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SUMMARY 
 

Endometriosis is one of the most important benign chronic diseases affecting the 6-10% of women of 

reproductive age, being mainly associated with pelvic pain, adhesion formation and infertility. Endometriosis 

is characterised by the ectopic presence of endometrial stroma and epithelium. Endometriosis has been 

proven to be both an estrogen-dependent and a chronic inflammatory disease. In that context, 

endocrine/paracrine influences and immunological aspects have been investigated. Thus, several growth 

factors, cytokines, immune cells and hormones in eutopic and ectopic endometrium, are considered to be 

involved in the pathophysiology of endometriosis-related infertility.  

CRH (Corticotropin Releasing Hormone) is a 41-amino acid neuropeptide, synthesised in the 

hypothalamus, regulating the hypothalamus-pituitary-adrenal axis and its expression and biological functions 

are mediated by its membrane receptors, CRH-R1 (α, β, γ, c-h) and CRH-R2 (α, β, γ). CRH receptors are 

also activated by other endogenous agonists, such as urocortin (UCN), which is a 40-amino acid peptide 

belonging to the corticotropin-releasing hormone family and is structurally related to CRH.  Apart from the 

central nervous system, CRH and its receptors are expressed in several sites of the female reproductive 

system, including the endometrial glands, decidualized stroma, trophoblast, syncytiotrophoblast and 

placental decidua. CRH and UCN are secreted at inflammatory sites, acting as proinflammatory factors. 

Reproductive CRH has been shown to serve as an autocrine and paracrine modulator and to participate in 

decidualization, embryo implantation and maintenance of human pregnancy. In addition, CRH and UCN 

mRNA have been found to be expressed by endometriotic cells, while endometriotic lesions show a strongly 

positive staining reaction for CRH and UCN. The expression and function of CRH and UCN have also been 

found to be impaired in eutopic endometrium of women with endometriosis. These data suggest a crucial 

role of CRH and UCN in pathogenesis of endometriosis. However, the relative expression of CRH, UCN and 

their receptors in eutopic and ectopic endometrium of endometriotic women and in eutopic endometrium of 

healthy women and women with endometriosis have never been investigated. Additionally, CRH receptors 

and in particular their subtypes have never been identified in endometriotic lesions. In this current study, the 

relative expression levels of these molecules in eutopic and ectopic endometrium of endometriotic and 

healthy women have been investigated, indicating a potential role of CRH receptors in infertility profile of 

endometriotic women. As a result it is shown, in this current study, that CRHR1 and CRHR2 are expressed 

in endometriotic tissue and their expression levels are higher in eutopic endometrium of women with 

endometriosis compared to their expression levels in eutopic endometrium of healthy women. Moreover, 

CRH, UCN CRHR1 and CRHR2 have been found to be more abundantly expressed in ectopic rather than 

eutopic endometrium of the same endometriotic women. 

As endometriosis is characterized by the release of several growth factors and expression of 

integrins, cadherins and lectins that regulate cell migration, invasion, angiogenesis, immune functions and 

apoptosis, galectins, which are characterized as members of a large family of animal lectins which bind b- 

 18



 
 

galactoside should play an important role in this inflammatory disease. Galectins have strongly been 

implicated in inflammation and may be useful targets for anti-inflammatory therapy. As far as the immune 

system concerned, galectins are found in activated macrophages and B cells. They play a vital role in T cell 

homeostasis and survival. Galectin-1 plays a major role in initiation, activation and resolution of 

inflammatory responses and can act as a pro-inflammatory or an anti-inflammatory cytokine. Galectin-1 

induces inhibition of cell growth and cell-cycle arrest and promotes the apoptosis of activated immune cells. 

Galectin-1 has been found to be expressed in human endometrium and decidua apart from other tissues but it 

has not been investigated in endometriotic tissue and in this current study it was a motivation in order to 

examine the galectin-1 expression in eutopic endometrium and in endometriotic tissue and compare it to that 

in eutopic endometrium of endometriotic women and healthy women. So, as a result, in this study, it is 

shown that galectin-1 shows much higher expression levels at the late secretory phase of eutopic 

endometrium and its expression levels are higher in ectopic endometrium compared to eutopic endometrium 

of endometriotic and healthy women. Moreover, the evaluation of its regulation by CRH, UCN and FasL was 

performed in Ishikawa cell line and peripheral macrophages as to possibly set new light concerning galectin-

1 inflammatory role in endometriosis and infertility. So, as a result, it is shown that CRH, UCN and CSF-1 

upregulate galectin-1 expression in both the cells types and the upregulative effect of the former one is 

mediated by CRHR1. 

Colony stimulating factor- 1 is a secreted cytokine, characterized as a haematopoietic growth factor 

which influences hematopoietic stem cells to differentiate into macrophages or other related cell types. 

Macrophages and other cells of the female reproductive tract are also regulated by locally produced CSF-1. 

CSF-1 plays an important role in placental growth and differentiation. As endometriosis is an inflammatory 

disease, there are several cytokines and growth factors that are implicated in this immune-disequilibrium 

status. As secretory cells, monocytes and macrophages are vital to the regulation of immune responses and 

the development of inflammation. These cytokines are produced by peritoneal macrophages, lymphocytes, 

mesothelial cells and endometriosis implants. Furthermore, women with endometriosis are characterised by 

increased number of peritoneal macrophages and by increased expression of CSF-1 compared to healthy 

ones. So, it was of quite interest, to examine the possible co-localization of galectin-1 and macrophage 

expression in endometriotic tissue, the CSF-1 expression in eutopic and ectopic endometrium of 

endometriotic and healthy women and how CSF-1 is regulated by CRH, UCN and CSF-1 in Ishikawa cell 

line and peripheral macrophages. In this current study, it is shown that there is a co-localization of 

macrophages and galectin-1 in ectopic sites. CSF-1 has been found to be much more highly expressed in 

ectopic endometrium compared to eutopic endometrium of endometriotic and healthy women. CRH, UCN 

and exogenously added CSF-1 have been shown to upregulate CSF-1 expression in Ishikawa cell line and 

macrophages and the upregulative effect of the former one is mediated by CRHR1. 

 Fas ligand is a type-II transmembrane protein that belongs to the tumor necrosis factor (TNF) 

family. Its binding with its receptor induces apoptosis. Fas ligand/receptor interactions play an important role 

in the regulation of the immune system. FasL is expressed on the surface of fetal cytotrophoblasts as well as 
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maternal decidual cells of the placenta and maternal endometrium. Abnormalities of maternal immune 

tolerance to the fetal semi-allograft and vise versa have been implicated in several pregnancy malfunctions 

such as recurrent early miscarriage, pre-eclampsia and eclampsia. CRH produced locally by decidual cells 

and extravillous trophoblasts acts in an autocrine/paracrine fashion, through  CRH-R1, to stimulate FasL 

expression and to potentiate the ability of these cells to cause apoptosis of activated maternal T lymphocytes 

in order proper decidualization to occur. As FasL is implicated in inflammatory processes, it has been found 

that Fas is expressed randomly in both eutopic and ectopic endometrial tissues. Higher expression of FasL by 

endometriotic tissues contributes to their survival and the development of endometriosis. It has been 

suggested that the levels of soluble/active FasL are higher in serum and peritoneal fluid in women with 

moderate to severe endometriosis than in women with early‐stage disease or in healthy women. 

Consequently, ectopic endometrial cells escaping from immune surveillance in the peritoneal cavity of 

women with endometriosis may contribute to the maintenance of the disease, so it was of high importance to 

study how FasL is regulated by stress neuropeptides such as CRH and UCN and by an important macrophage 

factor such as CSF-1, in Ishikawa cell line and peripheral macrophages. As a result, in this study it is shown 

that CRH, UCN and CSF-1 upregulate FasL expression in both the cell types and the upregulative effect of 

the former one is mediated by CRHR1. 

In conclusion, the findings of this current study point to a new inflammatory- modulatory pathway in 

which CRH, UCN, CRHR1 and CRHR2 are involved acting by an autocrine/paracrine pathway in eutopic 

and ectopic endometrium potentially affecting the pathogenesis of endometriosis and the infertility profile of 

endometriotic women.  These results suggest that a new therapeutic intervention could potentially based on 

blockage of CRH, UCN and their receptors leading to the improvement of the quality of endometriotic 

women’s life. Furthermore, it is proposed that galectin-1 could play a vital role in the pathogenesis of the 

disease. In addition, CRH, UCN and CSF-1 have been found to upregulate galectin-1, CSF-1 and FasL 

expression in Ishikawa cell line and macrophages. As all the peptides causing these upregulative effects and 

the molecules that are regulated by them are implicated in inflammation procedures such as endometriosis 

and in reproductive functions such as decidualization and implantation, these results could possibly set new 

light to the immune disequilibrium of endometriosis and the infertility profile of endometriotic women. 

Finally, this study results suggest that the potential use of antalarmin could be further considered in accessing 

the immune disequilibrium noticed in eutopic and ectopic endometrium of women with endometriosis. 
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ΠΕΡΙΛΗΨΗ  

 
Η ενδομητρίωση είναι μια από τις πιο σημαντικές χρόνιες ασθένειες που εμφανίζεται στο 10% 

περίπου των γυναικών της αναπαραγωγικής ηλικίας. Τα βασικότερα συμπτώματα αυτής της ασθένειας είναι 

ο πόνος στην πυελική περιοχή, ο σχηματισμός συμφύσεων και η υπογονιμότητα. Η ενδομητρίωση 

χαρακτηρίζεται από την εμφάνιση ενδομητριοτικού ιστού (στρώμα και επιθήλιο) σε έκτοπες –μη 

φυσιολογικές θέσεις. Η ενδομητρίωση είναι ορμονοεξαρτώμενη και φλεγμονώδης νόσος. Πληθώρα 

αυξητικών παραγόντων, κυτοκινών, κυττάρων που σχετίζονται με την ανοσοβιολογική απόκριση αλλά και 

ορμονών συνδέονται με την παθοφυσιολογία της νόσου και την υπογονιμότητα που χαρακτηρίζει την 

συγκεκριμένη ασθένεια. 

 H εκκριτική ορμόνη της κορτικοτροπίνης, CRH( corticotropin releasing hormone) είναι ένα 

νευροπεπτίδιο 41 αμινοξέων, αρμόδιο για τις ενδοκρινείς, ανοσολογικές, και συμπεριφορικές αποκρίσεις 

των θηλαστικών σε συναισθηματικούς παράγοντες (stress). Η ορμόνη αυτή συντίθεται κυρίως στον 

υποθάλαμο, και ο πιο σημαντικός ρόλος της είναι η ρύθμιση του υποθάλαμο-υποφυσιακού επινεφριδιακού 

άξονα HPA( hypothalamic-pituitary-adrenal axis). Η CRH εμπλέκεται στην ρύθμιση του καρδιοαγγειακού, 

γανστρενετρικού, ανοσολογικού και αναπαραγωγικού συστήματος. Η δράση και έκφραση της CRH 

επιτελείται μέσω της σύνδεσης της με ειδικούς μεμβρανικούς υποδοχείς που συνδέονται με G πρωτεΐνες και 

την αδενυλική κυκλάση. Τρεις τύποι υποδοχέων έχουν βρεθεί μέχρι σήμερα  και είναι οι εξής: CRHR1, 

CRHR2, CRHR3. Εκτός από την CRH , το πεπτίδιο της UCN(urocortin), που έχει πρόσφατα απομονωθεί 

και ανήκει στην οικογένεια  των CRH νευροπεπτιδίων, προσδένεται πολύ ισχυρά στους CRH υποδοχείς. 

Εκτός από την έκφραση και τον λειτουργικό ρόλο της CRH στο κεντρικό νευρικό σύστημα και στους 

περιφερικούς ιστούς , είναι σημαντικό να αναφερθούμε και στον ρόλο της CRH στο ανοσοποιητικό 

σύστημα. Η CRH έχει αντι-φλεγμονώδεις ιδιότητες οι οποίες προκύπτουν μέσα από αλληλεπιδράσεις του 

ανοσοποιητικού συστήματος και του άξονα ΗΡΑ. Η CRH παράγεται επίσης σε περιφερικές θέσεις 

φλεγμονής στον άνθρωπο και τον επίμυ. Η CRH, σε αντίθεση με την συστηματική της έμμεση 

ανοσοκατασταλτική δράση, πιστεύεται ότι δρα ως αυτοκρινής ή παρακρινής προ-φλεγμονώδης ρυθμιστής . 

Η τοπικά παραγόμενη CRH έχει δράσεις προ-φλεγμονώδους κυτοκίνης, ενεργοποιεί δηλαδή τις 

φλεγμονώδεις δράσεις των κυτοκινών και άλλων ρυθμιστών, ενώ η ανοσοεξουδετέρωσή της οδηγεί σε 

καταστολή της φλεγμονής. H CRH παράγεται σχεδόν από όλους τους ιστούς που συνδέονται με τη 

γυναικεία αναπαραγωγή, συμπεριλαμβανομένων των ωοθηκών, της μήτρας, της βλαστοκύστης και του 

πλακούντα. Η  CRH που σχετίζεται με την αναπαραγωγή είναι μία μορφή  CRH ιστών (CRH που βρίσκεται 

στους περιφερειακούς ιστούς) ανάλογη με την ανοσοαντιδρώσα μορφή της  CRH που ανιχνεύεται σε 

περιφερειακές φλεγμονώδεις εστίες. Η ανοσοαντιδρώσα CRH που σχετίζεται με το αναπαραγωγικό 

σύστημα συμμετέχει σε διάφορες αναπαραγωγικές λειτουργίες όπως η ωορρηξία, η φθαρτοποίηση, η 

εμφύτευση του εμβρύου και η εγκυμοσύνη. Η ανοσοαντιδρώσα CRH έχει προ-φλεγμονώδεις ιδιότητες στις 
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ανοσολογικές αποκρίσεις και σχετίζεται με την παραγωγή και λειτουργία κυτοκινών και αυξητικών 

παραγόντων σε διάφορους ιστούς του αναπαραγωγικού συστήματος. Επιπρόσθετα, η CRH και η UCN 

εκφράζονται σε κύτταρα ενδομητρίωσης και ενδομητριοτικές εστίες. Η έκφραση και η λειτουργία της CRH 

και της UCN έχει βρεθεί να είναι μειωμένη στο εύτοπο ενδομήτριο γυναικών με ενδομητρίωση και αυτό 

υποδεικνύει έναν πολύ σημαντικό ρόλο της CRH και της UCN στην παθογένεση της ενδομητρίωσης. Στην 

παρούσα διδακτορική διατριβή μελετήθηκε η έκφραση των υποδοχέων της CRH σε ιστούς ενδομητρίωσης- 

έκτοπο ενδομήτριο, καθώς και έγινε σύγκριση της έκφρασης όλων αυτών των μορίων(CRH, UCN και των 

υποδοχέων τους) σε εύτοπο-φυσιολογικό ενδομήτριο υγιών γυναικών αλλά και σε εύτοπο και έκτοπο 

ενδομήτριο γυναικών με ενδομητρίωση. Έτσι, σε αυτή την μελέτη της διδακτορικής διατριβής βρέθηκε για 

πρώτη φορά ότι οι υποδοχείς CRHR1β και CRHR2α εκφράζονται σε ιστούς ενδομητρίωσης και η έκφραση 

τους είναι υψηλότερη στο εύτοπο ενδομήτριο των γυναικών με ενδομητρίωση σε σχέση με το εύτοπο 

ενδομήτριο υγιών γυναικών. Επίσης η έκφραση των CRH, UCN, CRHR1 και CRHR2 βρέθηκε να είναι 

μεγαλύτερη στο έκτοπο ενδομήτριο σε σχέση με αυτή στο εύτοπο ενδομήτριο γυναικών που πάσχουν από 

ενδομητρίωση. 

Καθώς η ενδομητρίωση είναι μία φλεγμονώδης νόσος και χαρακτηρίζεται από την έκφραση πολλών 

αυξητικών παραγόντων, ιντεγκρινών, καντχερινών και λεκτινών που ρυθμίζουν την μετακίνηση των 

κυττάρων, την εισβολή κυττάρων, την αγγειογένεση, ανοσολογικές λειτουργίες και την απόπτωση, οι 

galectins, που είναι μέλη μιας μεγάλης οικογένειας λεκτινών, θα μπορούσαμε να υποθέσουμε ότι παίζουν 

πολύ σημαντικό ρόλο στην φλεγμονώδη αυτή νόσο, την ενδομητρίωση. Οι galectins είναι άρρηκτα 

συνδεδεμένες με διάφορες φλεγμονώδεις καταστάσεις και θα μπορούσαν να χρησιμοποιηθούν ως αντι-

φλεγμονώδη θεραπεία. Σε ότι αφορά στο ανοσοβιολογικό σύστημα, οι galectins εκφράζονται από 

ενεργοποιημένα μακροφάγα και Β λεμφοκύτταρα. Παίζουν σημαντικό ρόλο στην ομοιόσταση και επιβίωση 

των Τ λεμφοκυττάρων. Πιο συγκεκριμένα η galectin-1 , η οποία μελετήθηκε στην συγκεκριμένη 

διδακτορική διατριβή, παίζει πολύ σημαντικό ρόλο στην έναρξη, την ενεργοποίηση και το τέλος των 

φλεγμονών αντιδράσεων και λειτουργεί ως προ- ή αντί- φλεγμονώδης κυτοκίνη. Η galectin-1 μπλοκάρει την 

ανάπτυξη των κυττάρων και επάγει την απόπτωση την ενεργοποιημένων κυττάρων του ανοσοποιητικού. 

Επίσης έχει βρεθεί ότι εκφράζεται στο ανθρώπινο ενδομήτριο και φθαρτό αλλά δεν έχει μελετηθεί ποτέ ως 

τώρα η έκφραση της στην ενδομητρίωση και αυτό αποτέλεσε  ένα κίνητρο για την παρούσα διδακτορική 

διατριβή. Έτσι λοιπόν στην συγκεκριμένη διδακτορική διατριβή, αφού επιβεβαιώθηκε η έκφραση της στην 

εκκριτική φάση του φυσιολογικού ενδομητρίου και πιο συγκεκριμένα ότι είναι αρκετά αυξημένη η έκφραση 

της στην ‘late secretory phase’, βρέθηκε ότι η galectin-1 εκφράζεται σε εστίες ενδομητρίωσης και η 

έκφραση της είναι υψηλότερη στο έκτοπο ενδομήτριο από ότι στο φυσιολογικο- εύτοπο ενδομήτριο των 

γυναικών με ενδομητρίωση καθώς και ακόμα ότι είναι υψηλότερη η έκφρασή της στο ευτοπο ενδομήτριο 

γυναικών με ενδομητρίωση σε σχέση με το εύτοπο ενδομήτριο των υγιών γυναικών. Επίσης, στην 

συγκεκριμένη διδακτορική διατριβή παρουσιάζεται και η ρύθμιση της galectin-1 από τα εξής μόρια: CRH, 

UCN και CSF-1 στην κυτταρική σειρά Ishikawa cell line (επιθηλιακό αδενοκαρκίνωμα ενδομητρίου) καθώς 

και σε περιφερειακά μακροφάγα. Τα προαναφερθέντα μόρια λοιπόν αυξάνουν την έκφραση της galectin-1 
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σε σχέση με τον χρόνο διέγερσης της από αυτά και η επαγωγή της έκφρασης της galectin-1 από την CRH 

επιτελείται μέσω του υποδοχέα της, CRHR1. Αυτά λοιπόν τα αποτελέσματα, θα μπορούσαμε να 

υποθέσουμε ότι έχουν μεγάλη σημασία για τον ανοσοβιολογικό ρόλο της galectin-1 στην ενδομητρίωση. 

Ο CSF-1(colony stimulating factor), που χαρακτηρίζεται ως παράγοντας διέγερσης αποικιών 

μακροφάγων, παίζει σημαντικό ρόλο στην διαφοροποίηση των αιμοποιητικών βλαστοκυττάρων σε 

μακροφάγα ή άλλους τύπους κυττάρων. Τα μακροφάγα και άλλοι τύποι κυττάρων του γυναικείου 

αναπαραγωγικού συστήματος ρυθμίζονται από τον τοπικά παραγόμενο CSF-1. Ο CSF-1 πάιζει σημαντικό 

ρόλο στην ανάπτυξη και διαφοροποίηση του πλακούντα. Η ενδομητρίωση είναι μία φλεγμονώδης νόσος, τα 

μακροφάγα έχουν πολύ σημαντικό ρόλο στην ανοσοβιολογική απόκριση και πολλές από τις κυτοκίνες που 

σχετίζονται με την ενδομητρίωση παράγονται από τα μακροφάγα του περιτοναίου και εστίες 

ενδομητρίωσης. Οι γυναίκες που πάσχουν από ενδομητρίωση παρουσιάζουν αυξημένο αριθμό περιτοναϊκών 

μακροφάγων και αυξημένη έκφραση του CSF-1 σε σύγκριση με τις υγιείς γυναίκες. Στην συγκεκριμένη 

διδακτορική διατριβή παρουσιάζεται ο συνεντοπισμός της έκφρασης των μακροφάγων και της galectin-1 σε 

εστίες ενδομητρίωσης. Επίσης επιβεβαιώνεται η έκφραση του CSF-1 στην ενδομητρίωση και παρατηρήθηκε 

ότι η έκφραση του CSF-1  είναι μεγαλύτερη στις εστίες ενδομητρίωσης- έκτοπο ενδομήτριο σε σχέση με την 

έκφραση του στο αντίστοιχο εύτοπο- φυσιολογικό ενδομήτριο. Επίσης, παρατηρήθηκε ότι η έκφραση του 

CSF-1  είναι μεγαλύτερη στο ευτοπο-φυσιολογικό ενδομήτριο των γυναικών με ενδομητρίωση απο ότι στο 

ευτοπο ενδομήτριο  των υγιών γυναικών. Ακόμα παρουσιάζεται η επαγωγή της έκφρασης του CSF-1  από τα 

εξής μόρια: CRH, UCN και CSF-1 στην κυτταρική σειρά Ishikawa cell line (επιθηλιακό αδενοκαρκίνωμα 

ενδομητρίου) καθώς και σε περιφερειακά μακροφάγα. Τα προαναφερθέντα μόρια λοιπόν αυξάνουν την 

έκφραση του CSF-1 σε σχέση με τον χρόνο διέγερσης της από αυτά και η επαγωγή της έκφρασης του CSF-1 

από την CRH επιτελείται μέσω του υποδοχέα της, CRHR1. Αυτά λοιπόν τα αποτελέσματα θα μπορούσαν να 

συνεισφέρουν περεταίρω στην κατανόηση του ρόλου του CSF-1  και των μακροφάγων στην ενδομητρίωση. 

Ο Fas είναι μία τύπου-ΙΙ διαμεμβρανική πρωτεΐνη που ανήκει στην οικογένεια παραγόντων 

νέκρωσης όγκου (TNF- tumour necrosis factor family). Η σύνδεσή του με τον υποδοχέα του επάγει την 

απόπτωση. Η σύνδεση του Fas/FasL(συνδέτη / υποδοχέα) παίζει σημαντικό ρόλο στη ρύθμιση του 

ανοσοποιητικού συστήματος. Ο FasL εκφράζεται στην επιφάνεια των εμβρυϊκών και μητρικών 

τροφοβλαστικών κυττάρων καθώς και σε κύτταρα του φθαρτού και του ενδομητρίου. Διάφορες μη 

φυσιολογικές καταστάσεις σε ό,τι αφορά sτην ανοσοανοχή της μητέρας καθώς και του εμβρυικού 

ημιμοσχεύματος έχουν συσχετιστεί με διάφορες δυσλειτουργίες στην εγκυμοσύνη όπως η αποβολη του 

εμβρύου, η προεκλαμψία και η εκλαμψία. H CRH που παράγεται τοπικά από τα κύτταρα του φθαρτού και 

την τροφοβλάστη λειτουργεί με αυτοκρινή ή παρακρινή τρόπο μέσω του CRHR1 και διεγείρει την έκφραση 

του FasL, δίνοντας την δυνατότητα σε αυτά τα κύτταρα να προκαλέσουν απόπτωση των μητρικών Τ 

λεμφοκυττάρων ώστε να επιτευχθεί επιτυχής φθαρτοποίηση. Ο FasL , καθώς συμμετέχει στις φλεγμονώδεις 

αντιδράσεις, έχει βρεθεί ότι εκφράζεται από το εύτοπο και το έκτοπο ενδομήτριο. Η υψηλή έκφραση του 

FasL στις εστίες ενδομητρίωσης συνεισφέρει ώστε να επιβιώνει και να αναπτύσσεται ο ιστός της 

ενδομητρίωσης- έκτοπο ενδομήτριο. Επίσης έχει βρεθεί ότι η έκφραση του FasL είναι υψηλότερη σε 
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γυναίκες που πάσχουν από ενδομητρίωση προχωρημένου σταδίου σε σχέση με χαμηλότερου σταδίου ή τις 

υγιείς γυναίκες. Με δεδομένα όλα τα παραπάνω , στην παρούσα διδακτορική διατριβή μελετήθηκε η 

ρύθμιση του FasL  στην κυτταρική σειρά Ishikawa και σε περιφερειακά μακροφάγα και βρέθηκε ότι τα εξής 

μόρια: CRH, UCN και CSF-1 αυξάνουν την έκφραση του σε σχέση με τον χρόνο και η επαγωγή της 

έκφρασης του από την CRH επιτελείται μέσω του υποδοχέα της, CRHR1. 

Συμπερασματικά, τα ευρήματα της παρούσας διδακτορικής διατριβής, στοχεύουν σε ένα νέο 

ανοσορυθμιστικό μονοπάτι, στο οποίο τα μόρια CRH, UCN, CRHR1 και CRHR2 λειτουργούν με αυτοκρινή 

ή παρακρινή τρόπο στο εύτοπο και έκτοπο ενδομήτριο με πιθανή την εμπλοκή τους στην παθογένεια της 

ενδομητρίωσης και το προφίλ υπογονιμότητας των γυναικών με ενδομητρίωση. Μέσα από αυτά τα 

αποτελέσματα διαφαίνεται η πιθανή χρήση θεραπευτικών μεθόδων για  την ενδομητρίωση που θα 

μπορούσαν να εμπεριέχουν το μπλοκάρισμα των μορίων CRH, UCN, CRHR1 και CRHR2 στοχεύοντας 

στην βελτίωση της ποιότητας ζωής των γυναικών με ενδομητρίωση. Επιπροσθέτως, το ότι η galectin-1 

εκφράζεται στην ενδομητρίωση, καταδεικνύει την πιθανή εμπλοκή της στην παθογένεση της 

ενδομητρίωσης. Έπειτα, βρέθηκε σε αυτή την μελέτη ότι τα εξής μόρια: CRH, UCN και CSF-1 αυξάνουν 

την έκφραση των galectin-1, CSF-1 και FasL. Καθώς αυτά τα μόρια που προκαλούν την επαγομένη αυτή 

έκφραση και τα μόρια που ρυθμίζονται από αυτά συμμετέχουν σε φλεγμονώδεις καταστάσεις, όπως η 

ενδομητρίωση αλλά και σε αναπαραγωγικές διαδικασίες όπως η φθαρτοποίηση και η εμφύτευση του 

εμβρύου, αυτά τα αποτελέσματα θα μπορούσαν να διαφωτίσουν περεταίρω την έλλειψη ισσοροπημένης 

ανοσοβιολογίας της ενδομητρίωσης και του προφίλ υπογονιμότητας των γυναικών που πάσχουν από 

ενδομητρίωση. Τέλος, μέσω αυτής της μελέτης προτείνεται η πιθανή χρήση της antalarmin, που αποτελεί 

αναστολέα έκφρασης του υποδοχέα CRHR1, στην προσπάθεια βελτίωσης της ανοσοβιολογικής λειτουργίας 

του εύτοπου και του έκτοπου ενδομητρίου. 
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Introduction 
 

CHAPTER 1 

ENDOMETRIUM 
 

1.1 GENERAL  
The normal-eutopic endometrium is the inner glandular layer of the mammalian uterus, preventing 

adhesions between the opposed walls of the myometrium. The endometrium consists of epithelium, stroma 

and connective tissue. Endometrium thickness varries according to hormonal influences. Tubular uterine 

glands reach from the endometrial surface through to the base of the stroma, which also carries a rich blood 

supply of spiral arteries. In a woman of reproductive age, two layers of endometrium can be distinguished. 

The endometrium is divided in two layers: 

 The functional layer which is adjacent to the uterine cavity. This layer is created after the end of 

menstruation during the first part of the previous menstrual cycle. Estrogen induce proliferation of 

endometrium (follicular phase of menstrual cycle), and then progestrone of the corpus luteum (luteal 

phase) stimulate further changes creating the proper environment for implantation, decidualization 

and embryo growth. This layer is shed during menstruation. 

 The basal layer which is adjacent to the myometrium and below the functional layer, is not shed 

during the menstrual cycle, and from it the functional layer arises. 
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In the absence of progesterone, the arteries supplying blood to the functional layer compress, so that 

cells in that layer become ischaemic and die, leading to menstruation. The phase of the menstrual cycle can 

be identified by the histological differences noticed in endometrium. During the menstrual cycle, the 

endometrium grows to a thick, blood vessel-rich, glandular tissue layer. This represents an optimal 

environment for the implantation of a blastocyst. The endometrium is central, echogenic (detectable using 

ultrasound scanners), and has an average thickness of 6.7 mm.  It is shed each month during the menstrual 

cycle. During pregnancy, the glands and blood vessels in the endometrium further increase in size and 

number. Vascular spaces fuse and become interconnected, forming the placenta, which supplies oxygen and 

nutrition to the embryo and foetus. The menstrual cycle occur in fertile women. The human menstrual cycle 

can vary around an average of ~28 days per cycle. It is under the control of the endocrine system. There are 

three phases of the menstrual cycle: the follicular phase, ovulation, and the luteal phase. Menstrual cycle 

counts from the first day of menstrual bleeding[1,2].  

1.1.1. Follicular phase – Proliferative phase 

This phase is called proliferative as the lining of the uterus grows, or proliferate. Through the follicle 

stimulating hormone (FSH) during the first days of the cycle, ovarian follicles are stimulated. The follicles 

secrete increasing amounts of estradiol, which belong to estrogens. The estrogens stimulate the formation of 

the proliferative endometrium and the lining of the uterus thickens. When FSH causes follicles to grow and 

develop, these follicles produce estradiol, activin and inhibin, which, in turn, provide a feedback mechanism 

to control the hypothalamus-pituitary-ovarian axis. While the follicles are growing in size, the cells within 

the follicle are changing.Within the follicle, follicular cells express luteinizing hormone (LH) receptors, 

which prepare the follicle for ovulation [1,2]. 
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1.1.2. Ovulation 

During the follicular phase, estradiol suppresses the production of luteinizing hormone (LH) from 

the anterior pituitary gland. Levels of estradiol reach a threshold when the oocyte is matured and this effect is 

reversed and estrogen stimulates the production of a large amount of LH. This process is known as the LH 

surge and accounts around day 12 of the average cycle and may last 48 hours. The release of LH leads to the 

oocyte maturation and weakening of the wall of the follicle in the ovary, causing the fully developed follicle 

to release its secondary oocyte. The secondary oocyte promptly matures into an ootid and then becomes a 

mature ovum. The mature ovum has a diameter of about 0.2 mm. Which of the two ovaries—left or right—

ovulates appears essentially random. Occasionally, both ovaries will release an ovum; if both oocytes are 

fertilized, the result is fraternal twins. After being released from the ovary, the ovum is swept into the 

fallopian tube by the fimbria, which is a fringe of tissue at the end of each fallopian tube. After about a day, 

an unfertilized egg will disintegrate or dissolve in the fallopian tube. Fertilization by a spermatozoon, when it 

occurs, usually takes place in the ampulla, the widest section of the fallopian tubes. A fertilized oocyte 

immediately begins the process of embryogenesis, or development. The developing embryo takes about three 

days to reach the uterus and another three days to implant into the endometrium. It has usually reached the 

blastocyst stage at the time of implantation[1,2]. 
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1.1.3 Luteal phase – secretory phase 

The luteal phase is also called the secretory phase. An important role is played by the corpus luteum, 

the solid body formed in an ovary after the ovum has been released from the ovary into the fallopian tube. 

