misscleavages; mass error tolerance for precursor peptide of 20 ppm in the 

first search and 6 ppm in the main search; mass tolerance for fragments (MS/MS) of 0.5 

Da, false discovery rate (FDR) of 1% for proteins and peptides. The LFQ was normalized 

manually based on total ion intensity for each LC-MS/MS run and considered at least 1 

peptide identified by MS/MS for paired comparisons. The statistical analyzes were per-

formed with normalized intensity values (LFQ intensity) using the Limma package [90] 

in the R environment, taking into account only proteins identified with 2 or more peptides 

and reviewed by the UniProt database (https://www.uniprot.org/). For constructing the 

contrast matrix, we considered the outcomes of interest (endometriosis and healthy con-

trol). It was investigated whether weighting the proportion of mesenchymal cells typically 

labeled with CD90 and CD73 influenced the results, but this was not observed. Finally, 

we used a linear model through the lmFit function and considered the fit patterns. We 

also evaluated the interference of two fitting methods: 'least square' and 'robust regres-

sion' without significant differences, so we kept the default fit. After the linear fit, we used 

the eBayes function that applies an empirical Bayesian method to moderate the t-statistic. 

We set the cut-offs at < 5% for p-value and at 2.0 for fold-change (FC) to consider differ-

ential expression proteins (DEPs). 

4.6. Enrichment analysis 

The genes and proteins obtained from the large-scale approaches were evaluated us-

ing public databases and free, open-source software. First, we used the STRING database 

v11.5 to summarize the predicted association networks for proteins (with a p-value of 

<0.05) and genes (with an adjusted p-value of < 0.1) set at a medium confidence score 

(0.400) [34]. We also drew a Venn diagram using a web tool (http://bioinformat-

ics.psb.ugent.be/webtools/Venn/) to detect how many identified proteins were repre-

sented in the transcriptome. We used all coding genes for this diagram. 

As statistically significant gene expressions and arbitrarily determined cut-offs do 

not always represent biological variations [23], we performed the pathway enrichment 

analysis of all genes and proteins pre-classified by logFC without filtering. We used the 

Molecular Signatures Database (MSigDB) v7.5.1, hallmark gene sets collection, available 

in Gene Set Enrichment Analysis (GSEA) web tool [91]. We dictated that the parameters 

included 1000 permutations, weighted enrichment statistics (p-value = 0.05). The p-value 

of < 5% and FDR of < 10% were considered significant. We considered the positive or 

negative signs of the normalized enrichment scores (NES) to interpret the direction of the 

pathway. More details can be obtained by consulting documentation at http://www.gsea-

msigdb.org/gsea/index.jsp. 

4.7. Statistics 

Exploratory data analysis was performed using descriptive statistics. Clinical varia-

bles and immunophenotypic markers were compared between groups using the Mann–

Whitney test (independent samples). Analyzes were performed in SAS software, version 

9.4. For interpretation, a p-value of < 5% was considered significant. 

5. Conclusion 

Our findings highlight primary changes in the endometriosis MenSCs that may favor 

the tissue implantation at the ectopic site. The global expression profile enriched critical 

pathways in the endometriosis condition such as PI3K signaling via AKT to mTORC1, 

mTORC1 signaling, TNFA signaling via NFkB, IL6 STAT3 signaling during acute phase 

response, TGF beta signaling, and hypoxia via HIF1A targets. These imbalances suggest 

that the chronic inflammatory endometrial microenvironment can modulate these cells 

and provide opportunities for the etiopathogenesis of the disease. Our results are 
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important for identifying challenges and opportunities for future research and leveraging 

knowledge in regenerative and precision medicine in this disease. 

Supplementary Materials: Table S1. Differential expression transcripts with FDR< 0.1 and no FC 

cut-off. Table S2. Log fold change of proteins and genes that are common to omics analysis. Table 

S3. Hallmark pathways for proteins and coding genes.  

Funding Statement: This study was financially supported by the Sao Paulo Research Foundation 

(FAPESP 13/22431-3), National Institute of Hormones and Women’s Health (Hormona)-CNPq 

(INCT-CNPq 465482/2014-7), and Coordination of Superior Level Staff Improvement (Scholarship). 

Acknowledgments: The authors thank Océlia de Vasconcelos for her support in collecting the sam-

ples. We are also incredibly grateful to the women who voluntarily agreed to participate in this 

work. 

Author Contributions: Conceptualization: L.B.C.P., C.H.T. and J.M.; Methodology: L.B.C.P., C.H.T., 

P.A.T., C.R.K.P, K.C.P. and M.D.O.; Software: O.B.P-N. and D.G.T.; Formal Analysis: L.B.C.P., 

C.H.T., V.M.F., O.B.P-N., D.G.T., D.T.C., W.A.S-Jr and F.O.B; Investigation: L.B.C.P.; Resources: 

J.C.R-S., R.A.F., D.T.C.; Data Curation: L.B.C.P. and C.H.T.; Writing – Original Draft Preparation: 

L.B.C.P.; Writing – Review & Editing: All authors; Supervision: D.G.T. and J.M.; Project Administra-

tion: J.M.; Funding Acquisition: D.T.C., M.E.A.M., R.A.F. and J.M. All authors have read and agreed 

to the published version of the manuscript. 

