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OZET

Insan plasental villus stromas, birgok islemde rol aldig diisiiniilen ve Hofbauer
hiicreleri (HH) ad1 verilen makrofajlar icerir. Her ne kadar plasental vaskiilogenez ve
anjiyogenez lizerine ¢ok sayida ¢alisma bulunsa da, HH’lerinin bu islemlerdeki rolleri
hakkinda yeterli bilgi yoktur. Bundan dolay1r c¢alismamizda HH’lerin plasental
vaskiilogenez ve anjiyogenezde 6nemli roller oynadiklar1 hipotezini kurduk ve HH’lerin
damarlanmadaki potansiyel rollerini tanisal ve fonksiyonel deneylerle belirlemeyi
amacladik.

(Calismamizda, insan normal erken gebeliklerden elde edilen plasenta dokulari,
151k ve elektron mikroskopi (TEM) arastirmalar1 ve in vitro ¢alismalar i¢in hazirlandi.
Plasenta kesitlerine VEGF, Flt-1, Flk-1, Ang-1, Ang-2, Tie-1, Tie-2 ve Netrin-1 i¢in
immiinohistokimya teknikleri uygulandi. HH’ler ve damar yapilarimin sayilari ve
yerlesimleri CD68 (Hofbauer hiicre belirteci) ve CD31 (endotel hiicre belirteci) ile ¢iftli
boyanmus kesitlerde 151k ve konfokal mikroskoplar: araciliiyla belirlendi. HH’lerin ince
yap1 Ozellikleri ve tipleri TEM ile incelendi.

Taze plasental dokulardan 1izole edilen HH’ler CD68 ve CDI14
immiinositokimyas1 ve TEM ile karakterize edildi. izole edilen HH’ler kiiltiire edildi ve
yonlendirilmis besiyeri toplanarak anjiyogenik faktorler icin ELISA ile test edildi.
Ayrica, anjiyogenez testi i¢in HUVEC hiicreleri, HH’lerden toplanan yonlendirilmis
besiyeri ile kiiltiire edildi.

Calismamizin sonuglarina gore HH’lerin biiyiik cogunlugu ya anjiyogenik hiicre
kordonlar1 ve ilkel damar tiipleri ile yakin temastayd: ya da aralarmma girmislerdi.
HH’lerin ve damar yapilarinin villuslardaki sayilar1 anlamli olarak iligkili bulundu. Daha
da otesi, HH’lerin VEGF, Ang-2 ve Netrin-1’1 eksprese ettikleri gortildii. Hatta HH
yonlendirilmis besiyerinin, 6zel bir matriks {lizerinde kiiltiire edilen HUVEC hiicrelerinin
kapiller olusturmasini indiikledigi goriildii.

Calismamiz, HH’lerin makrofajik 6zelliklerinin yaninda, plasenta i¢in en dnemli
islemlerden biri olan vaskiilogenez ve anjiyogenezde yapisal olarak dogrudan,
fonksiyonel olarak dolayli rol aldiklarini gosteren ilk ¢alismadir. Sonuglarimiza gore,
HH’ler vaskiilogenez ve anjiyogeneze dogrudan katilirlar ve endotel hiicreleri iizerinde
anjiyogenik etkili faktorler salgilarlar. HH’lerin plasental vaskiilogenez ve
anjiyogenezdeki potansiyel fonksiyonel rollerinin belirlenmesi, normal plasentasyonu
kontrol eden mekanizmalar1 ve intrauterin biiyiime geriligi ile pre-eklampsi gibi
plasentasyon  sirasindaki  vaskiiler gelisim  bozukluklarimin  patofizyolojisini
anlayabilmemize 151k tutacaktir.

Anahtar Kelimeler: insan plasentasi; Hofbauer hiicreleri; Vaskiilogenez; Anjiyogenez;
Hiicre izolasyonu



ABSTRACT

The stroma of the placental villi contain numerous macrophages, so-called
Hofbauer cells (HCs) which are of mesenchymal origin and are thought to function in
many processes. Although there are many studies concerning placental vasculogenesis
and angiogenesis, there has been a lack of evidence on the possible roles of HCs in these
processes. We hypothesized that HCs play major roles in placental vasculogenesis and
angiogenesis. Therefore we aimed to determine the potential roles of Hofbauer cells in
vascularization by descriptive and functional experiments.

Placental tissues were obtained from normal first-trimester pregnancies and were
prepared for light and transmission electron microscopic investigations as well as for in
vitro culture studies. Immunohistochemistry for VEGF, Flt-1, Flk-1, Ang-1, Ang-2, Tie-
1, Tie-2 and Netrin-1 was applied to placental sections. The numbers and localizations
of HCs and vascular structures were assessed by double immunohistochemistry with
CD31 (endothelial cell marker) and CD68 (Hofbauer cell marker) under light and
confocal microscopes. The ultrastructural features and types of HCs were identified by
electron microscopy.

HCs were isolated from fresh human first trimester placental tissues and
characterized by CD68 and CD14 immunocytochemistry as well as TEM. The isolated
placental macrophages were cultured and their conditioned media was collected for the
determination of angiogenic factors by ELISA. Moreover, HUVECs were cultured with
the collected conditioned media for the assay of angiogenesis.

According to our results, majority of the HCs were found to be either in close
contact with angiogenic cell cords and primitive vascular tubes or located in between
them. Moreover, the number of HCs and vasculogenic structures were found to be
significantly correlated. HCs expressed and secreted angiogenic factors such as VEGF,
Ang-2 and Netrin-1. Strikingly, Hofbauer cell conditioned medium induced capillary
formation of HUVECs cultured on a special matrix.

Our study is of importance for being the first to determine that HCs not only
have macrophagic properties, but also have conducting characteristics in the most
important process for the placenta, which is vascularization. The findings of this study
showed for the first time that there is a Hofbauer cell participation in vasculogenesis and
angiogenesis and that these cells have angiogenic influences on endothelial cells. Further
functional studies on the roles of HCs in placental vascularization will help elucidate the
mechanisms that control normal placentation, which is important in uderstanding the
pathophysiology of conditions associated with the impairment of vascular development
during placentation such as intrauterine growth retardation and pre-eclampsia.

Keywords: Human placenta; Hofbauer cells; Vasculogenesis; Angiogenesis; Cell
isolation
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GIRIS ve AMAC

Insan plasentasi, intrauterin dénemde anne ile fetiis arasinda besinlerin ve
atiklarin transferi, hormonlarin sentezi ve salgilanmasi ve fetilisiin korunmasi gibi, fotal
biiyiime ve gelisim i¢in 6nemli gdrevler yapan bir organdir. Plasenta gelisimi, farkli
hormonlar1 ve biiylime faktorlerini iiretebilen ve bunlara yanit verebilen sayisiz hiicre
tipinin etkilesimini iceren kompleks bir iglemdir.

Damar aginin olusturulmasi, olgunlastirilmas1 ve devamliligi, basarili
hemokoryal plasentasyon i¢in oldugu kadar normal embriyonik gelisimin saglanmasi
icin de gereklidir. Insan plasentasi, yogun vaskiilogenez ve anjiyogenezin birlikte
goriildiigii nadir organlardandir.

Vaskiilogenez ve anjiyogenez, fetiis ve plasenta i¢in kritik dneme sahip olup;
fotal ve plasental damarlarin gelisimi icin gereklidir. Plasental vaskiilogenez, plasental
villus 6ziinde yerlesik ¢ok potansiyelli Oncii hiicrelerden yeni damarlarin ilk kez
olusturulmasi islemidir. Mevcut olan endotelden yeni damar olusumu olan anjiyogenez
ise, vaskiilogenez ile olusturulan damarlardan yeni damarlarin olusturulmasi ve bu
sekilde bir damar aginin meydana getirilmesi islemidir. Vaskiiler endotelyal biiylime
faktorii (VEGF), buna ait reseptorler; VEGFR-1 (Flt-1) ve VEGFR-2 (Flk-1/KDR),
plasental biiylime faktorii (PIGF), Anjiyopoietinler (Ang-1 ve Ang-2) ve reseptorleri
(Tie-1 ve Tie-2) gibi vaskiilogenez ve anjiyogenezi indiikleyen ve diizenleyen bir¢ok
lokal iiretimli faktor ve reseptor bulunmaktadir

Insan plasentasinin biiyiik kismini koryonik villus agaci olusturur. Her villusun
yapisal iskeletini, fotal makrofajlar olan Hofbauer hiicrelerinin yerlestigi bir stroma
(mezensimal villus 6zili) ve onu ¢evreleyen sitotrofoblast ile sinsisyotrofoblast tabakalari
olusur.

Hofbauer hiicreleri fagositoz yetenekleri ve mikropinositoz aktiviteleri ile tipik
makrofaj karakterlerini gosterirler. Hofbauer hiicrelerine, stromal sivi dengesinin
diizenlenmesi, immiin komplekslerin absorbsiyonu, antijen sunma ve iyon akisi gibi
bircok gorev yiiklenmistir. Villoz stromanin olgunlagmasi ve yeniden modellenmesi
esnasinda farkli Hofbauer hiicre tiplerinin gozlendigi bildirilmistir.

Plasental gelisimin erken devrelerinde goriilen vaskiilogenez ve anjiyogenezle,
Hofbauer hiicrelerinin es zamanli olarak belirmesi, bu hiicrelerin plasental



damarlanmada parakrin rolleri olabilecegine isaret etmektedir. Yine de, Hofbauer
hiicrelerinin plasental damarlanmaya katilip katilmadiklar1 heniiz tarif edilmemistir.

Hipotezimiz; Hofbauer hiicreleri, plasental vaskiilogenez ve anjiyogeneze hem
yapisal, hem de fonksiyonel olarak katilirlar. Bu baglamda amacimiz; Hofbauer
hiicrelerinin plasental vaskiilogenez ve anjiyogenezde 6nemli rollerini arastirmak igin,
tanisal deneylere ek olarak fonksiyonel deneylerle plasental makrofajlarin vaskiilogenez
ve anjiyogenezdeki rollerini belirlemektir.



GENEL BIiLGILER

Memeliler gebelikleri boyunca fetiisii saran bir zarlar sistemi gelistirirler. Bu
zarlarin materno-fotal fizyolojik degisimler i¢in rahim mukozasiyla karsi karsiya
gelmesi veya kaynagmasi, plasentanin gelisimini baglatir. Fetiis, gobek kordonu
araciligiyla bagli oldugu koryonik kese ile ¢evrilidir. Koryonik kese rahim boslugunda
bulunur ve hemen hemen tiim yiizeyi ile endometriyumla temas halindedir.
Endometriyum ve koryon tarafindan saglanan materno-fotal temas boliimii, plasentay1
temsil etmektedir.

Bu 6zgiin olmayan tanimlama, organin énemli fonksiyonel ve yapisal farkliliklar
gosterebilecegine isaret etmektedir. Tiirler aras1 bu kadar 6nemli farkliliklar igeren bagka
bir organ yoktur. Tiirleri kiyaslarken, plasentanin dis sekli, i¢ yapisal 6zellikleri o kadar
degiskenlik gosterebilir ki, sadece insan plasentasina agina plasentologlarin bile, plasenta
olarak tanimlayamayacagi plasenta tipleri bulunmaktadir. Tiim plasentalarda ortak olan
tek nokta, hepsinin iki farkli dolasim sistemine; maternal ve fotal sistemlere sahip
olmalaridir. Normal sartlar altinda her iki sisteme ait damarlar gebelik boyunca birgok
doku tabakasiyla birbirlerinden ayrilirlar. Plasental bariyer veya kanlar-arasi
(interhemal) zar adin1 alan bu ayirict dokularin kdkeni de degisiklikler gostermektedir.

Plasenta, ¢ogu fotal organin gorevini yapan (lokomotor sistem ve santral sinir
sistemi hari¢) essiz bir organdir. Asagida belirtilen fotal fonksiyonlar gebelik sirasinda
kismen veya tamamen plasenta tarafindan iistlenilmektedir:

e Akciger yerine gaz transferinin yapilmasi,

e Bobrek yerine salgilama, su dengesi, pH’1n diizenlenmesi,

Bagirsaklar yerine katabolik ve rezorbtif fonksiyonlarin yerine
getirilmesi,

Cogu endokrin organin sentez ve salgisal islevlerinin goriilmesi,
Karacigerin sayisiz salgisal ve metabolik iglevinin goriilmesi,

Gebeligin erken doneminde hematopoezin olusmast,

Derinin 1s1 transferi yapmasi,

Bir¢ok immiinolojik gorevin basarilmasi

Bu kadar ¢ok gorevi yapan bir organin her tiirde ayn1 yapida bir filogenetik
gelisim gostermesi miimkiin degildir. Bu durumun mantiksal bir sonucu olarak dis
yapisi, materno-fotal girinti-gikintilar  (interdigitasyon) ve materno-fotal engelin
(bariyerin) yapisi ile farklilik gdsteren bir¢ok plasenta tipi mevcuttur.



2.1 Plasentanin Gelisimi
Plasentanin gelisimi; “pre-lakiinar”, “lakiinar” ve “erken vill6z” safhalar olmak
lizere ii¢ ana baglikta incelenebilir (Sekil 2.1.1).

2.1.1. Pre-lakiinar Satha

Plasentanin gelisimi fotal zarlarin rahim mukozasiyla yakin ve sabit temaslar
kurmasiyla (blastosistin implantasyonuyla) baslar. Implantasyonun ilk basamagi
apozisyondur. Insanda implantasyon, koitus sonrasi (pc.- post coitus) 6-7. giinlerde
goriiliir. Bu evrede implante olan blastosist 107-256 hiicreden olusur (1). Hiicrelerin
(trofoblast) ¢cogu blastosistik boslugu ¢evreleyen dis duvari yapar (Sekil 2.1.1.a). Genel
ifade ile, trofoblastlar plasenta dahil, fotal zarlarin onciisiidiirler. Daha biiyiik hiicrelerin
olusturdugu i¢ hiicre kitlesi embriyoblastlar1 olusturur. Embriyo, gébek kordonu ve
amniyon bu hiicrelerden kdken alir. Daha da 6tesi, hem embriyoblast kdkenli mezensim,
hem de embriyoblast kokenli damarlar, plasentanin olusumuna katilirlar.

Tiim tiirlerde implantasyon, blastosistik trofoblastlarin apikal plazma membrani
ile uterus epitelinin apikal plazma membranlarinin birlesmesi ile baslar. Bu fenomen,
Denker (1990) tarafindan bir hiicresel biyoloji paradoksu olarak ortaya konmustur;
clinkii epitellerin apikal plazma membranlari normalde yapiskan degildir (2).
Yapigkanlik, birbirlerine ve bazal laminalarina yapisma 06zelligi bulunan bazo-lateral
epitelyal membranlara ait bir 6zelliktir.

Blastosist fallop tiipiine (yumurta kanali, tuba uterina) ve oradan uterus
bosluguna gelinceye kadar, blastosist ve endometrium, pre-implantasyon evre siiresince
bu dogal 6zelligi gosterirler. Her iki epitelin (uterus ve blastosist trofoblasti) apikal
yapiskanliginin ortaya ¢iktig1 kisa ve ¢ok 6zel evreye “implantasyon penceresi” denir

3).

Endometriyal epitele blastosistin tutunmasi ve niifuz etmesi (invazyon) sirasinda,
blastosistin implante olan kutbundaki trofoblast hiicreleri hizlica ¢ogalarak iki tabaka
trofoblast olusturur (4). Iki tabakadan dista olan (maternal dokuya bakan) trofoblast
hiicreleri birbirleri ile birlesir flizyona ugrar ve sinsisyotrofoblast tabakayi olusturur.
Blastosist duvarimin maternal dokuya ulasamayan geriye kalan hiicreleri birlesme
(flizyon) gostermez ve sitotrofoblast adini alir (Sekil 2.1.1.a). Takip eden diger glinler
boyunca ve artan invazyonla beraber trofoblastlar ¢cogalir, sinsiyotrofoblast kitlesi artar
ve implantasyon kutbunda belirgin bir kalinliga ulasir. Implantasyon kutbunda, diizgiin
ylizeyli bir kitle halinde degil, parmaksi ¢ikintilar seklinde uzantilar ve dallarla
endometriyumun derinlerine invaze olurlar. 7-8. gilinler arasinda gergeklesen ve
sinsisyotrofoblastlarin bazal cikintilar1 hari¢ daha kati bir yapida izlendigi bu evre
“prelakiiner safha” olarak adlandirilmustir (5).



Sinsisyotrofoblast olusumu sirasinda c¢ogalma potansiyellerini kaybederken,
trofoblastlarin biiylimesi ve ¢ogalmasini “kok hiicre” seklinde davranan sitotrofoblastlar
saglarlar. Sinsisyotrofoblastlar ¢ekirdek bdliinmesi yerine hiicresel fiizyonla olusurlar.
Sinsisyotrofoblastlar kesintisiz bir sistem olusturur ve hiicreleraras1 (interselliiler)
araliklarla ayrilmazlar. Diger bir ifade ile, sinsiyotrofoblast tabakasi, aralarinda hiicre
membran1 olmayan bir epitel tabakasidir. Implantasyon siirecinde olusan taslak
embriyonun cevresini saran iki trofoblast tabakasi ve onlarin altinda (embriyo ile
trofoblast arasinda) bulunan embriyodisi mezoderm (ekstraembriyonik mezoderm) den
olusan birime “koryon” denir.

2.1.2. Lakiinar Safha

pc. 8. giinde implantasyon kutbunda biiyiiyen sinsisyotrofoblastik kitle igerisinde
kiigiik sinsisyum-i¢i (intrasinsisyal) vakuoller olusmaya baslar. Vakuoller hizlica biiytir
ve bir lakiina sistemi olusturur (Sekil 2.1.1.b, c¢). Lakiina olusumu implantasyon
kutbunda baglar ve gebelik ilerledik¢e sinsisyotrofoblastik kitle tiim blastosist yiizeyini
kaplar. Bu olay blastosistin iyice derinlere implantasyonu ve dolayistyla uterus epitelinin
implantasyon alanmin {stiinii ortmesiyle pc. 12. giinde son bulur (1). Bu evrede
blastosistin yiizeyi tamamen sinsisyotrofoblast ile kaplidir. Trofoblastik ¢ogalma ve
sinsisyal birlesme (fiizyon) implantasyon kutbunda basladigi i¢in, anti-implantasyon
alan1 ile kiyaslandiginda trofoblastik duvar burada daha kalindir. Implantasyon
kutbundaki bu daha kalin trofoblast tabakasi daha sonra plasentay:1 yapar ve daha ince
olan karsi taraftaki ince trofoblastik kabuk, baslangicta ayni yapiy1 olusturmaya caligsa
da gerileyerek diiz koryonu (koryon leve) olusturur. Lakiina olusumu blastosistin {izerini
orten trofoblastik Ortiiyli ii¢ tabakaya ayirir (Sekil 2.1.1.c, d):

1- Blastosist bosluguna bakan birincil (primer) koryonik plak
2- Trabekiilalarla beraber lakiinar sistem
3- Endometriyuma bakan trofoblastik kabuk

Birincil koryonik plak, yer yer iki, bazen {i¢ katman olusturan kesintisiz bir
sitotrofoblast ~ tabakasindan olusur. Lakiinalara dogru, bu sitotrofoblastlar
sinsisyotrofoblastlarla ortiiliidiir (Sekil 2.1.1.d). pc. 14. giinde mezensimal hiicreler
sitotrofoblastlarin i¢ yiizeyine dagilirlar ve burada gevsek bir ag yapisindaki embriyo
dis1 mezensimi (ekstra embriyonik mezensim) olustururlar.

Birincil (primer) koryonik plagin daha asagisinda lakiinar sistem bulunur. Bu
lakiinalar, trabekiila adin1 alan sinsisyotrofoblast bolmeleri (septalar) ile birbirlerinden
ayrilirlar (Sekil 2.1.1.d). pc. 12 giinde, bu trabekiilalar primer koryonik plaktan koken
alan sitotrofoblastlar tarafindan isgal edilirler (Sekil 2.1.1.d). Birkag¢ giin igerisinde,
sitotrofoblastlar biitlin trabekiilalar boyunca uzanirlar. Trabekiilalarin u¢ kisimlarinin
birlestigi yerde trofoblastin en dis kismi olan trofoblastik kabugu olustururlar (1).
Lakiinalar baslangicta sadece sinsisyotrofoblastlardan olusurken, sitotrofoblastlarin



lakiinalar araciligiyla kabuga ulasmasi ile (15. giin pc.) daha heterojen bir yap1 kazanir
(Sekil 2.1.1.e). Sinsisyotrofoblast lakiinalarin alt kismini olusturur ve yer yer cok
tabakalilik gosteren sitotrofoblastlarla devam eder.

Implantasyonun erken evrelerinde maternal dokunun erozyonu  sinsisyal
trofoblastlarin litik (eritici) etkisi ile gergeklesir ve sitotrofoblastlarin kabugun en altinda
bulunmasi bu durumu degistirir. Sitotrofoblastlarin hizli ¢ogalma (proliferatif) 6zelligi
ve endometriyumun derinliklerine hizli gogii, invazyon ve implantasyon alaninin
genislemesini saglar (1, 6).

Endometriyal stroma da bu islemler sirasinda énemli degisiklikler gegirir. Invaze
olan trofoblastlarin varligi ve hormonal aktivitesi, endometriyal stromal hiicrelerinin
cogalmasi ve biiyiimesine sebep olur ve bdylece stromal hiicreler desidual hiicrelere
dondsiir (7).

Bazal sinsisyotrofoblastin invazif aktivitesi 12. pc. glinde mevcut bulunan
maternal kan damarlarinin bozulmasina neden olur. Ayni zamanda, bozulan damarlardan
disart sizan kan hiicreleri ilk kez lakiinalar i¢inde goriilmeye baslar (1).

Daha sonraki gelisimsel basamaklarda, biitlin lakiinalar sistemi maternal kanla
dolmaya (perfiize olmaya) baslar. Endometriyumun daha derinlerinin invazyonu ile
spiral arterler de erode edilir ve lakiinalar i¢i kan basincinin artigina neden olur. Boylece
plasentanin ilk ger¢ek maternal sirkiilasyonu baslamis olur.

2.1.3. Erken Villoz Safhalar

pc. 13. giinde ilk maternal eritrositlerin lakiinalarda goériilmesinden hemen sonra
trabekiilalarda artan sitotrofoblast ¢ogalmasi (proliferasyonu) ve sinsisyal flizyon
goriiliir. Sonug olarak sadece uzamasina degil, lakiinalara dogru yan dallar veren bir
trabekiilar biiytime goriiliir (Sekil 2.1.1.d, e). Boyu ve c¢ap1 biiyiiyen bu birincil (primer)
villuslar sitotrofoblastlarca invaze edilir. Boylece plasentanin villoz safhalari baglamis
olur. Artarak ilerleyen ¢ogalici (proliferatif) aktivite ve primer villuslarin dallanmas: ile
villoz agag ve trabekiiladan gelisen kokleri olusur (Sekil 2.1.1.e). Bu kokler trofoblastik
kabukla iliskide ise “demirleyici villuslar” adii alirlar. Bu arada, lakiinar sistem de
intervilloz araliga doniistir.

Sadece 2 gin sonra, primer koryonik plagin  ekstraembriyonik
mezensimi/mezodermi villuslarin i¢ine dogru girmeye baslar ve sekonder (ikincil)
villuslar olusur (Sekil 2.1.1.e). Birka¢ giin icerisinde, mezensim periferal olarak villus
uclarina ve demirleyici villuslarin tabanina dogru genisler (1) fakat trofoblastik kabuga
ulasmaz. ik fotal kapillerler, 18-20. giinler pc. arasinda villuslarin 6ziinii (stroma)
olusturan mezensim dokuda gozlenir. Bunlar lokal olarak mezensimal hiicrelerden
farklilasan hemanjiyoblastik progenitor hiicrelerden koken alirlar (8, 9). Ayni progenitor



hiicreler, erken endotel ile doseli primitif kapillerler i¢inde yer alan hematopoietik kok
hiicrelere de kaynaklik ederler. Villoz stromada kapiller kesitlerinin goriilmeye
baslamasi ile tersiyer (liglinciil) villuslardan bahsedilir (Sekil 2.1.1.f). Terme kadar, fotal
olarak damarlandirilan bu villuslara tersiyer villus denir. Buna ragmen sadece yeni villoz
olusumlar (trofoblastik ve villoz tomurcuklar) veya gecis donemindeki villuslar, primer
veya sekonder villuslara karsilik gelir.

o :i_L'T'_'-""*' e M e g e

d) 12-15. giin e)1521.gin f) 18. giin - t

Sekil 2.1.1. Erken plasental gelisimin tipik basamaklari. a, b) Pre-lakiinar safha; c) Lakiinar saftha; d)
Lakiinar sathadan primer villus sathasina ge¢is; e) Sekonder villus sathasi; f) Tersiyer villus
sathasi. SN: Sinsisyotrofoblast; ST: Sitotrofoblast; EB: Embriyoblast; E: Endometriyal
epitelyum; D: Desidua; EM: Ekstraembriyonik Mezoderm; L: Maternal Kan Lakiinasi; ED:
Endometriyal Damar; KP: Primer Koryonik Plak; TK: Trofoblastik Kabuk; T:
Trabekiil=primer villus; EDT: Ekstra Villoz Trofoblast; BP: Bazal Plak; PY: Plasental
Yatak; NF: Nitabuch’un Fibrinoidi; RF: Rohr Fibrinoidi; TDH: Trofoblastik Dev Hiicre; (*):
Fotal kan damari. Kirmizi: Maternal hiicreler, Mavi: Fotal hiicreler, Mor: Maternal-Fotal
karigik yap1 (10).

Villuslarda fotal damarlanma baglar baslamaz, yine fotal olarak damarlanan
allantoyis, koryonik plaga ulasir ve birlesirler. Allantoyik damarlar koryonik plagin ig¢ine
ve Benirschke’ye gore hatta biiylik villuslarin igine dogru dahi biiyiir (11) ve burada
yerel (lokal) olarak olugmus intravilloz kapiller segmentlerle temasa gegerler. Tam bir
feto-plasental dolagim 5.haftanin (pc.) basinda yeterli miktardaki kapiller segmentin
diizenli bir kapiller yatagi olusturmak iizere birlesmesiyle birlikte gorilir. Takip eden
haftalarda da intravaskiiler hematopoez goriiliir.



Erken villus agacinin gelismesi su sekilde gergeklesir (12): Daha biiyiik
villuslarin yiizeylerinde yerel (lokal) sitotrofoblast ¢ogalmasi ve ardindan sinsisyal
birlesme (flizyon) ile sinsisyal tomurcuklar olusur (Sekil 2.2.1). Bu tomurcuklar erken
primer villuslara benzerler ve sadece trofoblastlardan olusurlar. Bu tomurcuklarin
bircogu dejenere olurken, sadece bazilar1 villoz mezensimle istila edilir ve villoz
tomurcuklara doniistirler. Vill6z tomurcuklar yapisal olarak plasentasyonun primer
villuslarina karsilik gelirler. Stroma iginde fotal damarlarin olusumu (Sekil 2.2.1),
uzamalar1 ve geniglemeleri ile birlikte mezensimal villuslar olusur. Bunlarin yiizeyleri
boyunca tomurcuk olusumu yeniden gozlenebilir.

Plasentada intervilloz bir dolagimin oldugu varsayilirsa, fotal ve maternal kanin
birbirlerine yakin temasa gec¢meleri, intravilloz (fotal) dolasim baslar baslamaz
gerceklesir. Her iki kan, birbirlerinden daima plasental bariyerle birbirinden ayrilir.
Plasental bariyer; 1) villus ylizeyini kesintisiz bir sekilde Orten sinsisyotrofoblast
tabakasi, 2) 1. trimesterde kesintisiz, ikinci ve ti¢linclii trimesterde kesintili bir
sitotrofoblast (Langhans’ Hiicreleri) tabakasi, 3) trofoblastik bazal lamina, 4) bag
dokusu, 5) endotelyal bazal lamina ve 6) fotal endotel tabakalarindan olusur.

Gelisimin devami boyunca tersiyer villuslar, karmagik farklilasma islemlerinden
gecerek, birbirlerinden yapisal ve fonksiyonel olarak farkliliklar gosteren cesitli villus
tiplerini olustururlar.

2.2. Villus Agacinin Yapisi

Plasental gelisim siiresince, ayni temel yapiya sahip, farkli fonksiyonlar goren
farkli tip villuslar olusur (Sekil 2.2.1). Bunlar, villus etrafindaki maternal kan ile villus
Oziinii birbirinden ayiran bir epitel benzeri trofoblast tabakasi ile ortiiliidiir. Diger epitel
tiirlerinden farkli olarak trofoblastlar birbirlerinden ayr1 bireysel hiicreler seklinde degil,
birbirlerinden kesin sinirlarla ayrilmayan kesintisiz, ¢ok ¢ekirdekli bir sinsisyotrofoblast
tabakasini igerir. Sinsisyotrofoblast tabakasinin altinda Langhan’in hiicreleri adin1 alan
ve sinsisyumun kok hiicreleri olan, onlarin bilylimesi ve yenilenmesini destekleyen
sitotrofoblast hiicreleri vardir. Trofoblastik bazal lamina, trofoblastlar1 villusun 6ziinden
(i¢c kismindan, stromasindan) ayirir. Stroma ¢esitli sayida ve tipte bag dokusu hiicreleri,
bag dokusu lifleri, ara madde ve farkli ebatlardaki fotal damarlar igerir. Biiyiikk kok
villuslarda bu damarlar genellikle arter ve venler seklinde iken, yan dallarda genellikle
kapillerler ve siniizoidler seklindedir.

Villus agacimin dallari; boyutlari, stromal yapilari, iecerdikleri damar yapist ve
yerlesimlerine bakilarak farkli segmentlere ayrilir. Bes farkli villus tipi tanimlanmistir
(13-15). Her villus tek bir onciiden, erken plasental gelisimin tersiyer villusuna karsilik
gelen mezensimal villustan kdken alir.
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Sekil 2.2.1. Olgun plasental agacin ug kisimlari ve ¢esitli villus tiplerinin enine kesit ¢izimi (10).

2.2.1. Kok villus (Stem villus, KV)

Olduk¢a yogun fibréz bir stroma, 151tk mikroskopu altinda ayirt edilebilir bir
medya tabakasina sahip arter, ven, arteriyol veya veniiller ile karakterizedir. Kok
villuslar; a) ana kok (truncus chorii), b) trunkustan ¢ikan kalin, dort nesil dal (rami
chorii), ¢) sayilar1 2 ile 30 arasinda degisen ve birbirine esit olmayan catallagan
(dikotomik) dallanmalar (ramuli chorii) d) kok villuslarin 6zel bir tipi olan demirleyici
villus. Demirleyici villuslar, hiicre kolonlariyla bazal plaga tutunurlar.

