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«Agpedvion g ovoyétions TV emnrédmv g Prokineticin 1 (PROK-1) oto
®00vhoKIKO VYPO pe 10 oppoviké mpo@ik ko TV ékPacn TOL KUKAOL
EEoocopatiknig lovipomoinong otic [Itoyic AmavriTpiesy

MNEPIAHYH

H Prokineticin 1 (PROK-1) amotelel pio ayyeloyevetikn TpmTeiv) Le TAEIOTPOTIKES
wwmteg. [lponyodueveg peléteg €xovv Oeiéel OTL O CLYKEKPIUEVOG TOPEYOVTOG
Aertovpyel ®G o EKAEKTIKY] TPOTEIVN €EEOIKELUEVN YL TOVS 10TOVG  TOL
napovcstalovy evdokpvikny Asrtovpyie. Extodg amd  ayysioyevetwkés 1010TNTES, 1
PROK-1 og& d10¢p0opovg 16To0g dpa MG TPMTEIVY HE UITOYOVO KOl OVTL-OTOTTMOTIKO
poOrO. TV avomapoy®ylky] 000 o poA0g NG Oev €xel MANPWS Kotovondel axoua.
Exopdletar ommv @obnkn, tov mlakodvta kot 1o evoounTplo Aappavovtag vmoyn
Tov poA0 g omv avamapoywyn, M PROK-1 pecorofel oe onupavtikég
OYYEOYEVETIKEG Acttovpyieg otnv euPpvountpikn emeavewn. Etol, aAlayéc otmv
éxppaon n/kor v Agttovpyio tng PROK-1 0dnyodv o datapayés g eyKupooHhvng
0PENOLEVEG G€ TABOAOYIKY] ELPVTELON KOl G€ SVGAEITOVPYia TOL TAakoVVTa. Emiong,
TPOCPOUTES ONUOGLELUEVEG HeEAETES Exouv katadeiEel 6Tt 1 PROK-1 cvoyetileton pe
™V 0oONKiKn Agttovpyio KoL TNV OVOTTLEWNKT KAVOTNTO TOV ®opiov. Qotdco dev
vapyovv dedopévo mov va cvoyetiCovv v PROK-1 pe 10 pouvopevo g Itoymg
Qobnkikng Amdvinong (POR). Xto mapelB6v peléteg mov €ywvav oe acbeveig mov
vroPAOnkav oe eEwompatikn yoviponoinon (IVF), cuoyéticav apvntikd ta eninedo
g PROK-1 tov woBvrakikov vypod (FF PROK-1) pe tov aplBud tov opumv
wopiov petaeaonc II (MII) kou pe ta emineda g owotpadtoAng (E2) mv nuépa
TPOKANONG TG woBvlakioppnéiag, vrodeukvoovtag 0Tt to eninedd g FF PROK-1
elval mBovo vo ypnoomombovy mg €vag OelKTng ™S wodNKIKNAG omdvinong o
Oepaneio [VF.

H ayysioyéveon swadpopatilel onpovtikd poro oty avamtuén Kot TV opipovor Tov
woBviakiov. To gavopevo avtd eléyyetatl 1060 amd ayyeloyova 660 Kot omd avTi-
ayYEL0YOVO, UNVOLLOTO KOl 1] CWGTH 160pPOTio TV dvo omotelel mpoimdbeon yia v
avdmtuén ¢ ayysioong tov wobviakiov o kKAbe 6TAS10 TG WOBVAKIOYEVESNC.
210V TOpeABOV 1 £pEVVa KATAPEPE VO TAVTOTOMGEL APKETOVG TOPAYOVTEG KPITIKNG
onpaocia, 6mwg o VEGF (Vascular Endothelial Growth Factor), m PROK-1
(Prokineticin 1) ka1 tov PEDF (Pigment Epithelium-derived Factor). H Iltoym
Qobnkwkn Amdvinon Bempeitor po amd Tig Pactkég aITieg VITOYOVILOTNTOS, MGTOCO N
nabopuooroyion Tov  Qovopévov Oev  €xel  OlaAevkovOel TANpwG.  Aldpopa
dnpoctevpéva dedopéva £xovv amodeilel 6Tt otoug POR acbevelg vmdpyet pikpoTeEPOC
Babuog ayyeiwong Tov wobvAakiov Kot S1OTAPUYUEVEG GCUYKEVIPDGELS TPOTEIVAOV TOL
oxetiCovtor pe v ayyeloon oto pukpomeplBdAlov tov  ®oBvlakiov. Avtd
KOTOOEIKVVEL OTL 1 SLOTOPOYT] TOV OLYYELOYEVETIKMV UNYAVICUMV UTOPEL VO ETNPEACEL
apvNTIKG TNV ®obnkiKn O1€yepon, odnymviog o€ UIKPOTEPO aplipd Anebéviwv
oopiov Kot 6e YoOUNAOTEPO TOGOOTH EYKLUOOUVNG. X& OLTH TNV TEPITTOON 1|
avVayVOPIo TOV TPOTEIVOV TOV £XOVV ENNPEACTEL KOl 1] OVEDPEST] TOV LOPLOKDOV
aAniemidpdoewv Bo fondnoel oty ev 1o Pabel kKatoavonon tov ovouévov POR
Kol B O1EVKOAVVEL TNV €0PECT VEMV BEPATEVTIK®OV GTPOTNYIK®OV TTov B oTOYELOLVY
CLYKEKPLUEVO LOPLOKA LOVOTTATIO TTOV pLOUILOVY TNV aYYELOYEVEDT).