Institutional Review Board Statement: The Research Ethics Committee of the University Hospital 

of the Ribeirao Preto Medical School approved this case-control study (HCRP 3644/2019). The 

MenSCs used in this work were collected from November 2014 to December 2016 (HCRP 

15227/2012) following the ethics guidelines established by the Declaration of Helsinki. They have 

been transferred to a biorepository of the Human Reproduction Section at the Department of Gyne-

cology and Obstetrics of the Ribeirao Preto Medical School (HCRP 3644/2019).  

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement: The raw data will be made available to the scientific community upon 

acceptance of the publication. The fastq files will be made available on the Sequence Read Archive 

(SRA) (https://www.ncbi.nlm.nih.gov/sra) and the RAW files on the Proteomics Identification Da-

tabase (PRIDE) (https://www.ebi.ac.uk/pride/). Data will be made available to the editors of the 

journal for review upon request. 

Conflicts of interest: The authors declare no conflict of interest. All authors have read and approved 

the manuscript publication. 

Reference 

1.  Darzi, S.; Werkmeister, J.A.; Deane, J.A.; Gargett, C.E. Identification and Characterization of Human Endometrial 

Mesenchymal Stem/Stromal Cells and Their Potential for Cellular Therapy. Stem Cells Transl Med 2016, 5, 1127–

1132, doi:10.5966/SCTM.2015-0190. 

2.  Chen, L.; Qu, J.; Xiang, C. The Multi-Functional Roles of Menstrual Blood-Derived Stem Cells in Regenerative 

Medicine. Stem Cell Res Ther 2019, 10, doi:10.1186/s13287-018-1105-9. 

3.  Bozorgmehr, M.; Gurung, S.; Darzi, S.; Nikoo, S.; Kazemnejad, S.; Zarnani, A.H.; Gargett, C.E. Endometrial and 

Menstrual Blood Mesenchymal Stem/Stromal Cells: Biological Properties and Clinical Application. Front Cell Dev 

Biol 2020, 8, doi:10.3389/FCELL.2020.00497. 

4.  Meng, X.; Ichim, T.E.; Zhong, J.; Rogers, A.; Yin, Z.; Jackson, J.; Wang, H.; Ge, W.; Bogin, V.; Chan, K.W.; et al. 

Endometrial Regenerative Cells: A Novel Stem Cell Population. J Transl Med 2007, 5, 57, doi:10.1186/1479-5876-5-

57. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://www.ncbi.nlm.nih.gov/sra
https://www.ebi.ac.uk/pride/
https://doi.org/10.20944/preprints202209.0180.v1


 10 of 21 
 

 

5.  el Sabeh, M.; Afrin, S.; Singh, B.; Miyashita-Ishiwata, M.; Borahay, M. Uterine Stem Cells and Benign Gynecological 

Disorders: Role in Pathobiology and Therapeutic Implications. Stem Cell Rev Rep 2021, 17, 803, doi:10.1007/S12015-

020-10075-W. 

6.  Gargett, C.E.; Schwab, K.E.; Deane, J.A. Endometrial Stem/Progenitor Cells: The First 10 Years. Hum Reprod Update 

2016, 22, 137–163, doi:10.1093/humupd/dmv051. 

7.  Warren, L.A.; Shih, A.; Renteira, S.M.; Blau, B.; Simpfendorfer, K.; Lee, A.; Metz, C.N.; Gregersen, P.K. Analysis of 

Menstrual Effluent: Diagnostic Potential for Endometriosis. Molecular Medicine 2018, 24, 1–12, doi:10.1186/s10020-

018-0009-6. 

8.  Kong, Y.; Shao, Y.; Ren, C.; Yang, G. Endometrial Stem/Progenitor Cells and Their Roles in Immunity, Clinical 

Application, and Endometriosis. Stem Cell Res Ther 2021, 12, 474, doi:10.1186/S13287-021-02526-Z. 

9.  Sahraei, S.S.; Davoodi Asl, F.; Kalhor, N.; Sheykhhasan, M.; Fazaeli, H.; Moud, S.S.; Sheikholeslami, A. A 

Comparative Study of Gene Expression in Menstrual Blood-Derived Stromal Cells between Endometriosis and 

Healthy Women. Biomed Res Int 2022, 2022, doi:10.1155/2022/7053521. 

10.  Zondervan, K.T.; Becker, C.M.; Missmer, S.A. Endometriosis. N Engl J Med 2020, 382, 1244–1256, 

doi:10.1056/NEJMRA1810764. 

11.  Missmer, S.A.; Cramer, D.W. The Epidemiology of Endometriosis. Obstet Gynecol Clin North Am 2003, 30, 1–19, 

doi:10.1016/S0889-8545(02)00050-5. 

