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1.1. DEFINICIO, EPIDEMIOLOGIA I IMPORTANCIA DE L’ENDOMETRIOSI

L’endometriosi (E) és una malaltia ginecoldgica benigna cronica que es
defineix com la preséncia de teixit endometrial (glandules i estroma) fora de la
cavitat uterina, essent la localitzaci6 més habitual, tot i que no exclusiva, la
corresponent a les estructures del compartiment pelvia (ovaris, fons de sac de
Douglas, recte, recte-sigma, enva rectovaginal, lligaments uterosacres, vagina, bufeta
urinaria i peritoneu pelvia) (Giudice and Kao, 2004; Vercellini et al., 2014). Es tracta
d’'una patologia inflamatoria estrogen-dependent que afecta a dones en edat
reproductiva i s’associa essencialment a algies pelvianes, sagnat uteri anormal i/o
esterilitat (Burney and Giudice, 2012).

En termes generals, afecta a un 5-10% de la poblacié femenina en edat fertil i,
entre les dones amb algies pelvianes i/o esterilitat, la prevalenca s’estima en un 35-
50% (Giudice and Kao, 2004). Tot i aix0, I'estimacié exacta de la prevalenca i la
incidencia és molt dificultosa ja que en ocasions el retard del diagnostic des de I'inici
de la simptomatologia pot arribar a ser de fins a 10 anys. Aquest retard es pot
explicar per la inespecificitat i normalitzacié a nivell social dels simptomes referits
per les pacients i la dificultat en el diagnostic de certesa, perque encara que
actualment les proves d'imatge han esdevingut eines diagnostiques de precisio, fins
ara la cirurgia era considerada el gold standard (Giudice and Kao, 2004; Burney and
Giudice, 2012; Vercellini et al., 2014). Més enlla de les dificultats diagnostiques, hi ha
certa controversia entre la comunitat cientifica sobre la definicié exacta d’E, ja que la
presencia de teixit endometrial ectopic, és a dir, fora de la cavitat uterina, podria no
ser considerada sempre una situacié patologica segons alguns experts, sin6 que
podria tractar-se d'un fenomen histologic temporal. El consens general és que I'E,
com a malaltia, es consideraria en cas de preséncia de simptomes o progressi6 de la
lesié histologica que requereix un estudi i valoracié de la pacient (Vercellini et al.,
2014).

Els simptomes principals que caracteritzen la malaltia son les algies pelvianes
en forma de dismenorrea, dispareunia, algies pelvianes croniques, periovulatories o
intermenstruals, disquézia i disuria, i el sagnat uteri anormal, generalment en forma
d’hipermenorrea. Segons l'afectacié anatomica, les pacients poden presentar també
hematiria o rectorragies. Tot i que la localitzacié habitual del teixit endometrial

ectopic és al compartiment pelvia, I'E pot localitzar-se a altres estructures

25



J. Munrés. Nous mecanismes en la fisiopatologia de 'endometriosi profunda

anatomiques com la pleura, el pericardi, les cicatrius d’intervencions quirdrgiques
previes o, fins i tot, el cervell, amb els simptomes i signes propis de d’aquestes
localitzacions (pneumotorax catamenial, sagnat i/o algies a la zona de la cicatriu,...).
De tot aix0 es pot deduir que I'E representa una condici6 limitant per a la qualitat de
vida de les pacients que la pateixen (Giudice and Kao, 2004; Burney and Giudice,
2012; Vercellini et al., 2014).

Per altra banda les pacients amb E solen presentar un major fracas
reproductiu; de fet, la prevalenca de pacients amb E i esterilitat és de fins al 50%
(Giudice and Kao, 2004). A més, en relacié als resultats en cas de técniques de
reproduccié assistida, la presencia d’E sembla afectar negativament a la qualitat i el
nombre d’oodcits obtinguts i a les probabilitats de fertilitzacié i d’implantacié
embrionaria (Harb et al., 2013; Barbosa et al.,, 2014; Hamdan et al., 2015). De la
mateixa manera, s’han realitzat multiples revisions i metaanalisis sobre la relacié
entre I'E i els mals resultats obstétrics, amb conclusions discordants sobre el risc
d’avortaments espontanis, de preeclampsia, de retard de creixement intrauteri i el
nombre de recent nascuts vius. Tot i aixo, si que sembla haver-hi certa evidéncia
sobre la relacio6 entre la presencia d’E i les placentacions anomales (placenta préevia),
el risc de part prematur i el nombre de cesaries. A més, s’han descrit complicacions
obstetriques com perforacions intestinals, hemoperitonis espontanis i quists ovarics
complicats, tot i que aquestes s6n poc freqiients i d’aparicié imprevisible, perd que
cal tenir en compte al llarg del seguiment de 'embaras d’aquestes pacients per tal de
fer-ne un maneig terapeutic optim (Brosens et al., 2012; Falconer, 2013; Mekaru et
al,, 2014; Vigano et al., 2015; Leone Roberti Maggiori et al., 2016; Berlac et al., 2017;
Zullo et al., 2017).

En referéncia al tractament de la malaltia, fins fa pocs anys la cirurgia
(conservadora o radical) era el tractament d’elecci6 en cas de pacients
simptomatiques. Pero, malgrat que inicialment la cirurgia podria donar lloc a una
milloria en I'evolucié de les pacients, multiples estudis han descrit recurréncies
freqiients en cas de cirurgies conservadores, pel que la majoria de les pacients
requereixen més d’'una cirurgia al llarg de la seva vida fertil, amb les seqiieles que
aquestes poden ocasionar, com ara l'afectacié de la reserva ovarica, la preséncia
d’adherencies postquirurgiques i el risc de lesions del tracte intestinal o urinari (Guo,
2009; Vercellini et al., 2014). Pel que fa al tractament medic, s’ha descrit la utilitzacié

d’anticonceptius hormonals combinats, progestagens, agonistes de la GnRH i
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antiinflamatoris no esteroidals (Vercellini et al., 2014), tots ells amb una eficacia
limitada i efectes secundaris rellevants a tenir en compte en el seguiment a llarg
termini d’aquestes pacients (Giudice and Kao, 2004).

De tot aix0 es pot concloure que I'E representa una patologia amb important
afectacié de la qualitat de vida de pacients en edat jove i una carrega sociosanitaria
significativa, per la qual no es disposa d’eines diagnostiques ni terapeutiques
definitives per tal de poder oferir un maneig optim a les pacients afectades. De fet
s’estima que el cost sanitari d'una dona amb E pot arribar a ser un 63% més elevat
que el d'una dona de la mateixa edat sana (Vercellini et al., 2014). Perd més enlla dels
costos sanitaris, no s’han d’infraestimar les repercussions que aquesta patologia, en
ocasions desconeguda, suposa a nivell personal, social i professional per a les
pacients que la pateixen.

L’E es va descriure per primera vegada el 1860 (Vercellini et al., 2014) i, tot i
la seva elevada prevalenca i la important carrega sociosanitaria que representa,
I'etiologia i fisiopatologia segueixen essent, ara per ara, en part desconegudes. La
teoria de Sampson (Sampson, 1922; Sampson, 1927) és la més coneguda i proposa
que aquesta patologia té el seu origen en la menstruacié retrograda del teixit
endometrial a través de les trompes de Fal-lopi cap a la cavitat peritoneal. S’han
descrit, pero, altres teories, com la metaplasia celomica o la disseminacié de teixit
endometrial via hematogena o limfatica, entre d’altres. Pero més enlla d’aquestes
teories, en la fisiopatologia de I'E s’ha descrit la intervencié de diversos processos
biologics en la implantaci6 i el desenvolupament del teixit endometrial en
localitzacions ectdpiques, i que permetrien I'evasié d’aquestes cel-lules del sistema
immunitari, la invasié de l'epiteli peritoneal, la neuroangiogenesi i I'aparici6 de
neovascularitzaci6 a les localitzacions afectades aixi com el creixement i
supervivencia d’aquest teixit. Multiples investigacions realitzades al llarg d’aquesta
ultima decada han demostrat que en la fisiopatologia d’aquesta condicié ginecologica
hi intervenen mecanismes moleculars relacionats amb la dependéncia estrogenica, la
resistencia als progestagens i la resposta inflamatoria (Bulun, 2009; Burney and
Giudice, 2012; Reis et al., 2012; Vercellini et al., 2014).

Aquest fet és de gran rellevancia ja que la millor comprensié dels mecanismes
fisiopatologics que intervenen en I'aparicié i progressié de I'E ajudara a la comunitat
cientifica al desenvolupament de noves eines diagnostiques i terapeéutiques de major

eficacia per al maneig d’aquesta malaltia que, per la seva banda, pot arribar a ser, en
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ocasions, un factor condicionant molt important per a la qualitat de vida de les

pacients que la pateixen.

1.2. CLASSIFICACIO DE L’ENDOMETRIOSI

L’E és una patologia ginecologica que es defineix per la presencia de teixit
endometrial (glandules i estroma) fora de la cavitat uterina. En funci6 de la
localitzacié del teixit endometrial ectopic i el grau de penetracié de la superficie
peritoneal, s’han descrit tres formes cliniques d’aquesta patologia (Koninckx and
Martin, 1992; Nisolle and Donnez, 1997; Vercellini et al., 2004; Bulun, 2009; Tosti et
al,, 2015; Gordts et al., 2017):

- Endometriosi superficial peritoneal (ESP): es refereix als implants de

teixit endometrial ectopic que es localitzen a la superficie peritoneal.

- Endometriosi ovarica o endometrioma (EO): es refereix a la presencia de
quists ovarics revestits de teixit endometrial.

- Endometriosi profunda (EP): es refereix als implants de teixit endometrial
ectopic que penetren més de 5 mm sota la superficie peritoneal (Koninckx
and Martin, 1992; Gordts et al., 2017). Aquesta forma ha estat descrita com
la més agressiva de la malaltia, amb una major gravetat de I'afectacio clinica i

un maneig terapeutic més dificultés (Tosti et al., 2015).

De fet, avui en dia és font de controversia si les tres formes cliniques descrites
comparteixen la mateixa fisiopatologia o I'EP podria presentar mecanismes
patogeénics distintius que la diferenciarien de les altres dues formes i n’explicarien la
major gravetat clinica i dificultat terapeutica (Tosti et al., 2015; Donnez, 2017; Gordts

etal., 2017).

Una entitat ginecologica que cal mencionar també és 'adenomiosi, definida
com la invasi6é del miometri per glandules i/o estroma endometrial més enlla de 5
mm de la unié miometrial-endometrial (Gordts et al., 2018). L’adenomiosi és causa
de dismenorrea, algies pelvianes, esterilitat i sagnats uterins anormals. La seva

prevalenca, que s’estima entre el 5 i el 70%, és en part incerta ja que el gold standard
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per al diagnostic és 'estudi histopatologic, tot i que actualment amb la milloria de les
proves d’'imatge (ecografia ginecologica transvaginal (TV) i ressonancia magnetica
(RM)) s’ha incrementat la detecci6é d’aquesta patologia. Malgrat que la seva
fisiopatologia és avui en dia encara desconeguda, per la seva similitud a nivell
histologic i clinic amb I'E, hi ha certa discussi6 a la comunitat cientifica sobre si es
tracta d’'una entitat independent o seria una forma clinica més de I'E (Van den Bosch

etal., 2015; Gordts et al,, 2018).

1.3. EINES DIAGNOSTIQUES I ESTADIFICACIO DE L’ENDOMETRIOSI

1.3.1. Eines diagnostiques

Fins fa poc el gold standard per al diagnostic de I'E era I’estudi histologic de les
lesions, pel que era condicié indispensable la cirurgia, laparoscopica preferentment,
per a l'avaluacié de la pelvis i I'obtenci6 de teixit endometriosic per a la seva
valoracié anatomopatologica i confirmaci6 diagnostica. Tot i aixi, en els Ultims anys
s’ha demostrat que aquesta patologia pot ser diagnosticada sense haver de recoérrer a
la cirurgia ni a I’estudi histologic en cas de la presencia de simptomes i signes propis
de la malaltia i troballes altament suggestives d’E a les proves d’imatge, en especial
I'ecografia ginecologica TV ila RM de la pelvis. Tot i que algun tipus d’adheréncies, en
especial les laxes, i els implants d’ESP requereixen l'exploraci6 de la cavitat
abdominal per ser diagnosticats, els EO i els implants d’EP poden ser identificats
mitjancant proves d’'imatge amb una elevada precisi6 (Vercellini et al., 2014;
Guerriero et al., 2016; Bazot and Darai, 2017). De fet, s’ha descrit una sensibilitat i
especificitat del 79% i 94%, respectivament, per al diagnostic de I'EP en cas de
I'ecografia TV; i del 94% i 77%, respectivament, mitjancat la RM. I, segons alguns
autors, la combinacié de I'ecografia ginecologica TV i la RM presentarien una precisio
de fins al 95% en cas de la detecci6 d’EP a nivell de recte-sigma (Bazot and Darai,
2017). Es per aquest motiu que alguns autors consideren que avui en dia caldria
replantejar la laparoscopia i 'estudi histologic com a gold standard en el diagndstic

de I'E (Bazot and Darai, 2017). Tot i aixi, cal especificar que es requereix de cert grau
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d’experiéncia i entrenament per tal d’assolir aquests nivells de precisié diagnostica
(Dunselman et al., 2014; Guerriero et al., 2016).

L’Gs de les proves d'imatge no només serviria per al diagndstic de la malaltia
(en cas d’'una anamnesi i exploracié fisica altament suggestives) i 'exclusié d’altres
patologies causants de dolor pelvia, sin6 també per a la planificacié del maneig
multidisciplinar de la pacient amb E i la descripcié acurada de la localitzaci6 de les
lesions previament al tractament quirurgic, si la pacient finalment ho requeris
(Guerriero et al., 2016; Bazot and Darai, 2017). Per tant, tenint en compte l'elevada
capacitat de detecci6 d’EO i EP que presenten les proves d'imatge, avui en dia es pot
considerar '’ecografia TV com a eina diagnostica de primera linia en cas de sospita
d’E tant pel seu facil accés com pel seu cost, i la RM en segon lloc, ja que ofereix
avantatges diagnostics en comparacié amb I’ecografia TV en la valoraci6 global de la
pelvis i la vagina (Exacoustos, 2014).

També s’ha plantejat com a opcié previa a la cirurgia per al diagndstic de I'E,
I'inici de tractament hormonal empiric (Dunselman et al., 2014; Vercellini et al,,
2014). Com a tractament hormonal s’ha descrit I'is d’anticonceptius hormonals
combinats, els progestagens i antiprogestagens, els agonistes i antagonistes de
I’hormona alliberadora de gonadotropina o gonadotropin-releasing hormone (GnRH)
i els inhibidors de I'aromatasa (Dunselman et al., 2014). Generalment s’utilitzen els
anticonceptius hormonals o els agonistes de la GnRH (Dunselman et al., 2014,
Vercellini et al., 2014). Tot i aixi, la resposta favorable al tractament hormonal no
sempre implica la presencia d’E siné que Unicament és sinonim de dolor pelvia
hormonalment dependent, pero si que és cert que la manca de resposta al tractament
empiric reduira les possibilitats diagnostiques de I'E com a origen de la
simptomatologia (Vercellini et al.,, 2014). S’ha de tenir en compte, a més, que donada
la facilitat per a la prescripcié6 d’anticonceptius hormonals, especialment en la
poblacié adolescent i/o jove, cal tenir present que la dismenorrea primaria podria
ser indicativa d’E al llarg de la vida, pel que s’hauria considerar aquest fet pel que fa
al risc de retard en el diagnostic en aquest grup de pacients i advertir-los-en
(Dunselman et al., 2014). Per tant, la prescripci6 de tractament hormonal és
recomanable com a tractament empiric i eina diagnostica en casos dubtosos, previa a

la cirurgia laparoscopica.
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1.3.2. Estadificaci6 de '’endometriosi

L’estadificaci6 de I'E és font de controversia a conseqiiéncia de la gran
diversitat de manifestacions cliniques de la malaltia. De fet, fins al moment, les
diverses classificacions existents s’han focalitzat inicament en l'extensi6é quirurgica
de la malaltia i, més recentment, amb la intencié d’atribuir-los un valor pronostic.

L’estadificaci6 més coneguda és l'anomenada revised American Society for
Reproductive Medicine (rASRM) classification (ASRM, 1997). Tot i aixi, altres sistemes
d’estadificaci6 han sorgit en les ultims anys, com sén la classificacié Enzian per a 'EP
(Tuttlies et al., 2005; Haas et al., 2013), I'Endometriosis Fertility Index (EFI)
(Adamson and Pasta, 2010) i la classificaci6 de I’American Association of
Gynecological Laparoscopists (AAGL) (Johnson et al., 2017; http://www.aagl.org/wp-
content/uploads/2013/03 /NewsScope_Oct-Dec_2012.pdf, encara no publicada a
data d’avui). Tot i aixi, els sistemes d’estadificaci6é actuals s6n font de critiques per
part dels clinics i les dones que pateixen la malaltia, ja que presenten una correlacio6
molt pobra amb la simptomatologia i també manquen de fiabilitat per a la presa de
decisions sobre el maneig d’aquestes pacients (Johnson et al, 2017). Per tant,
I'objectiu de I'estadificaci6 de I'E seria oferir al clinic una eina per al maneig dels
simptomes relacionats amb la malaltia i amb valor pronostic sobre la resposta als
tractaments i I'aparicié de recurrencies (Johnson et al,, 2017).

Segons el consens en l'estadificacié de I'E de la World Endometriosis Society
(Johnson et al, 2017), es recomana, fins a l'aparici6 de millors sistemes de
classificaci6, i amb la finalitat de maximitzar la informacié a les pacients
posteriorment a la cirurgia, I's de 'estadificacié quirtrgica segons la rASRM en totes
les dones sotmeses a tractament quirurgic i, en cas de la presencia d’EP, s’hauria de
completar addicionalment la classificacié Enzian. Per les que presentin desig genesic
futur caldria utilitzar, a més, la classificacié EFI ja que té com a objectiu predir els

resultats reproductius en pacients amb E.
En el nostre cas, ens centrarem en la classificaci6 rASRM i I'Enzian per a

'estadificaci6 de I'E, que sén les que s’han utilitzat per a la descripcié i classificaci6

de les pacients incloses en els articles que formen part de la present tesi doctoral.
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La classificacio rASRM (Figura 1a) estadifica 'E en 4 categories segons la
puntuacié obtinguda en funcié de la preséncia i mida dels implants d’E a nivell
peritoneal, la preséncia i mida d’EO, la presencia d’obliteracié parcial o completa del
fons de sac de Douglas i la presencia d’adheréncies laxes o fermes a nivell d’ovaris
i/o trompes. Les categories obtingudes segons la puntuacié s6n: minima (estadi I),
lleu (estadi II), moderada (estadi III) o greu (estadi IV). Tot i que és el sistema
d’estadificaci6 més utilitzat, convé destacar que aquesta classificacioé no té en compte
lesions d’EP de rellevancia clinica ni I'afectacié a nivell retroperitoneal, i no presenta
correlacié amb la freqiiéncia i gravetat de la simptomatologia ni amb els resultats
reproductius de les pacients.

La classificacié Enzian (Figura 1b) divideix les estructures afectades per EP a
nivell retroperitoneal en els seglients compartiments:

- Compartiment A: enva rectovaginal i vagina
- Compartiment B: lligaments uterosacres fins a paret pelviana
- Compartiment C: recte i sigma

De la mateixa manera, la gravetat de les lesions es classifica en 3 graus en

funcié de la profunditat d’invasié dels teixits:
- Grau 1: invasi6 <1 cm
- Grau 2: invasi6 1-3 cm
- Grau 3: invasi6 >3 cm

Les lesions localitzades fora de la pelvis menor i altres organs es classifiquen
segons I'’Enzian amb el prefix “F” de foreign o far (“llunya” en angles) ja que es
refereix a localitzacions allunyades de les estructures retroperitoneals: FA =
adenomiosi, FB = afectaci6 de la bufeta, FU = afectacié ureteral, FI = afectaci6
intestinal (a nivell cranial de la uni6 rectosigmoidal), FO = altres (other en angles)
localitzacions.

S'utilitza una nomenclatura similar a l'estadificaci6 TNM per als processos
oncologics i només es té en compte I'implant d’E de major mida a cada compartiment
afectat (en cas que hi hagi més d’'una lesi6 a un mateix compartiment). Aquesta
classificacié ofereix una millor precisié en la descripcio de la localitzaci6 i extensioé de
I'EP que afecta estructures de localitzacié retroperitoneal comparat amb la rASRM.
Tot i aix0, la seva aplicacié clinica és més complicada que la rASRM, pel que no s’ha
estés a nivell internacional. A més, presenta una major dificultat de comprensié per

part de les pacients i no hi ha dades de la seva correlaci6 amb la simptomatologia.
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Figura 1a. Sistema de classificacié de 'endometriosi segons la rASRM (ASRM, 1997;
Johnson et al., 2017)

REVISED AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE CLASSIFICATION OF
ENDOMETRIOSIS 1985

Patient’s Name Date:
Stage | (Minimal} 1-5 Laparoscopy Laparotomy Photography
Stage Il (Mild) 6-15 Recommended Treatment
Stage Il (Moderate) 16-40
Stage IV (Severe) >40
Total Prognosis
g ENDOMETRIOSIS <lcm 1-3cm >3cm
13
£ Superficial 1 2 4
B Deep 2 4 6
R Superficial 1 2 4
e Deep 4 16 20
I3 L Superficial 1 2 4
Deep 4 16 20
POSTERIOR CULDESAC Partial Complete
OBLITERATION 4 40
ADHESIONS < 1/3 Enclosure 1/3-2/3 Enclosure > 2/3 Enclosure
> R Filmy 1 2 4
g Dense 4 8 16
L Filmy 1 2 4
Dense 4 8 16
R Filmy 1 2 4
2 Dense 4 8 16
= L Filmy 1 2 4
Dense 4* 8* 16
*If the fimbriated end of the fallopian tube is completely enclosed, change the point assignment to 16.
Additional Endometriosis: Associated Pathology:
To Be Used with Normal To Be Used with Abnormal
Tubes and Ovaries Tubes and/or Ovaries
L R L R
\/—\/ w
\ 7 ~

7\ 77N
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Figura 1b. Sistema Enzian de classificacié de I'endometriosi profunda (Tuttlies et al.,

2005; Haas et al.,, 2013; Johnson et al., 2017)

Classification of Deep Infiltrating Endometriosis (according to the Endometriosis Research Foundation, SEF)
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1.4. TRACTAMENT MEDIC I QUIRURGIC DE L’ENDOMETRIOSI

El tractament de I'E en pacients simptomatiques té com a objectius la reducci6
del dolor, la milloria de la fertilitat, en cas necessari, i la disminuci6 de les
recurrencies (Donnez et al, 2004; Vercellini et al., 2014). L’eleccié entre el
tractament medic o el quirirgic dependra de diversos factors, com ara la localitzaci6
i mida dels implants, el compromis d’estructures a nivell intestinal i ureteral, la mida
dels EO i les seves caracteristiques a les proves d’'imatge i també el desig genésic de
les pacients (Dunselman et al., 2014; Vercellini et al., 2014). Donat que la cirurgia
conservadora de la fertilitat sovint presenta una reduccié Unicament parcial de la
simptomatologia i les recurrencies no so6n menyspreables, avui en dia el tractament
medic cal considerar-lo com una alternativa o un complement al tractament
quirurgic. Pel que fa a les pacients asimptomatiques amb troballa incidental d’E tant
a les proves d’imatge com en el context d’'una cirurgia, no s’han realitzat estudis
sobre el benefici del tractament quirargic de I'E i, tot i que la seva evoluci6 natural és
incerta, s’estima que les probabilitats d’esdevenir simptomatica sén minimes (Moen
and Stokstad, 2002), pel que actualment no es considera com a primera opci6 la

quirurgica tenint en compte els riscos que aquesta comporta.

1.4.1. Tractament medic de I'’endometriosi

El tractament medic de I'E té com a objectius la inhibici6 de l'ovulacié, la
supressié de la menstruacié i I'assoliment d’'un ambient hormonal estable. Amb
I'administracié dels farmacs hormonals d'is en I'E, a més, s’assoleix un ambient
hipoestrogenic (en cas dels agonistes de la GnRH), hiperandrogenic (danazol,
gestrinona) o hiperprogestogenic  (anticonceptius hormonals combinats,
progestagens) amb el que s’aconsegueix, alhora, la supressi6 de la proliferaci6
cel-lular endometrial. Aquests efectes, perd, sén transitoris i no tenen efecte
citoreductor, pel que les lesions d’E reiniciaran la seva activitat metabolica i
proliferativa en suspendre el tractament médic, amb el risc de progressié de la
malaltia i reaparicié de la simptomatologia. Per aquest motiu, el tractament medic en
el cas de pacients amb E s’ha de plantejar a llarg termini, com ho requereixen altres

patologies croniques (Vercellini et al., 2014). Pel que fa a la diversitat de tractaments
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hormonals que hi ha actualment, I'evidencia cientifica ha demostrat que, si s’assoleix
un estat amenorreic, no hi ha diferencies massa significatives entre els diversos
farmacs en termes de milloria del dolor, tot i que si que n’hi ha en termes de
tolerancia, efectes adversos i costs economics. Per tant, cal tenir en compte que, per
tal de millorar 'adherencia de les pacients al tractament hormonal indicat, que es
preveu que sera a llarg termini, s’utilitzaran farmacs amb el millor perfil de
seguretat, tolerancia i cost economic i sempre amb les minimes dosis eficaces
(Vercellini et al,, 2011).

Entre els farmacs que s’han descrit per al tractament de I'E hi ha els
anticonceptius hormonals combinats, progestagens, agonistes i antagonistes de la
GnRH, antagonistes de la progesterona, inhibidors de l'aromatasa, agents
antiangiogenics, antioxidants, inhibidors de la ciclooxigenasa (COX)-2,
immunomoduladors, inhibidors de cinases i metal-loproteinases de la matriu
extracel-lular o matrix metalloproteinases (MMP), moduladors selectius dels
receptors d’estrogens i progestagens, i estatines, entre d’altres. De tots ells, els que
avui en dia s6n d’us clinic per al tractament de I'E sén els anticonceptius hormonals
combinats, els progestagens, els anti-progestagens, els agonistes i antagonistes de la
GnRH i els inhibidors de 'aromatasa (Dunselman et al., 2014). D’aquests, els que han
demostrat un major benefici per a la majoria de pacients simptomatiques son els dos
primers, a més de ser accessibles, generalment ben tolerats i amb un cost
relativament baix. Aproximadament en dos tergos de les pacients tractades amb
anticonceptius hormonals combinats o progestagens s’assoliran els objectius que
s’esperen amb el tractament medic de I'E: la milloria del dolor a llarg termini i la
prevencié de la progressié de la malaltia (Vercellini et al., 2011). Malgrat tot, algunes
pacients no presentaran milloria pel que fa al dolor, interrompran el tractament per
intolerancia o requeriran ser sotmeses a tractament quirdrgic. La resta de farmacs
esmentats han estat objecte de diversos assajos clinics i, malauradament, cap d’ells
ha pogut demostrar una evidencia ferma pel que fa a la seguretat i I'eficacia. Per
aquest motiu, actualment, I'objectiu del tractament medic de I'E es limita a la
supressié de l'activitat endometrial mitjancant la manipulacié hormonal, ja que cap
farmac ha demostrat, ara per ara, un efecte citoreductor del teixit endometriosic. Per
tant, podem afirmar que, avui en dia, I'’eliminacié del teixit ectopic endometrial no és
possible farmacologicament, pel que no hi ha cap farmac que ens permeti el

tractament definitiu de I'E. I és per aquest motiu que cal una millor comprensié dels
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mecanismes fisiopatologics de I'E per tal de poder desenvolupar, en un futur, farmacs
que finalment siguin capacos d’erradicar la malaltia de forma definitiva i que

presentin un bon perfil de seguretat i tolerancia per a les pacients.

1.4.2. Tractament quirargic de 'endometriosi

El tractament quirdrgic de I'E dependra entre d’altres, de la simptomatologia
que refereixi la pacient, la resposta al tractament hormonal si és que s’ha iniciat, el
compromis d’estructures com les vies urinaries o el tracte gastrointestinal, la
presencia d’EO, la seva mida i caracteristiques, 'edat i el desig genesic de la pacient.

La cirurgia laparoscopica és considerada d’elecci6 en I'E ja que, tot i que tant
la laparotomia com la laparoscopia semblen igual d’efectives en el tractament del
dolor associat a la malaltia, la via laparoscopica s’associa a una reducci6 del dolor
postoperatori, menor temps d’ingrés hospitalari i millor recuperacié i resultats
estetics (Dunselman et al,, 2014). Tot i aixi, cal tenir en compte la presencia, cada cop
més estesa, de la cirurgia robotica, la qual cal considerar-la com una alternativa a la
cirurgia laparoscopica.