This body continues to grow for some time after ovulation and produces significant amounts of hormones, 

particularly progesterone. Progesterone plays a vital role in endometrium receptivity leading to implantation 

of the blastocyst and effective early pregnancy, by increasing blood flow and uterine secretions and reducing 

the contractility of the smooth muscle in the uterus. After ovulation, the pituitary hormones FSH and LH 

leads to the remaining parts of the dominant follicle transformation into the corpus luteum, with progesterone 

to be produced. The increased progesterone in the adrenals starts to induce estrogen production. The 

hormones produced by the corpus luteum also suppress production of the FSH and LH that the corpus luteum 

needs to maintain itself. Consequently, the level of FSH and LH fall quickly over time, and the corpus 

luteum subsequently atrophies. Falling levels of progesterone trigger menstruation and the beginning of the 

next cycle. From the time of ovulation until progesterone withdrawal has caused menstruation to begin, the 

process typically takes about two weeks, with 14 days considered normal. For an individual woman, the 

follicular phase often varies in length from cycle to cycle; by contrast, the length of her luteal phase will be 

fairly consistent from cycle to cycle. The loss of the corpus luteum can be prevented by fertilization of the 

oocyte; the resulting embryo produces human chorionic gonadotropin (hCG), which is very similar to LH 

and which can preserve the corpus luteum. Because the hormone is unique to the embryo, most pregnancy 

tests look for the presence of hCG [3,4].  
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(http://dentistryandmedicine.blogspot.gr/2011/07/menstrual-cycle-gynecology-lecture.html)  

1.2. ENDOMETRIAL FUNCTION IN REPRODUCTION 

1.2.1 Decidualization  

Decidualization is characterized as the postovulatory process of endometrial remodelling in 

preparation for pregnancy. Changes that occur during the secretory phase, induced by progesterone, in 

stroma are known as decidualization, which is an inflammatory process characterized by morphological 

transformation of stromal cells and secretion of prolactin, IL-15, insulin-like growth factor- binding protein 1 

and widening of the wall of the blood vessels, muscle layer of arteries and increased secretion of 

inflammatory mediators and cytokines by the endometrial gland cells [5]. Decidualization is a characteristic 

of the endometrium of the pregnant uterus. It is a response of maternal cells to progesterone. Decidualization 

may be used to describe any change due to progesterone. These changes include the eosinophilic 

proliferation around arterioles after ovulation or progesterone action on endometrium which increases 

glandular epithelial secretion, stimulates glycogen accumulation in stromal cell cytoplasm, and promotes 

stromal vascularity (spiral arterioles) and edema. The process is decidualization, the endometrium is now 
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called decidua and it is ready for the implantation of the embryo. After ovulation, in mammals, the 

endometrial lining becomes transformed into a secretory lining in preparation of accepting the embryo. 

Without implantation, the secretory lining will be absorbed (estrous cycle) or shed (menstrual cycle). With 

implantation the lining now termed decidua evolves further during the pregnancy. The decidua is shed during 

the third phase of the parturition process. 

Decidualization includes secretory changes of the uterine glands, differentiation of stromal cells, 

accumulation of specialized uterine natural killer cells and vascular remodelling. It is the progesterone-

induced differentiation of fibroplast – like endometrial stromal cells (ESCs), located in the proliferative 

estrogen primed endometrium, into decidual cells. There are histological changes as well, so there are larger 

and rounder cells surrounding the spiral arteries and spread through most of the endometrium. Decidualizing 

endometrial stromal cells acquire the capacity of regulate trophoblast invasion, resist inflammatory and 

oxidative insults and diminish local maternal immune response. This is mediated by several growth factors, 

cytokines, neuropeptides, free radical scavengers and extracellular matrix components. As a result, 

decidualization is important for successful embryo implantation and maintenance of pregnancy, as otherwise 

infertility, recurrent miscarriages, uteroplacental dysfunctions, endometriosis and endometrial cancer may 

occur[6]. 

The inflammatory reaction taking place in deciduas differs from the one in response to injury. In 

deciduas, the recruitment of leykocyte is dominated by natural killer (NK) cells. The transformation of the 

uterine stromal cells into decidual cells in mediated by prolactin, IL-15 and activation of the arachidonic acid 

pathway.The regulation of endometrial changes during decidualization is under ovarian hormone control. So, 

progesterone initiates decidualization and exerts its actions via the progesterone receptor (PR). It has been 

shown that activated PR, has an important role for both the direct and indirect recruitment of other activated 

transcription factors in response to cyclic adenosine monophosphate (cAMP) signalling such as signal 

transducer and activator of transcription (STAT5), CCAAT enhancer binding proteins(C/EBPs) and forkhead 

box O (FOXO1). In that way, activated PR has control of diverse gene families involved in decidualization 

[6]. Moreover, after ovulation, the endometrium is highly exposed to a variety of local and endocrine factors 

including prostaglandin (PGE2), relaxin (RLX), corticotrophin releasing hormone (CRH), LH, and FSH that 

are capable of stimulating cAMP production in hESCs. The activation of cAMP pathway is an essential 

event that starts the decidual process [7]. Furthermore, the tyrosine kinase activity of SRC(sarcoma) is 

increased in decidualization, as it is a non-receptor tyrosine kinase that associates with integrins and many 

surface receptors including those for growth factors, cytokines and G-couples protein receptors [8,9]. Also, 

PGE2 can directly affect the PI3K-related signalling pathway by increasing phosphorylation of PKB/AKT in 

endometrial cells [10].  
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Endometrial changes during decidualization process are not only under hormone regulation, but 

mediators that induce an inflammatory process in endometrium such as IL-1, tumour necrosis factor α (TNF-

α) and progestins (PGs) are produced. IL-1 induces PGs, whose synthesis is regulated by COX 

(cyclooxygenase -2) enzymes. The mechanism implicated in decidualization is the action of PGE2 and PGI2 

through production of cytokines and growth factors. Moreover, endometrium requires PGs during 

decidualization especially for vascular changes. Furthermore, decidualization requires the recruitment of NK 

cells, whose differentiation can be induced by PGE2. In addition, endometrium during decidualization is 

characterized by the production of growth factors such as EGF (epidermal growth factor) and vascular 

endothelial growth factor (VEGF). Endometrial angiogenesis and vessel remodeling are driven by a network 

of signaling molecules that include the VEGF family [5]. 

1.2.2. Embryo implantation- blastocyst- endometrium crosstalk 

 

 
http://aagklithopedion.wordpress.com/normal-pregnancy/ 

 

 

Firstly, concerning the pre-implantatory phase, the embryo begins when the oocyte is fertilized by a 

spermatozoid; the first stage of the embryo is named zygote. Mitotic divisions of the zygote give rise to two, 

four and eight cells until the morula. After that, a cell polarization process in morula follows, where 

outermost cells form the trophoectoderm and result in blastocele. Pluripotent cells, named as the inner cell 
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mass, are established in a pole of the embryo between the trophoectoderm and the blastocele. So, changes 

give rise to blastocyst, the final step of early embryo development [5]. 

Embryo implantation can be defined as the process by which the embryo attaches to the 

endometrium, invades the decidualised stroma and reaches the maternal microvasculature. Blastocyst 

implantation is a very complicated developmental process which involves a series of events leading to an 

effective invasive trophoblast cell- maternal endometrium crosstalk. These events are affected by lots of 

endocrine, paracrine and autocrine factors. The success of implantation relies on achieving the embryo 

development to the blastocyst stage and its invasion to the decidualized endometrial stroma. Moreover, there 

are lots of hormones, cytokines and growth factors participating in implantation as the table indicates [11]. 

.  
(Castro-Rendon WA, Castro-Alvarez JF, Guzman-Martinez C, Bueno-Sanchez JC (2006) Blastocyst-endometrium interaction: 

intertwining a cytokine network. Braz J Med Biol Res 39: 1373-1385.) 

The endometrium is modified in structure by progesterone and estrogens. These changes facilitate 

the phases of implantation which are: the apposition, the attachment and the invasion. Those three phases are 

called ‘implantation window’ [12]. The ‘window of implantation’ is defined as the limited period of time 

during which the uterine environment is conducive to blastocyst implantation. The simultaneous 

development of the embryo to the blastocyst stage and the differentiation of the uterus to the receptive state 

are very important at the implantation process [13]. The endometrial differentiation in order the blastocyst to 

be successfully implanted is stimulated by progesterone (P) and estrogen. Endometrial sensitivity to 
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implantation due to ovarian steroids is programmed into three phases: prereceptive, receptive and 

nonreceptive. Blastocysts implant in the receptive phase, where all the morphological changes occur to 

endometrium. 

During this phase, the plasma membrane of the luminal epithelial cells has no microvilli and 

develops large ectoplasmic projections, called pinopodes. Pinopodes are markers of endometrial receptivity 

and their appearance corresponds to the ‘window of implantation’ [11,14]. In humans, E2 (estradiol) induces 

ER (estrogen) and PR peptide synthesis in endometrial glands and stroma during the follicular phase. 

Estrogen exerts its proliferative effect on the endometrium, priming it for secretory transformation, which 

will follow under P stimulation[15]. 

Moreover, it has been shown that chorionic gonadotropin (CG) implicates in implantation by direct 

effects on the endometrium and that the blastocyst modulates the uterine environment before implantation 

through CG signalling (reviewed by [11]). Furthermore, an important factor having a vital role in 

implantation is CRH (corticotrophin releasing hormone). The endometrial glands are characterised by high 

levels of CRH during the secretory phase of the menstrual cycle. Estrogens and glucocorticoids inhibit the 

promoter of the human CRH gene in transfected human endometrial cells [16]. P induces the production of 

CRH in primary cultures of human endometrial stromal cells. In turn, CRH induces stromal decidualization 

and potentiates the decidualizing effect of P [17]. Additionally, CRH regulates local modulators of the 

decidualization process; for example, it inhibits the enhancer PGE2, induces the inhibitor interleukin (IL) 1 

and stimulates the inducer IL-6. These modulators exert a positive effect on the synthesis of endometrial 

CRH, completing this endometrial paracrine network, which could act as a local fine-tuner of decidualization 

[18,19]. Furthermore, it has been proposed that CRH has a role in establishing the ‘immune privilege’ of the 

maternal–fetal interface, thus accommodating blastocyst implantation. Indeed, CRH induces the synthesis of 

proapoptotic Fas ligand (FasL) in human invasive extravillous trophoblasts (EVTs) and maternal decidual 

cells. Therefore, it potentiates the ability of these cells to induce apoptosis of surrounding activated maternal 

T cells bearing the Fas receptor on their surface. This effect was reversed by antalarmin, a specific type 1 

CRH receptor (CRHR1) antagonist. Administration of antalarmin in female rats decreased the number of 

implantation sites [20]. Finally, a recent study suggested a role for CRH in trophoblast invasion. CRH 

inhibited in vitro the invasion of human EVTs. This effect was mediated by CRHR1 and involved 

downregulation of the synthesis of the carcinoembryonic antigen-related cell adhesion molecule 1 by EVTs 

[21]. 

Concerning the implantation window phase, despite the important role of ovarian steroids in 

implantation there are lots of P- and E2- regulated factors involved in implantation such as cytokines, growth 

factor, matrix metalloproteinase (MMPs), adhesion molecules, extracellular matrix components and 

homeobox element- containing genes [22,23]. One of the factors that plays important role in implantation is 

EGF. EGF promotes PG production and during pregnancy, increased EGF production leads to trophoblast 

differentiation [24]. In addition, transforming growth factor β(TGF-β) have been found to be expressed in 
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endometrial epithelium and stroma, to modulate maternal immune tolerance during implantation and to 

regulate several implantation related molecules such as VEGF, MMP-9, IGFBP-1 and LIF (leukemia 

inhibitory factor), a molecule that appears to be necessary for murine blastocyst implantation [25,26]. 

Furthermore, IL-11 is another cytokine involved in implantation, as it promotes P-induced decidualization of 

human stromal cells in vitro [27]. In primary cultures of human endometrial and decidual epithelial cells, 

estrogen induced, whereas P reduced, IL-11 secretion and IL-11 signalling was found to participate in the 

regulation of trophoblast invasion [28]. A recent study on women with recurrent miscarriage reported 

decreased synthesis of IL-11 in the endometrial epithelium [29]. Also, CSF-1( colony stimulating factor) 

which is responsible for macrophage proliferation and differentiation has been found to be expressed in 

tissues in the maternal-fetal interface during implantation and early pregnancy and lack of CSF-1 has shown 

to provoke infertility problems in mice ( reviewed by [11] ). 

 
Signalling and implantation system.  

(Norwitz ER, Schust DJ, Fisher SJ (2001) Implantation and the survival of early pregnancy. N Engl J Med 345: 1400-1408) 
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CHAPTER 2 

 ENDOMETRIOSIS 
 

2.1. Definition and sites of endometriosis 

 Endometriosis is defined as the growth of endometrial glands and stroma at extra-uterine sites that 

responds to hormonal stimuli. Endometriosis is an inflammatory estrogen-dependent disease affecting 5 to 

10% of women of reproductive age. It is characterized by the presence of endometrium-like tissue in sites 

outside the uterine cavity. The most popular sites of endometriosis are [30] :  

• Ovaries (the most common site) 

• Fallopian tubes 

• The back of the uterus and the posterior cul-de-sac 

• The front of the uterus and the anterior cul-de-sac 

• Uterine ligaments such as the broad or round ligament of the uterus 

• Pelvic and back wall 

• Intestines, most commonly the rectosigmoid 

• Urinary bladder and ureters 

 

(http://www.endo-resolved.com/symptoms.html) 
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As previously mentioned, the normal-eutopic endometrium is shed each month during the menstrual 

cycle. In endometriosis, the endometrium grows outside the uterus and is unable to exit the body. The 

ectopic endometrium – endometriotic sites still detach and bleed such as eutopic- normal endometrium 

and internal bleeding, degenerated blood, tissue shedding, pain, formation of new tissue and 

inflammation of the surrounding areas usually occur[30]. 

2.2. Pathogenesis of endometriosis 

 In 1690, was the first time that endometriosis has been described by the German physician Daniel 

Shroen. There are many theories concerning its pathogenesis as the image displays: 

 

 

Retrograde menstruation: The most common theory for the pathogenesis of endometriosis[31]. So, it has 

been proposed that the adhesion and growth of endometrial fragments into the peritoneal cavity happens as 

the menstrual endometrium pass backward through the fallopian tubes and implants in the peritoneal cavity. 

Although, this theory shows lots of controversies as it fails to explain the formation of endometriosis in very 

distant sites such as lungs, skin, lymph nodes, breasts, in early puberty and newborns, in male and in women 

affected by the syndrome of Mayer- Rokitansky – Kuster – Hauser who are characterised by congenital 

aplasia of the uterus [30]. 
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Coelomic metaplasia: this theory claims that the formation of endometriotic lesions is a result of 

differentiation of mesothelial cells into endometrium-like tissue – metaplasia of the coelomic epithelium 

[32]. 

Endometrial tissue travelling through veins and lymphatic vessels [31]  

Bonne marrow stem cells differentiation to endometriotic tissue: a theory which claims that circulating 

stem cells originating from bonne marrow or from the basal layer of the endometrium could differentiate into 

endometriotic tissue at various sites [33]. 

Vasculogenesis: Up to 37% of the microvascular endothelium of ectopic endometrial tissue originates from 

endothelial progenitor cells, which result in de novo formation of microvessels by the process vasculogenesis 

rather than the conventional process of angiogenesis [34]. 

Embryological origin of endometriosis: suggesting alterations in the fine tunning of female genital structure 

organogenesis [35]. 

 

2.3. Epidemiology and Risk factors 

 Endometriosis is a disease affecting mostly women of the reproductive age but two to four percent of 

women with endometriosis are postmenopausal exposed to the use of Hormone Replacement Therapy 

(HRT). It has been found that mostly Asian women suffer from endometriosis comparing to Caucasian 

women and lowest in African women. However, these studies are not always including factors like 

socioeconomic status and the availability of healthcare facilities which makes the results uncertain. There is 

a 7 times increased risk of endometriosis when a first degree relative has this disease, indicating that genetic 

factors are important. Obstruction of menstrual outflow (e.g., mullerian anomalies), exposure to 

diethylstilbestrol in utero, prolonged exposure to endogenous estrogen (e.g., because of early menarche, late 

menopause, or obesity), short menstrual cycles, low birth weight and exposure to endocrine-disrupting 

chemicals are thought to be the most common risk factors for endometriosis. Twin and family studies 

suggest a genetic component. Consumption of red meat and trans fats is associated with an increased risk of 

laparoscopically confirmed endometriosis, and eating fruits, green vegetables, and n−3 long-chain fatty acids 

is associated with a decreased risk. Prolonged lactation and multiple pregnancies are protective factors for 

endometriosis.  Endometriosis is associated with increased risks of autoimmune diseases and ovarian 

endometrioid and clear-cell cancers, as well as other cancers, including non-Hodgkin's lymphoma and 

melanoma [36-38]. Concerning the environmental toxins implication in endometriosis, the prevalence of 

endometriosis has been linked by several studies with exposure to dioxins but the mechanisms are poorly 
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understood [39]. Dioxin-exposed monkeys showed immune abnormalities similar to those observed in 

women with endometriosis [40]  

2.4. Genetics 

Inheritance and genetic predisposition has been linked to endometriosis [41]. Familiar studies have 

shown that daughters or sisters of patients with endometriosis are at higher risk of developing endometriosis; 

low progesterone levels may be genetic, and may contribute to a hormone imbalance. It has been suggested 

that there is a 6-fold increased incidence in women with an affected first-degree relative. Endometriosis can 

occur due to a series of multiple hits within target genes, a mechanism similar to that of cancer development 

and the mutation can be either somatic or heritable. Individual genomic changes associated with 

endometriosis are those referring to changes in chromosome 10 at region 10q26 and changes in the 7p15.2 

region. There are many findings of altered gene expression and epigenetics, but these can be a result of 

environmental factors or altered metabolism. Moreover, there are lots of positive correlation between 

polymorphisms and endometriosis. Polymorphisms that mainly refer to cytokines and inflammation, steroid-

synthesizing enzymes and detoxifying enzymes and receptors, estradiol metabolism, other enzymes and 

metabolic systems, adhesion molecules and matrix enzymes, hormone receptors, growth factor systems, and 

especially human leukocyte antigen system components showed strong correlation. Although, 

polymorphisms related to apoptosis, cell-cycle regulation and oncogenes have been found to be negatively 

correlated with endometriosis [42]. 

2.5. Signs and Symptoms 

The main clinical symptoms of women with endometriosis are chronic pelvic pain, adhesion 

formation and infertility. Apart from them there are lots of others symptoms as the table indicates [38]. 
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The pain can range from mild to severe that occurs on both sides of the pelvis, in the lower back and 

rectal area, and even down the legs. Pain is not correlated to the extent or stage (1 through 4) of 

endometriosis. Symptoms of endometriosis-related pain may include  [30] : 

• dysmenorrhea – painful, sometimes disabling cramps during menses; pain may get worse over time 

(progressive pain), also lower back pains linked to the pelvis 

• chronic pelvic pain – typically accompanied by lower back pain or abdominal pain 

• dyspareunia – painful sex 

• dysuria – urinary urgency, frequency, and sometimes painful voiding 

As endometriotic lesions are related to hormonal stimulation, they may "bleed" at the same time of 

menstruation by causing swelling, and inflammatory responses and at these circumstances pain may be 

caused. Pain can also occur from adhesions binding internal organs to each other, causing organ dislocation. 

Fallopian tubes, ovaries, the uterus, the bowels, and the bladder can be bound together in ways that are 

painful, not just during menstrual periods. Also, as endometriotic lesions develop their own nerve system, 

this may be another cause of severe pain [43].   

2.6. Diagnosis and staging 

The definite method for diagnosis and staging of endometriosis is surgery as the figure shows  

 

Peritoneal Lesions and an Ovarian Endometrioma Due to Endometriosis[38]‘Panel A shows an endometriotic implant (red 
lesion), adhesions, and hyperemia in the peritoneum. Panel B shows peritoneal implants, including red and blue–black lesions and 
adhesions. Panel C shows extensive adhesions distorting the normal pelvic anatomy. Panel D shows an endometrioma adherent to 
the posterior uterus and distending the ovarian capsule. (Images courtesy of Dr. Christopher Herndon, University of California, San 
Francisco.)’[38] 
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Endometriosis can be staged I–IV (Revised Classification of the American Society of Reproductive 

Medicine) through surgery [44]. This point system assesses lesions and adhesions in the pelvic organs, but 

not the level of pain or infertility.  

Stage I (Minimal): Findings restricted to only superficial lesions and possibly a few filmy adhesions 

Stage II (Mild): In addition, some deep lesions are present in the cul-de-sac 

Stage III (Moderate): As above, plus presence of endometriomas on the ovary and more adhesions. 

Stage IV (Severe): As above, plus large endometriomas, extensive adhesions. 

 

 
http://www.rockymountainfertility.com/diagnosis/endometriosis/# 

Endometrioma is sometimes misdiagnosed as ovarian cysts. The cyst fluid in endometriomas is thick 

and dark brown because it contains hemosiderin (hence, the name “chocolate cysts”), this color is not 

specific to endometriomas.  Apart from surgery there are other nonsurgical diagnostic approaches such as 
transvaginal ultrasonography and magnetic resonance imaging (MRI) but the detection of peritoneal and 

ovarian implants and adhesions are poorly detected. Both imaging methods can successfully detect ovarian 

endometriomas. Transvaginal ultrasonography is preferred over MRI in the diagnosis of endometriomas due 

to lower cost. Doppler ultrasonography may help in establishing the diagnosis; it shows characteristically 

scant blood flow to an endometrioma, normal flow to normal ovarian tissue, and enhanced flow to an ovarian 

tumor. Moreover, levels of CA-125 may be elevated in endometriosis, but it is not recommended for 

diagnostics as it is characterised by poor sensitivity and specificity [38].  
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2.7. Treatment of endometriosis 

Treatment of endometriosis is divided in two categories depending on the pain management and the 

infertility management. 

2.7.1. Pain management 

Pain can be managed by a variety of medical therapies and surgery therapy. Medical treatment refers 

to pain killers and/or NSAID (nonsteroidal anti-inflammatory drugs). As far as the hormonal treatment 

concerned, it is used in order to minimize the estrogen stimulation of the endometriotic lesions including 

endometrial atrophy and amenorrhea eliminating the pain. Hormonal treatment is often used in combination 

with surgical treatment and/or to prevent recurrence of the disease after surgery. The types of hormonal 

treatment for endometriosis that have been used are since 1960’s are displayed on the table above. Apart 

from medical treatment of pain, there is surgical therapy as well. The most common surgical procedure 

performed is laparoscopy. Surgical can relieve pain and improve fertility, by diminishing inflammatory 

response in the pelvic region and improving quality of patient’s life. The removal of adhesions, fibrotic 

tissues and endometriotic cysts can reduce pain and improve fertility as well. In severe cases total 

hysterectomy and/or bilateral oophorectomy is performed to induce amenorrhea and thereby reduce 

inflammation and pain[38]. 

Medical and Surgical Therapies for Endometriosis-Related Pelvic Pain [38] 
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2.7.2. Fertility treatment 

One of the main characteristics and symptoms of endometriosis is infertility, although women with 

endometriosis have reduced fecundity rate, they are not sterile. Several causal factors have been proposed; 

adhesions, ovulatory dysfunction, reduced implantation and decidualization capacity, embryotoxicity and 

fagocytosis of the sperm cells. Surgical intervention has been found to improve fertility rates of women with 

endometriosis [30,38,45]. Gonadotropin therapy and intrauterine insemination, as well as in vitro fertilization 

(IVF), are efficacious treatments in women with infertility and endometriosis. Ablation of endometriotic 

lesions with lysis of adhesions is recommended for the treatment of infertility related to stage I or II 

endometriosis [46,47].  

 

2.8. Immunology in endometriosis  

Endometriosis and altered eutopic endometrium       
 

There are lots of studies suggesting that alterations in the immune response (cell-mediated immunity 

and humoral immunity) in endometriotic lesions may contribute to the development and progression of the 

disease and contribute to pain and infertility symptoms. 

Endometriosis affects women of all ethnicics and approximately 5-10 % of women of reproductive 

age. It has been shown that 25-50% of infertile women have endometriosis and that 30-50% of women with 

endometriosis are infertile (reviewed by [48]). To better understand the association between infertility and 

endometriosis, an insight of the altered immune response characterising endometriosis, the ‘autoimmunity’ 

profile of endometriosis and the alteration of endometrium of women with ednometriosis would be of quite 

interest to be discussed. 

Endometriosis is an inflammatory disease characterised by increased concentrations of cytokines, 

growth factors and macrophages. Macrophages are implicated in innate immune system and are responsible 

for secreting growth factors, cytokines and complement components, prostagladins and hydrolytic enzymes. 

Peripheral blood monocytes from women with endometriosis promote proliferation of cocultured autologous 

endometrial cells in contrast with monocytes from healthy women which suppress endometrial cell 

proliferation. Apart from the growth stimulatory effect of macrophages to endometriotic implants, 

macrophage products are connected with pathophysiology of endometriosis, referring to pain and infertility 

[49,50]. The concentration of peritoneal macrophages are highly increased in women with endometriosis 

compared to healthy ones and this can be linked to increased levels of CSF-1, monocyte chemoattractant 

protein (MCP-1), deriving from endometrial/endometriotic cells or peritoneal macrophages respectively [51-

54]. It has been found that peritoneal environment controls the differentiation of macrophage precursors, 

leading them to an alternatively activated status. The alternatively activated macrophages are quite important 

for ectopic tissue to vascularize and grow [55]. Peripheral monocytes and peritoneal macrophages are altered 
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in women with endometriosis, more specifically, the peripheral monocytes of women with endometriosis do 

not differ in number with those of healthy women but they differ in their activation mode, as their activation 

status is increased in women with endometriosis. Peritoneal macrophages are increased in number, 

concentration and activation mode (reviewed by [56] ). Increased macrophages are also related to the stage 

of endometriosis [57]. Macrophages play also a very important role in growth and development of 

endometriotic lesions and in generation of pain through interaction with nerve fibres as well. There is an 

accumulation of nerve fibres in peritoneal endometriotic lesions, which are stimulated by several factors such 

as ILs, VEGF, TNF- α, EGF and many others which are secreted by macrophages. So macrophages and their 

products had been found to play important role in stimulation, growth and repair of nerve fiber, inducing 

pain. Moreover, as VEGF is increased in women with endometriosis and had been found to act as a 

neurotrophic factor, stimulating the growth of nerve factors, might also play a vital role in nerve fiber density 

in endometriotic sites [58]. Furthermore, peritoneal fluid of women with endometriosis favorably induces 

monocyte differentiation in macrophages rather than dendritic cells (DCs) and this is mediated by IL-6. This 

can play a vital role in pathogenesis of endometriosis as DCs are quite important for the induction of 

immunity and tolerance [59].  

 
Macrophages play a central role in the immunobiology of endometriosis[60] 

 

Macrophages secrete cytokines and growth factors and concerning endometriosis, these macrophage 

products can promote stimulation of endometrial cell proliferation, implantation of endometrial cells or 

tissue, increased tissue remodeling through regulation of matrix metalloproteinase and increased 

angiogenesis of the ectopic endometrial tissue [56,61]. Increased number of macrophages in endometriotic 

sites equals increased number of cytokine production as well. Cytokines can act in an autocrine or paracrine 

way and have a role in initiation, propagation and regulation of immune and inflammatory responses and can 

have proliferative, cytostatic, chemoattractant or differentiative effects. Cytokines such as IL-1, IL-4, IL-6, 

IL-8, IL-10, mitochondrial protein (B-cell lymphoma 2, Bcl2), reactive oxygen species (ROS), soluble 

intercellular adhesion molecule (sic AM-1), TGF, VEGF, RANTES, and antioxidants are increased in the 
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peritoneal fluid of women with endometriosis. On the other hand, cytokines such as IL-1, IL-5, IL-13 and 

IFN are decreased in peritoneal fluid of endometriotic women.  In the follicular fluid, IL-1, IL-6, IL-8, 

TNFα, MCP-1, endothelin-1 and immune cells including NK cells, B lymphocytes and monocytes increase 

but VEGF decreases [48]. All these cytokines are not only produced by macrophages but from endometriotic 

lesions as well. One example of this fact is that IL-6 has been found to be expressed by endometriotic 

stromal cells [62]. Some of the cytokines such as IL-1, IL-6, IL-8, IL-10 and TNF-α when they are found in 

elevated levels in peritoneal fluid of women with endometriosis they have been linked with embryotoxicity 

and infertility [63]. Another very important factor of immune response, mast cells, have been found to be 

elevated in the stroma of peritoneal endometriotic lesions compared to eutopic endometrium [64] and as mast 

cells in deep infiltrating endometriosis were found near the nerve fibers, this lead to the suggestion that mast 

cells might play a role in the endometriosis related pain [65]. 

 
Giudice LC (2010) Clinical practice. Endometriosis. N Engl J Med 362: 2389-2398.[38] 

 

Natural killer cells (NK) cells are also altered in endometriotic women, as peripheral and peritoneal 

NK cells from women with endometriosis present decreased cytotoxicity to autologous and heterologous 

endometrium compared with those in healthy women. This reduced cytoxicity of NK cells has been 

correlated with the establishment of ectopic endometrium in the peritoneal cavity and this has also been 

linked to the severity of the disease [56]. Another cytokine promoting the adhesion creation for 

endometriotic implants is IL-8, as it stimulates the ability of endometrial stromal cells to adhere to an 
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extracellular matrix protein fibronectin [61]. There are several adhesion molecules implicated in 

endometriosis favoring the persistence of endometriotic tissue such as increased levels of intercellular 

adhesion molecule (ICAM). Factors promoting vascularization, angiogenesis and tissue remodeling in 

endometriosis are the elevated levels of VEGF and MMPS [45]. 

Stress neuropeptides such as CRH and UCN, related to inflammation and pain are also present in 

endometriotic sites. CRH can activate mast cells to release tryptase activating PAR-2 (protease activated 

receptors) which leads to increased levels of VEGF, IL-8, IL-6 and proliferation of ectopic tissue (reviewed 

by [45,66] ).   

In addition to alterations in cell-mediated immunity in women with endometriosis, there are several 

humoral immunological changes including autoimmune phenomena such as autoantibodies against 

endometrial antigens, anti-laminin-1 autoantibodies and other autoimmune antibodies and polyclonal B cell 

autoimmune activation [48] . 

 
AAb autoantibodies, Ach achetylcholine, CGRP calcitonin-gene-related peptide, CRH corticotropin-releasing hormone, E estrogens, 

E2 estradiol, Hb hemoglobin, HO heme oxygenases, IL interleukin, HLA human leukocyte antigen, IFN-γ interferon-γ, KIR killer cell 

inhibitory receptor, M-CSF macrophage colony stimulating factor, MCP-1 monocyte chemotactic protein-1, MHC-I major 

histocompatibility complex class-I, MMP matrix metalloproteinase, NGF nerve growth factor, NK natural killer, P progesterone, 

PAR-2 protease-activated receptor-2, PGE(2) prostaglandin E(2), pHp peritoneal haptoglobin, RANTES regulated upon activation 

normal T cell expressed and secreted, sCD23 soluble CD23, SCF stem cell factor, sICAM-1 soluble intercellular adhesion molecule-

1, SP substance P, TGF-β transforming growth factor-β, TH tyrosine hydroxylase, TNF-α tumor necrosis factor-α, VEGF vascular 

endothelial growth factor. [45] 
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2.9. Steroid hormones in endometriosis and molecular mechanisms in eutopic endometrium 
(of endometriotic women and healthy women)  
 

There are several differences between the eutopic and ectopic endometrium in endometriotic patients 

such as the overproduction of estrogen, prostagladins and cytokines in endometriotic tissue. Apart from that, 

eutopic endometrium of endometriotic women has different gene expression concerning implantation failure, 

infertility and progesterone resistance when compared to eutopic endometrium of healthy women [30]. As 

previously mentioned, inflammation, immune response, angiogenesis and apoptosis are altered in 

endometriosis in order to establish the survival of endometriotic tissue. These processes are regulated by 

estrogen or progesterone. It is of high importance to study the overproduction of estrogen and prostagladin 

and the progesterone resistance in endometriosis as there is a therapeutic target of aromatase in the estrogen 

biosynthesis procedure, COX-2 in the prostagladin pathway and the progesterone receptor which reduces 

pelvic pain or laparoscopically visible endometriosis. These targets have been associated with epigenetic 

markers (hypomethylation) that cause overexpression of nuclear receptors steroidogenic factor 1 (SF1) and 

estrogen receptor β [67,68].  