12.  Eisenberg, V.H.; Weil, C.; Chodick, G.; Shalev, V. Epidemiology of Endometriosis: A Large Population-Based 

Database Study from a Healthcare Provider with 2 Million Members. BJOG 2018, 125, 55–62, doi:10.1111/1471-

0528.14711. 

13.  Agarwal, N.; Subramanian, A. Endometriosis - Morphology, Clinical Presentations and Molecular Pathology. J Lab 

Physicians 2010, 2, 001–009, doi:10.4103/0974-2727.66699. 

14.  Simoens, S.; Dunselman, G.; Dirksen, C.; Hummelshoj, L.; Bokor, A.; Brandes, I.; Brodszky, V.; Canis, M.; Colombo, 

G.L.; Deleire, T.; et al. The Burden of Endometriosis: Costs and Quality of Life of Women with Endometriosis and 

Treated in Referral Centres. Hum Reprod 2012, 27, 1292–1299, doi:10.1093/HUMREP/DES073. 

15.  Culley, L.; Law, C.; Hudson, N.; Denny, E.; Mitchell, H.; Baumgarten, M.; Raine-Fenning, N. The Social and 

Psychological Impact of Endometriosis on Women’s Lives: A Critical Narrative Review. Hum Reprod Update 2013, 

19, 625–639, doi:10.1093/HUMUPD/DMT027. 

16.  Goulielmos, G.N.; Matalliotakis, M.; Matalliotaki, C.; Eliopoulos, E.; Matalliotakis, I.; Zervou, M.I. Endometriosis 

Research in the -Omics Era. Gene 2020, 741, doi:10.1016/J.GENE.2020.144545. 

17.  Sourial, S.; Tempest, N.; Hapangama, D.K. Theories on the Pathogenesis of Endometriosis. Int J Reprod Med 2014, 

2014, 1–9, doi:10.1155/2014/179515. 

18.  Liu, Y.; Zhang, Z.; Yang, F.; Wang, H.; Liang, S.; Wang, H.; Yang, J.; Lin, J. The Role of Endometrial Stem Cells in 

the Pathogenesis of Endometriosis and Their Application to Its Early Diagnosis†. Biol Reprod 2020, 102, 1153–1159, 

doi:10.1093/BIOLRE/IOAA011. 

19.  Sampson, J.A. Peritoneal Endometriosis Due to the Menstrual Dissemination of Endometrial Tissue into the 

Peritoneal Cavity. Am J Obstet Gynecol 1927, 14, 422–469, doi:10.1016/S0002-9378(15)30003-X. 

20.  Seeber, B.; Sammel, M.D.; Fan, X.; Gerton, G.L.; Shaunik, A.; Chittams, J.; Barnhart, K.T. Proteomic Analysis of 

Serum Yields Six Candidate Proteins That Are Differentially Regulated in a Subset of Women with Endometriosis. 

Fertil Steril 2010, 93, 2137–2144, doi:10.1016/J.FERTNSTERT.2008.12.121. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1


 11 of 21 
 

 

21.  Nyholt, D.R.; Low, S.K.; Anderson, C.A.; Painter, J.N.; Uno, S.; Morris, A.P.; MacGregor, S.; Gordon, S.D.; Henders, 

A.K.; Martin, N.G.; et al. Genome-Wide Association Meta-Analysis Identifies New Endometriosis Risk Loci. Nat 

Genet 2012, 44, 1355–1359, doi:10.1038/NG.2445. 

22.  Borghese, B.; Zondervan, K.T.; Abrao, M.S.; Chapron, C.; Vaiman, D. Recent Insights on the Genetics and 

Epigenetics of Endometriosis. Clin Genet 2017, 91, 254–264, doi:10.1111/CGE.12897. 

23.  Poli-Neto, O.B.; Meola, J.; Rosa-e-Silva, J.C.; Tiezzi, D. Transcriptome Meta-Analysis Reveals Differences of 

Immune Profile between Eutopic Endometrium from Stage I-II and III-IV Endometriosis Independently of 

Hormonal Milieu. Sci Rep 2020, 10, doi:10.1038/S41598-019-57207-Y. 

24.  Spitzer, T.L.B.; Rojas, A.; Zelenko, Z.; Aghajanova, L.; Erikson, D.W.; Meyer, F.B.; Tamaresis, J.S.; Hamilton, A.E.; 

Irwin, J.C.; Giudice, L.C. Perivascular Human Endometrial Mesenchymal Stem Cells Express Pathways Relevant 

to Self-Renewal, Lineage Specification, and Functional Phenotype. Biol Reprod 2012, 86, 

doi:10.1095/BIOLREPROD.111.095885. 