La cirurgia de I'E pot ser radical o conservadora de la fertilitat. Aixd dependra,
basicament, del desig genésic de la pacient. En el primer cas, si la pacient no presenta
desig genesic o ja 'ha complert, la cirurgia radical o definitiva incloura la resecci6
dels implants d’E, la histerectomia i la salpingectomia bilateral. Aquesta opci6 ha
demostrat ser efectiva en termes de reducci6 de la dismenorrea i pot millorar
significativament la dispareunia profunda. Tot i aixi, la preservacié dels ovaris pot
predisposar a la persisténcia d’algies pelvianes degut a la produccié hormonal. Es per
aquest motiu que en ocasions, s’ha considerat fins i tot la doble annexectomia en
pacients que no han presentat resposta a tractaments més conservadors, tant medics
com quirurgics conservadors de la fertilitat. En aquests casos caldra plantejar
I'administracié, després de la cirurgia, de terapia hormonal substitutiva amb
estrogens i progestagens per tal d’evitar una possible hiperplasia en els focus
ectopics residuals (Dunselman et al., 2014; Vercellini et al., 2014).

Sil'opcié que es considera és la cirurgia conservadora de la fertilitat, I'objectiu
sera 'exeresi de tots els focus d’E visibles, tant els d’ESP com els d’EP, especialment

els localitzats en regions anatomiques compromeses (vies urinaries i tracte
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intestinal) i la restauracié de la seva funcionalitat, el tractament dels EO i de les
adheréncies presents. Molt sovint, la indicacié d’aquest tipus de tractament quirtrgic
és l'alleujament temporal del dolor i la resecci6é de focus d’EP en arees anatomiques
compromeses en dones amb desig genesic (Vercellini et al., 2014).

La cirurgia de I'E, sigui radical o conservadora, no esta exempta de potencials
complicacions, com la generacié d’adherencies postquirirgiques i les propies del
procediment quirdrgic, que dependran del tipus de lesi6 extirpada i de la seva
localitzacié anatomica. El tractament quirurgic dels implants d’EP és el que presenta
un major percentatge de complicacions, especialment en casos d’afectaci6 intestinal
(Dunselman et al., 2014; Vercellini et al., 2014). De fet s’ha descrit un 2.1% de
complicacions intraquirdrgiques i un 14.1% de complicacions postquirdrgiques
(essent, d’aquestes, un 9.5% complicacions menors i un 4.6%, majors) (Dunselman et
al, 2014). Pel que fa a les recurréncies en el cas de la cirurgia conservadora, s’ha
descrit que fins a un 40-45% de pacients presentaran una recurrencia als 5 anys de
la cirurgia primaria i requeriran cirurgies subsegiients. Segons alguns autors, més
d’'un 25% de les pacients seran sotmeses a 3 o més cirurgies al llarg de la seva vida
(Guo, 2009). Aquest és un fet de rellevant importancia ja que aquestes pacients
presentaran un increment de la morbiditat i un empitjorament de la seva qualitat de
vida, amb els subsegiients costos afegits i, en cas de requerir tractament quirargic de
I’'EO, un risc d’afectaci6 de la seva reserva ovarica.

De fet, el tractament de 'EO ha esdevingut un tema de gran controversia en
els ultims anys. Malgrat que el tractament quirtrigc dels EO ha demostrat una
milloria en les algies pelvianes referides per les pacients i molts estudis indiquen un
increment de les gestacions espontanies, la cirurgia dels EO presenta una gran
problematica pel risc d’afectacié de la reserva ovarica i de recurrencia. Fins a data
d’avui s’han descrit diverses tecniques quirurgiques ablatives a considerar com a
alternativa a la quistectomia ovarica mitjancant stripping per tal de reduir el dany al
cortex ovaric sa adjacent a 'EO a tractar i, per tant, minimitzar 'afectaci6 de la
reserva ovarica de la pacient. El dany quirurgic al teixit ovaric sa s’atribueix, no
només al procediment quirdrgic per se, siné que s’especula que podria estar també
relacionat amb altres mecanismes implicats en la cirurgia com el compromis
vascular subsegiient i I’estat inflamatori postquirdargic (Sugita et al., 2013). Per tal de
minimitzar el dany al teixit ovaric sa i reduir I’estat inflamatori postquirurgic, s’ha

descrit, com a alternativa a la quistectomia, el drenatge i posterior ablacié de la paret
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quistica mitjangant la coagulacié amb energia bipolar, la vaporitzacié amb laser CO>
o, fins i tot, amb plasma. Aquestes dues ultimes técniques ofereixen I'avantatge que el
dany termic al cortex ovaric sa subjacent és minim en comparacié amb I'is de
I'energia bipolar (Jadoul et al., 2012). Alternativament, s’ha descrit la possibilitat de
tractar 'EO en dos temps (en cas de mides superiors a 5-6 cm) mitjangcant un
drenatge inicial del contingut, el tractament posterior de la pacient mitjancant
agonistes de la GnRH durant 12 setmanes i posteriorment una segona laparoscopia
per tal de vaporitzar la paret interior del quist (Donnez et al., 2010; Tsolakidis et al.,
2010). Donnez et al. (2010) també van descriure la possibilitat de tractar els EO
mitjancant la combinaci6 de les dues técniques (quistectomia mitjan¢ant stripping i
ablaci6é mitjancant vaporitzacié amb laser CO2 de la zona propera a I'hili) sense tenir
cap efecte deleteri sobre 'ovari (Donnez et al.,, 2010). S’han dut a terme multiples
estudis comparant les tecniques excisionals i ablatives i els seus resultats en relaci6 a
I'afectaci6 de la reserva ovarica, ja que és un tema de cabdal importancia en les
pacients afectes d’E que, per definicié, presenten una prevalenca d’esterilitat més
elevada que la poblacié general. Els resultats d’aquests estudis indiquen que la
quistectomia ovarica presenta una major reduccié del volum ovaric i una major
afectacié dels marcadors de reserva ovarica (reducci6 del recompte de fol-licles
antrals i del valor d’hormona anti-miilleriana i augment dels valors de fol-litropina)
en comparaci6 amb les tecniques ablatives, essent aquests resultats pitjors en cas de
dones de major edat i de presencia d’EO bilaterals (Tsolakidis et al., 2010; Roman et
al, 2011; Alborzi et al., 2014; Candiani et al., 2018). Tot i aixi, cal dir que no hi ha
estudis a llarg termini amb dades concloents sobre el nombre de gestacions i de
nascuts vius en aquestes pacients intervingudes (Shah et al., 2014).

Malgrat que les tecniques ablatives semblen oferir un cert avantatge respecte
I'stripping pel que fa a la preservaci6 de la reserva ovarica, presenten un possible
increment de les recidives dels EO (Hart et al., 2008). No obstant, en un estudi
aleatoritzat de Carmona et al. (2011) comparant I'stripping i la vaporitzaci6 amb
laser CO2 en el tractament dels EO amb un seguiment a 5 anys, tot i que inicialment el
grup sotmes a vaporitzaci6 amb laser CO; va presentar un major nombre de
recidives i de forma més preco¢ que les pacients sotmeses a exeresi mitjancant
stripping, als 5 anys no es van detectar diferencies estadisticament significatives
(Carmona et al,, 2011). De la mateixa manera, en un estudi recent (Muzii et al., 2016)

en que es comparava la cirurgia mitjancant stripping i el tractament combinat
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excisional i ablatiu (Donnez et al, 2010), no es van objectivar diferéncies
estadisticament significatives en les taxes de recurrencia.

Pel que fa a la reduccié de les algies pelvianes, el tractament quirdrgic dels EO
ha demostrat una milloria en les algies pelvianes comparat amb el tractament
expectant (Hart et al, 2008). Tot i aixi, sembla ser, segons els resultats d’alguns
estudis, que les técniques excisionals i no les ablatives, presentarien millors resultats
en la reducci6 del dolor de les pacients intervingudes (Hart et al., 2008; Pundir et al,
2017).

En conclusi6, el tractament quirdrgic d’eleccié en les pacients amb E és la
cirurgia minimament invasiva i la técnica aplicada dependra de la simptomatologia
que refereixi la pacient, la seva edat i la presencia o no de desig genesic, la resposta
prévia al tractament medic, la localitzaci6 i extensié de les lesions, el compromis
d’estructures anatomiques i la preséncia d’EO, la seva mida i caracteristiques. En
aquest ultim cas, cal tenir en compte la técnica aplicada en termes de risc d’afectacio
de la reserva ovarica i taxes de recurréncia. Les tecniques ablatives, en comparacio
amb les excisionals han demostrat, en general, una menor afectacié del teixit ovaric
sa, fet que podria estar relacionat tant amb la tecnica quirdrgica en si com amb el

compromis vascular i I'estat inflamatori postquirurgic.

1.5. FISIOPATOLOGIA DE L’ENDOMETRIOSI

L’E es considera, avui en dia, una patologia ginecologica inflamatoria
estrogen-dependent que es caracteritza per la preséncia de teixit endometrial
(glandules i estroma) fora de la cavitat uterina, generalment a nivell del
compartiment pelvia (Giudice and Kao, 2004; Vercellini et al., 2014). Es tracta d’'una
entitat de la qual encara es desconeixen I'etiologia i la fisiopatologia exactes (Burney
and Giudice, 2012; Reis et al, 2013) i per aquest motiu s’han elaborat multiples
teories que explicarien l'aparici6 de teixit endometrial en localitzacions

extrauterines.
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1.5.1. Teories de I'origen de I'’endometriosi

La teoria més acceptada és la de la menstruacié retrograda, elaborada per
Sampson a la decada de 1920 (Sampson, 1922; Sampson, 1927). Aquesta proposa
que I'E tindria el seu origen en la menstruacié retrograda del teixit endometrial a
través de les trompes de Fal-lopi cap a la cavitat peritoneal. Posteriorment, per la
supervivencia d’aquest teixit a nivell intraperitoneal, sobretot a nivell pelvia, hi
intervindrien factors relacionats amb la invasi6 dels teixits, proliferaci6, angiogénesi
i evasié de la resposta immunitaria. Tot aix0 estaria afavorit per factors genetics,
epigenetics, ambientals, hormonals i immunologics. No obstant, també s’han descrit
altres teories sobre l'origen de I'E. Entre aquestes destaca la teoria de la metaplasia
celomica, en la que el teixit normal peritoneal es transformaria en teixit endometrial
ectopic per efecte de certs agents intrinsecs o extrinsecs com podrien ser factors
hormonals, immunologics o endocrinoldgics, com els anomenats disruptors
endocrins. Una altra teoria descrita és la de les restes embriologiques mullerianes, en
la que es descriu que celul-les residuals procedents de la migracié dels conductes
mullerians mantindrien la capacitat per esdevenir lesions endometriosiques en cas
d’estimuls estrogenics endogens o exogens. Finalment, més recentment també s’ha
descrit la possible diferenciacié de cel-lules progenitores de linia mesenquimal o
endotelial localitzades a la medul-la 0ssia en teixit endometriosic i la teoria de la
metastasi benigna en la que els implants endometrials ectopics serien conseqtiéncia
de la disseminaci6 hematogena o limfatica de les cel-lules endometrials (Burney and
Giudice, 2012).

Tot i aquestes teories que explicarien la localitzacié ectopica del teixit
endometrial en I'E, calen mecanismes addicionals per a la seva supervivencia i
proliferacié a nivell extrauteri. Per aquest motiu, en la fisiopatologia de I'E també hi
intervenen factors genetics, epigenetics, ambientals, hormonals, immunologics i
mecanismes relacionats amb la vasculogénesi, la neuroangiogenesi i la proliferacio6
cel-lular, que a continuacié s’exposen (Burney and Giudice, 2012; Vercellini et al.,

2014).

41



J. Munrés. Nous mecanismes en la fisiopatologia de 'endometriosi profunda

1.5.2. Mecanismes fisiopatologics de '’endometriosi

Les cel-lules endometrials de les pacients amb E, tant a nivell eutopic com
ectopic, presenten unes caracteristiques diferencials respecte a 'endometri de les
pacients sense E. Per una banda, s’ha observat una dependéncia als estrogens i una
resistencia a la progesterona a través d’'un augment de la produccié local d’estrogens
i de receptors estrogenics i d’'una reduccié dels receptors de progesterona aixi com
una alteracié en les vies de senyalitzaci6 de la progesterona, que té com a
conseqiiencia una transicié incompleta de '’endometri proliferatiu al secretor i, a la
vegada, un efecte antiapoptotic. Per altra banda, també s’ha descrit una
sobreexpressié del gen BCL-2 que té un rol antiapoptotic. Tot aixo facilitara, per tant,
la supervivencia i proliferaci6 del teixit endometrial extrauteri. A aquest fet també hi
contribuira un increment de la resposta inflamatoria local i una disfuncié dels
mecanismes immunologics que perpetuaran aquest microambient inflamatori. A
nivell histologic s’ha observat un increment de linfiltrat limfocitari al teixit
endometrial (Reis et al., 2013), i a nivell cel-lular i molecular s’ha descrit una major
resistencia a les cel-lules natural killer (NK) per part del teixit endometrial en dones
amb E, i una disfunci6 dels macrofags, que expressen nivells majors de COX-2 i
alliberen una major quantitat de prostaglandines, en comparaci6 amb les dones
sanes, a més d’'una elevada concentracié de proteases i citoquines proinflamatories
entre les que destaquen la interleuquina (IL) IL-6, la IL-8 i el factor de necrosi
tumoral-alfa o tumor necrosis factor-alpha (TNF-a). Aquestes alteracions del sistema
immunitari que predisposarien a I'E també s’han descrit en altres malalties
autoimmunitaries i d’origen atopic, fet que faria pensar que possiblement
comparteixen certs aspectes de la seva fisiopatologia. Finalment, els mecanismes pels
quals les cel-lules endometrials s’adhereixen i envaeixen les estructures
extrauterines serien similars a altres patologies inflamatories croniques i patologies
malignes; de fet, s’ha descrit una sobreexpressi6 de les MMP, del factor
transformador de creixement-beta o transforming growth factor-beta (TGF-B) i
també de factors involucrats en l'angiogenesi i la neurogénesi com el factor de
creixement vascular endotelial o vascular endothelial growth factor (VEGF). Totes
aquestes troballes s’han descrit tant a nivell del teixit endometrial ectdpic i eutopic
pero també a nivell del liquid peritoneal (Giudice and Kao, 2004; Bulun, 2009;
Burney and Giudice, 2012; Reis et al., 2013; Vercellini et al., 2014).
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Pel que fa als factors genetics i ambientals, s’ha descrit un augment de 6
vegades el risc de patir E en dones familiars de primer grau de pacients amb E severa
i aquest risc estaria relacionat amb alteracions genetiques relacionades amb la
supervivencia i la proliferacié cel-lulars. Com a factors epigeneétics s’ha detectat una
alteracié en la metilacié de 'acid desoxiribonucleic (ADN) de promotors de gens
critics per a la resposta normal de I'endometri als estrogens i la progesterona, de la
mateixa manera que també s’ha descrit una expressié diferencial de microRNA, fet
que estaria relacionat alhora amb l'expressié diferencial d’hormones esteroidals
(Burney and Giudice, 2012). A banda de tot aixo, també s’ha postulat un possible
paper de les dioxines com a disruptors endocrins en el desenvolupament de I'E
(Martinez-Zamora et al., 2015).

En conclusié, I'E és una patologia ginecologica, estrogen-dependent, amb una
fisiopatologia encara no completament coneguda, pero en la que hi intervindrien
factors genetics, epigenétics, ambientals, hormonals i immunologics i mecanismes
proinflamatoris que contribuirien a la supervivéncia i proliferacié del teixit
endometrial. S’han descrit alteracions histologiques, cel-lulars i moleculars similars a
altres condicions inflamatories croniques com malalties autoimmunitaries i
patologies malignes, pel que actualment, 'E també és considerada una malaltia

inflamatoria.

1.6. LENDOMETRIOSI COM A PATOLOGIA INFLAMATORIA

1.6.1. L’endometriosi com a patologia inflamatoria sistémica i '’endometriosi

profunda com a fenotip diferenciat

Un dels aspectes més rellevants en la fisiopatologia de I'E és que en els ultims
anys hi ha cada vegada més evidencia de la seva conceptualitzacié com a condici6
inflamatoria cronica (Reis et al., 2013). Aquest fet deriva de les troballes previament
descrites sobre la disfuncié del sistema immunologic i 'increment de la resposta
inflamatoria local que es tradueix en un increment de l'infiltrat limfocitari i del

complement, un increment en I'activacié anomala de macrofags que generen majors
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nivells de prostaglandines i COX-2 i un increment de factors antiapoptotics,
angiogenics i proteases aixi com citoquines proinflamatories entre les que destaquen
la IL-6, la IL-8 i el TNF-a. Aquestes troballes s’han descrit en el teixit endometrial tant
ectopic com eutopic i també en el liquid peritoneal de pacients amb E (Bulun 2009;
Reis et al., 2013; Vercellini et al.,, 2014). Perdo més enlla d’aquests fenomens locals,
cada vegada hi ha més evidencia que les pacients amb E presenten un ambient
inflamatori i una disfuncié immunitaria també a nivell sistémic, amb trets similars a
altres malalties inflamatories croniques (Agic et al., 2006; Gemmill et al., 2010;
Carmona et al.,, 2012; Kvaskoff et al.,, 2015; Monsanto et al., 2016; Alderman et al.,
2017).

En els udltims anys s’ha postulat que I'EP podria presentar mecanismes
fisiopatologics especifics que farien d’ella una entitat diferenciada dels altres fenotips
(EO i ESP). L’EP ha estat descrita com la forma més agressiva de la malaltia, amb una
major gravetat de I'afectacié clinica i un maneig terapeutic més dificultés (Tosti et al.,
2015; Donnez, 2017; Gordts et al, 2017). Tot i que, com I'E en general, la seva
fisiopatologia és en part desconeguda, la literatura descriu una disfuncié a nivell
hormonal i immunitari més severa que en la resta de fenotips. S’ha observat una
major alteracié hormonal, una major activitat de mecanismes antiapoptotics i de
factors proliferatius i una major expressié de factors relacionats amb la invasié dels
teixits, I'angiogenesi i la neurogenesi en el cas de 'EP en comparacié amb I’'EO i 'ESP.
Aquests mecanismes fisiopatologics diferenciats en comparaci6 amb I'EO i I'ESP
podrien explicar la seva major agressivitat i gravetat (Tosti et al., 2015), ja que

presentaria un ambient inflamatori superior a la resta de formes cliniques.

1.6.2. Larelacio entre inflamacio i hemostasia en I’endometriosi

En relacié a 'ambient inflamatori, diverses linies de recerca han demostrat
una estreta relacié entre inflamacié i hemostasia. Els mecanismes de la coagulacié i la
immunitat innata sén processos relacionats des del punt de vista evolutiu amb
'objectiu de col:laborar com a sistemes de defensa cabdals a I'organisme davant de
patogens o lesions externes (Keragala et al.,, 2018). Pero més enlla d’aquest fet, en
diverses condicions inflamatories, com ara les neoplasies, la sepsia o les malalties

inflamatories croniques, s’ha descrit una disfunci6 endotelial i un estat
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d’hipercoagulabilitat. En aquest context, inflamacié i coagulacié semblen interactuar
I'una amb I'altra de manera que la inflamaci6é activaria la cascada de la coagulacié i
els fenomens hemostatics modularien I'activitat inflamatoria (Wu Y. et al,, 2015; Date
etal., 2017).

L’endoteli, activat per la hipoxia o pels estimuls inflamatoris, expressa
molecules d’adhesié com la P-selectina i la E-selectina i el factor von Willebrand, que
faciliten la unié dels leucocits circulants a través del lligant de la P-selectina o P-
selectin glycoprotein ligand-1 (PSGL-1), aixi com també la unié de les plaquetes i de
les microparticules circulants o circulating cell-derived microparticles (cMP)
(Mackman, 2012). Un efecte clau dels mediadors de la inflamaci6 és la induccié de
I'expressié del factor tissular o tissue factor (TF) a la superficie dels leucocits.
Diferents citoquines proinflamatories, com la IL-6, la IL-8 i el TNF-a, poden
promoure un estat procoagulant a través de la inducci6 de l'expresi6 de TF,
augmentant d’aquesta manera la quantitat o pool de TF potencialment disponible per
participar en els processos de coagulacié (Saghazadeh et al., 2015). A més, els
leucocits exposats a citoquines proinflamatories sén més propensos a la
microvesiculaci6 i, per tant sén capacos de produir cMP que poden ser reclutades al
trombus en formaci6 a través de la interacci6 entre PSGL-1 i P-selectina (Date et al.,
2017). A part d’aquestes vies d’activaci6 de la coagulacid, recentment s’ha descrit que
mediadors de la inflamacié com els polifosfats i la bradiquinina, entre d’altres, poden
activar directament el sistema de contacte i iniciar la coagulaci6 per aquesta via (Wu
Y.etal, 2015).

Les plaquetes també tenen un paper fonamental en la relacié entre els
fenomens inflamatoris i hemostatics. A part de la seva funci6 en 'hemostasia i la
trombosi, desenvolupen un rol important en la iniciacié i modulaci6 de les respostes
inflamatories i immunitaries de I'organisme (Jenne et al., 2013; Franco et al.,, 2015;
Varon and Shai, 2015). Les plaquetes poden alliberar citoquines i altres mediadors
proinflamatoris, immunomoduladors i proangiogenics davant la presencia de
patdgens o noxes, pero també tenen la capacitat de generar cMP, en resposta al dany
cel-lular, I'activacio cel-lular i/o I'apoptosi. A més, hi ha evidéncies que les cMP poden
transferir el seu potencial procoagulant a altres tipus cel-lulars augmentant aixi
I'activacié endotelial (Morel et al., 2006). Les plaquetes activades expressen P-
selectina a la seva superficie (Guo et al., 2015) que, com ja s’ha esmentat, facilitara la

interacci6 amb els neutrofils, podent induir en aquests la generacié de trampes
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extracel-lulars de neutrofils o neutrophil extracellular traps (NETs), que consisteix en
I'expulsié a l'espai extracel-lular del contingut nuclear d’ADN i histones i també
d’enzims cel-lulars, entre ells proteases com la mieloperoxidasa (MPO). Els NETs
estarien implicats, en un context inflamatori, en la generacié d’'un major dany
tissular, el manteniment de la resposta immunitaria innata, el desenvolupament de la
resposta immunitaria adaptativa i la promocié d’'un estat protrombotic (Franco et al.,
2015; Jenne et al., 2013; Jenne and Kubes, 2015).

Per la seva banda, el TF, mitjangant la formacié d’'un complex amb el factor VII
activat (TF/FVIIa), desenvolupa un paper molt important en 'inici de 'activaci6 de la
cascada de la coagulacié pero també s’ha descrit la seva implicacié en fenomens
inflamatoris i angiogenics a través de vies de senyalitzaci6 intracel-lular no
hemostatiques (Coughlin, 2000; Mackman, 2009). Aixo deriva en la producci6é de
citoquines i factors de creixement que promouran la inflamacié i I'angiogénesi (Date

etal., 2017).

L’E, com a condici6 inflamatoria que és, també podria presentar alteracions en
I’hemostasia que derivarien en un estat d’hipercoagulabilitat. Hi ha algunes dades
que suggereixen aquestes alteracions. En alguns estudis s’ha observat un
escurcament del temps de trompoblastina parcial activada (Wu Q. et al,, 2015;
Vigano et al.,, 2018) i del temps de trombina aixi com un increment en els nivells de
fibrinogen en pacients amb E comparat amb controls. També s’ha detectat un
percentatge significativament major de plaquetes circulants activades en pacients
amb E i una disminuci6 significativa d’aquets valors un mes després de la cirugia de
I'E (Wu Q. et al,, 2015). A més, s’especula que les plaquetes participarien de manera
important en el desenvolupament de I'E, ja que s’han detectat agregats plaquetaris en
les implants endometriosics i un increment concomitant de la proliferaci6 cel-lular i
de factors proinflamatoris i neoangiogenics (Ding et al., 2015). Finalment, Guo et al.
(2015) també han descrit la implicaci6 de la P-selectina, marcador principal de
I'activacié plaquetaria, en I'E i que el sagnat ciclic que tindria lloc als implants
endometriosics podria agregar i activar plaquetes a aquestes localitzacions i, en
conseqiiencia, afavorir la produccié de cMP (Guo et al., 2015). En relacié al TF, s’ha
objectivat un increment de la seva expressié tant a I'endometri eutopic com ectopic

de pacients amb E comparat amb controls. Aquest fet podria ser un reflex de
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I'increment de citoquines inflamatories per part d’aquest endometri en les pacients
amb E (Krikun et al., 2008).

En referéncia a I'EP, s’han descrit caracteristiques patogeniques especifiques i
diferenciades a les dels altres fenotips d’E, com ara una disminucié de I'apoptosi, un
increment de l'activitat proliferativa relacionada amb l'estrés oxidatiu i una major
expressié de mecanismes invasius (Tosti et al, 2015). Aquestes caracteristiques
especifiques podrien derivar en un ambient inflamatori més marcat i una major

alteracié dels parametres d’hemostasia en I'organisme d’aquestes pacients.

En conclusi6, 'E és una malaltia inflamatoria sistemica, i I'EP podria
representar un fenotip diferenciat en comparacié amb I'EO i I'ESP pel fet de
presentar diversos mecanismes fisiopatologics especifics que implicarien un ambient
inflamatori superior i justificarien la seva major agressivitat i gravetat. En les
darreres decades s’ha evidenciat I'intima relacié entre els fenomens inflamatoris i
hemostatics i, per tant, I'estat d’hipercoagulabilitat de les patologies inflamatories. En
I'interes creixent pel coneixement dels mecanismes implicats en el desenvolupament
i progressi6 de I'E també s’ha estudiat aquesta relacié i sembla haver-hi evidéncia
cientifica ferma que I'E presentaria alteracions de '’hemostasia que podrien donar
lloc a un estat d’hipercoagulabilitat. Els mecanismes més novedosos que interactuen
en aquesta intima relaci6 entre coagulaci6 i inflamaci6, com les cMP, el TF i els NETs,

podrien estar, per tant, involucrats en la fisiopatologia de I'E.

La present tesi doctoral se centrara en I'estudi de les cMP, el TF i els NETs com
a possibles mecanismes implicats en la fisiopatologia de I'E i, en concret, de I'EP, i
I'avaluacié de les cMP com a marcadors de dany tissular secundari al tractament

quirurgic de I'endometriosi.

1.6.3. Les microparticules circulants i el factor tissular en '’endometriosi

Les cMP son vesicules inferiors a 1um de diametre que es generen a partir de
I'alliberacié de fragments de membranes plasmatiques de diversos tipus de cel-lules
en resposta al dany cel-lular, I'activacié cel-lular i/o I"apoptosi (Piccin et al., 2007;

Buzas et al., 2014). La major part d’elles deriven de plaquetes, cel-lules endotelials i
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leucocits (Lynch and Ludlam, 2007). Aquestes cMP podrien actuar com a missatgers
biologics amb un rol propi en la inflamaci6, el dany vascular, I'angiogénesi i la
trombosi, i també podrien ser possibles transportadors de material geneétic
(microRNA) que podria estar relacionat amb una modificaci6 del fenotip de les
cél-lules amb les que interactuarien (Buzas et al., 2014).

Les cMP es generen per una reorganitzacié del citoesquelet i una alteracié de
la bicapa lipidica secundaries a un increment del calci intracel-lular que té lloc quan
hi ha un dany cel-lular (ja sigui per apoptosi, accié de citoquines o endotoxines, per
hipoxia o per activacio6 cel-lular). Aquest fet dona lloc a I'expressio6 a la superficie de
les cMP de fosfatidilserina, un fosfolipid anionic que ofereix una superficie a la qual
es poden ancorar els factors de la coagulaci6 per la seva subsegiient activacié. A més,
algunes de les cMP generades a partir de cel-lules de diferents origens expressaran a
la seva superficie TF i PSGL-1, molecules que contribuiran a la seva uni6 a I'endoteli i
a les plaquetes activades i seran una font addicional de TF al lloc de la lesid, fet que
facilitara 'activaci6 de la cascada de la coagulacié, que finalment donara lloc a la
generacié de trombina i posterior fibrina (Leroyer et al., 2010; Buzas et al., 2014).