Steroid hormones play a very important role in the establishment and maintenance of endometriosis. 

Apart from the fact that endometriosis is an estrogen-dependent disease, recent studies suggest that 

progesterone fails to regulate the expression of genes during endometrial differentiation and this is critical 

for the disease process. Progesterone inhibits estradiol (E2)-dependent proliferation in the uterine epithelium. 

In humans and other vertebrates, the biological activities of progesterone are mediated by interaction with 

specific progesterone receptors (PRs) that are members of nuclear receptor superfamily of transcription 

factors. In contrast to healthy endometrium, hormone receptors remain at constant levels during the 

menstrual cycle in endometriosis [69], which points at a disruption of the normal cyclic responsiveness to 

hormonal changes with regular apoptosis of the epithelium in endometriotic lesions. So, there is an important 

role of progesterone in endometriosis. Firstly, there is a PR gene polymorphism associated with 

endometriosis [70]. Secondly, there are low levels of PR isoform A (PR-A) and PR-B is not detected in 

extraovarian endometriosis [71]. Thirdly, progesterone-dependent regulation of target genes was found to be 

disrupted in endometriosis. In endometriotic tissue E2 accumulates and probably induces proliferation of 

endometrial tissue. Moreover, the enzyme aromatase is exclusively found in endometriotic stroma [72] and 

provides E1, which is further converted to E2 by 17β-HSD type 1 (17β-HSD-1), contributing to the 

accumulation of E2. The importance of aromatase for the endometriotic growth has been demonstrated by its 

genetic or enzymatic disruption [73]. Besides, E2 might also be involved in endometriosis related 

inflammation, as it stimulates several mediators of inflammation such as IL-8 and RANTES [74]. Levels of 

MMP-2 in peritoneal fluid positively correlate with E2, but inversely with progesterone, and estrogens can 

also co-stimulate peritoneal mast cell activation in rats [75]. Furthermore, both E2 and progesterone increase 

the release of VEGF from peritoneal macrophages [76] and may promote angiogenesis in endometriotic 
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lesions. Given the high levels of E2 within the lesion, E2 might be more relevant in this context. In contrast 

to estrogens, progesterone or synthetically produced progestogens called progestins exert potent 

immunosuppressive properties, and mechanisms of dampening inflammation have been demonstrated for the 

progestin dydrogesterone [77-79]. Using other progestins available to date, a reduction in transplant growth, 

a degeneration of transplants, an increase in NK cells in peritoneal fluid, and a decrease in IL-1β secretion 

from peritoneal macrophages could be demonstrated [80-82]. In conclusion, E2 promotes endometriosis and 

progesterone/progestins dampen it, which is the rationale why progestins are widely used to treat 

endometriosis. In general, they act as agonists on the PR and have a functional anti-proliferative effect on 

endometrial tissue and endometriotic lesions. In addition, progestin treatment is generally better tolerated 

than other endometriosis therapies, which are associated with rather severe side effects [83]. Importantly, 

progestins are known to be effective in the control of pain symptoms in general or related to endometriosis 

[79,83,84]. However, not all patients respond to this regimen [84]. This clinical observation may be 

explicable by the partial resistance of endometriotic tissue to progesterone action due to the down-regulation 

of its receptors[45]. 

 

 

 
Progesterone resistance and estradiol accumulation in endometriosis [45] 
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Normal endometriosis and endometriosis PGE2 production[30] 

 

 

 
Estrogen metabolism in endometrial lesions 
Estrogen metabolism in endometrial lesions: Defective 17-beta-steroid-dehydrogenase type 2. The bioactive estradiol cannot be 
converted into the less active estron. In the normal endometrium, progesterone activates this 17-beta-HSD Type 2 and has an 
antiproliferative effect; this mechanism is disrupted in endometrial lesions (so-called progesterone block).[85] 
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 Vicious circle in the endometrial focus 
Vicious circle in the endometrial focus maintains the proliferation and inflammatory reaction: (1) local estrogen is produced by 
aromatase activation; (2) estrogens stimulate prostaglandin synthesis via the activation of the COX-2 enzyme; (3) Prostaglandin E-2 
again stimulates aromatase. Whether the aromatase is activated in the endometrial lesion itself or in the surrounding tissue (fat, 
peritoneum) is controversial.[85] 
 

 

2.10. Altered endometrium in women with endometriosis  
 

Despite the fact that eutopic end ectopic endometrium of women with endometriosis are 

histologically similar, these tissues have some biochemical differences. Apart from that, there are several 

differences between eutopic endometrium of healthy women and endometriotic women including differences 

in structure, proliferation, immune components, adhesion molecules, proteolytic enzymes and inhibitors, 

steroid and cytokine production and responsiveness, gene expression and protein production [86].  

 Apart from the differences presented in tables, there are several genes with differential expression in 

endometriotic lesions, responsible for the loss of cellular homeostasis in endometriotic lesions [87].   
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Qualitative and quantitative differences between endometriotic lesions and eutopic endometrium[88] 
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Endometrial anomalies in eutopic endometrium from women with endometriosis[88] 
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2.11. Endometriosis and infertility 
 

Infertility caused by endometriosis refers to almost every part of the female reproductive system.  

 

 
Factors associated with reduced fecundity in women with endometriosis [89] 

 

2.11.1. Infertility – endometriosis – Pituitary 

In the normal cycle of fertile women, the pituitary secretes FSH and LH to stimulate growing 

ovarian follicles. These follicles provide positive and negative feedback to the pituitary culminating in an LH 

surge to signal ovulation. However, in women with endometriosis, a pituitary-ovarian axis dysfunction  

preventing normal cyclic changes in the ovary as the length of the follicular phase is extended in 

endometriosis [90,91] and women with endometriosis have delayed LH secretion and lower levels of LH 

leading to abnormal urinary hormone profiles [90,92-94]. All these can impair follicular growth, ovulation 

and corpus luteum development in the ovary specifically with respect to the timing of ovarian events[89]. 

2.11.2. Infertility – endometriosis – ovary 

Follicular phase 
Folliculogenesis is impaired in women with endometriosis. The number of preovulatory follicles, follicular 

growth, dominant follicle size and follicular estradiol concentrations are reduced in ovaries of endometriosis 

patients. The follicular fluid of patients with endometriosis has been reported to have altered hormone 

profiles including reduced estrogen, androgen and progesterone and increased activin. Further, the follicular 

fluid from patients has been shown to contain factors such as cytokines and growth factors that might 
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promote the maintenance of endometriotic lesions and lead to a suboptimum follicular environment 

(reviewed by [89] ).  

Ovulation phase 
In women with endometriosis, mechanisms of ovulation are impaired. The LH surge might be altered and 

there is a deficiency in follicular LH receptors [95]. In addition, lower levels of estrogen and progesterone 

have been found in the serum and urine of women with endometriosis. Changes in proteolytic enzymes, 

cytokines, inflammatory molecules and the vasculature, all of which are required for normal ovulation, can 

also be found in the follicles of women with endometriosis. Taking everything into consideration, these 

altered events could cause ovulatory dysfunction in endometriosis such as the fact that oocytes become 

trapped in a luteinizing corpus hemorrhagicum, defined as luteinized unruptured follicle syndrome (LUFs), 

has been associated with endometriosis and infertility in women. Peritoneal concentrations of steroid 

hormones, including progesterone and estradiol, are reported to decrease in women with LUFs (reviewed by 

[89] ).  

Luteal phase 
Disrupted luteal function has been found in endometriosis patients and affecting both large and small luteal 

cells. Women with endometriosis with luteal defects secrete less progesterone than those from healthy 

patients and they are more likely to experience infertility [96,97]. 

 

2.11.3. Infertility – endometriosis - Ooocyte quality 

Women with endometriosis ovulate fewer oocytes than healthy women [98,99] and those oocytes 

ovulated by women with endometriosis are sometimes not of good quality [100]. There are several factors 

contributing to the failure of a spermatozoon to fertilize a potentially compromised oocyte in women with 

endometriosis. Increased peritoneal macrophages during endometriosis can lead to increased phagocytosis of 

healthy spermatozoa [101]. Interleukin-6 (IL-6) present in the peritoneal fluid of women with endometriosis 

[102] reduce sperm motility [103].   

2.11.4. Infertility – endometriosis - Embryo development 

Endometriosis negatively impacts on embryo development including cytoplasmic fragmentation, 

darkened cytoplasm, reduced cell numbers and increased frequency of arrested embryos leading to 

significantly fewer transferable blastocysts. So women with endometriosis are characterised by reduced 

quality of embryos [99]. Inflammatory cytokines in the peritoneal fluid of women with endometriosis play 

also an important role in decreased embryo quality. Murine embryos cultured in the presence of peritoneal 

fluid from women with endometriosis have decreased rates of development after the two-cell stage, increased 

rates of DNA fragmentation and apoptosis compared with treatment by control peritoneal fluid [104]. 
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Further, embryos cultured in the presence of IL-6 stayed at the blastocyst stage or earlier [105]. Increased 

concentrations of inflammatory cytokines or reactive oxygen species (ROS) have been found to be embryo 

toxic causing apoptosis or programmed cell death [106]. 

2.11.5. Infertility – endometriosis - Decidualization – uterine receptivity 

Proper decidualization and uterine receptivity allows the developing embryo to implant in 

endometrium and this process includes regulation by hormones, cytokines, adhesion molecules and other 

factors [107] . Integrins which are cell surface receptors that mediate intracellular signals play a major role in 

this process specifically αVβ3 [108], as about 50% of women with endometriosis have decreased or, in some 

cases, absent expression of endometrial αVβ3. Other uterine biomarkers of implantation such as glycodelin 

A, osteopontin, leukemia inhibitory factor and lysophosphatidic acid receptor 3 are reduced in women with 

endometriosis [109]. Moreover, concerning decidualization, steroid hormone pathways are altered in 

endometriosis as previously mentioned so, in women with endometriosis there is an upregulation of 

endometrial estrogen receptors, aromatase is also aberrantly expressed by the endometrium of women with 

endometriosis, increasing the amount of active estradiol [110], altered estrogen during receptivity even 

further, 17β- hydroxysteroid dehydrogenase-2 is downregulated thereby inhibiting estradiol inactivation 

leading to a local increase in estrogen action [109], a progesterone resistance in endometriosis [111] both in 

eutopic and ectopic endometrium [112], differential expression of the isoforms of the progesterone receptor 

occurs in endometriosis: isoform A is present but B is not, most likely because of aberrant methylation of its 

promoter [71,113]. Reduced progesterone receptors and decreased levels of estrone lead to high levels of 

estradiol furthering the progesterone resistance. These data provide evidence for mechanisms involved in 

reduced uterine receptivity. 

2.11.6. Infertility – endometriosis - Embryo implantation 

Women with endometriosis are reported to experience implantation failure more often than controls 

[99,114]. Defects in embryo implantation might be associated with hormone level alterations, embryo 

anomalies and/or endometrial anomalies as described. For example, embryo anomalies can include slow 

growth and delayed blastocyst hatching, which are detrimental for implantation of the embryo in the uterine 

endometrium [115]. Concerning the hypothalamic pituitary adrenal axis and its main regulatory molecules as 

CRH and UCN are characterised, it has been found that eutopic endometrium of women with endometriosis 

is characterised by a decreased expression of CRH and UCN during menstrual cycle by a reduced response 

to CRH and UCN and an impaired expression of CRHR1 suggesting a disrupted local CRH/UCN/CRHR1 

pathway in the disease and this may explain the reduced fertility characterizing patients with endometriosis 

as CRH is one of the main regulators of decidualization and implantation [116].  Moreover, peripheral CRH, 

increasing upon high psychological stress, might contribute to the peritoneal inflammation present in 

endometriosis associated with infertility problems involving unsuccessful implantation and decidualization.  

 57



Introduction 
 
 

2.11.7. Infertility – endometriosis – miscarriage 

Women with endometriosis can have an increased risk of miscarriage and recurrent miscarriage 

[117] due to B cell immunodeficiency and autoantibodies [118]. Also, women with endometriosis have an 

increased risk of spontaneous abortion. 

2.11.8. Infertility – endometriosis – altered peritoneal milieu 

Endometriotic lesions secrete proteins including prostaglandins, haptoglobin, cytokines such as IL-1, 

IL-6, IL-8 and IL-10; growth factors, such as vascular endothelial growth factor, nerve growth factor, 

transforming growth factor-β1 and 2, insulin-like growth factor-2, cellular remodelling enzymes, such as the 

matrix metalloproteinases (MMPs) and their inhibitors (tissue inhibitors of metalloproteinase, TIMPs [89]. 

 

CHAPTER 3 

Corticotropin releasing hormone (CRH) 
 

Corticotropin-releasing hormone (CRH) is a 41-amino acid peptide derived from a 196-amino acid 

prehormone. The human CRH gene maps in the long arm of chromosome 8 and the size of its transcript is 

1.3kb. CRH is secreted by the paraventricular nucleus (PVN) of the hypothalamus in response to stress. CRH 

is the main regulator of the hypothalamic- pituitary adrenal axis (HPA) together with arginine- vasopressin 

(AVP), both produced by parvicellular neurons of the paraventricular nucleus of the hypothalamus into the 

hypophyseal portal system. HPA together with the arousal and autonomic nervous system constitute the 

stress system [119]. 

3.1. CRH - HPA axis  

 The hypothalamic-pituitary-adrenal axis (HPA or HTPA axis) is a complex set of direct 

influences and feedback interactions among the hypothalamus, the pituitary gland (a pea-shaped structure 

located below the hypothalamus), and the adrenal (also called "suprarenal") glands (small, conical organs on 

top of the kidneys). HPA axis is a neuroendocrine system that controls reactions to stress and regulates many 

body processes, including digestion, the immune system, mood and emotions, sexuality and energy storage 

and expenditure. The paraventricular nucleus of the hypothalamus contains neuroendocrine neurons that 

synthesize and secrete vasopressin and corticotropin-releasing hormone (CRH). The anterior lobe of the 

pituitary gland where CRH and vasopressin stimulate the secretion of adrenocorticotropic hormone (ACTH), 

once known as corticotropin. ACTH in turn acts on the adrenal cortex, which produces glucocorticoid 

hormones (mainly cortisol in humans) in response to stimulation by ACTH. Glucocorticoids in turn act back 

on the hypothalamus and pituitary (to suppress CRH and ACTH production) in a negative feedback cycle. 
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CRH and vasopressin are released from neurosecretory nerve terminals at the median eminence. CRH is 

transported to the anterior pituitary through the portal blood vessel system of the hypophyseal stalk and 

vasopressin is transported by axonal transport to the posterior pituitary. There, CRH and vasopressin act 

synergistically to stimulate the secretion of stored ACTH from corticotrope cells. ACTH is transported by 

the blood to the adrenal cortex of the adrenal gland, where it rapidly stimulates biosynthesis of 

corticosteroids such as cortisol from cholesterol. Cortisol is a major stress hormone and has effects on many 

tissues in the body, including the brain. In the brain, cortisol acts on two types of receptor - mineralocorticoid 

receptors and glucocorticoid receptors, and these are expressed by many different types of neurons [120]. 

 
The hypothalamic-pituitary-adrenal (HPA) axis. The initial changes in the axis in response to stressful stimuli are shown in red. Stress increases 
corticotropin-releasing hormone (CRH) release from the hypothalamus. CRH binds to CRH receptors on anterior pituitary cells resulting in 
increased adrenocorticotropic hormone (ACTH) release. ACTH, in turn, is carried via the blood to the adrenal cortex where it stimulates 
glucocorticoid production and release. Glucocorticoids cause metabolic changes that allow one to respond to the stressor. They also provide 
negative feedback (shown in blue) to decrease synthesis and release of CRH and ACTH to terminate the stress response and return the system to 
homeostasis. [121]  

3.2. CRH receptors and CRHBP 

 CRH is involved in the control of cardiovascular, gastrointestinal, immune and reproductive systems. 

CRH exerts its effects by binding to plasma membrane receptors. Corticotropin-releasing hormone receptors 

(CRHRs), also known as corticotropin-releasing factor receptors (CRFRs) are a G protein-coupled receptor 

family that binds corticotropin-releasing hormone (CRH). Three CRH receptor genes had been identified so 

far CRHR1, CRHR2, CRHR3 – identified only in catfish [122-124]. In mammals, only CRHR1 and CRHR2 

have been identified. CRHR1 binds CRH with high affinity and eight slice variants have been identified that 

encode different isoforms R1α,β, c, d, e, f, g, h. CRHR2 is encoded by a distinct gene that has three slice 

mRNA variants encoding CRHR2 α,β,γ receptor subtypes with unique tissue distribution. The two CRH 

receptor families share 70% homology at the amino acid level. The wide distribution of CRH receptors 

(central and peripheral nervous system, adrenals, retina, spleen, heart and skeletal muscles, skin, ovary, testis 

and myometrium) suggests that CRH plays an important role in the physiology of these organs. CRHR1 has 
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been detected in human endometrial stromal cells in both the proliferative and the secretory phase and is also 

involved in decidualization of stroma [125]. CRH and CRHR1 have also been detected in human 

endometrial adenocarcinoma Ishikawa cell line [126]. Ishikawa cell line expresses almost all steroid 

hormone receptors and represents an extensively used in vitro model for the study of steroid hormone effects 

on human endometrium [127-129]. CRHR2α and UCN (one the native ligand for CRHR2α) is expressed in 

human endometrium [130] and pregnant myometrium. CRHRs are present on resident macrophages and on 

endothelial cells of all pregnancy tissues from trophoblasts, myometrium, deciduas and fetal membranes 

[131]. 

 Moreover, CRH modulate its biological effects by a soluble high- affinity CRH-binding protein 

(CRH-BP). CRHBP is circulating in humans and its physiological role is to control the availability of the 

free ligand. Corticotropin-releasing factor-binding protein is a protein that in humans is encoded by the 

CRHBP gene. It belongs to corticotropin-releasing hormone binding protein family. In neuronal sites, CRH-

BP regulation is under the control of CRH and protein kinase A, effectors such as cAMP, but also by known 

mediators of the CRH- system such as glucocorticoids and cytokines. CRH-BP binds with high affinity to 

CRH and consists of 322 amino acids. It is synthesised in liver and expressed by various sites such as brain 

and human placenta. In human, its gene is localized in the long arm of chromosome 5(5q11.2 –q13.3) [132]. 

3.3. Urocortin 

 Urocortin belongs to the corticotrophin releasing hormone family. The CRH family include a variety 

of neuropeptides and consists of CRH, urocortin 1, urocortin 2 (stresscopin-related peptide), urocortin 

3(stresscopin) [133]. Urocortin is a 40-amino acid peptide which share 45% sequence homology with CRH. 

Its affinity for CRHR1 is the same as CRH but it binds with higher affinity, even higher than CRH does with 

CRHR2, suggesting that this could be the endogenous ligand for this receptor subtype [134,135]. UCN is 

expressed in several sites in the nervous system controlling behaviour, stress response and food ingestion. 

UCN is synthesised in cell bodies of the Edinger Westphal nucleus, lateral superior olive and supraotic 

nucleus in the brain as well as in non-neuronal site such as the gastrointestinal tract, adipose tissue, heart, 

testis, kidneys, adrenals, pancreas, cardiac myocytes, skin. It is expressed in immune and cardiovascular 

system but reproductive system as well (ovaries, myometrium, endometrium, placenta, fetal membranes) 

[21]. Moreover, urocortin has been found to be correlated to maintenance of effective labor, onset of labor, 

spontaneous abortion and preeclampia [133]. 
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3.4. CRH receptor antagonists 

CRH and UCN 1, 2, 3 act as endogenous peptide agonists with varying relative affinities for the 

CRHR1 and CRHR2. Peptidic antagonists are either non-selective for the two subtypes (a- helical- CRH(9-

41), D-phe- CRH(12-41) , Astressin, Astressin-B) or are selective for the CRHR2(anti-sauvagin-30, 

Astressin2-B). Small molecule, non-peptidic antagonists show a high degree of selectivity for the CRHR1, 

such as antalarmin [136]. Antalarmin is a close chemical analog of CP-154, 526 and it is a non-peptidic CRH 

antagonist, selective for the CRHR1 receptor subtype [137,138]. Antalarmin is a non-peptide drug that 

blocks the CRHR1 and, as a consequence, reduces the release of ACTH in response to chronic stress 

[139].This has been demonstrated in animals to reduce the behavioural responses to stressful situations [140] 

and it is proposed that antalarmin itself, or more likely newer CRH antagonist drugs still under development 

[141] could be useful for reducing the adverse health consequences of chronic stress in humans, as well as 

having possible uses in the treatment of conditions such as anxiety, depression, and drug addiction [142]. 

Chronic antalarmin treatment also showed anti-inflammatory effects and has been suggested as having 

potential uses in the treatment of inflammatory conditions such as arthritis [143] as well as stress-induced 

gastrointestinal ulcers [144] and irritable bowel syndrome [145,146] Antalarmin has been used to elucidate 

the roles of CRH in stress, inflammation and reproduction, suggesting that this could be a regulatory key in 

reproductive functions with an inflammatory component, such as ovulation, luteolysis, implantation and 

parturition. Antalarmin has been found to decrease FasL expression and inhibited apoptosis of T-

lymphocytes in implantation sites [147,148]. 

 

CRH ligands and receptors. [136]  
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3.5. CRH and the immune system 

 CRH and its receptors have been identified not only throughout the central nerve system (CNS) but 

also in various organ systems such as the immune system and the reproductive system. CRH has been 

identified in peripheral inflammatory sites and reproductive organs such as the ovaries, endometrial glands, 

decidualised endometrial stroma, placental trophoblast, syncytiotrophoblast, deciduas and the testes 

[123,149,150]. UCN has been found in immune and reproductive systems as well [151]. 

 

Sources of peripheral CRH and its proposed roles in enhancing the immune response. Abbreviation: B-END: β-endorphin. [152]  

 CRH is secreted at inflammatory sites (such as spleen, thymus and inflamed tissues) and exerts 

proinflammatory properties both in innate and acquired immune processes with potential pathogenic effects 

in autoimmune inflammatory disorders, in stress-induced allergic or vasokinetic conditions such as asthma, 

eczema and migraine headaches [149]. Despite the fact that CRH via glucocorticoids and catecholamines 

have anti-inflammatory role in CNS by inhibiting inflammation, locally secreted CRH promotes local 

inflammation and acts as an autocrine or paracrine inflammatory cytokine as for example in rheumatoid 

arthritis patients or ulcerative colitis. UCN has been found to be increased in inflammatory situations and 
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also to be expressed by spleen, thymus, macrophages and lymphocytes as well [21,152]. CRH is expressed in 

the cytosol of endothelial cells, macrophages and tissue fibroblasts. Immune CRH expressed in inflammatory 

sites has been found to be identical to hypothalamic CRH  [153]. One major mechanism by which CRH and 

UCN exerts their local immune effects is the degranulation of mast cells. Mast cells are necessary for allergic 

reactions but they are interestingly implicated in acquired immunity and inflammatory diseases having stress 

as a factor for severity. Mast cells synthesize and secret CRH, acting in autocrine or paracrine way in allergic 

inflammatory disorders worsened by stress [154]. CRH increases vascular permeability and mast cell 

degranulation in a dose-dependent manner via CRHR1 [155]. CRH also stimulates IL-1 secretion from 

monocytes, IL-2 from lymphocytes and IL-6 from mononuclear cells. Moreover, CRH promotes 

lymphocytes proliferation and IL-2 receptor expression and chemotaxis by mononuclear leukocytes and 

production of oxygen radicals in macrophages [149]. 

3.6. CRH and the female reproductive system 

 The female reproductive system is regulated by the HPA axis. The HPA axis, activated by stress, has 

an inhibitory effect on the female reproductive system. Gonadotrophin- releasing hormone (GnRH) is the 

principal regulator of the HPA axis. GnRH stimulates LH, FSH, estradiol and progesterone secretion.  CRH 

and CRH-induced proopiomelanocortin peptides, such as b-endorphin inhibit GnRH secretion and 

glucocorticoids suppress female gonadal axis function at the hypothalamic, pituitary and uterine level. 

Glucocorticoids reduce LH response to intravenous GnRH, having an inhibitory effect in the pituitary 

gonadotrophin and inhibits estradiol and progesterone as well. Furthermore, the HPA axis is responsible for 

amenorrhea of stress in cases such as anxiety and depression, malnutrition, eating disorders and chronic 

excessive exercise and for the hypogonadism of the Cushing Syndrome [156]. 

 As previously mentioned CRH is expressed by lots of tissues of the reproductive system including 

the ovaries, the uterus and placenta) and participates as an inflammatory component in ovulation, luteolysis, 

implantation and parturition, as the table indicates but I will focus more in intrauterine (endometrial 

decidualization and blastocyst implantation) CRH and placental CRH [149]  
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Reproductive CRH [149] 

 

3.6.1. Uterine CRH – endometrial decidualization 

 CRH is expressed in uterus [154,157].The main source of endometrial CRH is epithelial cells while 

stromal cells express it only after decidualization occurs [125,157-159]. Moreover, CRHR1 and CRHR2 are 

also expressed by epithelial and stromal endometrial cells and myometrium [125,160,161]. Epithelial cells 

are the main source of UCN, CRHR1β and CRHR2α as well in human endometrium. Foskolin, 8-bromo-

cAMP and epidermal growth factor (EGF) are the inducers of hypothalamic CRH which stimulate the 

activity of endometrial CRH as well. cAMP regulates endogenous hypothalamic and placental CRH by 

inducing its increase [16]. Estrogens decrease CRH promoter activity in endometrium but having an opposite 

effect in hypothalamic CRH. Glucocorticoids decrease CRH promoter activity in endometrium. The 

inhibitory effect of glucocorticoids on endometrial CRH is similar to that in hypothalamus and opposite to 

that found in human placenta, indicating that the regulation of the transcription of CRH gene is tissue 

specific. The cytokines IL-1 and IL-6 stimulate the CRH promoter activity, an effect possibly mediated by 

prostagladins both in hypothalamus and placenta [162]. Endometrial stroma decidualization occurs in the 

luteal phase of the menstrual cycle. In human endometrium, a phenomenon characterised as an aseptic 

inflammatory reaction takes place during the differentiation of endometrial stroma. During both the luteal 
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and the follicular phase of the cycle, endometrial glands show an excessive CRH expression, but CRH levels 

are higher in luteal phase as CRH induces the decidualization of endometrial stroma and potentiate the 

decidualizing effect of progesterone  [157-159]. Endometrial CRH expression is stimulated by progestins in 

a cAMP manner [17]. In stromal cells CRH mediate via CRHR1 the cAMP-dependent part of the 

decidualizing effect of progesterone, an effect blocked by cAMP inhibitors. Apart from progesterone, there 

are lots of locally produced proinflammatory immune factors such as prostagladins and interleukins exert a 

decidualizing effect. In humans, PGE2 enhances the decidualizing effect of progesterone while IL-1 inhibits 

it. CRH induces the decidualization of human endometrial stromal cells and during the decidualization 

process, CRH interacts with local factors. As for example, CRH inhibits PGE2 production by human 

endometrial cell. Endometrial CRH may also alter the decidualizing action of progesterone via locally 

produced PGE2. Moreover, CRH promotes the production of IL-1 and IL-6 in human endometrial stromal 

cells [19]. IL-1 is an important modulator of decidualization, as it blocks the differentiation of human 

endometrial stromal cells induced by ovarian steroids or cAMP [163]. The stimulatory effect of CRH on 

stromal IL-1 indicated that CRH may exert its decidualizing effect either directly or indirectly, as a 

modulator of progesterone, a classical decidualizing effector. To summarise, progesterone in addition to its 

decidualizing effect, stimulates endometrial CRH production, CRH participates in stromal decidualization 

and regulates local modulators of this process by inhibiting the enhancer PGE2, inducing the inhibitor IL-1 

and stimulating the inducer IL-6 and endometrial PGE2, IL-1 and IL-6 exert positive control on the 

expression of endometrial CRH and complete the endometrial paracrine network [164].  

 

Endometrial CRH under the influence of progesterone [164] 
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3.6.2. Uterine CRH – blastocyst implantation 

Implantation is a process that endocrine, paracrine, autocrine and autonomic factors are involved. 

Synchronised interactions between a blastocyst competent for implantation and an adhesive endometrium is 

required. This process, involves an effective cross-talk between invasive trophoblast cells and maternal 

endometrium. The success of implantation depends on achieving the embryo development to the blastocyst 

stage and the invasion of the latter into the decidualised endometrium [11]. During blastocyst implantation, 

the maternal endometrial response to the invading fetal semi-allograft has characteristics of an acute, aseptic 

inflammatory response [20]. Once implanted, the embryo suppresses this response and prevents rejection. At 

the same time, mother’s immune system prevents a graft vs host reaction deriving from the fetal immune 

system [20]. During implantation, the invading blastocyst secretes several inflammatory mediators such as 

CRH, IL-1, IL-6, leukaemia inhibitory factor(LIF) and PGE2. Blastocyst derived IL-1 plays an essential role 

in implantation and blockage of its effect by IL-1ra antagonist in mice inhibits implantation. LIF has a 

similar importance as well [123]. CRH is expressed and released by decidual and trophoblast cells, which 

means that CRH is produced simultaneously by both maternal and fetal sides of implantation. Also, FasL – a 

proapoptotic molecule is expressed by embryonic trophoblast and maternal decidual cells. The major 

function of Fas-FasL system is that it induces apoptosis of activated cells carrying Fas in cells located at the 

interface between the fetal placenta and maternal endometrium [20]. CRH induces the expression of 

apoptotic FasL on invasive extravillous trophoblast cells (EVT) and maternal decidual cells at the fetal-

maternal interface. Furthermore, CRH increases the apoptosis of activated T lymphocytes through FasL 

induction and participates in the processes of both implantation and early pregnancy tolerance. This effect of 

CRH is specifically mediated through CRH-R1 [20]. So, CRH participates on both implantation and early 

pregnancy immune tolerance. Blockage of CRH-R1 had an antinidation effect when it was administered at a 

very early stage of pregnancy. However, antalarmin did not completely abolish nidation; this suggested the 

presence of other redundant mechanisms. This was compatible with the observation that CRH- and CRH-R1-

deficient mice are not entirely sterile [13,165]. In summary, CRH induces FasL expression on invasive EVT 

and maternal decidual cells at the fetal-maternal interface, antalarmin decreases the implantation rate and 

CRH increases apoptosis of activated T lymphocytes suggesting that CRH participates in implantation and 

early pregnancy tolerance along with a combination of proinflammatory and anti-rejection properties. 

Moreover, CRH inhibits in vitro the invasion of human EVTs [21] and this effect is mediated by CRHR1 and 

involves downregulation of carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM1) 

synthesis by EVTs. So, CRH controls proper trophoblast invasion as well by regulating CEACAM1. 
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(A) The early phase of implantation. (B) The involvement of the CRH/Fas system in the early phase of implantation.[123]  
 

3.6.3. Placental CRH 

Large amounts of CRH are produced by placenta and fetal membranes [166]. CRH is present in high 

concentrations in the maternal and fetal blood and in amniotic fluid. In pregnant women, plasma 

concentrations of CRH, which are low during the first trimester, rise from mid-gestation to term to reach 

concentrations as much as 1000-fold greater during the last 6–8 weeks of pregnancy compared to those in the 

plasma of non-pregnant women. CRH-BP concentrations decrease during the last 6 weeks of pregnancy, 

leading to elevations of free CRH. Thus, placental CRH is responsible for the hypercortisolism observed 

during the latter half of pregnancy. This hypercortisolism is followed by a transient suppression of 

hypothalamic CRH secretion in the postpartum period, which may explain the blues/depression and 

autoimmune phenomena that may occur during this period. Placental CRH secretion is stimulated by 

glucocorticoids, inflammatory cytokines, and anoxic conditions, including the stress of preeclampsia or 

eclampsia, whereas it is suppressed by estrogens [150]. CRH and its related peptide UCN may control 

human parturition not only by affecting myometrial contractility but also by increasing local matrix 

metalloproteinase-9 (MMP-9) activity in placenta and fetal membranes [167], contributing to membrane 

rupture with the onset of labor. Increased plasma CRH and ACTH level may be associated with idiopathic 

preterm labor [168]. Moreover, CRH and UCN expression is upregulated in abortions, an effect mediated by 

CRHR1 as well [169]. 
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3.6.4. CRH – antalarmin- reproduction  

Antalarmin-mediated CRH-R1 blockade may prevent implantation by reducing the inflammatory-

like reaction of the endometrium to the invading blastocyst [20]. Antalarmin and other CRH-R1 antagonists 

represent a new class of nonsteroidal inhibitors of pregnancy at its very early stages and as CRH antagonists 

could be used in the therapy of depression and anxiety disorders [156], there is a potential to cause 

hypofertility or early miscarriages. Nevertheless, in rats, administration of antalarmin after gestation day 5 

and until the end of pregnancy did not affect the embryos; this suggests that mechanisms other than CRH-

mediated FasL expression are present in mid- and late gestation that assists in nonrejection of the fetus. 