2.2.2. Matiir intermediyet villus (MIV)

Bunlar uzun, ince, u¢ (periferal) dallanmalardir. Bunlarin damarlarn 1s1k
mikroskopuyla ayirt edilebilen medya tabakasindan yoksundur. Gebeligin son
trimesterinde mezensimal villuslardan olusan MIV’ler terminal villuslar1 olustururlar.
Dolayisiyla mezengsimal ve tamamen gelismis villuslar arasinda bir gegis formdur.



2.2.3. Terminal villus (TV)

Matiir intermediyet villuslarin yaptigi, tiziim benzeri, son dallanmalardir. Yiiksek
derecede kapillerizasyon ve oldukca genislemis (dilate) siniizoidlerle karakterizedir.
Fetomaternal alisverisin ana kismini olustururlar.

2.2.4. Immatiir intermediyet villus (IMIV)

Kok villuslarin  periferal, immatiir, yumru sekildeki devamudir. Immatiir
plasentalarda baskin villus tipidir. IMIV’ler ilk iki trimester boyunca mezensimal
villuslarin matiirasyonuyla olusurlar. Daha sonra kok villuslara doniisiirler. Dolayisiyla
IMiV’ler de MIV’ler gibi, mezensimal ve tamamen gelismis villuslar arasinda bir
formdur. IMIV’lerin kék villuslardaki gibi oldukca kalin bir trofoblastik kabugu vardir.
En karakteristik ozellikleri ags1 (retikiiler) yapidaki stromalaridir. Sabit stromal
hiicrelerinin biiyiik yelkenvari uzantilariyla sinirlandirilan ¢ok sayidaki stromal
kanallardan olusur. Hofbauer hiicreleri bu kanallar i¢inde yerlesiktir. Fotal damarlar ve
kollajen lif demetleri bu stromal kanallarin aralarinda yer alirlar.

2.2.5. Mezensimal villus (MV)

Bunlar en primitif villuslardir ve genellikle birinci nesil tersiyer villuslar olarak
kabul edilirler. Gebeligin ilk donemlerinde baskin tiptir. Bu donemde, mezensimal
villuslar, IMIV’lerin 6nciileridir. Gebeligin daha sonraki donemlerinde KV ve
IMIV’lerin uglarinda, oldukca kiigiik, ince, gdze carpmayan yapilar seklinde izlenirler.
Ayn1 zamanda vill6z ¢ogalma ve dallanma boélgesi olarak rol oynar. Bunlar primitif
stroma Oziine sahiptirler. Stroma gevsek olarak yerlesen kollajen liflerden olusur ve bazi
mezengimal hiicreleri ile Hofbauer hiicrelerini ¢evreler. Fotal kapillerler gelismemistir
ve dilate sinlizoidler goriilmez. Kalin trofoblastik tabakanin altinda primitif kapillerlerin
farkli gelisimsel evreleri izlenir.

2.3. Villoz Stroma

Villéz stromanin temel yapisini bir ag olusturan sabit bag dokusu hiicreleri
olusturur. Bunlar, bag dokusu liflerini, serbest bag dokusu hiicrelerini (Hofbauer
hiicreleri) ve fotal damarlar1 ¢gevrelerler. Plasentanin yasina ve villusun tipine gore farkli
tiplerde stromal hiicreler tamimlanmistir (9, 13, 16-18).

2.3.1. Mezensimal Hiicreler

Farklilagmamis stromal hiicrelerdir. 2. ayin sonuna kadar en baskin hiicrelerdir
(17). Gebeligin daha ileriki devrelerinde sadece yeni olusan mezensimal villuslarda
goriiliir. Bu hiicreler genellikle kii¢iik (10-20pum uzunlugunda ve 3-4 um eninde), az
sitoplazmali, mekik sekilli hiicrelerdir. Bunlar birbirlerine az sayidaki ince uzantilarla
tutunur. Uzantilar yelken seklinde degil de, daha ¢ok yapraksi (filiform) sekilde oldugu
icin stromal kanallar olusturmazlar. Biiyiikk oval c¢ekirdekleri genelde merkezden
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kaymistir. Bu hiicreler diger biitiin stroma tiplerinin Onciisii olan mezengimal stromay1
olustururlar.

2.3.2. Retikulum Hiicreleri

Ikinci ayin sonunda, stromal yapr ve hiicresel kompozisyonunda biiyiik
degisiklikler gozlenir (18). Birkag giin igerisinde, bundan sonra gebeligin sonuna kadar
immatiir intermediyet villuslarin ana stromal hiicresi olan sayisiz, kiiciik retikulum
hiicreleri olusur. Bu hiicreler uzamis sekilli, biiyiik govdeleri (20-30pum uzunlugunda)
vardir. Hiicre gdvdelerinden ¢ok sayida, uzun, ince ve dallanan uzanti ¢ikar. Kesitlerde
bu uzantilarin komsu hiicrelerin uzantilar1 ile temaslar kurarak, aglar olusturduklar
goriiliir (Sekil 2.5.2.2). Ug boyutlu preparasyonlarda, bu yelken seklindeki uzantilarm
ekstraselliiler kompartmani 20-50um c¢apindaki g¢emberlere ayirdigi goriilir (Sekil
2.5.2.2). Bu stromal kanallar, villus eksenine paralel yerlesir. Fotal damarlar, bag dokusu
lifleri bu stromal kanallarin arasina yerlesirler. Komsu kanallar arasi pencereler,
plasental makrofajlara (Hofbauer hiicreleri) belli diizeyde hareketlilik saglar. immatiir
intermediyet villuslarda kiiciik retikulum hiicreleri bag dokusunun sabit hiicrelerinin
cogunu olusturur. Matiir intermediyet villuslarda daha biiyiik retikulum hiicreleri
bulunabilir.

2.3.3. Fibroblast Hiicreleri

Fibroz stromanin sabit bag dokusu hiicreleri hem mezengimal hiicrelerden hem
de retikulum hiicrelerinden farklidir. Fibroblastlar daha ¢ok kok villuslarda ve daha az
olmak kaydiyla immatiir intermediyet villuslarda biiyiik damarlar1 ¢evreler sekilde
bulunurlar. Bu hiicreler genis sitoplazmali, 30-50pum uzunlugunda ve 5-8um enindedir.
Retikulum hiicrelerinin aksine, bunlarin az sayida, kisa, dallanan, yapraks: (filiform)
veya kalin uzantilar1 vardir.

2.3.4. Miyofibroblast Hiicreleri

Feller ve ark. (19), villuslarin elektron mikroskobik olarak ve
immiinohistokimyasal olarak tipik miyofibroblast 6zelliginde hiicreler icerdigini One
siirse de, diger arastirmacilar benzer bulgulara sahip degillerdir. Elektron mikroskobik
olarak, tipik myofibroblast karakterindeki hiicreler sadece kok villuslarda bulunmaktadir
(20, 21). Damar diiz kas hiicrelerinden farkli olarak miyofibroblast hiicreleri villusun
uzun eksenine paraleldir.

2.3.5. Mast Hiicreleri
Bu hiicreler, daha ¢ok kok villuslardaki biiylik fotal damarlarin duvarlarinda
bulunurlar (22) (Sekil 2.5.2.1.¢).
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2.3.6. Plazma Hiicreleri
Bu hiicreler, plasental yapida ¢ok ender gdzlenen bir hiicre tipidir. Gelismemis
plasentalarin kok villuslarinin stromalarinda gozlenirler (23).

2.3.7. Hofbauer Hiicreleri

Villus stromasinda bulunan diger bir hiicre tipi de plasental makrofajlar olan
Hofbauer hiicreleridir. Bu arastirmanin konusunu olusturan hiicre tipidir. Bu hiicreler
kisaca, yuvarlak, uzamis veya ovoid sekilli olabilirler. Cekirdekleri eksentrik yerlesmis
ve 10-40um capindadirlar. Gebeligin erken donemlerinde sitoplazmalart  bol
vakuolliiyken, gebelik ilerledikge vakuol sayisi ve boyutlari azalir, intrasitoplazmik
graniiller daha belirgin hale gelir (16). Bu hiicrelerin dogasi onceleri ¢ok tartisilirken,
simdilerde sadece doku makrofajlar1 olduklarina inanilmaktadir. Makrofajlarin
morfolojik, histokimyasal ve fonksiyonel karakteristiklerine sahip olmalarinin yaninda
(24), bu hiicrelerdeki gibi IgG (immiinglobulin G) yiizey reseptorleri ve siif II MHC
(Major doku uyumluluk kompleksi-Major histocompability complex) molekiillerini de
eksprese ederler (25).

Hofbauer hiicreleri plasental gelisimin en erken devreleri ve gebelik boyunca
villuslarda bulunurlar (26). Gebelik ilerledik¢e vill6z stromanin daha yogun kivama
gelmesiyle birlikte bu hiicrelerin goriinmesi maskelenir ve sadece stromal bosluklarda
O0dem varsa goriiniir hale gelirler. Bu hiicrelerin villuslar damarlanmadan 6nce ortaya
cikmalari, gebeligin erken donemlerinde bu hiicrelerin mezengimal hiicrelerden
farklilastig1 izlenimini vermektedir. Gebeligin daha sonraki evrelerinde ise bu Hofbauer
hiicre popiilasyonu fotal kemik iligi kokenli hiicrelerle destekleniyor olabilir (27, 28).
Hofbauer hiicreleri bu nedenle heterojen bir hiicre toplulugu olabilir. Nitekim bu
hiicrelerin mitotik aktivite gostermeleri (27), bu hiicre toplulugunun bir alt sinifinin,
bagimsiz ve kendini yenileyebilir olduklarina isaret eder.

Hofbauer hiicreleri hem immiin hem de immiin olmayan fagositoz yapabilir,
plasental dokulara gecen maternal antijenleri yakalayabilirler ve plasenta igindeki birgok
sitokin, prostaglandin ve tromboksan i¢in énemli bir kaynaktir (29, 30). Diger ve ¢ogu
halen hipotetik olan gorevleri arasinda; plasental su dengesinin saglanmasi, transport
mekanizmalaria katilim, muhtemel endokrin fonksiyon ve vaskiilogenezin kontroliinde
rol almalar1 bulunmaktadir.
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2.4. Hofbauer Hiicreleri

2.4.1. Tarihge

Hofbauer hiicreleri, plasentanin fotal makrofajlar1 olarak kabul goérmdustiir.
Bir¢ok arastirmaci, insan plasental villus stromasinda biiyiik hiicrelerinin varlhigini
bildirmislerdir. Hiicrelerin adiyla 06zdeslesen Hofbauer, bu hiicrelerin normal
villuslardaki detayli tarifini yapmistir (31, 32). Bu hiicreler giiniimiizde de Hofbauer
hiicreleri olarak adlandirilmaktadir.

2.4.2. Morfoloji

Erken ve daha sonraki bir¢ok calismada Hofbauer hiicreleri yuvarlak, uzamis
veya oval sekilli hiicreler olarak tanmimlanmistir (31, 33). Bu hiicrelerin boyutlari,
uzantilarinin  boyutlarina baghdir. Hiicrelerin ¢ap1 10-40pum arasindadir. Genelde
eksentrik yerlesimli olan ¢ekirdegi oval, yuvarlak veya bobrek sekillidir. Cift ¢ekirdekli
hiicrelere az rastlamr. Iyi gelismis ¢ekirdek membrani vardir fakat niiklear kromatin
belirgin degildir. Hofbauer hiicreleri ile yapilan ilk ¢aligmalarda bu hiicrelerin en 6nemli
Ozelliklerinin sitoplazmalarindaki yogun vakuoller ve graniiller oldugu belirlenmistir
(31, 34). Bu yiizden bu hiicreler ayn1 zamanda “kopiiksii = foamy” hiicreler olarak ta
bilinirler. Isik mikroskopu ve elektron mikroskopu ile yapilan daha yeni ¢alismalarda, bu
hiicrelerin membrana bagli, ¢esitli boyutlarda elektron gegirgen sayisiz vakuoller, yogun
graniiller (muhtemelen lizozomlar), kisa endoplazmik retikulumlarla karakterize oldugu
goriilmiistiir (Sekil 2.4.2.1. ve 2.4.2.2.a, ¢) (1, 35, 36). Enders ve King (1970) yaptiklari
calismada, bu hiicrelerin gebeligin ilk yarisinda oldukga biiyiik, sayisiz intrasitoplazmik
vakuoller igerdiklerini gostermislerdir (Sekil 2.4.2.1.a, b ve 2.4.2.2.a) (36). Gebelik
ilerledikge vakuol sayilar1 ve boyutlar1 azalir ve Hofbauer hiicrelerinde muhtemelen
lizozomlar olan intrasitoplazmik graniillerin sayis1 artar (Sekil 2.4.2.2.¢).
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Sekil 2.4.2.1. Hofbauer hiicresi ve mast hiicresinin karsilastirmasi. A) Retikulum hiicrelerinin yelkenvari
sitoplazmik uzantilariyla (oklar) olugturdugu stromal kanal igine yerlesik bir Hofbauer
hiicresinin (H) elektronmikrografi (x5300). Bu stromal kanalarin i¢inde bir miktar siv1
bulunmasina ragmen, bag dokusu lifleri bulunmaz. B) 12. hafta immatiir intermediyet
villusun iki Hofbauer hiicresi gosteren yari-ince kesidi. Soldaki erken donemde siklikla
gozlenen bol vakuollii Hofbauer hiicresi tipi. Sagdaki, daha yuvarlak, az vakuollii ve hiicre
ylizeyinde baloncuk benzeri ¢ikintilari olan bir Hofbauer hiicresi. Bu hiicre ayn1 zamanda
mitoz gegirmekte (x1000). C) Ozellikle kék villuslarin biiyiik damarlarina yakin yerlesen ve
Ozel salgisal graniilleriyle taninan bir mast hiicresi elektronmikrografi (x16000) (37).

Bu graniile tipteki Hofbauer hiicresi, daha nadir bulunan Mast hiicresinden
kolaylikla ayirt edilebilir (Sekil 2.4.2.1.c). Buna ragmen az sayida veya hi¢ vakuol
icermeyen Hofbauer hiicreleri de gebeligin erken donemlerinde goriilebilir ki bu
hiicreler immatiir Hofbauer hiicreleri olarak kabul edilir (27, 38). Bu bulgu, vakuolli
Hotbauer hiicrelerinin morfolojik olarak belirgin oldugunu ve tamamen farklilasmis ¢ok
daha biliylik mononiikleer fagosit popiilasyonunun bir iiyesi oldugunu varsayan
immiinolojik aragtirmalarla uyumludur (25, 39).

Fusiform sekilli Hofbauer hiicrelerine de rastlanir. Bunlar1 fibroblastlardan ayirt
etmek oldukga giictiir. Bunlar fibroblastlardan ayirt etmenin en kolay yolu kopitiksii
sitoplazmay1 ayirt etmektir. Hofbauer hiicreleri kiigiik biiylitmede plazma hiicreleri ile de
karistirilabilirler. Genel olarak Hofbauer hiicreleri boyalara karsi diistik ilgi (afinite)
gosterirler ¢linkii  sitoplazmalarinda glikojen yoktur ve glikoproteinler ile
riboniikleoproteinler azdir.
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Hofbauer hiicrelerinin intrasitoplazmik vakuolleri, ylizey Ozellikleri ve villus
Oziinlin diger komponentleri ile iligkisinin ilk {i¢g-boyutlu goriintiilenmesi, dondurup-
kirma metodunu tarayici elektron mikroskopu ile kombine eden bir yontem sayesinde
mimkiin olmustur (16, 18). Hofbauer hiicrelerinin yiizey morfolojisi, kiiresel veya
uzamis kabarciklar veya mikroplikalar ile karakterizedir (Sekil 2.4.2.2.b). Bu 6zellikler
diizensiz bir sekilde dagilmiglardir. Diger Hofbauer hiicreleri iyi gelismis, diizglin
ylzeyli, biiyiik lamellipodlarla karakterize girintili-cikintili bir yiizeye sahiptirler. Bu
hiicrelerin yer yer ist iiste binerek huni benzeri yapilar olusturduklari gdzlenmistir.
Bazen de hem lamellipod (lamelli-ayak¢ik) hem de kabarciklarin her ikisini de igeren
Hofbauer hiicreleri gozlenmistir (16, 18, 40). Bunlara ek olarak, gebeligin ilk yarisina ait
koryonik villus stromasina ait tarayici elektron mikroskopu incelemelerinde, Hofbauer
hiicrelerinin biiyiik ¢ogunlugunun sabit stromal hiicrelerinin yelken benzeri ¢ikintilarinin
olusturduklar1 kollajen igermeyen stromal kanallarda yerlesik oldugunu gdstermistir
(Sekil 2.4.2.2.b) (14, 16, 40). Bu kanallar 6zellikle koryonik villus 6ziiniin merkezinde
iyi gelismis ve cogunlukla da villusun ana eksenine paralel yerlesmislerdir. Bu stromal
kanallarda yerlesik Hofbauer hiicrelerinin bazilarinin uzamis bir sekle sahip olduklar1 ve
kanallar aras1 uzanabildikleri gorilmistiir (16, 40). Hofbauer hiicrelerinin morfolojik
Ozellikleri, bu hiicrelerin villus 6ziinde hareket edebildiklerini 6ne siirmektedir. Stromal
kanallar gebeligin ilk yarisinda koryonik villuslarda bolca bulunur (Sekil 2.4.2.1.a, b ve
2.4.2.2.a, b) ve sayilar1 terme dogru azalir.
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Sekil 2.4.2.2. Immatiir intermediyet villusun (IMIV) tipik yapisi. A) Tipik retikiiler stromastyla 22
haftalik bir IMIV yari-ince kesidi. Yuvarlak, vakuollii Hofbauer hiicreleri, bag dokusu lifi
icermediginden bosluklar seklinde gozlenen stromal kanallara yerlesirler (x520). B)
Dondurma-kirma yéntemi ile olusturulmus bir IMIV kesidinin taraml elektron mikrografi
(x1050). C) Terme ait IMIV retikiiler stromasmin elektronmikrografi. Hofbauer
hiicrelerinin (H), retikiiler hiicrelerin (R) olusturdugu stromal kanallarda (SK) yerlestigi
goriilmektedir (x2700)(37).

Hofbauer hiicrelerinin bazal plakta dahi bulunmasi, bu hiicrelere farli bir rol
bi¢mistir: diyabetik rhesus uyusmazligi (26).

2.4.2.1. Hofbauer Hiicrelerinin Ince Yap1 Ozellikleri

Hotfbauer hiicresinin uygun ince-yapi tasviri, ge¢irimli elektron mikroskobunda
(TEM) villus stromasinda mezensimal elemanlar ile kiyaslanmasiyla olur. Tipik
Hofbauer hiicresi diizensiz sitoplazmik hatlar1 ve vakuollesme ile kolaylikla taninabilir
(Sekil 2.4.2.3). Bu hiicreler biiyiik vakuoller, kapl pinositotik vezikiiller ve endoplazmik
retikulumdan tlirevlendigi belli olan diiz vezikiiller, lizozomlar ve koyu renkli graniiller
icerirler. Yogun bir membrana sahip mikropinositik vezikiilleri hem Hofbauer
hiicresinin govdesinde hem de uzantilarinda yiizey boyunca gormek miimkiindiir.
Hofbauer hiicresinin iyi gelismis kompakt bir Golgi cisimcigi bulunur. Bu cisimcik
kiigiik gruplardaki sisternalar ile karakterize olup cekirdegin sadece bir tarafinda
yerlesiktir. Hofbauer hiicrelerinin mitokondriyonlari ¢ubuk sekillidir. Bunlarin kristalart
sikica paketlenmemistir. Endoplazmik retikulum hem graniilli hem de graniilsiiz
kisimlar igerir. Ribozomlar membran boyunca esit olmayan araliklarla yerlesirler ve
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sisternalar genis degildir. Diliz endoplazmik retikulum kisa tiibiiler yapilar olarak izlenir
ve graniillii endoplazmik retikulumun kisa segmentleriyle birlesir.

Hofbauer hiicrelerindeki lipid damlaciklarinin, farkli yogunluktaki graniiller ve
diger inkliizyonlarin sayilari oldukca degisiklik gosterdiginden tipik bir yapidan sz
etmek miimkiin degildir. Bu hiicrelerin i¢inde goriilen cesitli inkliizyonlardan sayica en
cok farklilik gosteren biiyiik graniillii inkliizyonlardir. Her ne kadar Hofbauer hiicreleri
asit fosfataz aktivitesi gosterseler de, asit fosfataz pozitif graniilleri hakkinda herhangi
bir ultrastriiktiirel ¢alisma yapilmamistir. Bu nedenden dolay1 bu yogun graniillerden
hangilerinin lizozomlar olabilecegini ayirt etmek glictiir.

W N -

Sekil 2.4.2.3. Hofbauer hiicresinin gegirimli elektron mikrografi. Eksentrik ¢ekirdegi, koyu graniilleri,
lipid damlaciklar1, mikrpinositik vezikiilleri (oklar) ile tipik bir Hofbauer hiicresi
goriilmektedir (36).

Hofbauer hiicrelerinin belirgin 6zelliklerinin bir digeri de ¢esitli tipte sitoplazmik
uzantilarinin olmasidir. Castellucci (1980), Hofbauer hiicre yiizeylerini, dondurup-kirma
yontemi ile tarayici elektron mikroskobunda (SEM) incelemis ve bu hiicreleri yiizey
morfolojilerine dayanarak siniflandirmistir (16):

1) Gebeligin 8-17. haftalarinda goriilen ve dalgali (ondiilali) lamellipodlar iceren

Tip 1 (Sekil 2.4.2.4.a),

2) Gebeligin 8-17. haftalarinda goriilen ve hem lamellipod hem de daha kiiciik
yuvarlak ¢ikintilar (kabarcik) igeren Tip 2 (Sekil 2.4.2.4.b),

3) Tim gebelik boyunca izlenen, eliptik-uzamig kabarciklar ve bazen uzun
mikrovilluslar igeren Tip 3 (Sekil 2.4.2.4.c),
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4) Tiim gebelik boyunca izlenen, az gelismis lamellipod (mikroplika benzeri) ve
birkag kiiciik kabarcik iceren Tip 4 (Sekil 2.4.2.4.d) olmak iizere 4 sinifta
incelemistir.

Sekil 2.4.2.4. Hofbauer hiicresi tipleri (16). Dondurma-Kirma yontemi ve ardindan SEM ile incelenmis
A) Tip 1, B) Tip 2, C) Tip 3 ve D) Tip 4 Hofbauer hiicreleri gorillmektedir (16).

2.4.3. Hofbauer Hiicrelerinin Dagilimlar:

Hofbauer hiicreleri plasental villuslarda ilk kez 18. pc. giinde goriiliirler (1).
Immatiir plasentalarin villuslarinda da her zaman bulunurlar. Normal plasentalarda
Hofbauer hiicrelerinin gebeligin 4. veya 5. aylarindan sonra sayica ¢ok azaldiklar1 veya
ortadan kaybolduklar1 6ne siiriilse de, bu hiicrelerin termde de varligim1 koruduklar bir
gercek olup (Sekil 2.4.2.2.c), gebelik ilerledikce sayilarindaki azalma, plasental
olgunlasma sirasinda villoz stromanin yogunlagsmasina bagli olarak sikigmalar1 ve
maskelenmelerinden ileri gelir (26).

Vakuollii tip Hofbauer hiicrelerinin erken dénemde ve daha graniiler tipin daha
sonraki donemlerde baskin olan tip olmalarina ragmen ara formlara gebeligin her
doneminde rastlanabilir. Baz1 Hofbauer hiicrelerinin ¢ok az vakuolii bulunabilir. Hatta 1.
trimesterin sonunda bazi1 Hofbauer hiicreleri bir¢ok inkliizyon ve kiigiik vakuollii yapiya
sahip olabilir. Yine de bu o6zellikteki Hofbauer hiicreleri daha c¢ok 5. aydan sonra
goriiliir. Normal term plasentalarinda vakuollerin sayist ve ylizey ¢ikintilart azalir. Hatta
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erken plasentalarda olduk¢a belirgin olan ekstraselliiler kompartmanlarin ge¢ donem
plasentalarinda bulunmamasi1 Hofbauer hiicrelerinin bu doneme ait plasental kesitlerde
151k mikroskopu ile goriilmesini zorlastirir.

Ozellikle stromanin daha gevsek oldugu patolojik durumlarda (8rnegin; maternal
diabette ve kan uyusmazliginda goriilen ve villoz olgunlasmanin bozuldugu prematiir
plasentalarda) term plasentasinda sayisiz Hofbauer hiicrelerinin varligi kolaylikla ayirt
edilebilir (26). Hofbauer hiicreleri ayn1 zamanda insan amniyonu ve koryonunda da
tanimlanmustir (1).

2.4.4. Hofbauer Hiicrelerinin Kokeni

[1k tarif edildiginden bu yana Hofbauer hiicrelerinin kékeninin ne oldugu konusu
tartismaya konu olmustur. Chaletzky (1981) tarafindan one siiriillen ve Hofbauer
hiicrelerinin maternal desidua kokenli oldugu gibi bir¢ok teori gegersiz kilinmistir (41).

Bu hiicrelerin kokenini belirlemeye yonelik en 6nemli bulgulardan birt Wynn
(1967)’in yaptig1 seks kromatin boyamasindan elde ettigi Hofbauer hiicrelerinin fotal
orijinli oldugu bulgusudur (42). Arastirmacilarin ¢ogu artik Hofbauer hiicrelerinin
koryonik mezengimal kokenli olduguna ve bu hiicrelerin villus 6ziiniin sabit stromal
hiicrelerinden farklilagtigina inanmaktadirlar (17, 26, 43, 44). Morfolojik arastirmacilar
bu kavrami sorgulamistir ¢linki her iki hiicre tipi arasinda bir gecis formu
gozlemlenmemistir (9, 18). Yine de Hofbauer hiicreleri iizerinde yapilan gozlemler (8)
ve ¢esitli organlarin makrofajlar1 ve makrofaj onciileri ile ilgili elde edilen verilere (45-
47) dayanarak Hofbauer hiicrelerinin plasentanin gelisiminin erken evrelerinde, heniiz
fotal dolasim olugsmadan mezensimal hiicrelerden koken aldigi savi goz ardi edilemez
(Sekil 2.5.1.1.a, b). Daha sonra, fotal dolasim baslar baslamaz, Hofbauer hiicreleri, diger
organlardaki makrofajlar gibi fotal kemik iligi kokenli monositlerden koken alabilir (27,
48). Hatta Moskalewski (1975), Hofbauer hiicreleri ve monositler arasi gecis formlari
gozlemlemistir (49). Bu hipotez ile ilgili olarak akilda bulundurulmasi gereken sey,
gebeligin sonunda, insan kordon kaninin yetiskin kanindakinin ii¢ kati daha fazla
monosit igerdigidir (50). Bu monosit alt-popiilasyonlar1 belirgin fonksiyonel heterojenite
gosterirler (50). Maternal arteriyel kanin intervilloz araliga ulasmasi 1. trimesterin
sonunda (10-12 haftalar aras1) oldugundan dolay1, maternal monositlerin plasenta villus
Oziine gegip bu hiicrelere farklilagsmalari miimkiin degildir (51).

Hofbauer hiicrelerinin gebelik boyunca farkli yerleden kdken alabilecekleri one
stiriilmiistiir ve bu nedenle heterojen bir hiicre toplulugu olustururlar (27). Bu veriler
Hofbauer hiicrelerinin mitotik bdoliinme gosterebildiklerini sdyleyen in vivo (Sekil
2.4.2.1.b) ve in vitro gézlemlerle uyumludur (27, 39). Hofbauer hiicrelerinin mitozu
(Sekil 2.4.2.1.b) bu hiicrelerin farkli kokenli ve fonksiyonlu alt topluluklarinin
(subpopiilasyonlarin) siirekli varligimin saglanmasi i¢in 6nemlidir. Bunlara ek olarak
mitotik aktivite ayni zamanda bu hiicrelerin kismen bagimsiz, kendini yenileyen (replike
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olabilen) ve lokal ¢evre tarafindan gerekli oldugunda sayilarini hizlica arttirabildiklerine
isaret etmektedir (27).

2.4.5. Hofbauer Hiicrelerinin Gorevleri

Villéz stromanin olgunlagsmasi ve yeniden sekillenmesi (modellenmesi)
esnasinda farkli Hofbauer hiicre tiplerinin gozlendigi bildirilmistir (24). Hofbauer
hiicreleri fagositoz yetenekleri ve mikropinositoz aktiviteleri ile tipik makrofaj
karakterlerini sergilerler.

Hofbauer hiicrelerine, stromal sivi dengesinin diizenlenmesi, immiin
komplekslerin emilimi, antijen sunma gibi birgok gorev yiiklenmistir (24, 35). Bu
hiicreler plasental su igerigini, iyonlarin taginmasini ve interstisyal iyonlarin akigini
diizenlerler (35). Hofbauer hiicrelerinin intrasitoplazmik vakuolleri ve biiyiik
lamellipodlarinin villus stromasinda bulunan f6tal serum proteinlerinin azaltilmasinda ve
erken plasentanin su dengesinin kurulmasinda gorev aldiklar1 diigtiniilmiistiir. Hotbauer
hiicrelerinin bu gorevinin, plasentanin interstisyal alandaki proteinleri kan damar
sistemine geri dondiirecek bir lenfatik sistemi olmamasindan kaynaklanabilir (36).
Hofbauer hiicrelerinin koryonik villus 06zlerinde kolaylikla gezebilmeleri stromal
kanallarin varlig1 araciligiyla saglanir ve lenfatik sisteme bir alternatif olarak gorev
yaparlar (14, 36). Ayrica, Hofbauer hiicrelerinin stromal kanallardaki hareketi, bu
makrofajlarm: 1) Konagin savunulmasindaki rollerini (16, 25), 2) Diger mezensimal
hiicrelerin ¢ogalmasinin tesviki veya baskilanmasi ile villus 06ziiniin yeniden
sekillendirilmesindeki rollerini (9, 16, 18) gdstermelerine yardimci olur. Hofbauer
hiicrelerinin hareket kabiliyetlerinin son trimesterde kismen engellendigi de bilinmelidir.
Bu donemde stromal kanallar ya yoktur ya da ¢ok dardirlar. Bu nedenle Hofbauer
hiicrelerinin bu villuslarda farkli ek rollerinin olabilecegi diisiiniilmiistiir (18).