Les cMP, a més, s6n capaces de reclutar cel-lules inflamatories (limfocits,
cél-lules NK, macrofags i neutrofils) i estimular la producci6 de COX-2 per la
presencia d’acid araquidonic a la seva superficie. També contribueixen a 'activacio i
alliberaci6 de citoquines proinflamatories degut a les interaccions de les molecules
de la seva superficie amb els receptors dels leucocits i les cél-lules endotelials
(Meziani et al., 2008). Finalment, les cMP expressen proteases que podrien contribuir
al seu efecte proangiogénic (Leroyer et al., 2010).

Per tots aquests aspectes, actualment, les cMP no es consideren Unicament
marcadors de dany cel-lular, sin6 que s6n moduladors de funcions clau en
I’'hemostasia, la immunitat, la inflamaci6 i I'angiogenesi. De fet, en els ultims anys,
s’ha detectat una elevacié en el nimero de cMP en condicions on la disfuncié
vascular i la inflamacié s6n mecanismes fisiopatologics importants, com la malaltia
cardiovascular, la diabetis, alteracions trombotiques com la pdrpura trombotica
trombocitopenica, el tromboembolisme vends, el lupus eritematds sistémic i la
sindrome antifosfolipidica; condicions inflamatories com la sépsia, la malaltia de
Crohn, I'artritis reumatoide i 'esclerosi multiple; processos malignes i complicacions
de I'embaras com fracassos d’implantaci6, avortaments de repeticié i preeclampsia

(Lynch and Ludlam, 2007; Meziani et al., 2008; Martinez-Zamora et al., 2016a;
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Martinez-Zamora et al., 2016b). L'estudi de les cMP ha generat un gran interes, no
només per la seva implicacié en la patogenesi de multiples malalties, sin6 també pel
seu potencial com a biomarcador de patologies inflamatories i el seu possible rol com
a diana terapeutica (Barteneva et al., 2013; Buzas et al., 2014; Revenfeld et al., 2014).

En relacié a I'angiogénesi, estudis recents impliquen el TF com un factor clau, i
tant és aixi que s’ha demostrat que la seva deficiencia seria letal per als ratolins
knock out (TF (-)/(-)) (Bugge et al., 1996; Toomey et al., 1996). El TF circula, en la
seva major part, unit a cMP procedents de monocits i macrofags (microparticules
circulants portadores de factor tissular o circulating tissue factor-containing
microparticles, cMP-TF) o com una proteina soluble (factor tissular soluble o soluble
tissue factor, sTF). La funcié angiogénica del TF té lloc, principalment, mitjancant la
via de senyalitzaci6 del PAR (protease activated receptor) (Coughlin, 2000; Kikrun et
al, 2009). El complex TF/VIla s’'uneix a PAR-2 i activa I'angiogénesi de manera
directa per la induccié de l'alliberaci6 de VEGF en multiples tipus cel.lulars a través
de l'activacié de la via de la MAPK (mitogen-activated protein kinases) (Ruf et al.,
2011; Osuga et al., 2012). Addicionalment, el complex TF/VIla pot estimular de
manera indirecta I'angiogenesi a través de la generacié de trombina, ja que la unié
d’aquesta a PAR-1 també activa la via MAPK i augmentara, conseqiientment,
I'expresié de VEGF (Versteeg et al., 2006; Chandrasekharan et al., 2010; Furukawa et
al,, 2009).

El TF, per tant, no només té un paper rellevant en I'hemostasia participant en
la cascada de la coagulaci6 en cas de dany vascular i contribuint a la trombosi arterial
i/o venosa en cas de condicions patologiques, sind que també desenvolupa un paper
important en l'angiogénesi sobretot en patologies malignes i inflamatories
(Mackman, 2009). En el cas concret de I'E, estudis previs han demostrat que
I'endometri eutopic i ectopic presenten un augment de I'expressié del TF i PAR-2 a
les cel-lules glandulars i que els implants endometriosics presenten un increment de
I'expressié de TF a les cel-lules endotelials i macrofags (Kikrun et al., 2008; Kikrun,
2012; Lin et al,, 2012; Ding et al., 2015). A més, s’ha observat que, tot i que els nivells
plasmatics de cMP-TF sén baixos en condicions normals, poden incrementar-se en
condicions patologiques com neoplasies, estats infecciosos o d’hipercoagulabilitat

(Van Es etal., 2015).
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Tal i com ja s’ha esmentat previament, I'E és una malaltia inflamatoria en la
que recentment també s’ha observat un estat d’hipercoagulabilitat (Wu Q. et al,,
2015; Vigano et al.,, 2018) pel que, de forma similar a altres patologies inflamatories,
pot presentar un increment en el contingut plasmatic de les cMP, tant totals com les
que expressen TF (cMP-TF). En aquest sentit, no s’ha publicat cap estudi fins a la
present tesi sobre els nivells plasmatics de cMP, cMP-TF i sTF en pacients amb E per
valorar la seva possible implicaci6 en la fisiopatologia d’aquesta malaltia

ginecologica.

1.6.4. Els neutrophil extracellular traps (NETs) en I'’endometriosi

En la fisiopatologia de moltes malalties inflamatories croniques s’ha descrit
una activacié excessiva i prolongada de la immunitat innata, que presenta com a
conseqiiencia una activacié excessiva de la immunitat adaptativa. Aquesta activacio
redundant del sistema immunitari innat és el resultat d’'un estat inflamatori cronic a
I'organisme, i estara provocat per factors exogens i/o endogens. Un d’aquests factors
descrit recentment son els NETs, que representen un mecanisme nou en la fisiologia
dels neutrofils (Pinegin et al, 2015). Els neutrofils formen part del sistema
immunitari innat i actuen com a primera linia de defensa mitjancant la fagocitosi i la
posterior degradacié intracel-lular dels patogens. Perd al 2004 (Brinkmann et al,,
2004) es va observar per primera vegada que aquests granulocits també eren
capacos d’eliminar els patogens de forma extracel-lular mitjancant l'alliberaci6é de
fibres de cromatina, que van anomenar trampes extracel-lulars de neutrofils o
neutrophil extracellular traps (NETs).

La formaci6 de NETs és conseqiiencia d'una forma de mort cel-lular molt
especial i Unica que inclou la perdua inicial de totes les membranes intracel-lulars
seguida de la desintegraci6é de la membrana citoplasmatica, amb la posterior sortida
a I'exterior de tots els components intracel-lulars formant una estructura similar a
una xarxa formada per filaments de cromatina descondensada d’'uns 15-17 nm de
diametre, que contenen ADN i histones, i amb estructures globulars d’'uns 50 nm de
diametre que inclouen proteines contingudes en els granuls dels neutrofils, com

elastasa, MPO, lactoferrina, catepsines, MMP i altres proteases. Aquest procés de
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mort cel-lular amb la conseglient produccié de NETs, anomenat “NETosi” també s’ha
observat en eosinofils, mastdcits i macrofags (Pinegin et al., 2015).

Inicialment, es va descriure una funcié essencialment antimicrobiana dels
NETs, gracies a I'atrapament de bacteries, fongs i virus encapsulats, evitant d’aquesta
manera la seva disseminacié per I'organisme. Pero en els dltims anys, a part del seu
rol en la defensa primaria de 'organisme envers una infeccié microbiana, també s’ha
descrit la seva implicaci6 en altres funcions immunitaries que podrien estar
relacionades amb la fisiopatologia de diverses patologies autoimmunitaries i
inflamatories croniques. De fet, s’ha observat un increment en els nivells de NETs en
condicions inflamatories i/o estats d’hipercoagulabiliatat com la fibrosi quistica, el
lupus eritematds sistemic, I'artritis reumatoide, la malaltia pulmonar obstructiva
cronica, la vasculitis, la psoriasi, I'aterosclerosi, la preeclampsia, la trombosi i la
sepsia, entre d’altres (Gupta et al., 2007; Kessenbrock et al., 2009; Borissof and ten
Cate, 2011; Fuchs et al., 2012; Kaplan and Radic, 2012; Branzk and Papayannopouos,
2013; Pinegin et al,, 2015; Sgrensen and Borregaard, 2016). S’ha postulat que aquest
fet s’explicaria per I'acumulacié de neutrofils en arees amb dany tissular i en focus
inflamatoris, ja sigui d’origen infecciés o no infeccids, secundariament a la sintesi de
citoquines proinflamatories generades principalment per macrofags. Aquest ambient
proinflamatori induira I'activacié i mort cel-lular dels neutrofils en forma de NETosi i
la formaci6 subsegiient de NETs amb la presencia, per tant, de cromatina i multiples
tipus de proteases que es creu que serien responsables, per una part, d'un major
dany tissular, i per una altra, del manteniment i perpetuacié de la resposta
immunitaria innata i del desenvolupament de la resposta immunitaria adaptativa.
Per altra banda, els components extracellulars dels NETs tenen efectes
procoagulants i protrombotics. S’ha descrit la possible implicacié dels NETs en la
promoci6é de l'adhesi6, activacié i agregacié de plaquetes en les seves xarxes de
cromatina, que acabaria induint la formacié trombina i el dipdsit de fibrina (Pinegin
et al,, 2015; Rao et al. 2015). A més, els NETs poden reclutar cMP i cMP-TF, i aquest
fet podria ser un factor important per a la localitzacié i concentracié de TF addicional
prop del trombus en formacié (Martinod et al., 2014). Addicionalment, la superficie
polianionica dels NETs serveix com a activador de la via intrinseca de la coagulacié a
través del sistema de contacte (Massberg et al., 2010).

Tot aix0, per tant, acabara desenvolupant a un estat inflamatori i

protrombotic i un major dany tissular (Knight et al, 2012; Darrah and Andrade,
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2013; Pinegin et al, 2015; Rao et al, 2015), que és propi de les malalties
inflamatories croniques. Es per aquest motiu que, en els darrers anys, els NETs no
només s’han implicat en funcions antimicrobianes, sin6 que semblen desenvolupar
un paper important en el manteniment i progressié de condicions inflamatories

croniques i estats d’hipercoagulabilitat.

L’E és considerada avui en dia una malaltia inflamatoria cronica i, tot i que la
seva fisiopatologia és en part desconeguda, presenta similituds amb altres condicions
inflamatories i autoimmitaries, per la qual cosa, els NETs també hi podrien implicats.
Tan és aixi que, en un estudi realitzat per Berkes et al. (2014) es va observar un
increment dels nivells de NETs al liquid peritoneal de pacients amb E, comparat amb
pacients sense E. Per aquest motiu, els autors de 'estudi, el primer sobre la possible
implicaci6 dels NETs en aquesta patologia, especulaven que podrien presentar un rol
en la seva fisiopatologia. Tot i aixi, no hi ha cap estudi fins a I'inclos en la present tesi
que hagi avaluat els nivells de NETs directament en plasma per valorar l'estat

d’inflamacié a nivell sistéemic d’aquestes pacients.

1.7. RELLEVANCIA I JUSTIFICACIO DE L’ESTUDI

L’E és una malaltia inflamatoria que afecta a dones en edat reproductiva, la
fisiopatologia de la qual és encara en part desconeguda. Hi ha certa evidencia que I'E
podria presentar, a més, un estat d’hipercoagulabilitat. Multiples estudis han
determinat la implicacié de factors proinflamatoris, neoangiogenics i procoagulants
en la seva persisténcia i progressio. Actualment, no disposem d’eines que garanteixin
I'exit del tractament i n’evitin la seva persisténcia, progressié o recidiva ni que
permetin la monitoritzacié de la seva activitat, fet que representa la problematica
principal del maneig d’aquesta patologia.

En els dltims anys, hi ha cada vegada més evidencia cientifica sobre la
implicaci6 de les cMP i els NETs en funcions d’hemostasia, immunitat, inflamaci6 i
angiogenesi i diversos estudis mostren la seva elevacié en malalties inflamatories i
trastorns protrombotics. A més, estudis previs han demostrat un augment de

'expressié del TF al teixit endometrial de les pacients amb E. Es sabut que el TF, que

52



J. Munrés. Nous mecanismes en la fisiopatologia de 'endometriosi profunda

a la circulaci6 sanguinia se’l pot trobar en forma de sTF o unit a cMP (cMP-TF), no
només té un paper important en ’hemostasia, sin6 també en I'angiogenesi. Per tot
aixo, el fonament de la present tesi doctoral és investigar la possible implicacié de les
cMP, les cMP-TF, el sTF i els NETs en la fisiopatologia de I'E i la seva relacié6 amb la
gravetat de la malaltia. Si fos aixi, aquests factors podrien tenir, en un futur, un rol
rellevant per identificar grups d’elevada activitat inflamatoria i permetre
monitoritzar I'eficacia dels tractaments i I'evoluci6 de la malaltia en les pacients que
la pateixen.

Per altra banda, maultiples estudis descriuen la generaci6 de cMP en els
procediments quirtrgics degut al dany cel-lular que es genera i la seva possible
implicaci6 en complicacions postquirdrgiques per mecanismes inflamatoris i
procoagulants (Ikeda et al., 2003; Banz et al., 2016; Tempo et al,, 2016). Per tant,
I'avaluacié dels seus nivells al llarg del temps i la comparacié d’aquests segons la
técnica quirdrgica utilitzada per al tractament de pacients amb EO, excisional
(stripping) o ablativa (laser CO2), pot ser de gran utilitat per valorar el grau
d’'inflamaci6é que representaria la noxa quirdrgica. Aquest fet podria estar relacionat
amb l'afectacié de la reserva ovarica i la generacié d’adherencies postquirdrgiques
que, com s’ha comentat anteriorment, sén dos aspectes de gran rellevancia en el
maneig quirurgic de les pacients amb E.

En base a tot I'esmentat anteriorment, sorgeixen les diferents hipotesis de
treball i es desprenen la intencionalitat i els objectius d’aquesta tesi doctoral, tal i

com s’exposen a continuacié.
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2. HIPOTESI DE TREBALL
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2.1. HIPOTESI PRINCIPAL

L’E és considerada una patologia inflamatoria sistemica. Els nivells plasmatics
de microparticules circulants (cMP), microparticules circulants portadores de factor
tissular (cMP-TF) i factor tissular soluble (sTF), aixi com també els nivells plasmatics
de neutrophil extracellular traps (NETs), podrien estar més elevats en les pacients
amb E i, en especial, amb EP, atés que aquests factors semblen estar implicats en
processos inflamatoris, procoagulants i neoangiogénics. Tenint en compte aquest fet,
en les pacients amb EP, els nivells plasmatics de cMP podrien correlacionar-se amb la
gravetat de la malaltia.

Per altra banda, s’ha descrit la generaci6 de cMP secundaria a procediments
quirurgics degut al dany tissular. Considerant el seu rol com a marcadors de resposta
inflamatoria tissular, els nivells plasmatics de cMP avaluats al llarg del temps en
pacients sotmeses al tractament quirdrgic d'un EO podrien ser superiors en cas
d’aplicar una tecnica excisional (stripping) comparat amb una ablativa (laser COz), ja
que el grau d’inflamacié secundari a la noxa quirdrgica sembla ser superior en el
primer cas. Aquest fet podria tenir implicacions d’especial importancia perque la
técnica quirdrgica utilitzada podria estar en relacié6 amb una major afectaci6 de la

reserva ovarica i una major generacié d’adherencies postquirurgiques.

2.2 HIPOTESIS ESPECIFIQUES

De tot el que s’ha exposat anteriorment sorgeixen les segiients hipotesis de

treball:

1. Les pacients afectades d’E haurien de presentar nivells plasmatics de cMP, cMP-
TF, sTF i NETs més elevats que les pacients sanes.

2. Els nivells plasmatics de cMP, cMP-TF, sTF i NETs haurien de diferir segons la
forma clinica de la patologia, essent més elevats en pacients amb EP, on el substrat
inflamatori sembla ser major, comparat amb pacients amb E no profunda (ESP i/o

EO).

57



J. Munrés. Nous mecanismes en la fisiopatologia de 'endometriosi profunda

3. Tenint en compte el seu possible paper com a marcadors d’activitat inflamatoria,
en el cas de I'EP, els nivells plasmatics de cMP s’haurien de correlacionar amb la
gravetat de la malaltia.

4. Les pacients sotmeses a una tecnica excisional (stripping) per al tractament dels
EO haurien de presentar nivells plasmatics superiors de cMP, posteriors a la
intervencié quirurgica, en comparacié amb les tractades mitjangant vaporitzacié
laser COz, donat que sembla ser que la resposta inflamatoria tissular podria ser

major en el primer cas.
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3. OBJECTIUS
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3.1. OBJECTIUS PRINCIPALS

Els objectius principals d’aquest treball son:

1. Investigar la possible relaci6 de les microparticules circulants (cMP), les
microparticules circulants portadores de factor tissular (cMP-TF), el factor
tissular soluble (sTF) i els neutrophil extracellular traps (NETs) amb Ila
fisiopatologia de I'E i, en especial, de I'EP, tenint en compte la seva condici6é de
patologia inflamatoria cronica.

2. Valorar la resposta inflamatoria de la cirurgia dels EO mitjangcant una tecnica

excissional (stripping) o ablativa (vaporitzacié amb laser CO3).

3.2. OBJECTIUS ESPECIFICS

Els objectius principals esmentats, es concreten en els seglients objectius

especifics:

1. Avaluar els nivells plasmatics de cMP, cMP-TF i sTF en pacients amb E confirmada
quirurgicament i en pacients sense E (ESTUDI 1).

2. Correlacionar els nivells plasmatics de cMP, cMP-TF i sTF segons els diferents
fenotips d’E (EO i EP) (ESTUDIS 1) i, si és possible, correlacionar els nivells
plasmatics de cMP segons la gravetat de 'EP (ESTUDI 2).

3. Avaluar els nivells plasmatics de NETs en pacients amb E confirmada
quirurgicament i en pacients sense E i correlacionar-ne els nivells segons la
presencia o no d’EP (ESTUDI 3).

4. Avaluar la generacié de cMP de forma seriada posteriorment a la cirurgia
laparoscopica per al tractament d’EO unilateral mitjancant la tecnica excisional

(stripping) i la vaporitzaci6 amb laser CO; (ESTUDI 4).
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4. INVESTIGACIONS REALITZADES,
MATERIALS I METODES
I RESULTATS
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La descripcié de les pacients i dels grups d’estudi inclosos en els treballs
d’'investigacié i la metodologia utilitzada en cada cas per aconseguir els objectius
plantejats anteriorment, es troben detalladament exposats a la secci6 de “Materials i
Meétodes”, aixi com també els resultats obtinguts a la seccié “Resultats”, de cadascun
dels quatre articles que componen el cos doctrinal de la present tesi doctoral.

Els esmentats articles s’adjunten a continuacié.
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4.1. ESTUDI 1

TOTAL CIRCULATING MICROPARTICLE LEVELS ARE INCREASED IN PATIENTS

WITH DEEP INFILTRATING ENDOMETRIOSIS

Article publicat a Human Reproduction

Munrés ], Martinez-Zamora MA, Tassies D, Coloma JL, Torrente MA, Reverter |C,

Carmona F, Balasch J.

Hum Reprod. 2017 Feb;32(2):325-331.
doi: 10.1093 /humrep/dew319. Epub 2016 Dec 17.

Factor d'impacte de la revista: 4.990

1r quartil (Obstetricia i Ginecologia)
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STUDY QUESTION: Are the levels of total circulating cell-derived microparticles (cMPs) and circulating tissue factor-containing micropar-
ticles (cMP-TF) increased in patients with endometriosis?

SUMMARY ANSWER: The levels of total cMP, but not cMP-TF, were higher in patients with endometriosis, and these were attributed to
higher levels in patients with deep infiltrating endometriosis (DIE).

WHAT IS KNOWN ALREADY: Previous studies have reported elevated levels of total cMP in inflammatory conditions as well as higher
levels of other inflammatory biomarkers in endometriosis. Increased expression of tissue factor (a transmembrane receptor for Factor VII/
Vlla) in eutopic and ectopic endometrium from patients with endometriosis has been described. There is no previous data regarding total
c¢MP and cMP-TF levels in patients with endometriosis.

STUDY DESIGN, SIZE, DURATION: A prospective case—control study including two groups of patients was carried out. The E group
included 65 patients with surgically confirmed endometriosis (37 with DIE lesions) and the C group comprises 33 women without surgical
findings of any form of endometriosis. Patients and controls were recruited during the same |10-month period. Controls were the next patient
without endometriosis undergoing surgery, after including two patients with endometriosis.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Venous blood samples for total ¢MP and ¢cMP-TF determinations were
obtained at the time of surgery, before anesthesia at a tertiary care center. To assess total cMP, an ELISA functional assay was used and cMP-
TF activity in plasma was measured using an ELISA kit.

MAIN RESULTS AND THE ROLE OF CHANCE: Total cMP levels in plasma were higher in the E group compared with the C group

(P < 0.0001). The subanalysis of endometriosis patients with DIE or with ovarian endometriomas without DIE showed that total cMP levels
were higher in the DIE group (P = 0.001). There were no statistically significant differences in cMP-TF levels among the groups analyzed.

LIMITATIONS, REASONS FOR CAUTION: This is a preliminary study in which the sample size was arbitrarily decided, albeit in keeping
with previous studies analyzing cMP in other inflammatory diseases and other biomarkers in endometriosis. The control group included
patients with other pathologies as well as healthy controls, and blood samples were taken at different phases of the cycle.

WIDER IMPLICATIONS OF THE FINDINGS: Elevated total cMP levels in DIE patients may reflect an inflammatory and/or procoagu-
lant systemic status in these patients. Further studies are warranted to confirm our findings and to assess the role of cMP levels in the patho-
physiology of DIE.
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Introduction

In the last few years, there has been an increasing interest in the study
of the so-called draulating ‘microparticles’ or ‘microvesicles’ (cMP).
They are defined as 100-1000 nm cell-secreted phospholipid bilayer-
bound structures shed from almost all cell membranes following cell
activation or apoptosis (Piccin et al., 2007; Buzas et al., 2014). cMPs
were initially considered to be inert cellular dust, but currently it is
known that they display a wide range of activities in blood coagulation,
inflammation, angiogenesis and cellular signaling (Buzas et dl., 2014).
Furthermore, an intimate interaction between inflammation and
coagulation has been reported in which cMP, platelets and the contact
system (also named the plasma kallikrein—kinin system, composed of
coagulation factors Xl and XII, plasma prekallikrein and the nonenzy-
matic cofactor high-molecular-weight kininogen) may be involved
(Wu, 2015). Higher levels of cMP have been described in systemic
inflammatory diseases, thrombotic diseases and cancer (Barteneva
et dl., 2013). A subset of cMP, which contain tissue factor (TF), called
‘tissue factor-bearing cMP’ (cMP-TF) has recently been described. In
healthy individuals, low plasma levels of cMP-TF have been detected,
but under pathological conditions, such as malignancy, sepsis and
hypercoagulable states, it is thought that cMP-TF levels are increased
(vanEs et dl., 2015).

Endometriosis is now considered a chronic systemic inflammatory
condition (Bulun, 2009; Vercellini et al., 2014). Although its etiopatho-
genesis is still under debate, many molecular and cellular alterations
may be involved (Bumey and Giudice, 2012). Three clinically different
phenotypes have been described: endometriotic implants on the sur-
face of the pelvic peritoneum, ovarian endometrioma (OE) and deep
infiltrating endometriosis (DIE), the latter being the most severe form
of the disease (Bulun, 2009; Vercellini et al., 2014). Although the etio-
pathogenesis of different forms of endometriosis remains unclear
(Bulun, 2009), the aggressiveness of DIE could be explained by an
increased proliferation activity and more active invasive mechanisms,
as well as an increased vasculogenesis, inflammation and neuroangio-
genesis (Tosti etal., 2015).

It has recently been postulated that women with endometriosis
may be in an inflammatory and hypercoagulable state (Wu et al.,
2015). Previous studies analyzing endometriosis patients showed an
increased expression of TF in eutopic and ectopic endometrium
(Kikrun et al., 2009; Lin et al., 2012; Ding et al., 2015). It has been
hypothesized that cyclic bleeding in endometriotic lesions may acti-
vate and aggregate platelets in these sites, and may induce the pro-
duction of cMP (Guo etal., 2015).

This notwithstanding, to our knowledge, no previous studies have
evaluated total cMP and cMP-TF levels in endometriosis patients.
Therefore, this preliminary study was undertaken to investigate total
functional cMP and cMP-TF levels in patients with endometriosis.

Materials and Methods

Study design and subjects

This is a prospective case—control study designed to evaluate the levels of
total functional cMP and cMP-TF in plasma in surgically confirmed endo-
metriosis patients (E group). Plasma level of soluble tissue factor (sTF) was
also analyzed. A control group included patients without surgical findings
of any form of endometriosis (C group). For the specific purposes of this
study, 102 patients were prospectively asked to participate. Patients and
controls were recruited during the same 10-month period. Controls com-
prise the next patient without endometriosis undergoing surgery after
including two patients with endometriosis. The study was approved by the
Ethics Committee of our hospital. All except two women provided written
informed consent. The E group consisted of patients with dlinical suspicion
of endometriosis (DIE and/or OE) that underwent surgery due to painful
symptoms. In all these patients, a preoperative work-up was performed
including dlinical examination and transvaginal ultrasound, and among those
patients with suspicion of DIE magnetic resonance imaging was also per-
formed. After surgery, two groups of endometriosis patients, with or with-
out DIE, were identified for a subanalysis: the DIE group consisted of
women with DIE and the OE group was composed of women who under-
went surgery for suspicion of OE > 3 cm without DIE lesions, which was
confirmed during the surgical procedure. Endometriosis findings were
always confirmed by histological study. The C group included patients who
underwent laparoscopy due to mild benign adnexal pathology (cystectomy
or adnexectomy) or a request for tubal sterilization with no presurgical
suspicion of endometriosis and without endometriosis or signs of inflam-
matory pelvic condition during surgery.

The indlusion criteria were: women aged between |18 and 40 years with
a BMI < 30.00kg/m?. The exclusion criteria were: history of past or pre-
sent malignancy, endocrine, cardiovascular and systemic diseases, preg-
nancy or breastfeeding < 6 months before sample collection, premature
ovarian failure or menopausal status, endometrial hyperplasia or polyps,
uterine leiomyomata, use of hormonal contraception or other hormonal
treatments and intake of any medication induding anti-inflammatory drugs
< 3 months before sample collection (except for oral acetaminophen as
painkiller <72 hours before sample collection) or having had an inflamma-
tory disease or infectious conditions < 6 months before sample collection.

Before surgery, dinical and epidemiological data were collected from
all the individuals participating in the study. Patients were asked about
dysmenorrhea, dyspareunia, dyschezia, dysuria and chronic pelvic pain
quantification according to the visual analog scale (Bourdel et al., 2015).
The severity of these symptoms was defined when patients referred a
score >7 (Chapron et al., 2012). Reporting of hematuria or rectal bleed-
ing was also registered.

Operative laparoscopy was performed in all patients by insertion of a
12-mm umbilical trocar and two or three 5-mm trocars in the lower abdo-
men. An inspection of the pelvic organs and peritoneum was performed
followed by the surgical procedure indicated in each case. All tissue
excised was sent for pathology examination to confirm or exclude endo-
metriosis. Patients were definitively assigned to one of the two groups of
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patients (C or E) after undergoing laparoscopy and histological study. All
patients were operated on by one of two experienced gynecological lap-
aroscopic surgeons using the same technique and instruments. The surgical
team and the operating room staff have lengthy experience with advanced
gynecological laparoscopy and instrumentation. An expert gynecological
pathologist performed all the histopathological analysis. Figure | shows the
flow chart of inclusion and drop-out of the patients included in the study.
Two women who did not give informed consent were excluded (Fig. |).

Among 65 patients in the E group, there were 37 patients with DIE (DIE
group) and 28 with OE without DIE (OE group). In the DIE group,
19 patients had concomitant OE: 5 cases of right OE, 10 cases of left OE
and 4 cases of bilateral OE. The following DIE forms were recorded: vesi-
cal (n = 1), ureteral (n = |l), rerouterine (n = 21), retrocervical
(n = 18), uterosacral ligaments (n = 25), sigmoid (n = |5), rectovaginal
septum (n = 8), other intestinal location (n = 4) and vaginal (n = 3). All DIE
implants were excised during surgery. Patients in the OE group underwent
cystectomy due to right (n = 9), left (n = 12) and bilateral (n = 7) OE.
Superficial peritoneal endometriotic (PE) lesions were found in 71% of
patients in the DIE group and 46% in the OE group. All patients in the DIE
group were dassified as Stage IV of the revised American Fertility Society
(rAFS) dassification with a median rAFS score (25th; 75th percentiles) of
81 (58-107). The median rAFS score (25th; 75th percentiles) for patients
of the OE group was 26 (22-36), all being dassified as Stage lll.