Therefore, it has been suggested that CRH antagonists could be used to protect the fetus from maternal stress 

and/or to prevent premature labor, another potential use of this class of compounds. Furthermore, CRH-R1 

antagonists have been used experimentally to elucidate the role of CRH on blastocyst implantation and 

invasion, early fetal immunotolerance, and premature labor [141]. 

 

3.6.5. CRH – endometriosis 

CRH and UCN are neuropeptides expressed by human endometrium [130,170] with an mRNA 

expression highest in secretory phase endometrium [125,158,159], most probably taking part in the process 

of human endometrial stromal cell (HESC) decidualization. Through a paracrine mechanism, CRH and UCN 

act by CRH receptors type 1 (CRH-R1) and type 2 (CRH-R2), synergistically with progesterone in activating 

decidualization [158,171] .Moreover, CRH and UCN also have an immunomodulatory activity [161,172] 

and their mRNA is expressed by ectopic endometriotic cells [173,174]. Endometrium of women with 

endometriosis is characterized by a deranged expression of CRH and UCN during menstrual cycle by a 

reduced response to CRH and UCN, and an impaired expression of CRH-R1 mRNA suggests a disrupted 

local CRH/Ucn/CRH-R1 pathway in the disease and may explain the reduced fertility characterizing patients 

with endometriosis [116]. Chronic pain and infertility are characterised as endometriosis symptoms which 

interfere with the patients quality of life and perceived as persistent stressor. High levels of stress have been 

proposed to contribute to endometriosis progression. It may be proposed that high levels of stress promote 

the dissemination of endometriosis via CRH- dependent pathways, as peripheral CRH is found increased in 

psychological stress [45]. Peripheral CRH, increasing upon high psychological stress, might contribute to the 

peritoneal inflammation present in endometriosis. The therapeutic application of progesterone derivatives, 

CRH blocking agents as well as improvement of stress may disrupt the vicious cycle between the chronic 

peritoneal inflammation and high perception of psychological stress in endometriosis. CRH is highly 

expressed in endometriotic lesions [64] and has been proposed to stimulate mast cells to secrete VEGF. This 

would facilitate angiogenesis in endometriotic lesions and perpetuate the dissemination of the disease. CRH 

– like immunoreactivity was demonstrated in splenic nerve fibres, in dorsal horn of the spinal cord and dorsa 

root ganglia as well as sympathetic nerve fibres pointing at neuronal source of immune CRH in descending 
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nerve fibres. Because sympathetic nerve fibres are present in endometriotic tissue, it appears possibly that 

CRH contributes to peritoneal inflammation in endometriosis [45]. High numbers of activated mast cells are 

present in endometriotic sites and proteases secreted from mast cells play important role in fiibrogenesis. 

Mast cells are essential for the initiation of inflammatory reactions by releasing several mediators including 

histamine, proteases, cytokines, granulocyte macrophage colony stimulating factor (GM- CSF), TNF-α, 

TGF- β. Also mast cells synthesize and secrete CRH and UCN. CRH and UCN exert local effects in 

inflammatory disorders, worsened by stress through activation of mast cells. Mast cells in endometriotic sites 

are strongly positive for CRH and UCN. So, CRH and UCN may activate mast cells and contribute to the 

fibrosis and inflammation in endometriosis [64]. 

CHAPTER 4 

Fas – Fas ligand system 
 

4.1. GENERAL 

 The FAS receptor (FasR), also known as apoptosis antigen 1 (APO-1 or APT), cluster of 

differentiation 95 (CD95) or tumor necrosis factor receptor superfamily member 6 (TNFRSF6) is a protein 

encoded by the TNFRSF6 gene in humans. The Fas receptor is a death receptor on the surface of cells that 

leads to programmed cell death (apoptosis). It is one of two apoptosis pathways, the other one is the 

mitochondrial pathway. FasR is located on chromosome 10 in humans. FAS receptor is located on the long 

arm of chromosome 10 (10q24.1) in humans and on chromosome 19 in mice. The gene lies on the plus 

(Watson strand) and is 25,255 bases in length organised into 9 protein encoding exons. Fas ligand (FasL or 

CD95L) is a type-II transmembrane protein that belongs to the tumor necrosis factor (TNF) family. Its 

binding with its receptor induces apoptosis. Fas ligand/receptor interactions play an important role in the 

regulation of the immune system and the progression of cancer. Fas ligand or FasL is a homotrimeric type II 

transmembrane protein. It signals through trimerization of FasR, which spans the membrane of the "target" 

cell. This trimerization usually leads to apoptosis, or cell death. Soluble Fas ligand is generated by cleaving 

membrane-bound FasL at a conserved cleavage site by the external matrix metalloproteinase MMP-7.  FasL 

expression by cells such as eye, testis and placenta may be involved in maintaining the immune privilege of 

these tissues by inducing apoptosis of Fas- positive immune effector cells [175]. 

Fas-Fas ligand induced apoptosis plays an important in the regulation of the immune system concerning 

different aspects of it such as: 

T-cell homeostasis: the activation of T-cells leads to their expression of the Fas ligand. T cells are initially 

resistant to Fas-mediated apoptosis during clonal expansion, but become progressively more sensitive the 
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longer they are activated, ultimately resulting in activation-induced cell death (AICD). This process is 

needed to prevent an excessive immune response and eliminate autoreactive T-cells. Humans and mice with 

deleterious mutations of Fas or Fas ligand develop an accumulation of aberrant T-cells, leading to 

lymphadenopathy, splenomegaly, and lupus erythematosus. 

Cytotoxic T-cell activity: Fas-induced apoptosis is one of the main mechanisms by which cytotoxic T 

lymphocytes induce cell death in cells expressing foreign antigens [176]   

Immune privilege: Cells in immune privileged areas such as the cornea or testes express Fas ligand and 

induce the apoptosis of infiltrating lymphocytes. It is one of many mechanisms the body employs in the 

establishment and maintenance of immune privilege. 

Tumors: Fas-FasL systems helps tumour cells to escape the immune surveillance. Tumors may over-express 

Fas ligand and induce the apoptosis of infiltrating lymphocytes, allowing the tumor to escape the effects of 

an immune response [177]. The up-regulation of Fas ligand often occurs following chemotherapy, from 

which the tumor cells have attained apoptosis resistance. In HeLa cells (cervical cancer cell line), CRH can 

significantly induce both FasL transcription and FasL translation. Taking into account previous studies 

already establishing a connection between FasL expression and tumor immunoescape in cervical cancer, it 

can be concluded that such immunoescape could be CRH dependent [178]. 

4.2. Fas/FasL in normal endometrium - Maternal tolerance 

 Fas ligand plays an important role in leukocyte trafficking between the mother and the fetus. Fas 

and FasL are expressed in human endometrium throughout the menstrual cycle [179-181]. During the late 

proliferative phase, these proteins are unable to interact and induce apoptosis. In contrast, during the 

secretory phase, these proteins are extracted as parts of the cellular membranes, where Fas can bind FasL and 

turn on apoptotic signals [180,182]. Fas immunostaining on human endometrial glandular cells was 

determined to be stronger during the secretory phase than during the proliferative phase [180,181,183], 

demonstrated that withdrawal of estrogen and/or progesterone from endometrial cells in culture induced 

apoptosis, causing a significant decrease in cell viability. This coincided with increased Fas and FasL 

expression. These data indicate that Fas‐mediated apoptosis is important for endometrial cycling. Selam et 

al. (2001) showed that estradiol and progesterone up‐regulated FasL protein expression in cultured 

endometrial glandular and stromal cells [184]. There are two forms of FasL: membrane‐bound and soluble. 

The membrane‐bound FasL is converted to the active soluble FasL by the action of some matrix 

metalloproteinases (MMP) [185]. In the proliferative phase, endometrial glandular cells scarcely undergo 

apoptosis. This may be due to the localization of FasL in the glandular cells in a membrane‐bound 

inactivated form[182] and/or its localization into the cell’s Golgi apparatus. There are increased activities of 
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MMP, such as MMP‐1, ‐3 and ‐9, before and during the menstruating phase [186]. The 

membrane‐bound FasL localized on the apical membrane of glandular cells is cleaved by the action of 

MMP during the secretory phase, resulting in an increase in the amount of soluble FasL in the glandular 

lumen and therefore can bind with Fas on the cell surface of glandular cells, inducing their death [182]. 

CRH participates in the nidation of the fertilized egg by inhibiting local maternal immune response 

to the implanted embryo. CRH stimulates the expression of the pro-apoptotic FasL protein in the decidual 

and the trophoblastic cell, potentiating their ability to induce apoptosis of the maternal T lymphocytes 

activated by the presence of the embryo. Expression of the FasL by the fetal extravillous trophoblast cells 

can induce apoptosis of activated T lymphocytes expressing increasing numbers of the Fas membrane 

protein. Another role that is attributed to maternal and fetal FasL is that it limits the migration of fetal 

cytotrophoblast cells into maternal tissue and vise versa. The intra-uterine presence of CRH, both in the 

maternal (decidua) and fetal (trophoblast) sites suggests that locally produced CRH regulates FasL 

production, thus affecting the invasion process through a local auto/paracrine regulatory loop of 

cytotrophoblast cells, regulating their own apoptosis. Inadequate CRH- mediated self induction of FasL in 

extravillous trophoblasts might be involved in the pathophysiology of infertility and recurrent fetal 

absorption or miscarriage [187].  Moreover, aberrant expression of CRH in pre-eclampsia may activate the 

FasL-positive decidual macrophages, impair the physiological turnover of EVT and eventually disturb 

placentation [188].  

 

Uterine CRH affects the maternal immune tolerance[187]  
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Uterine CRH affects the maternal immune tolerance. CRH produced locally by decidual cells and 

extravillous trophoblasts acts in an autocrine/paracrine fashion, through  CRH-R1, to stimulate FasL 

expression and to potentiate the ability of these cells to cause apoptosis of activated maternal T lymphocytes 

(Fas receptor positive) [187].   

4.3. Fas/FasL system in endometriosis: 
 

Harada et al. (1996) found that Fas is expressed randomly in both eutopic and ectopic endometrial 

tissues. The authors suggested that the expression of Fas antigen may be less involved in apoptosis of eutopic 

and ectopic endometrial tissues as an apoptosis‐regulator [189]. Watanabe et al. (1997) also observed Fas 

expression in glandular cells of both ectopic and eutopic endometrium. In contrast with the cyclic expression 

pattern of Bcl‐2, Fas expression was constant in both tissues throughout the menstrual cycle [183] . 

Differences in the expression of Fas were found between ovarian, cervical and endometrial carcinoma tissues 

compared with normal tissues. Tumour cells had significantly decreased levels of Fas [190]. In addition, 

there was a higher Fas expression in ovarian endometriotic cells compared with benign ovarian tumours but 

the difference did not reach significance [191]. Higher expression of FasL by endometriotic tissues 

contributes to their survival and the development of endometriosis. Garcia‐Velasco et al. (2002) suggests 

that levels of soluble/active FasL are higher in serum and peritoneal fluid in women with moderate to severe 

endometriosis than in women with early‐stage disease or in disease‐free women. Higher levels of soluble 

FasL in the peritoneal fluid of women with endometriosis may contribute to increased apoptosis of 

Fas‐bearing immune cells in the peritoneal cavity, leading to their decreased scavenger activity [179]. This 

may result in prolonged survival of endometrial cells in the peritoneal cavity. The sources of the elevated 

levels of soluble FasL in the peritoneal cavity were endometriotic lesions and peritoneal fluid leukocytes. 

Several authors have shown that endometrial glandular and stromal cells express FasL, at both the mRNA 

and protein levels. This membrane‐bound FasL can be shed by matrilysin, producing an active, soluble 

form of the ligand [192]. Peritoneal fluid leukocytes are another plausible source for high levels of soluble 

FasL in women with endometriosis, because human‐activated peripheral blood mononuclear cells were 

shown to express FasL messenger RNA [193].  Macrophage‐derived growth factors, such as 

platelet‐derived growth factor (PDGF) and transforming growth factor (TGF), are increased in the 

peritoneal fluid of women with endometriosis [179,194] showed that macrophage‐conditioned media 

containing PDGF and TGF‐β induced FasL expression by endometrial stromal cells, suggesting that 

peritoneal macrophages in endometriosis might stimulate a Fas‐mediated apoptosis of immune cells. 

Expression of FasL by the endometriotic cells may protect them from attack by T‐cells. Consequently, 

ectopic endometrial cells escaping from immune surveillance in the peritoneal cavity of women with 

endometriosis may contribute to the maintenance of the disease. It is therefore possible that many 
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endometriotic cells not only become resistant to Fas‐mediated apoptosis, but also acquire the ability to 

utilize this pathway to their advantage by launching a ‘Fas counter‐attack’ against the host’s immune 

system. MMP have been implicated in the conversion of TNF‐α and FasL to active soluble forms, 

suggesting that these molecules can activate or release factors involved in the apoptotic process [195,196]. 

MMP‐2, MMP‐9 and Mt1‐MMP mRNA expression levels are significantly higher in endometriotic 

lesions compared with normal eutopic endometrium [197], implying that endometriotic tissue has a greater 

capacity for invasion. Up‐regulation of FasL expression by endometriotic cells could be induced after the 

adhesion of these cells to the extracellular matrix proteins laminin, fibronectin and collagen IV [198]. FasL 

expressed on endometriotic cells may induce apoptosis of the local immune cells including activated T 

lymphocytes, thereby reducing attacks by host immune surveillance and promoting the survival of 

endometrial stromal cells during the initial attachment of endometrial implants. Early lesions of 

endometriosis reportedly invade the extracellular matrix of the peritoneum. FasL expression that occurs 

when endometrial stromal cells attach to the extracellular matrix may be one of the critical events in the 

development of endometriosis. Under these observations, it was speculated that the expression levels of 

soluble/active FasL may be enhanced in shedding endometrial cells presenting in the peritoneal environment 

and protect endometrial cells from the immune effector cells of the peritoneal cavity. Interleukin‐8 (IL‐8), 

a chemokine for neutrophils and a potent angiogenic agent, is elevated in the peritoneal fluid of women with 

endometriosis. IL‐8 promotes proliferation of stromal cells derived from endometriotic tissues [199,200], 

suggesting that it may facilitate growth of endometriotic implants. Selam et al. (2002b) examined whether 

IL‐8 may up‐regulate FasL expression in endometrial cells and may be relevant for the development of a 

relative local immunotolerance in endometriosis [198]. They demonstrated a concentration‐dependent 

increase in the protein expression of FasL by IL‐8 in endometrial stromal cells. The authors speculated that 

elevated peritoneal fluid IL‐8 levels, via stimulation of FasL‐induced apoptosis in activated T 

lymphocytes, contribute to an immune‐privileged environment around the endometriosis implants, 

supporting their survival. IL‐8 exerts a chemotactic activity primarily on neutrophils and inhibits their 

apoptosis even in the presence of Fas engagement [201]. Kwak et al. (2002) investigated the effects of 

plasma and peritoneal fluid (PF) from patients with advanced endometriosis on apoptosis of neutrophils. 

Adding plasma and PF in neutrophil culture reduced spontaneous apoptosis. Neutralizing IL‐8 antibody 

abrogated the delay of neutrophil apoptosis induced by PF, suggesting that IL‐8 is one of the neutrophil 

survival factors in the PF of endometriosis patients. The impaired clearance of cells responsible for innate 

immunity in the peritoneal fluid of patients with endometriosis may be associated with the development of 

the disease  [202]. 
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CHAPTER 5 

GALECTINS 

5.1. GENERAL 

Galectins are members of a large family of animal lectins which bind b- galactoside and are highly 

conserved throughout evolution. Twelve galectins are present in humans and the family consists of fourteen 

mammalian galectins that have been identified in several tissues and animal species [203] . 

 

http://www.glycoforum.gr.jp/science/word/lectin/LEA01E.html 

The members of this family share sequence similarities in the carbohydrate- recognition domain 

(CRD). The galectin carbohydrate recognition domain (CRD) is a beta-sandwich of about 135 amino acids. 

Based on their biochemical structure galectins have been classified by Hirabayashi and Kasai in: 

Prototype galectins (gal-1, -2, -5, -7, -10, -11, -13 and -14): which exist as monomers or noncovalent 

homodimers of a CRD. 

Chimera type (gal-3): composed of a non-lectin domain bind to a CRD.  

Tandem repeat type (gal-4, -6, -8, -9 and -12):  which consist of two different CRD in a single polypeptide 

chain. 

Galectins are present intracellularly in the cell cytosol and in the nucleus as well. Galectins lack a 

secretion signal peptide required for export by classical vesicle- mediated exocytosis. Galectins are 

synthesised in the cytosol and released from the cell by a secretory mechanism that bypasses the 

endoplasmic reticulum and the Golgi. After galectins are released into the extracellular medium, they 
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crosslink β- galactoside- containing cell surface glycoconjugates, resulting in the modulation of cell 

signaling, adhesion and cell survival. Generally galectins are characterized as soluble proteins confined to 

cytosolic compartments or released to the extracellular milieu but recently galectin-3 has been found to 

contain a transmembrane – spanning domain [204,205]. Extracellular galectins crosslink cell surface and 

extracellular glycoproteins and can modulate cell adhesion and induce intracellular signals. Moreover 

galectins may also bind intracellular non-carbonhydrate ligands and have intracellular regulatory roles in 

processes such as RNA splicing, apoptosis and the cell cycle [206].  

Galectins have strongly been implicated in inflammation, autoimmunity and cancer and may be 

useful targets for anti-inflammatory and anti-cancer therapy.  Galectins are important modulators of 

neoplastic transformation, cancer cell survival, angiogenesis and tumour metastasis. As far as the immune 

system concerned, galectins are found in activated macrophages, activated B cells and activated B cells. 

They play a vital role in T cell homeostasis and survival. The expression of galectins is modulated during the 

activation and differentiation of immune cells and may be significantly altered under several pathological 

conditions [204,205]. 

 

Functions of galectins and diseases related to changes of galectins expression.[207]  

Galectins may play a role in initiation, activation and resolution of acute and chronic inflammatory 

processes. The same galectins may exert pro- or anti- inflammatory roles depending on their concentration in 

the inflammatory sites, the extracellular microenvironment and the cell types. In addition to the fact that 
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galectins participate in cell growth and survival acting as cytokines, chemokines or growth factors, they can 

potentiate or inhibit cell- cell and cell-matrix interactions [205]. 

 

Toscano MA, Ilarregui JM, Bianco GA, Campagna L, Croci DO, et al. (2007) Dissecting the pathophysiologic role of endogenous 

lectins: glycan-binding proteins with cytokine-like activity? Cytokine Growth Factor Rev 18: 57-71.[208] 
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Role of galectins in inflammatory and immunomodulatory processes. [205] 

5.2. Galectins- reproduction 

Apart from other tissues galectins have been identified in the reproductive tract as well.  As 

endometrial function and implantation involve many inflammatory mediators, galectins may contribute to 

endometrial immune system regulation. As galectins play a vital role in cell adhesion, migration and 

chemotaxis, galectins might play a role in regulation of leukocyte regulation. Moreover, galectins are 

involved in defense against invading micro-organisms, so they might contribute to protection of 

endometrium against bacteria [209]. Gal-1, -3, -9, -15 have been found to be expressed in human 

endometrium and deciduas apart from other tissues. Galectin-1 has been found to be expressed by stromal 

cell and galectin-9 by glandular epithelial cells in human endometrium and has been characterized as an 

endometrial epithelial marker and in human uteroderme as well [210,211]. Galectin-3 is expressed by 

secretory- phase epithelial glandular cell as well [212]. Furthermore, gal-1 and gal-3 are overexpressed on 

EVTs in preecramptic and low platelet syndrome (HELLP) placentas [213]. 
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5.3. Galectin-1 – one of the most extensively studied galectin 

 

Galectin-1 is the first galectin that have been discovered in the galectins family. It is a prototype 

galectin, consisting of two identical carbonhydrate recognition domains (CRDs) that may aggregate into 

homodimers. It is encoded by the LSGALS1 gene located on chromosome 22q12. Gal-1 occurs inside and 

outside the cells and has intracellular and extracellular functions. Apart from the fact that galectin-1, as all 

galectins, is characterized a lectin, it is involved in protein –protein interactions as well. Extracellularly, gal-

1 acts as a lectin and intracellularly exerts its protein-protein interactions and that is why it has lots of 

binding partners such as integrins, actin, fibronectin, laminin, H-ras [214].  

5.3.1. Galectin-1 - cell signalling  

Galectin-1(gal-1) has various roles in cell signaling pathways. It regulates cell growth. Extracellular 

galectin-1 has no effect on growth of naïve T cells but is mitogenic for normal or pathological murine and 

human cells [215]. Gal-1 can also regulate cell cycle progression in human mammary tumor cells [216]. The 

positive or negative effects of gal-1 on cell growth depend on the cell type, cell activation status, monomeric 

or dimeric form and extracellular or intracellular localization. Furthermore, galectin-1 modifies cell 

adhesion, motility and invasion. It increases adhesion of various normal and cancer cells to the ECM 

(extracellular matrix) via crosslinking of integrins, laminin and fibronectin. Moreover, it increases motility 

causes reorganization of actin skeleton of glioma cells. The membrane expression of gal-1 is an indication of 

cell invasiveness [217]. 

5.3.2. Galectin-1 – immune system – inflammation- cancer 

Galectin-1 plays a major role in initiation, activation and resolution of inflammatory responses [218] 

and can act as a pro-inflammatory or a anti-inflammatory cytokine. Gal-1 induces inhibition of cell growth 

and cell-cycle arrest and promotes the apoptosis of activated immune cells. Galectin-1 is expressed by a 

variety of cells in central and peripheral immune compartments including thymic epithelial cells, antigen-
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primed T cells, macrophages and activated B cells [205]. Galectin-1 modulates central monocyte 

/macrophage function. By inhibiting T-cell function via macrophage priming , galectin-1 links innate and 

adaptive immune system [219].Galectin-1 inhibits rachinoid acid release, blocks nitric oxide synthesis and 

increases arginase activity, suggesting a role for this protein in triggering a state of alternative activation in 

cells of the monocyte macrophage lineage. So, galectin-1 has been characterized as a modulator of 

monocyte/macrophage functions. Furthermore, galectin-1 inhibits the proliferation of activated T cells and 

reduces the clonal expansion of antigen primed CD8+ T cells and human leukemia T cells in a saccharide-

dependent manner [220]. Galectin-1 induces cell-cycle arrest and/or apoptosis of human and murine T cells 

during development in the thymus and after stimulation in the periphery. Galectin-1 also suppresses the 

secretion of the pro-inflammatory cytokine IL-2 and favors the secretion of the anti-inflammatory cytokine 

IL-10. The amount of gal-1 secreted in ECM is sufficient to kill T cells  [221].Galectin-1 binds to CD45, 

CD43and CD7 on the surface of the thymocytes and T-cell lines and as a result, the receptors are clustered 

into domains on the cell surface. CD-7 is an important receptor for galectin-1 and the loss of CD7 in several 

autoimmune diseases and T- cell lymphomas allow the survival of autoreactive and neoplastic T cells [222]. 

The anti-inflammatory properties of galectin-1 have been evaluated in several models of chronic 

inflammation and autoimmunity including autoimmune encephalomyelitis, arthritis, colitis, hepatitis, 

diabetes and chronic pancreatitis [214]. Moreover, galectin-1 has the ability to reduce the levels of interferon 

γ (IFNγ), TNFα, IL-2 and to increase the levels of IL-5. Moreover, the ability of galectin-1 to suppress the 

allogenic T cell response through apoptotic or non-apoptotic mechanisms suggests its potential use for 

immunosuppression in organ transplantation and graft versus host reaction [223]. Galectin-1 initiates a 

variety of signal transduction such as extracellular regulated kinase (ERK-2) phosphorylation, calcium 

influx, activation of specific transcription factors such as AP-1 and Bcl-2 downregulation to influence T- cell 

physiology and survival. Galectin-1 acts as T-cell receptor ligand. Despite the fact that gal-1 inhibits T cell 

proliferation and survival , it stimulates proliferation of vascular endothelial cells [205]. Galectin- 1 also 

participates in acute and allergic inflammation. Also, galectin-1 plays an important role in survival, 

differentiation and synaptic plasticity of neurons, preventing neuronal loss in case of injury in the central 

nervous system [224]. Moreover galectin-1 is involved in tumor progression and tumor-immune escape. 

Galectin-1 expression in cancer cells has been linked to aggressiveness of tumors [214], the secretion of 

galectin-1 by tumor cells may be a mechanism by which immusuppresive microenvironment is created in 

tumor sites. So, galectin-1 contributes to immune privilege of tumors by negatively regulating the survival of 

effector T cells and taking part in the balance in Th2-predominant cytokine milieu. As a result, galectin-1 can 

be used as a target for therapeutic intervention in cancer [208].  
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Galectins regulate a range of T cell processes including T cell signalling, activation, apoptosis, cytokine secretion and regulatory T 
(TReg) cell expansion. a | In the thymic microenvironment, galectin 1 induces apoptosis in double-negative (CD4-CD8-) or double-
positive (CD4+CD8+) thymocytes, suggesting a possible role for these galectins in regulating central tolerance. b | Once in the 
periphery, galectin 1 blocks early T cell receptor (TCR)-mediated activation signals and prolongs the survival of naive T cells. 
Following T cell activation, galectin 1 binds to particular glycosylated receptors and T cell immunoglobulin domain and mucin 
domain protein 3 (TIM3) and triggers distinct intracellular events to induce T cell death. Galectins can also regulate the secretion of 
pro- or anti-inflammatory cytokines and promote the expansion of IL-10-producing regulatory T (TR1) cells. In addition, galectin 1 
contribute to the suppressive activity of CD4+CD25+ TReg cells. APC, antigen-presenting cell; IFN , interferon- ; TNF, tumour 
necrosis factor.[225] 
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Contribution of galectin-1 to tumour progression.[226] 

5.3.3. Galectin-1 – female reproduction 

Galectin-1 has been identified in male and female reproductive systems as well. The abundance of 

proapoptotic galectin-1 in immune privileged sites such as placenta, brain and reproductive organs suggests 

that galectin-1 might trigger the death of T cells protecting these sites from tissue damage induced by T cell 

derived proinflammatory cytokines  [205]. Galectin-1 has a similar expression pattern in placentas and 

extraembryonic membranes. Gal-1 is abundantly expressed in human third trimester placentas and 

extraembryonic membranes and is upregulated in placentas in preeclampsia and in extraembryonic 

membranes in chorioamnionitis suggesting a role in a fetal contribution to anti-inflammatory response. 

Galectin-1 is upregulated in uterine natural killer cells and a key modulator of regulatory T cell functions. 

Galectin-1 induces generation of tolerogenic dendritic cells and regulatory T cells, so knock out mice of 

galectin-1 led to a higher rate of fetal loss in allogenic mating. Additionally, galectin-1 is involved in 

immune- endocrine cross-talk, maternal – decidual expression of gal-1 is regulated by progesterone and 

galectin-1 increases progesterone concentrations, suggesting its role in the maintenance of pregnancy [227]. 

Galectin-1 localizes in the placentomal/interplacentomal regions, smooth muscle cells in blood vessels and 

especially the reticular layer of the maternal stroma [228]. Concerning the female genital tract, exogenous 

added gal-1 has an inhibitory effect in steroidogenic activity on granulose cell in the ovaries [229,230]. It is 

expressed in endometrium and its expression levels vary according to the phase of the menstrual cycle and 

during the early phase of gestation. Galectiin-1 expression increases significantly at late secretory phase of 
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endometrium and deciduas and shows a specific pattern of expression in trophoblastic tissue. During 

embryogenesis, specifically on the first trimester, galectin-1 is expressed in connective tissue, smooth and 

striated muscles, in epithelial such as skin, gonads, thyroid gland and the kidneys [212]. This protein was the 

first isolated in human placenta, among placental trophoblast cells, gal-1 was immunolocalizes in the 

cytotrophoblast. Galectin-1 is synthesized prior to implantation in the trophoectoderm of blastocysts, 

suggesting a role in the attachment of the embryo in the uterine epithelium. Galectin-1 has been implicated in 

some of the pathological conditions involving trophoblast, such as early pregnancy loss, preeclampsia and 

trophoblastic malignant disease. Galectin-1 has also been recently qualified as a member of human 

trophoblast cell invasion machinery [231]. Galectin-1 is involved in the immune-mediated fetal tolerance 

during pregnancy promoting the generation of tolerogenic dendritic cells, inducing IL-10 expressing T 

regulatory cells and a Th2 cytokine shift by provoking apoptosis of susceptible Th1 cells. Moreover galectin-

1 is under the control of ovarian steroids during blastocyst implantation [232] and is initially synthesized in 

the trophoectoderm. Galectin-1 plays an important role in the organization of extracellular matrix and the 

regulation of trophoblast differentiation and cell motility during placentation [231,233]. So, galectin-1 is 

very important in trophoblast differentiation and plays a major role in pregnancy maintenance. Circulating 

gal-1 levels could serve as a predictive factor fro pregnancy success in early human gestation as compared 

with normal pregnant women, circulating gal-1 levels were significantly decreased in patients who suffered a 

miscarriage [234]. 
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Galectin-1 immunostaining and LGALS1 expression in normal-term placenta and extraembryonic membranes. (A) Galectin-1 

expression, shown with shades of brown, is strong in the placenta (p) and fetal membranes (fm), and the most intense in maternal 

decidua (de). (B) All layers of the fetal membranes [amnion (am); chorioamniotic mesenchyma (cm); chorion (ch)] stained for 

galectin-1; maternal decidua (de) is the richest source of galectin-1. (C) All placental cell types (trophoblasts [tr], stromal cells [sc], 

villous endothelium [en]) stained for galectin-1. Immunohistochemisrty, haematoxylin counter stain, magnification ×200 (B) and 

×400 (C). (D) LGALS1 expression was 3.6-fold higher in the membranes including maternal decidua (n = 6) than in placentas (n = 

6) of the same patients. Boxes represent medians and interquartile ranges, whereas whiskers represent the most extreme data points. 

[227,235] 

5.3.4. Galectins- endometriosis 

As endometriosis is characterized by the release of several proteins including growth factors, 

integrins, cadherins and lectins that regulate cell migration, invasion, angiogenesis, immune functions and 

apoptosis, galectins should play an important role in this inflammatory disease. So far, only galectin-3 has 

been found to be overexpressed in various forms of endometriosis and by having a higher expression 

compared to eutopic endometrium and by having a higher expression in eutopic endometrium of women with 

endometriosis than in eutopic endometrium of women without endometriosis [236]. 