H mopovoa perétn depeguvd v mlavr| cvoyétion towv FF PROK-1 emnédov oe
POR mepiotaticd pe 10 omOTEAECHO TNG OLEYEPONG, OMMG EMONG KOl UE TIC
OLYKEVIPMOELG AAA®V TOpaydVTeV Tov woBvAakikol vypol, mov oyetilovtol pe v



wobnkikn Asttovpyio, 6nwg o Vascular Endothelial Growth Factor (VEGF), o Bone
Morphogenetic Protein 15 (BMP-15) kot o Pigment Epithelium Derived Factor
(PEDF). Xvvolkd ocvumepiinednkoav 32 acbeveic mov opiommrav o¢ Iltoyéc
AmavtTpleg ovppova pe ta kprrpla ¢ Bologna. Ta detypota tov woBviakiko
VYPOL GLAAEXOMKAY KT TNV dbpKela TG woANyiag Kol HOTEPA PLYOKEVTPNONKAY
Kol @UAGONKav otovg -80 oC éw¢ v avdivon. Ta emineda twv PROKI1, VEGF,
BMP-15 ko1 PEDF a&oloynOnkav pe v pébodo ELISA pe v ypnon epmopikd
dwbéoov kit. H otatiotikr] avdivon mpaypatomombnke pe v ypnon mmg R
YADGGOG TPOYPOUUATIGHLOD.

H mapovca perétn yia mpotn @opd mocotikomotel ta emineda g PROK-1 oto
®oBvlakikd vypd Trwy®V anavinTpiedv. Ot cvykevipaooelg g FF PROK-1 kot tov
FF VEFG ntav 3229.63 + 2372.66 pg/ml xou 2309.63 + 412.49 pg/ml, avtictoyo.
Emumiéov, o pécsog 0po tov emmédwv g BMP-15 tav 434.13 + 106.38 pg/ml. H
ovykévipmon tov PEDF o610 wobviakikd vypd tov POR yovoukov frav 7.43 £ 1.95
ng/ml. Me o100 va gpPabbvovpe TEPIGGATEPO AVAPOPIKE LLE TO. OYYELOYEVETIKA
eowvopeva, vroroyiotnke o A0yog FF PEDF/VEGF. O pécog 6pog tg tung tov
Adyov Mrav 3.33 £ 1.08. Ta enineda g PROK-1 cuoyetiomnkav apvntikd pe tov
apOud twv Anedéviov onapiov -0.37 (P-value=0.01) kot tov apOud tov MII wopiov
-0.33 (P-5 value=0.03). O BMP-15 ovoyetiotnke Oetikd pe tov aplOud Tov
Mmoebévtov wapiov 0.31 (P-value=0.04). O VEGF ocvoyetiotnke opvntikd pe to
enineda g AMH -0.33 (P-value=0.03) kot tov apBud tov Anedéviov nopiov -0.30
(P-value=0.05). Ta dedouéva ovtd vrootnpilovv 6t 1o eminedo ¢ FF PROK-1
ocvoyetilovtor pe TV ovIomoOkplon TOV wobnkdv otov mAnBuopud POR kot
napovctdlovy Tapouoteg cvoyeticels pe tov VEGFE. Xvykpivovrog ta enineda tov FF
PROK-1 kou FF VEGF g perémg pe avtd mponyolUeVOV UEAETOV UTOPOVLE VO
vrobécovpe 0tL 1 wofNKkN Twv POR yuvakdv epgaviCel PAdPec ota puotoloyukd
eovopevo TG ayyeloyéveone, odnymvtog oty avénon tov PROK-1 kou VEGF
TPOTEVAOV TOAVAOS HECH AVATPOPOSOTIKMOV UNYOVIGUOV.

2T0VG TEPLOPICUOVS TNG UEAETNG GLYKATOAEYOVTAL O LKPOG TANOLGHOS, KaOMS Kot M
EMlenym dedopévmv mov agopovv v ékPaon tg IVF. Emumiéov, sivor amapaimta
poplokd dedopéva oyeTikd pe tov mbavo poilo e PROK-1 oto POR goawvouevo.
SOUTEPACUATIKA, TEPIOcOTEPEG MEAETEG eivar avaykaio vo deEaybovv mdote va
emPBePardcovY TOL EVPNUATO TNG TAPOVCUG LEAETNC.