The C group was composed of 33 patients undergoing surgery for benign
adnexal pathology (n = 23) or request for tubal sterilization (n = 10).
Patients undergoing surgery for benign adnexal pathology included unilateral
ovarian cystectomy due to dermoid cyst (n = 8), paraovarian cyst (n = |),
serous cystadenoma (n = 6), mucinous cystadenoma (n = 3); bilateral cyst-
ectomy due to bilateral serous cystadenomas (n= |) and right dermoid cyst
and left serous cystadenoma (n = |); unilateral adnexectomy due to demoid
cyst (n = |) and ovarian fibroma (n = |); and bilateral salpingectomy due to
bilateral hydrosalpinx (n= I).

(n=102)

Eligible patients asked to participate

- — | Refused to participate (n = 2) I

! 7

LEldomclr‘msis patients Controls without endometriosis

(n = 66) (n=34)

| l

- 2 peritoncal endometriosis excluded due to
surgical findings.

- ldeepi ing iosis
to end iosis group due to surgical findings.

| |

Analyzed n = 65
E group

« 2 patients reclassified to control group
duc to surgical findings
(2 non- endometriotic ovarian cysts).

Analyzed n =33
C group

Figure | Flow chart of the inclusion and drop-out of patients in
a study of circulating microparticles in endometriosis. E group =
patients with surgically confirmed endometriosis; C group = women
with benign adnexal pathology or request for tubal sterilization with-
out surgical findings of any form of endometriosis.

Sample collection

Venous blood samples were all collected before preanesthesic medication
intake and anesthesia induction by antecubital venous punction in tubes con-
taining 3.8% trisodium citrate (1/9, vol /vol; Becton Dickinson, Rutherford,
NJ, USA), and platelet-free plasma was immediately obtained by double cen-
trifugation, first at 2000g for |0 min at 22°C and then at 5000g for 10 min at
4°C. Plasma was aliquoted, snap-frozen in a mixture of dry ice/ethanol (1/2,
vol/vol) and stored at —80°C.

In the E group, 57% of patients were sampled in the follicular phase and
43% in the luteal phase, while corresponding figures in the C group were
61 and 39%, respectively.

Sample analysis

Assays were performed by a single experienced operator. Samples were
tested in duplicate. The mean absorbance values for each set of duplicate
samples were calculated. When discordant results were obtained (sample
values >20% of the mean), the samples were re-tested. There were no
missing data or outliers. The operator was blind to the group allocation.

Total cMP analysis

To assess total cMP, we used a readily available commercial functional assay
(Zymuphen MP-Activity, Hyphen BioMed, Neuville, France: Catalog num-
ber: 521096) as previously reported (Martinez-Zamora et al., 2016a,b). Itis
a prothrombinase assay based on the property of annexin-V, immobilized
onto plastic wells, to bind phosphatidylserine (PS). Calibrators with known
amounts of PS are used to obtain a standard curve, and the results are
expressed as nanomolar PS equivalents. The calibration is validated when
the quality controls provided by the kit are measured within their accept-
ance range, indicated for each lot on the flyer provided in the kit. The
detection threshold of the assay is 0.05 nM. For cMP, the intra-assay coeffi-
cient of variation (CV) was 5% and the inter-assay CV was 8%. In this study,
we used assay batch number 130207C.

Analysis of cMP-TF

cMP-TF activity in plasma was measured using an ELISA commercial kit
according to the manufacturer’s instructions (Zymuphen MP-TF, Hyphen
Biomed, Neuville, France). In a first step, the samples are introduced into
the wells of the microplate coated with a murine monocdonal antibody spe-
cific for human TF extracellular domain, which does not interfere with TF
activity. cMP-TF present in the sample bind to the solid phase through an
epitope localized in the extracellular domain of TF. Following overnight
incubation and a washing step, wash solution is immediately introduced into
the wells. Then, Factor Vlla and Factor X are added. The TF-FVlla complex
forms and subsequently activates Factor X into activated Factor X (FXa) on
the surface of the anionic phospholipids present in the cMP and in the pres-
ence of Ca’*. After that, a specific substrate for FXa is added and reacts
with FXa producing a yellow color. The absorbance is recorded at 405 nm
on a spectrophotometer and is directly proportional to the amount of cMP-
TF present in the sample. A calibration curve is constructed. The calibration
is validated when the quality controls are measured within their acceptance
range, indicated for each lot on the flyer provided in the kit. The results
were expressed as pg/ml. The detection threshold is <| pg/ml. For cMP-
TF, the intra-assay CV was 7% and the inter-assay CV was 10% (catalog
number: 521196; batch number: 1 103 15A).

Analysis of sTF in plasma

sTF was determined by quantitative sandwich ELISA (Quantikine Human
Coagulation Factor |ll/Tissue Factor Immunoassay, R&D Systems,
Minneapolis, MN, USA) following the manufacturer’s instructions. The
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results were expressed as pg/ml. Intra- and inter-assay CVs were 3 and
6%, respectively.

Sample size and statistical analysis

As this is a preliminary study to investigate the levels of total cMP and
cMP-TF in patients with endometriosis, the sample size was decided arbi-
trarily, albeit in keeping with previous studies analyzing cMP in other
inflammatory diseases (Giuducci et al., 2008; Leonett et al., 2013) and bio-
markers in endometriosis (Fassbender et al., 2013).

Statistical analysis was performed with the Statistical Package for the
Social Sciences software, Release 20.0 for Windows (SPSS, Chicago, IL,
USA). Continuous variables were compared using the nonparametric
Mann—-Whitney U test or Kruskal-Wallis test using the post hoc Dunn’s
multiple comparison test, when appropriate, and presented as median
with interquartile range (25th; 75th percentiles). Categorical variables
were compared using the Chi-square test and presented as total count
and relative percentages (%). Statistical significance was defined as a
P-value <0.05.

Results

Clinical characteristics of the subjects

The baseline clinical characteristics of the two groups of patients
included in the study are presented in Table |. The median age, BMI
and tobacco use were similar in the two groups analyzed. As expected,
there were more patients in the E group with severe dysmenorrhea
and dyschezia compared with the C group.

Total cMP levels

Total cMP levels were significantly higher in the E group compared with
the C group ([median nM PS eq (25th; 75th percentiles)]: E group:
28.50 (17.4; 41.20); C group: 15.15 (8.85; 26.45); P < 0.0001) (Fig. 2).
The subanalysis of endometriosis patients with or without DIE showed
that total cMP levels were statistically higher in the DIE group com-
pared with the C group (P = 0.001), and no differences were found
between the OE group and the C group ([median nM PS eq (25th;
75th percentiles)]: DIE group: 33.10 (20.28; 40.30); OE group: 24.80

(12.45;41.80) and Cgroup: 15.15 (8.85; 26.45)) (Fig. 3). The presence
or absence of PE in the DIE and OE group did not alter these results
(data not shown).

The subanalysis between the women with and without pelvic pain,
regardless of endometriotic lesions did not show significant differences
([median nM PS eq (25th; 75th percentiles)]: no pelvic pain: 23.25
(13.55; 37.93); pelvic pain: 20.80 (10.64; 37.35)).

Among all patients with OE (n = 47), 27 patients (57.4%) had asso-
ciated PE. Total cMP levels were statistically higher in patients with OE
compared with endometriosis-free patients with ovarian cysts (n = 22)
([median nM PS eq (25th; 75th percentiles)]: patients with OE: 27.6
(16.50; 38.90); endometriosis-free patients with ovarian cysts: 13.7
(10.70; 29.2); P = 0.03), irrespective of whether OE was associated
with PE or not (data not shown). The comparison of total cMP levels
between OE patients and healthy women (patients who underwent
tubal ligation) showed similar results (data not shown).

The comparison of follicular versus luteal phase did not show statis-
tical differences in ¢cMP levels ([median nM PS eq (25th; 75th percen-
tiles)]: ¢cMP follicular phase: 27.60 (11.33; 34.65); cMP luteal phase:
24.10 (16.60; 29.30)). The subanalysis of cMP levels among the groups
analyzed showed no differences between the follicular and luteal phase
(data not shown).

cMP-TF and sTF levels

There were no statistically significant differences in cMP-TF levels
between the two groups analyzed [median pg/ml (25th; 75th percen-
tiles)]: E group: 0.91 (0.73; 1.23); C group: 0.92 (0.69; 1.21) (Fig. 2).
The subanalysis of endometriosis patients with or without DIE showed
no statistically significant differences [median pg/ml (25th; 75th per-
centiles)]: DIE group: 0.91 (0.74; 1.26); OE group: 0.90 (0.69; 1.16);
Cgroup: 0.92 (0.69; 1.21) (Fig. 3).

No differences in the cMP-TF levels were found between patients
with and without pelvic pain, regardless of endometriotic lesions
([median pg/ml (25th; 75th percentiles)]: no pelvic pain: 0.91 (0.71;
1.22); pelvic pain: 1.00 (0.74; 1.25)).

The comparison of the cMP-TF levels between patients with OE
(n = 47) compared with endometriosis-free patients with ovarian

Table I Clinical characteristics of the patients included in a study of circulating microparticles in endometriosis.

E group (n = 65)

Age (years) 35(31; 36)

BMI (kg/m?) 21.68(19.99; 24.30)
Tobacco use 25(38.5%)
Dysmenorrhea VAS > 7 44 (67.7%)
Dyspareunia VAS > 7 15(23.1%)
Dyschezia VAS > 7 14 (21.5%)
Dysuria VAS > 7 6(9.2%)
Chronic pelvic pain VAS > 7 14 (21.5%)
Hematuria 5(7.7%)

Rectal bleeding 5(7.7%)

C group(n=33) P value
32(27;38) NS
22.72(20.70; 25.39) NS
12 (36.4%) NS
7(21.2%) <0.0001
3(9.1%) NS
1 (3%) 0.017
1 (3%) NS
2(6.1%) NS
0 NS
0 NS

The values are median (25th; 75th percentiles) or n (%). NS, not significant; VAS, visual analog scale. E group = women with surgically confirmed DIE and/or OEs; C group =women
with benign adnexal pathology or request for tubal sterilization without surgical findings of any form of endometriosis. Continuous variables were compared using the nonparametric

Mann-Whitney U test. Categorical variables were compared using the Chi-square test.
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Figure 2 Box plot showing total circulating cMP levels and
circulating cMP-TF levels in patients with surgically confirmed endo-
metriosis (E group, n = 65) and patients with benign adnexal path-
ology or request for tubal sterilization without surgical findings of any
form of endometriosis (C group, n = 33). Each box represents the
middle 50% of the data (25th-75th percentiles range). The central
horizontal line represents the median. Vertical lines represent the
10th-90th percentiles range of the data, as indicated by the small
horizontal lines. Data from the E and C groups were compared using
the nonparametric Mann—Whitney U test. Statistical comparisons
between the groups are indicated. cMP, cell-derived microparticle;
cMP-TF, tissue factor-containing microparticle; NS, not significant; nM
PS eq, nM phosphatidylserine equivalent

cysts (n = 22) showed no significant differences ([median pg/ml
(25th; 75th percentiles)]: patients with OE: 0.90 (0.72; 1.17);
endometriosis-free patients with ovarian cysts: 0.87 (0.63; 1.13)).

The cMP-TF levels were statistically similar in the follicular and luteal
phase ([median pg/ml (25th; 75th percentiles)]: ¢MP-TF follicular
phase: 0.85 (0.74; 1.07); cMP-TF luteal phase: 0.92 (0.76; 1.01)) and
comparison among groups according the follicular or luteal phase
showed no differences (data not shown).

There were no statistically significant differences in sTF levels
between the two groups analyzed ([median pg/ml (25th; 75th percen-
tiles)]: E group: 26.20 (21.60; 30.80); C group: 27.80 (23.90; 33.00)).
The subanalysis of the DIE and OE groups showed no statistically sig-
nificant differences ([median pg/ml (25th; 75th percentiles)]: OE
group: 24.25 (19.50; 30.80); DIE group: 27.80 (22.60; 31.49); C group:
27.80 (23.90; 33.00)).
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Figure 3 Box plot showing total cMP levels and cMP-TF levels in
patients with DIE (DIE group, n = 37), patients with OEs but without
DIE (OE group, n = 28) and patients with benign adnexal pathology
or request for tubal sterilization and without endometriosis (C group,
n = 33). Each box represents the middle 50% of the data (25th—75th
percentiles range). The central horizontal line represents the median.
Vertical lines represent the |0th-90th percentiles range of the data,
as indicated by the small horizontal lines. Data from the three groups
were compared using the nonparametric Kruskal-Wallis test and the
post hoc Dunn’s multiple comparison test. Statistical comparisons
between groups are indicated. DIE, deep infiltrating endometriosis;
OE, ovarian endometrioma.

Discussion

The current investigation is a preliminary report to study functional cMP
and cMP-TF levels in patients with endometriosis. Our study has shown
increased total cMP but not cMP-TF levels in endometriosis patients.
This notwithstanding, it should be stressed that these increased total
cMP levels in endometriosis patients seem to be attributed to higher
levels in DIE patients but not in patients with OE without DIE.

In the last two decades, the interest in cell-derived cMP has risen.
Indeed, cMPs have been described to be involved in the processes of
coagulation, inflammation, angiogenesis, cell remodeling and prolifer-
ation (Barteneva et al., 2013) and have been implicated in several dis-
eases associated with hypercoagulability, such as atherosclerosis,
venous thromboembolism, sepsis and cancer (Piccin et al., 2007).
Nonetheless, elevated levels of cMP have also been reported in
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inflammatory diseases such as rheumatoid arthritis, systemic lupus ery-
thematosus, systemic sclerosis, multiple sclerosis and Crohn’s disease
(Barteneva et al., 2013; Buzas et al., 20 14).

In the last few years, there has been increasing evidence about the
intimate interplay between inflammation and coagulation, which seem to
interact by many mechanisms including ¢cMP (Wu, 2015). It has been
reported that platelets are activated and aggregated in endometriotic
lesions contributing to angiogenesis, inflammation and evolution to fibro-
sis (Ding et dl., 2015). Moreover, it has recently been suggested that
endometriosis patients may be in a hypercoagulable state (Wu et dl.,
2015; Guo et al,, 2015). Furthermore, it has been hypothesized that cyclic
bleeding that takes place in endometriotic lesions may activate and aggre-
gate platelets in these sites, inducing the production of cMP (Guo et dl.,
2015), which would contribute to the development of endometriosis by
several mechanisms. The results of our preliminary study provide data
showing higher levels of total cMP in endometriosis patients with DIE
compared with endometriosis patients with OE without DIE and patients
without endometriosis, reflecting the chronic inflammatory and/or pro-
coagulant systemic status in these patients. The higher cMP levels found
in the DIE patients in the subanalysis suggest that there may be a more
intense grade of inflammation and angiogenesis in this more aggressive
form of endometriosis. It remains unknown whether these cMP levels
are causative, a consequence or a coincidence in DIE patients, as our
research is preliminary. Nevertheless, our results suggest that cMP levels
may have a role in the pathophysiological mechanisms of DIE, although
the relationship between the severity and extension of DIE lesions and
cMP levels cannot be ascertained from our preliminary study, and these
issues remain to be established in larger further studies.

cMP-TFs are desaribed to be involved in the coagulation activation
process and higher plasma levels have been detected in cases of hyper-
coagulable states (van Es et dl., 2015). Apart from their role in hemosta-
sis, cMP-TFs have been described to be involved in inflammation, tumor
progression and angiogenesis (Lin et al., 2012). It has been reported that
women with endometriosis have an increased expression of TF in euto-
pic and ectopic endometrium-derived cells (Kikrun et al., 2009; Lin et dl.,
2012; Ding et al, 2015). However, according to our results, this fact
does not correlate with plasma cMP-TF levels, since we found no differ-
ences in ctMP-TF levels among the groups analyzed. Although no increase
in cMP-TF levels was found in our series, these results do not rule out
the hypothesis of a possible role of TF in endometriosis at a tissue/local
level (Kikrun et al., 2009; Lin et al., 2012; Ding et dl., 2015). In our study,
we determined plasma dMP-TF levels in peripheral blood, as sTF plasma
levels may not necessarily reflect the amount or function of TF located
at the site of endometriosis lesions. Therefore, total cMP but not cMP-
TF levels might be implied in the pathophysiology of DIE. Another pos-
sible explanation, as previously described by other authors (Key and
Mackman, 2010; Hellum et al., 2012), is that the measurement of cMP-
TF functional activity may be technically difficult in plasma with low levels
of ctMP-TF. Nevertheless, this hypothesis is less probable since we add-
itionally determined sTF levels by ELISA obtaining concordant results
with those of dMP-TF, with very low sTF levels in patients and no differ-
ences among groups.

Our study has several strengths. First is that all blood samples were
obtained just before surgery in order to assess the basal plasma total
c¢MP and cMP-TF levels of these patients. Second, all patients under-
went surgery and were definitively classified into the study or control

groups according to the surgical findings and histology and not only
according to the presurgical work-up.

On the other hand, the present study also has some limitations.
First, the sample size was small and arbitrarily decided according to
previous studies analyzing ¢MP in other inflammatory diseases
(Giuducci et al., 2008; Leonetti et dl., 2013) and biomarkers in endo-
metriosis (Fassbender et al., 2013). Therefore, our research should be
considered a preliminary study since there are no previous studies
exploring the involvement of cMP in endometriosis patients. Second,
we did not include a group of patients with isolated peritoneal lesions
and therefore, since it has been reported that early endometriosis
with red peritoneal lesions may induce a higher inflammatory response
in the pelvic cavity than advanced endometriosis (Khan et al., 2004),
this research cannot evaluate if DIE is associated with a higher degree
of inflammation than peritoneal endometriosis. Another drawback of
the current investigation is that the C group was composed of controls
without endometriosis who underwent surgery for benign adnexal
pathology or tubal sterilization to verify the absence of endometriosis
lesions and therefore not all of them were healthy controls. The fact
that we included patients in the C group without presurgical suspicion
of endometriosis and not patients with endometriosis-like symptoms
after laparoscopic and histological examinations showing no endomet-
riosis may lead to an overestimation of diagnostic characteristics, and,
therefore, our results may have more pathophysiological interest than
diagnostic implications. Moreover, it should be noted that blood sam-
ples were obtained at different phases of the menstrual cycle, which
could constitute a limitation owing to the potential for cMP concentra-
tions to change over the menstrual cycle and the subanalysis of our
data could be biased because of the small sample size. Finally, another
limitation of our study is that, apart from the subset of cMP-TF, no
other subtypes of cell-derived cMP were investigated, and we did not
use other methodological approaches to determine cMP levels.

In conclusion, our preliminary study shows that DIE patients have
increased functional cMP levels. These high total cMP levels in DIE
patients were not found in either OE patients without DIE or in con-
trols without endometriosis. The presence of elevated functional cMP
levels in women with DIE may reflect an inflammatory and/or pro-
coagulant systemic status in these patients. Nonetheless, further stud-
ies are warranted to confirm our findings and to assess the role of
total ¢cMP in the pathophysiological mechanisms of this disease.
Further research should focus on analyzing cMP levels and other cMP
subtypes in different types of endometriosis induding peritoneal endo-
metriosis and in different sites and extension of DIE lesions.
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4.2. ESTUDI 2

INCREASED CIRCULATING CELL-DERIVED MICROPARTICLE LEVELS IN DEEP
INFILTRATING ENDOMETRIOSIS PATIENTS WITH LARGER IMPLANTS

Article publicat a Journal of Endometriosis and Pelvic Pain Disorders

Munrds ], Tassies D, Reverter JC, Carmona F, Martinez-Zamora MA.

J Endometr Pelvic Pain Disord. In press.

77



J. Munrés. Nous mecanismes en la fisiopatologia de 'endometriosi profunda

78



J. Munroés. Nous mecanismes en la fisiopatologia de I'endometriosi profunda

") Check for updates

JEPPD| 5

Pelvic Pain
Original Research Article Disorders
Journal of Endometriosis and
. ° o Pelvic Pain Disorders
Increased circulating cell-derived i
° ® . . . The Author(s) 2019
microparticle levels in deep infiltrating Arice revse gideines:
sagepub.com/journals-permissions

endometriosis patients with larger implants 0.0 70 s

journals.sagepub.com/home/pev

®SAGE

Jordina Munrés' 2, Dolors Tassies?, Joan Carles Reverter3,
Francisco Carmona'-? and Maria Angeles Martinez-Zamora'?2

Abstract

Objective: Circulating cell-derived microparticles have been reported to be elevated in inflammatory and procoagulant
conditions including deep infiltrating endometriosis. The objective of this pilot study was to investigate whether higher
circulating cell-derived microparticle levels may be associated with specific clinical features and the extension or severity
of deep infiltrating endometriosis.

Methods: This is an observational analytical cross-sectional study, including three groups of patients undergoing
gynecological surgery. The DIE group included 75 patients with deep infiltrating endometriosis, the control group (C
group) consisted of 39 patients without endometriosis, and a positive control group was composed of 31 patients with
ovarian endometriomas but not deep infiltrating endometriosis (OE group). Venous blood samples for circulating cell-
derived microparticle determinations in plasma were obtained before surgery. The following variables were assessed:
severe dysmenorrhea, dyspareunia, non-cyclic chronic pelvic pain, dyschezia, dysuria, hematuria, rectal bleeding, sterility,
presence of ovarian endometrioma, adenomyosis, and adhesions, rASRM (revised American Society for Reproductive
Medicine) stage, Enzian classification, number of sites affected, and the cumulative size of deep infiltrating endometrial
implants.

Results: Circulating cell-derived microparticle levels were statistically higher in the DIE group compared with the C
group (p-value=0.001). None of the variables analyzed showed higher levels of circulating cell-derived microparticles in
the DIE group, except for a significant positive correlation between the cumulative size of deep infiltrating endometrial
lesions and circulating cell-derived microparticle levels (r=0.264, p=0.022).

Conclusion: Patients having deep infiltrating endometriosis with a larger cumulative size of endometriotic implants
showed higher circulating cell-derived microparticle levels suggesting an increased inflammatory and/or hypercoagulable
systemic status in this more severe form of the disease. Further research is needed to assess our findings and to explore
the role of circulating cell-derived microparticles in the pathophysiology of deep infiltrating endometriosis.
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Circulating cell-derived microparticles, deep infiltrating endometriosis, dysmenorrhea, endometriosis, inflammation
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unclear.'> Among the different subtypes of endometriosis,
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Several immunological, hormonal, and inflammatory fac-
tors have been described.”-3

New pathogenic mechanisms of endometriosis related
to inflammation and coagulation pathways have recently
been described. It has been hypothesized that patients with
endometriosis could be in an inflammatory and hyperco-
agulable state.2?:10 Higher levels of circulating cell-derived
microparticles (cMP) have been observed in many inflam-
matory conditions, thrombotic diseases, and malignancy.
cMP are small (100-1000nm diameter) membrane-
enclosed vesicles released from several types of eukary-
otic cells due to mechanisms that include activation,
apoptosis, and cell damage.!! They have been described to
be involved in blood coagulation, inflammation, angiogen-
esis, and cellular signaling and proliferation,'"-'> and it is
thought that they may also be involved in disease pathol-
ogy.'213 Furthermore, in a recent study by our research
team, higher levels of cMP were observed in endometrio-
sis patients, which seemed to be attributed to the subgroup
of patients with DIE lesions.!* To our knowledge, it is not
known whether any subgroup of patients with DIE shows
increased cMP levels.

Notwithstanding, the aim of this preliminary study was
to investigate whether higher cMP plasma levels are asso-
ciated with specific clinical features of DIE or with the
extension and/or severity of the disease.

Methods
Study design and subjects

This is an observational analytical cross-sectional study
designed to investigate the levels of cMP in plasma of
patients with surgically confirmed DIE (DIE group). Two
control groups were included in this study: one with
patients without surgical findings of endometriosis (C
group), and the other was a positive control group com-
posed of patients with surgically confirmed ovarian endo-
metriomas (OE) but no findings of DIE (OE group).

For this study, 145 women were prospectively recruited
during a 12-month period. The DIE group was composed
of patients who underwent a surgical intervention due to
clinical suspicion of DIE. Controls included the next
woman without suspicion of endometriosis (C group) or
with OE but without suspicion of DIE lesions (OE group),
undergoing a surgical intervention after including two
patients with DIE. The C group included patients with a
planned laparoscopy due to benign tubal or ovarian
pathology or a request for tubal sterilization with no pre-
surgical suspicion of DIE. The OE group consisted of
patients with suspicion of OE but no DIE after the presur-
gical evaluation. Patients were definitively assigned to
one of the three groups after laparoscopy and histological
study. Figure 1 shows the flowchart of patient inclusion
and drop-out.

The inclusion criteria were women 18-40years old
with a body mass index <30.00kg/m2. The exclusion
criteria were as follows: history of neoplasms, endo-
crine, cardiovascular or systemic disorders, being preg-
nant or in lactational period 6 months before study
recruitment, climacteric status, endometrial disorders,
uterine fibroids, use of hormonal medication and intake
of any treatment including painkillers 3 months before
study recruitment (except for oral acetaminophen <72h
before sample collection), or having suffered from an
inflammatory or infectious condition 6 months before
study recruitment.

Clinical and epidemiological information was collected
from all participants of the study, including age, body mass
index, tobacco consumption, number of pregnancies, and
sterility history (excluding male causes). Pain symptoms
associated to endometriosis (during menstruation, sexual
intercourse, during defecation and micturition, and also
non-cyclic chronic pelvic pain) were registered and quan-
tified according to the visual analog scale.!’ Severe symp-
tomatology was considered if participants reported a
score=7.'¢ Hematuria or rectal bleeding was also
recorded. An extensive preoperative evaluation was per-
formed with a clinical examination and a gynecological
ultrasound in all cases, and magnetic resonance imaging if
necessary in case of clinical suspicion of DIE.

All women included in the study underwent a laparos-
copy by means of a 12-mm trocar placed in the umbilical
port and two or three 5-mm trocars placed in the lower
hemiabdomen. In all cases, pelvic structures and perito-
neum were inspected before beginning the surgical proce-
dure indicated in each case. All tissue excised was
examined in the pathology laboratory to confirm or
exclude endometriosis. Lesions obtained were classified
as DIE when endometriosis tissue penetrating more than
Smm under the peritoneal surface was observed.!” The
size of each DIE lesion excised was defined according to
its maximum diameter in the histological study.

As mentioned above, the DIE group was composed of
75 patients with laparoscopic and clinical findings of DIE
lesions. The following DIE forms were recorded: vesical
(n=17), ureteral (n=11), retrouterine (n=40), retrocervi-
cal (n=41), uterosacral ligaments (n=46), fallopian tubes
(n=13), rectovaginal septum (n=17), vaginal (n=9), sig-
moid (n=36), and other intestinal location (rn=5). All DIE
lesions were removed during laparoscopy. The description
of endometriosis lesions was performed based on both the
rASRM (revised American Society for Reproductive
Medicine)'® score and the Enzian classification.!® The first
assigns values to endometriosis lesions, which are classi-
fied into four stages of severity: stage I (minimal), stage II
(mild), stage III (moderate), and stage IV (severe). In this
study, seven patients were classified into stage I or II and
68 into stage III or IV. The Enzian classification divides
DIE into three compartments based on the retroperitoneal
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Eligible patients invited to participate

- Patients with suspicion of DIE lesions (n=75)
- Conurol patients with suspicion of OE but without DIE lesions (n=37)
- Control patients without suspicion of endometriosis (n=37)

Refused to participate (n=3)
- 2 patients with suspected OE but no DIE lesions

= | patient without suspicion of endometriosis

| }

R

DIE patients
(n=75)

Positive controls with OE but without DIE
(n=35)

Controls without endometriosis
(n=36)

I

SURGERY

I !

:

- 2 patients with non-endometriotic
cysts reclassified to the C group
- 2 patients with OE but no DIE
lesions reclassified to the OE group

the C group

- 3 patients with DIE lesions
reclassified to the DIE group

- 3 patients with non-
endometriotic cysts reclassified to

- 1 patient with DIE reclassified
to the DIE group

- 1 peritoneal endometriosis
excluded due to surgical findings

Analyzed n=75
DIE group

Analyzed n=31

OE group

Analyzed n=39
C group

Figure |. Flowchart of the inclusion and drop-out of patients included in this study (DIE group: patients with surgically confirmed
deep infiltrating endometriosis (DIE); OE group: patients with surgically confirmed ovarian endometriomas (OE) but no findings of
DIE; C group: women with benign tubal or ovarian pathology or request for tubal sterilization without surgical findings of any form

of endometriosis).

structures involved: compartment A (rectovaginal septum
and vagina), compartment B (sacrouterine ligament to pel-
vic wall), and compartment C (rectum and sigmoid colon).
In this study, DIE lesions beyond these structures were
defined as “other” compartments and included vesical,
ureteral, or intestinal disease cranial to the rectosigmoid
junction and other locations.!® The distribution of patients
with the presence of DIE lesions in previously reported
compartments was as follows: compartment A (n=19),
compartment B (n=67), compartment C (n=36), and
“other” compartments (n=31). OE=3cm were found in
52 patients, 37 were unilateral (14 on the right side and 23
on the left side), and 15 were bilateral. Among patients
with DIE lesions, 55 were diagnosed with adenomyosis,
which was detected during the presurgical evaluation by
two- and three-dimensional transvaginal ultrasound exam-
ination according to specific features and previously
reported criteria,?? as well as with magnetic resonance
imaging, if necessary.