 

CHAPTER 6 

Colony stimulating factor-1 (CSF-1) 

6.1. GENERAL 

Colony stimulating factor- 1, is also known as macrophage colony stimulating factor is a secreted 

cytokine, characterized as a hematopoetic growth factor which influences hematopoietic stem cells to 

differentiate into macrophages or other related cell types. Bone marrow-derived monocytes enter peripheral 

blood and circulate for several days in an inert state before entering tissues and differentiating into tissue 

resident macrophages. Tissue resident macrophages include histiocytes (connective tissue), microglial cells 

(nervous system), Kupffer cells (liver) and osteoclasts (bone). Macrophages are recruited to tissues to restore 

resident populations or respond to diverse inflammatory and immune stimuli. The acquired phenotype of 

recruited macrophages reflects signals from the microenvironment in which they reside. These macrophages 

are broadly classified as classically or alternatively activated macrophages Eukaryotic cells also produce M-

CSF in order to combat intercellular viral infection. M-CSF binds to the Colony stimulating factor 1 

receptor. CSF-1 regulates the survival, proliferation and differentiation of mononuclear phagocytes to 

macrophages [237,238]. M-CSF1 is produced by fibroblasts, endothelial cells, monocytes and macrophages. 

M-CSF is a cytokine. The active form of the protein is found extracellularly as a disulfide-linked 

homodimer, and is thought to be produced by proteolytic cleavage of membrane-bound precursors. Four 
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transcript variants encoding three different isoforms have been found for this gene. So, there are three forms 

of CSF-1: a secreted glycoprotein, acting by humoral route, a secreted proteoglycan, which is an 

extracellular matrix-anchored form acting locally and a cell-surface glycoprotein [239]. 

 

M-CSF, macrophage colony stimulating factor; GM-CSF, granulocyte-macrophage colony stimulating factor. [240] 
 

 
CSF-1 exerts its functions and acts via a high affinity transmembrane tyrosine kinase receptor, M-CSF1R 

(macrophage colony stimulating factor receptor), which is the product of the c-fms oncogene, a cellular 

variant of the v-fms oncogene encoded by the feline sarcoma virus. In humans, CSF1R is expressed in 

monocytes, macrophages, trophoblast, syncytiotrophoblast, fetal Hofbauer cell, endometrium and in several 

tumours such as adenocarcinoma of the ovary, endometrium and breast.CSF-1 has immunomodulatory roles 

in tumours and inflammation. Studies with op/op mouse, having an inactive mutation in the CSF-1 gene, 

have shown that CSF1 regulates macrophage production [241]. 

6.2. CSF-1 and cancer 

One of the nonhematopoetic roles of CSF-1 and CSF-1R is that in cancer. It has been shown that 

several human carcinomas and carcinoma derived cell lines are characterised by abnormal expression of 

CSF-1R. Moreover, increased levels of CSF-1R in breast, ovarian, cervical and endometrial carcinomas have 

been linked with poor outcome and tumourigenesis. Furthermore, CSF-1R plays a vital role in the 

 85



Introduction 
 
 

accumulation of macrophages in tumor sites and abundant tumor- associated macrophages (TAMs) are 

indications of poor prognosis in breast and ovarian cancers. Tumours are populated by macrophages and 

dendritic cells that are derived from mononuclear phagocytic progenitor cells. In many tumours, a high 

concentration of soluble colony-stimulating factor-1 (CSF-1) educates macrophages to be trophic to tumours 

and, together with interleukin-6 (IL-6), inhibits the maturation of dendritic cells. This creates a 

microenvironment that potentiates progression to metastatic tumours. By contrast, CSF-1 presented in a 

transmembrane form on the tumour surface activates macrophages to kill tumour cells. This — together with 

high concentrations of IL-4, IL-12, IL-13 and GM-CSF — causes dendritic cells to mature, allowing the 

presentation of tumour antigens to cytotoxic T cells, with the consequent rejection of the tumour. Both 

streaming migration and intravasation require macrophages. In the metastatic tumour microenvironment 

shown, initiation of chemotaxis to epidermal growth factor (EGF) that is supplied by macrophages promotes 

colony-stimulating factor 1 (CSF1) production by tumour cells. Macrophages chemotax towards CSF1, 

resulting in relay chemotaxis between the two cell types. Relay chemotaxis results in paracrine-dependent 

carcinoma cell streaming and transendothelial migration. The close proximity of invasive tumour cells, 

macrophages and endothelial cells leads to the formation of the tumour microenvironment of metastasis 

(TMEM) which has also been found as an anatomical landmark in tumour tissues from patients with breast 

cancer. Black arrows indicate the direction of cell migration, grey arrows indicate the gradient direction of 

chemotactic factors: from the cell that secretes to the cell that responds to the factor. CSF1R, CSF1 receptor; 

ECM, extracellular matrix; EGFR, EGF receptor [242]. 

 

Tumour-educated macrophages promote tumour progression and metastasis [243] 
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Chemotaxis in cancer [242] 

6.3. CSF-1 and reproduction 

Macrophages and other cells of the female reproductive tract are also regulated by locally produced 

CSF-1. CSF-1 plays an important role in placental growth and differentiation. CSF1 has important roles in 

non-hematopoetic cells too, including endometrium. CSF1 and its receptor are expressed by endometrial 

stromal cells, endometrial epithelial cells and peritoneal mesothelial cells. It has also been detected in 

endometrial tissue, amniotic fluid and placenta.  The concentration of CSF-1 in uterus increases during 

pregnancy. Progesterone and estradiol regulate CSF-1 synthesis by the luminal and glandular secretory 

epithelial cells of the uterus. Although, the regulation of locally produced CSF-1 during pregnancy is 

separate from the regulation of circulating CSF-1. Also, CSF-1 stimulates endometrial epithelial cells in an 

autocrine mechanism. Knock down of CSF-1 in endometrial epithelial cells results in decreased proliferation 

and transmethothelial invasion of endometrial epithelial cells [244]. Levels of colony-stimulating factor 

(CSF)-1 synthesized by the uterine epithelium increase at the time of implantation and continue to elevate 

dramatically throughout the process of placentation. This CSF-1 is the major regulator of the mononuclear 

phagocytic lineage and controls the proliferation, migration, viability, and function of DCs and macrophages 

and affects decidual cells and trophoblasts  [245]. 
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Role of dendritic cells (DCs) and macrophages in implantation. Ovarian steroid hormones, E2, and progesterone (P4) stimulate 

synthesis of growth factors from endometrial epithelial cells, including colony-stimulating factor (CSF-1) and leukemia inhibitor 

factor (LIF). Uterine DCs are required for efficient decidualization of the endometrium. Macrophages play a largely immune role at 

this TGF, transforming growth factor; sFLT, soluble FMS-like tyrosine kinase. [246] 

A role for CSF-1 in implantation is indicated by studies in osteopetrotic mice, which lack functional 

CSF-1. Homozygous females with a mutated CSF-1 gene (op/op) were consistently infertile when mated 

with males with the same genotype. Pregnancies were partially rescued in crosses between op/op females 

and op/+ males, probably as a result of fetal or seminal fluid- derived CSF-1 or CSF-1- induced factors, 

which compensated for the absence of maternal CSF-1 [247]. Moreover, it has been indicated that CSF-1 

increase the rate of preimplantation mouse embryo development and the number of trophoectodermal cells in 

the blastocyst [248]. In humans, there is an increased local production of CSF-1 in tissues found at the 

maternal-fetal interface during the time of implantation and early pregnancy. As CSF-1R is expressed in 

these tissues, CSF-1 might have an important role in decidual function and placental growth [249]. Low 

CSF-1 serum levels have been correlated with unexplained recurrent spontaneous abortion in both the 

preconceptional and conceptional phases. Moreover, decidual T cells clones from women suffering from 

unexplained recurrent abortion display decreased production of CSF-1, as well as of other cytokines, 

including LIF [250] . 
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Hormonal and cytokine factors acting locally at the maternal–fetal interface during the early phase of blastocyst implantation. As 
shown in the bottom-left hand side of the diagram, CRH produced locally by EVTs and decidual cells acts through CRHR1 to 
stimulate FasL synthesis and to potentiate the ability of these cells to cause apoptosis of activated maternal T cells (Fas receptor 
positive). CRH, LIF, IL-11, CSF-1, IL-6 and IL-1 produced by the endometrial epithelium participate in the regulation of decidual 
function and placental growth (right-hand side of the diagram). HCG produced by the syncytiotrophoblast acts at the stroma to 
promote decidualization, as well as at the glandular and luminal epithelium to induce glycodelin secretion and epithelial plaque 
reaction, respectively. The effect of endometrial-derived LIF and CSF-1 (middle of the diagram) in mammalian blastocysts is still a 
matter of debate. Abbreviations: AC, amniotic cavity; BC, blastocyst cavity; BV, blood vessel; CRH, corticotropin-releasing 
hormone; CRHR1, CRH receptor type 1; CT, cytotrophoblast; DC, decidual cell; DS, decidualized stroma; ED, embryonic disk; 
EVT, extravillous trophoblast; Fas, Fas receptor; FasL, Fas ligand; GE, glandular epithelium; HCG, human chorionic 
gonadotropin; IL, interleukin; LE, luminal epithelium; LIF, leukemia inhibitory factor; ST, syncytiotrophoblast; T, T lymphocyte. 
[11] 

6.4. CSF-1 and endometriosis 

As endometriosis is an inflammatory disease, there are several cytokines and growth factors that are 

implicated in this immune-disequilibrium status. As secretory cells, monocytes and macrophages are vital to 

the regulation of immune responses and the development of inflammation. These cytokines are produced by 

peritoneal macrophages, lymphocytes, mesothelial cells and endometriosis implants [251]. Furthermore, 

women and female baboons with endometriosis are characterised by increased number of peritoneal 

macrophages [252]. Women with endometriosis are characterised by increased expression of CSF-1 

compared to healthy ones [53]. Although, it is unclear whether increased levels of CSF-1 in patients with 

endometriosis originate from inflammation associated macrophages or it is produced by the endometriotic 
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lesions. Therefore, one study supports that CSF-1 and its receptor are involved in the genesis of early 

endometriotic lesions and that endometriotic lesions contribute to elevated CSF-1 levels in the peritoneal 

fluid of women with endometriosis and that elevated levels of CSF-1R in endometrial cells from women 

with endometriosis after co-culture with peritoneal mesothelial cell suggests that endometrial tissue is highly 

responsive to CSF-1 signalling [253,254].Moreover, endometrial tissue from CSF-1 knockdown mice 

develop significantly fewer endometriotic lesions than control tissue in a syngeneic mouse model of 

endometrial tissue transplantation into the pelvic cavity [255]. 
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CHAPTER 7 

AIM OF THIS STUDY 

 

The aim of this study was: 

 

i) To examine the expression of CRH, UCN, CRHR1, CRHR2 and their subtypes CRHR1β and 

CRHR2α at endometriotic sites. 

 

ii) To compare the expression of CRHR1 and CRHR2 in eutopic endometrium of endometriotic and 

healthy women. 

 

iii) To evaluate and compare the expression levels of CRH, UCN and their receptors in endometriotic –

ectopic sites with those in eutopic endometrium of endometriotic women.  

 

iv) To examine galectin-1 expression in eutopic and ectopic endometrium of women with endometriosis 

and in eutopic endometrium of healthy women. 

 

v) To evaluate how CRH, UCN and CSF-1 regulate galectin-1 expression in Ishikawa cell line and 

macrophages. 

 

vi) To examine CSF-1 expression in eutopic and ectopic endometrium of women with endometriosis and 

in eutopic endometrium of healthy women. 

 

vii) To evaluate how CRH, UCN and CSF-1 regulate CSF-1 expression in Ishikawa cell line and 

macrophages. 

 

viii) To evaluate how CRH, UCN and CSF-1 regulate FasL expression in Ishikawa cell line and 

macrophages. 
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CHAPTER 8 

MATERIALS AND METHODS 
 

8.1. Tissue sample collection 
Endometrial biopsy specimens (at secretory phase, as it was confirmed by the progesterone levels of 

the women) were taken from healthy women (10 patients) undergoing hysteroscopy for diagnostic reasons as 

their most recent menstrual cycles were characterised by spontaneous spotting haemorrhage. Placenta and 

myometrium tissue of healthy women had been used as well. The outcome of their hysteroscopy showed that 

they were all healthy apart from 3/10 having small polyps. Endometrial and Endometriotic tissue biopsies 

(stage III and IV) at secretory phase, as it was confirmed by the progesterone levels of the patients, were 

obtained from 16 patients diagnosed with endometriosis on different sites (peritoneal nodule, rectovaginal 

nodule, rectouterine nodule, right and left ovarian cyst endometriosis, left and right uterosacral legiment 

nodule), sharing all the same pathology, in the Department of Obstetrics and Gynaecology, St Bartholomew's 

Hospital of Queen Mary University, London, UK (Research Ethics Committee Reference Number: 

05/Q0604/44). This research protocol was approved by the Ethics Committee of Queen Mary University, 

London, UK. It is important to notice that the most critical reproductive hormone levels of both healthy and 

endometriotic patients did not affect the outcome of our research protocols as they ranged among: FSH levels 

(day 3 of the menstrual cycle): healthy patients 6-8mlU/ml, endometriotic patients 7-9mlU/ml, E2 levels (day 3 

of the menstrual cycle): healthy patients 45±7pg/ml, endometriotic patients 50±11pg/ml and Progesterone 

levels (day 21 of the menstrual cycle): healthy patients 17±2ng/ml, endometriotic patients 15±3ng/ml.  

 

8.2. Cell culture 

8.2.1. Materials for cell culture: 

 Trypan Blue (Seromed Biochrom, Germany) 

 Cover slips 22 x 22 mm και 24 x 32 mm (Deckglaser, Knittel glaser) 

 Haemocytometer (Neubaeur) 

 DMEM Glutamax Dulbecco's Modified Eagle's Medium, (GIBCO-BRL Co) 

 DMEM (GIBCO, REF no. 41966-029). 

 RPMI medium, GIBCO-BRL Co) 

 FBS (GIBCO-BRL Co) 

 DMSO(Sigma) 

 Thrypsin EDTA 0,25% (GIBCO-BRL Co, MD, USA) 

 Peniccilin Strepromycin (GIBCO, Invitrogen, Carlsbad, USA) 

 Sodium Pyruvate (GIBCO, Invitrogen, Carlsbad, USA) 
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 Anti – Mycotic (GIBCO, Invitrogen, Carlsbad, USA) 

 PBS,phosphate buffured saline (pH=7,4) (Sigma-Aldrich, USA) 

 B-mercaptoethanol (Sigma Aldrich, M7522) 

 Non-essential amino acids (Gibco 11140-035) 

 Lcells solution : prepared in lab 

 2ml cryovials(greiner bio-one GmbH) 

 Pipettes (Gilson) 

 100x20mm Cell culture dish cell star(greiner bio-one GmbH)  

 Cell culture flasks 175cm2(greiner bio-one GmbH) 

 Petril dish(Bector Dincinson) 

 1.5 ml eppendorfs(greiner bio-one GmbH) 

 5,10,25ml pipettes(greiner bio-one GmbH) 

 15, 50ml falcon (greiner bio-one GmbH) 

 Centrifuge (5415 eppendorf) 

 Versene (Gibco) 

 Filters 0.22 pore(Corning incorporated life sciences) 

 Reverse microscope (Olympus, Japan) 

 

8.2.2. Cell lines and macrophages: 

Ishikawa cell line:  Human endometrial adenocarcinoma cell line. Ishikawa cells show mixed characteristics of 

glandular and luminal epithelium and express many of the same enzymes and structural proteins present in 

normal endometrium, along with functional steroid receptors, which makes them suitable for the study of  

endocrine signaling in endometrium. Ishikawa cells are widely considered a good model for studying 

endometrium function [256]. 

 

Jeg-3 cell line: Human placental choriocarcinoma cell line. The human placenta is a highly invasive tumor-like 

structure in which a subpopulation of placental trophoblast cells known as the "extravillous trophoblast" (EVT) 

invades the uterine decidua and its vasculature to establish adequate fetal-maternal exchange of molecules. In 

vitro-propagated short-lived EVT cell lines such as JEG-3 cells are used to study molecular mechanisms 

responsible for this invasiveness, which are identical to those of cancer cells; however, unlike cancer cells, their 

proliferation, migration, and invasiveness in situ are stringently controlled by decidua-derived transforming 
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growth factor (TGF)-beta. These epithelial-trophoblast-like cells are therefore used in identifying genetic 

changes underlying epithelial tumor progression as well as gonadotrophin secretion studies. 

Ishikawa and Jeg-3 cell lines were purchased from the European Collection of Cell Cultures (ECACC, 

Salisbury, UK) and was a generous gift from Prof Udo Jeschke. Both cell lines were cultured in DMEM 

Glutamax supplemented with 10% FBS (inactivated at 560C for 1hr), 1% Penicilline/Streptomysin, 1% Sodium 

Pyruvate and 1% Anti – Mycotic at a humidified incubator in a 5% CO2 atmosphere at 37 0C. The medium 

used to be changed every 48hrs. Cells were cultured in cell culture dishes and Flasks. 

8.2.3. Cell counting 

• Ensure the cover-slip and haemocytometer are clean (use alcohol to clean). 

• Attach cover-slip to the haemocytometer. 

•  Mix equal volumes of 0.4% trypan blue stain and a well mixed cell suspension e.g. mix 10µl trypan 

blue stain with 10 µl cell suspension (cells suspended in medium). 

• Pipette trypan blue/cell mix (approximately 10µl) at the edge of the cover-slip and allow running under 

the cover slip. 

• Visualise the haemocytometer grid under the microscope 

Live cells appear colourless and bright (refractile) under phase contrast. 

Dead cells stain blue and are non-refractile. 

• Count viable (live) in 4 large corner squares and record cell counts. 

• To calculate cell concentration per ml: 

(No of cells on corner square 1+ 2+ 3+ 4)/4 * 10 * 104) = cells/ml 
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8.2.4. Protocol for freezing cells for long-term cell line storage 

In order to produce large amounts of cells, cells where cultured in dish/flask and when they were filled up to 

80%, the follow procedure was performed: 

• Remove medium from one dish / flask, wash with 1x sterile PBS and trypsinize for 15min at 370C  

• Once cells are detached, add back 5-10 ml medium and transfer to centrifuge tube (50ml sterile 

centrifuge tube). 

• Count the cells using trypan blue as described above.  

• Centrifuge at 1200 rpm for 10 minutes and remove medium.  

• Resuspend cells in enough  freezing medium(FBS+10%DMSO) to create a cell suspension of 4x106 

cells per ml. Pipette up and down to ensure even mixture and aliquot about 2 ml into cryovials. This 

will provide 8x106 cells per cryovial. 

• Transfer cells immediately to by -80°C. 

8.2.5. Defreeze and recovery of cells 

• Remove cryovial from -80°C and suspend frozen cell in warmed 10ml medium 

• Centrifuge at 1200rpm for 10min, throw supernatant 

• Suspend palette with medium and place cell in disk/flask at 37°C. 

8.2.6. Murine bone marrow- derived primary macrophages 

In this protocol, 6 to 8 week old mice were used. Bone marrow cells are harvested and cultured in the 

medium containing macrophage colony–stimulating factor (M-CSF;[257]). After 7 days in culture, 

contaminating nonadherent cells are eliminated and adherent cells are harvested for assays. All of the cells in 

this population of macrophages have the ability to respond to exogenous stimuli, and, therefore, relatively 

uniform populations of macrophages can be generated and harvested. 

8.2.6.1. Protocol: 

• Euthanize mice. 

• Using aseptic technique, peel the skin from the top of each hind leg and down over the foot. Cut off the 

foot along with the skin and discard. Cut off the hind legs at the hip joint with scissors, leaving the 

femur intact. Place femurs in plastic dish containing sterile PBS. 

• Remove excess muscle from legs by holding end of bone with forceps and using scissors to push 

muscle downward away from forceps. Alternatively, excess muscle can be removed from the legs by 

holding the end of the bone and pushing muscle away from bones with fingers. 

• Using sharp scissors or razor blade soaked in ethanol, carefully sever leg bones proximal to each joint. 

• Attach 10-ml syringe to 25-G needle and fill with cold sterile wash medium: 
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8.2.6.2. Normal Growth Medium of primary mice macrophages 
 

 RPMI 

 10% inactivated FBS 

 5ml pen/strep 

 5 ml sodium pyruvate  

 5 ml non-essential amino acids  

 β-mercaptoethanol– make a diluted stock, 4 μl β-ME in 10 ml RPMI then add 2.5 ml of this to a 500 

ml bottle of medium 

 10% L-cell conditioned medium (source of CSF-1, recipy and preparation of LC medium described 

later) 

• Insert needle into bone marrow cavity of femur and tibia. Flush bone cavity with 2 to 5 ml of the wash 

medium, until bone cavity appears white. Allow wash medium to collect in a sterile 50-ml conical 

centrifuge tube on ice.(5ml medium for each pair of legs) 

• Centrifuge cells 10 min at 1200rpm, room temperature. 

• Discard supernatant. Resuspend cell pellet at 106 cells/ml in macrophage complete medium and 

pipetting up and down. 

• Culture bone marrow cells at 106 cells/ml per Petri dishes (Falcon, 100 * 15 mm, 10 ml for these 

dishes). Leave 3 days. Incubator 5 or 10% CO2 and 37°C.  – these are BACTERIAL PETRI DISHES.  

• Grow on bacterial Petri dishes (Falcon) NOT tissue culture treated.  These cells are so adherent that 

they can not be detached.  

• Collect the non adherent population, count and freeze down in cryovials in growth media containing 

10% DMSO Cell Culture (~ 4.106 cells/vial) and/or seed them on Petri dishes for 4 more days.  

• Day 4th  (7th in total): You need to split and resuspend them in medium and plate as required for your 

experiment (You can now use tissue culture treated dishes) 

• Lcell medium needs to be added every two days during cell culture. 

8.2.6.3. Detachment of macrophages 
Remove cells by washing twice with approx 2 ml versene (4 ml for 100 mm dishes) then incubate in 2 

ml (for 60 mm dish) versene for 5-10 min.  Wash cells off by pipetting over versene with a 1 ml Gilson.  Add 8 

ml starvation medium then mix and count.   
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8.2.6.4. Starvation medium for macrophages ~ 16hrs prior to experiment  
No more than 16hrs before the experimental procedure, add all ingredients of normal growth medium 

for macrophages, as described above, no L-cell conditioned medium. Cells can be confluent for stimulation 

(unlike epithelial cells).  

8.2.7. Preparation of LCells medium  

The medium needed for LCells preparation is: D-MEM including: 4500 mg/L glucose, + L-glutamine,+ 

pyruvate. With heat inactivated serum at 10% and 5 mL penicillin/streptomycin (10000 iu/mL).  

• Culture the cells in 75 square cm vented flasks. Cells are recovered from frozen into a flask in 20 mL 

medium ( for 3-4 days (or until confluent). For continued culture, cells will require splitting 1 in 5, 

twice weekly using 4 mL trypsin-EDTA per flask.  

• For harvesting: expand cells as required, usually we reseed the cells from 4 flasks of 75 cm2 into 10 

flaks of 150 cm2. The cells from the 5th flask are frozen down into 5 vials (1:5). 

• Allow 24 hours for cells to adhere and then close the vented lids of the flasks. Cells will now begin 

conditioning the medium with CSF-1. Leave the medium to condition for about three weeks but it can 

be harvested after two weeks. 

• To collect the medium: Check each flask under microscope to ensure cells are okay and still adhered to 

plastic (there may be some non-adherent cells at this stage, but there should still be a fully confluent 

adherent layer.  

• Aspirate medium from cells and collect into 50mL falcon tubes. Spin tubes for 5 minutes at 1000 rpm. 

Pool the supernatants and filter under vacuum (filter pore size: 0.22um). Aliquot medium and store at 

4C.  

 

8.3. Tissue and cell homogenisation - RNA Extraction - cDNA synthesis 
 

8.3.1. Materials 

 Trizol (Trisol reagentTM, Sigma, USA) 

 Chlorophorm (Sigma, USA) kept at -20°C 

 2- propanol, 75% Ethanol (Merk,Germany) kept at -20°C 

 DEPC- Η20 (Diethylpyrocarbonate (DEPC)–H2O) 

 RT-PCR cDNA Synthesis Kit, ThermoScript (Invitrogen) 

 Centrifuge (5415 eppendorf) 

 Eppendorfs (greiner bio-one GmbH) 



Materials and Methods 
 

 100

 15, 50ml falcons(greiner bio-one GmbH) 

 Spectrophotometer (perkin-elmer lamda computer) 

 Tissue homogenator(Quiagen) 

RNA was isolated from Ishikawa cell line, JEG3 cell line, endometrium of healthy women (10 patients) 

and eutopic endometrium and endometriotic tissue samples from 16 patients with endometriosis were 

homogenised in Trizol (Invitrogen, Carlsbad, USA). RNA was measured in a spectrophotometer by measuring 

ultraviolet absorbance at 260 nm and used for the cDNA synthesis according to the cDNA synthesis Kit 

(Thermoscript, Invitrogen, Carlsbad, USA). 

8.3.2. Homogenization - RNA extraction Protocol: 

• Homogenise tissue samples (100mgr each) and pellet cells(5-10*106 cells) in 1ml of Trizol reagent  and 

incubate the samples with trizol for 5min at RT. 

• Add 0.2ml of chlorophorm, shake the tubes vigorously for 15sec up and down, leave at RT for 5min. 

• Centrifuge at 12.000xg for 15min at 4°C. 

• Transfer the upper phase, where RNA remains in a fresh tube, add 0.5ml of 2-propanol and incubate at 

RT for 10min. 

• Centrifuge at 12.000xg for 10min at 4°C. The RNA precipitates and forms a gel like pellet on the side 

and bottom of the tube. 

• Remove the supernatant, wash the RNA pellet with 75% Ethanol, vortex and centrifuge at 7500xg for 

5min at 4°C 

• Dry the RNA pellet and dissolve RNA with DEPC water(~0.010ml) and incubate for 10min at 55-60°C 

and store at -80°C till it will be used. 

• RNA was measured in a spectrophotometer at 260nm. 

 

8.3.3. First-Strand cDNA Synthesis Using ThermoScript. RT cDNA synthesis protocol: 

 

Add the following components to a nuclease-free microcentrifuge tube: 

 1 μl random primers  

 2.5 μg total RNA  

 2 μl 10 mM dNTP Mix  

 12 μl Sterile, distilled water  

• Incubate mixture at 65°C for 5 min. and  

• Collect the contents of the tube by brief centrifugation and add: 

 5X cDNA Synthesis Buffer 4 μl 

 0.1 M DTT 1 μl 
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 RNaseOUT. (40 units/µl) 1 μl 

 Sterile, distilled water 1 μl 

 ThermoScript. RT (15 U/µl)** 1 μl 

• incubate tube at 25°C for 10 min. 

• Mix contents of the tube gently and incubate at 50°C for 60 min. 

• Terminate the reaction by heating at 85°C for 5 min. 

• To remove RNA complementary to the cDNA 1 μl (2 units) of E. coli RNase H and incubate at 37°C 

for 20 min 

• Store at -20°C 

 

8.4. RT-PCR (Reverse transcription - polymerase chain reaction) detection of CRH,  UCN, 
CRHR1β and CRHR2α.  
 

8.4.1. Materials 

 dNTPs 10mΜ (Life Technologies, ΗΠΑ) 

 50mM MgCl2 (Promega) 

 Buffer (Promega) 

 Taq Polymerase(Promega) 

 Primers 10Mm stock ( MWG- Biotech AG, VBG- GENOMICS, Biosciense Research GmbH) 

 Water for injection 

 Ladder( Fermentas 50bp DNA ladder), 100bp ladder promega G210A 

 Agarose(Invitrogen) 

 TBE (Tris, Boric Acid, EDTA, Biorad labs, BDH) 

 Ethidium Bromide (Sigma) 

 Alpha imager 

 PCR machine (esco swift maxi) 

 Orange dye (Fermentas) 

 Electrophoresis machine (Power Pac Biorad Labs, USA) 
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Reverse transcription polymerase chain reaction (RT-PCR) is one of many variants of polymerase 

chain reaction (PCR). This technique is commonly used in molecular biology to detect RNA expression levels. 

RT-PCR is used to clone expressed genes by reverse transcribing the RNA of interest into its DNA complement 

through the use of reverse transcriptase. Subsequently, the newly synthesized cDNA is amplified using 

traditional PCR. 

PCR is used to amplify a specific region of a DNA strand (the DNA target). Most PCR methods 

typically amplify DNA fragments of between 0.1 and 10 kilo base pairs (kb), although some techniques allow 

for amplification of fragments up to 40 kb in size. The amount of amplified product is determined by the 

available substrates in the reaction, which become limiting as the reaction progresses. 

Each PCR reaction is prepared in a PCR hood, completely sterile environment and incubated in a 

thermal cycler. Each PCR reaction contains these components: 

 DNA template that contains the DNA region (target) to be amplified. 

 Buffer solution providing a suitable chemical environment for stability of the DNA polymerase. 

 MgCl2 25Mm 

 dNTPs, the building-blocks from which the DNA polymerase synthesizes a new DNA strand.  

 Taq DNA Polymerase with a temperature optimum at around 70 °C. 

 Primers complementary to the 3' (three prime) ends of each of the sense and anti-sense strand of the DNA 

target. 

8.4.2. General PCR procedure 

• Denaturation step: This step is the first regular cycling event and consists of heating the reaction to 94–

98 °C for 20–30 seconds. It causes DNA melting of the DNA template by disrupting the hydrogen 

bonds between complementary bases, yielding single-stranded DNA molecules. 

• Annealing step: The reaction temperature is lowered to 50–65 °C for 20–40 seconds allowing annealing 

of the primers to the single-stranded DNA template. Typically the annealing temperature is about 3-5 

degrees Celsius below the Tm of the primers used. Stable DNA-DNA hydrogen bonds are only formed 

when the primer sequence very closely matches the template sequence. The polymerase binds to the 

primer-template hybrid and begins DNA formation. 

• Extension/elongation step: The temperature at this step depends on the DNA polymerase used; Taq 

polymerase has its optimum activity temperature at 75–80 °C, and commonly a temperature of 72 °C is 

used with this enzyme. At this step the DNA polymerase synthesizes a new DNA strand 

complementary to the DNA template strand by adding dNTPs that are complementary to the template 

in 5' to 3' direction, condensing the 5'-phosphate group of the dNTPs with the 3'-hydroxyl group at the 

end of the nascent (extending) DNA strand. The extension time depends both on the DNA polymerase 

used and on the length of the DNA fragment to be amplified. As a rule-of-thumb, at its optimum 

temperature, the DNA polymerase will polymerize a thousand bases per minute. Under optimum 

http://en.wikipedia.org/wiki/Polymerase_chain_reaction
http://en.wikipedia.org/wiki/Polymerase_chain_reaction
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Reverse_transcription
http://en.wikipedia.org/wiki/Reverse_transcriptase
http://en.wikipedia.org/wiki/Kilo_base_pair
http://en.wikipedia.org/wiki/Complementarity_%28molecular_biology%29
http://en.wikipedia.org/wiki/Directionality_%28molecular_biology%29
http://en.wikipedia.org/wiki/DNA#Sense_and_antisense
http://en.wikipedia.org/wiki/Denaturation_%28biochemistry%29#Nucleic_acid_denaturation
http://en.wikipedia.org/wiki/DNA_melting
http://en.wikipedia.org/wiki/Annealing_%28biology%29
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http://en.wikipedia.org/wiki/Enzyme
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conditions, i.e., if there are no limitations due to limiting substrates or reagents, at each extension step, 

the amount of DNA target is doubled, leading to exponential (geometric) amplification of the specific 

DNA fragment. 

• Final elongation: This single step is occasionally performed at a temperature of 70–74 °C for 5–15 

minutes after the last PCR cycle to ensure that any remaining single-stranded DNA is fully extended. 

• Final hold: This step at 4–15 °C for an indefinite time may be employed for short-term storage of the 

reaction. 

To check whether the PCR generated the anticipated DNA fragment (also sometimes referred to as the 

amplimer or amplicon), agarose gel electrophoresis is employed for size separation of the PCR products. The 

size(s) of PCR products is determined by comparison with a DNA ladder (a molecular weight marker), which 

contains DNA fragments of known size, run on the gel alongside the PCR products. 

(1) Denaturing at 94–96 °C  

(2) Annealing at ~65 °C  

(3) Elongation at 72 °C.  