Birgok yazar Hofbauer hiicrelerinin endokrin rolleri olabilecegi yoniinde
tahminlerde bulunmustur. Prosdocimi (1953) bu hiicrelerin hCG sentezledigini One
stirmiis ve immunohistokimyasal olarak bu hiicrelerde hCG varligi daha sonra
gosterilmistir (52, 53). Bu glikoproteinin bu hiicrelerde sentezlenmesi ¢ok olasi
olmadigindan, ¢evreden fagositozla hiicre igine alinmis olmasi muhtemeldir (39), diger
yandan makrofajlarda immiinohistokimyasal olarak gosterilen proteinlere ait bulgularin
bu hiicrelerin fagositoz aktivitesi goz Oniinde bulundurularak degerlendirilmesi gerekir
(6r: hormonlar, plasental proteinler).

2.4.6. Hofbauer Hiicrelerinin Immiinolojik Yonleri

Immiinolojik bulgular, Hofbauer hiicrelerinin gebelik boyunca koryonik plakta
ve villoz stromada bolca bulundugunu gostermistir (25, 54). Hofbauer hiicreleri {izerine
yapilan immiinohistokimyasal aragtirmalar, bu hiicrelerin immiinolojik rolleri hakkinda
daha fazla bilgi edinmemize neden olmustur.
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Hofbauer hiicrelerinin IgG icin Fc reseptorleri (FcR) igerdikleri gosterilmistir
(Uren ve Boyle 1985, Zaccheo 1982). Bu reseptdrlerin maternal antifotal antijen-antikor
komplekslerini baglayarak koruyucu gérevde bulunduklari 6ne siirtilmiistiir (25, 54, 55).
Hofbauer hiicreleri, immiin fagositoz yapma (25, 56-58) ve ekzojen antijen-antikor
komplekslerini ortadan kaldirabilme kapasitesindedir (59).

Braunhunt (1984) Hofbauer hiicrelerinde o-1 antikimotripsin varligini gosterse
de, term plasenta Hofbauer hiicrelerinde lizozimin varligin1 imiinolojik yontemlerle
gosterememistir (60). Zaccheo (1989) birinci trimester Hofbauer hiicrelerinin in vitro
ortamda lizozim salgilayabildiklerini gostermistir (58). Bu farkliliklarin kullanilan
metodlardaki degisiklikten mi yoksa term ve birinci trimester Hofbauer hiicrelerinin
farkli fonksiyonlar gérmelerinden mi oldugu bilinmemektedir.

Hofbauer hiicrelerinin, TLR4 gibi Toll-benzeri reseptorleri (Toll-like Receptors-
TLRs) igerdikleri gosterilmistir (61). TLR’ler dogal bagisiklik yantlart agisindan
onemlidirler. Son ¢alismalar, dogal bagisiklik yanitlarinin, patojenlerden gelen ¢esitli
molekiiler tehditleri taniyarak proinflamatuar sitokin gen transkripsiyonunu baglatan
TLR’ler tarafindan aktive edildigini 6ne siirmektedir (62, 63). TLR4, lipopolisakkarid
(LPS)-indiiklii sinyal iletiminden sorumludur (64). Ilging olarak, Kumazaki ve ark.
(2004) TLR4’tin term Oncesi koryoamniyotit durumunda, villuslardaki Hofbauer
hiicrelerinde ekspresyonunun arttigini  gostermistir (61). Bu bulgu da, Hofbauer
hiicrelerinin dogal immiin yanitlarda ne kadar 6nemli olduklarina isaret etmektedir.

Hofbauer hiicrelerinin MHC sinif I ve II belirteglerini eksprese ettikleri (57, 65-
67), MHC sinif II’'nin en az 3 iyi belirlenmis alt bolge (DR, DP ve DQ) igerdikleri
bilinmektedir. Birinci trimester Hofbauer hiicreleri ¢ok nadiren DR ve DP-pozititken,
DQ antijenlerini eksprese etmezler (58, 65-68). DQ antijenlerinin 1. trimester
hiicrelerinde olmayisi, bu antijenlerin T hiicre klonlarinin sitotoksik hiicrelere doniigiimii
i¢in bir sinirlandirma elemani olmasiyla iligkili olabilir (69).

MHC smif II antijenleri, ikinci trimesterin baslarindan itibaren plasental
makrofajlar tarafindan kazanilmaya baslarlar (54, 66-68, 70). Term plasenta dokularinda
DR-pozitif villoz stromal makrofajlar birbirleriyle yakin iliskideki koryonik villus
gruplarinda goriiniirler (65, 67). Ote yandan, DP, DQ antijenleri, bazal plaga en yakin
villuslarda yerlesik az sayidaki Hofbauer hiicrelerinde gézlenir (67). Bunlara ek olarak,
bu tiirdeki DP ve DQ antijenleri, DR antijeninin yoklugunda higbir plasental makrofajda
bulunmazlar (67). Koryonik villuslardaki bu yama benzeri MHC simif II antijen
ekspresyonu ve DP, DR ve DQ pozitif hiicrelerin villus- desidua komsulugundaki
birikimi, bu alanlarin immiin stimiilasyonunun arttirtlmis olduguna isarettir. Her ne
kadar kesin bir bulgu olmasa da, Hofbauer hiicrelerinin fotal lenfositlere antijen sunma
kapasitesinde olduklar1 diisiliniilebilir. Bu olay, plasenta gecisli infeksiyonlarda f6tal
yanit ile ilgili olabilir.
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Goldstein (1988) ve Nakamura ile Ohta (1990), gebelik boyunca Hofbauer
hiicrelerinin CD4 antijenine 0zgli antikorlarla gii¢lii reaksiyon verdiklerini
gostermislerdir (54, 71). Bu antijen MHC sinif II molekiillerinin polimorfik olmayan
determinantlariyla etkilestigi diistiniilen bir hiicre yiizey glikoproteinidir (72). Bu antijen
lenfositlerin T-helper (yardimci T hiicreleri) alt sinifinda mevcuttur ve kan monositleri,
bazi doku makrofajlar1 ve dendritik hiicreler tarafindan zayif sekilde eksprese edilir (73-
75). Aym1 zamanda insan immiin-yetmezlik virlisii (Human Immunodeficiency virus-
HIV) i¢in membran reseptorii olarak gorev yapar. Lewis (1990), HIV-1 antijeni ve
niikleik asidini, immiinohistokimya ve in situ hibridizasyon yontemleriyle sero-pozitif
hastalarin plasentalarinda Hofbauer hiicrelerinde gostermistir (76). Bu nedenle Hofbauer
hiicreleri HIV-pozitif kadinlarin fetiislerinde HIV’nin giris kapist veya deposu
(rezervuari) olarak rol oynayabilirler. Nitekim Torres ve ark. (77) Hofbauer hiicrelerinde
HIV-1 ko-reseptorlerinin (CCRS5 ve CXCR4) Hofbauer hiicre yiizey membraninda
bulundugunu géstermistir.

Hofbauer hiicrelerinin immiinohistokimyasal belirteglerinden biri anti-Leu-M3
antikorudur (58, 65). Bu antikorun, primer olarak monosit ve makrofajlarda eksprese
olan ve 55kDa’luk bir glikoprotein olan CD14 monosit farklilagma antijenini tanidigi
bildirilmistir (78). CD14 antijeninin bir g¢esit biiyiime faktorii reseptorii olarak gorev
aldig1 ve bu nedenden dolayr Hofbauer hiicrelerinin plasental morfogenezle iliskili
olabilecegi one siiriilmiistiir (9, 16, 18).

Flynn (1982, 1985) ve Glover (1987) plasental villoz makrofajlarinin interldkin-
1 (IL-1) drettiklerini gostermistir (79-81). Antijen sunma olayr smif II antijen
ekspresyonu ve IL-1 sekresyonu ile iliskili oldugundan, fotal plasental makrofajlarin
neredeyse bir yetiskin hiicre gibi antijen sunma fonksiyonu olabilecegi 6ne siiriilmiistiir
(81). Hatta antijen sunma olayinin dokuya 6zel farkli faktorler tarafindan diizenlendigi
diistiniilmuistiir. Yagel (1987) progesteronun fizyolojik konsantrasyonlarinin f{6tal
plasental makrofajlardan bir immiinosupresan oldugu bilinen prostaglandin E2
salinmmini arttirdigint gostermistir (82). Bu bulgu fotal plasental makrofajlarin feto-
maternal ylizeyde immiin-baskilayici bir rol oynadiklarina isaret eder. Izole edilmis
Hofbauer hiicreleri in vitroda hem hiicre-aracili lenfolizi hem de lenfosit reaksiyonunu
inhibe etmistir (83). Bu nedenle Hofbauer hiicreleri fetiise karsi gelisebilecek T hiicre
yanitini bastirmada ¢ok 6dnemli fonksiyona sahiptir.

2.5. Vaskiilogenez ve Anjiyogenez

Plasental villus gelisiminin belirleyici basamaklarinin anlagilmasi i¢in, damar
olusumunun O6neminden dolayi, vaskiilogenez ve anjiyogenezin genel ozelliklerinin
bilinmesi sarttir. Genel olarak sOylemek gerekirse, damarlar birbirinden farkli sekilde
isleyen ve kontrol edilen farkli iki yolla olusur: Vaskiilogenez ve Anjiyogenez. Kan
damarlarinin geligimi, ¢esitli mekanizmalar yoluyla gergeklesebilir.
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2.5.1. Vaskiilogenez

Vaskiilogenez, primitif kan damarlarinin mezoderm kokenli onciil (prekiirsor)
hiicrelerden ilk kez olusturulmasidir. Vaskiilogenez terimi; hemanjiyoblastlarin
damarlarin olusacagi bolgeye go¢ etmeleri, kordonlar olusturup endotelyal hiicrelere
farklilagmalarin1 ve dolayisiyla damarlarin ilk kez (de novo), sifirdan olusturulmalarini
ifade etmektedir (84).

2.5.2. Anjiyogenez

Yetiskin vaskiilatiirii, embriyoda anjiyoblastlar olarak adlandirilan endotelyal
hiicre prekiirsorlerinden damarlarin ilk kez, sifirdan olusturuldugu vaskiilogenez islemi
ile olusturulur. Vaskiilogenez ile olusturulan endotelyal hiicre agi, daha sonra
anjiyogenez tarafindan bir kalip (sablon) olarak kullanilir (85) ve vaskiiler ag
genisletilir.

Olusturulduktan sonra primer kapiller agi, anjiyogenez yoluyla, mevcut
damarlardan yeni damarlarin tomurcuklanmasi ve dallanmasi ile yeniden modellenir
(85). Normal fizyolojik anjiyogenez, fOtal-plasental gelisim ve biiylime sirasinda
gozlenmekle beraber (86), yetiskinde disi iireme yollarindaki siklik olaylar haricinde
nadiren gozlenir (87).

Anjiyogenez, disilerin iireme yasami boyunca menstrual siklus siiresince korpus
luteum ve endometriyumda gozlenen hizli biiylime ve gerilemenin bir parcasi olarak
diizenli bir sekilde goézlenirken (88-90), patolojik anjiyogenez, malignansiler, kronik
inflamatuar bozukluklar (romatoid artirit), yasa bagli makiilar dejenerasyon,
endometriyoz ve diabetik retinopatiler gibi durumlarda gézlenir (91).

Kapillerler veya en kiigiik damarlara ait mikrovaskiiler endotelyal hiicreler (EH)
anjiyogenez isleminde rol alan hiicrelerdir. Yetigkinde yeni damar olusumu 4 farkl
mekanizma ile gerceklestirilebilir: 1) tomurcuklanma yoluyla anjiyogenez, 2) icten
bdlme (intussusception) yoluyla anjiyogenez, 3) damar uzamasi yoluyla anjiyogenez ve
4) dolasimdaki endotelyal progenitér hiicrelerin (EPH) biiylimekte olan damarlara
katilmast yoluyla anjiyogenez (Sekil 2.5.2.1).

1) Klasik anjiyogenez, ya da tomurcuklanma yoluyla anjiyogenez: endotelyal
hiicrelerin aktivasyonu yoluyla, bazal membranin yikimini saglayacak proteazlarin bu
hiicrelerce salgilanmasi ile basglar. Bu asamadan sonra endotelyal hiicreler, anjiyogenik
uyarana (stimulus) dogru go¢ ederler, ¢ogalirlar ve tlipgiikler olusturmak {izere u¢ uca
eklenirler (92). Daha sonra yeni bir bazal membran olusturulur ve biiyiik damarlar, diiz
kas hiicreleri ile, diger damarlar da perisitlerin ¢evrelemesi ile stabilize edilirler. Klasik,
tomurcuklanma yoluyla anjiyogenez; normal olarak EH aktivasyonu, bazal membranin
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yikimi, EH’lerin ¢ogalmasi ve gogii, EH tomurcuklarinin fiizyonu, tiip gibi bir seri
basamag1 icerirken, intussusception ve damar uzamasi, bu basamaklarin hepsini
gerektirmez. Her ne kadar bu son iki anjiyogenik mekanizmaya ait hiicresel olaylar
hakkindaki detayl bilgilerimiz eksik ise de, “EH proliferasyonu” hemen hemen tiim
anjiyogenik olaylarin ana komponenti gibi géziikmektedir.

2) icten bélme (Intussusception) yoluyla anjiyogenez: cogalan endotelyal
hiicreler iceri dogru goc¢ ederek damar liimenini ikiye ayirirlar. Damar duvarinin bu
islemin ardindan yeniden sekillenmesi, birbirine paralel iki yeni damarin olusmasi ile
sonuglanir. Bu sekildeki damar olusumunun en 6nemli avantajlari; damar duvarinin
delinmesine veya haraplanmasina gerek duyulmamasi ve kan akiminin tim islem
boyunca devam etmesidir.

3) Damar uzamasi ve damar genislemesi: muhtemelen biiylimekte olan
dokulardaki mevcut kan damarlarinin, onlar1 c¢evreleyen hiicrelerin metabolik
gereksinimlerine yanit olarak siirekli yeniden yapilanmasi yoluyla gerceklesir. Bu
mekanizma ayni zamanda yeniden modellenme veya budama olarak ta bilinir (92).

4) Dolasimdaki endotelyal progenitor hiicreler yoluyla anjiyogenez:
dolasimdaki mononiiklear hiicrelerin kiiglik bir oraninin, biiyliyen bazi damarlara
inkorpore olabilen (dahil olabilen) endotelyal hiicre progenitorleri olduklar
belirlenmistir (93).

Tomurcuklanma/Filizlenme

Dolasimdaki EPH

Sekil 2.5.2.1. Anjiyogenez tiplerini gosteren sekil.
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2.6. Plasental Villoz Damarlarin Gelisimi ve Yapisi

Plasental kan damarlari, farklilasmamis oOnciil (prekiirsér) hiicrelerin
(hemanjiyoblast) daha sonra damar agmi olusturmak {izere diizenlenecek endotel
hiicrelerine in situ olarak farklilanmasi ile karakterize bir islem olan “Vaskiilogenez”
yoluyla olusturulmaya baslanir (92). Plasentasyon boyunca vaskiilogenez, sekonder
villustan tersiyer villusa gegis sirasinda ilk villoz damarlarin olusumunda (Gebeligin 18-
35. giinleri arasi) ve ilerleyen gebelikte immatiir intermediyet villuslardan mezensimal
villuslarin olusumu sirasinda goriiliir (37) (Sekil 2.6.1.1). Vaskiilogenezle olusturulmus
primitif kapiller agin genisletilmesi ise “Anjiyogenez” ile saglanir. Plasentasyon
sirasinda, immatiir inetrmediyet villus, kok villus, matiir intermediyet villus ve terminal
villuslarin damar ag1 bu sekilde olusturulur (Sekil 2.6.1.1).

< Kkvillus -,
7 Imvmatir ™ S
Simtermedivet villus:. ‘M tabalkasinn olugumu’,
H e O i 1k kifk vl
""" ~=~, WEGF | FF Dallanma ile kapiller i damararrn absgrras
£ l.lezengmal 'i'l||IJ5 Y ] ugmnh;:ururrmn

4 r-n-\:1 l".r-:|£ -

."H-u'n-unjgiugu'uk
E h. Hemanjiyegenik 3
:. P‘mﬂjiﬂr L kuplllEl'lﬂ" )

.. _‘< =y ) AN
B o ;'1' 'Fil'uh:ir" e
TR ™, \h’: n'h-u'mudlr:t\ﬂlu: ay
" FGF-2 VEGF
SRS St & 5 Azdalanmi kaplisr
el k' hakalann
] dalanmz=n -
. anfyoganaze dluzum -
e, A T A
— = - “_"H.-"_
Vaskllogenez Anjiyogenez

Sekil 2.6.1.1. Plasental villus tiplerinde vaskiilogenez ve anjiyogenez (37).

2.6.1. Vaskiilogenez 1: Hemanjiyoblastik Hiicrelerin Kokeni (15-21. giinler)

Hemanjiyoblastik hiicreler, fotal kokenli mezensimal hiicrelerden koken alirlar
ve her iki hiicre yapisal olarak benzerdir. Bu progenitér hiicrelerin fotal kan
hiicrelerinden koken almaktansa, direkt olarak fotal mezensimal hiicrelerden kdken
aldiklar1 bilinmektedir (8).

Endotelyal ve hematopoietik hiicreler, ortak bir progenitorii (hemanjiyoblast)
paylasirlar. Vitellus kesesinde hemanjiyoblastlar, igteki hiicrelerin hematopoietik
prekiirsorlere, distaki hiicre popiilasyonunun ise endotelyal hiicrelere farklilasacagi
aggregatlar (kiimeler) olustururlar. Anjiyoblastlar, in situ farklilasma ve ag olusumu
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gerceklesmeden Once, oldukca fazla bir sekilde go¢ edebilirler. Vaskiiler Endotelyal
Biiytime Faktorii (VEGF), VEGF Reseptorii-2 (VEGFR- 2, Flk-1) ve bazik Fibroblast
Biiytime Faktorii (bFGF), anjiyoblast farklilasmasini arttirirken (94), VEGF Reseptorii-1
(VEGFR-1, FIt-1) hemanjiyoblastlar1 baskilar (95). Matriks makromolekiilleri,
fibronektin, matriks reseptorleri (a5-integrin) ve endotelyal hiicreler arasindaki
etkilesimleri saglayan molekiiller de vaskiilogenezde 6nemli roller tistlenirler.

Endotelyal hiicre prekiirsorleri, embriyonik yasamin haricinde, yetiskin kemik
iliginde ve periferik kaninda da tespit edilmistir. VEGF, Graniilosit-Monosit Koloni
Stimiile Edici Faktér (GM-CSF), bFGF ve Insiilin Benzeri Biiyiime Faktérii (IGF)-1 bu
hiicrelerin farklilasmasini ve mobilizasyonunu stimiile etmektedir (96, 97). Bu tarz
prekiirsorler, yetiskinde anjiyogenik alanlar ve vaskiiler protezler olusturabilir ve
terapotik acidan ¢cok onem tagimaktadirlar.

2.6.2. Vaskiilogenez 2: Primitif Endotelyal Tiiplerin Olusumu (21-32. giinler)

Insan plasental damarlanma, plasental villuslarda pluripotent mezensimal oncii
hiicrelerden kapillerlerin ilk kez olusturulmasiyla gerceklesir. Plasentanin damarlanmasi
embriyo daha 4 somitliyken, 21. p.c. giinde baslar (8, 98). Mezensimal hiicreler,
basamak-basamak endotel hiicrelerine doniisiirler (8). Bu safhada, sekonder villuslarin
Oziinde, hemanjiyogenik hiicrelerin progenitorleri ilk damarlarin olusumundan o6nce
farklilasarak hemanjiyogenik hiicre kordonlar1 olustururlar. Bu hiicreler desmozomlar ve
primitif siki baglantilarla birbirlerine tutunurlar (Sekil 2.6.2.1.a, b, c). Hiicrelerarasi
yariklarin genislemesi primitif kapiller limenini olusturur (Sekil 2.6.2.1.d). Bu primitif
liimenin olugmasi, baska organlarda goriildiigii gibi hiicre i¢i vakuollerin birlesmesiyle
gerceklesmez (99). Davidoff ve Schiebler (1970) kobay plasentasinda mezensimal
hiicrelerin apozisyonu ve ardindan daginik halde bulunan hiicre i¢i dilatasyonlarinin
geniglemesi ile ilkel kapiller liimeninin olustugunu 6ne siirmiislerdir (100). Bu tanim,
liimen olusumunun endotel-aras1 araliklarin birlesmesiyle olustugunu 6ne siiren diger
gozlemlere ters diismektedir (99). Diger memelilerin plasentalarinda oldugu gibi,
insanda da hemanjiyoblastik kordonlar arasinda baglantilarla belirlenen ekstraselliiler
araliklarin birlegsmesiyle olusur [kobay:(100); maymun:(9); insan: (8)]. 6 somitlik
embriyonun plasental villuslarinda hemanjiyoblastik hiicre kordonlar1 ve kan hiicreleri
icermeyen primitif kapiller olusumlar1 gozlenir. Primitif kapiller liimeni olusur olusmaz
ilk hematopoietik hiicreler erken liimen i¢inde belirir (Sekil 2.6.2.1.e). 28. p.c. giinde,
olduk¢a yassilasmis endotel hiicreleri ile dosenmis poligonal kapiller limenlerinde,
gelismekte olan kan hiicreleri izlenir ama fotal villoz dolagimin olugmasini saglayan
diizenli bir damar sistemi ve gobek kordonundan embriyoya ulagan bir dolasim
bulunmaz. 32-35. giinlerde villoz kapillerlerin birbirleri ve daha biiylik allantoyik
damarlarla birlesir. Allantoyiste de vaskiilogenez baslamasiyla birlikte ta ki embriyo ici
ile plasental yataklar aras1 baglant1 saglanana kadar hem embriyonik hem de plasental
yonlerde vaskiilogenez devam eder.
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Bu arada, kapiller ¢evresindeki diger mezensimal hiicreler, uzantilariyla hem
mezensimal ag hem de endotelyal tiiplerle iliskidedir (Sekil 2.6.2.1.e). Endotelyal
hiicrelere abliiminal taraftan bagli olan bu juksta-hemanjiyogenik hiicreler perisitlerin
karakteristik 6zelliklerini kazanirlar (Sekil 2.6.2.1.f ve e) (9, 101). Bu hiicreler Dempsey
(1972) tarafindan fotal kan damarlarinin ana Onciilleri (progenitorleri) olarak
yorumlanmustir (101). Dempsey (1972) sadece perisitlerin mitotik aktivite gosterdigini
ve endotelyal dosemenin biiylimesine destek olduklarini 6ne siirmiistiir. King (1987) ve
Demir (1989) ‘in bulgular1 bu olasilig1 saf digi birakmamakla beraber, bu yolun tek
farklilasma yolu oldugundan siiphe duymuslardir ¢ilinkii Castellucci (1987) immatiir
villuslarda endotelyal mitozdan bahsetmistir (8, 9, 27). Biitiin bunlara ek olarak
Holmgren (1991), trombosit kokenli biiytime faktoérii B (PDGF-B) ve buna ait beta
reseptoriiniin (PDGF-3 reseptor) plasental anjiyogenezdeki onemine dikkat ¢ekmistir
(102). PDGF-B ve reseptoriiniin ¢ogu mikrovaskiiler endotelyal hiicrelerde bulunup,
reseptor mRNA’sinin makrovaskiiler endotelyal hiicrelerde bulunmayisi, kapiller
endotelyal hiicrelerinin hiicre ¢ogalmasini  ve anjiyogenezini ilerlettigini One
stirmektedir.
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Pre- vaskiilojenik Safhalar (-22. giin)
0 T R T ek b -

Sekil 2.6.2.1. Plasental villusta vaskiilogenez ve anjiyogenez mekanizmalari (8).

2.6.3. Anjiyogenez 1: Dallanic1 Anjiyogenez (32. giin-25. hafta)

Yaklagik 32. pc. giinde birgok villoz damar (Sekil 2.6.3.1, II. saftha) ve gobek
kordonu taslaginda fotal allantoyik damarlar olusmustur. Artik ilkel bir fotoplasental
dolasim baslamistir. Bu andan itibaren mezensimal Onciillerden vaskiilojenik kapiller
olusumu sadece dallanan mezensimal villus ug¢larinda olur. Diger tiim villoz vaskiiler
agin genisletilmesi anjiyogenezle saglanir.

32. glinden baslayarak terme kadar devam eden anjiyogenez, birbirleriyle kismen
cakisan 3 sathadan olusur:
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I. Kapiller agin 32. giinden 25. haftaya kadar dallanan anjiyogenezle olusmasi
(Sekil 2.6.3.1, III. satha)

II. Periferal kapiller agin gerilemesi ve santral kok damarlarin 15-32. haftalar
arast olusturulmasi (Sekil 2.6.3.1, IV. safha).

ITI. Terminal kapiller halkalarin dallanmayan anjiyogenezle olusturulmasi (25.
hafta-Term) (Sekil 2.6.3.1, V. satha)

32. pc. gilinden ilk trimesterin sonuna kadar, vaskiilogenezle olusturulmus
endotelyal tiip segmentleri, iki mekanizmanin etkilesimi ile primitif kapiller agina
dontistiirtiliir: 1) Var olan damarlarin dallanmayan anjiyogenez ile uzamasi, 2) bu
tiplerin, lateral filizlenme (filizlenen anjiyogenez, (103)) ve muhtemelen damar
liimeninde ice dogru bir endotelyal siitun olusturarak “intussusceptive” biiylime ile
catallanmasi (104).

Kiictik captaki villuslarin ilk neslinde (mezensimal villus), dallanan anjiyogenez
cok goriilmez ve olusan kapiller ag c¢ok gelismemistir (Sekil 2.6.3.1, II. safha).
Mezensimal villustan farklilasan daha bliyiik captaki immatiir intermediyet villuslarda
dallanic1 anjiyogenez tetiklenir ve villoz ylizeyin hemen altinda, yogun, iki-boyutlu bir
ag olusur (Sekil 2.6.3.1, III. satha). Bu arada, kapillerler etrafinda farklilasma basglar.
Endotelyal tiipler perisit tabakasina ihtiya¢ duyarlar. 6. haftada endotelyal tiiplerin ve
perisitlerin etrafinda ilk bazal lamina materyali birikir. Kapillerlerin bazal lamina ile
tamamen kaplanmas1 gebeligin sadece son 10 haftasinda gozlenir (Sekil 2.6.2.1.h) (8).

2.6.4. Anjiyogenez 2: Kok Damarlarin Olusumu ve Kok Villustaki Kapillerlerin
Gerilemesi (15.-32. hafta)

Gebeligin 3. aymnda immatiir intermediyet villuslardan kok villus olusumu basglar;
immatiir intermediyet villuslarin merkezi yerlesimli endotelyal tiiplerinden bazilar
100pm’den biiyiik c¢apa ulagirlar. Cok kisa bir zaman igerisinde de a- ve y- diiz kas
aktini eksprese eden kasilabilir hiicreler ile sarilirlar. Cevredeki stroma da, bu damarlar
etrafinda konsantrik (dairesel) bir yerlesim gosterir. Bu damarlar, villoz arter ve venlerin
onciilleridir. Daha biiyiik immatiir intermediyet villuslarda arter ve venlerin adventisya
tabakalar1 birleserek villus i¢inde fibrdz bir stromal 6z olusturur. Immatiir intermediyet
villusun retikiiler stromasinin %50’sinden fazlasi fibroz stroma haline doniistiigii andan
itibaren, bu villus “Kok villus” adim alir.

Damar duvarinin dig kisimlarinin gelisiminin Tie-2 reseptorii ile etkilesen
Anjiyopoietin-1 (Ang-1) ve Anjiyopoietin-2 (Ang-2) arasindaki denge ile kontrol
edildigi o6ne sirilmistir (105). Kok villuslara farklilasmanin oldugu immatiir
intermediyet villuslarin perivaskiiler (damar g¢evresi) hiicrelerinde Ang-1, Ang-2 ve
mRNAlar1 belirlenmistir (106).
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Gebelik ilerledikge, trofoblast tabakasinin altindaki kapiller ag geriler ve birkag,
biiyiik, dallanmamis paravaskiiler kapiller olarak kalir (107). Kok villuslarda kapiller
gerilemenin mekanizmalar1 halen bilinmemektedir. Bir goriise gore, VEGF-A’nin
eksikligi, plasental biiylime faktorii (PIGF) ‘niin artist bu kapiller gerilemeye neden
olabilir, ¢linkii PIGF, VEGF-A’nin etkisini baskilayarak anjiyogenezi baskilayabilir
(108, 109). Ilging olarak, gelisen kok villuslardaki kapillerin agin gerilemesi olayina
villoz yiizeydeki trofoblast kayb1 ve fibroz yap1 kazanan stromadaki makrofaj (Hofbauer
hiicresi) kaybi eslik eder (110).

2.6.5. Anjiyogenez 3: Dallanmasiz Anjiyogenez (25. hafta- Term)

25. Haftadan terme kadar mezensimal villuslar artik immatiir intermediyet
villuslara degil, yeni bir villus tip olan matiir intermediyet villuslara doniigiirler. Bunlar
ince (80-120pum), uzun (>1000um) villuslardir. Mezensimal villuslardan bu yeni tip
villusun olusmasi, villoz vaskiiler biiyiimenin dallanic1 anjiyogenezden (immatiir
intermediyet villus olusumuna neden olur) dallanmayan anjiyogeneze gegisi ile miimkiin
olmaktadir (111).

Bu evrede yapilan hiicre ¢ogalma belirtegleri analizleri, trofoblast cogalmasinda
azalma, matiir intermediyet villus boyunca endotelyal ¢ogalmada artis oldugunu
gostermistir. Bu sekilde, dallanma olmaksizin, sadece c¢ogalarak uzama yoluyla
anjiyogenez olusur. Kapiller uzamanin bir diger yolu da interkalasyon adini alan
mekanizmadir (112). Bu anjiyogenez mekanizmasinda dolasimdaki endotelyal
progenitor hiicreler kapiller duvarina c¢agirilirlar ve endotel hiicrelerine farklilasarak
kapiller duvarina dahil olurlar (93).

Gelisen perifer kapiller digiimlerin boyu 4000um’yi geger (113). Daha da
onemlisi, matiir intermediyet villuslarin boyunun uzamasindan daha hizl uzadiklarindan
blklim biiklim olurlar (Sekil 2.6.3.1, III. safha). Yumak olusturan bu kapillerler
trofoblastik yiizeye dogru itilirler ve bdylece terminal villuslar olusur.
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IV:

Va: Dallanmayan £
anjiyogenez baskin Vb Normal Voc: Dallamica
KarigkAnjyogenez anjiyogenez baskin

Sekil 2.6.3.1. Fotal damar gelisime bagl villoz gelisim. mv: mezensimal villus; iiv: immatiir intermediyet
villus; kv: kok villus; tv: terminal villus; miv: matiir intermediyet villus (37).