The C group consisted of 39 patients undergoing sur-
gery for benign tubal or ovarian pathology (n=23) or
request for tubal sterilization (n=16). Surgery for benign
pathology included unilateral ovarian cystectomy due to
teratoma (n=S8), paraovarian cyst (n=2), serous cystade-
noma (n=7), and mucinous cystadenoma (n=3); bilateral
cystectomy due to right teratoma and left serous cystade-
noma (n=1); and unilateral adnexectomy due to teratoma
(n=1) and ovarian fibroma (n=1).

The OE group included 31 patients undergoing laparos-
copy for clinical suspicion of OE=3cm, but no DIE
lesions were observed at surgical inspection. Among these,
20 were unilateral (8 on the right side and 12 on the left
side) and 11 were bilateral.

Sample collection and analysis

Antecubital venous puncture before preanesthetic medica-
tion intake and anesthesia induction was performed to
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obtain venous blood samples, which were collected in
tubes containing 3.8% trisodium citrate (1/9, vol/vol;
Becton Dickinson, Rutherford, NJ, USA). Date of sample
collection was recorded. All samples were obtained from
patients after 10-h fast. Platelet-free plasma was aliquoted,
snap-frozen in a mixture of dry ice/ethanol (1/2 vol/vol)
and stored at —80°C after a double centrifugation, first at
2000 g for 10min at 22°C and then at 5000 g for 10 min at
4°C. All samples were processed and stored within 2h
after they were obtained. No sample suffered freeze—thaw
cycles since they were stored in small-volume aliquots. A
single experienced operator, blind to the group allocation,
performed all the assays. Samples were tested in duplicate
and re-tested if discordant data were obtained. The mean
absorbance values for each set of duplicate samples were
calculated. There were no missing data or outliers.

cMP analysis

To assess cMP, we used a readily available commercial
functional prothrombinase assay based on the property of
annexin V to bind phosphatidylserine (PS) (ZYMUPHEN
MP-ACTIVITY; HYPHEN BioMed, Neuville, France) as
previously reported.!42! Data obtained were shown as
nanomolar PS equivalents (nM PS eq). The detection
threshold of the assay is 0.05nM.

Sample size and statistical analysis

This was a pilot study to evaluate the levels of cMP in
patients with DIE. The sample size was decided based on
the results of a previous study by our group analyzing cMP
levels in patients with and without endometriosis, in which
higher levels were found in the subgroup of patients with
DIE lesions.!# According to these data, the minimum sam-
ple size calculated for this study was the following: 60
patients in the DIE group, 30 in the C group, and 30 in the
OE group. This sample size was decided to achieve 80% of
power level when applying the one-way analysis of vari-
ance (ANOVA) with 95% of confidence level.

The Statistical Package for the Social Sciences soft-
ware, Release 20.0 for Windows (SPSS, Chicago, IL,
USA) was chosen for the statistical analysis. The para-
metric one-way ANOVA with the Bonferroni post hoc
test was used for the comparison of continuous variables,
presented as mean and standard deviations (SDs). The
non-parametric Mann—Whitney U test for continuous
variables was also used when appropriate, in which case
data were presented as median with interquartile range
(25th; 75th percentiles). For the analysis of categorical
variables, the chi-square test was used and the data
obtained were presented as total count and relative per-
centages. Correlation analysis between the cumulative
size of DIE implants and cMP levels was performed by

means of Pearson r correlation. Statistical significance
was defined as a p-value <0.05.

Results

Clinical characteristics of the participants

The clinical characteristics of the three groups included in
this research work are shown in Table 1. The mean age,
body mass index, and smoking habit were comparable in
the three groups analyzed. As expected, DIE patients
referred more severe dysmenorrhea, non-cyclic chronic
pelvic pain, rectal bleeding, and sterility compared with
the control groups.

In the DIE group, the localization and extension of
lesions were definitively characterized during surgery, and
a description of the different compartments involved is
shown in Table 2, according to the Enzian classification.!?

cMP levels

The analysis of the three groups included in the study
showed that cMP levels were increased in the DIE group
compared with the C group (p-value=0.001), and no dif-
ferences were observed between the OE group and the C
group or between the OE group and the DIE group (mean
nM PS eq (=SD): DIE group: 28.50 (%£13.99); OE group:
25.32 (%14.01) and C group: 18.40 (£11.91)).

The subanalysis of cMP levels between the OE group
(n=31) and patients in the DIE group with associated
OE=3cm (n=52) did not show significant differences
(mean nM PS eq (=SD): OE group: 25.32 (*£14.01) and
patients in the DIE group with associated OE=3cm:
20.36 (£14.21)).

Among patients with DIE lesions, the following clinical
features and the extension and severity of the disease were
studied to analyze whether there were differences in cMP
levels: severe dysmenorrhea, dyspareunia, non-cyclic
chronic pelvic pain, dyschezia and dysuria, hematuria and
rectal bleeding, sterility, presence of adenomyosis, con-
comitant presence of OE, presence of adhesions, rASRM
stage III or IV, compartments involved according to the
Enzian classification (A, B, C, and “other”), number of
sites affected by DIE lesions (1-3 sites or =3 sites),!6 and
the cumulative size of DIE implants in order to quantify
the DIE tissue burden. Data were compared by means of
the non-parametric Mann—Whitney U test and the correla-
tion analysis between the cumulative size of DIE implants
and cMP levels was performed by means of Pearson r cor-
relation. None of the variables analyzed showed higher
cMP levels among patients included in the DIE group
(Table 3). Nevertheless, a significant positive correlation
was observed between the cumulative size of DIE implants
and cMP levels (r=0.264, p=0.022; Figure 2).
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Table I. Clinical characteristics of the patients included in the three groups analyzed.

DIE group (n=75) OE group (n=31) C group (n=39) p-value
Age (years) 3440345 33.39+3.58 32.18+6.18 0.295
BMI (kg/m?) 22.59+2.80 22.33+3.08 2423+4.18 0.137
Tobacco use 22 (29.3%) 15 (48.4%) 14 (35.9%) 0.173
Dysmenorrhea=7 62 (82.7%) 19 (61.3%) 8 (20.5%) <0.0001
Dyspareunia=7 22 (29.3%) 7 (22.6%) 4 (10.3%) 0.070
NCCPP=7 53 (70.7%) 6 (19.4%) 3 (7.7%) <0.0001
Dyschezia=7 15 (20%) 5(16.1%) 2 (5.1%) 0.109
Dysuria=7 7 (9.3%) 0 (0%) 2 (5.1%) 0.184
Hematuria 8 (10.7%) 2 (6.5%) 0 (0%) 0.108
Rectal bleeding 10 (13.3%) 2 (6.5%) 0 (0%) 0.048
Sterility 46 (61.3%) 6 (19.4%) 5 (12.8%) <0.0001
Previous pregnancies 15 (20%) 5 (16.1%) 25 (64.1%) <0.0001

BMI: body mass index; NCCPP: non-cyclic chronic pelvic pain; SD: standard deviation.
Values are mean = SD or n (%). Continuous variables were compared using the parametric one-way analysis of variance (ANOVA) with the Bonfer-
roni post hoc test and categorical variables were compared using the chi-square test.
DIE group: women with surgically confirmed deep infiltrating endometriosis (DIE); OE group: women with ovarian endometriomas (OE) but no DIE
lesions; C group: women with benign tubal or ovarian pathology or request for tubal sterilization without surgical findings of any form of endome-

triosis.

Table 2. Clinical description of deep infiltrating endometriosis (DIE) nodules after pelvic surgery according to the Enzian

classification (n=75).

Compartment A Compartment B Compartment C Others (n=31) Overall (n=75)
(n=19) (n=67) (n=36)
Number of DIE implants, n (%)
| implant 2 (10.5) 13 (19.4) 2 (5.6) 5(le.1) 18 (24)
2 implants 3(15.8) 12 (17.9) 6 (16.7) 3(9.7) 14 (18.7)
3 implants 2 (10.5) 15 (22.4) 8(22.2) 5(le.l) 16 (21.3)
4 implants 2 (10.5) 11 (16.4) 4 (1L.1) 6(194) I (14.7)
5 or more implants 10 (52.6) 16 (23.9) 16 (44.4) 12 (38.7) 16 (21.3)
Size of the largest implant, n (%)
<I10mm 0(0) 3 (4.5) 1 (2.8) 1 (3.2 3(4)
=10mm 3(15.8) 13 (19.4) 5(13.9) 4 (129) 13 (17.3)
=20mm 4 (21.1) 14 (20.9) 8(222) 6(194) 16 (21.3)
=30mm 8 (42.1) 26 (38.8) 14 (38.9) 15 (48.4) 30 (40)
=40mm 1 (5.3) 3 (45) 2 (5.6) 2 (6.5) 34
=50mm 3(15.8) 8 (11.9) 6 (16.7) 3(9.7) 10 (13.3)

The Enzian classification divides DIE into three compartments based on the retroperitoneal structures involved: compartment A (rectovaginal
septum and vagina), compartment B (sacrouterine ligament to pelvic wall), and compartment C (rectum and sigmoid colon). In this study, DIE lesions
beyond these structures were defined as “other” compartments and included vesical, ureteral, or intestinal disease cranial to the rectosigmoid junc-

tion and other locations.

Discussion

This was a preliminary study to investigate a possible
association between specific clinical features of DIE, the
extension or severity of the disease, and cMP levels. The
results show that a larger cumulative size of DIE lesions is
associated with higher cMP levels.

Endometriosis has been defined as an estrogen-depend-
ent chronic inflammatory condition.!3 Several mecha-
nisms have been defined to support this conceptualization
in the sites of ectopic lesion invasion, but increased

inflammatory factors have also been detected in periph-
eral blood samples,? suggesting that endometriosis is not
only a local inflammatory condition but also a chronic
systemic inflammatory disorder.3 The severity of DIE
could be attributed to several specific pathogenetic fea-
tures, such as a higher grade of inflammatory mecha-
nisms, compared with other endometriosis phenotypes.’
Moreover, there is increasing evidence that platelets and
several coagulation mechanisms may be involved in the
development of this gynecologic condition. In fact, it has
recently been postulated that the activation and
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Table 3. Circulating cell-derived microparticle (cMP) levels (nM PS eq) and number and percentage of patients with surgically
confirmed deep infiltrating endometriosis (DIE) (DIE group, n = 75) with the presence or absence of the different variables

analyzed.

cMP levels

Variable presence Variable absence
Dysmenorrhea=7 27.45 (18.23; 41.05) 25.60 (13.35; 32.90)
n (%) 62 (82.7) 13 (17.3)
Dyspareunia=7 25.50 (15.35; 41.40) 27.30 (17.85; 38.20)
n (%) 22 (29.3) 53 (70.7)
NCCPP=7 25.60 (17.70; 39.35) 27.90 (15.10; 40.30)
n (%) 53 (70.7) 22 (29.3)
Dyschezia=7 23.00 (19.40; 41.40) 27.45 (16.35; 39.20)
n (%) 13 (17.3) 62 (82.7)
Dysuria=7 34.70 (22.50; 39.30) 25.25 (16.73; 38.60)
n (%) 7(93) 68 (90.7)
Hematuria 19.85 (14.93; 38.83) 27.60 (18.30; 39.80)
n (%) 8(10.7) 67 (89.3)
Rectal bleeding 31.05 (19.95; 43.40) 25.30 (16.95; 39.35)
n (%) 10 (13.3) 65 (86.6)
Sterility 27.80 (17.40; 39.93) 24.80 (17.25; 39.35)
n (%) 46 (61.3) 29 (38.7)
Adenomyosis 27.30 (17.70-36.10) 30.40 (16.58; 42.10)
n (%) 57 (76) 18 (24)
OE 27.45 (19.75; 39.53) 21.70 (14.00; 41.60)
n (%) 52 (69.3) 23 (30.7)
Adhesions 25.60 (17.40; 39.75) 35.85 (15.67; 41.18)
n (%) 69 (92) 6 (8)

lll or IV rASRM stage
n (%)

Enzian A compartment?

n (%)

Enzian B compartment®

n (%)

Enzian C compartment?

n (%)

“Other” compartments?

n (%)
=3 sites affected

n (%)

25.45 (17.63; 39.78)
68 (90.7)

27.30 (15.80; 40.00)
19 (25.3)

27.60 (17.40; 40.00)
67 (89.4)

2645 (16.73; 39.53)
36 (48)

33.10 (20.20; 39.90)
31 (413)

28.00 (18.30; 39.80)
43 (57.3)

31.60 (12.70; 41.00)
7(93)

26.60 (18.95; 39.78)
56 (74.7)

23.45 (15.08; 34.00)
8 (10.7)

28.00 (18.00; 41.00)
39 (52)

23.90 (16.73; 38.25)
44 (58.7)

25.00 (16.28; 39.68)
32 (427)

NCCPP: non-cyclic chronic pelvic pain; OE: ovarian endometrioma; rASRM: revised American Society for Reproductive Medicine.
Data were compared using the non-parametric Mann—Whitney U test. None of the variables analyzed showed significant differences in terms of cMP

levels.

cMP levels (nM PS eq) are expressed as median (25th; 75th percentiles). The number of patients is expressed as n (%).

iThe Enzian classification divides DIE into three compartments based on the retroperitoneal structures involved: compartment A (rectovaginal
septum and vagina), compartment B (sacrouterine ligament to pelvic wall), and compartment C (rectum and sigmoid colon). In this study, DIE lesions

beyond these structures were defined as “other” compartments and included vesical, ureteral, or intestinal disease cranial to the rectosigmoid junc-

tion and other locations.

aggregation of platelets may take place in endometriotic
implants contributing to angiogenesis, inflammation, and
fibrosis.?4 Furthermore, Guo et al.! have described the
implication of P-selectin-mediated platelet adhesion in
the development of endometriosis. In addition, a hyperco-
agulable state has also been associated with patients with
endometriosis.” Similarly, data obtained from a previous
study by our group showed higher levels of cMP in endo-
metriosis patients with DIE lesions compared with

endometriosis patients with OE without DIE and patients
without surgically confirmed endometriosis. !4

Once thought to be independent of each other, inflam-
mation and coagulation are two ancestral systems that may
interact through many mechanisms such as platelets, cMP,
and other biological pathways.!!2526 Having long been
considered cellular debris, in the last two decades, cMP
have been reported to play a role in the coagulation, inflam-
mation, angiogenesis, cell remodeling, and proliferation
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Figure 2. Correlation between cumulative size of deep
infiltrating endometriosis (DIE) implants (mm) and circulating
cell-derived microparticle (cMP) levels (nM PS eq). Pearson r
correlation analysis showed a significant positive correlation

(r=0.264; p=0.022).

processes!!12 occurring in a variety of pathophysiologic
conditions.'? In fact, cMP have been reported to be involved
in several inflammatory and procoagulant disorders, such
as autoimmune diseases, cancer, venous thromboembo-
lism, and sepsis.!! The increased cMP levels found in the
subgroup of DIE patients in this study might reflect a higher
grade of inflammation in this more severe form of the dis-
ease and suggest that ¢cMP might be involved in its
pathogenesis.

The data obtained in this study are consistent with pre-
vious study results by our group and showed higher cMP
levels in patients with DIE lesions.!* Moreover, within this
group of patients, the larger the DIE tissue burden, the
higher the cMP levels, with a significant positive correla-
tion. No other clinical features which might be related to
the severity of the disease, such as pain, sterility, extension
of the disease, or different anatomical sites affected by
DIE lesions, showed increased cMP levels. Similar data
have been obtained in studies on cMP levels and malig-
nancy, correlating increased cMP levels with larger tumor
burden in hepatocellular carcinoma?’ and breast cancer.2®
According to these authors, these data may be related to
tissue activation and cancer progression, and may reflect
procoagulant changes during tumor development.
Similarly, we found that a larger cumulative size of DIE
implants is associated with increased cMP levels, and thus
a higher inflammatory and/or hypercoagulable systemic
status may be present in this subgroup of patients with a
more severe form of the disease. The role of cMP in the
pathophysiology of DIE should be explored in future stud-
ies in order to assess their usefulness as a possible thera-
peutic target for novel drugs against endometriosis and,
specifically, against DIE. As it has been mentioned above,
patients with endometriosis could be in an inflammatory
and hypercoagulable state and cMP might contribute to

these facts. Thus, a reduction of their levels could contrib-
ute to stabilization or diminish progression of DIE lesions.
Apart from this, it has been shown in this study that cMP
might be useful to discriminate the presence of DIE lesions
in patients with endometriosis suspicion and, among them,
the severity in terms of disease burden. For this reason, the
authors consider that future studies should also explore
their potential as biomarkers of DIE presence in patients
with endometriosis. If this fact was confirmed, it would
help both clinicians and patients in the diagnostic proce-
dure, clinical management, and surgical planning.

Our study has several strengths. First, this is an obser-
vational analytical cross-sectional study, where three
groups of patients were included. Apart from a control
group of women without endometriosis, we included
another control group composed of patients with OE but
without DIE lesions, and the study group included patients
with DIE, since it may have a different physiopathology
compared with other endometriosis phenotypes.’
Moreover, all patients in the study were definitively classi-
fied into one of the three groups following surgery, accord-
ing to the surgical findings and histological study and not
only to clinical suspicion and the presurgical evaluation.?®
Finally, blood samples from patients were obtained before
surgery to guarantee that plasma cMP levels would reflect
their basal status.3

Nevertheless, this study also has some potential limita-
tions. First, to date, only one previous pilot study about cMP
levels in endometriosis has been reported and, therefore, the
sample size was calculated based on this work by our
group.'® Second, another weakness of our research work is
that cMP were measured by capture on annexin V, which
binds to PS. This is the most used molecule to evaluate the
presence and levels of cMP. Nonetheless, no other tech-
niques were used to assess cMP levels and no other subtypes
of cMP were investigated. Finally, not all control patients
included in the C group were completely healthy, since this
group included women without endometriosis who under-
went surgery for benign tubal or ovarian pathology.

In conclusion, data obtained in this pilot study show
that DIE patients have higher cMP levels, which were not
observed in either patients with OE but without DIE
lesions or in women without endometriosis. Among DIE
patients, a larger cumulative size of endometriotic lesions
and no other specific clinical features nor the extension of
the disease were associated with higher cMP levels. This
might reflect an increased inflammatory and/or hyperco-
agulable systemic status in this subgroup of patients with a
more severe form of the disease. Nevertheless, more inves-
tigations are needed to assess our findings and to explore
the implication of cMP in the pathophysiology of DIE.
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Are Elevated in Patients With Deep
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Abstract

Neutrophil extracellular traps (NETs) have been described to be related to the pathogenesis of inflammatory and autoimmune
conditions. Endometriosis is currently considered a chronic inflammatory condition. Therefore, we performed a preliminary
case—control study to compare the circulating plasma NET levels in patients with surgically confirmed endometriosis (E group,
n = 82) and those of patients without surgical findings of endometriosis (C group, n = 35). Venous blood samples were obtained
at the time of surgery. Circulating plasma NET levels were assessed as histone-DNA complexes (ie, nucleosomes) by a quan-
titative sandwich enzyme-linked immunosorbent assay. The results were expressed in arbitrary units. Circulating plasma NET
levels were significantly higher in the E group compared with the C group (median [25th; 75th percentiles]): E group: 0.734 [0.484;
1.363]; C group: 0.541 [0.411; 0.653]; P = .005). The subanalysis of E group patients with deep infiltrating endometriosis (DIE
group) or without DIE (non-DIE group) showed that plasma NET levels were higher in the DIE group (P = .02). No differences
were observed in NET levels among patients with and without severe pelvic pain or in patients with and without infertility,
regardless of the presence of endometriotic lesions. Therefore, our study shows significantly higher NET levels in patients with
endometriosis, which seem to be attributed to increased levels in the subgroup of patients with DIE, suggesting that the presence
of elevated circulating plasma NET levels may reflect an inflammatory status in this gynecological condition. Further research is
warranted to confirm our findings and to assess the exact role of NETs in the pathophysiological mechanisms of endometriosis.

Keywords
endometriosis, deep infiltrating endometriosis, neutrophil extracellular traps (NETs), inflammation

sites, especially activated macrophages, natural killer cells, and
neutrophils, has been described.">® However, the role of neu-
trophils in the biology of endometriosis has not been clearly
defined.” Neutrophils are considered to be part of the innate
immune system and they act as a first-line host defense by
phagocytosis and intracellular killing. However, in the past
decade, another mechanism has been described, which consists

Introduction

Endometriosis is a benign gynecological disorder defined by
the presence of hormonally responsive endometrial tissue out-
side the uterine cavity. Nonetheless, the pathogenesis of endo-
metriosis is still under debate, and several theories have been
proposed.' Several phenomena have been described to contrib-
ute to the pathophysiology of endometriosis, such as regulation
of apoptosis, recruitment of immune cells in the endometriosis
lesions, and development of neuroangiogenesis and vasculo-

genesis™ by means of many molecular and cellular alterations,
which seem to be hormonally modulated.! Therefore, endome-
triosis is currently considered an estrogen-dependent chronic
inflammatory disease.>*

Although the association of endometriosis and inflammation
was first described at the beginning of the 20th century, most of
the known cellular and molecular mechanisms involved have
not been reported until the last few decades.' A local inflam-
matory milieu due to an overproduction of chemokines,” pros-
taglandins, and recruitment of immune cells to endometriosis
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in extracellular killing by means of neutrophil extracellular
traps (NETs). Neutrophil extracellular traps are defined as
decondensed chromatin web-like structures comprised of
extracellular DNA, histones, and granular proteins such as
myeloperoxidase (MPO), expelled from neutrophils as a micro-
bial defense mechanism, acting to trap and degrade microor-
ganisms.®® Apart from their important role in host defense, in
the last few years, NETSs have been described to be involved in
other functions of innate and adaptative immunity, which could
be related to the pathogenesis of autoimmune and inflamma-
tory conditions. Elevated NET levels have been associated with
hypercoagulability and inflammatory diseases such as cystic
fibrosis, systemic lupus erythematosus, rheumatoid arthritis,
chronic obstructive pulmonary disease, psoriasis, and athero-
sclerosis,”'%'? suggesting a role for NETs in the amplification
and perpetuation of inflammation.

A recent study has described elevated NET levels in the
peritoneal fluid of patients with endometriosis, concluding that
NETs may be involved in its pathophysiology.” Nevertheless,
there are no previous studies evaluating the plasma NET con-
tent in patients with endometriosis. Therefore, the aim of this
preliminary study was to determine the in vivo amount of cir-
culating plasma NETs in patients with endometriosis.

Materials and Methods
Study Design and Participants

This was a prospective case—control study designed to evaluate
circulating plasma NET levels in patients with surgically con-
firmed endometriosis. The study was approved by the ethics
committee of Hospital Clinic of Barcelona (approval number:
HCB/2015/0478), and informed consent was obtained from all
the participants.

Participants were prospectively recruited during the same
12-month period. The endometriosis group (E group) con-
sisted of patients who underwent surgery due to painful
symptoms and imaging testing (gynecological ultrasonogra-
phy and/or magnetic resonance imaging) with suspicion of
endometriosis, which was confirmed by histopathologic
study. The control group (C group) comprised the next patient
without endometriosis undergoing surgery after including 2
patients with endometriosis. The C group included patients
who underwent laparoscopy due to mild benign adnexal
pathology (cystectomy, adnexectomy, or tubal sterilization)
without presurgical suspicion of endometriosis and without
endometriosis or signs of an inflammatory pelvic condition
during surgery.

The inclusion criteria were as follows: women aged
between 18 and 40 years and body mass index (BMI)
<30.00 kg/mz. The exclusion criteria were as follows: history
of past or present malignancy; endocrine, cardiovascular, and
systemic diseases; pregnancy or breastfeeding <6 months
before sample collection; premature ovarian failure or meno-
pausal status; use of hormone contraception or other hormone
treatments and intake of any medication including anti-

inflammatory drugs <3 months before sample collection
(except for oral acetaminophen as a painkiller <72 hours
before sample collection); or having had an inflammatory
disease or infectious condition <6 months before sample
collection.

Clinical and epidemiological data were collected from all
the individuals participating in the study, including age, BMI,
smoking status, number of pregnancies, and infertility history
(excluding male cases). Severe pelvic pain (visual analog scale
score >7)"* was also recorded since NETs may be involved in
inflammatory conditions.

Operative laparoscopy was performed in all patients by
insertion of a 12-mm umbilical trocar and two or three 5-mm
trocars in the lower abdomen. An inspection of the pelvic
organs and peritoneum was performed followed by the surgical
procedure indicated in each case. All tissue excised was sent
for pathology examination to confirm or exclude endometrio-
sis. Patients were definitively assigned to one of the 2 groups of
patients after undergoing laparoscopy and histological study.
Figure 1 shows the flowchart of patient inclusion and dropout.
Initially, 80 patients suspected of endometriosis were invited to
participate and the control group comprised the next patient
without suspicion of endometriosis undergoing surgery after
including 2 patients with suspected endometriosis (n = 40).
Three patients did not accept to participate in the study (1
patient with suspicion of endometriosis and 2 controls without
suspicion of endometriosis) and 5 patients were reclassified
after surgery (1 patient was reclassified from the E group to
C group due to a surgical finding of nonendometriotic cyst and
4 patients without suspicion of endometriosis were reclassified
to the E group due to surgical findings of endometriosis), and
thus, 82 patients with surgically confirmed endometriosis
(E group) and 35 controls without endometriosis were finally
included in the study.

Among the 82 patients included in the E group, deep infil-
trating endometriosis (DIE) lesions were found in 65 patients
(DIE group). The following DIE forms were recorded: vesical
(n = 11), ureteral (n = 12), retrouterine (n = 32), fallopian
tubes (n = 9), retrocervical (n = 29), uterosacral ligaments (n =
35), sigmoid (n = 17), rectovaginal septum (n = 11), other
intestinal location (n = 4), and vaginal (n = 5). All DIE
implants were excised during surgery. Ovarian endometriomas
(OEs) were found in 47 patients; of these, 17 did not have DIE
lesions (non-DIE group). Superficial peritoneal endometriosis
was recorded in 72.3% of patients with DIE lesions and 41.2%
of patients without DIE lesions.

The C group was composed of 35 patients undergoing sur-
gery for benign adnexal pathology (n = 23) or request for tubal
sterilization (n = 12). Patients undergoing surgery for benign
adnexal pathology included unilateral ovarian cystectomy due
to dermoid cyst (n = 8), paraovarian cyst (n = 2), serous
cystadenoma (n = 7), mucinous cystadenoma (n = 3), bilateral
cystectomy due to right dermoid cyst and left serous cystade-
noma (n = 1), unilateral adnexectomy due to dermoid cyst (n =
1), and ovarian fibroma (n = 1).
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Eligible patients invited to participate

- Patients with suspicion of endometriosis (n=80)
- Control patients without suspicion of endometriosis (n=40)

Refused to participate (n=3)
- Endometriosis patients (n=1)

- Control without endometriosis (n=2)

!

4

Endometriosis patients
(n=79)

Controls without endometriosis

(n=38)

SURGERY

!

I

- 1 patient reclassified to C group
(1 non-endometriotic cyst)

- 2 patients with DIE reclassified to E group
- 2 patients with endometrioma reclassified to E group

Analysed n=82
E group

Analysed n=35
C group

Figure |. FAowchart of the inclusion and dropout of patients included in this study (E group: patients with surgically confirmed endometriosis;
C group: women with benign adnexal pathology or request for tubal sterilization without surgical findings of any form of endometriosis).

DIE indicates deep infiltrating endometriosis.

Sample Collection and Analysis

Before preanesthetic medication administration and anesthetic
induction, venous blood samples were all collected by antecu-
bital venous puncture in tubes containing 3.8% trisodium
citrate (1/9 vol/vol; Becton Dickinson, Rutherford, New Jer-
sey), and platelet-free plasma was immediately obtained by
double centrifugation, first at 2000g for 10 minutes at 22°C
and then at 5000g for 10 minutes at 4°C. Plasma was aliquoted,
snap-frozen in a mixture of dry ice/ethanol (1/2 vol/vol), and
stored at —80°C. All the assays were done by a single experi-
enced operator, who was blinded to the group allocation.