25.  Barragan, F.; Irwin, J.C.; Balayan, S.; Erikson, D.W.; Chen, J.C.; Houshdaran, S.; Piltonen, T.T.; Spitzer, T.L.B.; 

George, A.; Rabban, J.T.; et al. Human Endometrial Fibroblasts Derived from Mesenchymal Progenitors Inherit 

Progesterone Resistance and Acquire an Inflammatory Phenotype in the Endometrial Niche in Endometriosis. Biol 

Reprod 2016, 94, doi:10.1095/BIOLREPROD.115.136010. 

26.  Rekker, K.; Saare, M.; Eriste, E.; Tasa, T.; Kukuškina, V.; Mari Roost, A.; Anderson, K.; Samuel, K.; Karro, H.; 

Salumets, A.; et al. High-Throughput MRNA Sequencing of Stromal Cells from Endometriomas and Endometrium. 

Reproduction 2017, 154, 93–100, doi:10.1530/REP-17-0092. 

27.  Liu, Y.; Liang, S.; Yang, F.; Sun, Y.; Niu, L.; Ren, Y.; Wang, H.; He, Y.; Du, J.; Yang, J.; et al. Biological Characteristics 

of Endometriotic Mesenchymal Stem Cells Isolated from Ectopic Lesions of Patients with Endometriosis. Stem Cell 

Res Ther 2020, 11, doi:10.1186/S13287-020-01856-8. 

28.  Hwang, J.H.; Oh, J.J.; Wang, T.; Jin, Y.C.; Lee, J.S.; Choi, J.R.; Lee, K.S.; Joo, J.K.; Lee, H.G. Identification of 

Biomarkers for Endometriosis in Eutopic Endometrial Cells from Patients with Endometriosis Using a Proteomics 

Approach. Mol Med Rep 2013, 8, 183–188, doi:10.3892/MMR.2013.1469. 

29.  Prašnikar, E.; Knez, J.; Kovačič, B.; Kunej, T. Molecular Signature of Eutopic Endometrium in Endometriosis Based 

on the Multi-Omics Integrative Synthesis. J Assist Reprod Genet 2020, 37, 1593–1611, doi:10.1007/S10815-020-01833-

3. 

30.  de Oliveira, R.Z.; de Oliveira Buono, F.; Cressoni, A.C.L.; Penariol, L.B.C.; Padovan, C.C.; Tozetti, P.A.; Poli-Neto, 

O.B.; Ferriani, R.A.; Orellana, M.D.; Rosa-e-Silva, J.C.; et al. Overexpression of MiR-200b-3p in Menstrual Blood-

Derived Mesenchymal Stem Cells from Endometriosis Women. Reprod Sci 2022, 29, 734–742, doi:10.1007/S43032-

022-00860-Y. 

31.  Dominici, M.; le Blanc, K.; Mueller, I.; Slaper-Cortenbach, I.; Marini, F.C.; Krause, D.S.; Deans, R.J.; Keating, A.; 

Prockop, D.J.; Horwitz, E.M. Minimal Criteria for Defining Multipotent Mesenchymal Stromal Cells. The 

International Society for Cellular Therapy Position Statement. Cytotherapy 2006, 8, 315–317, 

doi:10.1080/14653240600855905. 

32.  Musina, R.A.; Belyavski, A. v.; Tarusova, O. v.; Solovyova, E. v.; Sukhikh, G.T. Endometrial Mesenchymal Stem 

Cells Isolated from the Menstrual Blood. Bull Exp Biol Med 2008, 145, 539–543, doi:10.1007/S10517-008-0136-0. 

33.  Du, X.; Yuan, Q.; Qu, Y.; Zhou, Y.; Bei, J. Endometrial Mesenchymal Stem Cells Isolated from Menstrual Blood by 

Adherence. Stem Cells Int 2016, 2016, doi:10.1155/2016/3573846. 

34.  Szklarczyk, D.; Gable, A.L.; Lyon, D.; Junge, A.; Wyder, S.; Huerta-Cepas, J.; Simonovic, M.; Doncheva, N.T.; Morris, 

J.H.; Bork, P.; et al. STRING V11: Protein-Protein Association Networks with Increased Coverage, Supporting 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1


 12 of 21 
 

 

Functional Discovery in Genome-Wide Experimental Datasets. Nucleic Acids Res 2019, 47, D607–D613, 

doi:10.1093/NAR/GKY1131. 

35.  Ding, S.; Yu, Q.; Wang, J.; Zhu, L.; Li, T.; Guo, X.; Zhang, X. Activation of ATF3/AP-1 Signaling Pathway Is Required 

for P2X3-Induced Endometriosis Pain. Hum Reprod 2020, 35, 1130–1144, doi:10.1093/HUMREP/DEAA061. 

36.  Mirza, Z.; Abdel-Dayem, U.A. Uncovering Potential Roles of Differentially Expressed Genes, Upstream Regulators, 

and Canonical Pathways in Endometriosis Using an In Silico Genomics Approach. Diagnostics (Basel) 2020, 10, 

doi:10.3390/DIAGNOSTICS10060416. 