Four cycles are shown here. The blue lines represent the DNA template to which primers (red arrows) 

anneal that are extended by the DNA polymerase (light green circles), to give shorter DNA products (green 

lines), which themselves are used as templates as PCR progresses.

http://en.wikipedia.org/wiki/File:PCR.svg�
http://en.wikipedia.org/wiki/Amplicon
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To quantify mRNA expression of CRH, UCN, CRHR1β and CRHR2α in eutopic endometrium of 

healthy(10 women) and endometriotic women(16 women) and in endometriotic tissue from 16 patients, as 

well as in Ishikawa cell line and JEG3 cell line, reverse transcription PCR (RT-PCR) of CRH, UCN, 

CRHR1β and CRHR2α. was performed. Ten microliters of the amplification products (CRH: 413bp, UCN: 

146bp, CRHR1β:554bps, CRHR2α:322bps) was separated on a 2% agarose gel and visualized by ethidium 

bromide staining. Human CRH primer sequences were as follows: Forward: 5’- CAC CCT CAG CCC TTG 

GAT TTC -3’, Reverse: 5’- GCC CTG GCC ATT TCC AAG AC -3’. UCN primer sequences were as 

follows: Forward: 5’- CAG GCG AGC GGC CGC G-3’, Reverse: 5’- CTT GCC CAC CGA GTC GAA T-

3’. CRHR1β primer sequences were as follows: Forward: 5’- ATG GAC GCG GCA CTG CTC CA-3’, 

Reverse: 5’ – CAC GGC CTC TCC ACG AGG G-3’. CRHR2α primer sequences were as follows: Forward: 

5’- GGC CAG GCT GCA CCC ATT G-3’, Reverse: 5’- TCG CAG GCA CCG GAT GCT C-3’. All primers 

were provided by VBC Biotech, Vienna, Austria. Placenta and myometrium homogenated total RNA was 

used as positive controls and GAPDH (primers for GAPDH were: forward: 5′-

GCCACATCGCTCAGACACCA-3′and reverse: 5′-GATGACCCTTTTGGCTCCCC-3′) as a house keeping 

gene. Band intensities of mRNA of interest were normalized with band intensities of GAPDH and expressed 

as arbitrary units (a.u.). 

8.4.3. RT- PCR reaction recipies (Promega) – Total volume of 20 μl  

PCR mix 

(per sample) 
CRH  UCN CRHR1 - CRHR2 GAPDH 

D H2O μl 12.3 10.7 12.3 13.1 

Buffer μl 4 4 4 4 

MgCl2 μl 1.2 1.2 1.2 1.2 

dNTPs μl 0.5 0.5 0.5 0.5 

Primer forward μl 0.4 1.2 0.4 0.5 

Primer Reverse μl 0.4 1.2 0.4 0.5 

Taq μl 0.2 0.2 0.2 0.2 

cDNA μl 1  1  1  1 

8.4.4. 2% agarose gel recipy: 

 100ml 0.5x TBE (stock of 2lt of 5x TBE: 108gr Tris, 55gr Boric Acid, 7.44gr EDTA, pH8.3) 

 0.5μgr/ml EtBr 

 



Materials and Methods 
 

8.4.5. PCR Conditions 

mRNA CRH CRHR1 CRHR2 GAPDH 

PCR Conditions 

98 °C for 5min 
95°C for 1min 
60°C for 1min 
72°C for 11min 
72°C for 71min 

4°C forever 
X 40 cycles 

98°C for 5min 
95°C for 1min 
62°C for 1min 
72°C for 1 min 

4°C forever 
x 40 cycles 

98°C for 5min 
95°C for 45 sec 
62°C for 45 sec 
72°C for 45sec 
72°C for 1 min 

4°C forever 
x 40 cycles 

94°C for 30sec 
58°C for 30sec 
72°C for 60sec 

4°C forever 
x 30 cycles 

 

PCR Conditions 

UCN  

1. 95 °C for 2min 
2. 95°C for 30sec 
3. 68°C for 30sec 
4. 72°C for 30sec 
5. Go to step1 for 1 time 
6. 95°C for 30sec 
7. 66°C for 30sec 
8. 72°C for 30sec 
9. Go to step 6 for 1 time 
10. 95°C for 30sec 
11. 64°C for 30sec 
12. 72°C for 30sec 

13. Go to step 10 for 1 time 
14. 95°C for 30sec 
15. 62°C for 30sec 
16. 72°C for 30sec 
17. Go to step 14 for 1 time 
18. 95°C for 30sec 
19. 60°C for 30sec 
20. 72°C for 30sec 
21. Go to step 18 for 1 time 
22. 72°C for  5min 
23. 4°C for ever 

 

8.5. Immunohistochemical analysis 

8.5.1. Materials 

 Xylole (Merk, Germany) 

 Ethanol (Merk, Germany) 

 Tris(Merk, Germany) 

 NaCl (Sigma) 

 Citric acid (Merk, Germany) 

 Sodium Citrate(Merk, Germany) 

 H2O2 (Sigma) 

 BioGenex Lig DAB substrate Pack (BioGenex Laboratories Inc, Fremont, CA, USA) 

 Primary antibodies(Santa Cruz, Phoenix Pharmaceuticals, Abcam) 

 BioGenex Lig DAB substrate Pack (BioGenex Laboratories Inc, Fremont, CA, USA) 
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 SS Multilink(Biogenex) 

 Donkey Anti-goat secondary(Santa Cruz ) 

 Mayer’s Haematoxylin((Dako, Carpinteria, CA, USA) 

 Glycergel (Dako, Carpinteria, CA, USA) 

 Cover slips 22 x 22 mm και 24 x 32 mm (Deckglaser, Knittel glaser) 

 Slides (Superfrost plus, microscopic slides knittel glaser) 

 Reverse Microscope (Zeiss IM-35) 

 

8.5.2. Protocol: 

Formalin-fixed, paraffin-embedded tissue sections (4μm thick) of eutopic and ectopic endometrium from 

16 patients were at 37C for 1hr and overnight at 560C and the day of the experiment , sections are incubated 

at 560C  for 10min, deparaffinized in xylene and rehydrated through graded concentrations of ethanol.  

 2X 100% xylole 5min each 

 3x 100% ethanol 5min each 

 3x 96% ethanol 5min each 

 1x 80% ethanol 5min each 

 1x 70% ethanol 5min each 

After that, section had been washed with 1x TBS( made from stock solution of 10x: 50nmol/lt Tris, 

150nmol/lt NaCl) and antigen retrieval (350W, 3 cycles, 5 min each in citrate buffer: 10% citric acid mix – 

9ml citric acid and 41ml sodium citrate in 450ml ddH20) followed. After inhibition of endogenous 

peroxidases with 3% H2O2 (5min), unspecific antibody binding was blocked with 10% power block 

(BioGenex Lig DAB substrate Pack, BioGenex Laboratories Inc, Fremont, CA, USA)  for 10 min. Serial 

sections were then incubated with primary antibodies against human CRH (1:200, H-019-06, Rabbit Anti-

Corticotropin Releasing Factor, Phoenix Pharmaceuticals, Belmont, USA), UCN (1:200, H-019-14, Rabbit 

Anti-Urocortin Serum, Phoenix Pharmaceuticals, Belmont, USA), galectin-1 ( rabbit polyclonal anti-

galectin-1 antibody, Abcam) overnight at 4oC. Both blocking as well as detection and visualization of  

staining were performed by using the BioGenex Supersensitive link-label Detection System (BioGenex 

Laboratories Inc, Fremont, CA, USA) followed by the BioGenex Lig DAB substrate Pack (BioGenex 

Laboratories Inc, Fremont, CA, USA), according to the manufacturer’s protocols. Finally the slides were 

counterstained with Mayer’s heamatoxylin (Dako, Carpinteria, CA, USA) for 3 min, washed in tap water and 

covered using Glycergel (Dako, Carpinteria, CA, USA).  Negative controls were performed by replacing the 

primary antibody with normal rabbit or goat IgG as isotype control and placental tissue was used as negative 

tissue control. The sections were examined by light microscopy. The intensity and distribution of the staining 

reaction were evaluated by two blinded, independent observers, including a gynaecological pathologist, 

using the semiquantitative immunoreactive score (IRS). The IRS was calculated by multiplication of optical 
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staining intensity including glandular and stromal staining (graded as 0=no reaction, 1=weak, 2=moderate 

and 3=strong staining) and the percentage of positive-stained cells (0=no positive, 1=<25% of the cells, 

2=25–50% of the cells, 3=51–75% of the cells and 4=>75% of the cells). The IRS score derived from both 

the glandular and the stromal staining of the tissues. 

Intensity of staining Percentage of positive cells IRS points-classification 
0=no reaction 0=no positive 0-1= negative 
1=weak staining 1=<25% of the cells 2-3= mild 
2=moderate staining 2=25–50% of the cells 4-8= moderate 
3=strong staining 3=51–75% of the cells 9-12=strongly positive 
 4=>75% of the cells  

 

8.6. Immunofluorescense Analysis 

8.6.1. Materials 

 6 well plate(greiner bio-one GmbH) 

 Formaldehyde(BDH)  

 PBS (Sigma) 

 Tween20 (Sigma) 

 Saponin(Sigma) 

 BSA(Sigma) 

 FBS (GIBCO-BRL Co) 

 Dako Antigen Retreval Solution 

 Primary Antibodies (Santa Cruz and Phoenix Pharmaceuticals, invitrogen, Abcam) 

 Secondary antibodies (goat anti-rabbit IgG A11008 Alexa 488 lifetechnologies, and Cy3 anti-goat 

IgG, Jackson Immunology research laboratories) 

 Coverslips Cover slips 22 x 22 mm και 24 x 32 mm (Deckglaser, Knittel glaser) 

 Slides (Superfrost Plus) 

 Glycergel (Dako) 

 DAPI (molecular probes) 

 SlowFade AntiFade kit(molecular probes) 

 Nail polish 

 Fluorescent microscope (Leica DMLC, Leica Microsystems, Wetzlar, Germany)  

 Leica DC300F camera (Leica Microsystems, Wetzlar, Germany)  
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8.6.2. Cell immunofluorescense Protocol  

1. Cells (Ishikawa cell line) are grown in a 6 well plate on a sterile coverslip, 300.000 – 500.000 

cells/well using 2 ml medium/well.  

2. 18 h before experiment change to starvation medium 

3. Cells are washed once with cold 1x PBS 

4. Cells are fixed with 3.7% formaldehyde in PBS for 20 min at RT (2ml/well) 

5. Wash 3X 10 min with PBST (Tween 0.05%) (2ml/well) at RT, with gentle shaking 

6. Cells are permeabilised with 0.2% Saponin in PBS for 10 min at RT (2ml/well) 

7. Wash 3X 10 min with PBST (Tween 0.05%)  (2ml/well) at RT, with gentle shaking 

8. Block with 2% BSA in PBS for 40 min at RT (2ml/well) 

9. Incubate with primary Antibody or ab-mix diluted in PBST (Tween 0.05%) overnight at 4C in a dark 

humid box.  

10. Wash 3X 10 min with PBST (Tween 0.05%)  (2ml/well) at RT 

11. Incubate with second Antibody or ab-mix for 2-3 hours (in dark humid box). Sec Ab’s are used at 

1:200 (1ul in 100ul, because of the glycerol) in PBST (Tween 0.05%) 

12. Wash 3X 10 min with PBST (Tween 0.05%) (2ml/well) at RT 

13. Coverslips are put on the slides using a SlowFade AntiFade kit. Let it dry for 10 – 15 min 

14. Borders of the coverslips are covered using nail polish. Make sure not to move the coverslips during 

this step. Start with fixing the corners and let them dry first, afterwards cover the sides. 

15. Samples can be stored in the dark at 4C and examined at a Fluorescent microscope. 

 

8.6.3. Paraffin embedded tissue immunofluorescense protocol 

Paraffin embedded tissues sections are incubated at 37C for 1hr and overnight at 560C and the day of 

the experiment, sections are incubated at 560C  for 10min, deparaffinized in xylene and rehydrated through 

graded concentrations of ethanol.  

 3X 100% xylole 5min each, shaking every 30sec in any wash. 

 2x 100% ethanol 5min each 

 1x 90% ethanol 5min each 

 1x 80% ethanol 5min each 

 1x 70% ethanol 5min each 

 2x dH2O  

• Slides are incubated with 200ml (20ml stock in180ml dH2O) Dako target retrieval solution 

(preheated at 95C) in water bath  at 95C for 30min, at RT for 20min and 5min at running tap water. 

• Wash each slide with  200μl PBS  
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• Incubate slides with 200μl IFF/ per slide (PBS + 1% BSA) and 2% FBS in a dark humid box 

for 40min 

• Incubate with primary Ab or Ab-mix for double immunofluorescence overnight at 4C in a 

dark humid box. Ab’s are used at 1:50 in IFF  

• 3x 5min wash with PBS 

• Incubate with secondary antibody  diluted in IFF for 1hr in dark humid box at RT 

• 3x 5min wash with PBS 

• Coverslips are put on the slides using Dako glycergel. Let it dry for 10 – 15 min 

• Borders of the coverslips are covered using nail polish. Make sure not to move the 

coverslips during this step. Start with fixing the corners and let them dry first, afterwards 

cover the sides. 

• Samples can be stored in the dark at 4C and examined at a fluorescent microscope. 

 

Ishikawa cells, eutopic and ectopic endometrium had been used in immunofluorescent 

analysis. The primary antibodies that had been used were against CRH -at a dilution of  1:200- (H-

019-06, Rabbit Anti-Corticotropin Releasing Factor, Phoenix Pharmaceuticals, Belmont, USA), 

UCN-at a dilution of 1:200- (H-019-14, Rabbit Anti-Urocortin  Serum, Phoenix Pharmaceuticals, 

Belmont, USA), CRH RI -at a dilution of 1:200- (CRF-RI (V-14) goat polyclonal antibody, Santa 

Cruz Biotechnology, Bergheimer, Germany) and CRH RII -at a dilution of 1:200- (CRF-RII (C-15) 

goat polyclonal antibody, Santa Cruz Biotechnology, Bergheimer, Germany), galectin-1 (-at a 

dilution of 1:1000- rabbit polyclonal anti-galectin-1 antibody, Abcam) and CD-14 -at a dilution of 

1:200- (human CD14 R-PE conjugated invitrogen MHCD1404)  diluted in PBS-T. The secondary 

antibodies used were: goat anti-rabbit IgG A11008 Alexa 488 (1:100) lifetechnologies and Cy3 

anti-goat (1:100) diluted in PBS-T. The results were viewed under a fluorescent microscope (Leica 

DMLC, Leica Microsystems, Wetzlar, Germany) and photographed using Leica DC300F (Leica 

Microsystems, Wetzlar, Germany) camera. For negative controls, the primary antibodies were 

omitted.  

8.7. Western Blot Analysis 

8.7.1. Materials 

 Peptides ( CRH, UCN: Tocris, Biosciense, Sigma, M-CSF-1 peptide:  recombinant human peptide 

216MC, R&D systems) 

 Secondary antibodies: (chemicon international) 

 Primary antibodies (santa cruz biotechnology, abcam, cell signalling)  
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 Antalarmin (Provided by Prof E. Zoumakis) 

 PBS( Sigma) 

 Tris (Merk, Germany) 

 Biorad protein assay for Bradford(Biorad) 

 Acrylamide (Serva, Germany) 

 SDS( Biorad labs, USA) 

 EDTA(BDH) 

 Na(Sigma) 

 F(Sigma) 

 NaCl(Merk, Germany) 

 Glycine (GIBCO) 

 TEMED(Biorad labs) 

 Ammonium Persulfate(Sigma) 

 b- mercaptoethanol 

 glycerol(Merk, Germany) 

 bromophenol blue(Sigma) 

 Nitrocelluse membrane( Schleicher & Schuell) 

 Bis – acrylamide(Promega)    

 TrisBase(Sigma) 

 NaCl(Sigma) 

 Tween20(Sigma) 

 Methanol (Fluka) 

 Skimmed milk powder(Regilait) 

 ECL(GE healthcare/life sciences) 

 Whatmann paper(Whatmann 3MM, Chr) 

 Marker (Nippon genetics Europe GmbH) 

 Electrophoresis machine: (Mini PROTEANsystem- Biorad Labs, USA, Power Pac Biorad Labs, 

USA) 

 Film(Kodak X-0mat AR films) 

 Developing films machine (Kodak) 

 T-PER( Thermoscientific) 

 Tissue homogenator(Quiagen) 
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8.7.2. Cells incubated with peptides 

Cells had been incubated with the appropriate peptide according to each experimental protocol, before the 

protein lysate extraction protocol. 

CRH peptide (Stock of 10-4M):  10-7M final concentration in cells – medium 

                                                     Incubation of cells for 0,2,8,24hrs  

UCN peptide (Stock of 10-4M):  10-7M concentration in cells – medium  

                                                    Incubation of cells for 0,2,8,24hrs 

CSF-1 peptide (Stock of 10μgr):  30 μgr/ml cells – medium  

                                                    Incubation of cells for 0,2,8,24hrs 

Antalarmin (Stock of 10-3M):  10-6M final concentration in cells – medium together with CRH peptide. 

Incubation of cells for 8,24hrs  

 

8.7.3. Cell Protein Lysates extraction 

Protein lysate has been extracted from Ishikawa cell line and macrophages according to the following 

protocol: 

• After cells had been treated with the appropriate peptides added in cell – medium for the time period 

needed according to each experiment as described above, remove cells- medium with peptide and 

wash the cells with 1x PBS. 

• Add 0,8ml – for 100x100 cell culture plates - General Lysis Buffer (recipy described below) and 

scab cell from plates and place them in a tube, leave on ice for 20min by continuous vortexing. 

• Centrifuge at 13000 rpm for 5 min. 

• The supernatant at this step is the protein lysate. The whole quantity should be removed very 

carefully in a new tube and placed on ice till used. 

• Determine the protein concentration using Bradford protein assay method and a spectrophotometer. 

Proteins are mixed with Biorad (1ml Biorad (1Biorad :5 water for injection H2O) + 5 μl of protein 

extract) are measured at 495nm. 

• 100 μg of protein is mixed with 4x sample buffer and boiled at a heat blocker at 950C for 5 min 

• Samples can be stored at -200C, till to be used for western blotting analysis. 

 
General Lysis buffer 
                                                                                  200 ml 
50 mM Tris, pH 7.5                                                  10 ml of stock Tris 1 M pH 7.5 
1 mM EDTA                                                              400 ul of stock EDTA 0.5 M 
150 mM M NaCl                                                       6 ml of stock NaCl 5M 
1 % Igepal                                                                 2 ml Igepal 
50 mM NaF                                                               0.42g or 10 ml of stock NaF 1 M 
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On day of cell lysis add the following inhibitors: 
 
10 μM leupeptin                                                       1:1000 of stock leupeptin 10 mM 
1mM PMSF                                                              1:100 of stock 100 mM PMSF (in isopropanol). 
10 ug/ml aprotinin 
1 mM Na4V03                                                          1:100 of stock 100 mM Na4V03 
 

Sample Buffer, Store at -200C: -  5ml Tris 1M 

                                                   -  1.6ml b-mercaptoethanol 

                                                   -  1.6 gr SDS 

                                                   -   1ml glycerol 

                                                   - 0.008gr BPB 

                            

8.7.4. Tissue Protein Extraction 

• Make the T-PER mix by adding inhibitors (as described above) 

• Add 1,5ml of T-PER mix per 0.100gr of tissue and homogenate tissue 

• Centrifuge at 10.000 g for 10 min. 

• The supernatant at this step is the protein lysate. The whole quantity should be removed very 

carefully in new tubes  and placed on ice till used. 

• Determine the protein concentration using Bradford protein assay method and a spectrophotometer. 

Proteins are mixed with Biorad (1ml Biorad {1Biorad :5 water for injection H2O} + 5 μl of protein 

extract) are measured at 495nm. 

• 100 μg of protein is mixed with 4x sample buffer and boiled at a heat blocker at 950C for 5 min 

• Samples can be stored at -200C, till to be used for western blotting analysis. 

 

100 μg of proteins were extracted from Ishikawa cell line, macrophages, healthy women’s eutopic 

endometrium (10 patients) and eutopic endometrium and endometriotic tissue from endometriotic patients 

(16 patients), placenta and myometrium followed by SDS-PAGE analysis in 10% acrylamide gel, and 

electrotransfer onto a nitrocellulose membrane. The membrane was blocked in 5% skim milk powder in 

0.1% Tris-buffered saline/Tween for 20 min. The membrane was then incubated with CRHRI (CRF-RI (V-

14) goat polyclonal antibody, Santa Cruz Biotechnology, Bergheimer, Germany) or CRH RII (CRF-RII (C-

15) goat polyclonal antibody, Santa Cruz Biotechnology, Bergheimer, Germany), galectin-1 (rabbit 

polyclonal anti-galectin-1 antibody, Abcam), M-CSF ( (D-4), sc-12381, mouse monoclonal antibody, Santa 

Cruz Biotechnology), FasL (Q20 sc956 rabbit FasL antibody, Santa Cruz Biotechnology, Bergheimer, 

Germany),  at a dilution of 1:1000, followed by incubation with the peroxidase-conjugated donkey antigoat 

IgG, goat anti-rabbit IgG AP132P and goat anti-mouse IgG AP194P secondary antibodies(Chemicon 

International, multipore). GAPDH (rabbit GAPDH antibody 14C10, Cell signalling) was used as a house 
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keeping gene. Protein extracts from placenta and myometrium used as positive controls. The specificity of 

CRHR1 and CRHR2 polyclonal antibodies was confirmed by absorption with blocking peptides sc-12381P 

and sc-20550P (Santa Cruz Biotechnology) respectively. The blocking peptides for CRHR1 and CRHR2 

antibody were mixed with the CRHR1 and CRHR2 antibodies with a five-fold (by weight) excess of 

blocking peptides and incubated overnight at 4°C.  We had the same samples loaded twice so that we could 

cut the nitrocelluse membrane in two lanes having identical samples and one lane was incubated with the 

polyclonal antibody and the other one with the blocked antibody followed by followed by incubation with 

the peroxidase-conjugated donkey antigoat IgG secondary antibody. The lane which had been incubated with 

the blocked peptide had its staining disappeared was specific to the antibody. Band intensities of protein of 

interest were normalized with band intensities of GAPDH and expressed as arbitrary units (a.u.) 

 

8.7.5. Solutions for Electrophoresis 

 

30% Acrylamide stock(100ml):  - 2902gr acrylamide 

                                                       - 0.8 gr Bis - acrylamide    

                                                       - Filter solution through 0.45 pore filter and store at 40C 

Running gel Solution(for 2 gels): - 6ml 30% acrylamide 

                                                         - 3.75 ml separating buffer 

                                                         - 4.95ml  wfi H2O 

                                                         - 150ul of 10%APS 

                                                         - 8 ul TEMED 

Stacking gel Solution (for 2 gels): - 1.275ml Acrylamide 30% 

                                                          - 0.937ml stacking buffer 

                                                          - 5.1ml H2O 

                                                          - 0.075ml of 10% APS 

                                                          - 8.5ul TEMED                                                            

 

Separation gel buffer 100 ml  : - 18.16gr Tris 1.5 M pH 8.8 

                                                     - 0.4 g SDS, 0.4%w/w 

                                                     Store at 40C 

Stacking gel buffer 100 ml: - 6.05grTris 0.5 M pH 6.8 

                                               - 0.4 g SDS 

                                               Store at 40C 

10% Ammunium Persulfate(APS) 10ml : 1gr APS and 10ml wfi H2O, store at 40C 
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Electrophoresis buffer 10x (1l): - 30.3 g Tris 

                                                      - 144.2 g glycine 

                                                      - 10 g SDS 

                                                      Store at RT 

Transfer Buffer (1.5lt): - 300ml Methanol 

                                        - 150ml 10x electrophoresis 

                                        - 1050ml dH2O 

                                        Store at  40C 

 

8.8. Evaluation and Statistical Analysis 
Western blot and RT-PCR gel bands were analysed via image analysis software (Scion Corporation, Release 

Beta 4.0.2, Frederick, MD, USA). Statistical analysis was performed using the unpaired two-tailed 

Student's t-test. Any statistical difference at p<0.05 was considered significant. 
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CHAPTER 9  

RESULTS 

 9.1. CRH, UCN, CRHR1 and CRHR2 expression in the endometriotic sites.  
In order to verify the expression of the CRH, UCN, CRHR1 and CRHR2 in endometriotic lesions, 

the expression of these transcripts was tested by RT-PCR. Total RNA was extracted from endometriotic 

tissues obtained from sixteen patients with confirmed endometriosis. cDNA was synthesized and was 

screened for the presence of both the ligand transcripts (CRH and UCN) and their receptors’ transcripts 

(CRHR1β and CRHR2α). Both CRH and UCN genes were found to be transcribed in endometriotic 

tissues (Figure 1A, 1B). Interestingly, both CRHR1β and CRHR2α were also present in endometriotic 

tissues (Figure 1C, 1D). The above finding was further verified by evaluating the protein expression 

levels of CRHR1 and CRHR2 receptors in endometriotic sites. Total protein extracts from endometriotic 

tissues (obtained from 16 patients) were used for CRHR1 and CRHR2 detection by western blot. As 

shown in Figure 1E and 1F, both CRHR1 and CRHR2 are expressed in endometriotic sites. Placental and 

myometrial tissue were used as positive controls and GAPDH (Figure1G) as a house keeping gene for 

Western blotting experiments.  

 

 

Figure 1. CRH, UCN, CRHR1 and CRHR2 expression in endometriotic sites.  
A: CRH (413bps), B: UCN(146bps), C: CRHR1β (554bps) and D: CRHR2α (322bps) mRNA expression and 
CRHR1 (55kDa) and CRHR2 (55kDa) protein expression in endometriotic tissue(E) (1E, 1F respectively), 
having placental tissue (P) and myometrial tissue (M) as positive control, negative sample(-), GAPDH(G) 
house keeping gene.   (representative data) 
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 9.2. Expression of CRH, UCN, CRHR1 and CRHR2 in Ishikawa cell line 
Apart from the results presented above in endometriotic tissue, the presence of CRH/UCN and their 

receptors were evaluated in Ishikawa cells, a well-accepted model of epithelial endometrial cell physiology. 

RT-PCR was performed in order to investigate CRH, UCN, CRHR1β and CRHR2α mRNA expression in 

Ishikawa cell line. Furthermore, concerning the protein expression of CRH, UCN, CRHR1 and CRHR2, 

immunodetection was performed by immunofluorescence. As shown in Figure 2, both, CRH and UCN as 

well as CRHR1 and CRHR2 were identified in Ishikawa cells at an mRNA and protein level.  

 
 

Figure 2:  mRNA and protein expression of CRH, UCN, CRHR1 and CRHR2 in Ishikawa cell line.  
RT-PCR: mRNA expression of CRH, UCN, CRHR1β and CRHR2α in Ishikawa cell line. Ishi: Ishikawa cell 
line, J: JEG3 cell line used as positive control, -: negative control. A. Immunofluorescence detection of CRH, 
UCN, CRHR1 and CRHR2 in Ishikawa cells. B. presentation of the corresponding DAPI stainings. 
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 9.3. Higher expression levels of CRHR1 and CRHR2 in eutopic endometrium of 
endometriotic women compared to eutopic endometrium of healthy women. 

Evaluation and comparison of the expression of CRHR1 and CRHR2 in eutopic endometrium of 

both healthy and endometriotic women, at mRNA and protein level were performed. mRNA extracts of 

eutopic endometrium of endometriotic women (16 patients) and healthy women (10 patients) used to 

perform RT-PCR for both receptors. It was found that CRHR1β and CRHR2α are more highly expressed in 

eutopic endometrium of endometriotic women compared to eutopic endometrium of healthy women 

(CRHR1β:1.204±0.012 a.u. in endometriotic women vs  0.458± 0.020 a.u. in healthy women, which 

corresponds to 2.62 fold increase when eutopic endometrium of healthy women is set as control , p<0.01; 

CRHR2α: 2.518 ±0.012 a.u in endometriotic women vs  1.895± 0.016a.u. in healthy women, which 

corresponds to 1.32 fold increase when eutopic endometrium of healthy women is set as control, p<0.01) )  

(Figure 3A). This was further corroborated at protein level (CRHR1: 2.926±0.048 a.u in endometriotic 

women vs  2.187±0.034 a.u in healthy women, which corresponds to 1.33 fold increase when eutopic 

endometrium of healthy women is set as control, p<0.01; CRHR2: 1.087±0.021 a.u in endometriotic women 

vs  0.685± 0.017 a.u in healthy women, which corresponds to 1.58 fold increase when eutopic endometrium 

of healthy women is set as control, p<0.01)   by performing western blotting for CRHR1 and CRHR2 (Figure 

3B) using protein extracts from the same material. Both receptors showed an excessive expression in eutopic 

endometrium of endometriotic women compared to healthy women. GAPDH was used as a house keeping 

gene for both RT-PCR and Western Blotting.  

 
Figure 3. Higher CRHR1 and CRHR2 expression in eutopic endometrium of endometriotic women at an mRNA and protein 
level. A: mRNA expression of CRHR1β(554bps) and CRHR2α(322bps) is higher in eutopic endometrium of endometriotic 
women(ee) compared to eutopic endometrium of healthy women(he). B: protein expression of CRHR1 (55kDa) and CRHR2 (55kDa) 
is higher in ee compared to he. (**p<0,01) (representative data) 
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 9.4. CRH, UCN, CRHR1β and CRHR2α molecules are more abundant in endometriotic 
tissues (ectopic endometrium) compared to the corresponding eutopic endometrium. 

 

The expression levels of CRH, UCN, CRHR1b and CRHR2a in the endometriotic lesions and the 

corresponding eutopic endometrium of the same women (16 patients) were compared. Total RNA was 

extracted from the eutopic and ectopic endometrial samples (obtained from 16 patients), cDNA was 

synthesized and was semi-quantitavely assessed for the presence of CRH, UCN, CRHR1β and CRHR2α 

transcripts. It was found that in endometriotic foci CRH, UCN, CRHR1β   and CRHR2α  mRNA expression 

was significantly higher compared to the respective CRH, UCN, CRHR1β and CRHR2α mRNA content in 

the eutopic endometrium of the same patients (CRH: 4.101±0.582 a.u in ectopic vs 1.741±0.580 a.u in 

eutopic endometrium, 2.35 fold increase, p<0.01; UCN: 0.956±0.136 a.u in ectopic vs 0.282±0.075 a.u in 

eutopic endometrium, 3.38 fold increase, p<0.01; CRHR1β: 1.134±0.410 a.u in ectopic vs 0.186±0.046 a.u 

in eutopic endometrium, 6.07 fold increase, p<0.05; CRHR2α: 11.615±1.837 a.u in ectopic vs 5.023±1.723 

a.u in eutopic endometrium, 2.31 fold increase, p<0.01. In all cases eutopic endometrium was set as control) 

(Figure 4a,A, 4b,A).  The above findings were further verified by evaluating the protein expression levels in 

eutopic endometrium and endometriotic sites of the same women performing immunohistochemistry and 

western blot analysis. The signal of CRH and UCN in western blot analysis was significantly low and could 

not be augmented because of the small size of the protein molecules, thus formalin-fixed paraffin-embedded 

tissue sections obtained from 16 patients were used for the detection of CRH and UCN by 

immunohistochemistry. According to IRS Score calculations (Table 1), CRH  and UCN  were  found to be 

expressed more intensely in ectopic endometrium (Figure 4a,B(D) and Figure 4a,B(E) respectively) 

compared to eutopic endometrium (Figure 4a,B(A) and Figure 4a,B(B) respectively)  of the same women 

(Figure4b, B,) (CRH: 7.2±0.489 a.u in ectopic vs 6.1±0.378 a.u in eutopic endometrium, 1.18 fold increase, 

p<0.05; UCN: 6.9±0.458 a.u in ectopic vs 5.5±0.5 a.u in eutopic endometrium, 1.25 fold increase, p<0.05. In 

both cases eutopic endometrium was set as control). In order to identify the protein expression levels of the 

receptors CRHR1 and CRHR2 between eutopic and ectopic endometrium, western blot analysis was 

performed in 16 patients samples and showed that both receptors are more highly expressed in ectopic than 

eutopic endometrium of the same women (Figure 4a, C, Figure 4b, C) (CRHR1: 3.323±0.053 a.u in ectopic 

vs 2.926±0.048 a.u in eutopic endometrium, 1.13 fold increase, p<0.01; CRHR2: 2.657±0.040 a.u in ectopic 

vs 1.087±0.021a.u in eutopic endometrium, 2.44 fold increase, p<0.01. In both cases eutopic endometrium 

was set as control). GAPDH was used as a house keeping gene for both RT-PCR and western blotting 

analysis. 
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Table 1. IRS Score results. 
 