The menstrual phase in which the blood sample was taken in
each patient was defined as the luteal phase if taken during the
14 days prior to the next planned menstruation and as the
follicular phase during all the other days. No sampling was
done during menstruation. In case of irregular menstrual
cycles, a gynecological ultrasonography was performed to
assess the presence of corpus luteum.'* Samples were obtained
in the follicular and luteal phases in 58% and 42%, respec-
tively, of patients in the E group and in 62% and 38%, respec-
tively, in the C group.

Quantification of Circulating Plasma NETS

Circulating in vivo NETs were evaluated by the measurement
of levels of nucleosomes (histone—-DNA complexes) in plasma.
We used a quantitative sandwich enzyme-linked immunosor-
bent assay (ELISA) using mouse monoclonal antibodies
against DNA and histones, respectively (Cell Death ELISA
Plus; Roche Diagnostics GmbH, Mannheim, Germany), which
allows the specific determination of mono- and oligonucleo-
somes. Briefly, plasma samples are placed into a streptavidin-
coated microtiter plate. A mixture of anti-histone-biotin and
anti-DN A-peroxidase antibodies is added and incubated. Dur-
ing the incubation period, the anti-histone antibody binds to the
histone component of the nucleosomes (histones HI, H2A,
H2B, H3, and H4) and simultaneously captures the immuno-
complex to the streptavidin-coated microplate via its biotinyla-
tion. Additionally, the anti-DNA-peroxidase antibody reacts
with the DNA component of the nucleosomes. After removal
of unbound antibodies by a washing step, quantitative determi-
nation of the amount of nucleosomes is determined by the
addition of 2,2'-azino-bis[3-ethylbenzothiazoline-6-sulfonic
acid]-diammonium salt substrate. The resulting color
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development, which is proportional to the amount of nucleo-
somes captured in the antibody sandwich, is measured photo-
metrically at 405 nm in an espectrophotometer (Multiskan
Ascent; Thermo Fisher Scientific, Waltham, Massachusetts).
Appropriate positive and negative controls supplied by the
manufacturer were used in each run.

Results are expressed as a ratio between mU of patient/mU
negative control, being mU = absorbance [10E-3], and arbi-
trary units are used.

Samples were tested in duplicate. The mean absorbance
values for each set of duplicate samples were calculated.
Experiments were performed by a single operator with lengthy
experience in laboratory technique and who was blinded to the
group allocation. The intra-assay coefficient of variation (CV)
was 4.6%, and the interassay CV was 10.3%.

Sample Size and Statistical Analysis

This is a preliminary study to investigate the levels of circulat-
ing NETs in plasma of patients with endometriosis with an
arbitrarily decided sample size, based on previous studies
analyzing NETs in endometriosis and other inflammatory
diseases.”"'>!® Statistical analysis was performed with the Sta-
tistical Package for the Social Sciences software, release 20.0
for Windows (SPSS, Chicago, Illinois). Continuous variables
were compared using the nonparametric Mann-Whitney U test
or Kruskal-Wallis test using the post hoc Dunn multiple com-
parison test, when appropriate, and presented as median with
interquartile range (25th; 75th percentiles). Categorical vari-
ables were compared using the 3 and presented as total count
and relative percentages (%). Statistical significance was
defined as a P value <.05.

Results

Clinical Characteristics of the Participants

The baseline clinical characteristics of the 2 groups of patients
included in the study are shown in Table 1. The median age,
BMI, and tobacco use were similar in both groups. As
expected, the percentage of patients with infertility (E group
n =43 [52%], C group n = 4 [11%]; P < .001) and with severe
pelvic pain (E group n = 51 [62.2%)], C group n = 4 [11.4%];
P = .001) was significantly higher in the E group compared
with the C group and, to the contrary, the number of pregnan-
cies was higher in the C group.

Circulating Plasma NET Levels

Circulating NET levels were significantly higher in the E group
compared with the C group (median [25th; 75th percentiles]: E
group: 0.734 [0.484; 1.363] and C group: 0.541 [0.411; 0.653];
P = .005; Table 2 and Figure 2). The results were similar when
comparing patients of the C group without adnexal pathology
(ie, healthy patients who underwent tubal sterilization) with the

E group.

Table 1. Clinical Characteristics of the Patients Included in the 2
Groups Analyzed.®

E Group (n =82) C Group (n = 35) P-Value

Age (yearsz) 35 (32;37) 31.5 (27; 38) NS
BMI (kg/m®) 22.30 (20.00; 24.52) 22.79 (20.64; 25.71) NS
Tobacco use 28 (34%) 11 (31%) NS
Infertility history 43 (52%) 4 (11%) <001
Number of
pregnancies
0 57 (69.5%) 10 (28.6%) <001
| 18 (22%) 8 (22.9%)
2 or more 7 (8.5%) 17 (48.5%)
Pelvic pain VAS 51 (62.2%) 4 (11.4%) .001
>7

Abbreviations: BMI, body mass index; NS, not significant; VAS, visual analog
scale.

*E group consists of women with surgically confirmed endometriosis and

C group women with benign adnexal pathology or request for tubal
sterilization without surgical findings of any form of endometriosis.

Values are median (25th; 75th percentiles) or n (%).

The subanalysis of the E group patients with DIE lesions
(DIE group) and without DIE lesions (non-DIE group) showed
higher circulating plasma NET levels in the DIE group com-
pared with the C group (P = .02), and no differences were
found between the non-DIE group and the C group (median
[25th; 75th percentiles]: DIE group: 0.740 [0.489; 1.229]; non-
DIE group: 0.646 [0.433; 1.691]; and C group: 0.541 [0.411;
0.653]; Table 2 and Figure 3).

On analyzing the circulating NET levels of patients with
(n = 55) and without (n = 62) severe pelvic pain, regardless
of the presence of endometriotic lesions, no significant differ-
ences were observed (median [25th; 75th percentiles]: pelvic
pain: 0.649 [0.439; 0.991]; no pelvic pain: 0.653 [0.446;
1.181]). Neither were significant differences observed in the
analysis of NET levels among patients with (n = 47) and with-
out (n = 70) infertility history, regardless of the presence of
endometriotic lesions (median [25th; 75th percentiles]: inferti-
lity: 0.645 [0.389; 1.07]; no infertility: 0.653 [0.451; 1.142]).

Among patients with DIE lesions, no differences in circulat-
ing plasma NET levels were observed in cases with infertility
(n = 38) or without (n = 27) (data not shown). The NET levels
did not show differences regarding the different locations of
DIE: vesical, ureteral, retrouterine, fallopian tubes, retrocervi-
cal, uterosacral ligaments, sigmoid, rectovaginal septum, other
intestinal location, and vaginal. Moreover, no differences in
circulating plasma NET levels were observed in cases of iso-
lated DIE lesions compared to the presence of DIE lesions and
OEs (data not shown).

There were no significant differences in circulating NET
levels on comparing the follicular versus the luteal phase (med-
ian [25th; 75th percentiles]: follicular phase: 0.649 [0.446;
1.051]; luteal phase: 0.565 [0.323; 1.189]). Neither were any
differences observed between the follicular and luteal phases in
the subanalysis of circulating NET levels among the groups
analyzed (data not shown).
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Table 2. Circulating Plasma NET Levels in Patients With Surgically Confirmed Endometriosis (E Group, n = 82), in Patients Included in E Group
With DIE Lesions (DIE Group, n = 65) and Without DIE Lesions (Non-DIE Group, n = 17), and in Patients With Benign Adnexal Pathology or
Request for Tubal Sterilization Without Surgical Findings of Any Form of Endometriosis (C Group, n = 35).%

E Group (n = 82) C Group (n = 35) P Value
Circulating plasma NET levels 0.734° 0.541° .005°
(0.484; 1.363) (0.411;0.635)
DIE Group (n = 65) Non-DIE Group (n = 17) C Group (n = 35)
0.740°¢ 0.646 0.541°¢ 02°
(0.489; 1.229) (0.433; 1.691) (0.411;0.635)

Abbreviations: DIE: deep infiltrating endometriosis; NETs, neutrophil extracellular traps.

*Values are median (25th; 75th percentiles). Results are expressed as a ratio between mU of patient/mU negative control, being mU = absorbance (I 0E-3), and
arbitrary units (AU) are used. Data from the E and C Groups were compared using the nonparametric Mann-Whitney U test. Data from the 3 groups (DIE, non-
DIE, and C groups) were compared using the nonparametric Kruskal-Wallis test and the post hoc Dunn multiple comparison test.

bP value between E and C groups.

“P value between DIE and C groups. No significant differences were observed between the DIE and non-DIE groups and between the non-DIE and C groups.
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Figure 2. Box plot showing circulating plasma NET levels in patients
with surgically confirmed endometriosis (E group, n = 82) and patients
with benign adnexal pathology or request for tubal sterilization with-
out surgical findings of any form of endometriosis (C group, n = 35).
Each box represents the middle 50% of the data (25th-75th percen-
tiles range). The central horizontal line represents the median. Vertical
lines represent the 10th to 90th percentiles range of the data, as
indicated by the small horizontal lines. Data from the E and C groups
were compared using the nonparametric Mann-Whitney U test. Sta-
tistical comparisons between the groups are indicated. AU indicates
arbitrary units; NET, neutrophil extracellular traps.

Discussion

This preliminary study evaluating circulating plasma NET lev-
els has shown higher plasma NET levels in patients with endo-
metriosis compared with patients without endometriosis.
Neutrophil extracellular traps were first described more than
a decade ago by Brinkmann et al® as a structure composed by
chromatin fibrils released by neutrophils capable of killing
pathogens outside the cells. Neutrophil extracellular traps have
an ultrastructure composed by a framework formed by chro-
matin filaments of about 15 to 17 nm in diameter consisting of
modified nucleosomes (DNA and histones), of which histones
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Figure 3. Box plot showing circulating plasma NET levels in patients
with DIE (DIE group, n = 65), patients without DIE lesions (non-DIE
group, n = 17), and patients with benign adnexal pathology or request
for tubal sterilization and without endometriosis (C group, n = 35).
Each box represents the middle 50% of the data (25th-75th percen-
tiles range). The central horizontal line represents the median. Vertical
lines represent the 10th to 90th percentiles range of the data, as
indicated by the small horizontal lines. Data from the 3 groups were
compared using the nonparametric Kruskal-Wallis test and the post
hoc Dunn multiple comparison tests. Statistical comparisons between
groups are indicated. AU: arbitrary units; DIE, deep infiltrating endo-
metriosis; NETs, neutrophil extracellular traps; NS, not significant.

account for 70% of the total proteins of the traps. This frame-
work is dotted with globular structures of 50 nm in diameter,
which consists of components from neutrophil granules (pro-
teins and enzymes), such as MPO, neutrophil elastase, lacto-
ferrin, and metalloproteinase.®® Although little is known about
the mechanism of NET formation, called NETosis, this process
seems to consist of an initial loss of all intracellular membranes
followed by the disintegration of the cytoplasmic membrane
and the excretion of the cell contents to the exterior of the cell.
Neutrophil extracellular traps were first described as a host
defense mechanism, in which they were expelled from dying

95



J. Munroés. Nous mecanismes en la fisiopatologia de I'endometriosi profunda

Reproductive Sciences XX(X)

neutrophils to entrap and kill invading microorganisms.”'?
Nonetheless, in the last few years, there is increasing evidence
of the involvement of NETSs in noninfectious diseases such as
systemic lupus erythematosus, psoriasis, gout, rheumatoid
arthritis, Crohn disease, and thrombosis,7’16 suggesting a role
for NETs in the amplification and perpetuation of inflamma-
tion. It has been hypothesized that tissue or cellular damage,
such as in chronic inflammatory conditions, may induce
inflammation with the subsequent synthesis and release of
pro-inflammatory cytokines and interleukins, as well as reac-
tive oxygen species, which may recruit neutrophils into the
inflammatory focus, where NETosis might take place.’ It has
been postulated that the accumulation of NETs secondary to
excessive NETs formation and/or impaired clearance could
contribute to inflammation and organ damage in autoimmune
disorders since there is an increased risk of reactivity to a wide
range of self-antigens displayed by NETs with the subsequent
autoantibody production. Therefore, the accumulation of
excessive NETs has been associated with activation of innate
immunity, resulting in an excessive activation of adaptative
immunity, which underlies in the pathogenesis of autoimmune
and inflammatory diseases.'*'"!”

Endometriosis is currently considered a chronic inflamma-
tory condition, in which many molecular and cellular altera-
tions have been described, one being the recruitment of
immune cells, especially activated macrophages, natural
killer cells, and neutrophils, to endometriosis lesions.">®
Although the role of neutrophils in the pathogenesis of endo-
metriosis has not been completely defined, it is possible that
the local inflammatory milieu in ectopic endometrial sites
may induce the migration of neutrophils into the endometrio-
sis foci and the subsequent process of NETosis, contributing
to the maintenance of inflammation in patients with endome-
triosis. In fact, a recent study by Berkes et al” showed signif-
icantly increased NET levels in the peritoneal fluid of patients
with endometriosis, compared with the control group,7 sug-
gesting that NETs may be involved in the pathophysiology of
endometriosis. In this study, peritoneal fluid was collected in
a case—control study, in which women underwent laparo-
scopy. Their results showed that the quantification of NETs
was significantly higher in patients with endometriosis com-
pared to controls. Our preliminary study analyzing circulating
plasma NET levels showed similar results to those of Berkes
et al,” as we found higher plasma NET levels in patients with
endometriosis compared to controls. Moreover, we specifi-
cally evaluated patients with different forms of endometriosis
(with or without associated DIE) and higher levels of NETs
were found in the DIE group compared with the non-DIE
group and patients without endometriosis (C group). This
suggests a possible higher grade of inflammation in patients
with DIE, which is considered a more aggressive form of
endometriosis.>**'® For this reason, our results may reflect
the systemic inflammatory milieu in endometriosis women
and not only their possible role in the biology of local endo-
metriosis lesions. Nevertheless, the role of NETs in endome-
triosis, and especially in DIE lesions, has not yet been

established, making further studies necessary to ascertain
whether these findings are causative, consequential, or coin-
cidental of this gynecological condition.

Our study has several strengths. Firstly, all the blood sam-
ples were obtained immediately before surgery in order to
assess the basal plasma NET levels. Secondly, this is a pro-
spective case—control study, in which all patients underwent
surgery and were definitively classified into the study or con-
trol group according to the surgical findings and histology and
not only according to the presurgical workup.

Nonetheless, the present study also has some limitations.
Firstly, the sample size is small and arbitrarily decided
according to previous studies analyzing NET levels in other
inflammatory conditions and endometriosis itself.”'>'® Sec-
ondly, the C group was composed by controls without endo-
metriosis who underwent surgery for benign adnexal
pathology or tubal sterilization to verify the absence of endo-
metriosis lesions, and therefore, not all were completely
healthy. Moreover, blood samples were obtained in different
phases of the menstrual cycle, which could constitute a lim-
itation due to possible differences in inflammatory status
along the cycle, and the subanalysis of our data may be biased
because of the small sample size.

In conclusion, this was a preliminary study, which shows
that patients with endometriosis, and particularly patients with
DIE, have increased plasma NET levels compared with
patients without endometriosis, suggesting a higher systemic
inflammatory status in patients with DIE and a possible role of
NETs in the amplification and maintenance of its inflammatory
milieu. Nonetheless, further research is warranted to confirm
our findings and to assess the exact role of NETs in the patho-
physiological mechanisms of endometriosis.
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Original Article
Total Circulating Microparticle Levels After Laparoscopic Surgical

Treatment for Endometrioma: A Pilot, Prospective, Randomized
Study Comparing Stripping with CO, Laser Vaporization
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University of Barcelona, Institut d’Investigacions Biomeédiques August Pi i Sunyer (IDIBAPS), Barcelona, Spain (Drs. Munros, Martinez-Zamora, Rius,
Gracia, Ros, and Carmona), and Department of Hemotherapy and Hemostasis, Hospital Clinic of Barcelona, Faculty of Medicine, University of Barcelona,
Barcelona, Spain (Drs. Tassies and Reverter).

ABSTRACT Study Objective: To evaluate serial generation of microparticles (MPs) after laparoscopic stripping or CO, laser vaporiza-
tion in the surgical treatment of patients with ovarian endometrioma (OE).
Design: A prospective, randomized, blinded, pilot study (Canadian Task Force classification I).
Setting: Tertiary care university hospital from December 2014 to July 2016.
Patients: Thirty women with unilateral OE undergoing laparoscopic surgery.
Intervention: Patients were randomly selected to undergo either CO, laser vaporization (L group) or laparoscopic stripping
(S group) of OE.
Measurements and Main Results: Blood samples were collected before surgery and at 2 hours, 24 hours, 1 month, and 3
months after surgery. An MP generation curve after OE surgery was created. MP generation was greater in the S group than
in the L group at all time points evaluated. The MP generation curve showed a significantly higher area under the curve after
excisional surgery (p <.05).
Conclusion: The higher MP levels in the S group suggest an increased inflammation and procoagulant response after this
procedure. Journal of Minimally Invasive Gynecology (2019) 26, 450—455. © 2018 Published by Elsevier Inc. on behalf of
AAGL.

Keywords: Circulating microparticles; Inflammation; Laparoscopy; Laser vaporization; Ovarian endometrioma; Stripping

Ovarian endometrioma (OE) is very common in patients
with endometriosis [1]. The most common surgical meth-
ods used in the management of OEs include ovarian strip-
ping and ablation, and the best option is controversial
[2—5]. Surgery is associated with a high rate of recurrence
[6] and damage to the ovarian reserve [7]. Less aggressive
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ablative techniques, such as CO, laser vaporization, are
probably better at preserving ovarian reserve [4,7—10]. Per-
sistent damage to the ovarian reserve after surgery might
result not only from the accidental removal of healthy tis-
sue, but also by the subsequent inflammation [11].

Microparticles (MPs) are extracellular vesicles that can
be formed by almost every cell type [12—13] and play roles
in coagulation, inflammation, angiogenesis, and cellular
signaling [12—15]. MPs are significantly increased in a var-
ious pathological conditions, including inflammatory disor-
ders, cardiovascular diseases, sepsis, cancer, trauma, and
endometriosis [ 12—14]. MPs are markers of disease activity
and actively participate in the natural history of pathologies
[12—13]. An interaction between inflammation and coagu-
lation in patients with endometriosis, in which MPs, plate-
lets, and coagulation factors may be involved, has been
suggested [16].

1553-4650/S — see front matter © 2018 Published by Elsevier Inc. on behalf of AAGL.
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Several recent studies have described the generation of
circulating MPs after surgical procedures and characterized
their potential contribution to postsurgical complications,
such as inflammation and thrombosis [17—19]. Thus, the
aim of the present study was to compare the generation of
MPs over time as markers of inflammation between 2 dif-
ferent procedures for OE surgery, stripping and CO, laser
ablation.

Material and Methods
Study Design and Subjects

We recruited 33 adult women with unilateral OE
between January 2015 and July 2016 at the Hospital Clinic
of Barcelona. Participation was voluntary, and all partici-
pants signed an informed consent document after being
informed of the study’s aims and procedure. This study was
approved by the hospital’s Clinical Research Ethics Com-
mittee (HBC/2015/0068).

Inclusion criteria were age 18 to 40 years and unilateral
symptomatic OE >3 cm. The exclusion criteria were previ-
ous pelvic surgery; history of cancer; suspected malig-
nancy; endocrine, cardiovascular, or systemic disease;
pregnancy or breastfeeding within 6 months before sample
collection; presurgical suspicion or evidence of deep endo-
metriosis; presurgical suspicion or evidence of premature
ovarian failure; menopausal status; endometrial hyperplasia
or polyps; uterine leiomyomata; an inflammatory disease or
infectious condition within 6 months before sample collec-
tion; and the use of anti-inflammatory drugs or estrogen-
suppressive drugs, including oral contraceptives, gonado-
tropin-releasing hormone agonists, progestins, or danazol,
in the preceding 3 months. We excluded patients with sus-
pected deep endometriosis according to an extensive preop-
erative workup (including magnetic resonance imaging
when necessary) routinely performed in such patients. The
presence and severity of dysmenorrhea, deep dyspareunia,
nonmenstrual pelvic pain, and dyschezia were assessed
using a 11-point numeric rating scale, with 0 indicating
absence of pain and 10 indicating the worst pain possible
[20]. Patients were considered for surgery who complained
of at least 1 moderate to severe pain symptom (6—8 points,
moderate pain; 9 or 10 points, severe pain) or infertility.
The presence of adenomyosis was considered when 2 or
more previously reported criteria [21] were detected on
transvaginal ultrasound.

Three patients refused to participate, and thus the final
sample comprised 30 subjects. Patients were selected at
random to undergo either drainage and laser coagulation of
the OE inner lining (L group) or stripping (S group). Treat-
ment allocation was performed via a computer-generated
randomization list using the method of simple randomiza-
tion to either group. Fifteen patients were enrolled in the L
group, and 15 were enrolled in the S group. However, 1
patient with a nonendometriotic cyst was excluded from the

Flow chart of the inclusion and dropout of patients included in this
study. L group, laser vaporization group; S group, stripping group.

Eligible patients asked to
participate
(n=33)

Refused to participate
(n=3)

Laser Stripping
technique technique
(n=15) (n=15)

1 exclusion:
-1 non endometriotic
cyst

Analyzed n=15 Analyzed n=14
L group S group

S group, and thus the final number of patients in the S group
was 14 (Fig. 1).

Operative laparoscopy was performed through insertion
of a 12-mm umbilical trocar and two or three 5-mm ancillary
trocars in the lower abdomen. All interventions were per-
formed by the same team of surgeons who had a wide expe-
rience in both techniques, having performed endometriosis
surgical operations 2 to 3 times per week over the preceding
5 years. The same protocol was used during the diagnostic
phase of laparoscopy. Standard laparoscopic instruments and
a 0-degree video laparoscope were used in all procedures.

Patients in the L group underwent drainage of cyst con-
tents and irrigation and inspection of its inner wall. A
biopsy of the cyst wall was sent for routine histological
examination to confirm the diagnosis of endometriosis. The
cyst was everted to expose the inner cystic wall completely.
Vaporization of the internal wall was performed using a
fiber CO, laser (AcuPulse DUQO; Lumenis, Yokneam,
Israel) in a radial manner starting from the center and mov-
ing to the periphery, at a power density of 12 W/cm? in con-
tinuous mode. After identification of the cleavage plane in
L group, the wall of the cyst was stripped from the healthy
surrounding normal ovarian tissue and sent for histological
examination. No sutures were placed after surgery in any
group, and hemostasis was achieved by electrocoagulation
in the S group.

Sample Collection

Venous blood samples were collected before surgery and
at 2 hours, 24 hours, 1 month, and 3 months after surgery.
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Table 1

Clinical characteristics of the study cohort

Characteristic L group (n=15) S group (n=14) p value
Age, yr, median (range) 31(28-34) 30 (28-33) NS
Body mass index, kg/m”, median (range) 21.68 (19.99-24.30) 22.72 (20.7-25.39) NS
Tobacco use, n (%) 3(20) 2(14.2) NS
Indication for surgery, n (%)
Dysmenorrhea 6(40) 4(28.5)
Infertility 3(20) 5@35.7) NS
Both 6(40) 5(35.7)
Cyst diameter, cm, median (range) 7.3(4-10) 6.9 (4-11.2) NS
Laterality, n (%)
Right 6(40) 6(42.8) NS
Left 9 (60) 8(57.2)
Dysmenorrhea NRS >7, n (%) 11(73.3) 12 (85.7) NS
NRS =numerical rating scale; NS =not significant.
Blood was collected in tubes containing 3.8% trisodium cit- Statistical Analysis

rate (1/9 vol/vol; BD Biosciences, San Diego, CA). Plate-
let-free plasma was immediately obtained by double
centrifugation, first at 2000 x g for 10 minutes at 22 °C and
then at 5000 x g for 10 minutes at 4 °C. Plasma was ali-
quoted, snap-frozen in a mixture of dry ice/ethanol (1/2,
vol/vol) and stored at —80 °C.

MP Measurements

To analyze surrogate markers for inflammation after
removal of OE, we determined circulating MP levels at
baseline, 2 hours, 24 hours, 1 month, and 3 months after
surgery, and calculated the area under the curve in both
groups. All assays were performed by a single experienced
operator. Samples were tested in duplicate. The mean
absorbance values for each set of duplicate samples were
calculated. When discordant results were obtained (sample
values >20% of the mean), the samples were retested.
There were no missing data or outliers. The operator was
blind to the group allocation.

Total plasmatic MP levels were determined using a read-
ily available commercial functional assay (Zymuphen MP-
Activity Kit; Hyphen BioMed, Neuville, France), as
described previously [22—24]. This is a prothrombinase
assay based on the property of annexin-V, immobilized
onto plastic wells, to bind phosphatidylserine (PS). Calibra-
tors with known amounts of PS are used to obtain a stan-
dard curve, and the results are expressed as nanomolar PS
equivalents. The calibration is validated when the quality
controls provided by the kit are measured within their
acceptance range, indicated for each lot on the flyer pro-
vided in the kit. The detection threshold of the assay is
0.05 nM. For circulating MPs, the intra-assay coefficient of
variation was 5% and the interassay coefficient of variation
was 8%. In this study, we used assay batch no. 130207C.

Data analysis was performed using SPSS 20.0 software
(IBM, Armonk, NY). Values from quantitative parameters
were expressed as mean and standard deviation (SD) or as
median and range. Normality distribution was assessed
using the Kolmogorov—Smimov test. The Student ¢ test for
both related and unrelated variables was used for compari-
son of normally distributed continuous variables, and the
Mann-Whitney U test was used for comparison of non-nor-
mally distributed continuous variables. The x> test was
used for comparison of categorical variables. A p value
<.05 was considered statistically significant.

Results
Clinical Characteristics

The baseline characteristics of the 2 study groups are
presented in Table 1. Demographic characteristics, includ-
ing median age, body mass index, and tobacco use, were
balanced and non-statistically different between the 2
groups. In addition, indications for surgery and the lateral-
ity and diameter of OEs were similar in the 2 groups. The
rate of adenomyosis was 20% (n=3) in the L group and
14% (n=2) in the S group. In the L group, 53% of the
patients (n=8) were sampled in the follicular phase and
47% were sampled in the luteal phase, compared with 60%
(n=9) and 40% (n=06), respectively, in the S group. Thus,
the percentages of patients sampled in one or another phase
of the cycle were balanced between the groups.

Total Circulating MP Level

Data of MP levels over time for both groups are pre-
sented in Fig. 2. Total mean MP levels at baseline were
similar between groups. After surgery, MP levels were
higher in the S group at all time points analyzed compared
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Analysis of microparticle levels over time. The horizontal axis indi-
cates time after surgery, (i.e., baseline, 2 hours, 24 hours, 1 month, and
3 months after surgery). Values are reported as mean =+ SD. Stripping
is shown by the solid line for the S group; laser vaporization, by the
dashed line for the L group.
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with the L group and increased over time until the 1-month
measurement, with a significantly greater calculated area
under the curve in the S group than in the L group (p <.05).
This indicates that MP generation after excision of OE is
higher than after laser vaporization. In the last time point, 3
months after surgery, mean MP levels in S group returned
to basal levels, and were similar in both groups. Tumor
size, laterality, and phase of menstrual cycle did not influ-
ence the results (data not shown). MP levels were not dif-
ferent between patients with adenomyosis and those
without adenomyosis (data not shown).

Discussion

This pilot study shows that MPs are generated after exci-
sion of OE, but not after laser ablation. The increase in cir-
culating MP levels is temporary, and levels revert to basal
conditions by 3 months after the excision procedure. These
results suggest that compared with laser vaporization, the
stripping technique triggers a more pronounced short-term
inflammation response.

Increased MP levels can be detected in multiple proin-
flammatory and procoagulant conditions, such as athero-
sclerosis, venous thromboembolism, and systemic lupus
erythematosus [12,13]. Moreover, MP levels are increased
in patients with recurrent miscarriages [22], patients who
experience recurrent implantation failure [23], and patients
with deep infiltrating endometriosis (DIE) [24]. However,
MP levels are not altered in patients with OE without DIE
[24].

Hormonal, inflammatory, and immune responses and
angiogenesis are altered in patients with endometriosis, and
combine to promote the survival and growth of endometri-
otic lesions [25]. Moreover, crosstalk between coagulation
and inflammation also has been reported in endometriosis.

Ding et al [26] reported that platelets are recruited to endo-
metriotic lesions, where they release angiogenic factors and
promote expression of antiapoptotic and proinflammatory
genes in the endometrial cells. The increase in MPs
reported after surgery could affect inflammatory and
immune responses and contribute to the inflammatory and
procoagulant status reported in OE patients.