37.  Bunis, D.G.; Wang, W.; Vallvé-Juanico, J.; Houshdaran, S.; Sen, S.; ben Soltane, I.; Kosti, I.; Vo, K.C.; Irwin, J.C.; 

Giudice, L.C.; et al. Whole-Tissue Deconvolution and ScRNAseq Analysis Identify Altered Endometrial Cellular 

Compositions and Functionality Associated With Endometriosis. Front Immunol 2022, 12, 

doi:10.3389/FIMMU.2021.788315/FULL. 

38.  Amirteimouri, S.; Ashini, M.; Ramazanali, F.; Aflatoonian, R.; Afsharian, P.; Shahhoseini, M. Epigenetic Role of the 

Nuclear Factor NF-Y on ID Gene Family in Endometrial Tissues of Women with Endometriosis: A Case Control 

Study. Reprod Biol Endocrinol 2019, 17, doi:10.1186/S12958-019-0476-9. 

39.  Young, V.J.; Brown, J.K.; Saunders, P.T.K.; Duncan, W.C.; Horne, A.W. The Peritoneum Is Both a Source and Target 

of TGF-β in Women with Endometriosis. PLoS One 2014, 9, doi:10.1371/JOURNAL.PONE.0106773. 

40.  Uimari, O.; Rahmioglu, N.; Nyholt, D.R.; Vincent, K.; Missmer, S.A.; Becker, C.; Morris, A.P.; Montgomery, G.W.; 

Zondervan, K.T. Genome-Wide Genetic Analyses Highlight Mitogen-Activated Protein Kinase (MAPK) Signaling 

in the Pathogenesis of Endometriosis. Hum Reprod 2017, 32, 780–793, doi:10.1093/HUMREP/DEX024. 

41.  Méar, L.; Com, E.; Fathallah, K.; Guillot, L.; Lavigne, R.; Guével, B.; Fauconnier, A.; Vialard, F.; Pineau, C. The 

Eutopic Endometrium Proteome in Endometriosis Reveals Candidate Markers and Molecular Mechanisms of 

Physiopathology. Diagnostics 2022, 12, 419, doi:10.3390/DIAGNOSTICS12020419/S1. 

42.  Tang, X.; Zheng, H.; Xu, H.; Wang, M.; Kang, X.; Wu, Z. NR4A1 Affects Endometrial Receptivity by Participating 

in Mesenchymal-Epithelial Transition of Endometrial Stromal Cells. Reprod Sci 2022, 29, 133–142, 

doi:10.1007/S43032-021-00792-Z. 

43.  Xiong, W.; Zhang, L.; Liu, H.; Li, N.; Du, Y.; He, H.; Zhang, Z.; Liu, Y. E 2 -Mediated EMT by Activation of β-

Catenin/Snail Signalling during the Development of Ovarian Endometriosis. J Cell Mol Med 2019, 23, 8035–8045, 

doi:10.1111/JCMM.14668. 

44.  Konrad, L.; Dietze, R.; Riaz, M.A.; Scheiner-Bobis, G.; Behnke, J.; Horné, F.; Hoerscher, A.; Reising, C.; Meinhold-

Heerlein, I. Epithelial-Mesenchymal Transition in Endometriosis-When Does It Happen? J Clin Med 2020, 9, 1–20, 

doi:10.3390/JCM9061915. 

45.  Kazmi, I.; Alharbi, K.S.; Al-Abbasi, F.A.; Almalki, W.H.; G, S.K.; Yasmeen, A.; Khan, A.; Gupta, G. Role of 

Epithelial-to-Mesenchymal Transition Markers in Different Stages of Endometriosis: Expression of the Snail, Slug, 

ZEB1, and Twist Genes. Crit Rev Eukaryot Gene Expr 2021, 31, 89–95, 

doi:10.1615/CRITREVEUKARYOTGENEEXPR.2021037996. 

46.  Ma, L.; Andrieu, T.; McKinnon, B.; Duempelmann, L.; Peng, R.W.; Wotzkow, C.; Müller, C.; Mueller, M.D. 

Epithelial-to-Mesenchymal Transition Contributes to the Downregulation of Progesterone Receptor Expression in 

Endometriosis Lesions. J Steroid Biochem Mol Biol 2021, 212, 105943, doi:10.1016/J.JSBMB.2021.105943. 

47.  Khan, M.A.; Sengupta, J.; Giudice, L.C.; Mittal, S.; Kumar, S.; Gupta, S.D.; Sharma, R.; Najwa, A.R.; Ghosh, D. 

CDNA-Based Transcript Analysis of Autologous Eutopic and Ectopic                    Endometrium of Women 

with Moderate and Severe Endometriosis: https://doi.org/10.5301/JE.2011.8324 2011, 3, 8–33, 

doi:10.5301/JE.2011.8324. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1


 13 of 21 
 

 

48.  Laudanski, P.; Charkiewicz, R.; Kuzmicki, M.; Szamatowicz, J.; Świa̧tecka, J.; Mroczko, B.; Niklinski, J. Profiling of 

Selected Angiogenesis-Related Genes in Proliferative Eutopic Endometrium of Women with Endometriosis. Eur J 

Obstet Gynecol Reprod Biol 2014, 172, 85–92, doi:10.1016/J.EJOGRB.2013.10.007. 