 

 
Intensity of staining Percentage of positive cells IRS points-classification 
0=no reaction 0=no positive 0-1= negative 
1=weak staining 1=<25% of the cells 2-3= mild 
2=moderate staining 2=25–50% of the cells 4-8= moderate 
3=strong staining 3=51–75% of the cells 9-12=strongly positive 
 4=>75% of the cells  

 
 
 

IRS points-classification CRH expression
endometrium 

CRH expression
endometriosis 

UCN expression 
endometrium 

UCN expression
Endometriosis 

0-1= negative - - - - 
2-3= mild - - - - 
4-8= moderate 14/16 (87,5%) 9/16 (69,2%) 15/16 (93,75%) 11/16 (68,75%) 
9-12=strongly positive 2/16 (12,5%) 7/16 (43,75%) 1/16 (6,25%) 5/16 (31,25%) 

 
 

It was found that 7/16(43,75%) ectopic endometrium samples showed strong CRH expression and 

9/16(69,2%)ectopic endometrium samples showed moderate CRH expression compared to 2/16(12,5%) eutopic 

endometrium samples of strong CRH expression and 14/16(87,5%) eutopic endometrium samples of moderate 

CRH expression. Concerning the UCN expression in eutopic and ectopic endometrium of the same patients, it 

has been found that 5/16(31,25%) ectopic endometrium samples showed strong UCN expression and 

11/16(68,75%) ectopic endometrium samples showed moderate UCN expression compared to 1/16(6,25%) 

eutopic endometrium samples of strong UCN expression and 15/16(93,75%) eutopic endometrium samples of 

moderate UCN expression. 
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Figure 4. CRH, UCN, CRHR1 and CRHR2 excessive expression in endometriotic sites (ectopic endometrium)  

compared to eutopic endometrium of endometriotic women 

4a) A: mRNA expression of CRH (413bps), UCN (146bps), CRHR1β (554bps), CRHR2α (322bps),  GAPDH (483bps) 

in endometriotic tissue (e) – ectopic endometrium and the corresponding eutopic endometrium (ee). B: 

Immunohistochemical expression of CRH (A,D) and UCN(B,E) in eutopic(A,B) and ectopic endometrium(D,E). Both 

CRH and UCN are  mainly expressed in endometriotic lesions.(C: negative eutopic endometrium, F: negative ectopic 

endometrium). C: Western blot immunodetection of CRHR1 (55KDa) and CRHR2 (55KDa), in endometriotic tissue(e) 

and eutopic endometrium(ee) of endometriotic women.GAPDH (37kDa) used as a house keeping gene. CRH, UCN, 

CRHR1 and CRHR2α are significantly more expressed at an mRNA and protein level in endometriotic tissue compared 

to the corresponding eutopic endometrium. (representative data)  

4b)  Presentation of the increased CRH, UCN, CRHR1 and CRHR2 expression in the study population at mRNA 

level(A) and protein level( B: CRH and UCN protein levels, C: CRHR1 and CRHR2 protein levels) (*, p<0,05, 

**,p<0,01) 
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 9.5. Galectin-1 expression in eutopic endometrium of healthy women 
In order to investigate the galectin-1 expression in eutopic endometrium of healthy women 

immunohistochemical analysis in eutopic endometrium tissue sections of healthy women (10 patients) 

was performed in three different phases of the menstrual cycle (proliferative, early secretory and late 

secretory phase). As shown in the figure 5, galectin-1 expression is higher in late secretory phase (Figure 

5C). According to IRS Score calculations galectin-1 expression is higher at the late secretory phase 

(proliferative phase: 5.125±0.25 a.u, early secretory phase 6.375±0.43 a.u, late secretory phase: 

7.6875±0.38 a.u., p<0.05 and 1.24 fold of gal-1 expression in early secretory phase endometrium when 

setting the proliferative phase endometrium as control and 1.20 fold of gal-1 expression in the late 

secretory phase when setting the early secretory phase endometrium as control. 

 

 

 

 123

 

 
 
 
Figure 5: Galectin-1 overexpression in late secretory phase of eutopic endometrium. Galectin-1 expression increases through the 
three different phases of the menstrual cycle of the endometrium (A: proliferative, B: early secretory phase, C: late secretory phase) 
by showing a higher expression pattern at the late secretory phase of the endometrium(C) p<0.05. 
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 9.6. Galectin-1 is overexpressed in endometriotic tissue. 
 

In order to investigate the galectin-1 expression levels in eutopic endometrium of healthy women 

(n=3), in eutopic and ectopic endometrium of endometriotic women (n=3), western blotting (Figure 6A) 

and immunohistochemistry (Figure 6B) were performed. As a result, when performing western blotting, 

it was shown that galectin-1 is overexpressed in ectopic endometrium (e) compared to eutopic 

endometrium of endometriotic women (ee) and eutopic endometrium of healthy women (he)(Figure 6A). 

Concerning Western blotting analysis: Galectin-1: 0.887±0.007 a.u in eutopic endometrium of 

endometriotic women vs 0.786±0.005 a.u in eutopic endometrium of healthy women, 1.12 fold increase, 

p<0.05, when setting eutopic endometrium of healthy women as control. Galectin-1: 1.378±0.003 a.u in 

ectopic endometrium vs 0.887±0.007 a.u in eutopic endometrium of endometriotic women, 1.55 fold 

increase, p<0.01, when setting eutopic endometrium of endometriotic women as control. As far as the 

immunohistochemical analysis (Figure 6B) and IRS score calculations, eutopic (n=16, Figure 6Ba) and 

ectopic endometrium (n=16, Figure6Bb, c) of the same endometriotic women has been used and 

galectin-1 showed an abundant expression in ectopic endometrium when compared to eutopic 

endometrium of the same women. Galectin-1 expression in eutopic endometrium of endometriotic 

women: 4.875±0.25 a.u., galectin-1 expression in ectopic endometrium of endometriotic women: 

7.375±0.43 a.u., p<0.01, having a 1.51 fold expression of galectin-1 when setting the eutopic 

endometrium of endometriotic women as control. 

 

A 

** 

* 
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   Eutopic Endometrium              Endometriotic tissue            Endometriotic tissue 

a b c  

 

Figure 6: Galectin-1 overexpression in ectopic endometrium: Galectin-1 is overexpressed in eutopic endometrium of endometriotic 
women (ee) when compared to eutopic endometrium of healthy women(he), p<0.05 and galectin-1 shows an abundant expression in 
ectopic endometrium(e) when compared to eutopic endometrium of the same endometriotic women(ee), p<0.01. B: Galectin-1 
overexpression in ectopic endometrium (b,c) compared to eutopic endometrium(a) of the same endometriotic women, p<0.01. 
 
 

9.7. Higher co-localization of galectin-1 and macrophages in endometriosis 
As to investigate if galectin-1 is expressed at the same location where macrophages accumulate 

in eutopic and ectopic endometrium, double immunofluorescense using galectin-1 (green staining) and 

CD14 (red staining) antibodies in eutopic and ectopic endometrium of the same endometriotic women 

(n=16) was performed. As shown in figure 7 there is a higher co-localization (yellow staining) effect of 

galectin-1 and CD-14 expression in ectopic endometrium (Figure 7F) compared to eutopic endometrium 

(Figure 7C)  of the same endometriotic women. 

 

 125



Results 
  

 126

 
 
Figure 7: Higher co-localization in ectopic endometrium of endometriotic women. 
Galectin-1 expression (A, D- green staining), CD-14 expression (B, E- red staining) and co-localization of both the 
antibodies(C, F- yellow staining) was investigated in eutopic endometrium( A, B, C) and ectopic endometrium(D, E, F) of 
the same endometriotic women. 
 

 9.8. CRH upregulates galectin-1 expression in Ishikawa cell line and macrophages through 
CRHR1. 

In order to investigate how galectin-1 expression is regulated in Ishikawa cell line and macrophages upon 

stimulation of these cells by CRH peptide, western blotting and immunofluorescence (in Ishikawa cell line) were 

performed. All types of cells where treated with CRH peptide for 0, 2, 8, 24hrs. Antalarmin, which is an 

endogenous antagonist of CRHR1, had been used at the time points where higher expression of galectin-1 was 

shown (8hrs and 24hrs of CRH peptide + Antalarmin). As a result, it is shown that CRH upregulates galectin-1 

expression in Ishikawa cell line (Figure 8a,A) mostly at 8hrs and 24hrs of stimulation and in macrophages at 

24hrs of stimulation(Figure 8a,B) time dependently in both cases and this is mediated by CRHR1. Antalarmin 

blocked the upregulative effect of CRH in galectin-1 expression in a higher way at 24hrs stimulation both in 

Ishikawa cell line and macrophages. The experiment had a three time replication. (Galectin-1 expression in 

Ishikawa cell line – CRH peptide stimulation for 0hrs: 0.8±0.007, 2hrs: 0.78±0.004 a.u, 8hrs: 0.9±0.006 a.u, 

24hrs: 1.02±0.018 a.u, 8hrs + antalarmin: 0.7±0.004, 24hrs+antalarmin: 0.15±0.009). (Galectin-1 expression in 

macrophages - CRH peptide stimulation for 0hrs: 0.05±0.0008, 2hrs: 0.21±0.001 a.u, 8hrs: 0.4±0.001 a.u, 24hrs: 

 

EUTOPIC ENDOMETRIUM 

Galectin-1 CD14 Galectin-1 + CD14 A B C 

  ENDOMETRIOSIS – ECTOPIC ENDOMETRIUM 
Galectin-1 CD14 Galectin-1 + CD14 D F E 
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0.47±0.008 a.u, 8hrs + antalarmin: 0.04±0.0006, 24hrs+antalarmin: 0.01±0.001). Immunofluorescense has been 

performed in Ishikawa cell line as well. As Figure 8bA shows galectin-1 expression (Alexa488, green staining) 

was upregulated when the cells where stimulated for 8hrs and 24hrs by CRH and when antalarmin was added 

(Figure 8bB), mostly for 24hrs, this effect was minimised indicating the role of CRHR1 in CRH upregulative 

effect in galectin-1 expression. DAPI had been used for nuclear staining. 

(a) 
A 

 
B 

 
Figure 8a: Galectin-1 is upregulated in Ishikawa cell line and macrophages upon CRH stimulation and this is mediated by 
CRHR1 – western blotting. A: In Ishikawa cell line, galectin-1 is upregulated by CRH, showing a higher expression at 8hrs and 24hrs of 
stimulation. When antalarmin is added, galectin-1 shows an impaired expression mostly at 24hrs of stimulation.B: In mice macrophages, 
galectin-1 expression is upregulated by CRH mostly at 24hrs and antalarmin’s effect is stronger at 24hrs.  
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Figure 8b: Galectin-1 is upregulated in Ishikawa cell line upon CRH stimulation and this is mediated by CRHR1 –
immunofluorescense. (A)Galectin-1 expression (Alexa488,green staining) is higher upon 8hrs and 24hrs of CRH peptide stimulation and 
it is impaired when antalarmin is added, more specifically in 24hrs CRH peptide+antalarmin(B). DAPI was used for nuclear staining. 
(b) 

A 

 
 

B 
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 9.9. UCN upregulates galectin-1 expression in Ishikawa cell line and macrophages. 
 

After showing that CRH has an upregulative effect in galectin-1 expression in Ishikawa cell line and 

macrophages, UCN peptide effect at galectin-1 expression has been tested at the same time points of stimulation 

(0, 2, 8, 24hrs) in both cell types. UCN peptide caused an increase in galectin-1 expression mostly at 8hrs of 

stimulation in Ishikawa cell line and at 24hrs of stimulation in macrophages (Figure 9aA, B). The experiment 

had a three time replication. (Galectin-1 expression in Ishikawa cell line – UCN peptide stimulation for 0hrs: 

1.01±0.006, 2hrs: 0.97±0.003 a.u, 8hrs: 1.33±0.02 a.u, 24hrs: 0.88±0.03 a.u,). (Galectin-1 expression in 

macrophages – UCN peptide stimulation for 0hrs: 0.7±0.01, 2hrs: 1.21±0.02 a.u, 8hrs: 1.37±0.018 a.u, 24hrs: 

1.81±0.03 a.u). Immunofluorescense has been performed in Ishikawa cell line as well. As Figure 9bA shows 

galectin-1 expression (Alexa488, green staining) was upregulated when the cells where stimulated for 8hrs by 

UCN. DAPI had been used for nuclear staining. 

 

(a) 
A 
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Figure 9a: Galectin-1 is upregulated in Ishikawa cell line and macrophages upon UCN stimulation– western blotting. 
A: In Ishikawa cell line, galectin-1 is upregulated by UCN, showing a higher expression at 8hrs of stimulation. B: In mice 
macrophages, galectin-1 expression is mostly upregulated by UCN at 24hrs. Figure 9b: Galectin-1 is upregulated in 
Ishikawa cell line upon UCN stimulation –immunofluorescense. Galectin-1 expression (Alexa488,green staining) is 
higher upon 8hrs of UCN peptide stimulation. DAPI was used for nuclear staining. 
 

(b) 
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 9.10. CSF-1 upregulates galectin-1 expression in Ishikawa cell line and macrophages. 

 
Ishikawa cell line and macrophages were treated with CSF-1 peptide as well for the specific time points of 

0hrs, 2hrs, 8hrs, 24hrs. Upon CSF-1 stimulation of Ishikawa cells, galectin-1 expression increased time 

dependently, the more CSF-1 stimulated the cells, the higher the galectin-1 expression was, reaching its highest 

expression level at 24hrs of stimulation (Figure 10aA). Concerning galectin-1 expression in macrophages upon 

CSF-1 stimulation, galectin-1 showed a higher expression levels at 24hrs stimulation by CSF-1. (Figure 10aB). 

The experiment had a three time replication. (Galectin-1 expression in Ishikawa cell line – CSF-1 peptide 

stimulation for 0hrs: 0.49±0.01, 2hrs: 1.01±0.02 a.u, 8hrs: 1.27±0.01 a.u, 24hrs: 1.54±0.01 a.u,). (Galectin-1 

expression in macrophages – CSF-1 peptide stimulation for 0hrs: 1.24±0.01, 2hrs: 1.50±0.05 a.u, 8hrs: 1.7±0.01 

a.u, 24hrs: 2.08±0.01 a.u). Immunofluorescense has been performed in Ishikawa cell line as well. As Figure 

10bA shows that galectin-1 expression (Alexa488, green staining) was mostly upregulated when the cells where 

stimulated for 24hrs by CSF-1. DAPI had been used for nuclear staining. 

 
(a) 
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Figure 10a: Galectin-1 is upregulated in Ishikawa cell line and macrophages upon CSF-1 stimulation– western blotting. A: In 
Ishikawa cell line, galectin-1 is upregulated by CSF-1, showing a time dependently increasing expression, by having an abundant 
expression at 24hrs of stimulation. B: In mice macrophages, galectin-1 expression is upregulated by CSF-1 peptide mostly at 24hrs. 
Figure 10b: Galectin-1 is upregulated in Ishikawa cell line upon CSF-1 stimulation–immunofluorescense.Galectin-1 expression 
(Alexa488,green staining) is higher upon 24hrs of CSF-1 peptide stimulation. DAPI was used for nuclear staining. 
 
(b) 

 

 132



Results 
  

 9.11. CSF-1 is overexpressed in endometriotic tissue 
 
In order to investigate the CSF-1 expression levels in eutopic endometrium of healthy women (n=3), in 

eutopic and ectopic endometrium of endometriotic women (n=3), western blotting (Figure 11) was 

performed. As a result, when performing western blotting, it was shown that CSF-1 is overexpressed in 

ectopic endometrium (e) compared to eutopic endometrium of endometriotic women(ee) and eutopic 

endometrium of healthy women(he)(Figure 11). Galectin-1 expression: 1.15±0.02 a.u in eutopic 

endometrium of endometriotic women vs 0.77±0.01 a.u in eutopic endometrium of healthy women, 1.48 fold 

increase, p<0.01, when setting eutopic endometrium of healthy women as control. Galectin-1: 1.65±0.02 a.u 

in ectopic endometrium vs 1.15±0.02 a.u in eutopic endometrium of endometriotic women, 1.43 fold 

increase, p<0.01, when setting eutopic endometrium of endometriotic women as control.  
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Figure 11: CSF-1 overexpression in ectopic endometrium. 
CSF-1 is overexpressed in eutopic endometrium of endometriotic women(ee) when compared to eutopic 
endometrium of healthy women(he), p<0.01 and CSF-1 shows an abundant expression in ectopic 
endometrium(e) when compared to eutopic endometrium of the same endometriotic women(ee), p<0.01. 
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 9.12. CRH upregulates CSF-1 expression in Ishikawa and macrophages through CRHR1. 
 

After examining the galectin-1 expression levels in Ishikawa cell line and macrophages upon CRH, 

UCN and CSF-1 stimulation, the same experiments were performed in order to investigate how CSF-1 

expression is regulated in Ishikawa cell line and macrophages upon stimulation by these peptides. Firstly, all 

types of cells where treated with CRH peptide for 0, 2, 8, 24hrs. Antalarmin had been used at the time points 

where higher expression of CSF-1 was shown (8hrs and 24hrs of CRH peptide + Antalarmin). As a result, it 

was shown that CRH upregulates CSF-1 expression in Ishikawa cell line (Figure 12A) mostly at 24hrs and in 

macrophages as well (Figure 12B) time dependently in both cases and this is mediated by CRHR1. 

Antalarmin blocked the upregulative effect of CRH in CSF-1 expression in a higher way at 24hrs of 

stimulation in Ishikawa cell line and macrophages. The experiment had a three time replication. (CSF-1 

expression in Ishikawa cell line – CRH peptide stimulation for 0hrs: 0.34±0.006, 2hrs: 0.5±0.008 a.u, 8hrs: 

0.87±0.009 a.u, 24hrs: 1.17±0.01 a.u, 8hrs + antalarmin: 0.69±0.01, 24hrs+antalarmin: 0.56±0.005). (CSF-1 

expression in macrophages - CRH peptide stimulation for 0hrs: 0.26±0.01, 2hrs: 0.26±0.008 a.u, 8hrs: 

0.34±0.01 a.u, 24hrs: 0.73±0.006 a.u, 8hrs + antalarmin: 0.15±0.009, 24hrs+antalarmin: 0.05±0.005).  

 
 

A 
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Figure 12: CSF-1 is upregulated in Ishikawa cell line and macrophages upon CRH stimulation– western 
blotting. A: In Ishikawa cell line, CSF-1 is upregulated by CRH, showing a higher expression at 24hrs of 
stimulation. B: In mice macrophages, CSF-1 expression is upregulated by CRH mostly at 24hrs of stimulation and 
antalarmin blocked this upregaltive effect in both cell lines at 8hrs and 24hrs of stimulation. 
 

 

 9.13. UCN upregulates CSF-1 expression in Ishikawa and macrophages 
 

After showing that CRH has an upregulative effect in CSF-1 expression in Ishikawa cell line and 

macrophages, UCN peptide has been tested at the same time points of stimulation(0,2,8, 24hrs) in both cell types 

in order to identify if this peptide will have the same effect in CSF-1 expression. Indeed, UCN peptide caused an 

increase in CSF-1 expression levels time dependently in Ishikawa cell line and macrophages (Figure 13A, B). 

The experiment had a three time replication. (CSF-1 expression in Ishikawa cell line – UCN peptide stimulation 

for 0hrs: 0.38±0.007, 2hrs: 0.65±0.02 a.u, 8hrs: 1.4±0.007 a.u, 24hrs: 1.6±0.01 a.u,). (CSF-1 expression in 

macrophages – UCN peptide stimulation for 0hrs: 0.12±0.007, 2hrs: 0.48±0.01 a.u, 8hrs: 0.68±0.007 a.u, 24hrs: 

2.05±0.03 a.u).  
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Figure 13: CSF-1 is upregulated in Ishikawa cell line and macrophages upon UCN stimulation– western blotting. 
(A): In Ishikawa cell line and in (B): In mice macrophages, CSF-1 is upregulated by UCN peptide, time dependently, 
showing a higher expression at 24hrs. 
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 9.14. CSF-1 expression is upregulated in Ishikawa cell line and macrophages when these 
cells are stimulated by CSF-1. 
 

Ishikawa cell line and macrophages were treated with CSF-1 peptide for specific time points of 0hrs, 2hrs, 

8hrs, 24hrs. When Ishikawa cells where treated with exogenously added CSF-1, CSF-1 expression presented 

some fluctuations, by increasing at 2 and 8hrs of stimulation and showing an impaired expression at 24hrs 

(Figure 14A). Concerning CSF-1 expression in macrophages upon CSF-1 stimulation exogenously added, CSF-1 

expression was increased time dependently, the longer CSF-1 stimulated the cells, the more elevated the CSF-1 

expression was, reaching its higher expression level at 24hrs (Figure14B). The experiment had a three time 

replication. (CSF-1 expression in Ishikawa cell line – CSF-1 peptide stimulation for 0hrs: 0.39±0.007, 2hrs: 

0.56±0.01 a.u, 8hrs: 0.72±0.007 a.u, 24hrs: 0.18±0.008 a.u,). (CSF-1 expression in macrophages – CSF-1 

peptide stimulation for 0hrs: 0.06±0.002, 2hrs: 0.23±0.01 a.u, 8hrs: 0.49±0.01 a.u, 24hrs: 0.9±0.007 a.u). 
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Figure 14: CSF-1 is upregulated in Ishikawa cell line and macrophages upon CSF-1 stimulation– western blotting. 
A: In Ishikawa cell line, CSF-1 is upregulated by CSF-1, showing a time dependently increasing expression up to 8hrs and 
having its expression decreased at 24hrs of stimulation. B: In mice macrophages, CSF-1 expression is upregulated by CSF-1 
peptide time dependently reaching its higher point at 24hrs. 

 9.15. CRH upregulates FasL expression in Ishikawa cell line and macrophages through 
CRHR1. 
 

In order to investigate how CRH regulates FasL expression in Ishikawa cell line and macrophages, treatment 

of these cells was performed with CRH peptide at different time points and antalarmin had been used in order to 

identify if CRHR1 is implicated in this regulative effect. So, it was noticed that CRH upregulates FasL 

expression in Ishikawa cell line mostly at 24hrs. Antalarmin’s effect at 8hrs and 24hrs of incubation showed an 

impaired FasL expression, which indicates CRHR1 important role in CRH upregulative effect in FasL 

expression (Figure 15A). In macrophages, CRH increased FasL expression at 2 and 8hrs of stimulation but FasL 

expression was decreased at 24hrs. Antalarmin diminished FasL expression in macrophages at both 8hrs and 

24hrs of stimulation (Figure 15B). The experiment had a three time replication. (FasL expression in Ishikawa 

cell line – CRH peptide stimulation for 0hrs: 0.70±0.01, 2hrs: 0.79±0.02 a.u, 8hrs: 0.77±0.01 a.u, 24hrs: 

1.12±0.006 a.u, 8hrs + antalarmin: 0.2±0.008, 24hrs+antalarmin: 0.1±0.01). (FasL expression in macrophages - 

CRH peptide stimulation for 0hrs: 0.21±0.01, 2hrs: 0.43±0.03 a.u, 8hrs: 1.04±0.06 a.u, 24hrs: 0.15±0.01 a.u, 

8hrs + antalarmin: 0.03±0.006, 24hrs+antalarmin: 0.01±0.002). 
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Figure 15: FasL expression is upregulated in Ishikawa cell line and macrophages upon CRH stimulation– western 
blotting.A: In Ishikawa cell line, FasL expression is upregulated by CRH, showing a higher expression at 24hrs of 
stimulation. B: In mice macrophages, FasL expression is upregulated by CRH time dependently up to 8hrs but then is 
decreased at 24hrs of stimulation and antalarmin blocked this upregulative effect in both cell types. 
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 9.16. UCN upregulates FasL expression in Ishikawa cell line and macrophages 
After showing that CRH has an upregulative effect in FasL expression in Ishikawa cell line and 

macrophages, UCN peptide has been tested at the same time points of stimulation(0,2,8, 24hrs) in both cell types 

in order to identify if this peptide has the same effect in FasL expression. Indeed, UCN peptide increased FasL 

expression levels up to 8hrs of stimulation but at 24hrs, FasL expression decreased (Figure 16A). In 

macrophages, FasL expression fluctuated when the cells were stimulated by UCN by being increased at 2hrs of 

stimulation and then its expression decreased at 8 and 24hrs (Figure 16B). The experiment had a three time 

replication. (FasL expression in Ishikawa cell line – UCN peptide stimulation for 0hrs: 1±0.009, 2hrs: 1.18±0.01 

a.u, 8hrs: 1.26±0.008 a.u, 24hrs: 0.9±0.02 a.u,). (FasL expression in macrophages – UCN peptide stimulation for 

0hrs: 0.78 ±0.01, 2hrs: 1.22±0.006 a.u, 8hrs: 1.1±0.01 a.u, 24hrs: 0.6±0.01 a.u).  
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timulation and in 
macrophages(B) is increased at 2hrs of stimulation and then decreased till 24hrs of stimulation. 

 

 9.17. CSF-1 upregulates FasL expression in Ishikawa cell line and macrophages. 
 

SF-1 

eptide stimulation for 0hrs: 1.08±0.01, 2hrs: 1.42±0.009 a.u, 8hrs: 0.84±0.008 a.u, 24hrs: 0.42±0.02 a.u). 

 

B 

 
Figure 16: FasL expression is upregulated in Ishikawa cell line and macrophages upon UCN stimulation– 
western blotting. In Ishikawa cell line(A), FasL expression is increased at 2 and 8hrs of UCN s

 
 
 
 

Ishikawa cell line and macrophages were treated with CSF-1 peptide for specific time points of 0hrs, 2hrs, 

8hrs, 24hrs. In both cell types, Ishikawa cell line (Figure17A) and macrophages (Figure17B), CSF-1 peptide had 

an upregulative effect in FasL expression. So, when CSF-1 was added for 2hrs increased FasL expression but 

under 8 and 24hrs of CSF-1 incubation, FasL expression was decreased. The experiment had a three time 

replication. (CSF-1 expression in Ishikawa cell line – CSF-1 peptide stimulation for 0hrs: 0.84±0.05, 2hrs: 

1.24±0.009 a.u, 8hrs: 0.49±0.008 a.u, 24hrs: 0.24±0.02 a.u,). (CSF-1 expression in macrophages – C

p
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er FasL expression at 2hrs of stimulation and 
then FasL was decreased at 8 and 24hrs of CSF-1 stimulation. 
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Figure 17: FasL expression is upregulated in Ishikawa cell line and macrophages upon CSF-
stimulation– western blotting. 
A: In Ishikawa cell line and  macrophages, CSF-1 induced high
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CHAPTER 10 
 

Discussion 
 

In this study, it is shown that CRH, UCN, CRHR1, CRHR2 and the receptor subtypes CRHR1β and 

CRHR2α are expressed in endometrium and endometriotic sites at mRNA and protein level. This is the first 

time that the receptor subtype expression is identified in endometriotic sites. Moreover, this study shows for 

the first time that CRHR1 and CRHR2 are more highly expressed in eutopic endometrium of endometriotic 

women compared to endometrium of healthy women. Interestingly, this study shows that the expression of 

CRH, UCN and their receptors, CRHR1 and CRHR2 is stronger in ectopic endometrium compared to that in 

eutopic endometrium of women with endometriosis. Moreover, as endometriosis is an inflammatory disease 

and it is characterised by cytokine expression [61] such as galectins and an increased amount of 

macrophages and growth factors such as CSF-1, combined with the fact that Ishikawa cell line is a well 

studied model for endometrium endocrinology, those two experimental models (Ishikawa cell line and 

macrophages) have been used to identify how galectin-1, CSF-1 and FasL are regulated by CRH, UCN and 

CSF-1. In this current study, it was found that there was an upregulative effect concerning the molecules 

mentioned above. It is very important that the CRH upregulative effect in gal-1, CSF-1 and FasL expression 

is mediated through CRHR1. 

            Women suffering from endometriosis are characterized by increased stress. Both chronic pelvic pain 

and inflammation, commonly seen in endometriosis, act as stressors, supporting a deregulation of 

homeostasis towards a state of increased stress. Corticotropin releasing hormone (CRH) is the main hormone 

of stress, being expressed in different sites in the human body [130,170]. Since endometriosis is a stress 

condition, it would be anticipated that reproductive CRH may play a key-role in pathophysiology of 

endometriosis, especially when pelvic pain or infertility are associated with the disease.  

10.1. CRH, UCN, CRHR1 and CRHR2 expression in the endometriotic sites.  

CRH and UCN are neuropeptides expressed in several sites of the female reproductive system including 

human endometrium [130,170] and their highest mRNA expression is reached in the secretory phase 

[125,158,159]. The main source of endometrial CRH is epithelial cells whereas stromal cells express CRH 

only after the decidualization process has begun [125,158,159,258]. CRH/UCN could activate mast cells 

triggering thus inflammation and adhesion formation, indicating an immune role of these molecules in 

eutopic endometrium. Moreover, these neuropeptides have been recently identified in endometriotic lesions 

[64,116]. Concerning the CRH-related inflammatory profile of endometriosis, progestins could inhibit the 
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CRH-induced inflammation of peritoneal cells in vitro as it has been found that TNF/IL-10 ratio in peritoneal 

cells of endometriotic women was increased by CRH and was dampened when the progesterone derivative 

dydrogesterone was added in the culture. So CRH could have an inflammatory effect on peritoneal cells of 

endometriotic women and low levels of progesterone in the follicular phase could be responsible for the 

progression of endometriosis and the related pain [259]. Based on this published data, this study firstly 

examined and confirmed the CRH and UCN mRNA expression in endometriotic lesions of endometriotic 

women. 

Given that CRH and UCN expression is mediated through CRHR1 and CRHR2 and these receptors are 

expressed in several sites of the female reproductive system [122], their expression in endometriotic lesions 

is investigated. Despite the fact that CRH/UCN have been implicated in endometriosis – a fact also verified 

by this study’s results, no data has been reported so far concerning the expression of CRHR1 and CRHR2, 

the CRH and UCN receptors. This is the first time a study shows that CRHR1 and CRHR2 and specifically 

the CRHR1β and CRHR2α receptor subtypes are expressed at mRNA and protein level, not only in the 

endometrium but also at endometriotic sites indicating a potential crucial role of CRH and UCN in 

endometriosis.  

10.2. Higher CRHR1 and CRHR2 expression in eutopic endometrium of endometriotic 
women compared to eutopic endometrium of healthy women. 

The expression levels of CRHR1 and CRHR2 were compared in eutopic endometrium of endometriotic 

women with that in eutopic endometrium of healthy women to further examine the implication of these 

molecules in endometriosis and the infertility profile of endometriotic women. It is shown, for the first time, 

that CRHR1 and CRHR2 are significantly more expressed in the eutopic endometrium of endometriotic 

women compared to eutopic endometrium of healthy women. As previously described, CRH, UCN and 

CRHR1 are expressed by human epithelial and stromal endometrial cells. Endometrial stromal 

decidualization is a process taking place in the luteal phase of the menstrual cycle, where CRH expression is 

higher and leads to the induction of endometrial stroma decidualization, stimulated by progesterone in a 

cAMP – dependent manner [16,20,157-159,258]. Upon decidualization, CRH inhibits the production of 

PGE2 and stimulates IL-1 and IL-6 production in human endometrial stromal cells [19]. Endometriosis is an 

aseptic inflammatory process accompanied by altered immune-related cell functions such as accumulation of 

macrophages and increased expression of growth factors, cytokines and specifically interleukins IL-1 and IL-

6 [56,61,260,261]. Additionally, the expression of CRH in endometriosis has been correlated with 

proinflammatory responses influencing thus innate and acquired immune responses [139,161]. These data 

indicate that CRH and UCN may be of importance in maintaining chronic inflammation and thus local stress. 