2.7. Vaskiilojenik ve Anjiyogenik Faktorler

Anjiyogenez ve vaskiilogenezde birgok faktor gorev alir. Vaskiiler Endotelyal
Biiyiime Faktorii (VEGF), Anjiyopoietinler, Anjiyogenin, Epidermal Biiylime Faktorii
(EGF), Netrin, Inter Lokin (IL) —8, Prostaglandin E1 ve E2, Tiimoér Nekroz Faktor-alfa
(TNF—a) ve Grantilosit Koloni Stimiile Edici Faktor (G-CSF), Fibroblast Biiyiime
Faktorii (FGF) gibi gesitli proteinlerin EH biiylimesini ve hareketini aktive ettikleri
bilinmektedir (114). Bunlara ek olarak ¢esitli transkripsiyon faktérlerinden Notch aile
tiyesine kadar daha bir¢ok gen iiriinii yeni damar olusumu i¢in gereklidir (114).

2.7.1. Vaskiiler Endotelyal Biiyiime Faktorii (VEGF)
VEGF, en iyi karakterize edilmis anjiyogenik fatorler arasindadir (114) ve damar
olusumunda kritik rol oynayan en potent anjiyogenik faktorlerden biridir.

VEGF, biiyiik 6lciide korunmus, 30-46 kDa’ luk, salgisal, heparin baglayici
homodimerik bir glikoproteindir (Smith, 1998). VEGF gen ailesi, 6 {iyeden olusur:
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VEGF-A, -B, -C, -D, -E ve Plasental Biiyiime Faktorii (PIGF). Insan VEGF genine ait
protein kodlayic1 bolgeler 8 ekzon halinde diizenlenmis olup kromozom 6p21.3° te
lokalizedir (115). Tek bir VEGF geninin alternatif kirpilmasi (splicing) sonucunda her
biri 121, 145, 165, 183, 189 ve 206 amino asit uzunlugunda 6 farklit VEGF-A izoformu
(VEGF121, VEGF145, VEGF165, VEGF183, VEGF189, VEGF206) olusur (116-119).
Ilging olarak, her ne kadar biitiin izoformlar benzer biyolojik aktivite gosterseler de,
VEGF121 ve VEGF165 ekstraselliiler alana salgilanirken, VEGF189, VEGF206 ve az
miktarda da VEGF165 heparan siilfatlara afinitelerinden dolay1 hiicre— veya matriks-
iligkili kalirlar (120). VEGF genini eksprese eden hiicrelerin birgogunda VEGF121 ve
VEGF165 baskin olarak bulunmakla birlikte (116, 118) VEGF145 en az rastlanan
izoformdur.

VEGF gen promotdrii, tek bir transkripsiyon baslama bdolgesi, bir kiime SP-1
faktor baglama bolgesi, AP-1 ve AP-2 transkripsiyon faktorleri i¢in baglama bolgeleri
(Hipoksi ile diizenlenen bdolge) (116)igerir. En iyi tamimlanmis VEGF reseptorleri
VEGFR-1 (flt-1) ve VEGFR-2 (KDR/flk-1)’dir. Diger VEGF reseptorlerinden
ndropilinler, ana reseptorlere baglanmay1 yonlendiren aksesuar reseptorler olarak
tanimlanmiglardir (121).

VEGF-A, Tip III tirozin kinaz aile reseptorlerinden, c-fms-benzeri tirozin kinaz
(VEGFR-1, flt-1) (122) ve kinaz domeyn inserti igeren reseptér (VEGFR-2, KDR/flk-1)
(Matthews ve ark., 1991)’e baglanarak endotelyal hiicre cogalmasi, gecirgenligi, gécii ve
kapiller tiipleri olusturmalarina neden olur (123-125). Flk-1 (fetal liver kinase, fotal
karaciger kinazi), KDR’nin kemiricilerdeki homologudur ve insan KDR’si ile %85
homoloji gosterir. Bu reseptorler, “7 Ig” veya “flt” gen ailesine aittir ve 7 tane
ekstraselliiler Ig —benzeri domeyn, bir transmembran domeyn ve iyi korunmus bir tirozin
kinaz domeyni igerirler (126, 127). VEGF, fms-benzeri tirozin kinaz-1 (Flt-1 veya
VEGFR-1) ve kinaz insert domeyn-igeren reseptor (Flk-1/KDR veya VEGFR-2)

VEGF, vaskiiler endotelyal hiicreler lizerinde ¢esitli etkiler gosterir (85). VEGF,
ilkin vaskiiler gec¢irgenligi (permeabiliteyi) ve vaskiiler endotelyal hiicre ¢ogalmasini
uyarici etkisiyle karakterize edilmistir (128, 129). Bu 6nemli molekiil, arterler, venler ve
lenfatiklerden koken alan mikro ve makro-vaskiiler endotelyal hiicreler i¢in potent bir
mitojendir ve diger hiicreler i¢in herhangi bir mitojenik etki gostermez (130-132). Bu
nedenden dolay1 VEGF’ in ¢ok sinirli bir hedef hiicre 6zgiinliigii (spesifitesi) (132, 133)
vardir. VEGF, ii¢c boyutlu in vitro modellerde konfluent (birbirine karisan)
mikrovaskiiler endotelyal hiicrelerin kollajen jellere invazyonlarint ve kapiller benzeri
yapilar olusturmalarini uyararak anjiyogenik etki gosterir (132). Bu calismalar ayni
zamanda VEGF ve bFGF’nin bu indiiksiyonda sinerjik etki gosterdiklerini ortaya
koymustur(132).

Farkli nakavt (knock-out) calismalar, VEGF’nin oOnemini vurgulamistir.
Farelerde, VEGF allellerinden birinin ortadan kaldirilmasi (haraplanmasi), 6liimciil
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vaskiiler anomalilerle sonu¢lanmistir. Yine farelerde, her iki allelin birden nakavt
edilmesi, damar sisteminin hemen hemen tamaminin ortadan kalkmasina yol agmistir
(134-136).

Hipoksinin hem timor hiicrelerinde hem de normal hiicrelerde VEGF
ekspresyonunu stimiile ettigi diisiiniilmektedir (137, 138). Ayrica, VEGF ekspresyonu,
PDGF, EGF, TNF-a, TGF-B1 ve IL-1 gibi biiylime faktorleri ve sitokinler ile
indiiklenebilmektedir (123, 139).

VEGF ve DbFGF, Bcl-2 gibi antiapoptotik molekiillerin  ekspresyonunu
indiiklediklerinden dolay1 yeni olusturulan damarlar i¢in antiapoptotik faktorler olarak ta
gorev yaparlar (140).

2.7.2. Anjiyopoietinler (Ang-1 ve Ang-2)

Anjiyopoietin-1 (Ang-1) ve Anjiyopoietin-2 (Ang-2), 1996 yilinda Yancopoulos
ve arkadaglari tarafindan kesfedilmistir (141). Vakiilogenez ve anjiyogenezin
diizenlenmesina iligkin yapilan arastirmalarin ¢ogu VEGF iizerine odaklanmis olsa da
anjiyopoietin  ailesinin  Onemini  gOsteren c¢alismalarin  sayis1  artmaktadir.
Anjiyopoietinler de VEGF gibi tirozin kinaz reseptorleri lizerinden etkilerini gosterirler.
Anjiyopoietinler, Tie-1 (tyrosine kinase with immunoglobulin and epidermal growth
factor homology domains) ve Tie-2 (Tunica internal endothelial cell kinase) reseptorleri
tizerinden etki gosterirler (142). Her ne kadar Tie-1’in ligandi heniiz belirlenememisse
de, Yuan ve ark. (143) Ang-1’in Tie-1’i Tie-2’ye bagh yoldan aktive ettigini
gostermistir.

Hem Ang-1 hem de Ang-2, Tie-2 igin birer ligandir (144). Ang-1’in Tie-2’ye
baglanmasi Tie-2 fosforilasyonuna ve dolayisiyla c¢esitli alt sinyal yolaklarmin
aktivasyonuna neden olurken, Ang-2, Ang-1/Tie-2 reseptor sinyalizasyonunu antagonize
eder (125, 143).Tie-1’in Ang-1 aracili fosforilasyonu: (1) Akt treonin kinaz ve p42/44
MAPK (Mitojen aktive protein kinaz) aracili hiicre canliigini (143); (2) endotelyal
hiicrelerin yeniden diizenlenmesi; (3) perisitlerin ve vaskiiler diiz kas hiicrelerinin
cagirilmast ve yeni olusan damar duvarinin olgunlastirilmast ve sabitlestirilmesi
(stabilizasyonu) i¢in damar duvarma eklenmesi (125) gibi olaylara neden olur. Bunlara
zit olarak, Ang-2, Ang-1 aracili Tie-2 aktivasyonunun antagonistidir. Ang-2, damarlari
destabilize eder, damar duvarlarin1 gevsetir ve endotelyal hiicrelerin peri-endotelyal
mural hiicrelerle iligkilerini baskilayarak, endotelyal hiicreleri VEGF’in etkilerine agik
hale getirirerek vaskiilogenez ve anjiyogenezin ilerlemesine neden olur (145-148).
Kisacasi, VEGF vaskiilogenez ve anjiyogenezi kontrol ederken, anjiyopoietinler
vaskiilogenez ve anjiyogenez esnasinda vaskiiler modellenmeyi kontrol ederler (149,
150).
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2.7.3. Netrin-1

Netrin-1 ilkin, néronal gelisim i¢in Onemli akson-rehberi molekiillerden biri
olarak belirlenmistir (151). Reseptorii olan Neogenin {izerinden aktivasyon
gosterdiginde, Netrin-1 aksonal biiylimeye neden olur.

Damar agmin olusturulmast ve noronal agmn olusturulmasi birgok benzerlik
gostermektedir (152). VEGF gibi sayisiz faktor endotel hiicre gogii ve ¢ogalmasini
diizenlemektedir. Ilging olarak, Netrin-1, bu endotelyal mitojenlerle yapisal homolojiler
gostermektedir (153). Yapilan bir ¢aligma, Netrin-1’in HUVEC hiicreleri ve damar diiz
kas hiicrelerinin ¢ogalmasi ve gogiine, ayrica endotel hiicrelerinin adhezyonuna neden
oldugunu gostermis ve bu etkinin VEGF’le kiyaslanabilir diizeyde oldugunu bildirmistir
(154). Bu nedenden dolay1 Netrin-1, anjiyogenik bir faktdr olarak ele alinmaktadir
(154).

2.8. Plasentada Vaskiilojenik ve Anjiyogenik Faktorler

Vaskiilogenez ve anjiyogenezde bir¢ok faktdr rol alir. Bunlardan bazik FGF
(bFGF, FGF-2) ve reseptoriiniin hemanjiyogenik progenitor hiicrelerin vaskiilogenezin
gerceklesecegi alana ¢agirilmasiyla iligkili oldugu diistintilmektedir. FGF’ nin plasentada
ekspresyonu, ¢esitli arastiricilar (155, 156) tarafindan gosterilmistir. Hemanjiyogenik
progenitor hiicrelerin diger organlarda, a) ortama ¢agirilmasi, b) biiyiimesi ve c) kiimeler
olusturmasindan sorumlu olan VEGF-A ve reseptorii Flk-1, erken plasental 6rneklerde
oldukga yiiksek ekspresyona sahiptir (157-159). In situ hibridizasyon ve
immiinohistokimyasal c¢alismalar villoz trofoblastlar ve Hofbauer hiicrelerinin bu
sitokinin ana kaynagi oldugunu gostermistir (159, 160). Insan trofoblastlarmin VEGF
salgiladiklar1 ayrica Shore ve ark. (158) tarafindan belirlenmistir. Hofbauer hiicreleri ve
bunlara ait sitokinlerin kapiller olusumun ilk basamaklarinda rol aldiklar1 hipotezi,
makrofajlarin  hemanjiyogenik hiicre kordonlarin olusumundan daha Once, villoz
stromada lokal olarak farklilanabilmeleri bulgusu ile uyumludur (8). Farelerde yapilan
Flk-1 nakavt caligmalari, feto-plasental kapillerlerin hemanjiyoblastik Onciillerinin
belirlenmesi ve farklilasmasi i¢in ne kadar 6nemli oldugunu goéstermistir (161). Flt-1’in
villoz wvaskiiler endotelde eksprese oldugu, immiinohistokimyasal c¢alismalarla
gosterilmistir (159, 162). Flt-1’in nakavt edildigi modeller, Flt-1’in endotelyal prekiirsor
hiicreler {lizerinde VEGF-A’nin etkisini gostermesinden sorumlu oldugunu O6ne
siirmektedir (163). Ilging olarak, Flt-1 geninin hiicre i¢i domeynini kodlayan tirozin
kinazin ortadan kaldirilmasinin vaskiiler yapilar1 bozmadigi, bu nedenden dolayi, Flt-
I’in ekstraselliiler domeyninin plasental vaskiiler gelisim igin gerekli oldugu one
siirlilmiistiir.

Demir ve ark. (2004, 2007) erken insan plasentasinda vaskiilogenez ve
anjiyogenezin basamaklarini alansal ve zamansal olarak tarif etmistir (159, 164). VEGF-
A ve Flk-2’nin ekspresyonu, gebeligin en erken doneminde en yiiksektir (164). Tersine,
PIGF ve Flt-1’in ¢6ziiniir formu, dallanic1 anjiyogenezin dallanmasiz anjiyogenezle yer
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degistirmeye basladigi zamana dogru artar (165). Gebeligin en erken doneminde
trofoblastlarda yogun olarak eksprese olan VEGF, gebelik ilerledik¢e stromaya, 6zellikle
Hofbauer hiicrelerine ve hemanjiyogenik hiicre kordonlarina kayar (159). Flk-1 6zellikle
hemanjiyogenik hiicre kordonlarinda, FIt-1 ise stromal hiicrelerde, hemanjiyogenik
hiicre kordonlarinda ve endotelde eksprese olur (159).

Plasentada anjiyopoietinler ve reseptorleri hakkindaki ¢alismalarin sayisi, VEGF
ve reseptorleri hakkindaki caligmalardan ¢ok azdir. Mevcut caligmalardaki bilgiler de
birbirleri ile ¢elismektedir. Ornegin Dunk ve ark. (166) 1. trimester plasental dokularda,
Ang-1 mRNA hibridizasyon sinyalinin hem sitotrofoblastlarda hem de
sinsiyotrofoblastlarda  oldugunu, Ang-2 mRNA hibridizasyon sinyalinin ise
sitotrofoblastlarla sinirli oldugunu bulmuslardir. Babischkin ve ark. (167) ise, Ang-1 ve
Ang-2 ekspresyonunun, yogun olarak sinsiyotrofoblastlar, sitotrofoblastlar ve villus
Oziiniin vaskiiler olmayan hiicrelerinde bulundugu bildirmistir. Kendi yaptigimiz
calismada ise, Ang-1’in sadece sitotrofoblastlarda ve Ang-2’nin de, baskin olarak
sinsiyotrofoblastlarda bulundugunu gosterdik (168).

2.9. Hipotez

Hofbauer hiicrelerinin hemanjiyogenik hiicre kordonlar1 ile iligkisi, bu hiicre
topluluklarina katilip katilmadiklari, ilkel damar tiipii olusumuna katilip katilmadiklar
heniiz tarif edilmemistir. Anjiyogenik hiicre biliytimesi ve fonksiyonunun bu hiicrelerden
koken alan faktorler tarafindan diizenlendigine dair ikna edici veri bulunmamaktadir.
Daha otesi, simdiye kadar ki higbir calisma, Hofbauer hiicrelerinin plasental
villuslardaki vaskiilogenez ve anjiyogeneze katildiklarini 6ne siirmemistir.

Hofbauer hiicreleri hakkinda heniiz bilinmeyen bu 6zelliklerin test edilmesi i¢in
su hipotezi kurduk: Hofbauer hiicreleri plasental vaskiilogenez ve anjiyogeneze hem
yapisal hem de fonksiyonel olarak katilirlar. Bu baglamda amacimiz; makrofaj 6zelligi
de olan Hofbauer hiicrelerinin, vaskiilogenez ve anjiyogenezdeki rollerini belirlemek ve
bu siireclere dogrudan katilip katilmadiklarini gostermektir.
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GEREC ve YONTEM

3.1. Dokularin AliInmasi ve Hazirlanmasi

Gebeligin birinci trimesterine ait kiiretaj dokular1 (n=33), gebeligin yasal olarak
tibbi veya psikososyal, fakat plasental yap1 ve fonksiyonu etkilemesi olasi olmayan
nedenlerden dolay1 sonlandirilmis gebeliklerden elde edildi. Dokular, Akdeniz
Universitesi Tip Fakiiltesi Kadm Hastaliklar1 ve Dogum Anabilim Dali, Atatiirk Devlet
Hastanesi Kadin Hastaliklart ve Dogum Klinigi ile bazi 6zel kliniklerin destegi ile
saglandi. Plasental dokularin hepsi hormon almamis normal gebeliklere aitti.
Hastalardan aydinlatilmis onam alindi ve Akdeniz Universitesi Tip Fakiiltesi Etik
Kurulu tarafindan onaylandi. Gebelik haftasinin  belirlenmesi i¢in hastanin son
menstruasyon tarihi, ultrasondan elde edilen veriler ve Carnegie’nin gelisimsel
siniflandirmasi rehber olarak kullanilarak hesaplandi.

Konseptusun vakumla aspirasyonundan hemen sonra dokular steril kosullarda
Hank’in dengeli tuz soliisyonu (HBSS) i¢inde laboratuvara getirildi. Steril kabin i¢inde
HBSS i¢indeki 6rneklerde desidua ve plasenta ayristirilarak, plasental doku ornekleri
asagida belirtilen iglemler i¢in ayrildi:

1) Immiinohistokimya ve immiinofluoresan yontemler icin parafine;

2) Elektron mikroskop incelemeleri i¢in dokular uygun islemlerden sonra araldit-
epoksi rezin i¢ine gdomiildii.

3) Hiicre kiiltiirii caligsmalari i¢in taze dokular steril biyolojik kabin i¢inde Hofbauer
hiicre izolasyonu islemlerine tabi tutuldu.

Ayrica, insan gobek kordonu vendz endotelyal hiicrelerin (HUVEC) izolasyonu
yapildi. Bu asamada sezeryan ile dogum yapmis saglikli annelere ait term plasentalar
kullanildi. Dogumdan hemen sonra gdébek kordonu klemplenerek alinan plasentalar
(n=4), olabildigince steril sekilde hiicre kiiltlirii laboratuarina getirildi ve HUVEC
izolasyonu i¢in isleme tabi tutuldu.

3.1.1. Parafine Gomme Islemi icin Doku Takibi

Alinan insan kiiretaj materyalinden plasenta dikkatlice ayrildiktan sonra fosfat
tamponlu tuz ¢ozeltisinde (PBS) iyice yikanarak kandan arindirildi. Daha sonra doku
%10’luk noétral Formalin (%4’liikk Formaldehid) fiksatifi i¢ine alinarak 12 saat tespit
(fiske) edildi. Tespitten sonra, 4 saat akan ¢esme suyu ile yikandi. Ardindan, dokular
sirastyla %70, %380, %90 ve %100 seklinde artan derecelerdeki etil alkol serilerinden
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gecirildi. Daha sonra parafin doku bloklar1 elde etmek icin daha dnce belirtilen rutin
takip yontemi kullanildi (169).

3.1.2. Elektron Mikroskop Incelemeleri icin Doku Takibi

Alman plasental ornekler 0.1 M Sorensen Fosfat Tamponunda hazirlanmis
%4’lik Gluteraldehit icinde +4 °C de 2 saat tutuldu. Ardindan %6.5’luk Sakaroz
cozeltisinde, 3 kere onar dakika yikandi. %1°lik OsOy fiksatifi ile 2 saat muamele edildi.
Yeniden sakaroz c¢ozeltisi ile yikandi ve +4 °C’de sirasiyla %30, %50 ve %70’lik alkol
serilerinden 3 kere onar dakika gecirilerek dehidrate edildi. Sonra dokular %75’lik
etanol ile hazirlanmis %1°lik uranil-asetat soliisyonunda +4 °C’de 1 saat tutuldu. Daha
sonra sirastyla %80, %90, %96 ve %100’liik alkol serilerinden gegirilerek dehidratasyon
islemi tamamlandi. Dehidratasyondan sonra, dnce propilen oksitte 2 kere onar dakika,
ardindan I.Araldit-Propilen Oksit karisiminda (1:1), oda 1sisinda 1 gece birakildi. Ertesi
giin kiiclik kapsiiller icinde Araldit ile birlikte gomiildii. Kapsiiller rezinin
polimerizasyonu i¢in 60 °C’de 48 saat birakildi. 48 saat sonunda elde edilen bloklardan
ultramikrotomda kalin kesitler alinip toluidin mavisi ile boyandi. Incelenecek alan
belirlendikten sonra ince kesitleri alindi ve kontrastlama sonrasinda Zeiss Leo-906E
gecirimli elektron mikroskobunda degerlendirildi.

3.2. immunohistokimya Yéntemi
Plasental dokularda Hofbauer hiicrelerinin ve salgiladiklar1 proteinlerin varliginm
gostermek amactyla kullanildi.

Kullanilan Soliisyonlar:

e PBS (Phosphate Buffered Saline-Fosfat tamponlu tuz) Soliisyonu:

7.2 gr Na,HP04.12H,0 (Merck)

0.8 gr KH,P04 (Merck)

16 gr NaCl (Merck)
Yukaridaki kimyasallar 2 litre bidistile su igerisinde ¢oziildii ve pH’s1 2 N NaOH ile
pH=7.4 olacak sekilde ayarlandi.

e Sitrik Asit Tamponu:
2.1 gr sitrik asit (C¢Hs07.H20) (Merck) 900 ml bidistile su igerisinde ¢oziildii ve
pH’s1 2 N NaOH ile pH=6.0 olacak sekilde ayarlandi.

e  %3’liikk H,0; Soliisyonu:
63 ml PBS ve 7 ml %30 H,0, (Merck) ilave edilerek sale icerisinde hazirlandi.

¢ Bloklama Soliisyonu: Ultra V Block (#TA-125-UB; LabVision)
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e Antikor Diliient Soliisyonu: Large Volume UltrAb Diluent (#TA-125-UD;
LabVision)

e Streptavidin Peroksidaz Kompleksi: UltraVision Large Volume Detection System
Anti-Polyvalent, HRP (Ready-To-Use) Kit (#TP-060-HL; LabVision)

e Kromojen: 3, 3’ diaminobenzidine (DAB, #K3466; Dako)

e Mayer’in Hematoksileni: Mayer’s Hematoxylin (#S3309; Dako)
e Kapatma Soliisyonu: Permount (#SP15-100; Fisher Chemicals)
Gozlem:

e Isik Mikroskobu: Zeiss Axioplan

Immunohistokimya boyamast igin kesitler 5 pm kalinliginda superfrost-manyetik
olarak statik olan lamlar {izerine alind1. Bu kesitler 54 °C’lik etiivde gece boyu inkiibe
edildi. Inkiibasyon sonrasinda kesitler 2 defa yirmiser dakika ksilolden gegirilerek
parafinden kurtarildi. Daha sonra kesitler beser dakika azalan alkol serilerinden (%100,
%90, %80, %70) gecirilerek rehidrate edildi. Sonra, PBS ile 2 defa yikandi ve taze
hazirlanan 250 ml sitrik asit (pH: 6.0) tamponunda ilki 7 dakika, ikincisi ve li¢linciisii
beser dakika olmak tizere 700 Watt’lik mikrodalga 1sinimina maruz birakilarak antijenik
epitoplarin agiga c¢ikmasi saglandi. Kesitler mikrodalga uygulamasi sonrasinda oda
1sisinda 20 dakika sogutulduktan sonra, PBS ile li¢ kere beser dakika oda 1sisinda
yikandi. Daha sonra, dokulardaki endojen peroksidaz aktivitesini doyurmak i¢in, kesitler
%3’liik H,0, soliisyonu i¢inde oda 1sisinda 20 dakika bekletildi. Kesitler ii¢ kere beser
dakika PBS ile yikandiktan sonra, 6zgiil olmayan baglanmalari engellemek (bloke
etmek) i¢in bloklama soliisyonu ile oda 1s1sinda 7 dakika bekletildi. Bloklama soliisyonu
uzaklagtirilarak, 6rnekler {izerine primer antikorlar eklendi ve gece boyu +4 °C’de nemli
ortamda inkiibe edildi. Negatif kontrol olarak, primer antikorlar ile ayn1 yogunlukta
(konsantrasyonda) olmak iizere, uygun izotip kontrol antikorlar1 veya bunlar1 iceren
serum kullanildi. Primer antikor inkiibasyonundan sonra kesitler, 3 defa beser dakikalik
yikama islemlerini takiben, biotin ile isaretlenmis sekonder antikorlar ile 45 dakika oda
1s1sinda inkiibe edildi. Primer antikorlar (VEGF, Flt-1, Flk-1, Ang-1, Ang-2, Tie-1, Tie-
2, ve Netrin-1), negatif kontrol ve sekonder antikorlar ve bunlara ait diliisyon oranlari
Cizelge 3.2.1°de verilmistir.

Sekonder antikor asamasindan sonra, doku Ornekleri {iizerine streptavidin-
peroksidaz kompleksi (LabVision) eklendi ve 30 dakika oda 1sisinda bekletildi. PBS ile
yikama agamalarini takiben, Diamino benzidin (DAB) soliisyonu damlatilarak antijen-
antikor kompleksleri gorliniir hale getirildi ve suda yikandiktan sonra Mayer’in
hematoksileni ile boyandi. Ornekler daha sonra artan alkol serilerinden gegirilerek
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dehidrate (sudan kurtarma) edildi, ksilolden gegirilerek seffaflastirildi ve kapatma
soliisyonu ile kapatildi. Ortaya ¢ikan kromojenik reaksiyon 1sik mikroskobu altinda

incelendi.

Cizelge 3.2.1. immiinohistokimya deneyinde kullanilan primer antikor, sekonder antikor ve izotip

kontroller.
PRIMER KATALOG - SEKONDER izoTir
ANTIKOR NO DENEY DILUSYON'| "\NTiKOR | KONTROL
Sama Cruz | 349200
VEGF . Immiinohistokimya 1/100 Vector Fare IgG
Biotechnology .
Laboratories
Inc.
Sj;fa%l 6 i} #BA-1000 Normal
Flt-1 ) ru Immiinohistokimya 1/200 Vector Tavsan
Biotechnology .
Laboratories Serumu
Inc.
S#;théiz #BA-9200
Flk-1 . Immiinohistokimya 1/200 Vector Fare IgG
Biotechnology .
Laboratories
Inc.
#BA-9200
Ang-1 #MAB923 Immiinohistokimya 1/100 Vector Fare I1gG
R&D Systems .
Laboratories
#BA-9200
Ang-2 #MABO983 Immiinohistokimya 1/250 Vector Fare IgG
R&D Systems .
Laboratories
Siitca_3c4 rzu .. #BA-1000 Normal
Tie-1 . Immiinohistokimya 1/300 Vector Tavsan
Biotechnology .
Laboratories Serumu
Inc.
Sﬁg%‘l‘u H#BA-1000 Normal
Tie-2 . Immiinohistokimya 1/450 Vector Tavsan
Biotechnology .
Inc Laboratories Serumu
Fec-20786 #TP-060-HL |  Normal
Netrin-1 Biotechnolo Immiinohistokimya 1/200 LabVision Tavsan
gy HRP kit Serumu
Inc.
3.3. Ciftli Immiinohistokimya Yontemi
Bu yontemde ayn1 kesit {iizerinde iki farkli antijjenin iki farkh

immiinohistokimyasal sistem [Peroksidaz (HRP) ve Alkalen Fosfataz (AP) sistemleri]
kullanilarak farkli iki renkte goriiniir hale getirilmesi saglandi. Bu yontemle Hofbauer
hiicrelerini belirlemek i¢in CD68, damar yapilarimi belirlemek i¢in CD31 kullanilda.
Ayrica, CD68 ile VEGF antikorlar1 da ¢iftli immiinohistokimya i¢in kullanildi.

39



Kullanilan Soliisyonlar:
e PBS (Phosphate Buffered Saline-Fosfat tamponlu tuz) Soliisyonu:

- 7.2 gr Na,HP04.12H,0 (Merck)

- 0.8 gr KH,P04 (Merck)

- 16 gr NaCl (Merck)
Yukaridaki kimyasallar 2 litre bidistile su igerisinde ¢oziildii ve pH’s1 2 N NaOH ile
pH=7.4 olacak sekilde ayarlandi.
e Sitrik Asit Tamponu:

2.1 gr sitrik asit (C¢Hg07.H,0) (Merck) 900 ml bidistile su igerisinde ¢oziildii ve
pH’s1 2 N NaOH ile pH=6.0 olacak sekilde ayarlandi.
o  %3’liik H,0, Soliisyonu:

63 ml Methanol (Merck) ve 7 ml %30 H,0, (Merck) ilave edilerek sale igerisinde
hazirlandi.

¢ Bloklama Soliisyonu: Ultra V Block (#TA-125-UB; LabVision)

e Antikor Diliient Soliisyonu: Large Volume UltrAb Diluent (#TA-125-UD;
LabVision)

e Streptavidin Peroksidaz Kiti: UltraVision Large Volume Detection System
Anti-Polyvalent, HRP (Ready-To-Use) Kit (#TP-060-HL; LabVision)

¢ Alkalen Fosfataz Kiti: DakoCytomation LSAB2 System-AP (#K0676; Dako)
e HRP sistemi icin Kromojen: 3, 3’ diaminobenzidine (DAB, #K3466; Dako)
e AP sistemi icin Kromojen: Fast Red Substrate System (#K0699; Dako)

e Mayer’in Hematoksileni: Mayer’s Hematoxylin (#S3309; Dako)

e Kapatma Soliisyonu: Gliserol Jelatin; Kaiser’s Glycerol Gelatine (#1.04095;
Merck)

Gozlem:

e Isik Mikroskobu: Zeiss Axioplan

Ciftli immiinohistokimyasal boyamada aynen normal tekli immiinohistokimya
gibi 5 um kalinliginda kesitler kullanildi. Bu kesitler 54 °C’lik etiivde gece boyu inkiibe
edildi. Inkiibasyon sonrasinda kesitler ksilolden gegirilerek parafin uzaklastirildi. Daha
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sonra kesitler azalan alkol serilerinden (%100, %90, %80, %70) gecirilerek rehidrate
edildi. Sonra, PBS ile 2 defa yikandi1 ve 250 ml sitrik asit (pH: 6.0) tamponunda
mikrodalga ile o6nce 7, sonra ikiger kere beser dakika isitilarak (700 Watt) antijenik
epitoplarin aciga c¢ikmasi saglandi. Kesitler 20 dakika sogutulduktan sonra, tekrar PBS
ile yikandi. Daha sonra, dokulardaki endojen peroksidaz aktivitesini %3’lik H,0, ile
ortadan kaldirildi. Kesitler PBS ile yikandiktan sonra, bloklama soliisyonu ile oda
isisinda 7 dakika inkiibe edildi. Bloklamadan sonra ornekler {izerine birinci primer
antikorlar eklendi ve +4 °C’de nemli ortamda gece boyu inkiibe edildi. PBS ’le yikama
isleminden sonra biyotinlenmis birinci sekonder antikorla (LabVision) oda 1sisinda 15
dakika inkiibe edildi. PBS’le yikandiktan sonra streptavidin-peroksidaz (HRP) ile 15
dakika muamele edildi. Yikama islemlerinden sonra kesitlerin {izerine peroksidazin
siibstrat1 olan DAB kromojeni damlatilarak olusan reaksiyon goriiniir hale getirildi.
DAB kromojeni ile antijenin bulundugu yapilar kahverengi olarak izlendi. Kesitler
yikandiktan sonra hemen alkalen fosfataz (AP) sisteminin kullanildig1 ikinci
immiinohistokimyasal boyamaya gegildi.