49.  Ferguson, S.D.; Olson, M.; Fazleabas, A.T. Changes in Mesenchymal Stem Cell-Associated Gene Expression in 

Secretory and Menstrual Endometrium of Baboons after Experimental Induction of Endometriosis. Biol Reprod 2011, 

85, 784–784, doi:10.1093/BIOLREPROD/85.S1.784. 

50.  Sha, G.; Wu, D.; Zhang, L.; Chen, X.; Lei, M.; Sun, H.; Lin, S.; Lang, J. Differentially Expressed Genes in Human 

Endometrial Endothelial Cells Derived from Eutopic Endometrium of Patients with Endometriosis Compared with 

Those from Patients without Endometriosis. Hum Reprod 2007, 22, 3159–3169, doi:10.1093/HUMREP/DEM266. 

51.  Kuan, K.K.W.; Gibson, D.A.; Whitaker, L.H.R.; Horne, A.W. Menstruation Dysregulation and Endometriosis 

Development. Frontiers in Reproductive Health 2021, 3, doi:10.3389/FRPH.2021.756704. 

52.  Zheng, Y.; Khan, Z.; Zanfagnin, V.; Correa, L.F.; Delaney, A.A.; Daftary, G.S. Epigenetic Modulation of Collagen 

1A1: Therapeutic Implications in Fibrosis and Endometriosis. Biol Reprod 2016, 94, 

doi:10.1095/BIOLREPROD.115.138115. 

53.  Wang, Z.; Liu, Y.; Liu, J.; Kong, N.; Jiang, Y.; Jiang, R.; Zhen, X.; Zhou, J.; Li, C.; Sun, H.; et al. ATF3 Deficiency 

Impairs the Proliferative-Secretory Phase Transition and Decidualization in RIF Patients. Cell Death Dis 2021, 12, 

doi:10.1038/S41419-021-03679-8. 

54.  Thiel, G.; Cibelli, G. Regulation of Life and Death by the Zinc Finger Transcription Factor Egr-1. J Cell Physiol 2002, 

193, 287–292, doi:10.1002/JCP.10178. 

55.  Khalaj, K.; Ahn, S.H.; Bidarimath, M.; Nasirzadeh, Y.; Singh, S.S.; Fazleabas, A.T.; Young, S.L.; Lessey, B.A.; Koti, 

M.; Tayade, C. A Balancing Act: RNA Binding Protein HuR/TTP Axis in Endometriosis Patients. Sci Rep 2017, 7, 

doi:10.1038/S41598-017-06081-7. 

56.  Hawkins, S.M.; Creighton, C.J.; Han, D.Y.; Zariff, A.; Anderson, M.L.; Gunaratne, P.H.; Matzuk, M.M. Functional 

MicroRNA Involved in Endometriosis. Mol Endocrinol 2011, 25, 821–832, doi:10.1210/ME.2010-0371. 

57.  Saare, M.; Rekker, K.; Laisk-Podar, T.; Rahmioglu, N.; Zondervan, K.; Salumets, A.; Götte, M.; Peters, M. Challenges 

in Endometriosis MiRNA Studies - From Tissue Heterogeneity to Disease Specific MiRNAs. Biochim Biophys Acta 

Mol Basis Dis 2017, 1863, 2282–2292, doi:10.1016/J.BBADIS.2017.06.018. 

58.  Lv, H.; Hu, Y.; Cui, Z.; Jia, H. Human Menstrual Blood: A Renewable and Sustainable Source of Stem Cells for 

Regenerative Medicine. Stem Cell Res Ther 2018, 9, doi:10.1186/S13287-018-1067-Y. 

59.  Barra, F.; Ferro Desideri, L.; Ferrero, S. Inhibition of PI3K/AKT/MTOR Pathway for the Treatment of Endometriosis. 

Br J Pharmacol 2018, 175, 3626–3627, doi:10.1111/BPH.14391. 

60.  Makker, A.; Goel, M.M.; Das, V.; Agarwal, A. PI3K-Akt-MTOR and MAPK Signaling Pathways in Polycystic 

Ovarian Syndrome, Uterine Leiomyomas and Endometriosis: An Update. Gynecol Endocrinol 2012, 28, 175–181, 

doi:10.3109/09513590.2011.583955. 

61.  Liu, Y.; Qin, X.; Lu, X.; Jiang, J. Effects of Inhibiting the PI3K/Akt/MTOR Signaling Pathway on the Pain of Sciatic 

Endometriosis in a Rat Model. Can J Physiol Pharmacol 2019, 97, 963–970, doi:10.1139/CJPP-2019-0156. 