Previous reports have shown that cardiac and vascular
surgeries cause increases in platelet-derived MPs (PMPs)
and endothelial-derived MPs (EMPs) [13—17], and that
extended hepatic surgery results in increases in PMPs,
EMPs, and leukocyte-derived MPs [18]. Here we report
that total MP levels increase after removal of OE using a
laparoscopic excisional procedure. To our knowledge, this
is the first study in which the generation of MPs has been
measured after surgery in patients with endometriosis.

The rate of recurrence of OE after surgery is high [3],
and a significant number of patients undergo multiple sur-
geries. Considering that repetitive surgery significantly
reduces fertility [25], it is important to explore procedures
that minimize surgical damage to healthy ovarian tissue.
Laser vaporization is a tissue-sparing technique that may
provide better preservation of ovarian reserve than exci-
sion; however, studies comparing stripping and laser vapor-
ization remain scarce [4,7—8]. Laser vaporization has been
proposed as superior to cystectomy in preserving ovarian
function at 6 months after surgery [4]. In that study, the
authors showed that mean anti-Miillerian hormone levels
were significantly decreased by 6 months after cystectomy
(from 3.9 £+ 0.4 at baseline to 2.9 £+ 0.2 at 6 months;
p=.026), but remained similar over this time span after
laser vaporization (from 4.5 £ 0.4 at baseline to 3.99 + 0.6
at 6 months, p=not significant [MS]). Conversely, mean
antral follicle count increased by 6 months after laser
vaporization (from 1.3 & 0.5 at baseline to 4.36 = 0.8 at 6
months; p=.02), but not after stripping (from 2.0 + 1 at
baseline to 2.4 + 0.8 at 6 months; p=NS). This increase in
antral follicle count after laser vaporization has been
detected as early as 1 and 3 months after surgery [3]. In
agreement with the study of Tsolakidis et al. [4], Ottolina
et al. [3] found no differences in anti-Miillerian hormone
levels at 3 months after laser vaporization. However, we
previously showed that laser vaporization yields similar
pregnancy rates than cystectomy at long-term follow-up (1
and 5 years) [8]. Moreover, a subsequent meta-analysis
confirmed comparable pregnancy rates were between cys-
tectomy and laser vaporization (relative risk, 0.92; 95%
confidence interval, 0.30—2.80; p=0.89) [7]. Moreover,
surgical damage to the ovarian reserve is not only related to
the procedure itself [4—10]; it has been suggested that the
persistent reduction of ovarian reserve observed after strip-
ping could be caused by postsurgical inflammation and vas-
cular compromise [11]. The increase in MP observed after
stripping may reflect an increased inflammatory response,
which may negatively impact ovarian reserve. Conversely,
the unaltered MP levels after laser vaporization may reflect
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a minimal inflammation response, which would not be det-
rimental for the healthy ovarian tissue. However, it should
be noted that this is a pilot study, and the relevance of the
transient increase in MP levels after the stripping technique
is not clear. Permanent consequences for the ovarian tissue
of this transient inflammation remain to be established.

We measured the functional procoagulant potential of
PS-positive MPs (annexin V binding) and found greater
procoagulant activity of MPs detected after OE excision. In
this vein, several studies reported that MPs generated after
cardiac, vascular, or hepatic resection surgeries were asso-
ciated with a hypercoagulable state [13,17—18].

The main strength of this study is the inclusion and
exclusion criteria, which allowed us to limit additional fac-
tors that affect MP levels. Increased MP levels can be
detected in multiple proinflammatory and procoagulant
conditions, including DIE [11,12,15]. Importantly, MP lev-
els are not altered in patients with OE without DIE [15].
Therefore, we excluded patients with DIE and other
comorbidities involved in MP generation, such as endo-
crine, cardiovascular, systemic, inflammatory diseases, and
infectious conditions.

This study has some limitations First, as a preliminary
pilot study, it had a small sample size and thus limited sta-
tistical power. Because this is a preliminary study, the sam-
ple size was decided arbitrarily, albeit in keeping with
previous studies analyzing MP in other inflammatory dis-
eases [27,28] and biomarkers in endometriosis [29]. Sample
size planning for a clinical study is generally based on esti-
mates from previous information and performed to ensure
the ability to detect differences in outcomes [30,31]. The
present study lacked previous information on the subject at
study planning. Thus, the number of patients recruited was
small from a biometric standpoint, and the study was
intended to be exploratory in nature.

Second, we cannot formally exclude some confounding
factors in MP generation, such as the effect of menstrual cycle
or the differences between procedures in the method used to
achieve hemostasis. However, the percentage of patients in
the follicular or luteal phase in each treatment group was bal-
anced. Moreover, we previously reported that microparticle-
tissue factor levels were similar in the follicular and luteal
phases [15].

Third, we have not identified the different MP subtypes
or other inflammation and coagulation parameters. Further
characterization of the MP population caused by excisional
surgery of OE (i.e., characterization of EMPs, PMPs, and
leucocyte-derived MPs) would provide insight into the role
and significance of this response. Moreover, analysis of
independent markers for inflammation and coagulation
after ablation or stripping, such as levels of proinflamma-
tory interleukins and cytokines, galectin-3—binding pro-
tein, and alpha-2 microglobulin and additional coagulation
tests, would expand and strengthen our data.

Fourth, we cannot exclude a possible effect of electro-
coagulation in MP production. Nevertheless, in stripping

surgery, the use of a method to achieve hemostasis is man-
datory, because the consequences for MP generation would
be inseparable.

Finally, the analysis of local MP levels is always more
accurate than systemic levels; however, we chose to ana-
lyze systemic levels for practical reasons. Along with the
basal time point, MP levels were analyzed at 2 hours,
24 hours, 1 month, and 3 months after surgery and obtain-
ing peritoneal fluid samples was not feasible at these time
points. Obtaining peritoneal fluid al later time points would
involve further surgeries and patient discomfort, apart from
ethical concerns.

Nevertheless, we believe that future directions in
research should include larger long-term follow-up studies
that simultaneously assess MPs and other inflammatory and
coagulation parameters, as well as markers for ovarian
reserve, fertility, and recurrence rate comparing both surgi-
cal techniques.

In conclusion, our data show that MP levels were higher
after stripping than after CO, laser vaporization, suggesting
an increased inflammation and procoagulant response after
this procedure.
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La fisiopatologia de I'E continua essent, malgrat els avencos d’aquests ultims
anys, un aspecte prou desconegut i de cabdal importancia per a la milloria del
maneig clinic d’aquestes pacients. Es fonamental, per tant, el progrés en el
coneixement dels mecanismes implicats en 'aparicid, el manteniment i la progressio
d’aquesta malaltia per tal de permetre el desenvolupament de noves eines
diagnostiques i millorar-ne els tractaments, tant medics com quirdrgics. Els treballs
realitzats en la present tesi doctoral sobre aquesta tematica han mostrat, en resum,
els resultats segiients que es discuteixen a continuacio.

En els darrers anys, s’ha definit 'E com una patologia inflamatoria sistémica
cronica (Giudice and Kao, 2004; Agic et al., 2006; Reis et al., 2013; Kvaskoff et al.,
2015), en la que el fenotip d’EP presentaria un major estat inflamatori i una major
disfuncié immunitaria i alteraci6 hormonal, juntament amb una major activacié de
processos proliferatius, angiogenics i neurogeénics en comparacié amb I’'EO i I'ESP, pel
que es postula que podria tractar-se d’'una entitat especifica amb mecanismes
fisiopatologics diferenciats de la resta dels subtipus (Tosti et al.,, 2015). A més, i de
forma similar a altres patologies inflamatories que presenten alhora un estat
protrombotic, recentment també s’ha descrit el possible estat d’hipercoagulabilitat
de les pacients amb E (Ding et al., 2015; Guo et al., 2015; Wu Q. et al,, 2015; Vigano et
al,, 2018).

Les cMP es consideren actualment no només marcadors de dany cel-lular sin6
també moduladors de mecanismes relacionats amb ’hemostasia, la immunitat, la
inflamacié i 'angiogenesi i, de fet, s’han observat nivells elevats de cMP en certes
patologies inflamatories i protrombotiques (Barteneva et al. 2013; Buzas et al,
2014). Per altra banda, s’ha observat la preséncia del TF en el teixit endometrial de
pacients amb E i la seva relacié amb I'angiogenesi (Kikrun et al., 2008; Kikrun et al.,
2009; Kikrun, 2012). Un subgrup de cMP, anomenat cMP-TF per l'expressié de TF a
la seva superficie, ha demostrat ser present, a nivell plasmatic, en nivells superiors
als d’individus sans en certes condicions patologiques relacionades amb processos
neoplasics, infecciosos i protrombotics (Van Es et al., 2015). Prenent en consideracio
tots aquests suposits i amb l'objectiu d’avaluar els nivells d’aquests factors en el
plasma de les pacients amb E diagnosticada i confirmada quirtrgicament, es van
dissenyar el primer (ESTUDI 1) i el segon (ESTUDI 2) estudis que componen

aquesta tesi doctoral.
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L’ESTUDI 1 és un estudi preliminar dissenyat per avaluar els nivells
plasmatics de cMP, cMP-TF i sTF en dones amb E. Tenint en compte els resultats
obtinguts, podem afirmar que és el primer treball de recerca que demostra nivells
plasmatics més elevats de cMP, perdo no de cMP-TF ni sTF, en pacients amb E.
Aquesta troballa sembla ser atribuible al subgrup de pacients amb EP pero no a
pacients amb EO sense EP (Figura 2). Desconeixem si els resultats obtinguts en s6n
causa o conseqiiencia, pero hi hauria motius plausibles per afirmar que les cMP

podrien estar relacionades amb la fisiopatologia de I'E i, en concret, de I'EP.

Figura 2. Diagrama de caixes amb els nivells plasmatics de cMP (nM PS eq) en
pacients amb E (E group) i sense (C group) (Figura 2a), i els nivells plasmatics de cMP
en pacients amb EP (DIE group), EO sense EP (OE group) i sense E (C group) (Figura

2b). Es mostra el valor de significaci6 estadistica en cada cas.
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cMP: microparticules circulants; nM PS eq: equivalents nanomolars de fosfatidilserina; E:
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Com ja s’ha esmentat previament en la present tesi doctoral, I'E és
considerada actualment una condici6 ginecologica inflamatoria sistemica (Agic et al.,
2006; Kvaskoff et al., 2015), en la fisiopatologia de la qual s’han implicat diversos

mecanismes proinflamatoris, angiogenics i immunitaris (Reis et al, 2013). Dels
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diversos fenotips d’E descrits, s’ha detectat una major activaci6 de processos
inflamatoris i immunitaris i una major alteracié de mecanismes hormonals, aixi com
una major proliferacié cel-lular, angiogenesi i neurogenesi, en 'EP en comparacio
amb els altres subtipus. Per aquest motiu, s’especula que I'EP podria ser un fenotip
diferenciat d’E respecte als altres amb una fisiopatologia especifica (Tosti et al.,
2015; Donnez, 2017; Gordts et al., 2017).

Des de fa anys hi ha evidencia cientifica de la relaci6 entre els fenomens
inflamatoris i hemostatics, els mecanismes moleculars i cel-lulars dels quals semblen
estar intrinsecament vinculats. En aquesta intima relaci6 entre inflamaci6 i
coagulaci6 s’ha descrit la implicacié, entre d’altres factors, de les plaquetes, el
sistema de contacte, les cMP i el TF. L'estat d’hipercoagulabilitat de malalties
inflamatories, aixi com I’estat proinflamatori de certes condicions protrombotiques
ha estat descrit en multiples patologies com la sépsia, les patologies malignes, la
malaltia cardiovascular, la diabetis, el lupus eritematés sistémic, la sindrome
antifosfolipidica, la malaltia de Crohn i certes condicions obstétriques com la
preeclampsia (Mackman, 2009; Barteneva et al., 2013; Buzas et al., 2014; Franco et
al, 2015). L’E, com a patologia inflamatoria que es considera, sembla també
presentar un estat d’hipercoagulabilitat segons 'evidencia cientifica recent. Hi ha
diversos grups de recerca que descriuen troballes que justificarien aquest fet, com
s’esmenten a continuacid. Per una banda, s’ha detectat un escur¢ament del temps de
tromboplastina parcial activada en les pacients amb E (Wu Q. et al,, 2015; Vigano et
al,, 2018) i també del temps de trombina i un increment en els nivells de fibrinogen i
del percentatge de plaquetes circulants activades en comparaci6 amb pacients
controls (Wu Q. et al,, 2015; Ding et al.,, 2018). D’altra banda, sembla ser que les
plaquetes podrien representar un paper important en el desenvolupament de I'E, ja
que s’han detectat agregats plaquetaris en els implants endometriosics de forma
concomitant a un increment de la proliferacié cel-lular i de factors proinflamatoris i
neoangiogenics en aquestes localitzacions, pel que s’ha especulat que les plaquetes
podrien desenvolupar un rol fonamental en els fenomens inflamatoris, immunitaris i
angiogenics locals que apareixen a I'E (Ding et al.,, 2015; Du et al,, 2017). Finalment,
s’ha postulat que els cicles repetitius de lesi6 tissular i reparacié que tindrien lloc
secundariament al sagnat ciclic ectopic que s’estableix en les pacients amb E podrien
conduir a l'agregaci6 i activaci6 de plaquetes a aquestes localitzacions i, en

conseqiiencia, induir la generacié de cMP (Guo et al., 2015).
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Els dos primers estudis que componen aquesta tesi doctoral s’han focalitzat
en l'avaluacié dels nivells plasmatics de cMP en les pacients amb E i els resultats
obtinguts semblen estar en relaci6 amb tots aquests suposits descrits.

Les cMP, fins ara considerades inicament com a marcadors de dany tissular o
cel-lular, han estat implicades en multiples processos relacionats amb la inflamacié,
I’'hemostasia, la immunitat, I'angiogénesi, la remodelaci6 i la proliferacié cel-lulars
(Buzas et al, 2014) i s’han detectat nivells elevats en diverses condicions
inflamatories i protrombotiques (Lynch and Ludlam, 2007; Barteneva et al., 2013). A
I’ESTUDI 1 es van detectar nivells plasmatics més elevats de cMP en les pacients amb
E, que semblarien ser a atribuibles a les pacients afectes d’EP. Aquests resultats
podrien ser el reflex de I’estat proinflamatori i possiblement d’hipercoagulabilitat ja
descrit en aquestes pacients. Els nivells superiors de cMP detectats en pacients amb
EP podrien estar en relaci6, en aquest fenotip diferenciat de la malaltia, amb la major
activacié de diversos mecanismes moleculars i cel-lulars, tal i com han suggerit
alguns autors (Tosti et al., 2015; Gordts et al.,, 2017). Tot i que en el nostre ESTUDI 1
no s’ha avaluat la relaci6 entre els nivells més elevats de cMP i els diversos
mecanismes implicats en el desenvolupament i manteniment de I'E, tenint en compte
tots els suposits descrits al llarg d’aquesta tesi doctoral, es pot concloure que hi
hauria motius suficients per suposar una possible implicacié d’aquests factors en la
fisiopatologia de I'E i, més concretament, de I'EP. En aquest sentit, les cMP podrien
estar implicades en el manteniment i progressié dels implants d’EP en localitzacions
extrauterines per la seva accié proinflamatoria, ja que s’ha descrit que les cMP
participaren en 'activacio i alliberament de citoquines, ILs i COX-2; per la seva acci6
protrombotica, ja que han estat descrites en la cascada de la coagulacié per la seva
capacitat d'uni6 a factors de la coagulacid, per la interaccié amb factors com la P-
selectina a través del PSGL-1, aixi com també per l'expressi6 de TF a la seva
superficie; i, finalment, per la seva accié neoangiogénica, degut a l'expressi6 de
proteases i TF a la seva superficie.

A TESTUDI 2, i de forma similar a I'1, es van constatar també nivells
plasmatics superiors de cMP en les pacients amb EP en comparaci6é amb les pacients
amb EO sense EP i les pacients sense E. Aquestes troballes corroboren els resultats
obtinguts en el nostre primer estudi pilot sobre les nivells de cMP en les pacients
amb E i donarien suport a la hipotesi que les cMP semblen estar implicades en la

fisiopatologia de I'EP pel seu rol en fenomens inflamatoris i procoagulants. En aquest
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segon estudi es va valorar la possible relacié entre els nivells obtinguts de cMP i la
gravetat de la malaltia. Per aquest motiu es van analitzar els seglients parametres,
que es va considerar que podrien ser indicadors de la gravetat de 'EP: dismenorrea,
dispareunia, algies pelvianes croniques, disquezia i/o disdria severes; antecedents
d’hematdria i/o rectorragies; antecedent personal d’esterilitat; preséncia
concomitant d’adenomiosi, EO i/o adheréncies de localitzaci6 pelviana; la
classificacié en estadis III/IV de la rASRM; els compartiments afectats per EP segons
la classificacié Enzian; el nimero de localitzacions afectades per lesions d’EP (d'1 a 3
localitzacions o més de 3) i la quantitat de teixit endometriosic present a cada
pacient quantificat com el sumatori de la mida de tots els implants d’EP extirpats
durant el procediment quirdrgic. Cap dels parametres analitzats en les pacients amb
EP va presentar nivells superiors de cMP excepte el sumatori de la mida dels
implants d’EP, on es va detectar una correlacié positiva amb els nivells plasmatics de
cMP (analisi de correlaci6 de Pearson: coeficient de correlaci6 r 0.264; p 0.022)

(Figura 3).

Figura 3. Correlacié entre el sumatori de la mida dels implants d’EP i els nivells

plasmatics de cMP (nM PS eq).

cMP levels (nM PS Eq)
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cMP: microparticules circulants; nM PS eq: equivalents nanomolars de fosfatidilserina; DIE: deep

infiltrating endometriosis que és el terme en anglés per “endometriosi profunda”.
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Les troballes de 'ESTUDI 2 posen de manifest, per tant, que en el subgrup de
pacients amb EP, aquelles amb una major carrega de teixit endometriosic, presenten
nivells superiors de cMP amb una correlacié positiva amb significacié estadistica.
Aquestes dades obtingudes podrien reflectir un major estat inflamatori en aquest
subgrup de pacients amb una forma més severa de la patologia i podrien suggerir
una possible participacié de les cMP en la seva fisiopatologia. De fet, s’ha de destacar
que estudis previs a la literatura on s’han avaluat els nivells de cMP en cas de
neoplasies, han descrit una correlacié positiva entre aquests nivells i la carrega de
teixit tumoral (Toth et al,, 2008; Wang et al., 2013) i els autors conclouen que les
dades obtingudes podrien estar en relacié amb l'activacié tissular i la progressio
neoplasica aixi com també podrien reflectir un major estat procoagulant. Per tant, i
de forma similar, es podria considerar que els resultats obtinguts a 'ESTUDI 2
semblarien estar en relacié amb un major estat inflamatori i procoagulant en el cas
de les pacients amb EP amb una major carrega de teixit endometriosic, i que seria la
quantitat tissular d’EP, i no les altres variables analitzades, la que indicaria una major
gravetat i agressivitat de la malaltia.

Tenint en compte tot 'esmentat préviament, les dades obtingudes als dos
primers estudis suggereixen que les cMP podrien ser un nou mecanisme implicat en
la fisiopatologia de I'E i, en concret de I'EP, ja que és en aquest subgrup de pacients
on s’han detectat els nivells plasmatics més elevats de cMP i, especialment, en les
pacients amb EP que presentaven una major quantitat de teixit endometriosic.
Aquest fet podria estar relacionat, per tant, amb el desenvolupament i establiment
d’'un major estat inflamatori i, conseqiientment, amb la major agressivitat i gravetat
d’aquest fenotip de la malaltia, tal i com sembla desprendre’s de 'ESTUDI 2. Cal
considerar, pero, que els nostres ESTUDIS 1 i 2 soén, essencialment, estudis
preliminars i al nostre coneixement, semblen ser els primers sobre aquesta tematica.
Es per aquest motiu que calen més estudis en aquesta linia de recerca per confirmar
els nostres resultats i explorar els mecanismes concrets pels quals les cMP
participarien de la fisiopatologia de I'EP.

Pel que fa al TF, es va considerar en el disseny de 'ESTUDI 1 la seva possible
relacié6 amb I'E pel fet que estudis previs havien demostrat un augment de la seva
expressié a les cel-lules glandulars de 'endometri eutdpic i ectopic de les pacients
amb E i també a les cél-lules endotelials i macrofags dels implants endometriosics

(Kikrun et al., 2008; Kikrun, 2012; Lin et al., 2012; Ding et al., 2015). EI TF, fins ara
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implicat essencialment en funcions hemostatiques, ha estat descrit com un factor
clau en I'angiogenesi mitjangant la via de senyalitzacié del PAR i per I'alliberament de
multiples substancies proangiogeniques en el context de I'activacié de la cascada de
coagulacié (Kikrun et al., 2009; Osuga et al., 2012) i, en aquest sentit, sembla
desenvolupar un paper important en la fisiopatologia de condicions malignes i
inflamatories (Mackman, 2009). En la circulacid, el TF es pot trobar com a TF soluble
(sTF) o unit a cMP (cMP-TF). S’ha descrit el rol de les cMP-TF en la inflamacié, la
progressié tumoral i I'angiogénesi, aixi com també la seva implicacié en el procés
d’activacié de la coagulacié (Lin et al., 2012) i s’han observat nivells plasmatics més
elevats de cMP-TF en pacients amb condicions patologiques com neoplasies, estats
infecciosos o d’hipercoagulabilitat (Van Es et al, 2015). Tenint en compte tots
aquests suposits, també es van avaluar a 'ESTUDI 1 els nivells de plasmatics de TF
tant en forma de cMP-TF com de sTF. L’avaluaci6é d’aquests dos factors es va motivar
pel fet que el sTF podia no reflectir necessariament la quantitat i/o funcié del TF
localitzat a nivell dels implants endometrials aixi que el fet d’estudiar també la
presencia de cMP-TF podria aportar més informacié sobre la implicaci6 del TF en I'E
tenint en compte la seva possible generacié secundaria a I'activacié cel-lular que
tindria lloc a les localitzacions abans esmentades on s’ha detectat un augment de
I'expressié de TF. Tot i aixd, a 'ESTUDI 1 no es van detectar diferencies ni en els
nivells de sTF ni de cMP-TF entre les pacients sense E i les pacients amb E ni tampoc
tenint en compte, en el grup de pacients amb E, la preséncia o no d’EP. Aix0 podria
ser degut al fet que les cMP-TF, a diferéncia de les cMP, no participin de la
fisiopatologia de I'E o bé hi hauria la possibilitat que la mesura de I'activitat funcional
de les cMP-TF fos tecnicament dificultosa en mostres plasmatiques amb nivells
baixos de cMP-TF (Key and Mackman, 2010; Hellum et al., 2012). Tot i aix0, aquesta
segona opcid seria menys probable ja que tampoc es van detectar diferéncies en els
nivells de sTF en els diferents grups de pacients de 'ESTUDI 1, pel que semblaria
que el rol del TF en I’E podria ser més a nivell local que no sistemic, ja que, segons els
resultats del nostre estudi, 'augment d’expressié del TF descrit a les cel-lules
glandulars de I'endometri eutopic i ectopic i als implants endometridsics de pacients
amb E (Kikrun et al., 2008; Kikrun, 2012; Lin et al., 2012, Ding et al., 2015), no es
reflecteix amb un augment en els nivells plasmatics del TF, avaluat en forma de sTF i

de cMP-TF.
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Cal tenir en compte en la valoracié dels resultats, les limitacions propies
d’aquests ESTUDIS 1 i 2. Com a estudis preliminars que sén, la mostra de pacients
podria ser considerada relativament reduida i fou decidida arbitrariament tenint en
compte altres estudis en els que també s’avaluaren nivells de cMP en malalties
inflamatories (Giuducci et al, 2008; Leonetti et al, 2013) i biomarcadors en I'E
(Fassbender et al., 2013). Una altra limitacio seria el fet que el grup control no estava
format per pacients completament sanes sin6 que algunes d’elles presentaven
patologia annexial benigna i era aquesta la indicacié de la intervencié quirurgica; tot
i aixi, I'eleccié d’aquest grup de pacients com a control és similar a estudis previs
realitzats per altres grups de treball internacionals sobre I'E (Santulli et al.,, 2015).
També cal esmentar com a limitacié6 de 'ESTUDI 1 el fet que les mostres van ser
obtingudes en diferents fases del cicle menstrual (fol-licular i lutia), fet que podria
alterar la interpretacié dels resultats obtinguts per la possible variaci6 de l'estat
inflamatori sistemic de les dones i dels nivells de cMP al llarg del cicle menstrual. Tot
i que es va fer una subanalisi per avaluar els nivells de cMP en funci6 de la fase del
cicle menstrual i no es van objectivar diferéncies estadisticament significatives, cal
considerar el possible biaix dels resultats degut a la mida mostral de l'estudi.
Finalment, I'avaluaci6 dels nivells de cMP en els dos estudis va ser mitjancant un
assaig funcional en que Unicament es determinaren les cMP amb capacitat d’adhesi6
a 'annexina V mitjangant la fosfatidilserina expressada a la seva superficie, aixi com
també el subtipus cMP-TF en el cas de 'ESTUDI 1, pero no altres subtipus de cMP,
pel que serien interessants més estudis en aquesta linia per valorar la possible
contribucié de les cMP de diferents origens cel-lulars en la fisiopatologia de I'E. Pero
aquests ESTUDIS 1 i 2 també tenen els seus punts forts, entre ells cal destacar que
totes les mostres es van obtenir abans de la cirurgia, per poder avaluar d’aquesta
manera els nivells plasmatics basals dels diferents parametres analitzats. I, per altra
banda, totes les pacients incloses en aquest estudi van ser classificades
definitivament a cadascun dels grups segons les troballes intraquirurgiques i els
resultats de 'analisi histologic, i no segons I'orientacié diagndstica prequirirgica, per
tal de poder disposar d’'un diagnostic de certesa.

En resum, els nivells plasmatics més elevats de cMP, pero no de cMP-TF ni
sTF, detectats en les pacients amb E a TESTUDI 1 semblarien ser atribuibles a les
pacients amb EP, ja que no es van detectar en les pacients sense E ni en les pacients

amb EO pero sense EP. Aquestes troballes es van corroborar a 'ESTUDI 2, on també
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es van detectar nivells superiors de cMP en les pacients amb EP, pero no en les
pacients amb EO sense EP ni en les pacients sense E. A 'ESTUDI 2, a més, es van
observar nivells més elevats de cMP en el subgrup de pacients amb EP amb una
major quantitat de teixit endometriosic, valorat com el sumatori de la mida de
cadascun dels implants d’EP extirpats durant la cirurgia. No es van detectar nivells
superiors de cMP en l'avaluacié d’altres possibles indicadors de gravetat de la
malaltia com la gravetat de la simptomatologia o I'extensié de la malaltia segons el
numero d’'implants. De tot aix0 es dedueix que aquest subgrup de pacients amb una
major quantitat de teixit endometriosic és el que el que presentaria un major estat
inflamatori i/o d’hipercoagulabilitat i, per tant, una major gravetat de la malaltia.

Per tot aix0, es pot concloure que els nivells més elevats de cMP detectats en
les pacients amb EP poden ser secundaris a un major estat inflamatori sistemic
d’aquestes pacients amb una forma més severa de la malaltia, en la fisiopatologia de
la qual les cMP hi podrien estar implicades. En base a aquestes troballes, es va
dissenyar I'ESTUDI 3 d’aquesta tesi doctoral, on es van avaluar els nivells de NETs en
les pacients amb E.

Els NETs son estructures similars a una xarxa formada per filaments de
cromatina descondensada i proteines contingudes en els granuls dels neutrofils,
essencialment proteases com l'elastasa i MMP, i altres com la MPO, la lactoferrina i
les catepsines. Es formen per un procés de mort cel-lular anomenat NETosi que
tindria lloc en situacions de dany tissular i focus inflamatoris on hi hauria una
acumulacié de neutrofils secundaria a citoquines generades per macrofags
(Brinkmann et al., 2004, Pinegin et al., 2015). Inicialment descrits com a mecanismes
de la immunitat innata amb una funci6 essencialment antimicrobiana, en els Gltims
anys diverses linies de recerca han observat un increment en els nivells de NETs en
condicions inflamatories i/o estats d’hipercoagulabilitat, pel que els NETs podrien
estar implicats en altres funcions immunitaries relacionades amb la fisiopatologia de
diverses malalties inflamatories croniques, de manera que podrien tenir un rol en el
desenvolupament i manteniment de I'estat inflamatori d’aquestes patologies. De fet,
s’han descrit nivells més elevats de NETs en el lupus eritematés sistemic, la psoriasi,
I'artritis reumatoide, la malaltia de Crohn i el tromboembolisme, a part de la sepsia
(Gupta et al., 2007; Kessenbrock et al., 2009; Borissof and ten Cate, 2011; Fuchs et al.,
2012; Kaplan and Radic, 2012; Branzk and Papayannopouos, 2013; Pinegin et al.,,

2015; Sgrensen and Borregaard, 2016). L’E, de forma similar a altres condicions
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inflamatories i/o estats d’hipercoagulabilitat sistemics, podria presentar nivells
plasmatics superiors de NETs. Es sota aquest supdsit que es va dissenyar 'ESTUDI 3
de la present tesi doctoral, en el que es van avaluar els nivells plasmatics de NETs en
pacients amb E i sense, aixi com també en el subgrup de pacients amb EP comparant-
lo amb pacients sense E i pacients amb E pero sense EP. Els resultats van evidenciar
nivells plasmatics superiors de NETs en les pacients amb E que semblen ser
atribuibles a les pacients amb EP, ja que es van detectar diferéncies estadisticament
significatives en els nivells de NETs en pacients amb EP comparat amb pacients
sense E. No es van detectar, pero, diferencies entre les pacients sense E en
comparacié a les pacients amb E pero sense EP ni en les pacients amb E sense EP en
comparacié amb les pacients amb EP, tal i com es mostra a la figura segiient (Figura

4).