Kesitler, bloklama yapmadan ikinci primer antikor ile gece boyu +4 °C’de inkiibe
edildi. Yikamalarin ardindan biyotinlenmis ikinci sekonder antikor ile 20 dakika oda
1s1sinda inkiibe edildi. Yikama islemlerinden sonra streptavidin-Alkalen fosfataz (AP)
ile 20 dakika oda 1sisinda tutuldu. Tekrar yikanan kesitlerdeki reaksiyon, alkalen
fosfatazin siibstrati1 olan Fast Red kromojeni ile gelistirildi. Fast Red kromojeni
reaksiyon alanlarinda pembe renk olusumuna neden oldu. Fast red kromojeni alkolde
¢ozlindiigii i¢in kesitler dehidrate edilmeden gliserol jelatin ile kapatilda.

Primer antikorlar, negatif kontrol ve sekonder antikorlar ve bunlara ait diliisyon
oranlar1 Cizelge 3.3.1°de verilmistir. CD68 ve CD31’in her ikisi de hem DAB’la, hem
de Fast Red ile boyamaya tabi tutuldu. Bunun yani sira CD68 ile VEGF te ¢iftli
boyamaya tabi tutuldu.

CD68 ile boyanan Hofbauer hiicrelerinin lokalizasyonlari, bulunma sikliklar1 ve
damarlanma ile iligkileri villus tipi g6z Oniinde bulundurularak incelendi ve
fotograflandirildu.
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Cizelge 3.3.1. Ciftli immiinohistokimya deneyinde kullanilan primer antikor, sekonder antikor ve izotip

kontroller.
PRIMER KATALOG - SEKONDER izoTir
ANTIKOR NO DENEY DILUSYON | "\NTIiKOR | KONTROL
#TP-060-HL
LabVision
#MO0814 Ciftli 1/200 HRP kit
CD68 Dako immiinohistokimya #K0676 Fare IgG
Dako
AP Kit
#TP-060-HL
LabVision
#MS-1873-R7 Ciftli Kullanima HRP kit
CD31 NeoMarkers immiinohistokimya hazir #K0676 Fare [gG
Dako
AP Kit
sfzfa 1C5r2uz Ciftli #K0676 Normal
VEGF Biotechnolo immiinohistokimya 1/100 Dako Tavsan
Inc gy u Y AP Kit Serumu

3.3.1. Hofbauer Hiicre ve Damar Sayimi

Hofbauer hiicrelerinin vaskiilogenez ve anjiyogenez ile alansal olarak iligkili
olup olmadigin1 incelemek icin, IMIV kesitlerinde hemanjiyogenik hiicre kordonlar1 ve
damar yapilarinin yani sira, bu yapilara yakin/bitisik yerlesen Hofbauer hiicreleri sayildi.
Her gebelik haftasindan (4., 5. ve 6. haftalar) 3 rastgele drnek segilerek (n=9) CD68-

pozitif Hofbauer hiicre sayis1 ve CD3I1-pozitif damar yapilarinin sayist agisindan
degerlendirildi.

3.4. Ciftli Inmunofloresan Boyama Yontemi ve Konfokal Mikroskop incelemeleri

Kullanilan Soliisyonlar:

e PBS (Phosphate Buffered Saline-Fosfat tamponlu tuz) Soliisyonu:
- 7.2 gr Na,HP04.12H,0 (Merck)
- 0.8 gr KH,P04 (Merck)

- 16 gr NaCl (Merck)

Yukaridaki kimyasallar 2 litre bidistile su igerisinde ¢oziildii ve pH’s1 2 N NaOH ile
pH=7.4 olacak sekilde ayarlandi.
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e Sitrik Asit Tamponu:
2.1 gr sitrik asit (C¢Hg07.H,0) (Merck) 900 ml bidistile su igerisinde ¢6ziildii ve
pH’s1 2 N NaOH ile pH=6.0 olacak sekilde ayarlandi.

e Permeabilizasyon (Geg¢irgenlik) Soliisyonu: %1 Triton X-100 (#T8787; Sigma)
iceren PBS

¢ Bloklama Soliisyonu: Ultra V Block (#TA-125-UB; LabVision)

e Antikor Diliient Soliisyonu: Large Volume UltrAb Diluent (#TA-125-UD;
LabVision)

e Kapatma Soliisyonu: DAPI’li kapatma soliisyonu, VECTASHIELD® HardSet™
Mounting Medium with DAPI (#H-1500; Vector Labs)

Gozlem:
e Fluoresan Mikroskobu: Olympus BX61

¢ Konfokal Mikroskop: Zeiss LSM 510 Meta Lazer taramali konfokal mikroskop

Normal immiinofloresan incelemeler i¢in 5 um kalinliginda kesitler alinirken,
konfokal mikroskop incelemeleri i¢cin 10 um kalinliginda kesitler alind1 ve ksilolden
gecirilerek deparafinize edildi. Bu kesitler 54 °C’lik etiivde gece boyu inkiibe edildi.
Immiinohistokimya ydnteminde oldugu gibi yine Sitrik asit kullanilarak fiksatifin
olusturdugu siki aldehit baglar1 1s1 yardimiyla kopartildi. Lamlar, énce 5 dakika PBS ile
yikand1 ve zar gecirgenliginin saglanmasi i¢in 5 dakika %1 Triton X-100 iceren PBS
icinde inkiibe edildi ve ardindan tekrar 5 dakika PBS ile yikandi. Yikamalarin ardindan
UV blok kullanilarak, non-spesifik reaksiyonlar baskinlandi. Ug kere PBS ile
yikandiktan sonra floresan isaretli birinci sekonder antikor ile 37 °C’de 90 dakika inkiibe
edildi. PBS ile yikamadan sonra bu sefer ikinci primer antikor ile 37 °C’de 90 dakika
inkiibe edildi. Tekrar PBS ile yikandi ve ikinci sekonder antikorla yine 37 °C’de 90
dakika inkiibe edildi. Baglanmayan fazla antikorun uzaklastirilmasi i¢in kesitler tekrar
PBS’le yikand1 ve kesitlerin iistii DAPI igeren ve floresan 1simanin solmasini engelleyen
kapatma soliisyonu (Vector Labs) ile kapatildi. Ince kesitler floresan mikroskobunda
degerlendirilirken konfokal degerlendirme i¢in alinan daha kalin kesitler, Ankara
Universitesi Histoloji ve Embriyoloji Anabilim Dali, Konfokal Mikroskobu ve Gériintii
Isleme Laboratuvaridaki konfokal mikroskop ile incelenmistir.

Primer antikorlar, negatif kontrol ve sekonder antikorlar ve bunlara ait diliisyon
oranlar1 Cizelge 3.4.1°de verilmistir. CD68 ve CD31’in her ikisi de hem kirmizi, hem de
yesil fluoresanla boyamaya tabi tutuldu.
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Cizelge 3.4.1. Ciftli immiinofluoresan deneyinde kullanilan primer antikor, sekonder antikor ve izotip

kontroller.
PRIMER KATALOG L SEKONDER 1Z0TIP
ANTIKOR NO DENEY DILUSYON | “sNTikOR KONTROL
Alexa555
#A31571
#MO0814 iftli 1/100 Invitrogen
CD68 Dako i(fnmﬁnoﬂuoresan F IT(L(Zg Fare IgG
#FI-2000 Vector
Labs
Alexad88
Hab-28364- | .. #A21206
CD31 100 'letl%. 1/50 Invitrogen Normal Tavsan
AbCam immiinofluoresan Texas Red Serumu
# TI1-1000
Vector Labs

3.5. Hiicre Kiiltiirii Incelemeleri

Hofbauer hiicrelerinin plasentanin diger hiicrelerinden ayristirilarak, bu
hiicrelerde fonksiyonel ¢aligmalara yapabilmek icin kiiltiir calismalar1 yapildi. Ayrica,
Hofbauer hiicrelerinin salgiladiklar1 faktorlerin damarlanmayi etkileyip etkilemedigi de
insan umbilikal kordon veninden izole edilen endotel hiicreleri (HUVEC) ile yapilan
anjiyogenez deneyi ile gosterildi.

Kullanilan Soliisyonlar:

e Hofbauer Hiicreleri I¢in Uygun Olan M199 Besiyeri: “Hofbauer-Besiyeri «
- Earle tuzlari
- L-Glutamine
- 2.2 gr/l Sodium Bicarbonate
- 25 mM HEPES igeren M 199 besiyeri (#12340-030; GIBCO)

- Bu besiyerine asagidaki kimyasallar belirtilen oranlar1 olusturacak sekilde eklendi:
- %10 Fotal Sigir Serumu (FBS-Fetal Bovine Serum) (#10082-147; GIBCO)
- %1 penisilin/streptomisin (#A5955; Sigma)
- %1 Na-Heparin (#H4484-250mg, Sigma)

Besiyerine gereken malzemeler eklendikten sonra 0.22um aralikli filtreye sahip
cift rezervuarl bir filtre sisteminden gegirilerek sterilize edildi. Besiyerini igeren sisenin
agzi parafilmle sikica sarildiktan sonra +4 °C’de buzdolabinda saklandi.
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e Serumsuz Hofbauer-Besiyeri: Hofbauer-Besiyeri ile serum igermemesi diginda
birebir ayni olan besiyeri.

¢ Endotelyal Biiyiime Besiyeri: Endothelial Growth Media, EGM-2 (#CC-3162;
Clonetics) igeriginde Vaskiiler Endotelyal Biiyiime Faktori (VEGF), bazik
Fibroblast Biiyiime Faktorii, Insiilin benzeri Bilyiime Faktorii, Epidermal Biiyiime
Faktorii, Hidrokortizon, Askorbik asit, heparin, gentamisin, amfoterisin ve %2
oraninda FBS

e Hank’in Dengeli Tuz Soliisyonu: Hank’s Balanced Salt Solution (HBSS)
- Kalsiyum Klorid, Magnezyum Klorid ve Magnezyum Siilfat icermeyen
HBSS (#14170-120; GIBCO)
e Dokunun Parcalanmasim Saglayan Enzim Soliisyonu: “Hof-Digest”
- 0.1 gr Dispaz (#17105-041; GIBCO) 10 ml PBS i¢inde ¢oziildii.
- Uzerine 79 ml PBS, 5.3 pl DNaz (#18047-019; Invitrogen) ve 900 pl
100X penisilin/streptomisin (#A5955; Sigma) eklendi.
- Soliisyon 0.22 um aralikl1 filtreye sahip ¢ift rezervuarli bir filtre sisteminden
gegirilerek sterilize edildi ve +4 °C’de buzdolabinda saklandi.
e Histopak 1077: Histopaque 1077 (#10771-100ml; Sigma-Aldrich)
e Perkol: Percoll (Cell Culture Tested) (#P4937; Sigma)

e Accuspin-Histopak 1077 sistemi: Accuspin-System-Histopaque-1077 (#A6929;
Sigma)

e Dulbecco’nun Mg™ ve Ca** icermeyen steril PBS’si: Dulbecco’s PBS without
Caand Mg (#14190-250; Invitrogen)

e Tripan Mavisi Soliisyonu: Trypan Blue Solution (%0.4) (#T8154; Sigma)
e Tripsin-EDTA soliisyonu: %0.05 Trypsin-EDTA (1X) (#25300-054; GIBCO)

e In vitro Anjiyogenez Deneyi I¢cin Ekstraselliller Matriks: In vitro Angiogenesis
Assay (#ECM625; Chemicon)

Kullanilan Malzemeler ve Cihazlar:
e Sogutmah Santrifiij: Universal refrigerated table top centrifuge (#2-16K, Sigma)
e Biyolojik Kabin: Class II Saftey Cabinet (Metisafe)

e Inkiibator: Hera Cell 150 Incubator (Hera)
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e Spektrofotometre: pQuant BioTek Spectrophotometer

e Vakumlu Filtrasyon Sistemi: Vacuum Filtration System, PES membrane 0.22 pm,
250 ml (#99250; TPP) ve 500 ml (#99500; TPP)

e Hemasitometre: Hemacytometer (#1483; Hausser Scientific)

e Hiicre Ayiric1 Metal Elek: Cell Dissociation Sieve-Tissue Grinder Kit 70 pm mesh
(#CD-1; Sigma)

Gozlem:

e Faz kontrast mikroskobu: Olympus [X71

3.5.1. Hofbauer Hiicre izolasyonu

Istemli sonlandirilmis insan kiiretaj materyali HBSS igeren 50 ml’lik falkon
tiiplerine alinarak steril kosullarda hiicre kiiltiir laboratuvarina getirildi. Biyolojik kabin
icinde HBSS ile iki kere ¢alkalanarak fazla kan uzaklastirildi ve alinan materyal 100
mm’lik kiiltiir kabina aktarildi. Otoklavlanmus, steril penset yardimiyla plasenta ayrildi
ve yine HBSS igeren falkon tiiplinde iki kere yikandi. Bu agamadan sonra hem mekanik,
hem de enzimatik olarak dokunun parcalanmast ve igerisindeki hiicrelerin
serbestlestirilmesi hedeflendi. Bu amacla, 100 mm’lik kiiltiir kabina alinan plasenta,
burada steril bistiiri ile zarlarindan ayrildi ve koryonik villuslar bistiiri yardimiyla
miimkiin oldugunca kiigiik pargalara kesildi. Uzerine 1ml HBSS eklenerek pargalama
islemine devam edildi. Pargalara ayrilmis plasenta 50 ml’lik falkon tiipiine aktarildiktan
sonra, 100 mm’lik kiiltiir kabi 4 ml Hof-Digest enzim soliisyonu ile yikanarak
plasentaya ait kalan parcalar toplandi ve HBSS i¢indeki par¢alanmis plasentanin iistiine
eklendi. Boylece 50 ml’lik falkon tiipiinde plasenta igeren Sml enzim soliisyonu olmus
oldu. Bu tiip, 37 °C’ deki su banyosunda 15 dakikada bir vortekslenerek 1 saat 30 dakika
inkiibe edildi. Inkiibasyon siiresinin sonunda, iistiine 5 ml Hofbauer- Besiyeri eklenerek
enzimin etkisi ortadan kaldirilmis oldu ve +4 °C’de 1600 rpm’de 10 dakika santrifiij
edildi. Olusan ¢okelti (pellet) korunarak, iistte kalan siv1 (slipernatant) vakumlu emici ile
emilerek atildi. Bu asamadan sonra 4 farkli yontem izlendi.

3.5.1.1. Yapisma ile Hiicre Ayristirma Deneyi (Attachment Assay)

Hofbauer hiicrelerinin ayristirilmasini hedefleyen bu yontem; farkli hiicrelerin
plastik ylizeye yapisma, baglanma ozelliklerinin ve siirelerinin farkli olmasi esasina
dayanan bir hiicre ayristirma yontemidir.

Plasental hiicrelerin enzimatik olarak agiga cikarilmalarinin ardindan santrifiij
edilerek ¢oktiiriilen hiicreler, 1 ml Serumsuz Hofbauer-Besiyeri ile resiispansiye edildi.
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Uzerine 1ml daha ayni1 besiyerinden eklenerek hiicrelerin agregat olusturmasi dnlendi. 2
ml’lik hiicre siispansiyonu, altina 100 mm’lik kiiltiir kab1 konmus, 70 pm’lik demir
elekten gecirildi ve bu boyuttan daha biiyiik hiicreler elege takili kalarak asagiya gecen
hiicre siispansiyonundan elenmis oldu. Elegin iistii, ek olarak 1 ml daha Serumsuz
Hofbauer-Besiyeriyle yikandi ve bu sekilde iistte takili kalmis, ama gegmesi gereken
hiicreler asagidaki kiiltliir kabina gecti. 100 mm’lik kiiltiir kabindaki 3 ml’lik hiicre
siispansiyonu iyice karistirilarak ve fazla bekletmeden (kiiltiir kabina hiicrelerin
yapismasinin 6nlenmesi icin), kuyucuk basina 500 pl olacak sekilde, 24-kuyucuklu
kiiltiir kabinin 6 kuyucuguna ekildi ve 37 °C’de %5°lik C0,’li inkiibatoérde 2 veya 24 saat
inkiibe edildi. Serumsuz Hofbauer-Besiyeri, diger plasental hiicrelerin kiiltiir kabina
yapigsmasini onlemek amaciyla kullanildi. 2 saat inkiibasyonun sonunda canli olmayan
ve kiiltiir kabina tutunmamis hiicreler 2 kere PBS ile yikanarak kiiltiir ortamindan
uzaklastirildi. Kiiltiir kabina yapisik kalan Hofbauer hiicreleri iizerine serum igeren
Hofbauer-Besiyeri eklendikten sonra hiicreler, 2 gilinde bir besiyerleri tazelenmek
suretiyle 37 °C’de %5°lik CO0,’li inkiibatorde inkiibe edildi.

Bir diger yaklagimda, yapismayan hiicreler pipetle ¢ekilip 24 kuyucuklu kiiltiir
kabinin bos kalan diger kuyucuklarina alinarak bu hiicrelerin hangi hiicreler oldugunun
belirlenmesi i¢in kullanildi.

3.5.1.2. Fikol ile Yogunluga Bagh Gradient Santrifiigasyonu ve Ardindan Yapisma
Deneyi
Bu deneyde hiicrelerin bir gradient i¢inde santrifiijlenerek, boyutlar1 ve
agirliklarina gore ayristirilmalart hedeflendi.

Plasental hiicrelerin enzimatik olarak agiga cikarilmalarinin ardindan santrifiij
edilerek ¢oktiiriilen hiicreler, 1 ml Hofbauer-Besiyeri ile resiispansiye edildi. Uzerine 1
ml daha ayni besiyerinden eklenerek hiicrelerin agregat olusturmasi 6nlendi. 2 ml’lik
hiicre silispansiyonu, altina 100 mm’lik kiiltiir kab1 konmus, 70 um’lik demir elekten
gecirildi ve bu boyuttan daha biiyiik hiicreler elege takili kalarak asagiya gecen hiicre
siispansiyonundan elenmis oldu. Elegin iistii, ek olarak 3 ml daha Hofbauer-Besiyeriyle
yikand1 ve bu sekilde iistte takili kalmis, ama ge¢mesi gereken hiicreler asagidaki kiiltiir
kabina gecti. 15 ml’lik falkon tilipiine 4 ml Fikol-Histopak konduktan sonra, ¢ok yavas
ve dikkatli bir sekilde 5 mI’lik hiicre siispansiyonu Fikol-Histopak’a karistirilmadan iiste
eklendi. Tiiplin agz1 kapadildiktan sonra +4 °C’de 800 g’de 30 dakika fren kullanilmadan
santrifiij edildi. Fikol-Histopakla gradient santrifiijii sonunda en altta eritrositler ve 6lii
hiicrelerin bulundugu bir faz, makrofajlarin bulundugu opak bir ara faz ve en iistte diger
hiicrelerin bulundugu bir iist faz olustu. Ortada olusan opak interfaz pipet yardimiyla
cekilip 50 ml’lik temiz bir falkon tiipiine aktarildi. Uzerine esit miktarda PBS eklenerek
+4 °C’de 700 g’de 15 dakika fren kullanilmadan santrifiij edilerek yikandi ve Fikol-
Histopak kalmtilar1 uzaklastirildi. Ustte kalan siipernatant atildiktan sonra PBS ile
yikama islemi ikinci kere tekrarlandi ve siipernatant atildiktan sonra pelleti olusturan
hiicreler yapisma islemi i¢in 2 ml serumsuz Hofbauer-Besiyeriyle resiispansiye edildi ve
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kuyucuk basina 500 pl olacak sekilde, 24-kuyucuklu kiiltiir kabinin 4 kuyucuguna
ekilerek 37 °C’de %5’lik C0,’li inkiibatorde 2 saat inkiibe edildi. 1nkijbasyonun sonunda
kiiltir kabina tutunmamis hiicreler 2 kere PBS ile yikanarak kiiltiir ortamindan
uzaklastirildi. Kiiltiir kabina yapisik kalan Hofbauer hiicreleri {izerine serum igeren
Hofbauer besiyeri eklendikten sonra hiicreler, 2 giinde bir besiyerileri tazelenmek
suretiyle inkiibe edildi.

3.5.1.3. Once Fikol Ardindan Perkol ile Yogunluga Bagh Gradient Santrifiigasyonu

Deneyi

Plasental hiicrelerin enzimatik olarak aciga c¢ikarilmalarinin ardindan santrifiij
edilerek coktiiriilen hiicreler resiispansiye edildi, metal elekten gegirildi ve yukarida
anlatilan sekilde Fikol-Histopak ile gradient santrifiijiine tabi tutuldu. Ara fazdaki
makrofajlar toplandiktan sonra 2 kere PBS ile yikandi ve en son santrifiijjden sonra
¢oktiiriilen hiicreler 2 ml %100 Perkol ile resiispansiye edildi. Bu arada %30, %40, %50
ve %60’k Perkol gradientleri Hofbauer-Besiyeri ile Perkoliin seyreltilmesi ile
olusturuldu. Daha sonra 50 ml’lik Falkon tiipiiniin en altina hiicreleri igeren %100’lik 2
ml Perkol kondu. Ustiine de sirastyla azalan yiizdelerdeki perkol soliisyonlart (2ml) en
tistte %30’luk perkol olacak sekilde yavasg¢a kondu. +4 °C’de 1500 g’de 10 dakika
santrifiij edildikten sonra olusan 4 faz dikkatlice toplandi ve 2 kere PBS ile
santrifiijlenerek yikandi. Ustte kalan siipernatant atildiktan sonra pelleti olusturan
hiicreler yapisma islemi i¢in 2 ml Serumsuz Hofbauer-Besiyeriyle resiispansiye edildi ve
kuyucuk basma 500 pl olacak sekilde, 24-kuyucuklu kiiltiir kabinin 4 kuyucuguna
ekilerek 37 °C’de %5’lik CO0,’li inkiibatorde inkiibe edildi. Hiicreler, Hofbauer besiyeri
icinde, 2 giinde bir besiyerileri tazelenmek suretiyle inkiibe edildi.

3.5.1.4. “Accuspin Histopak” Sistemi ile Santrifiigasyon Deneyi

“Accuspin Histopak™ sistemi, iireticinin tavsiyesi dogrultusunda, once karanlik
ortamda oda 1s1sina getirildi ve ayn1 Fikol-Histopak yontemindeki gibi, hazirlanan hiicre
siispansiyonu bu sefer “Accuspin Histopak™ filtresinin iizerine yavas¢a eklendi. Tiipiin
agz1 kapadildiktan sonra +4 °C’de 800 g’de 30 dakika fren kullanilmadan santrifiij
edildi. Santifiigasyon sonunda filtrenin iistiinde kalan kisim yeni bir falkon tiipiine
aktarilarak 2 kere PBS ile yikand: ve kiiltiire edildi.

3.5.2. Hiicre Karakterizasyonunun Yapilmasi

Hiicre karakterizasyonu ve hiicre sayimi i¢in, izole edilen hiicreler 24 kuyucuklu
kiiltiir kaplarinda iki giinde bir besiyeri degistirilmek suretiyle en fazla 1 hafta kiiltiire
edildi. Hiicreler ilk ekildikten 2 giin ve 7 giin sonra tripsinizasyon islemine tabi tutuldu.
Hiicrelerin i¢inde bulundugu besiyeri aspire edildi ve kuyucuklar steril PBS’le 2 kere
yikanarak hiicre atiklar1 ve 6li hiicreler uzaklastirildi. Daha sonra kiiltlir kabinin igine
%0.05 Tripsin-EDTA eklenip 10-15 dakika 37 °C’lik CO0,’li inkiibator igerisinde
hiicrelerin kalkmasi beklendi. Sonrasinda kalkan tiim hiicreler bir falkon tiiplinde
toplandi ve iizerine Hofbauer-Besiyerinden esit miktar eklendikten sonra 1600 rpm’de
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10 dakika santrifiij edildi. Santrifiigasyon sonunda hiicrelerin olusturdugu pellete
dokunmadan, iistteki slipernatant atildi. Pelletin iizerine taze Hofbauer-Besiyerinden 2
ml eklendikten sonra pipetle hiicrelerin homojenize olmasi saglandi. Daha sonra bu
karisimdan 10 pl alinarak esit hacimde tripan mavisi ile karistirildi ve hemasitometrede
karanlik alan mikroskobu altinda canli hiicreler sayildi. Sayim isleminden sonra hiicre
stispansiyonu 8 kuyucuklu cam lamlara (chamberslide) esit miktarlarda ekildi. Hiicreler
bu lamlara tutunmalar1 i¢in 1 gece inkiibe edildi. Ertesi giin hiicrelerin besiyeri
degistirildi ve bir sonraki giin ise kuyucuklarin igerisindeki besiyeri aspire edildi, 2 kere
PBS ile yikand1 ve Metanol-Aseton karisimi ile agagida tarif edilen sekilde fikse edilerek
immiinositokimya ve immiinofluoresan i¢in hiicre i¢eren lamlar hazirlandi.

Izole edilen hiicrelerin karakterlerine gdére ayriminin yapilmasi igin,
immiinositokimya tekniklerine paralel olarak elektron mikroskop teknigi ile ince yapi
(ultrastriiktiirel) diizeyinde de hiicrelerin karakterizasyonu yapildi.

3.5.2.1. Immiinositokimya Yéntemi

Hiicre kiltiiriinde izole edilen hiicreler 8 kuyucuklu chamberslide adi verilen
Ozel lamlara alindi. Ardindan hiicrelerin kdkeninin belirlenmesi ve Hofbauer hiicre
izolasyonunun basarisint  dlgmek i¢in hiicreler CD68, CD14 (Hofbauer hiicre
belirtegleri), Sitokeratin-7 (CK-7; trofoblast belirteci) ve CD34 (endotelyal hiicre
belirteci) ile immiinofluoresan olarak isaretlendi.

Kullanilan Malzemeler:
e Fiksatif: 1:1 (hacimce), Metanol (Merck)-Aseton (Merck) karigimi

e Permeabilizasyon (Gegirgenlik) Soliisyonu: %1 Triton X-100 (#T8787; Sigma)
iceren PBS

e PBS (Phosphate Buffered Saline-Fosfat tamponlu tuz) Soliisyonu:
7.2 gr Na,HP04.12H,0 (Merck)
0.8 gr KH,P04 (Merck)
16 gr NaCl (Merck)
Yukaridaki kimyasallar 2 litre bidistile su igerisinde ¢oziildii ve pH’s1 2 N NaOH
ile pH=7.4 olacak sekilde ayarlandi.

e Bloklama Soliisyonu: Ultra V Block (#TA-125-UB; LabVision)

e Antikor Diliient Soliisyonu: Large Volume UltrAb Diluent (#TA-125-UD;
LabVision)
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e Kapatma Soliisyonu: DAPI’li kapatma soliisyonu, VECTASHIELD® HardSet™
Mounting Medium with DAPI (#H-1500; Vector Labs)

Gozlem:

¢ Fluoresan Mikroskobu: Olympus BX61

Hiicreleri iceren lamlarin kuyucuklari i¢indeki besi yeri ¢ekilerek kuyucuklar iki
kere PBS ile yikandi. Ardindan kuyucuklar lamdan 6zel bir aygit ile ayrildi ve hiicreleri
iceren lamlar, dnceden sogutulmus ve bire bir oraninda hazirlanmis metanol-aseton
fiksatifine konularak 5 dakika +4 °C’de tespit edildi. Lamlar, 6nce 5 dakika PBS ile
yikand1 ve zar gecirgenliginin saglanmasi i¢in 5 dakika %1 Triton X-100 iceren PBS
icinde inkiibe edildi ve ardindan tekrar 5 dakika PBS ile yikandi. Sonra, 6zgiil olmayan
baglanmalar1 bloke etmek i¢in bloklama soliisyonu ile oda 1sisinda 10 dakika bekletildi.
Bloklama soliisyonu uzaklastirilarak, drnekler {izerine primer antikorlar eklendi ve oda
1s1sinda 2 saat nemli ortamda inkiibe edildi. Negatif kontrol olarak, primer antikorlar ile
ayn1 konsantrasyonda olmak iizere, uygun izotip kontrol antikorlar1 veya bunlar1 iceren
serum kullanildi. Inkiibasyon siiresi sonunda, PBS ile 3 defa 5’er dakikalik yikamalarin
ardindan lamlar tlizerindeki Ornekler floresan isaretli sekonder antikor (esek-anti fare
Aleksa 555 sekonder antikor; Invitrogen) ile 1 saat oda 1sisinda inkiibe edildi. Takip
eden PBS yikamalarindan sonra kesitlerin tizeri DAPI’li kapatma soliisyonu
damlatilarak kapatildi ve floresan mikroskobunda boyanmalar degerlendirildi.

Primer antikorlar, negatif kontrol ve sekonder antikorlar ve bunlara ait diliisyon
oranlar1 Cizelge 3.5.2.1°de verilmistir.