ABSTRACT
“Investigating the correlation between Prokineticin 1 follicular fluid levels with
the hormonal profile and with the In Vitro Fertilization outcome in Poor
Responders”

Prokineticin 1 (PROK-1) is an angiogenic protein with pleiotropic properties.
Previous studies have shown that this factor functions as a selective protein specific
for tissues exhibiting endocrine function. In addition to angiogenic properties, PROK-
1 in various tissues acts as a protein with mitogenic and anti-apoptotic roles. In the
reproductive tract its role is not yet fully understood. It is expressed in the ovary,
placenta and endometrium Considering its role in reproduction, PROK-1 mediates
important angiogenic functions in the embryo-maternal interface. Thus, changes in
PROK-1 expression and/or function lead to pregnancy complication due to abnormal
implantation and placental dysfunction. In addition, recent published studies have
demonstrated that PROK-1 correlates with ovarian function and oocyte



developmental capacity. However, there are no data correlating PROK-1 with the
phenomenon of Poor Ovarian Response (POR). Previous studies in patients
undergoing in vitro fertilization (IVF) have negatively correlated follicular fluid
PROK-1 (FF PROK-1) levels with the number of mature metaphase 11 (MIl) oocytes
and estradiol (E2) levels on the day of ovulation induction, indicating that FF PROK-
1 levels are likely to be used as an indicator of ovarian response to IVF treatment.
Angiogenesis plays an important role in follicle development and maturation. This
phenomenon is controlled by both angiogenic and anti-angiogenic signals, and the
proper balance of the two is a prerequisite for the development of follicular
vasculature at each stage of folliculogenesis. In the past, research has been able to
identify several factors of critical importance, such as VEGF (Vascular Endothelial
Growth Factor), PROK-1 (Prokineticin 1) and PEDF (Pigment Epithelium-derived
Factor). Poor Ovarian Response is considered one of the major causes of infertility,
however the pathophysiology of the phenomenon has not been fully elucidated.
Several published data have demonstrated that in POR patients there is a lower degree
of follicular vascularization and impaired concentrations of vascularization-related
proteins in the follicular microenvironment. This demonstrates that disruption of
angiogenic mechanisms can negatively affect ovarian stimulation, leading to a lower
number of oocytes retrieved and lower pregnancy rates. In this case, identifying the
affected proteins and finding the molecular interactions will help to gain a deeper
understanding of the POR phenomenon and facilitate the identification of new
therapeutic strategies targeting specific molecular pathways that regulate
angiogenesis.

The present study investigates the possible correlation of FF PROK-1 levels in POR
cases with the outcome of stimulation, as well as with the concentrations of other
factors in follicular fluid associated with ovarian function, such as Vascular
Endothelial Growth Factor (VEGF), Bone Morphogenetic Protein 15 (BMP-15) and
Pigment Epithelium Derived Factor (PEDF). A total of 32 patients defined as Poor
responders according to the Bologna criteria were included. Follicular fluid samples
were collected during oocyte retrievaland then centrifuged and stored at -80 oC until
analysis. The levels of PROK1, VEGF, BMP-15 and PEDF were assessed by ELISA
using a commercially available kit. Statistical analysis was performed using R
programming language.

The present study for the first time quantifies PROK-1 levels in the follicular fluid of
poor responders. The concentrations of FF PROK-1 and FF VEFG were 3229.63 *
2372.66 pg/ml and 2309.63 £ 412.49 pg/ml, respectively. In addition, the mean levels
of BMP-15 were 434.13 + 106.38 pg/ml. The concentration of PEDF in the follicular
fluid of POR women was 7.43 = 1.95 ng/ml. In order to go deeper regarding the
angiogenic phenomena, the FF PEDF/VEGF ratio was calculated. The mean value of
the ratio was 3.33 + 1.08. PROK-1 levels were negatively correlated with the number
of oocytes retrieved -0.37 (P-value=0.01) and the number of MII oocytes -0.33 (P-
value=0.03). BMP-15 was positively correlated with the number of oocytes retrieved
0.31 (P-value=0.04). VEGF was negatively correlated with AMH levels -0.33 (P-
value=0.03) and number of oocytes retrieved -0.30 (P-value=0.05). These data
support that FF PROK-1 levels correlate with ovarian response in the POR population
and show similar correlations with VEGF. By comparing the FF PROK-1 and FF
VEGF levels of this study with those of previous studies, we can hypothesize that the
ovaries of POR women are impaired in the physiological phenomena of angiogenesis,
leading to an increase in PROK-1 and VEGF proteins possibly through feedback
mechanisms.



Limitations of the study include the small population and the lack of data regarding
IVF outcome. In addition, molecular data on the possible role of PROK-1 in the POR
phenomenon are needed. In conclusion, more studies are necessary to be conducted to

confirm the findings of the present study.