Figura 4. Diagrama de caixes amb els nivells plasmatics de NETs (AU) en pacients
amb E (E group) i sense E (C group) (Figura 4a) i els nivells plasmatics de NETs en
pacients amb EP (DIE group), pacients amb E sense EP (non-DIE group) i sense E (C

group) (Figura 4b). Es mostra el valor de significaci6 estadistica en cada cas.
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NETSs: neutrophil extracellular traps; AU: unitats arbitraries; E: endometriosi; C: control; DIE: deep

infiltrating endometriosis que és el terme en anglés per “endometriosi profunda”; NS: no significatiu.
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L’ESTUDI 3 de la present tesi doctoral és, de manera similar a 'ESTUDI 1, un
estudi preliminar i, al nostre coneixement, el primer en avaluar els nivells plasmatics
de NETs en pacients amb E. Com ja s’ha esmentat anteriorment, en la fisiopatologia
de I'E hi contribueixen diversos mecanismes, entre ells hi destaca una activacio i
disfuncié del sistema immunitari, i s’ha observat en estudis histologics un
reclutament de macrofags, cel-lules NK i neutrofils a nivell del teixit endometriosic,
alhora que també s’ha detectat en estudis moleculars la major preséncia de
citoquines i ILs en aquestes localitzacions (Reis et al., 2013). Tot i que encara no ha
estat definit el rol dels neutrofils en la fisiopatologia de I'E, seria factible, en aquest
escenari descrit, que tingués lloc la formacié de NETs mitjancant el procés abans
esmentat, anomenat NETosi, com a conseqliéncia de l'activacié dels neutrofils
localitzats a les arees d’'implants d’E. De fet, en un estudi recent en qué es van avaluar
els nivells de NETs en liquid peritoneal de pacients amb i sense E, ja es van detectar
nivells més elevats en les primeres (Berkes et al., 2014). Tenint en compte I'evidéncia
cientifica que avui en dia considera I'E una malaltia inflamatoria sistémica, 'objectiu
del nostre ESTUDI 3 va ser anar més enlla i valorar els nivells plasmatics de NETs en
pacients amb i sense E. Els nostres resultats podrien reflectir un major estat
inflamatori sistemic en les pacients amb E i, en concret en el subgrup de pacients
amb EP, en comparacié amb la resta, com ja s’ha postulat a la literatura cientifica
(Tosti et al., 2015; Donnez, 2017; Gordts et al, 2017) i com sembla també
desprendre’s dels resultats obtinguts a 'ESTUDI 1. Berkes et al. (2014) especulen
sobre un possible rol dels NETs en la fisiopatologia de I'E ja que en altres patologies
inflamatories croniques, els NETs han estat implicats en la iniciacié i manteniment de
I'estat inflamatori cronic i del dany tissular secundari (Berkes et al., 2014). Els nivells
elevats d’'ILs i citoquines que s’han observat en els implants d’E podrien ser els
responsables de la migracié de neutrofils i altres cel-lules immunitaries al teixit
endometrial ectopic i provocar-ne la seva activacié i, per tant, promoure la NETosi a
aquestes localitzacions. En aquest context, les proteines incloses en els NETs
(elastasa, MMP, MPO, lactoferrina i catepsines, entre d’altres) podrien contribuir a
amplificar 'estat inflamatori de I’E ja que podrien estimular la secrecié de citoquines
proinflamatories, contribuir a la degradacié de la matriu extracel-lular dels teixits on
es localitzen els implants d’E i facilitar-ne, per tant, la penetraci6 i invasio, aixi com
també participar en processos angiogénics i antiapoptotics. A més, els NETs també

s’han implicat en processos trombogénics a través de la promocié de l'adhesié,
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activacid i agregaci6é de plaquetes (Knight et al.,, 2012; Darrah and Andrade, 2013;
Pinegin et al., 2015; Rao et al.,, 2015), aixi com també per la capacitat de reclutar cMP
i cMP-TF (Martinod et al., 2014) i activar la via intrinseca de la coagulaci6 a través del
sistema de contacte (Massberg et al, 2010). Tot aix0 podria contribuir a l'estat
d’hipercoagulabilitat d’aquestes pacients i potenciar-ne encara més I'estat
inflamatori i el dany tissular. Malgrat aquests mecanismes descrits pels quals
s’especula que els NETs podrien participar de la fisiopatologia de I'E i, en concret de
I'EP, caldrien més estudis per valorar el rol especific dels NETs en el
desenvolupament i manteniment de I'EP. No obstant, si que sembla evident, tant pels
resultats obtinguts a 'ESTUDI 3 d’aquesta tesi, com pels resultats obtinguts per
altres grups de recerca (Berkes et al., 2014), que els NETs podrien reflectir un major
estat inflamatori en I'E i, particularment, en I'EP, el fenotip més agressiu de la
malaltia, on els mecanismes relacionats amb la inflamacio, I'angiogénesi i la invasio
tissular hi serien presents amb una major severitat.

El nostre ESTUDI 3 és, pero, un estudi preliminar i, per tant, caldria ampliar la
recerca en aquesta tematica per tal de confirmar els resultats obtinguts i prosseguir
en la investigacié del rol dels NETs en la fisiopatologia de 'EP. De forma similar a
I’ESTUDI 1, 'ESTUDI 3 presenta certes limitacions. Per una banda, és un estudi amb
una mostra limitada i decidida de forma arbitraria tenint en compte estudis on s’han
avaluat els nivells de NETs en altres patologies inflamatories croniques i en la propia
E (Keshari et al.,, 2012; Berkes et al., 2014; Sur Chowdhury et al., 2014). Per altra
banda, cal recordar que no totes les pacients que formaren el grup control eren
completament sanes ja que algunes d’elles van ser intervingudes per presentar
patologia annexial benigna lleu. Tot i aixi, i de forma similar a I'ESTUDI 1,
considerem que aquest fet té poc risc d’esbiaixar els resultats ja que s’han obtingut
diferencies significatives entre el grup C i el grup de pacients amb E i, en concret amb
EP i, per altra banda, altres grups de treball han publicat resultats sobre
biomarcadors serologics en E amb un disseny dels grups d’estudi similar (Santulli et
al,, 2015), com ja s’ha esmentat previament. Finalment, s’ha de destacar el fet que les
mostres biologiques van ser obtingudes en diferents fases del cicle menstrual
(fol:licular i lutia), fet que podria interferir en la interpretaci6 dels resultats
obtinguts per les possibles variacions en l'estat inflamatori sistemic de les pacients.
Per aquest motiu, es va realitzar una subanalisi dels nivells de NETs en funcié de la

fase del cicle menstrual, en la que no es van detectar diferencies estadisticament
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significatives. No obstant aixo, cal considerar la possibilitat d'un possible biaix en els
resultats obtinguts en aquesta subanalisi a causa de la mida mostral reduida de
I'estudi. Més enlla d’aquestes limitacions, el disseny de 'ESTUDI 3 presenta com a
punts forts el fet que les mostres obtingudes van ser totes en fase basal ja que es va
realitzar I'extracci6 sanguinia abans de la cirurgia i que la inclusi6 definitiva de les
pacients en els diferents grups de l'estudi fou en base a les observacions
intraquirargiques i els resultats anatomopatologics i, per tant, amb un diagnostic de
certesa sobre la pertinencga a cadascun dels grups de pacients.

Com a conclusié global dels ESTUDIS 1, 2 i 3 podem afirmar que els nivells
més elevats de cMP i NETs en les pacients amb E semblen ser atribuibles a les
pacients amb EP i poden reflectir un major estat inflamatori i/o d’hipercoagulabilitat
en aquestes pacients, fet que seria concordant amb l'evidencia cientifica actual que
considera I'E com una condicié inflamatoria sistéemica cronica en la que les pacients
afectes podrien presentar un major estat d’hipercoagulabilitat. Hi ha maultiples
mecanismes biologics pels quals seria clarament factible la implicacié de les cMP i els
NETs en la fisiopatologia de I'EP, pel que calen estudis dissenyats en aquesta direccio
per explorar el rol concret d’aquests factors en I'EP.

Per altra banda, les cMP han estat descrites classicament com a marcadors de
dany tissular. Es basant-nos en aquest fet que vam dur a terme I'ESTUDI 4 de la
present tesi doctoral, per tal de valorar el grau d’inflamaci6 i dany tissular secundaris
a la cirurgia dels EO mitjancant I'analisi dels nivells plasmatics de cMP en realitzar
dues tecniques quirdrgiques diferents: la classica tecnica excisional o stripping i una
técnica ablativa mitjancant laser CO». La transcendéncia de la cirurgia dels EO en les
pacients amb E ha estat descrita des de fa anys, ja que presenta riscos per al
potencial reproductiu d’aquestes pacients, en part ja alterat per la propia malaltia. En
aquest sentit, s’ha constatat que la cirurgia dels EO pot implicar una reduccié de la
reserva ovarica per lesié del cortex ovaric sa no només durant el procediment
quirurgic siné per la inflamaci6 secundaria a la propia cirurgia (Sugita et al., 2013). A
I’ESTUDI 4 es van seleccionar tinicament pacients amb el diagnostic d’EO unilateral =
3 cm sense EP, tributaries de ser intervingudes per referir simptomatologia
(dismenorrea, dispareunia, algies pelvianes croniques i/o disquezia) moderada i/o
severa (puntuacié = 6 segons 'EVA) (Chapron et al., 2012; Bourdel et al., 2015) o
esterilitat. En aquest estudi es va establir com a criteri d’exclusié important la

presencia de lesions d’EP aixi com d’altres patologies inflamatories ja que, segons els
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resultats obtinguts a I'ESTUDI 1, aquestes pacients podrien presentar nivells
superiors de cMP i, per tant, dificultar la interpretacié de les dades obtingudes. Les
pacients incloses a 'ESTUDI 4 van ser distribuides de forma aleatoria entre dos
grups segons la tecnica quirdrgica utilitzada per tractar 'EO: stripping (grup S) o
laser CO2 (grup L). Cadascuna de les tecniques quirturgiques aplicades esta descrita
detalladament a I'apartat de “Materials i Metodes” de 'ESTUDI 4. En aquest estudi es
van obtenir mostres de sang de les pacients incloses abans de la cirurgia, a les 2
hores, a les 24 hores, al mes i als 3 mesos de la cirurgia, i es van determinar els
nivells plasmatics de cMP en cadascun d’aquests moments i es va calcular I'area sota

la corba generada en els dos grups de I'estudi (Figura 5).

Figura 5. Analisi dels nivells plasmatics de cMP (nM PS eq) al llarg del temps (abans
de la cirurgia i a les 2 hores, 24 hores, 1 mes i 3 mesos posteriors a la cirurgia) en els

dos grups d’estudi (S group i L group).
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cMP: microparticules circulants; nM PS eq: equivalents nanomolars de fosfatidilserina; S: stripping; L:

laser.

Tal i com mostra la Figura 5, el valor dels nivells plasmatics de cMP basals i als
3 mesos dels 2 grups d’estudi va ser similar pero el grup S va presentar nivells
plasmatics superiors de cMP posteriorment a la cirurgia en tots els moments

analitzats en comparacié amb el grup L, amb un increment d’aquests al llarg del
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temps fins al mes de la cirurgia, moment en que van disminuir fins a retornar a I'estat
basal. L’area sota la corba generada en el grup S va ser superior que en el grup L
(p<0.05), fet que indicaria que la generaci6 de cMP després d’aplicar una tecnica
excisional per al tractament quirurgic dels EO seria superior que en aplicar el laser
CO2. Aquests resultats van ser independents de la lateralitat i de la mida dels EO.

La deteccié de l'elevacié de nivells de cMP en procediments quirtrgics ja ha
estat descrita en estudis previs en el cas de cirurgies cardiaques i vasculars,
hepatiques i gastrointestinals i se suposa que podrien representar una resposta
especifica a l'estrés quirdrgic i estar relacionades amb l'activitat procoagulant
postoperatoria alhora que podrien ser marcadors de la reaccié sistémica
inflamatoria generada (Ikeda et al., 2003; Banz et al., 2016; Tempo et al.,, 2016).

Les cMP, com ja s’ha esmentat previament, han estat descrites com a
marcadors de dany tissular ja que son generades per dany cel-lular, activaci6 i/o
apoptosi (Buzas et al., 2014), situacions que apareixen en circumstancies com seria el
cas de la propia noxa quirtrgica. Perdo a més, s’ha observat la seva implicacié en
processos biologics diversos, com la inflamacié, I'hemostasia, la immunitat,
I'angiogenesi, la remodelaci6 i la proliferacié cel-lulars (Buzas et al., 2104). A nivell
clinic, s’han detectat valors elevats en diverses condicions inflamatories i
protrombotiques (Lynch and Ludlam, 2007; Barteneva et al., 2013), entre elles I'EP,
segons els resultats dels nostres ESTUDIS 1 i 2, que estarien en relacié amb tots
aquests mecanismes descrits. La seva importancia en la cirurgia dels EO rau, per tant,
en el fet que la seva elevaci6, secundaria al procediment quirdrgic aplicat, podria
contribuir a un estat postquirdrgic inflamatori i procoagulant i a una disfuncié de la
resposta immunitaria. En aquest estudi s’ha detectat una elevaci6 transitoria dels
valors plasmatics de cMP en cas d’aplicar una tecnica excisional, perd no en cas de
tractar els EO mitjancant laser CO2, pel que semblaria que I'stripping podria generar
una resposta inflamatoria superior a curt termini. Tot i que als 3 mesos es va
detectar un retorn dels nivells de cMP a I’estat basal, la seva elevaci6é temporal podria
ser suficient per tenir un efecte nociu sobre les pacients intervingudes. Per una
banda, les cMP han estat implicades en els Ultims anys en processos inflamatoris per
la seva capacitat per reclutar cel-lules inflamatories i contribuir a l'alliberaci6 de
COX2 i citoquines proinflamatories i proteases. Perd a més, s’ha descrit el seu rol en
la coagulacié per: a) la capacitat d'unir-se a diversos factors de la coagulacié, a través

de la fosfatidilserina expressada a la seva superficie, i activar-los, i b) I'expressié a la
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seva superficie del TF i el PSGL-1, que facilitaran la seva unié a cel-lules endotelials i
plaquetes activades. Tot aix0 contribuira al desenvolupament de la cascada de la
coagulacio, que finalment acabara amb la generacié de trombina i posterior fibrina
(Meziani et al., 2008). Pero, com ja s’ha comentat al llarg de la present tesi doctoral,
I'agregacid i activacié de plaquetes també participen de la resposta inflamatoria que
es generi, ja que recentment també se les ha relacionat amb processos inflamatoris i
no només hemostatics (Jenne et al., 2013; Franco et al., 2015; Varon and Shai, 2015).
Finalment, cal tenir en compte també I'efecte angiogenic de les cMP (Leroyer et al.,
2010) a través de l'expressié de proteases i I'activacié del PAR-2 pel complex
FT/factor VIla (Osuga et al., 2012).

Tots aquests processos podrien tenir com a conseqiiéncia, en les pacients
intervingudes d’EO, la participacié en la generacié d’adheréncies postquirargiques i
'afectacio del teixit ovaric sa amb una subsegiient reducci6 de la reserva ovarica. En
relacié a aquesta dltima consideracid, recentment s’ha especulat que 'afectaci6 de la
reserva ovarica de la pacient sotmesa a una intervencié quirdrgica d’EO seria
deguda, per una banda, al propi dany quirtrgic del teixit ovaric sa adjacent i, per
altra banda, al compromis vascular i a I'estat inflamatori local i sistemic generats
secundariament a la cirurgia (Sugita et al., 2013). A més, no hem d’oblidar que la
cirurgia conservadora de la fertilitat en I'E i, en concret, el tractament dels EO,
presenta una elevada taxa de recurrencies (Guo, 2009; Ottolina et al., 2017). Aixo pot
tenir un efecte deleteri en les pacients amb EO ja que, a banda d’agreujar el risc
d’afectacié del cortex ovaric sa en cadascuna de les intervencions, el fet de ser
sotmeses a cirurgies repetitives augmenta també el nombre de complicacions
quirurgiques i el risc d'una major generacié d’adheréncies postquirirgiques
(Vercellini et al., 2014). Per tant, en la cirurgia dels EO és important l'estudi de
procediments quirdrgics efectius, pero que alhora disminueixin al maxim el risc de
lesié del teixit ovaric sa i minimitzin la reaccié inflamatoria secundaria a la cirurgia,
sense incrementar el risc de recurrencies de la malaltia. Per tots aquests motius, en
els ultims anys s’han descrit com a alternativa a I'stripping procediments que
consisteixen en el drenatge i posterior ablacié de la paret quistica mitjancant la
coagulacié6 amb energia bipolar, vaporitzacié amb laser CO2 o, fins i tot, amb plasma
(Jadoul et al.,, 2012). Els estudis publicats a la literatura cientifica en qué s’han
comparat les tecniques excisionals i ablatives en relacié a 'afectaci6 de la reserva

ovarica indicarien que les tecniques ablatives semblarien oferir un cert avantatge en
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aquest sentit ja que descriuen, en general, una major reduccié del volum ovaric i una
major afectaci6 dels marcadors de reserva ovarica en cas de I'stripping (Tsolakidis et
al, 2010, Roman et al., 2011; Alborzi et al., 2014, Candiani et al., 2018). A 'ESTUDI 4
d’aquesta tesi doctoral ens hem centrat en la comparacié entre stripping i
vaporitzacié amb laser CO2 per al tractament quirdrgic dels EO unilaterals. Els
resultats obtinguts mostren una elevacio, tot i que transitoria, dels nivells de cMP en
cas de tractar les pacients amb stripping. Aquest fet podria estar en relaci6 a un
major estat inflamatori i d’hipercoagulabilitat a nivell postquirirgic que podria tenir,
com a conseqliéncia, un major dany al teixit ovaric sa. A més, aquest estat inflamatori
i d’hipercoagulabilitat podria contribuir també a la generacié d’adheréncies
postquirurgiques.

Pel que fa al risc de recurréencies, en una metaanalisi del 2008 semblaria que
les técniques ablatives podrien presentar un possible increment en les recidives dels
EO (Hart et al, 2008). Tot i aix0, estudis posteriors posarien en dubte aquesta
afirmaci6. De fet, en un estudi aleatoritzat comparant la quistectomia i la
vaporitzacié amb laser CO2 amb un seguiment a 5 anys, les pacients tractades amb
vaporitzacié amb laser CO; van presentar un major nombre de recidives i de forma
més precog, perdo als 5 anys no es van detectar diferencies estadisticament
significatives (Carmona et al, 2011). Recentment, un altre estudi comparant
I'stripping i el tractament combinat excisional i ablatiu (Donnez et al., 2010), tampoc
ha descrit diferencies en les taxes de recurrencies (Muzii et al., 2016). Tenint en
compte tot l'exposat, l'aplicacié d’'una técnica ablativa no representaria cap
desavantatge en aquest sentit.

Malgrat que sembla, per tant, que les tecniques ablatives ofereixen uns millors
resultats en comparacié amb I'stripping, cal tenir en compte, pero, el fet que alguns
estudis apunten a un cert avantatge de les tecniques excisionals pel que fa a
I'efectivitat en la reducci6 de les algies pelvianes. Tot i que hi ha pocs estudis en els
que s’ha valorat aquest aspecte, semblaria que les tecniques excisionals i no les
ablatives, podrien presentar millors resultats en la reduccié del dolor de les pacients
intervingudes (Hart et al., 2008; Pundir et al., 2017). La valoraci6 d’aquest aspecte no
forma part dels objectius inclosos en 'ESTUDI 4 tot i que caldria considerar-lo com
un punt rellevant a tenir en compte en estudis posteriors sobre tecniques
quirurgiques per al tractament dels EO per tal de valorar globalment els avantatges i

inconvenients dels diversos tractaments descrits fins al moment.
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Per tant, els resultats de 'ESTUDI 4 posarien de manifest, de forma similar a
estudis previs, un possible major risc d’afectacié de la reserva ovarica i de generacio
d’adherencies postquirdrgiques en cas del tractament amb stripping, ja que els
nivells plasmatics superiors de cMP detectats, encara que de forma transitoria, sén
atribuibles a un major dany tissular generat mitjancant aquest procediment i un
major estat inflamatori i d’hipercoagulabilitat a nivell postquirturgic. Aquest és, al
nostre coneixement, el primer estudi que avalua els nivells plasmatics de cMP
generats després d’aplicar un tractament quirdrgic excisional o ablatiu a pacients
amb EO. Tot i ser un estudi preliminar i amb mida de mostra reduida, cal remarcar el
fet que els criteris d’'inclusié i exclusi6 van ser decidits i aplicats de forma molt
curosa i estricta per tal d’evitar al maxim altres factors confusors que podrien alterar
els nivells de cMP, entre ells s’ha de destacar 'exclusié de pacients amb EP, ja que
aquest subgrup de pacients tindria nivells més elevats de cMP segons els resultats
obtinguts als ESTUDIS 11 2.

L’ESTUDI 4 presenta, també, certes limitacions. Per una banda, tal i com s’ha
esmentat anteriorment, es tracta d’un estudi pilot i amb una mida mostral petita que,
en no disposar d’estudis previs sobre aquesta tematica, va ser decidida
arbitrariament segons estudis previament descrits a la literatura cientifica en que
s’han avaluat les cMP en altres patologies inflamatories (Giuducci et al., 2008;
Leonetti et al., 2013) aixi com els biomarcadors en I'E (Fassbender et al., 2013). Per
altra banda, en aquest estudi no es van valorar els diversos subtipus de cMP descrits
a la literatura ni altres parametres inflamatoris ni relacionats amb la coagulacio, pel
que seria interessant prosseguir la recerca en aquesta linia per tal d’obtenir una
major informacié sobre el rol concret de les cMP generades secundariament al
procediment quirdrgic i les seves implicacions cliniques i també de la resposta
inflamatoria i procoagulant que s’esdevenen en aplicar les diverses técniques
descrites per al tractament quirdrgic dels EO. Finalment, cal remarcar que no es pot
excloure el possible efecte de I'electrocoagulacié en la generacié de cMP en el cas de
I'stripping. Tot i aixi, aquest és un procediment requerit per a '’hemostasia quirdrgica
en aquest cas, pel que la generacié de cMP s’ha de considerar com un fet intrinsec i
inseparable en cas d’optar per un tractament excisional i no ablatiu. De tot aix0 es
pot concloure que és necessari prosseguir la recerca en aquesta linia aixi com també

avaluar els resultats a llarg termini en termes de reserva ovarica, recurrencies i
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millora de les algies pelvianes de les pacients sotmeses a tractament quirtrgic dels

EO per poder confirmar els nostres resultats i ampliar-ne els coneixements.
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6. CONCLUSIONS I IMPLICACIONS CLINIQUES
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Els estudis realitzats han permeés arribar a les conclusions que s’exposen a
continuacié i que es corresponen amb els objectius esmentats a l'apartat

corresponent d’aquesta tesi doctoral.

1. Les pacients amb E presenten nivells superiors de cMP i NETs en plasma en
comparacié amb les pacients sense E. Nivells superiors d’aquests dos factors han
estat observats en multiples patologies inflamatories croniques, pel que aquesta
troballa reafirma el concepte de I'E com a malaltia inflamatoria sistemica i aporta
major coneixement sobre la seva fisiopatologia, ja que els nostres resultats
podrien suggerir una possible implicaci6 de les cMP i els NETs. A més, aquests dos
factors podrien estar també relacionats amb I'estat d’hipercoagulabilitat que s’ha
descrit en aquestes pacients per la seva implicacié tant en fenomens

proinflamatoris com protrombotics.

2. Els nivells plasmatics superiors de cMP i NETs detectats en pacients amb E
semblen atribuir-se al subgrup de pacients amb EP, ja que és en aquest subgrup
on s’han detectat diferencies estadisticament significatives respecte a les pacients
sense E. En I'EP s’ha detectat una major expressi6 de factors proinflamatoris i
angiogenics, pel que la troballa de nivells més elevats de cMP i NETs estaria en
concordanca amb aquest fet. Per tant, tot i que es tracta d’estudis pilots i és
necessari prosseguir la recerca en aquesta linia, els resultats obtinguts en els
estudis realitzats podrien suggerir la possible implicaci6 de les cMP i els NETs com

a dos nous mecanismes en la fisiopatologia de I'EP en concret.

3. No s’han detectat diferéncies en les cMP-TF ni en el sTF en les pacients amb E en
comparacié amb les pacients sense E. Tot i que sembla que el TF estaria relacionat
amb la fisiopatologia de I'E ja que s’ha observat una major expressié de TF tant al
teixit endometrial eutopic com ectdpic, aquest fet no sembla estar relacionat amb
els nivells plasmatics de cMP-TF ni de sTF segons els resultats obtinguts al nostre

estudi.

4. S’ha evidenciat que, en les pacients amb EP, els nivells plasmatics de cMP s6n
superiors en aquelles que presenten una major quantitat de teixit endometrial

ectopic. Aquest fet no s’ha observat en I'analisi d’altres factors que podrien estar
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relacionats amb la gravetat de la malaltia. Aquestes troballes podrien suggerir que
seria la major quantitat de teixit endometriosic en pacients amb EP la que estaria
relacionada amb un increment en la produccié de cMP, com a marcador de major
dany i activacié cel-lular, indicant un estat proinflamatori i d’hipercoagulabilitat

superior en aquesta forma més greu de la malaltia.

5. La cirurgia dels EO mitjancant una tecnica excisional (stripping) genera nivells
plasmatics superiors de cMP en comparacié amb la vaporitzacié amb laser COx.
Tot i aixd, aquest increment de cMP sembla ser transitori ja que els nivells
observats als 3 mesos de la cirurgia eren similars als de l'estat prequirdrgic.
Aquests resultats suggereixen que amb la tecnica excisional es generaria una
resposta inflamatoria i procoagulant major, tot i que a curt termini, en comparacié
amb la vaporitzacié amb laser CO,. Aquest fet podria estar en relacié amb una
major generacié d’adheréncies postquirirgiques i un major dany del teixit ovaric.
Es per aquest motiu que I'estudi de generacié de cMP en la cirurgia dels EO aporta
un major coneixement sobre els efectes secundaris de les diverses tecniques de
que disposem a l'actualitat, per tal de minimitzar-los i poder millorar, d’aquesta

manera, el maneig quirdrgic que oferim a les pacients amb E.

Com a consequiéncia de tot el que hem exposat i a manera de conclusi6 general
d’interes clinic i practic, amb els estudis inclosos en la present tesi, hem contribuit a
la millora del coneixement de la fisiopatologia de I'E i, en concret, de I'EP, amb la
descripci6 de possibles nous mecanismes que hi podrien estar implicats. Aquest fet
hauria de permetre el desenvolupament de noves linies de recerca sobre els factors
relacionats amb el seu origen, desenvolupament, manteniment i progressi6 i també
sobre les possibles complicacions que les pacients afectades poden presentar al llarg
de la seva evolucié. Tot aixo hauria d’obrir la porta a I'estudi de nous possibles
tractaments per tal d’estabilitzar la malaltia i, fins i tot, aconseguir la seva regressio.
Finalment, el coneixement sobre la resposta inflamatoria generada en la cirurgia dels
EO segons la tecnica aplicada, hauria de servir de referent per a l'elecci6 del
tractament quirurgic que oferim a les pacients tenint en compte les possibles
complicacions que se’'n poden derivar aixi com també hauria de permetre 'avenc en

I'estudi i el desenvolupament de tecniques quirurgiques en les que es minimitzi al
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maxim la resposta inflamatoria generada per tal d’evitar complicacions amb

implicaci6 clinica important en les pacients amb E.
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