Cizelge 3.5.2.1. Immiinofluoresan deneyinde kullanilan primer antikor, sekonder antikor ve izotip

kontroller.
PRIMER KATALOG - SEKONDER izotip
ANTIKOR NO DENEY DILUSYON ANTIKOR KONTROL
o FITC
CD68 #MO814 | Immiinositokimya 1/50 #F1-2000 Vector | Fare IgG
Dako (immiinofluoresan)
Labs
o FITC
CD34 #M7168 | Imminositokimya 1/25 #F1-2000 Vector | Fare IgG
Dako (immiinofluoresan) Labs
#MS-1352- Immiinositokimya FITC
CK-7 P1 (immiinofluore zn) 1/100 #F1-2000 Vector | Fare IgG
NeoMarkers unotiuores Labs
#M0825 Immiinositokimya FITC
CD14 rmut Y 1/25 #F1-2000 Vector | Fare IgG
Dako (immiinofluoresan) Labs
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3.5.2.2. izole Edilen Hiicrelerin Gegirimli Elektron Mikroskobu (TEM) ile
Incelenmesi

Kullanilan Soliisyonlar ve Malzemeler:

e (0.2M Kakodilat Tamponu (pH=7.4):
- 21.4 gr Sodyum Kakodilat (Na(CH3)2 AsO2 « 3H20) (# K39245056838; Merck)
- 100 ml distile suda eritildi.
- pH=7.4 oluncaya kadar 0.2 N HCI katild1.
- Toplam hacim 400 ml oluncaya kadar distile su ile tamamlandi.

e (0.1M Kakodilat Tamponu (pH= 7.4):
- 100 ml 0.2 M Kakodilat tamponuna esit miktarda distile su katildu.
- pH, 0.2 N HCl ile ayarland.

e  %2.5’luk Glutaraldehid soliisyonu (0.1M Kakodilat tamponu icinde):
- 50 ml 0.1 M Kakodilat tamponu
- 5 ml %25’lik Glutaraldehid (#G003;TAAB)

e  %71’lik Ozmiyum Tetroksit (0OsOy)
- 10 ml 0.2 M Kakodilat tamponu
- 0.1 gr OsO4 (#0017; TAAB)

e %2 Agar (BIOS)
- 0.1 gr Agar
- 5 ml distile su

o  %71’lik Uranil Asetat
- 100 ml %75 Etanol
- 1 gr Uranil Asetat (Merck)

e Propilen Oksit (#P201; TAAB)

e Araldit Ana Karisimi:
- 91 ml Araldit CY 212 (R1040; Agar Scientific)
- 84 ml DDSA (Dodecenyl Succinic Anhydride, #13170; Electron Microscopy
Sciences)

e Araldit Rezin:

- 50 ml Araldit Ana Karigimi
- 1 ml BDMA (Benzyldimethylamine, #11400; Electron Microscopy Sciences)
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e  %71’lik Toluidin Mavisi
- 1 gr Toluidin Mavisi (Merck)
- 1 gr Boraks (Merck)

e Ultramikrotom: UCT125 Leica Ultramicrotome
Gozlem:

e Gecirimli Elektron Mikroskobu: Zeiss Leo-906E TEM

Hiicreler hem izole edilir edilmez, hem de kiiltiire edilip tripsinizasyon ile
kaldirildiktan sonra TEM incelemeleri i¢in takip edildi.

Hofbauer besiyeri i¢indeki hiicre siispansiyonu 1000 rpm’de oda 1sisinda 5
dakika santrifiij edildi. Stipernatant pipetlenerek atildi, pellet 1 ml 0.1 M Kakodilat
tamponu i¢inde resiispansiye edildikten sonra 1000 rpm’de 5 dakika santriflij edildi.
Stipernatant atildi, pellet bu sefer %2.5’luk glutaraldehid icinde resiispansiye edildi ve
hiicreler oda 1sisinda 20 dakika tespit (fiksasyon) igin birakildi. Fiksasyonu siiresi
dolunca hiicreler tekrar santrifiij edildi ve silipernatant atilarak hiicreler 2 kere
santrifiijlenerek 0.1 M Kakodilat tamponu ile yikandi. Olusan pellet %1°lik OsOj i¢inde
oda 1sisinda 1 saat post-fiksasyona birakildi. Post-fiksasyon sonunda hiicreler tekrar
santrifiijlendi ve pellet 0.2 M Kakodilat tamponu ile 2 kere yikandi. Son yikamanin
ardindan c¢oktiiriilen hiicreler %2’lik agar i¢inde resilispansiye edildi ve ardindan
santrifiigasyona tabi tutuldu. Agar donduktan sonra ependorf tiipiinden hiicreler zarar
gormeyecek sekilde cikartildi ve hiicreleri igeren agarin u¢ kismi1 TEM’de takip edilmek
tizere kiiclik parcalara ayrildi. Bu parcalar daha sonra, artan %30, %50, %70’lik etanol
serilerinden 2 kere 10’ar dakika gecirildi ve agar parcalar1 %70’lik etanol igerisinde +4
°C’de gece boyu birakildi. Hiicreleri igeren agar pargalari ertesi giin %70’lik alkolden
cikarilarak %1°lik uranil asetat soliisyonu i¢inde yarim saat oda 1sisinda bekletildi. Bu
asamadan sonra hiicre barindiran agar parcalar, %85, %95, %100’lik etanol
serilerinden 2 kere 10’ar dakika gecirildi ve ardindan propilen oksit iginde 10 dakika
tutuldu. Daha sonra inkliizyon agamasina gegildi ve agar pargalar1 sirastyla, 2:1, 1:1 ve
1:2 oranindaki propilen oksit: Araldit rezin” karisimlarinda 1 saat bekletildi. En son
karisimda yine +4 °C’de gece boyu birakildi. Ertesi giin karigimdan ¢ikarilan pargalar 2
kere 1’er saat araldit rezin iginde bekletildi ve kiiclik kapsiiller i¢ine bu rezinle birlikte
gbémiildi. Kapsiiller rezinin polimerizasyonu i¢in 60 °C’de 48 saat birakildi. 48 saat
sonunda elde edilen bloklar ultramikrotomda hiicrelere ulasilincaya kadar 300 nm’lik
kalin kesitleri alinip toluidin mavisi ile boyandi. Hiicreler belirlendikten sonra ince
kesitleri alindi ve kontrastlama sonrasinda Zeiss Leo-906E gecirimli elektron
mikroskobunda degerlendirildi.
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3.5.3. izole Edilen Hiicrelerin Kiiltiirii ve ELISA ile Anjiyogenez Deneyi icin
Yonlendirilmis Besiyerinin Toplanmasi

[zolasyonu takiben, hiicreler ertesi giine kadar 37 °C’de %5’lik CO0,’li
inkiibatorde kiiltiire edildi. Ertesi giin, besiyeri aspire edilerek yapigsmayan diger hiicreler
de temizlendi. Kuyucuklara 500 pl serumlu veya serumsuz Hofbauer-Besiyeri eklendi
ve hiicreler ELISA deneyleri igin 12, 24, 48 ve 72 saat inkiibe edildi. Inkiibasyon
stiresinin sonuda Hofbauer hiicrelerinin salgiladiklar1 faktorleri igeren “ydnlendirilmis
besiyeri” 1,5 ml’lik steril ependorf tiiplerine toplanarak +4 °C’de 5000 rpm’de 20 dakika
santrifiij edildi. Santrifligasyonun sonunda olusan siipernatant yeni steril ependorf
tiplerine alindi ve -80 °C’de ELISA ve anjiyogenez deneyinde kullanilmak iizere
saklandi.

3.5.4. ELISA (Enzyme Linked Immunosorbent Assay)

Kullanilan Malzemeler ve Cihazlar:
e VEGF ELISA kiti (#DVE00; R&D Systems. Inc.)
e Ang-1 ELISA kiti #DANG10; R&D Systems. Inc.)

e Ang-2 ELISA kiti #DANG20; R&D Systems. Inc.)

o Kit igindekiler:

* Monoklonal yakalayici (capture) antikorla (VEGF, Ang-1 veya Ang-
2) kapl1 96 kuyucuklu test kab1

» Konjugat = Peroksidazla (HRP) bagl tespit edici (detection)
monoklonal antikor (VEGF, Ang-1 veya Ang-2)

» Rekombinant insan VEGF, Ang-1 ve Ang-2 standardi (toz)

» Diliient

* Yikama soliisyonu

= Renk ajan1 A: Hidrojen peroksit

= Renk ajan1 B: kromojen (tetramethylbenzidine)

= Reaksiyon durdurma soliisyonu: 6 ml, 2 N siilfirik asit

e nQuant BioTek Spektrofotometre
Izole edilen Hofbauer hiicreleri belirli siireler ile serumlu veya serumsuz
Hofbauer-Besiyeriyle inkiibe edildi ve hiicrelerin salgiladiklart faktorleri igeren

“yonlendirilmis besiyeri”, bu faktorlerden bazilarinin belirlenmesi i¢in ELISA yontemi
ile test edildi. Her bir anjiyogenik faktor i¢in ELISA testi, karigikligin 6nlenmesi ve
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islemin uzun siirmesi nedeniyle ayr1 ayr1 giinlerde yapildi. Her bir faktor i¢in test edilen
yonlendirilmis besiyeri ayn1 giin, ayn1 sartlarda test edildi.

Ornekler -80 °C’deki derin dondurucudan ¢ikarildi ve buz iistiinde erimeleri
beklendi. VEGF, Ang-1 ve Ang-2 ELISA kitleri {ireticinin tavsiyesi dogrultusunda oda
1sisina getirildi. Konsantre halde gelen yikama soliisyonu ve diliient, sirasiyla 1/25 ve
1/5 oraninda sulandirildi. Sonrasinda VEGF, Ang-1 ve Ang-2 standardlar1 hazirlandi.
Toz halindeki standardlar 1000 ul distile su ile ¢oziildii. Yedi ayr1 ependorf tiibiinden
ilkine 900 pl, digerlerine 500 pl diliient kondu. Ang-1 ve Ang-2 standardindan 100 pl
alinarak ilk ependorf tiipiine eklendi. VEGF igin ilk tiipe de digerleri gibi 500 ul kondu
ve VEGF standardindan 500 pl alinarak ilk ependorf tiipiine eklendi. Bdylece
standardlar ilk ependorf tiipiinde 1/10 oraninda seyreltilmis oldu. Daha sonra bu
seyreltilen standard soliisyonundan 500 pl alinarak iginde 500 pl diliient olan ikinci
ependorf tiipline kondu. Bdylece standard 1/2 oraninda seyreltilmis oldu. Standard
bundan sonra son tiipe kadar bu sekilde 1/2 oraninda seyreltildi. Boylece her tiipte bir
oncekinin yarist oraninda standard konsantrasyonu olustu (Sekil 3.5.4.1). Her kuyucuga
hangi 6rnegin ve hangi standardin konacagi1 dnceden belirlendi ve kayit edildi. Her 6rnek
ve standard ikiserli olarak calisildi.

500l H00pL 500 L S00 L S00 L SO0 uL

Teisisisals

e
=z P99 OO0
-

zunnfﬁ‘ﬂ‘"muu 350 125 625 312 156

VEGF po/mi padmil pgfml pa/ml  pa'ml  po/ml  po'ml  pgfmi
100ul

Anc-1 40000 . AG00 2000 1000 500 250 125 625

g pg/mi qum pg/ml  pg'ml  pa/ml  pg/ml  pofml  pgfml

A 30000 100 3000 1500 750 375 187.5 93.7 46.9

o pafml padml  pafml  pgfml  pofml  pgfml  pofml  pgdml

Sekil 3.5.4.1. ELISA standardlarinin hazirlanmasi (R&D Systems VEGF, Ang-1 ve Ang-2 katalogundan
modifiye edildi).

Standardlar, 6rnekler, diliient ve yikama soliisyonu hazirlandiktan sonra ELISA testi
icin asagidaki basamaklar uygulandi:

1. ELISA kabindaki her kuyucuga VEGF ELISA i¢in 50 pl, Ang-1 ve Ang-2
ELISA i¢in 100 pl diliient kondu.
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2. Standardlar ve oOrneklerden (Hofbauer yonlendirilmis besiyeri) VEGF ELISA
icin 200 pl, Ang-1 ve Ang-2 ELISA igin 50 pl, dnceden planlanan yerlerine
konuldu. Negatif kontrol kuyucuklarina sadece diliient konuldu.

3. 2 saat oda 1sisinda inkiibe edildi. Bu asamada eger Hofbauer hiicreleri
bulunduklar1 besiyerlerine VEGF, Ang-1 veya Ang-2 salgiladilarsa, yani
yonlendirilmis besiyerinde bu faktorler varsa, kuyucuklar i¢inde kendilerine ait
yakalayici antikorlara yapistilar.

4. Inkiibasyon sonunda kuyucuklardaki siv1 dékiildii ve yikama soliisyonundan her
seferinde 400 pl koymak ve ardindan dokmek suretiyle 3 kere yikandi. Son
yikamadan sonra havlu kagidina ters cevirip vurarak kuyucuklarda yikama
soliisyonu kalmamasina 6zen gosterildi.

5. Kuyucuklarin kurumasina izin vermeden bu sefer tiim kuyucuklara 200 pl
konjugat (HRP bagl belirleyici antikor) eklendi ve 2 saat oda 1sisinda inkiibe
edildi. Konjugat, VEGF, Ang-1 veya Ang-2’yi yakalayici antikorun bu faktorlere
baglandig1 epitoptan farkli bir epitopuna baglanabildigi i¢in, faktorler iki antikor
arasinda tutulmus oldu.

6. Inkiibasyon sonunda yine yikama soliisyonu ile kuyucuklar 3 kere yikandi. Son
yikama sirasinda, kuyucuklarda yikama soliisyonu varken, renk ajan1 A ve B
karigtirilarak taze “’siibstrat sollisyonu” hazirlandi. Son yikamadan sonra
kuyucuklar bosaltildu.

7. Tim kuyucuklara 200 pl siibstrat soliisyonu eklendi. Oda 1sisinda ve karanlikta
VEGF ELISA i¢in 20 dakika, Ang-1 ve Ang-2 ELISA i¢in 30 dakika inkiibe
edildi. Siibstrat soliisyonu, konjugata baglt HRP enziminin siibstrat1 oldugundan,
bu asamada mavi bir renk olusumu goézlendi.

8. Inkiibasyon sonunda kuyucuklar bosaltilmadan iizerilerine 50 pl reaksiyon
durdurucu soliisyon eklendi ve kuyucuklar i¢inde sar1 renk olustu. Kuyucuklar
iyice karistirilarak 30 dakika i¢cinde pQuant BioTek Spektrofotometre cihazinda
450 nm dalga boyunda, 540 nm referans dalga boyunda okutuldu.

3.5.5. HUVEC lzolasyonu ve Kiiltiirii

Gobek kordonundan klemplenerek gelen term plasenta biyolojik kabin igine
alind1 ve gobek kordonu kesildi. Ince bir kaniil yardimiyla gébek kordonunun venine
girildi ve kaniiliin kaymasini 6nlemek amaciyla gébek kordonunun ucunun yaklasik 1em
altindan baglandi. Kaniilden igeriye %1 oraninda antibiyotik iceren HBSS verilerek,
kordonun icindeki kan, bagli olmayan diger uctan akitildi. Yikama isleminden sonra
endotel hiicreleri ayristiracak olan enzim sollisyonu kaniil i¢inden verildi. Enzim
sollisyonu alttaki bagli olmayan ugtan gelmeye baslayinca, gobek kordonunun alt ucu da
sikica baglandi. Alt ug ta baglandiktan sonra kaniil ile damarin i¢ine yaklasik 15-20 ml
(aldig1 kadar) enzim enjekte edildi. Gobek kordonu uglarindan tutularak 15 dakika, 37
°C’deki su banyosunda enzim ile muamele edildi. 15 dakika sonunda, damarin bagli olan
kaniilsiiz alt ucundaki ip kesilerek hiicreleri igeren enzim soliisyonu steril bir falkon
tiipiinde toplandi. Uzerine 10-15 ml endotelyal hiicre biiyiime besiyeri eklendikten
sonra, 800 rpm de, 20 °C’de 7 dakika santrifiijlendi. Siipernatant atildi, hiicreler

55



endotelyal hiicre bilyiime besiyerinde resiispansiye edildi ve 25 cm?lik yiizeye sahip
kiiltiir kaplarinda 37 °C’de %35’lik C0,’li inkiibatorde inkiibe edildi.

3.5.6. Anjiyogenez Deneyi

Anjiyogenez deneyi i¢in, ilkin izole edilen HUVEC hiicreleri ve endotelyal
biiyiime besiyeri ile damar olusumu i¢in gerekli hiicre sayisinin bulunmasi amaciyla
“hiicre sayis1 konsantrasyonu” deneyleri yapildi. Yeterli HUVEC hiicre sayisi
belirlendikten sonra “Hofbauer hiicresi-yonlendirilmis besiyeri” ile HUVEC hiicreleri
ekstraselliiler matriks i¢inde kiiltiire edilerek damar olusumlar1 degerlendirildi (Sekil
3.5.6.1).

AMNJIYOGENEZ TESTI
Homejen k
Hiicre Ekimi TNy
| ESM g & -

Sekil 3.5.6.1. Anjiyogenez testinin prensibi.

3.5.6.1. Anjiyogenez Deneyi icin Uygun HUVEC Hiicre Sayisinin Belirlenmesi

Anjiyogenez deneyinde ii¢ boyutlu damar olusumunu saglayacak ekstraselliiler
matriks (ESM; laminin, kollajen tip IV, heparan siilfat proteoglikanlari, entaktin ve
nidojen igermektedir) buz iistiinde eritilerek iiretici firmanin protokolii dogrultusunda
hazirlandi. Daha sonra bu ESM, sogutulmus 96 kuyucuklu kiiltir kabinin 16
kuyucuguna 50’ser ul, 6 kuyucuguna ise 30’ar pul olmak iizere yavasga ve koplirtmeden
konuldu. Kiiltiir kabinin kapagi kapatildi ve 37 °C’lik %5’lik C0,’li inkiibator igerisinde
1 saat bekletilerek ESM’nin yogunlasmasi saglandi. Bu bir saatlik siire icinde HUVEC
hiicreleri agagida anlatilan sekilde ekilmeye hazir hale getirildi.

HUVEC hiicreleri kiiltiir kabin1 %90 oraninda kaplar hale geldiginde hiicrelerin
icinde bulundugu besiyeri aspire edildi ve kuyucuklar steril PBS’le 2 kere yikanarak
hiicre atiklar1 ve Olii hiicreler uzaklagtirildi. Daha sonra Kkiiltiir kabinin igine %0.25
Tripsin-EDTA eklenip 3 dakika 37 °C’lik %5°lik CO0,’li inkiibator igerisinde hiicrelerin
kalkmas1 beklendi. Sonrasinda kalkan tiim hiicreler bir falkon tiipiinde toplandi ve
tizerine endotelyal biiyliime besiyerinden esit miktar eklendikten sonra 1600 rpm’de 10
dakika santrifiij edildi. Santrifligasyon sonunda hiicrelerin olusturdugu pellete
dokunmadan, Tstteki siipernatant atildi. Pelletin {izerine taze endotelyal biiylime
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besiyerinden 2 ml eklendikten sonra pipetle hiicrelerin homojenize olmasi saglandi.
Daha sonra bu karisimdan 10 pl alinarak esit hacimde tripan mavisi ile karistirildi ve
hemasitometrede canli  hiicreler sayildi. Sayim isleminden sonra hiicre
siispansiyonundaki hiicre miktar1 belirlendi. Hiicreler endotelyal biiylime besiyeri ile
sirastyla kuyucuk bagina 1000, 1500, 2000, 3000, 4000, 5000, 7500 ve 10000 hiicre
olacak sekilde seyreltildi. Her kuyucuga bu ¢esitli konsantrasyonlarda hiicre igeren hiicre
stispansiyonundan 150 pl konuldu ve hiicreler damar olusumu igin 37 °C’lik %5’lik
C0,’li inkiibator icerisinde saatte bir faz-kontrast mikroskobunda damar olusumu

acisindan incelendi. Hiicrelerin olusturdugu yapilar asagidaki puanlama sistemine gore
puanlandirildi (Cizelge 3.5.6.1).

Cizelge 3.5.6.1. Damar tiip olusumu paterninin degerlendirilmesi (Chemicon In Vitro Angiogenesis Kit
kullanim kilavuzundan alintidir.).

Hiicre Paterni Puan
Daginik ve bireysel hiicreler 0
Hiicreler go¢ etmeye ve siraya girmeye baglamig

Kapiller tiipler belirgin. Tomurcuklanma yok

Kapali poligonlar olugsmus

1
2
Yeni kapiller tomurcuklanma mevcut 3
4
5

Kompleks ags1 yap1 olusmus

3.5.6.2. Hofbauer Hiicresi -Yonlendirilmis Besiyeri ile Anjiyogenez Deneyi

HUVEC hiicreleri ile yapilan anjiyogenez deneyinde belirlenen en uygun
HUVEC hiicre sayis1 Hofbauer-yonlendirilmis besiyeri ile anjiyogenez deneyine tabi
tutuldu.

Daha 6nce de anlatildig1 gibi, ii¢ boyutlu damar olusumunu saglayacak ESM, 96
kuyucuklu kiiltiir kabina konuldu. Kiiltiir kab1 37 °C’lik %5°’lik CO0,’li inkiibator
icerisinde 1 saat bekletilerek ESM’nin yogunlagmasi saglandi. Bu bir saatlik siire i¢inde
HUVEC hiicreleri kuyucuk basina 4000 ve 5000 hiicre olacak sekilde hazirlandi.
Hiicreler Hofbauer hiicresi-yonlendirilmis besiyeri iginde (200 pl) kuyucuklara eklendi.
Kontrol olarak ise, endotelyal biiyiime besiyeri, Hofbauer-Besiyeri, endotelyal bazal
besiyeri kullanildi. Hiicreler saatte bir faz kontrast mikroskobunda damar olusumu
acisindan incelenerek 24 saate kadar 37 °C’lik %5°lik C0,’li inkiibatorde kiiltiire edildi.
Hiicrelerin olusturdugu yapilar puanlandirildi (Cizelge 3.5.6.1).

3.6. Istatistiksel Analiz
Ciftli immiinohistokimya deneylerinde damar yapilar1 ve Hofbauer hiicrelerine
ait sayimlardan elde edilen veriler Pearson’un korelasyon testi ile degerlendirildi. Hiicre
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izolasyonunun sonunda yapilan CD68 pozitif hiicrelerin sayimindan elde edilen veriler
Kolmogorov—Smirnov testine gore normal dagilima uydugundan tek yonli ANOVA
(one way ANOVA) veya Student’s t Testi ile degerlendirildi. ELISA deneylerinden elde
edilen veriler ise normal dagilima uymadigindan parametrik olmayan ANOVA testinin
(Kruskal-Wallis  test) ardindan  Student-Newman—Keuls testi  kullanilarak
degerlendirildi. Istatistiksel hesaplamalar Windows igin SigmaStat siiriim 3.0 (Jandel
Scientific Corp. San Rafael, CA) kullanilarak yapildi. p<0.05; istatistiksel olarak anlaml
kabul edildi.

58



BULGULAR

Akdeniz Universitesi Tip Fakiiltesi Kadin Hastaliklar1 ve Dogum Anabilim Dals,
Atatiirk Devlet Hastanesi Kadin Hastaliklar1 ve Dogum Klinigi ile baz1 6zel kliniklerden
aliman plasenta doku Ornekleri, immiinohistokimya ve elektron mikrsokop teknigiyle
incelendi. Plasentalardan Hofbauer hiicreleri izole edilerek, muhtemel anjiyogenik
ozellikleri aragtirildu.

4.1. Erken Plasenta Orneklerinde Hofbauer Hiicrelerinin Damar Yapilari ile
Tliskisi
Hofbauer hiicrelerinin plasental villus 6ziinde (stromasinda) damar yapilar1 olan
anjiyogenik hiicre kordonlar1 (AHK) ve damar tiipleri (DT) ile iligkilerini gdstermek igin
CD68 ve CD31 ile ¢iftli immiinohistokimya teknigi uygulandi.

4.1.1. CD31 ve CD68 ile Ciftli Immiinohistokimya Bulgulari

Ilk denemede, CD31 ile AHK ve DT’lerin yerlesimi incelendi. Mezensimal
villus (MV) ve immatiir intermediyet villuslarda (IMIV) yerlesik CD3 1-immiino-pozitif
AHK’ler ve DT’ler, stromada, hemen trofoblastik tabakanin altinda ve villus eksenine
paralel yerlesmekteydi (Sekil 4.1.1.a). Bu AHK’ler ¢esitli sekillerde izlendi: liimen
onciilii iceren veya icermeyen AHK’ler (Sekil 4.1.1.a-c), uzamis bir kutba sahip olan
veya olmayan AHK ler, ara baglant1 tiipleri iceren veya icermeyen AHK ler. ince yap1
incelendiginde bu AHK ’lerin sitotrofoblastlarin bazal laminas1 ile iligkili oldugu goriildii
(Sekil 4.1.1.d, e)
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Sekil 4.1.1. IMIV kesidinde anjiyogenik hiicre kordonlarinin (AHK) ve damar tiiplerinin (DT) yerlesimi.
a) CD31 immiino-pozitif AHK ve DT’lerin daha ¢ok, sitotrofoblastik tabakanin altinda
yerlestigi goriildi. b) Yari ince kesitte sitotrofoblastik tabakanin altinda yerlesen AHK’ler
goriilmektedir. ¢) Yari ince kesitte sitotrofoblastik tabakanin altinda yerlesen ve ilkel bir
limen igeren DT’ler goriilmektedir. d) Elektronmikrograflarda AHK hiicrelerinin
sitotrofoblast bazal laminasi (BL) ile yakin iliskide oldugu goriilmektedir. e) IMIV kesidine
ait bu elektronmikrografta, ilkel limen olusumu izlenmektedir. ST: sitotrofoblast; SN:
sinsisyotrofoblast; SK: stromal kanal; H: Hofbauer hiicresi; BL: bazal lamina; E: endotel
onciisii; Lu: ilkel liimen; C: ¢ekirdek; Cg¢: ¢ekirdekgik. Olgekler: (a) 100 pm, (b, ¢) 50 um,
(d) 2.5 pum ve (e) 4 um.

Ciftli immiinohistokimya yapilarak incelen tiim plasenta Orneklerinde,
anjiyogenik hiicre kordonlar1 (AHK) ve ilkel damar tiipleri (DT) CD31 ile immiino-
pozitif olarak boyanan yegane yapilardi. CD68, Hofbauer hiicrelerinin sitoplazmalarinda
graniiler bir boyanma sekli gosterdi (Sekil 4.1.2. i¢ resim a). Bu 6zel boyanma seklinin
nedeni; CD68 antikorunun, Hofbauer hiicrelerinin lizozomal graniilleri ile
etkilesmesindendir.

Ciftli immiinohistokimyasal boyama sonuglarina gore; CD68-immiinopozitif
Hofbauer hiicreleri plasental villus 6ziinde, retikulum hiicreleri tarafindan olusturulan
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stromal kanallarda yerlesikti (Sekil 4.1.2.a). Bu plasental makrofajlarin 6zellikle yeni
gelismekte olan CD31-immiinopozitif AHK’ler ve DT lere yakin yerlesmeleri dikkat
cekiciydi (Sekil 4.1.2.a). Hofbauer hiicresinin ince yapisina bakildiginda, bu hiicrelerin
sitoplazmalar1 farkli boyutta vakuoller igermesi nedeniyle kopiligiimsii bir goriintii
sergiledi (Sekil 4.1.2.b). Vakuollerin yani sira, sitoplazmada lizozomlar ve ¢ubuk sekilli
mitokondriyonlar izlendi.

CD31+CD68

SN

Sekil 4.1.2. CD31 ve CD68 ile yapilan ciftli immiinohistokimya reaksiyonunun fotografi ve Hofbauer
hiicresinin elektron mikrografi. a ve i¢ resim a) Hofbauer hiicrelerinin (H) IMIV stromal
kanallar iginde yerlestigi goriilmektedir. Bu hiicrelerin, 6zellikle trofoblastik tabakanin
altinda yer alan ve yeni gelismekte olan AHK’ler ve DT’lere yakin konumlandigi
izlenmektedir. b) Retikulum hiicrelerinin olusturdugu stromal kanal igine yerlesik bir
Hofbauer hiicresinin ince yapisi goriilmektedir. ST: sitotrofoblast; SN: sinsisyotrofoblast;
SK: stromal kanal; H: Hofbauer hiicresi; RH: retikulum hiicresi; V: vakuol, M:
mitokondiyon; L: lizozom; C: cekirdek. Olgekler: (a) 100 um, (i¢ resim a) 75 pm ve (b) 4
pm.

Hofbauer hiicreleri 6zellikle AHK’lerin uzama uglarma (Sekil 4.1.3.a-c ve i¢
resim b) ve damar yapilariin dallanma noktalarina (Sekil 4.1.3.d) dogru bir yonelim
sergilediler. Elektronmikroskopi inecelemelerinde, ilkel bir liimen iceren AHK’ler ile
Hotfbauer hiicrelerinin yakin iliskide oldugu izlendi (Sekil 4.1.3.d).
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Sekil 4.1.3. Hofbauer hiicreleri ve damar yapilari arasindaki yakin iliski goriilmektedir. a) Hofbauer
hiicreleri (H), AHK’ler veya ilkel DT’lere dogru yonelerek, adeta yeni olusacak damar
yapilarina (noktaciklar) rehberlik etmektedirler. b ve i¢ resim b) ilkel bir liimen igeren
AHK’ler ve bu yapilarin uglarina yanagmis Hofbauer hiicreleri goriilmektedir. c) Bir
Hofbauer hiicresi (H), AHK ile sitoplazmik uzantis1 araciligiyla kontakt (ok) kurmaktadir. d)
Hofbauer hiicreleri (H) ayn1 zamanda yeni bir damar aginin kurulacagi dallanma/catallanma
alanlarina yakin (noktaciklarla gosterilmis) yerlesmekteydiler. e) Hofbauer hiicrelerinin
AHK’lerle yakin iliskisi ince yap1 (ultrastriiktiirel) diizeyinde de gozlendi. (a) seklinde
CD68-kahverengi, CD31-pembe; (b-d) sekillerinde CD68-pembe, CD31-kahverengi
izlenmektedir. H: Hofbauer hiicresi; AHK: anjiyogenik hiicre kordonu; DT: ilkel damar
tiibii; RH: retikulum hiicresi; ST: sitotrofoblast; C: cekirdek. Olgekler (a-d) 5 pm, (i¢ resim
b) 30 um ve (e) 4 um.

Hofbauer hiicreleri AHK’lere ve ilkel DT’lere komsu yerlestikleri gibi (Sekil
4.1.4.a, b), iki damar yapisinin arasinda, adeta onlar1 birbirlerine baglar sekilde de
yerlesmekteydiler (Sekil 4.1.4.c, d) . Baz1 Hofbauer hiicreleri, damar yapilarina dogru
uzanmak icin klasik yuvarlak goriinlimleri yerine daha igsi (fusiform) bir sekil
sergilediler (Sekil 4.1.4.¢, 1).
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Sekil 4.1.4. Hofbauer hiicreleri, AHK’ler ve DT’lerle iliskisinin sekline gore farkli ozellikler ve
yerlesimler sergilemektedir. a ve b) Hofbauer hiicrelerinin (H) AHK’ler ve DT’lere ¢ok
yakin yerlestikleri ve c) iki AHK arasina yerlesebildikleri gibi, d) iki DT arasina da adeta
onlar1 birbirlerine baglar sekilde yerlestikleri goriilmektedir. ¢ ve f) AHK veya DT’lere
dogru yonelmis (noktaciklar) Hofbauer hiicrelerinin daha igsi sekilde olduklari (ok)
izlenmektedir. (a-c) sekillerinde CD68-pembe, CD31-kahverengi; (d-f) sekillerinde CD68-
kahverengi, CD31-pembe izlenmektedir. H: Hofbauer hiicresi; AHK: anjiyogenik hiicre
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kordonu; DT: ilkel damar tiibii; SK: stromal kanal; ST: sitotrofoblast; SN: sinsisyotrofoblast.
Olgekler: (a-f) 50 um ve (i¢ resim d) 100 pm.