62.  Samartzis, E.P.; Noske, A.; Dedes, K.J.; Fink, D.; Imesch, P. ARID1A Mutations and PI3K/AKT Pathway Alterations 

in Endometriosis and Endometriosis-Associated Ovarian Carcinomas. Int J Mol Sci 2013, 14, 18824–18849, 

doi:10.3390/IJMS140918824. 

63.  Porta, C.; Paglino, C.; Mosca, A. Targeting PI3K/Akt/MTOR Signaling in Cancer. Front Oncol 2014, 4, 

doi:10.3389/FONC.2014.00064. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1


 14 of 21 
 

 

64.  Kvaskoff, M.; Mu, F.; Terry, K.L.; Harris, H.R.; Poole, E.M.; Farland, L.; Missmer, S.A. Endometriosis: A High-Risk 

Population for Major Chronic Diseases? Hum Reprod Update 2015, 21, 500–516, doi:10.1093/HUMUPD/DMV013. 

65.  Dong, P.; Konno, Y.; Watari, H.; Hosaka, M.; Noguchi, M.; Sakuragi, N. The Impact of MicroRNA-Mediated 

PI3K/AKT Signaling on Epithelial-Mesenchymal Transition and Cancer Stemness in Endometrial Cancer. J Transl 

Med 2014, 12, doi:10.1186/S12967-014-0231-0. 

66.  Kim, L.C.; Cook, R.S.; Chen, J. MTORC1 and MTORC2 in Cancer and the Tumor Microenvironment. Oncogene 2017, 

36, 2191, doi:10.1038/ONC.2016.363. 

67.  Young, V.J.; Ahmad, S.F.; Duncan, W.C.; Horne, A.W. The Role of TGF-β in the Pathophysiology of Peritoneal 

Endometriosis. Hum Reprod Update 2017, 23, 548–559, doi:10.1093/HUMUPD/DMX016. 

68.  Jones, R.L.; Stoikos, C.; Findlay, J.K.; Salamonsen, L.A. TGF-Beta Superfamily Expression and Actions in the 

Endometrium and Placenta. Reproduction 2006, 132, 217–232, doi:10.1530/REP.1.01076. 

69.  Omwandho, C.O.A.; Konrad, L.; Halis, G.; Oehmke, F.; Tinneberg, H.R. Role of TGF-Betas in Normal Human 

Endometrium and Endometriosis. Hum Reprod 2010, 25, 101–109, doi:10.1093/HUMREP/DEP382. 

70.  Li, W.N.; Wu, M.H.; Tsai, S.J. HYPOXIA AND REPRODUCTIVE HEALTH: The Role of Hypoxia in the 

Development and Progression of Endometriosis. Reproduction 2021, 161, F19–F31, doi:10.1530/REP-20-0267. 

71.  Birt, J.A.; Nabli, H.; Stilley, J.A.; Windham, E.A.; Frazier, S.R.; Sharpe-Timms, K.L. Elevated Peritoneal Fluid TNF-

α Incites Ovarian Early Growth Response Factor 1 Expression and Downstream Protease Mediators: A Correlation 

with Ovulatory Dysfunction in Endometriosis. Reprod Sci 2013, 20, 514–523, doi:10.1177/1933719113477479. 

72.  Situmorang, H.; Hestiantoro, A.; Purbadi, S.; Flamandita, D.; Sahlan, M. IN-SILICO Dynamic Analysis of Sulawesi 

Propolis as Anti-Endometriosis Drug: Interaction Study with TNF Alpha Receptor, NF-KB, Estrogen Receptor, 

Progesterone Receptor and Prostaglandin Receptor. Ann Med Surg (Lond) 2021, 67, doi:10.1016/J.AMSU.2021.102459. 

73.  Matsuzaki, S.; Darcha, C. Epithelial to Mesenchymal Transition-like and Mesenchymal to Epithelial Transition-like 

Processes Might Be Involved in the Pathogenesis of Pelvic Endometriosis. Hum Reprod 2012, 27, 712–721, 

doi:10.1093/HUMREP/DER442. 

74.  Yang, Y.M.; Yang, W.X. Epithelial-to-Mesenchymal Transition in the Development of Endometriosis. Oncotarget 

2017, 8, 41679–41689, doi:10.18632/ONCOTARGET.16472. 

75.  Chen, M.; Zhou, Y.; Xu, H.; Hill, C.; Ewing, R.M.; He, D.; Zhang, X.; Wang, Y. Bioinformatic Analysis Reveals the 

Importance of Epithelial-Mesenchymal Transition in the Development of Endometriosis. Sci Rep 2020, 10, 

doi:10.1038/S41598-020-65606-9. 

76.  Liu, Y.; Lu, C.; Fan, L.; Wang, J.; Li, T.; Liu, Z.; Sheng, J.; Qian, R.Y.; Duan, A.; Lu, D. MiR-199a-5p Targets ZEB1 to 

Inhibit the Epithelial-Mesenchymal Transition of Ovarian Ectopic Endometrial Stromal Cells Via PI3K/Akt/MTOR 

Signal Pathway In Vitro and In Vivo. Reprod Sci 2020, 27, 110–118, doi:10.1007/S43032-019-00016-5. 