Such stress could be further correlated to the local symptoms often seen in endometriosis as increased 

infertility rates, affected by modulation of the decidualization process and improper function of endometrium 

in women with endometriosis. A recent study [116] has proposed that there is an impaired CRH and UCN 
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expression in eutopic endometrium of endometriotic women compared to healthy women endometrium. In 

this PhD study, the CRHR1 and CRHR2 mRNA and protein expression levels in eutopic endometrium of 

endometriotic and healthy women is evaluated and it is shown for the first time that the expression of both 

receptors is more elevated in eutopic endometrium of endometriotic compared to that of healthy women. It 

could be hypothesized, as it has been shown by previous studies, that the impaired expression of CRH and 

UCN in eutopic endometrium of endometriotic women [116] and the reduced capacity of CRH and UCN to 

induce in vitro decidualization of endometriotic women stromal cells [116] may contribute to further 

expression of their receptors  to keep a proper function of endometrium in endometriotic women. 

Unidentified endometrial defects in endometriosis could also affect the expression of CRH and UCN 

resulting in increased expression of CRHR1 and CRHR2 acting as a regulatory mechanism to compensate 

for the reduced efficiency of proper endometrial function of endometriotic women. Despite the fact that little 

is known so far for the expression patterns of the CRH receptors in intrauterine tissue, these findings could 

be in cohort with other studies showing that long term stimulation of pituitary [262] and myometrial cells 

[263] with CRH can down-regulate its own CRHR1 receptor. Further studies are needed to further elucidate 

this controversial expression pattern between CRH, UCN and their receptors expression in eutopic 

endometrium of endometriotic women.   

CRH and UCN exert an important role not only in decidualization but also in blastocyst implantation 

[157]. Invasion of the blastocyst in the decidualized endometrium needs to take place for a successful 

embryo implantation [11]. CRH is produced by maternal decidual cells and embryonic trophoblast and is 

implicated in the maternal- blastoyst immune ‘’cross-talk’’ by stimulating the expression of FasL in invasive 

extravillous trophoblast and maternal decidual cells and by increasing the apoptosis of T-lymphocytes 

through FasL induction. Thus the graft vs host reaction from the maternal immune system to the fetus is 

prevented and this is mediated through CRHR1 [20]. Studies in mice models have also shown that blocking 

of CRHR1 results in implantation dysfunctions [264] reinforcing thus the role of CRH in embryo 

implantation. In this current study, it has been shown that CRHR1 and CRHR2 are more abundantly 

expressed in eutopic endometrium of endometriotic women and this might explain the fact that endometriotic 

women can be fertile, characterised as hypofertile but not completely sterile, as there is excessive expression 

of CRHR1 and CRHR2 overcoming thus the low levels of CRH and UCN leading to implantation.  

 

10.3. CRH, UCN, CRHR1β and CRHR2α molecules are more abundant in endometriotic 
tissues compared to the corresponding eutopic endometrium. 

In this current study, it has also been examined the expression of CRH, UCN, CRHR1 and CRHR2 in 

ectopic endometrium of endometriotic women compared to their eutopic endometrium. For the first time it is 

found that all these molecules are more highly expressed in ectopic rather than eutopic endometrium of the 

same patients at mRNA and protein level. The fact that these molecules are more highly expressed in ectopic 
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endometrium indicates that their function outside the uterus might be strengthened, which may potentially 

contribute to implantation and pregnancy maintenance problems of women with endometriosis. 

Given also that  high levels of stress are correlated with the progression of endometriosis followed by 

adhesion formation and infertility symptoms [265] combined with the fact that CRH is activated by high 

levels of stress [156,259,266], these results may explain the neuroendocrine vicious circle of stress, mediated 

by CRH and UCN which is expected to maintain a chronic inflammatory profile as well as infertility.  

 

10.4. Expression of CRH UCN, CRHR1 and CRHR2 in Ishikawa cell line 

Ishikawa cell line is a well differentiated endometrial adenocarcinoma cell line and is characterized by 

high levels of expression of estrogen and progesterone receptors [256].Ishikawa cell line expresses almost all 

steroid hormone receptors and represents an extensively used in vitro model for the study of steroid hormone 

effects on human endometrium [127-129]. Furthermore, Ishikawa cell line is an excellent in vitro model for 

studying endometrial epithelial functions. Apart from the fact that maintains both estrogen and progesterone 

receptor expressions, it is quite responsive to ovarian steroids as well [267,268]. Moreover, this cell line 

expresses functional enzymes, integrins and structural proteins, the same as endometrial cells [268]. CRH 

and CRHR1 have already been detected in human endometrial adenocarcinoma Ishikawa cell line [126]. In 

this study the expression of CRH, UCN, CRHR1 and CRHR2 were further confirmed at an mRNA and 

protein level in Ishikawa cell line. It is already known that the colony stimulating factor, CSF-1, is expressed 

in Ishikawa cell line and stimulates Ishikawa cell line proliferation [269,270]. Moreover, galectin-1 is 

expressed in this adenocarcinoma cell line [271] as well.  So, this was a motivation, in order to investigate 

how molecules such as CRH, UCN and CSF-1 that are expressed in Ishikawa cell line, eutopic and ectopic 

endometrium could regulate important immunomodulatory molecules such as galectin-1, CSF-1 and FasL 

which are also expressed at the same cell type and tissues. 

10.5. Galectin-1 is expressed in endometriotic sites and is overexpressed in ectopic sites 

compared to eutopic endometrium of endometriotic women and eutopic endometrium of 

healthy women 

 
Firstly, the expression of galectin-1 in endometrium of healthy women was tested and so the already 

established notion [212] that galectin-1 shows a higher expression at the late secretory phase of the menstrual 

cycle was confirmed. Furthermore, in this PhD thesis, for the first time, it is presented that galectin-1 is 

expressed in endometriotic tissue- ectopic endometrium. Moreover, galectin-1 expression is found to be 

higher in ectopic rather than eutopic endometrium of endometriotic women. These findings can be correlated 

with a previous study showing that galectin-3 is overexpressed in ectopic endometrium and much more 

highly expressed in eutopic endometrium of endometriotic women compared to endometrium of healthy 
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women [236]. As endometriosis is characterized by the release of several proteins including growth factors 

and the expression of integrins, cadherins and lectins that regulate cell migration, invasion, angiogenesis, 

immune functions and apoptosis[60], galectins should play an important role in this inflammatory disease. 

Galectin-1 plays a major role in initiation, activation and resolution of inflammatory responses and can act as 

a pro-inflammatory or an anti-inflammatory cytokine. Gal-1 induces inhibition of cell growth and cell-cycle 

arrest and promotes the apoptosis of activated immune cells. So, galectin-1 is involved in cell adhesion, 

chemotaxis, antigen presentation and apoptosis, functions that characterize inflammatory situations as 

endometriosis as well [218]. The finding that the galectin-1 is expressed in endometriotic sites, it of high 

importance as it may regulate several immune functions concerning the pathogenesis of the disease and by 

being highly expressed in endometriotic sites, promoting T cell apoptosis, it could be hypothesized that gal-1 

favors the persistence ,establishment  and immune escape of endometriotic tissue in ectopic sites. In addition, 

galectin-1 stimulates proliferation of vascular endothelial cells [205], so by being expressed in ectopic sites , 

it could hypothesized that it could facilitate the endometriotic tissue vascularogenesis, favoring the 

persistence of the disease.  

Furthermore, considering that galectin-1 is expressed widely throughout the nervous system, that both 

reduced and oxidized forms of gal-1 participate in the process of Wallerian  degeneration and that it has been 

suggested that gal-1-1/Ox may be useful as  a novel therapeutic agent for functional  restoration after 

peripheral nerve injury [272],plus the fact that galectin-1 plays an important role in survival, differentiation 

and synaptic plasticity of neurons, preventing neuronal loss in case of injury in the central nervous system 

[224], it is of high importance the hypothesis that galectin-1 by being expressed in endometriotic sites, might 

play a very important role in nerve generation and pain in women with endometriosis.  

Moreover, given that it is found that galectin-1 is much more highly expressed in ectopic rather than 

eutopic endometrium, could indicate an important role of galectin-1 in the infertility profile of women with 

endometriosis. Galectin-1 is expressed in endometrium at the late secretory phase and is expressed by 

decidual stromal cells as well. Additionally, galectin-1 is involved in immune- endocrine cross-talk, maternal 

– decidual expression of gal-1 is regulated by progesterone and galectin-1 increases progesterone 

concentrations, suggesting its role in the maintenance of pregnancy [227]. Galectin-1 is synthesized in the 

trophoectoderm of blastocysts, suggesting a role in the attachment of the embryo in the uterine epithelium. 

Galectin-1 has been implicated in some of the pathological conditions such as early pregnancy loss, 

preeclampsia and trophoblastic malignant disease. Galectin-1 has also been recently qualified as a member of 

human trophoblast cell invasion machinery[231]. Moreover galectin-1 is under the control of ovarian 

steroids during blastocyst implantation [232] and influences trophoblast immune invasion [234]. Galectin-1 

plays an important role in the organization of extracellular matrix and the regulation of trophoblast 

differentiation and cell motility during placentation [231,233]. Moreover, in stress induced abortions, 

galectin-1 expression was decreased [77]. Galectin-1 induces generation of tolerogenic dendritic cells and 

regulatory T cells, so knock out mice of galectin-1 led to a higher rate of fetal loss in allogenic mating. 
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Circulating gal-1 levels could serve as a predictive factor for pregnancy success in early human gestation as 

compared with normal pregnant women, circulating gal-1 levels were significantly decreased in patients who 

suffered a miscarriage [234]. So, taking everything into consideration, it could be hypothesized that galectin-

1 decreased expression in eutopic endometrium of women with endometriosis compared to ectopic 

endometrium plays a possible  important role in implantation and decidualization defects of endometriotic 

women. The fact that galectin-1 is more highly expressed in ectopic endometrium indicates that its function 

outside the uterus might be strengthened, which may potentially contribute to implantation and pregnancy 

maintenance problems of women with endometriosis.   

As far as the comparison of the galectin-1 expression in eutopic endometrium of endometriotic and 

healthy women, in this current study, it is found that galectin-1 expression is higher in eutopic endometrium 

of endometriotic women rather than eutopic endometrium of healthy women. The same expression pattern 

has been noticed in a previous study concerning only gal-3 [236]. This finding is in accordance with the 

established theory suggesting that there are several differences between eutopic endometrium of healthy 

women and endometriotic women including differences in structure, proliferation, immune components, 

adhesion molecules, proteolytic enzymes and inhibitors, steroid and cytokine production and responsiveness, 

gene expression and protein production, in order to permit the ‘altered endometrium’ of endometriotic 

women to adhere, grow, and spread outside the uterine cavity more easily [86,112].  

10.6. Higher co-localization of macrophages with galectin-1 in endometriotic sites. 

Endometriosis is an inflammatory disease characterised by increased concentrations of cytokines, 

growth factors and macrophages. Macrophages are implicated in innate immune system and are responsible 

for secreting growth factors, cytokines and complement components, prostagladins and hydrolytic enzymes.  

Apart from the growth stimulatory effect of macrophages to endometriotic implants, macrophage products 

are connected with pathophysiology of endometriosis, referring to pain and infertility [49,50]. The 

concentration of peritoneal macrophages is highly increased in women with endometriosis compared to 

healthy [51-54].  In this PhD thesis, it was further confirmed that ectopic endometrium is characterised by 

higher expression of macrophages compared to eutopic endometrium of healthy women (data not shown). As 

it has been previously mentioned by recent studies, peritoneal macrophages are increased in number, 

concentration and activation mode (reviewed by [56] ). Increased macrophages are also related to the stage 

of endometriosis [57]. Macrophages play also a very important role in growth and development of 

endometriotic lesions and in generation of pain through interaction with nerve fibres as well. So 

macrophages and their products had been found to play important role in stimulation, growth and repair of 

nerve fiber, inducing pain in endometriosis.  

Macrophages secrete cytokines and growth factors and concerning endometriosis, these macrophage 

products can promote stimulation of endometrial cell proliferation, implantation of endometrial cells or 

tissue, increased tissue remodeling through regulation of matrix metalloproteinase and increased 
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angiogenesis of the ectopic endometrial tissue [56,61]. Increased number of macrophages in endometriotic 

sites equals increased number of cytokine production as well. Cytokines can act in an autocrine or paracrine 

way and have a role in initiation, propagation and regulation of immune and inflammatory responses and can 

have proliferative, cytostatic, chemoattractant or differentiative effects. All these cytokines are not only 

produced by macrophages but from endometriotic lesions as well and so it is galectin-1 which is not only 

expressed by macrophages [205] but it is found in this study to be overexpressed in ectopic endometrium as 

well. Moreover, it is shown here, that there is a co-localization of macrophages and galectin-1 in 

endometriotic tissue, so that was a motivation, in order to investigate how galectin-1 is regulated, by 

neuropeptides present in endometriosis and macrophages and by a macrophage stimulatory factor. 

 

10.7. CSF-1 overexpression in ectopic endometrium- compared to eutopic endometrium of 

endometriotic women and CSF-1 higher expression in eutopic endometrium of endometriotic 

patients compared to healthy ones. 

 

The colony stimulating factor- 1, is also known as macrophage colony stimulating factor and it is a 

secreted cytokine, characterized as a hematopoetic growth factor which influences hematopoietic stem cells 

to differentiate into macrophages or other related cell types. CSF-1 regulates the survival, proliferation and 

differentiation of mononuclear phagocytes to macrophages [237,238]. M-CSF1 is produced by fibroblasts, 

endothelial cells, monocytes and macrophages. CSF-1 has immunomodulatory roles in tumours and 

inflammation. 

As endometriosis is an inflammatory disease, there are several cytokines and growth factors that are 

implicated in this immune-disequilibrium status. As secretory cells, monocytes and macrophages are vital to 

the regulation of immune responses and the development of inflammation. These cytokines are produced by 

peritoneal macrophages, lymphocytes, mesothelial cells and endometriosis implants [251]. Furthermore, 

women and female baboons with endometriosis are characterised by increased number of peritoneal 

macrophages [252]. Women with endometriosis are characterised by increased expression of CSF-1 

compared to healthy ones [53]. Although, it is unclear whether increased levels of CSF-1 in patients with 

endometriosis originate from inflammation associated macrophages or it is produced by the endometriotic 

lesions. Therefore, one study supports that CSF-1 and its receptor are involved in the genesis of early 

endometriotic lesions and that endometriotic lesions contribute to elevated CSF-1 levels in the peritoneal 

fluid of women with endometriosis and that elevated levels of CSF-1R in endometrial cells from women 

with endometriosis after co-culture with peritoneal mesothelial cell suggests that endometrial tissue is highly 

responsive to CSF-1 signalling [253,254].Moreover, endometrial tissue from CSF-1 knockdown mice 

develop significantly fewer endometriotic lesions than control tissue in a syngeneic mouse model of 

endometrial tissue transplantation into the pelvic cavity [255]. Peripheral blood monocytes from women with 
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endometriosis promote proliferation of cocultured autologous endometrial cells and  apart from the growth 

stimulatory effect of macrophages to endometriotic implants, macrophage products are connected with 

pathophysiology of endometriosis, referring to pain and infertility [49,50]. The concentration of peritoneal 

macrophages are highly increased in women with endometriosis compared to healthy ones and this can be 

linked to increased levels of CSF-1 deriving from endometrial/endometriotic cells or peritoneal macrophages 

respectively [51-54]. It has been found that peritoneal environment controls the differentiation of 

macrophage precursors, leading them to an alternatively activated status. The alternatively activated 

macrophages are quite important for ectopic tissue to vascularize and grow [55]. So it was quite important 

for this PhD thesis, firstly, to examine and then to evaluate the CSF-1 expression in endometriotic sites, and 

it was found and further confirmed the already known notion that CSF-1 is overexpressed in ectopic 

endometrium of women with endometriosis.  

Moreover, it was found that CSF-1 expression is higher in eutopic endometrium of endometriotic women 

compared to healthy ones. As previously mentioned there are several differences between eutopic 

endometrium of healthy women and endometriotic women including differences in structure, proliferation, 

immune components, adhesion molecules, proteolytic enzymes and inhibitors, steroid and cytokine 

production and responsiveness, gene expression and protein production, in order to permit the ‘altered 

endometrium’ of endometriotic women to adhere, grow, and spread outside the uterine cavity more easily 

[86,112]. So, the differential expression of CSF1-1 between eutopic endometrium of endometriotic and 

healthy women could further promote this notion.  

Concerning the fact that CSF-1 expression is found in this study to be higher in ectopic rather than 

eutopic endometrium of the same women, this could possibly show new insights in the pathophysiology of 

endometriosis and the infertility profile of women with endometriosis. Macrophages and other cells of the 

female reproductive tract are also regulated by locally produced CSF-1. CSF-1 plays an important role in 

placental growth and differentiation. CSF1 and its receptor are expressed by endometrial stromal cells, 

endometrial  epithelial cells and peritoneal mesothelial cells. It has also been detected in endometrial tissue, 

amniotic fluid and placenta.  The concentration of CSF-1 in uterus increases during pregnancy. Progesterone 

and estradiol regulate CSF-1 synthesis by the luminal and glandular secretory epithelial cells of the uterus. 

Also, CSF-1 stimulates endometrial epithelial cells in an autocrine mechanism. Knock down of CSF-1 in 

endometrial epithelial cells results in decreased proliferation and transmethothelial invasion of endometrial 

epithelial cells [244]. Levels of colony-stimulating factor (CSF)-1 synthesized by the uterine epithelium 

increase at the time of implantation and continues to elevate dramatically throughout the process of 

placentation. This CSF-1 is the major regulator of the mononuclear phagocytic lineage and controls the 

proliferation, migration, viability, and function of DCs and macrophages and affects decidual cells and 

trophoblasts  [245]. A role for CSF-1 in implantation is indicated by studies in osteopetrotic mice, which lack 

functional CSF-1. Homozygous females with a mutated CSF-1 gene (op/op) were consistently infertile when 
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mated with males with the same genotype [247]. Moreover, it has been indicated that CSF-1 increases the 

rate of preimplantation mouse embryo development and the number of trophoectodermal cells in the 

blastocyst [248]. In humans, there is an increased local production of CSF-1 in tissues found at the maternal-

fetal interface during the time of implantation and early pregnancy. As CSF-1R is expressed in these tissues, 

CSF-1 might have an important role in decidual function and placental growth [249]. Low CSF-1 serum 

levels have been correlated with unexplained recurrent spontaneous abortion in both the preconceptional and 

conceptional phases. Moreover, decidual T cells clones from women suffering from unexplained recurrent 

abortion display decreased production of CSF-1[250] . So, the fact that CSF-1 is found to be decreased in 

eutopic endometrium of women with endometriosis compared to ectopic endometrium could possibly 

indicate the important role of CSF-1 in altered eutopic endometrium and fertility defects of women with 

endometriosis. 

10.8. CRH, UCN and CSF-1 upregulate galectin-1, CSF-1 and FasL expression in Ishikawa 

cell line and macrophages. The CRH upregulative effect is mediated through CRHR1. 

Taking everything into consideration, it was quite important to examine how CRH, UCN and CSF-1 

regulate galectin-1, CSF-1 and FasL expression in an endometrial adenocarcinoma cell line, mimicking 

eutopic endometrium, as to further elucidate in the role of these molecules in eutopic endometrium and 

infertility problems of women with endometriosis and in an important modulatory factor of inflammation 

such as macrophages, as endometriosis is a benign inflammatory disease. 

10.9. Galectin-1 and CSF-1 upregulation by CRH, UCN, CSF-1  

Galectin-1 can act as pro- or anti-inflammatory cytokine and participates in cell growth, cell-cycle 

arrest and promotes apoptosis of activated T cells [205]. Moreover, galectin-1 is expressed by cancer cells 

and promotes tumour progression by inducing T cell apoptosis [208,214]. Galectin-1 is expressed by 

Ishikawa cell line as well [213]. Moreover, Galectin-1 has been found in the female reproductive system, in 

immune privileged sites such as the placenta and endometrium [204]. It is expressed in the endometrium at 

the late secretory phase as shown by this current study as well and is found, in this current study, to be 

overexpressed in ectopic endometrium as well. Taking everything into consideration, the finding that CRH, 

UCN and CSF-1 upregulate galectin-1 expression in Ishikawa cell line is of high importance concerning its 

regulation in endometrium, as Ishikawa cell line, is an in vitro model for endometrium endocrinology. So, 

galectin-1 is upregulated by neuropeptides that are expressed in eutopic and ectopic endometrium as well and 

by a very important inflammatory factor such as CSF-1. CSF-1 is found to be upregulated in Ishikawa cell 

line as well, under stimulation of CRH, UCN and exogenously added CSF-1. CSF-1 is a hematopoetic 

growth factor regulating macrophage growth, differentiation and survival. Moreover, CSF-1 overexpression 

has been noticed in ovarian, cervical and endometrial carcinomas. It is a very important factor in 
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inflammatory processes as it is secreted by macrophages and plays a vital role in placental growth and 

differentiation and in implantation [238,245]. Moreover, as inflammatory molecules, CRH, CRHR1 [126] 

and UCN are both expressed in cancer cell line, such as the endometrial adenocarcinoma cell line. In this 

study the expression of CRH, UCN, CRHR1 and CRHR2 were further confirmed at an mRNA and protein 

level in Ishikawa cell lline. Moreover, galectin-1 showed to be overexpressed in endometriotic tissue and 

CSF-1 as well.  Both galectin-1 and CSF-1 by playing important role in cancer and eutopic endometrium, are 

expressed by Ishikawa cell line as well [271] and the last one stimulates Ishikawa cell line proliferation 

[269,270]. CRH, UCN and CSF-1 have been found to be less expressed in eutopic endometrium of 

endometriotic women compared to ectopic endometrium and galectin-1 as well, plus the fact that there is a 

co-localization effect of macrophages and galectin-1 in ectopic endometrium.So, it could probably 

hypothesised that there is an autocrine or paracrine regulative effect between these molecules in 

endometrium. According to this finding, less CRH, UCN and CSF-1 in endometrium could lead to less 

galectin-1 and CSF-1 expression, which could have severe implications in reproductive functions. All above 

could be a possible hypothesis as galectin-1 plays a major role in pregnancy maintenance and a recent study 

reported that galectin-1 knock out mice led to a higher rate of fetal loss [77] plus the fact that galectin-1 has 

been involved in several pathological conditions involving trophoblast such as early pregnancy loss, 

preeclampsia and trophoblastic malignant disease [231]. Moreover, CSF-1 stimulates endometrial epithelial 

cells in an autocrine mechanism. Knock down of CSF-1 in endometrial epithelial cells results in decreased 

proliferation and transmethothelial invasion of endometrial epithelial cells. Levels of colony-stimulating 

factor (CSF)-1 synthesized by the uterine epithelium increase at the time of implantation and continue to 

elevate dramatically throughout the process of placentation [244] and low CSF-1 serum levels have been 

correlated with unexplained recurrent spontaneous abortion in both the preconceptional and conceptional 

phases [250]. 

Moreover, galectin-1 is expressed by a variety of cells in central and peripheral immune sites 

including T cells, macrophages and activated B cells. Galectin-1 has been characterised as modulator of 

monocyte/macrophage functions. Moreover galectin-1 induces apoptosis of activated T cells [205,220] and 

participates in acute and innate inflammation processes, such as endometriosis, as it is shown by this study, 

that galectin-1 is overexpressed in endometriotic sites  and co-localizes with macrophages. So, the fact that 

galectin-1 and CSF-1 expression is upregulated in macrophages under stimulation of CRH, UCN and CSF-1 

could reveal new immunomodulatory roles of these cytokine in macrophages, accumulating in 

endometriosis. Moreover, CRH is secreted at inflammatory sites and exerts proinflammatory properties 

both in innate and acquired immune processes. Locally secreted CRH promotes local inflammation and acts 

as an autocrine or paracrine inflammatory cytokine which is also secreted by macrophages. UCN has been 

found to be increased in inflammatory situations and also to be expressed by spleen, thymus, macrophages 

and lymphocytes as well [21,152]. CSF-1 is a modulatory factor of growth, differentiation and survival of 

macrophages and it is secreted by macrophages as well [238] .CSF1R plays a vital role in the accumulation 
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of macrophages in tumor sites.  So the upregulative effect of CRH, UCN and CSF-1 in galectin-1 and CSF-1 

expression in macrophages could possibly indicate a new local immunomodulatory effect. Moreover, this 

upregulative effect could be explained as macrophages secrete cytokines and growth factors and concerning 

endometriosis, these macrophage products can promote stimulation of endometrial cell proliferation, 

implantation of endometrial cells or tissue, increased tissue remodeling through regulation of matrix 

metalloproteinase and increased angiogenesis of the ectopic endometrial tissue [56,61]. Increased number of 

macrophages in endometriotic sites equals increased number of cytokine production as well. So, it could be 

hypothesized that the more upregulation of galectin-1 and CSF-1 expression exists, the more activated T 

cells become apoptotic and the ectopic tissue persists. 

10.10. FasL is upregulated in Ishikawa cell line and macrophages under stimulation by CRH, 

UCN and CSF-1 

A very important apoptotic factor such as FasL has been shown to play vital role in decidualization 

and implantation and as FasL is implicated in inflammatory processes, Harada et al. (1996) found that Fas is 

expressed randomly in both eutopic and ectopic endometrial tissues [36]. Fas when bound to its receptor 

induces apoptosis and Fas/FasL interactions regulate immune responses and progression of cancer [174]. 

Ishikawa cell line is an endometrial adenocarcinoma cell line and an in vitro model concerning endometrium 

endocrinology as previously mentioned. So, as in this current study it is shown that CRH, UCN and CSF-1 

upregulate FasL expression and the upregulative effect of the former one is regulated by CRHR1, this could 

be a further hypothesis contributing to the fact that CRH regulates and stimulates FasL expression having an 

important role in crucial endometrial processes such as decidualization and implantation. As it has already 

been found by previous studies, Fas ligand plays an important role in leukocyte trafficking between the 

mother and the fetus. Fas and FasL are expressed in human endometrium throughout the menstrual cycle. 

CRH induces Fasl expression in both maternal deciduas and trophoblast cells through CRHR1 in order to 

potentiate the apoptosis of activated maternal T-lymphocytes and prevent the graft versus host reaction and 

rejection of the embryo [187]. The presence of CRH, both in the maternal (decidua) and fetal (trophoblast) 

sites suggests that locally produced CRH regulates FasL production, affecting the invasion process through a 

local auto/paracrine way in  cytotrophoblast cells, regulating their own apoptosis. Inadequate CRH- mediated 

induction of FasL in extravillous trophoblasts might be involved in the pathophysiology of infertility and 

recurrent fetal absorption or miscarriage [187].  Moreover, aberrant expression of CRH in pre-eclampsia may 

activate the FasL-positive decidual macrophages, impair the physiological turnover of EVT and eventually 

disturb placentation [188]. So, the finding of this current study that Fasl is upregulated by CRH, UCN and 

CSF-1 in Ishikawa cell line can further contribute to its important role and interaction with CRH in 

endometrial functions. 
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As previously mentioned, Fas is expressed randomly in both eutopic and ectopic endometrial tissues 

[36].Higher expression of FasL by endometriotic tissues contributes to their survival and the development of 

endometriosis. FasL is also expressed by macrophages as macrophage-conditioned media induced FasL 

expression by endometrial stromal cells in a dose-dependent manner [179]. The sources of the elevated 

levels of soluble FasL in the peritoneal cavity were endometriotic lesions and peritoneal fluid leukocytes. 

Endometrial glandular and stromal cells express FasL, at both the mRNA and protein levels. Peritoneal fluid 

leukocytes are another plausible source for high levels of soluble FasL in women with endometriosis, 

because human‐activated peripheral blood mononuclear cells were shown to express FasL messenger RNA 

[193]. So, in this study it was very important to evaluate how FasL expression is regulated in macrophages, 

as there is an increased amount of macrophages in endometriotic sites and an increased expression of Fasl. 

As a result, it is shown that CRH, UCN and CSF-1 upregulate FasL expression in macrophages, indicating 

that FasL has an important role in the persistence of the disease as T cell apoptosis is increased and higher 

levels of soluble FasL in the peritoneal fluid of women with endometriosis may contribute to increased 

apoptosis of Fas‐bearing immune cells in the peritoneal cavity, leading to their decreased scavenger activity 

[179].FasL produced by macrophages can play a vital role in the immune surveillance of the endometriotic 

tissue. Moreover, it is quite important that this upregulative effect of FasL expression in macrophages is 

regulated by CRH and UCN, strengthening further the regulatory role of these neuropeptides to FasL 

expression. Furthermore,   it is of quite notice that CSF-1, this macrophage stimulatory factor upregulates 

FasL expression as it is in accordance with other previous studies suggesting that macrophage‐conditioned 

media containing PDGF and TGF‐β, which are macrophage‐derived growth factors like CSF-1 and they 

are elevated in women with endometriosis like CSF-1, induced FasL expression by endometrial stromal 

cells, suggesting that peritoneal macrophages in endometriosis might stimulate a Fas‐mediated apoptosis of 

immune cells. Taking into account all these, it could be hypothesized a very important role of FasL and its 

regulation by these specific neuropeptides and this macrophage factor in endometriosis participating in the 

persistence and immunosurveillance of the disease. 

10.11. Role of CRHR1 in upregulative effect of CRH in galectin-1 expression, CSF-1 

expression and FasL expression in Ishikawa cell line and macrophages 

As it is shown in this current study, CRH upregulates galectin-1, CSF-1 and FasL expression in 

Ishikawa cell line and peripheral macrophages and this effect was reduced or omitted when antalarmin was 

added, indicating that this upregulative effect of CRH was mediated by CRHR1. So, taking everything above 

into consideration, it could be proposed that Antalarmin could be used for therapeutic interventions in order 

to regulate galectin-1, CSF-1 and FasL expression in endometrium and macrophages leading to a more 

balanced immune response concerning proper endometrial function and immunology of endometriosis.
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In conclusion, this current study shows for the first time that not only CRH and UCN but 

also CRHR1 and CRHR2 are expressed in endometriotic lesions and that CRH, UCN, CRHR1 and 

CRHR2 are significantly more abundant in endometriotic lesions than the corresponding eutopic 

endometrium of endometriotic women. It was also shown that these receptors are more highly 

expressed in eutopic endometrium of endometriotic women compared to healthy individuals. These 

findings point to a new inflammatory modulator pathway in which CRH, UCN, CRHR1 and 

CRHR2 are involved acting by an autocrine/paracrine pathway in eutopic and ectopic endometrium 

potentially affecting the pathogenesis of this benign disease and infertility profile of endometriotic 

women.  These results suggest that a new therapeutic intervention could potentially based on 

blockage of CRH, UCN and their receptors leading to the improvement of the quality of 

endometriotic women’s life. Furthermore, it is the first time that galectin-1 has been shown to be 

expressed in endometriotic tissue. Galectin-1 showed an abundant expression in ectopic 

endometrium rather than in eutopic endometrium of endometriotic women suggesting that this 

protein could play a vital role in the pathogenesis of the disease. CRH, UCN and CSF-1 have been 

found to upregulate galectin-1, CSF-1 and FasL expression in Ishikawa cell line and macrophages. 

As all the peptides causing these upregulative effects and the molecules that are regulated by them 

are implicated in inflammatory procedures such as endometriosis and in reproductive functions, 

these results could possibly set new light to the immune disequilibrium of endometriosis and the 

infertility profile of endometriotic women. Finally, based on these results, showing that the CRH 

upregulative effect in galectin-1, CSF-1 and FasL is mediated by CRHR1, the potential use of 

Antalarmin could be reinforced in accessing the immune disequilibrium noticed in eutopic and 

ectopic endometrium of women with endometriosis. 



Conclusions 
 

 

Future perspectives 
 

 Further mechanistic experiments and experiments on appropriate models needs to be 

done in order to clarify the role of CRH, UCN and their receptors’ in endometriosis 

and highlight a potential use of anti-CRHR1 and anti-CRHR2 treatment in 

endometriosis 

 

 Further mechanistic experiments would be appropriate as to further clarify the role of 

galectin-1, CSF-1 and FasL in endometriosis, eutopic and ectopic endometrium 

 

 The use of astressin as an inhibitor of CRHR2 could be used in order to examine if 

the upregulative effect of UCN in galectin-1, CSF-1 and FasL is mediated by 

CRHR2. 

 

 Further mechanistic and excessive experiments could be done concerning the 

important role of galectin-1, CSF-1 and FasL in more cancer cell lines and tumour 

macrophages.
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