Cogu IMIV stroma 6ziinde Hofbauer hiicrelerinin, damar yapilarinin uzama
yonlerine isaret eder sekilde dizildikleri (Sekil 4.1.5.a-c) ve bu sekilde dizilen Hofbauer
hiicrelerinin klasik yuvarlak sekilleri yerine, endotel hiicreleri gibi uzamis bir sekil
aldiklar1 gozlendi (Sekil 4.1.5.c-e). Hatta bazi Hofbauer hiicrelerinin AHK’ler arasina
girdigi ve ilkel DT olusumuna katildiklar1 gézlendi (Sekil 4.1.5.d-f). Bazi durumlarda
Hofbauer hiicrelerinin AHK’ler arasinda ve hatta ilkel damar tiiplerinin icine
yerlestikleri gozlendi (Sekil 4.1.5.g-1).
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Sekil 4.1.5. Hofbauer hiicreleri damar olusumuna adeta rehberlik etmektedir. a) Hofbauer hiicrelerinin
(H) birbirlerinin ardisira yerleserek (noktalar), AHK’lere DT olusumu sirasinda adeta
rehberlik ettikleri izlenimini vermektedirler. b) Ayrica bu hiicrelerin, AHK’lere (ok) ve c)
DT’lere pesisira takildiklar1 gozlenmektedir (¢ift ok). d) Bu hiicrelerin ayn1 zamanda damar
duvarmma (ok) ve e) AHK’ler arasina (¢ift ok) girdikleri de izlenmektedir. f)
Elektronmikrograflarda da goriildiigii gibi bu hiicreler AHK’lerle fiziksel kontaklar
kurmaktadirlar. g-i) Ilging olarak, bu hiicreler ilkel damar tiibiiniin iginde de yer
almaktadirlar. (a, g ve h) sekillerinde CD68-pembe, CD31-kahverengi; (b-e) sekillerinde
CD68-kahverengi, CD31-pembe izlenmektedir. H: Hofbauer hiicresi; AHK: anjiyogenik
hiicre kordonu; DT: ilkel damar tiibii; SN: sinsisyotrofoblast; ST: sitotrofoblast; C: ¢ekirdek;
Cg: ¢ekirdekgik. Olgekler: (a, b, h) 50 um, (c-g) 25 um ve (f, i) 4 pm.

4.1.2. CD31 ve CD68 ile Ciftli Immiinofluoresan Bulgular

CD31 ve CD68 ile yapilan immiinofluoresan boyama teknigi ile elde edilen
bulgular immiinohistokimya tekniginden elde edilen bulgularimizla benzerdi (Sekil
4.1.2.1.a-e). Hofbauer hiicrelerinin damar yapilar1 ile yakin iligkilerine bagli olarak
IMIV 6ziinde, merkezden ziyade trofoblastik tabakaya yakin yerlestikleri (Sekil
4.1.2.1.a), damar yapilar1 ile yakin temasta bulunduklar1 (Sekil 4.1.2.1.b-d) ve hatta
uzantilari ile damar duvarinin i¢ine uzandiklar (Sekil 4.1.2.1.e) goriildii.
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CDé68

Sekil 4.1.2.1. CD68 ve CD31 Immiinofluoresan teknigi ile boyanms IMIV kesidi. a) Hofbauer
hiicrelerinin (ok) IMIV igerisinde damar yapilarinin daha gokga bulundugu trofoblast
tabakasmin altina dogru yoneldikleri ve yerlestikleri goriildii. b, ¢ ve d) Hofbauer
hiicrelerinin (ok) damar endoteli ile yakin kontaktlar (ok bagi) kurdugu izlendi. e)
Hofbauer hiicrelerinin (ok) damar endoteli arasina uzantilariyla girdikleri (ok basi)
gozlendi. Olgekler: (a) 100 um, (b-¢) 50 um.
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4.1.3. Konfokal Mikroskop Bulgular:

Hofbauer hiicrelerinin villuslardaki yerlesimleri ve damar yapilartyla iligkileri ¢
boyutlu diizlemde incelendi. Konfokal mikroskopi bulgulart da CD31 ve CD68 ile
yapilan ¢iftli immiinohistokimya bulgularimizi destekledi (Sekil 4.1.3.1 ve Sekil
4.1.3.2). Hofbauer hiicrelerinin villus stromasi boyunca, AHK’ler ve DT’lerle yakin
ilkisini korudugu gézlendi (Sekil 4.1.3.2).

Sekil 4.1.3.1. IMiV kesidinin konfokal mikrosop goriintiileri. a, b) Hofbauer hiicrelerinin (yesil)
damarlarla (kirmizi) ¢ok yakin iligkide olduklari (ok) goriilmektedir.
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Sekil 4.1.3.2.

Immiinofluoresanla boyanmis immatiir intermediyet villusun (IMIV) farkl1 derinliklerden
gecen kesitlerinin  konfokal goriintiilleri. a) Tim diizlemlerin birlestirilmis sekli. b)
Konfokal mikroskobundan elde edilen ilk kesidin goriintiisii. ¢) 0.9 pm sonraki kesidin
goriintiisii. d) 1.8 um’deki kesidin goriintiisii. €) 2.69 um’deki kesidin goriintiisi. f) 3.59
um’deki kesidin gériintiisii. Hofbauer hiicrelerinin (yesil), IMIV in {i¢ boyutunda bile
damar yapilar1 (kirmizi) ile yakin iligkilerini (ok) siirdiirdiikleri goriilmektedir.
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4.2. Iimmatiir intermediyet Villuslarda (IMIV) Hofbauer Hiicre Sayilari ile Damar
Yapilar Arasindaki iliski

Hofbauer hiicrelerinin vaskiilogenez ve anjiyogenezle iligkili olup olmadigini
incelemek icin IMIV kesitlerinde ilkel vaskiiler tiip iceren veya igermeyen anjiyogenik
hiicre kordonlar1 ile bu yapilara yakin yerlesen Hofbauer hiicreleri sayildi. Bu amagla,
CD31 ve CD68 ile ciftli immiinohistokimyaya tabi tutulmus her gebelik haftasindan (3,
4 ve 5. haftalar) 3 farkli 6rnegin 42 IMIV kesidinde Hofbauer hiicreleri ve vaskiiler
yapilar sayildi. Ayni kesitlerde vaskiiler yapilara yakin yerlesen Hofbauer hiicrelerinin
yanisira total Hofbauer hiicreleri de sayildi.

Yapilan sayimlarin sonucunda elde edilen bulgular Pearson’un korelasyon testi
ile degerlendirildi ve IMIV kesidinde Hofbauer hiicre sayilar1 ile anjiyogenik hiicre
kordonlar1 ve damar tiiplerinin (AHK ve DT) sayilar1 arasinda anlamli bir korelasyon
(p<0.05, r=0.686) bulundu (Sekil 4.2.1). Ote yandan, damar yapilarma (AHK ve DT)
yakin yerlesen Hofbauer hiicrelerinin sayisi ile total Hofbauer hiicrelerinin sayisi
kiyaslandiginda, Hofbauer hiicrelerinin %43.1+4 (ortalama +SEM)’liniin vaskiiler
yapilara yakin yerlestigi tespit edildi.

- r=0.686 , p<0.05
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Sekil 4.2.1. Immatiir intermediyet villuslarda (IMIV), Hofbauer hiicre sayilar1 ile damar yapilarinin
sayilar1 arasindaki iliski. IMIV kesitlerinde yapilan sayimlara gore Hofbauer hiicre sayilari
ile damar yapilarmin (AHK ve DT) sayilar1 arasinda anlamli bir korelasyon bulundu
(p<0.05, r=0.686).
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4.3. Erken Plasental Orneklerde Anjiyogenik Faktorlerin Immiinohistokimyasal
Olarak Degerlendirilmesi
Anjiyogenik faktorlerden hangilerinin in vivo olarak Hofbauer hiicrelerinde
eksprese edildiklerini belirlemek icin, erken plasenta orneklerinden (4., 5., 6., 7., 8.
haftalar) alinan kesitler immiinohistokimyasal olarak c¢esitli anjiyogenik faktorler
acisindan incelendi. Hofbauer hiicrelerindeki anjiyogenik faktér ve reseptér immiino-
boyanma siddetleri Cizelge 4.3.1°de verildi.

Cizelge 4.3.1. Antikorlarin Hofbauer hiicrelerindeki immiino-boyanma siddeti. (-): boyanma yok; (+) ¢ok
zayif siddette boyanma; (++) orta siddette boyanma; (+++) giiclii siddette boyanma.

ANTIKOR IMMUNO-BOYANMA SIDDETI
VEGF +++
Flt-1 (VEGFR-1) ++
Flk-1 (VEGFR-2) +++
Ang-1 -
Ang-2 +++
Tie-1 ++
Tie-2 +
Netrin-1 +++

4.3.1. VEGF ve Reseptorleri Flt-1 ile Flk-1 ‘in Hofbauer Hiicrelerindeki
Ekspresyonu

Immiinohistokimyasal bulgulara gére VEGF, erken donem insan plasentasinda
Hofbauer hiicrelerinde (Sekil 4.3.1.1.a) yogun bir immiino-boyanma gosterdi (Sekil
4.3.1.1.b). Hofbauer hiicrelerinin yani sira, 6zellikle trofoblast tabakasinda yogun bir
immiino-boyanma izlendi (Sekil 4.3.1.1.b). Gebeligin ilerlemesiyle, trofoblastlardaki
immiino-boyanma siddeti azaldi. VEGF reseptorlerinden Flt-1 (VEGFR-1) (Sekil
4.3.1.1.c) ve Flk-1 (VEGFR-2) (Sekil 4.3.1.1.d) de Hofbauer hiicrelerinde yogun bir
boyanma gosterdi.
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Sekil 4.3.1.1. VEGF ve reseptorleri Flt-1 ile Flk-1’in erken donem insan plasentasinda
immiinohistokimyasal olarak gosterilmesi. a) Damar yapilarmin (CD31) ve Hotbauer
hiicrelerinin  (CD68) belirlenmesi icin CD31 ve CD68 ile yapilan giftli
immiinohistokimya. Damar tiipleri (DT) CD31 ile pozitif reaksiyon (kahverengi)
gosterdi. Hofbauer hiicreleri (H) ise CD68 antikoruyla pozitif reaksiyon (pembe)
gosterdi. b) VEGF, 6zellikle trofoblastlarda ve Hofbauer hiicrelerinde net olarak izlendi.
¢) Flt-1 de VEGF’e benzer bir boyanma gosterdi fakat Hofbauer hiicreleri VEGF’e gore
Flt-1 ile daha zayif boyandi. d) Flk-1, en yogun olarak sitotrofoblastlar (ST) ve
Hofbauer hiicrelerinde, daha az yogun olarak ise sinsisyotrofoblastlar (SN) ve damar
tiiplerinde (DT) gozlendi. ig resimler b ve d) Uygun negatif kontroller kullamldiginda
(VEGF ve Flt-1 igin tavsan IgG, Flk-1 i¢in fare IgG) herhangi bir immiino-reaksiyon
gozlenmedi. Olgekler: (a-d) 25um, (i¢ resim b) 150 um ve (i¢ resim d) 500 pm.

Hofbauer hiicrelerinde VEGF ve CD68 ile yapilan ¢iftli boyamalar da, bu
hiicrelerde  VEGF’in varligin1 dogruladi (Sekil 4.3.1.2). Ciftli immiinohistokimya
yonteminde VEGF kahverengi, CD68 ise pembe renkte izlendi. Boylece CD68-pozitif
Hofbauer hiicrelerinde VEGF’in varlig1 dogrulanmis oldu (Sekil 4.3.1.2).
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Sekil 4.3.1.2. VEGF ve CD68’in ¢iftli immiinohistokimya ile Hofbauer hiicrelerinde gosterilmesi. CD68
ile pembe renkte izlenen Hofbauer hiicreleri (ok bast) ayn1 zamanda VEGF te icerdiginden
kahverengi reaksiyon da gosterdi (ig resimler). Olgek 50 pm.

4.3.2. Anjiyopoietinler (Ang-1 ve Ang-2) ve Reseptorleri (Tie-1 ve Tie-2)’nin in
Hofbauer Hiicrelerindeki Ekspresyonu

Anjiyopoietinler (Ang-1 ve Ang-2) ile yapilan immiinohistokimya sonuglarina
gore Hofbauer hiicreleri yogun olarak Ang-2 immiino-pozitifken (Sekil 4.3.2.1.d-f),
Ang-1 ile herhangi bir immiino-boyanma gostermedi (Sekil 4.3.2.1.a-c). Ang-1,
sisnsiyotrofoblastlarda giiclii bir immiino-boyanma gosterirken (Sekil 4.3.2.1.a-c), Ang-
2 sinsisyotrofoblastlar haricinde, sitotrofoblastlar ve damar yapilarinda da giig¢lii bir
immiino-boyanma gosterdi (Sekil 4.3.2.1.d-1).
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Sekil 4.3.2.1. Ang-1 ve Ang-2’nin erken donem insan plasentasinda immiinohistokimyasal olarak
gosterilmesi. a-c) Ang-1 6zellikle sinsisyotrofoblastlarda (SN) yogun immiino-boyanma
gosterdi. Hofbauer hiicreleri (ok bast), Ang-1 ile herhangi bir immiino-boyanma
gostermedi. d-e) Ang-2, sinsisyotrofoblastlarda (SN), sitotrofoblastlarda (ST) ve damar (*)
endotelinde gii¢lii bir immiino-boyanma gosterdi. I¢ resim e ve f) Hofbauer hiicreleri (ok
bas1), Ang-2 ile oldukca yogun bir sekilde boyand. I¢ resim b) Uygun negatif kontrol (fare
IgG) kullamldiginda herhangi bir immiino-reaksiyon gozlenmedi. Olgekler: (a-f) 50 um,
(i¢ resim b) 50 um ve (i¢ resimler e ve f) 25 pm.

Anjiyopoietinlerin  reseptorleri olan Tie-1 ve Tie-2 ile yapilan
immiinohistokimyasal boyama sonuglarina gére Hofbauer hiicreleri Tie-1 ile yogun
boyanirken, Tie-2 ile ¢ok zayif bir immiino-boyanma siddeti gosterdi (Sekil 4.3.2.2. a ve
b).
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Sekil 4.3.2.2. Erken donem insan plasentasinda Tie-1 ve Tie-2 immiinohistokimyasi. a) Hofbauer
hiicrelerinde (ok basi) gii¢lii Tie-1 immiino-boyanmasi izlendi. b) Hofbauer hiicrelerinde
(ok bas1) Tie-2 immiino-boyanmasi Tie-1’e gére daha zayifti. Olgekler: (a, b) 50 um.

4.3.3. Netrin-1’in Hofbauer Hiicrelerindeki Ekspresyonu

Erken plasental dokularin Netrin-1 ile immiinohistokimyasi, Hofbauer
hiicrelerinin Netrin-1 ile olduk¢a yogun bir sekilde boyandigini gosterdi (Sekil
4.3.3.1.a). Sitotrofoblastlar ve sinsisyotrofoblastlar da Netrin-1 ile yogun bir immiino-
boyanma gosterdi.

Sekil 4.3.3.1. Erken donem insan plasentasinda Netrin-1’in immiinohistokimyasi. Villus &ziiniin stromal
kanallar1 igine yerlesik, Netrin-1 immiino-pozitif Hofbauer hiicreleri (ok basi)
goriilmektedir. Olgek: 50 pum.
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4.4. Hiicre Kiiltiirii Bulgular

4.4.1. Hofbauer Hiicre izolasyonu

Erken donem insan plasenta Orneklerinden Hofbauer hiicre izolasyonu igin
birbirinden farkli metodlar, ayr1 ayr1 veya cesitli kombinasyonlarda birlestirilerek
kullanildi. Her yontemden elde edilen hiicre popiilasyonu degerlendirildi. Elde edilen
sonuclar karsilastirilarak hangi yontemin izolasyon i¢in daha elverigli oldugu tespit
edildi. Boylece hiicre izolasyonu i¢in yontem arastirmalari da yapilmis oldu.

4.4.1.1. Yapisma ile Hiicre Ayristirma Deneyinin (Attachment Assay) Bulgular

Yapigsma deneyi ile hiicreleri ayristirmak i¢in, hiicreler ya 2 saat, ya da 1 giin
siire ile inkiibatorde bekletilerek yapisma deneyine tabi tutuldu. Belirtilen siirelerin
sonunda yapismayan hiicreler yikanarak uzaklastirildi ve boylece hiicrelerin plastik
ylizeye yapigsma afiniteleri ve siirelerinden faydalanarak hiicre ayristirmasi yapildi.
Yapisma deneyinde Hofbauer hiicrelerinin ¢ok az oranda farkli hiicre (trofoblast)
kontaminasyonu ile izole edildigi gosterildi (Sekil 4.4.1.1). Hiicreler CD68, CD34,
Sitokeratin-7 (CK-7) ile boyanarak sayildi. Yapisma deneyi ile elde edilen hiicreler
CD34 ile herhangi bir boyanma gostermediler. CD68 ile boyanan hiicreler ¢ogunlukta
olmasina ragmen, yine de CK-7 pozitif hiicre kontaminasyonu da gozlendi. Bu sekilde
izole edilen hiicrelerin % 68+4 (ortalama +SEM) oraninda CD68 pozitif Hofbauer
hiicrelerinden olustugu hesaplandi. Iki saatlik inkiibasyonun, yapisma deneyi ile hiicre
izolasyonu i¢in yeterli oldugu saptandi ¢iinkii bir giinliik inkiibasyonda trofoblastlarin da
kiiltiir kabina yapistig1 izlendi.

Sekil 4.4.1.1. Hiicre kiiltiiriinde yapisma deneyinden elde edilen hiicrelerin immiinofluoresanla
boyanmasi. a) Kiigiik bilyiitmede CD68 ile yesil boyanan hiicreler ve CD68 ile
immiinoreaksiyon gostermeyen hiicreler izlenmektedir. b) Daha biiyiik biiylitmede CD68
pozitif boyanan hiicreler (yesil) ve boyanmamis hiicrelere ait ¢ekirdekler DAPI ile mavi
goriilmektedir. Olgekler: (a) 100 pm ve (b) 50 um.
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4.4.1.2. Fikol ile Yogunluga Bagh Gradient Santrifiigasyonu ve Ardindan Yapisma

Deneyinin Bulgular:

Bu deneyde, yapisma deneyinden elde edilen hiicrelerden daha da saf bir
Hofbauer hiicre popiilasyonu elde etmeyi hedefledik. Bu nedenden dolayi, yapisma
deneyine alacagimiz hiicre siispansiyonunu makrofajlar acisindan zenginlestirmek i¢in
enzimle plasenta dokularindan aciga ¢ikarilan tiim hiicreleri i¢eren hiicre siispansiyonu
“Fikol” gradient santrifiigasyonundan gecirildi. Bu sekilde orta fazda makrofajlarin
olusturdugu banttan elde edilen hiicreler, ¢ok az hiicre kontaminasyonu igermekteydi.
Bu kontaminasyonu ortadan kaldirmak i¢in gradient sonucu orta banttan elde edilen
hiicre siispansiyonu yapigsma deneyine alindi. Zaten hemen hemen makrofajlar haricinde
farkli hiicre igermeyen bu hiicre silispansiyonu, yapisma deneyiyle iyice saf makrofaj
popiilasyonu sekline getirildi.

Bu iki islemden gegirilerek elde edilen hiicreler immiinofluoresan yontemi ile
cesitli hiicre belirtegleri kullanilarak karakterize edildi ve deneyin basarist 6l¢iildii.
CD34, CDI14, CD68, CK-7 antikorlar1 ile hiicreler immiinofluoresan yontemiyle
boyandi. Bu boyamalardan sonra elde edilen hiicreler arasinda CD34-pozitif endotel
hiicre kontaminasyonu yoktu. Hiicrelerin ¢ok azi CK-7 pozitifti olmasina karsin biiyiik
cogunlugu CD68 ve CD14 pozitifti (Sekil 4.4.1.2). CK-7-pozitif hiicreler, ilk pasajda
uzaklastirildi. Boylece saf Hofbauer hiicreleri elde edilmis oldu. Bu yontemle %9443
(ortalama =SEM) safliginda Hofbauer hiicreleri elde edildi. Bu teknigin basarisindan
dolay1, Hofbauer hiicre izolasyonunda bu yontem kullanildi.
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Sekil 4.4.1.2. Fikol gradient santrifiigasyonu sonrasinda yapisma deneyinden elde edilen hiicreler. a, b)
Hiicrelerin biiylik cogunlugu CD68 pozitif olmasina ragmen c) ¢ok az sayida CK-7 pozitif
hiicre oldugu da goriilmektedir. Olgekler: (a) 100 um ve (b ve ¢) 25 pm.

4.4.1.3. Once Fikol, Ardindan Perkol ile Yogunluga Bagh Gradient

Santrifiigasyonu Deneyinin Bulgulari

Bu deneyde Fikol ile gradient santrifiijiinden sonra, “hiicre siispansiyonunu bir
kez de Perkol gradientinden gegirsek daha saf Hofbauer hiicreleri elde eder miyiz ?”
sorusuna yanit bulmaya calistik. Fakat Perkol sonrasinda elde edilen hiicre sayisinin ¢ok
az olmasi ve CK-7-pozitif hiicre kontaminasyonunun ¢ok olmasi nedeniyle bu yontemi
Hofbauer hiicre izolasyonu igin tercih etmedik (Sekil 4.4.1.3). Ciinkii elde edilen
Hofbauer hiicrelerinin oran1 %28+5 (ortalama =SEM) olarak hesaplandi.
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Sekil 4.4.1.3. Fikol ve ardindan Perkol gradient santrifiigasyonu sonunda elde edilen hiicreler. Bu
hiicrelerin ¢ogunun CK-7-pozitif (yesil) oldugu goriilmektedir. Boyanmamis Hofbauer
hiicreleri sadece mavi ¢ekirdekler seklinde izlenmektedir. Olgek: 25 pum.

4.4.1.4. “Accuspin Histopak” Sistemi ile Santrifiigasyon Deneyinin Bulgulari

Bu deneyde kullanilan “Accuspin Histopak™ bir filtre ve altinda yer alan
Histopak gradientinden olusmaktaydi. Enzimsel hiicre ayristirmasi isleminden sonra elde
edilen hiicre silispansiyonu metal elekten geg¢irildi ve “Accuspin Histopak™ sisteminin
filtresi Uistiine yavagga dokiilerek santrifiije edildi. Bu islem sonunda beklendigi gibi bir
faz ayrimi goriilmedi. Eritrositlerin filtreyi gegerek tiipiin en dibine ¢okmesi haricinde
gozle gortiliir bagka bir hiicre fazi ayrimi olmadi. Yine de iistte kalan faz toplanip kiiltiire
edildiginde, hiicrelerin ¢ogunun CK-7-pozitif trofoblastlar oldugu goriildi (Sekil
4.4.1.4). Bu yontemden elde edilen Hofbauer hiicrelerinin orant %11+6 (ortalama
+SEM) olarak hesaplandi.
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Sekil 4.4.1.4. “Accuspin Histopak” sistemi ile santrifiigasyon sonunda elde edilen hiicreler. Bu hiicrelerin
¢ogunun CK-7-pozitif (yesil) oldugu goriilmektedir. Boyanmamis Hofbauer hiicreleri
sadece mavi ¢ekirdekler seklinde izlenmektedir. Olgek: 50 um.

4.4.2. Izole Edilen Hiicrelerin Karakterizasyonu

Izole edilen hiicrelerin Hofbauer hiicreleri olup olmadigini arastirmak igin faz-
kontrast incelemeleri, immiinofluoresan boyama yontemi ve elektron mikroskoptan
yararlanild.

4.4.2.1. izole Edilen Hiicrelerin Faz-Kontrast Mikroskobunda Degerlendirilmesi

Hofbauer hiicre izolasyonunda en etkili yontemi tayin etmek i¢in yararlanilan en
onemli olanaklardan biri de, faz-kontrast mikroskobunda hiicrelerin morfolojilerinin
incelenmesi oldu.

Hofbauer hiicreleri, igcerdikleri vakuoller nedeniyle kdpiigiimsii hiicreler seklinde
izlendiler. Bu vakuollerin baz1 hiicrelerin sitoplazmalarinda oldukca genis yer kapladigi
goriildii. Hofbauer hiicrelerinin bazilarinin, hiicre yiizeyinden uzanan farkli sekilde
cikintilart oldugu gibi, daha yuvarlak bazi hiicrelerde faz-kontrast mikroskobunun
biiylitmesinin yetersiz kalmasi nedeniyle bu cikintilar net bir sekilde izlenemedi.
Hiicrelerin ¢ok farkl sekillere sahip olduklar1 goriildii; kimisi, uzamis (fusiform), kimisi
yuvarlak, hatta bir¢ogu da adeta koseli hiicreler seklinde izlendiler (Sekil 4.4.2.1).
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Sekil 4.4.2.1. izole edilen Hofbauer hiicrelerinin Faz-Kontrast mikroskoptaki gériintiileri.
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4.4.2.2. Iimmiinofluoresan ile Hiicre Tayini

Bu yontemde, izole edilen hiicreler plasentada mevcut hiicreler i¢in belirli
belirteclere ait antikorlarla boyandi. Bu antikorlardan CD34 endotel hiicrelerini, CK-7
trofoblastlari, CD14 ve CD68 ise Hofbauer hiicrelerini belirlemek amaciyla kullanildi.
Daha once yukarida bahsi gegen hiicre izolasyon yontemlerinin ne denli verimli
oldugunu belirlemek icin her yontemden elde edilen hiicreler bu belirteclerle boyandi.
Hofbauer izolasyonu i¢in en iyi yontemin “Fikol ile yogunluga bagl gradient
santrifiigasyonu ve ardindan yapigsma deneyi” oldugu goriildii. Bu yontemin ardindan
elde edilen hiicreler immiinofluoresan boyama ardindan incelendiginde, CD14 ve CD68-
pozitif Hofbauer hiicrelerinin ¢ogunlukta oldugu goriildii (Sekil 4.4.2.2.a, b). CD34 ile
herhangi bir immiinoreaksiyon izlenmedi (Sekil 4.4.2.2.c). CK-7 ile boyanan az sayida
hiicre olmasina ragmen bu hiicreler pasajlama yontemi ile uzaklastirildi (Sekil 4.4.2.2.d).

Sekil 4.4.2.2. Fikol ile yogunluga bagli gradient santrifiigasyonu ve ardindan yapisma deneyinin
sonucunda elde edilen hiicrelerin karakterizasyonu. a, b) Elde edilen hiicrelerin hemen
hemen hepsinin CD14 ve CD68-pozitif Hofbauer hiicreleri oldugu goriilmektedir. c)
CD34-pozitif hiicre bulunmamaktadir. d) CK-7 ile pozitif hiicre ¢ok nadir bulunmaktadir.
Olgekler: (a ve b) 50 um ve (c ve d) 25 um.
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4.4.2.3. izole Edilen Hiicrelerin ince Yapisinin incelenmesi

Fikol ile yogunluga bagl gradient santrifiigasyonu ve ardindan yapisma deneyi
ile izole edilen hiicreler 6zel bir yontemle, agar iginde takip edilerek Araldite gomiildii.
Bir baska yaklasimda da, hiicreler fikol izolasyonundan sonra yapisma deneyine
alimmadan TEM igin takip edildi. Hiicrelere ait bloklarin yar1 ince kesitlerinde hiicrelerin
yerleri belirlendi, sonra bu alanlardan ince kesitleri alinarak TEM de incelendi.

TEM incelemelerine gore elde edilen tiim hiicreler tipik Hofbauer hiicresi
morfolojisini gdsterdiler. Diizensiz yiizey, merkez dis1 ¢ekirdegi, bol sayida vakuoller ve
lizozomlar Hofbauer hiicrelerinin tipik yap1  Ozellikleriydi. Bu hiicrelerin
sitoplazmalarinda faz-kontrast mikroskobunda bile ayirt edilebilen biiyiik vakuoller
bulunmaktaydi (Sekil 4.4.2.3.a). Vakuollerin yani sira, lizozomlar ve bol miktarda
sitoplazmik uzantilar igcermekteydiler (Sekil 4.4.2.3.b ve Sekil 4.4.2.4.c, d). Yapisma
deneyine tabi tutulmayan ve sadece fikolden gecirilen hiicreler incelendiginde, bunlarin
da biiyiik cogunlugunun Hofbauer hiicreleri oldugu goriildii. TEM bulgular1 da izolasyon
yonteminin dogrulugunu ve izole edilen hiicrelerin Hofbauer hiicreleri oldugunu
kanitladz.
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Sekil 4.4.2.3. Izole edilen hiicrelerin faz-kontrast ve TEM goriintiileri. a) Faz-kontrast mikroskobunda
farkli tipte sekillere sahip, bol vakuollii Hofbauer hiicreleri goriilmektedir. b) Faz-kontrast
mikroskobunda incelenen hiicrelere benzer bir hiicre toplulugunun TEM ile inceyapist
izlenmektedir. C: cekirdek; L: lizozom; V: vakuol. Olgekler: (a) 25 um ve (b) 5 pm.
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Sekil 4.4.2.4. izole edilen hiicrelerin faz-kontrast ve TEM goriintiileri. a ve b) Faz-kontrast
mikroskobunda yuvarlak sekilli, bol vakuollii Hofbauer hiicreleri goriilmektedir. ¢ ve d)
Faz-kontrast mikroskobunda incelenen hiicrelere benzer hiicrelerin TEM ile inceyapisi
izlenmektedir. Hiicrelerin sitoplazmik ¢ikintilarinin ve vakuollerinin bollugu dikkat
cekmektedir. C: ¢ekirdek; L: lizozom; V: vakuol. Olgekler: (a) 10 um, (b) 25 um ve (b)
2 pm.