77.  Jing, X.; Peng, J.; Dou, Y.; Sun, J.; Ma, C.; Wang, Q.; Zhang, L.; Luo, X.; Kong, B.; Zhang, Y.; et al. Macrophage ERα 

Promoted Invasion of Endometrial Cancer Cell by MTOR/KIF5B-Mediated Epithelial to Mesenchymal Transition. 

Immunol Cell Biol 2019, 97, 563–576, doi:10.1111/IMCB.12245. 

78.  Yunna, C.; Mengru, H.; Lei, W.; Weidong, C. Macrophage M1/M2 Polarization. Eur J Pharmacol 2020, 877, 173090, 

doi:10.1016/J.EJPHAR.2020.173090. 

79.  Bonatz, G.; Hansmann, M.L.; Buchholz, F.; Mettler, L.; Radzun, H.J.; Semm, K. Macrophage- and Lymphocyte-

Subtypes in the Endometrium during Different Phases of the Ovarian Cycle. Int J Gynaecol Obstet 1992, 37, 29–36, 

doi:10.1016/0020-7292(92)90974-N. 

80.  Maybin, J.A.; Critchley, H.O.D. Menstrual Physiology: Implications for Endometrial Pathology and Beyond. Hum 

Reprod Update 2015, 21, 748–761, doi:10.1093/HUMUPD/DMV038. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1


 15 of 21 
 

 

81.  Abomaray, F.; Gidlöf, S.; Götherström, C. Mesenchymal Stromal Cells Are More Immunosuppressive In Vitro If 

They Are Derived from Endometriotic Lesions than from Eutopic Endometrium. Stem Cells Int 2017, 2017, 

doi:10.1155/2017/3215962. 

82.  Revised American Society for Reproductive Medicine Classification of Endometriosis: 1996 Fertil Steril 1997, 67, 

817-21, doi: 10.1016/s0015-0282(97)81391-x. 

83.  Cheng, Y.; Li, L.; Wang, D.; Guo, Q.; He, Y.; Liang, T.; Sun, L.; Wang, X.; Cheng, Y.; Zhang, G. Characteristics of 

Human Endometrium-Derived Mesenchymal Stem Cells and Their Tropism to Endometriosis. Stem Cells Int 2017, 

2017, doi:10.1155/2017/4794827. 

84.  Zucherato, V.S.; Penariol, L.B.C.; Silva, L.E.C.M.; Padovan, C.C.; Poli-Neto, O.B.; Rosa-E-Silva, J.C.; Ferriani, R.A.; 

Meola, J. Identification of Suitable Reference Genes for Mesenchymal Stem Cells from Menstrual Blood of Women 

with Endometriosis. Sci Rep 2021, 11, 5422, doi:10.1038/S41598-021-84884-5. 

85.  Patro, R.; Duggal, G.; Love, M.I.; Irizarry, R.A.; Kingsford, C. Salmon Provides Fast and Bias-Aware Quantification 

of Transcript Expression. Nat Methods 2017, 14, 417–419, doi:10.1038/NMETH.4197. 

86.  Love, M.I.; Huber, W.; Anders, S. Moderated Estimation of Fold Change and Dispersion for RNA-Seq Data with 

DESeq2. Genome Biol 2014, 15, doi:10.1186/S13059-014-0550-8. 

87.  Zhao, S.; Yin, L.; Guo, Y.; Sheng, Q.; Shyr Maintainer Shilin Zhao, Y. Package “heatmap3” Type Package Title An 

Improved Heatmap Package; 2021; 

88.  Bradford, M.M. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein Utilizing 

the Principle of Protein-Dye Binding. Anal Biochem 1976, 72, 248–254, doi:10.1016/0003-2697(76)90527-3. 

89.  Tyanova, S.; Temu, T.; Cox, J. The MaxQuant Computational Platform for Mass Spectrometry-Based Shotgun 

Proteomics. Nat Protoc 2016, 11, 2301–2319, doi:10.1038/NPROT.2016.136. 

90.  Ritchie, M.E.; Phipson, B.; Wu, D.; Hu, Y.; Law, C.W.; Shi, W.; Smyth, G.K. Limma Powers Differential Expression 

Analyses for RNA-Sequencing and Microarray Studies. Nucleic Acids Res 2015, 43, e47, doi:10.1093/NAR/GKV007. 

91.  Liberzon, A.; Birger, C.; Thorvaldsdóttir, H.; Ghandi, M.; Mesirov, J.P.; Tamayo, P. The Molecular Signatures 

Database (MSigDB) Hallmark Gene Set Collection. Cell Syst 2015, 1, 417–425, doi:10.1016/J.CELS.2015.12.004. 

  

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2022                   doi:10.20944/preprints202209.0180.v1

https://doi.org/10.20944/preprints202209.0180.v1