4.4.3. ELISA Deneyinin Bulgular:

Hofbauer hiicreleri kiiltiir ortaminda serumlu veya serum icermeyen Hofbauer-
Besiyeri icinde belirli siireler ile inkiibe edildi ve hiicrelerin salgiladiklar1 faktorleri
iceren "Hofbauer-yonlendirilmis besiyeri”, bu faktdrlerden VEGF, Ang-1 ve Ang-2’nin
belirlenmesi i¢in ELISA yontemi ile test edildi. Her ELISA deneyinde herhangi bir
ornek veya standardin koyulmadigi bos (negatif) kuyucuklarin yani sira, kontrol olarak
Hofbauer-Besiyeri ve serumsuz Hofbauer-Besiyeri bulunmaktaydi. Ang-1 ELISA i¢in
kontrol olarak insan tiikiiriik salgis1 kullanildi. Hesap yapilirken, serum i¢eren Hofbauer-
Besiyerinden elde edilen degerler, serum igeren yoOnlendirilmis besiyerinden, serum
icermeyen Hofbauer-Besiyerinden elde edilen degerler de, serum icermeyen
yonlendirilmis besiyerinden elde edilen degerlerden ¢ikartildi.

4.4.3.1. VEGF-ELISA Bulgulan
Toplanan Hofbauer-yonlendirilmis besiyerleri VEGF salgis1 acgisindan
degerlendirildi. ELISA bulgularina gore, Hofbauer hiicreleri bulunduklar1 besiyerine
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VEGF salgilamaktadirlar (Sekil 4.4.3.1). Ayrica Hofbauer hiicrelerinin besiyerine
salgiladiklar1 bu VEGF’in miktar1 zamanla artmus oldugu belirlendi. 72 saatlik
inkiibasyon sonunda salgilanan VEGF miktari, 24 saattekine kiyasla %194 (p<0.05) ve
48 saattekine kiyasla %166 (p<0.05) oranlarinda artmis durumdaydi. VEGF-ELISA
bulgulari, Hofbauer hiicrelerinin bulunduklar1 ortama VEGF salgiladiklarini
dogrulamaktaydi.

VEGF - ELISA
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Sekil 4.4.3.1. Hofbauer-yonlendirilmis besiyerinin VEGF protein miktarlarin1 gosteren grafik. Hotbauer
hiicrelerinin zamana bagli olarak artan seviyelerde VEGF salgiladiklar1 gortilmektedir.
Hofbauer hiicreleri 72 saatte, 24 ve 48 saatlerdekine gore anlamli (* = p<0.05) olarak daha
fazla VEGF iiretmislerdir.

4.4.3.2. Ang-1-ELISA Bulgular:

Toplanan Hofbauer-yonlendirilmis besiyerleri Anjiyopoietin-1 (Ang-1) salgisi
acisindan degerlendirildi. ELISA bulgularina gore, Hofbauer hiicreleri bulunduklari
besiyerine tespit edilebilir diizeylerde Ang-1 salgilamadiklari goriildii. insan
tikiirtigiinde yiiksek miktarlarda bulunan ve Ang-1-ELISA ydnteminde miktarini tayin
ettigimiz Ang-1, aym1 deneyde Hofbauer yoOnlendirilmis besiyerlerinde tespit
edilememistir. Bu bulgu, Ang-1 immiinohistokimya bulgulari ile uyumludur.

4.4.3.3. Ang-2-ELISA Bulgular:

Toplanan Hofbauer-yonlendirilmis besiyerleri Anjiyopoietin-2 (Ang-2) salgisi
acisindan da degerlendirildi. Ang-2’nin farkl siirelerdeki miktarlar1 arasinda anlamli bir
fark bulunamadi (Sekil 4.4.3.2). Ancak, serum igeren yonlendirilmis besiyerlerinde,
serum igermeyenlere gore biraz daha yiiksek oldugu goriildii. Ang-2-ELISA bulgulari,
Hofbauer hiicrelerinin bulunduklari ortama Ang-2 salgiladiklarini dogrulamaktadir.
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Ang-2 - ELISA
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Sekil 4.4.3.2. Hofbauer-yonlendirilmis besiyerinin Ang-2 protein miktarlarini gosteren grafik. Hofbauer
hiicrelerinin zamana bagli olarak Ang-2 salgilarinda anlaml1 bir fark bulunmamistir.

4.4.4. Anjiyogenez Deneyinden Elde Edilen Bulgular / (Fonksiyon Testleri)
Anjiyogenez deneyi icin, izole edilen HUVEC hiicreleri kullanildi. Bu hiicreler
once deney icin uygun hiicre sayisinin tespiti i¢in endotelyal biiyiime besiyeri ile
anjiyogenez testine tabi tutuldu, sonra belirlenen sayidaki HUVEC hiicreleri, “Hofbauer
hiicresi-yonlendirilmis besiyeri” ile yeniden anjiyogenez testine alindi.

4.4.4.1. HUVEC Hiicreleri ile Anjiyogenez Deneyinin Bulgular:

HUVEC hiicreleri belirli bir iireme yogunluguna gelince, bulunduklar kiiltiir
kabindan tripsinizasyon ile kaldirildi ve hiicreler, tripan mavisi ile boyanarak
hemasitometre iistiinde sayildi. Tripan mavisi analizine gore, elde edilen hiicrelerin
canlilik oran1 %95’ten fazlaydi. Hiicreler endotelyal biiylime besiyeri ile sirasiyla
kuyucuk basina 1000, 1500, 2000, 3000, 4000, 5000, 7500 ve 10000 hiicre olacak
sekilde seyreltildi. Her kuyucuktaki ECM matriks iizerine, bu c¢esitli yogunluklardaki
hiicre stispansiyonundan 150ul konuldu ve hiicreler damar olusumu igin 37 °C’lik
%35°1ik CO0;’1i inkiibator icerisinde saatte bir faz-kontrast mikroskobunda damar olusumu
acisindan incelendi. Hiicrelerin olusturdugu kapiller yapilar 3. saatte puanlandi.

Endotelyal biiyiime besiyeri i¢indeki HUVEC hiicreleri inkiibasyonun 2. saatinde
tiip olusumuna basladilar. Tiip olusumu 6. saate kadar devam etti ve 12 saatten sonra
hiicreler 6lmeye, olusan damar tiipleri gerilemeye basladi.
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HUVEC hiicrelerinin hangi hiicre konsantrasyonunun ‘“Hofbauer hiicresi-
yonlendirilmis besiyeri” ile yapilacak anjiyogenez deneyinde kullanilabilecegini
belirlemek i¢in, 3. HUVEC hiicrelerinin 3.saatteki anjiyogenik kapasiteleri
puanlandirildi. Bu puanlamaya gore, hiicreler daginik ve bireysel hiicreler seklinde ise
“0” puan; hiicreler gb¢ etmeye ve siraya girmeye baslamigsa “1” puan; kapiller tiipler
belirgin ancak tomurcuklanma heniiz yoksa “2” puan; yeni kapillerler olusmus ve
tomurcuklanma mevcutsa “3” puan; kapillerler ¢okgenler olusturmussa “4” puan;
kompleks bir ags1 (mesh) yap1 olusmussa “5” puan verildi.

Bu puanlama sistemine gore, incelemeye en verimli damar yapilar1 4-5 puan alan
hiicre konsantrasyonlari olusturdu. Ciinkii 3 puanin altinda incelemeye deger tiip
yapilarinin sayist oldukga az, 5 puandaki damar yapilari ise ¢ok sikisikti. 4000 hiicreden
az hiicrenin ekildigi kuyucuklardaki anjiyogenik kapasite 0 ile 3 puan arasinda puanlar
alirken, 4000 hiicre ve fazlasinin ekildigi kuyucuklar 4 ile 5 puan arasini aldilar (Sekil
4.4.4.1). En iyi puam1 alan hiicre konsantrasyonunun 4,5 puanla 5000 hiicrelik
konsantrasyon oldugunu belirledik (Sekil 4.4.4.2) ve “Hofbauer hiicresi-yonlendirilmis
besiyeri” ile yapilacak anjiyogenez deneyinde bu 5000 hiicrelik konsantrasyonu
kullandik.
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Sekil 4.4.4.1. Farkli konsantrasyondaki HUVEC hiicrelerinin anjiyogenik puanlari.
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Sekil 4.4.4.2. HUVEC hiicrelerinin ESM matriks icinde endotelyal biiyiime besiyeri ile 3 saat
inkiibasyonu ile yapilan anjiyogenez deneyinin goriintiileri. a) 1000 hiicre konulan
kuyucuklarda, hiicreler tiip olusturmadilar. b) 1500 hiicre konulan kuyucuklarda, hiicreler
birbirleri ardina dizilip ilk tiipgiikleri olusturmaya basladilar. c¢) 2000 hiicre konulan
kuyucuklarda, hiicrelerin olusturdugu kapillerlerden tomurcuklar ¢ikmaya bagladi. d) 3000
hiicre konulan kuyucuklarda, hiicrelerin olusturdugu kapillerler hem tomucuklanma
gosterdi, hem de yavas yavas cokgenler olusturmaya basladilar. ¢) 4000 hiicre konulan
kuyucuklarda, kapillerler artan sayida g¢okgenler olusturmaya basladi. f) 5000 hiicre
konulan kuyucuklarda, Kkapiller c¢okgenlerin sayisinin arttigit  ve kapillerlerin
tomurcuklanmaya devam ettigi goriildii. g) 7500 hiicre konulan kuyucuklarda, kapillerlerin
sayisinin artmastyla agsi bir yapi olustu. h) 10000 hiicre konulan kuyucuklarda, kapillerler
birbirlerine yapigsmaya ve ¢okgenlerin daralmaya basladigi goriildi.
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5000 hiicrenin koyuldugu kuyucuklarda zamana bagli bir inkiibasyon
yapildiginda ¢okgenler olusturmus kapillerlerin 3. saatte olustugu gozlendi. 6. saatte bu
cokgenlerin duvarlar1 artan sayidaki kapillerlerden dolayr kalinlasti. 24 saat
inkiibasyonda endotel hiicrelerinin Sliimiine bagli olarak kapiller ag gevsedi ve 48 saat
sonunda birbirlerinden kopmaya basladilar (Sekil 4.4.4.3).

Sekil 4.4.4.3. Anjiyogenez deneyinin zamana bagli ilerleyisi. a) 5000 hiicre konulan kuyucuklarda, 3.
saat sonunda olusan kapillerler goriilmektedir. b) 6 saat sonra, kapillerlerin sayilarinin
arttig1 ve cokgen yapilarinin duvarlarinin kalinlagtigi izlenmektedir. ¢) 24 saat sonunda,
olusan kapillerlerin gerilemeye baslamasiyla, ¢okgenlerin genisligi artmisti. d) 48. saatte
endotel hiicrelerinin 6liimiine bagli olarak kapillerlerin birbirlerinden koptugu ve yapinin
bozuldugu goriilmektedir.

4.4.4.2. Hofbauer Hiicresi-Yonlendirilmis Besiyeri ile Yapilan Anjiyogenez
Deneyinin Bulgular:
HUVEC hiicreleri ile yapilan anjiyogenez deneyinde belirlenen en uygun
HUVEC hiicre sayisi, yani 4000 ve 5000 hiicre, Hofbauer-yonlendirilmis besiyeri ile
anjiyogenez deneyine tabi tutuldu.
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Hiicreler Hofbauer hiicresi-yonlendirilmis besiyeri (HYBB) icinde kuyucuklara
eklendi. Kontrol olarak, endotelyal biiyiime besiyeri (EBB), Hofbauer-Besiyeri (HB),
endotelyal bazal besiyeri (BB) kullanildi. Hiicreler saatte bir faz kontrast mikroskobunda
damar olusumu agisindan incelenerek 3. saatte hiicrelerin olusturdugu kapiller yapilari
puanlandirildi (Sekil 4.4.4.4).
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Sekil 4.4.4.4. Hofbauer hiicresi-yonlendirilmis besiyerinin anjiyogenik kapasitesi. Hofbauer hiicresi-
yonlendirilmis besiyeri ile inkiibe edilen HUVEC hiicreleri, bol miktarda anjiyogenik
faktorler igeren endotelyal hiicre bilylime besiyeri ile inkiibe edilenler kadar yiiksek bir
anjiyogenik aktivite gostermediler. Ancak, sadece Hofbauer besiyeri ile inkiibe edilen
HUVEC hiicrelerine gore anlamli olarak daha yiiksek anjiyogenik aktivite gosterdiler
(p<0.05).

Hofbauer hiicresi-Yonlendirilmis Besiyeri (HYBB) ile yapilan anjiyogenez
deneyinde, Hofbauer hiicrelerini kiiltiire etmek i¢in kullanilan, fakat iginde Hofbauer
hiicresi kiiltiire edilmemis Hofbauer Besiyeri (HB) kontrol olarak kullanildi. Kisacasi
HB; Hofbauer hiicrelerinden kaynaklanan herhangi bir faktdr icermemekteydi. Buna
gore, Bazal Besiyeri (BB) ve Endotelyal Biiyiime Besiyeri (EBB) ile yapilan
anjiyogenez deneyinde HUVEC hiicreleri bol miktarda kapillerler ve poligonlar
olustururken, HYB ile yapilan deneyde daha az sayida kapiller olusumu gozlendi (Sekil
4.4.4.5). HYB ile yapilan deney, kendi kontrolii olan HB ile karsilastirildiginda, HYB ile
yapilan deneyde HUVEC hiicrelerinin az sayida da olsa kapillerler olusturduklar1 ve bu
kapillerlerlerin tomurcuklandigi ve yarim poligonlar olusturduklar1 goriildi. HB ile
yapilan deneyde hiicreler birbirlerinden bagimsiz, bireysel hiicreler olarak izlendi ve
kapiller olusumu yoktu.
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Sekil 4.4.4.5.

Hofbauer hiicresi yonlendirilmis besiyeri ile yapilan Anjiyogenez deneyinin goriintiileri. a)
Bazal Besiyeri (BB) ile HUVEC hiicrelerinin kapillerler olusturdugu goézlenmektedir. b)
Endotelyal Biiylime Besiyeri (EBB) ile yapilan deneyde de BB ile yapilana yakin bir
sonu¢ elde edildi. c) Hofbauer hiicresi-Yonlendirilmis Besiyeri (HYB) ile yapilan
anjiyogenez deneyinde HUVEC hiicrelerinin BB veya EBB deki kadar kapiller
olusturmadig1, ancak olusan az sayidaki kapillerlerin tomurcuklanma gosterdigi ve hatta
poligonlar olusturduklar1 gdzlendi. d) iginde Hofbauer hiicresi kiiltiire edilmemis Hofbauer
Besiyeri (HB) ile yapilan anjiyogenez deneyinde neredeyse hi¢ kapiller olusum
gozlenmedi.
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TARTISMA

Plasenta, fetiisii koruyan ve gelismesinde onemli roller oynayan ¢ok yonlii bir
organdir. Bu organda goriilebilen, villus sayisi, ¢ap1 ve bunlarin yiizey alaninin azalmasi
ile damar sayilarindaki temel yapisal degisimler, plasental arastirmalarda onemlidir.
Villuslardaki damarlarin limen genislikleri ve dallanmalarinin azalmasi, plasentanin
yapisal bozukluklaridir. Plasentada goriilmesi muhtemel tiim bu yapisal bozukluklar,
fotal bliylime geriligine neden olabilmektedir (170). Biitiin bu anomaliler fetiisii gerekli
besinlerden yoksun birakarak biliyiimesini engeller. Plasentanin gelisimi bir¢ok faktoriin
etkisi altinda ise de, plasental villuslarin gelismesi, damar agiyla birlikte ve o derecede
de dogru orantili olarak gerceklestiginden dolay1 “damar gelisimi”, saglikli plasentanin
gelisimi i¢in biiyiik 6nem arz etmektedir.

Plasental damar gelisiminde hem “vaskiilogenez” hem de “anjiyogenez” gorev
alir. Vaskiilogenez; ilk damar aginin endotel hiicrelerinin 6nciillerinden olusturulmasi
islemi iken, anjiyogenez; bu olusturulan ilkel damar aginin taslak olarak kullanilarak
daha da genisletilmesi islemidir (105). Diger bir ifade ile anjiyogenez, mevcut olan
damar endotelinden yeni damarlarin olusmasi olayidir.

Gilinltimiize kadar yapilan bir¢cok c¢aligma, insan plasentasinda vaskiilogenez ve
anjiyogenezi ele almasina ragmen (51, 106, 150, 171, 172), bu g¢alismalardan higbiri
Hofbauer hiicrelerinin bu islemlerdeki rollerini arastirma konusu yapmamustir.
Calismamizda, plasental vaskiilogenez ve anjiyogenezin yogun olarak goriildiigii erken
donem (1. Trimester) insan plasentalarinda, Hofbauer hiicrelerinin bu islemlere
dogrudan bir katkisinin bulunup bulunmadigini aragtirdik.

Plasental villuslarin stromasi, “Hofbauer hiicresi” adiyla anilan mezensimal
kokenli plasental makrofajlar igermektedir. Bu hiicrelerin, immiin komplekslerin
taninmas1 ve antijen sunan hiicre olarak gorev yapmalar1 gibi immiinolojik rollerinin
yani sira, stromal sivi dengesinin saglanmasi, morfogenez ve doku modellenmesini
yonlendirme (173) ve diger plasental hiicreler tizerinde ¢esitli etkiler gosterme (174,
175) gibi roller tistlendikleri bilinmektedir (24, 35).

Anteby ve ark. (176) tarafindan yapilan yeni bir ¢alismaya goére, Hofbauer
hiicrelerinin dallanma morfogenezi ve biiyiime faktorleri sinyal yolaklarinda rol alan
“Sprouty-Dallanma” proteinlerini eksprese ettikleri gosterilmistir. Bu arastirmacilar,
plasentada Hofbauer hiicreleri tarafindan eksprese edilen “Spry” nin plasental villoz
dallanmada rolii olabilecegini 6ne slirmiiglerdir. Daha 6nce de bahsedildigi gibi; villus
olgunlasmasi esnasinda, villus dallanmasi ve damar aginin gelisimi arasinda siki bir
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iliski oldugundan dolayi, calismamizda da gosterildigi {lizere, Hofbauer hiicrelerinin
damar gelisiminde de etkili olabilecek faktorleri barindirmalar1 ve salgilamalari
kacinilmazdir. Ayrica, plasental makrofajlar olan Hofbauer hiicrelerinin erken
donemlerde villus 6ziinde belirmesi, bu hiicrelerin plasental vaskiilogenez ve
anjiyogenezle iligkili olabilecekleri hipotezini giiglendirmektedir (35, 110).

Daha onceki bir calismamizda, anjiyogenik hiicre kordonlarinin (AHK), villus
eksenine paralel olarak biiyiiyen ilkel damar tiiplerine (DT) doniisecek olan, ilk damar
motiflerini olusturduklarini bildirmistik (159). Erken donem insan plasentalar1 damar
olusumlar1 (AHK ve DT) ve Hofbauer hiicreleri agisindan incelendiginde, in vivo
durumda Hofbauer hiicrelerinin anlamli  bir c¢ogunlugunun vaskiilogenez ve
anjiyogenezin gorlildiigli alanlara yakin yerlestigini tespit ettik. Hofbauer hiicrelerinin 1)
AHK ve DT’lere temas ettikleri veya temas edecek kadar yakin yerlesmeleri; ii) iki
AHK veya iki DT arasina yerleserek ara baglantilar gibi davranmalari; iii) birbirleri
ardina villus eksenine paralel olarak siralanarak ilkel damar agini olusturacak ana damar
motiflerine adeta rehberlik etmeleri; iv) AHK ve DT hiicreleri arasina dogru uzanmalari
ve v) villus 6ziinde sayica damar yapilari ile anlamli olarak iliskide olmalar1 seklindeki
bulgularimizin tiimii, Hofbauer hiicrelerinin vaskiilogenez ve anjiyogeneze katildiklari
yoniinde giiclii kanitlardir. Konfokal mikroskop incelemeleri ile de, Hofbauer
hiicrelerinin bu 6zel yerlesimlerinin tek diizlemde degil, villus 6zii boyunca devam
ettigini gosterdik. Bu orijinal bulgular ilk kez ¢alismamiz tarafindan tarif edilmistir.

Damarlanmanin kontrolii ve diizenlenmesi olduk¢a karmasiktir ve hem
vaskiilogenezi hem de anjiyogenezi farkl tiirde etkileyebilen ¢esitli faktorlerin dengesini
ve etkilesimini gerektirir. Her iki damar olusumu islemi, reseptorleri iizerinden etki
gosteren VEGF, Ang-1 ve Ang-2 gibi cesitli faktorler tarafindan diizenlenir. Bu
faktorler, damar destabilizasyonu/stabilizasyonu, endotel hiicreler ve onciillerinin gogii
ve ¢ogalmasi gibi onemli islemlerden sorumludurlar (177). Plasental dokularda bu
faktorlerin dagilimi ve fonksiyonlar1 oldukc¢a dikkat ¢eken konulardir.

Bu faktorlerden en ¢ok calisilan1 olan VEGF’in vaskiilogenez ve anjiyogenezi
endotel hiicrelerinin ¢ogalmasi, gocii ve filizlenmesini ve endotel hiicrelerin tiip-benzeri
yapilar1 olusturmalarin1 indiikleyerek baglattigi bilinmektedir. VEGF bu olaylar iki
ylizey reseptorii olan Flt-1 ve Flk-1 tizerinden yapmaktadir (162, 178). VEGF’in Flk-1’¢
baglanmasi endotel hiicre farklilasmasi ve ¢ogalmasini indiiklerken (179), Flt-1’e
baglanmasi endotel hiicrelerinin birbirleri ile etkilesimine ve tiip olusumuna neden olur
(180). Simdiye kadar bir¢cok ¢alisma, plasentada bu faktdr ve reseptorlerinin varligini
gostermistir (181, 182). Her ne kadar plasentada damar gelisiminin diizenlenmesi
anlagilmis olsa da, Hofbauer hiicrelerinin bu olaydaki rolleri belirli degildir.
Calismamizda VEGF ve reseptorleri immiinohistokimya yontemi ile bu hiicrelerde
belirlenmistir. Bulgularimiza gére Hofbauer hiicreleri VEGF proteinini olduk¢a yogun
bir sekilde eksprese ettiler. Bu hiicreler ayn1 zamanda yine yogun bir Flk-1 ve ona gore
biraz daha az olmak tiizere, Flt-1 reseptorlerini de eksprese ettiler. Hofbauer hiicrelerinin
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VEGF eksprese etmeleri, bu hiicrelerin, VEGF reseptorleri igeren ve yakin yerlestikleri
anjiyogenik hiicreleri ve primitif endotel hiicrelerini parakrin yoldan etkileyerek
plasental anjiyogenez ve vaskiilogeneze katildiklarina isaret etmektedir. Nitekim,
VEGF’in endotel hiicrelerinden, monositleri ortama c¢agiran, monosit kemotaktik
protein-1 (MCP-1)’in salinimini arttirdigi gosterilmistir (183). Bir baska calismada,
rekombinant insan VEGF’inin Flt-1 iizerinden monositlerin gogiinde maksimal etkisi
oldugu gosterilmistir (184). Ayrica monosit sayilarinin arteriyogenezle iliskili oldugu
(185) ve monositlerin ortamdan uzaklastirilmasinin fare ve tavsanda kollateral biiylimeyi
ortadan kaldirdigi gosterilmistir (186). Biitiin bu bilgilerin 1518inda, Hofbauer
hiicrelerinden salinan VEGF’in damarlanmada rolleri olabilecek hiicrelerin ortama
cagirilmasinda da etkili olabileceklerini 6ne siirmekteyiz. Ayrica, gebeligin ileriki
donemlerinde, fotal kokenli monositlerin villoz stromaya gegerek Hofbauer hiicrelerine
olgunlasabilecegi ve heterojen bir Hofbauer popiilasyonunun olugsmasinda MCP-1 ‘in
rolii olabilecegini diisiinmekteyiz. Dolayisiyla, Hofbauer hiicrelerinden salgilanan
VEGF, endotel hiicrelerinden salgilanan MCP-1’1 arttirarak, Hofbauer hiicrelerinin
stromada kendi sayilarini diizenlemelerine yardimc1 olabilir.

Daha 6nceki bir ¢calismamizda trofoblastlarin da VEGF reseptorlerini eksprese
ettikleri gosterilmistir (159). Dolayisiyla Hofbauer hiicreleri, salgiladiklart VEGF ile
trofoblastlar1 da parakrin yonden etkileyebilirler. Nitekim Khan ve ark. (175)’in
yaptiklar1 ¢aligmada, Hofbauer hiicresi yoOnlendirilmis besiyeriyle kiiltiire edilen
trofoblastlarin biiylime ve farklilasmaya gittikleri gosterilmistir. Bunun nedeninin ise
Hofbauer hiicreleri tarafindan salgilanan VEGF oldugu belirtilmistir. Hofbauer
hiicrelerinin ayn1 zamanda VEGF reseptorlerin icermesi ise VEGF’in bu hiicrelerde
otokrin etki gosterebilecegini diislindiirmektedir. Yapilan bir ¢alismada, monositlerin
Flt-1 reseptorleri igerdikleri ve bu reseptorlerin hem VEGF hem de PIGF ile aktive
oldugunu gostermistir (187). Boylece Flt-1’in monositlerde monosit kemotaksisinde ve
prokoagiilan aktivitesinde fonksiyonel islev goren bir reseptdr oldugunu One
stirmiislerdir. Tiim bu bilgiler, Hofbauer hiicrelerinin hem vaskiilogenez ve anjiyogenez
tizerinden, hem “spry” proteinlerinin ekspresyonu ile villoz dallanma tizerinden, hem de
trofoblastlarin ¢ogalmasina olan etkileri ilizerinden plasental gelisime 6nemli katkilar
yaptiklarini 6ne stirmektedir.

Anjiyopoietinler (Ang-1 ve Ang-2), Tie-1 ve Tie-2 iizerinden etki gosteren
faktorlerdir (142). Her ne kadar Tie-1 igin ligand tanimlanmamis olsa da, 2007°de Yuan
ve arkadaslari, Ang-1’in, Tie-2 bagimli bir tarzda Tie-1’1 aktive ettiini gdstermistir
(143). Ang-1 ve Ang-2’nin her ikisi de Tie-2 i¢in liganddir. Ang-1’in Tie-2’ye
baglanmasi, alt-yolak olaylarini baslatmak i¢in Tie-2’nin fosforilasyonuna neden
olurken, Ang-2, bu Ang-1/Tie-2 reseptor sinyalizasyonundaki olaylar1 antagonize eder
(125, 143). Ang-1, endotel hiicrelerinin hayatta kalmasini, yeniden organizasyonunu,
yeni olugan kan damarlarinin stabilizasyonu ve olgunlasmasi igin perisitler/damar diiz
kas hiicrelerinin toplanmasini ve is birligini diizenler. Ang-2, damar sistemini destabilize
eder, damar duvarlarin1 gevsetir ve peri-endotelyal mural hiicreler ile endotelyal hiicre
temasii baskilar. Boylece endotelyal hiicrelerini VEGF’in etkilerine karsi daha
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erigilebilir hale getirir ve bu nedenle vaskiilogenez ve anjiyogenezi destekler (145-148).
Caligmamizda Hofbauer hiicrelerinin Ang-1 eksprese etmediklerini, buna karsin Ang-2
eksprese ettiklerini gosterdik. Plasentada 1. trimesterde vaskiilogenezin baskin oldugu
donemde ilkel damarlar olustugundan ve bu damarlarin stabilizasyonunun daha sonralari
gerceklesmesinden dolayr Hofbauer hiicrelerinin erken plasentada Ang-2 eksprese
etmelerinin vaskiilogenezi kolaylastirdigini diistinmekteyiz. Hofbauer hiicrelerinin Ang-
2 eksprese etmeleri, bu hiicrelerin damar Ang-1 ile saglanan damar olgunlagmasi
isleminden ¢ok, damar destabilizasyonu araciligiyla endotel hiicreleri iizerine VEGF’in
etkisini arttirdiklarini gostermektedir. Calismamizda Hofbauer hiicreleri orta siddette bir
Tie-1 ekspresyonu gosterirken, neredeyse yok denecek kadar az Tie-2 ekspresyonu
gostermistir. Tie-1’in ligand1 ve fonksiyonlar1 bilinmediginden dolayr Hofbauer
hiicrelerinde Tie-1’in neden bulundugu arastirmaya deger bir gizemdir.

Caligmamizda, Hofbauer hiicrelerinde VEGF kadar potent bir anjiyogenik faktor
olan Netrin’in varhigi, ilk kez gosterildi. Netrin-1’in, vaskiilogenez ve anjiyogenezin
yogun olarak gorildiigli plasentada bulunmast HUVEC hiicreleri ve damar diiz kas
hiicrelerinin ¢ogalmasi ve gociine neden olan bu faktdriin, plasental vaskiilogenez ve
anjiyogenez i¢in 6nemli bir diizenleyici faktor olabilecegine isaret etmektedir. Hofbauer
hiicrelerinin VEGF ve Netrin-1 gibi potent anjiyogenik faktorleri salgilamalari, bu
hiicrelerin vaskiilogenez ve anjiyogenez i¢in dnemini bir kez daha gostermektedir.

Hofbauer hiicrelerinin fonksiyonlarinin daha iyi anlasilmasi i¢in in vitro
caligmalara gereksinim vardir. Hofbauer hiicre izolasyonu literatiirde siklikla
rastlanamayan bir yontem olup, daha once belli basli birka¢ grup tarafindan yapilmistir
(58, 176, 188-191). Yine de izolasyon yontemleri agisindan literatiirede farkliliklar
bulunmaktadir. Ornegin bazi gruplar Hofbauer hiicrelerini sadece “yapisma deneyi’yle
(175, 191), bazilar1 ise 6nce “Fikol gradient santrifiigasyonu ardindan yapisma deneyi”
(188), bazis1 da “Fikol gradient santrifiigasyonu, Perkol gradient santrifiigasyonu
ardindan yapisma deneyi” (58) ile Hofbauer hiicrelerini izole etmislerdir. Yapilan
calismalarin hemen hemen hepsi, yapigsma deneyinin plasental makrofajlar1 izole
etmenin en iyl yolu oldugunu 6ne siirmiis, hatta in vitro ortamda “yapisan plasental
hiicreler” (placental adherent cells=macrophages) terimini Hofbauer hiicreleri igin
kullanmuglardir (175, 188, 191). Biz de ¢alismamizda tiim bu yontemleri tek tek denedik
ve Hofbauer hiicre canliligi ve sayisi agisindan en uygun teknigin “Fikol gradient
santrifiigasyonu ardindan yapigsma deneyi” oldugunu belirledik. Bu teknikte, Fikol
gradient santrifiigasyonu ile plasental makrofajlarin bol bulundugu bir hiicre
stispansiyonu elde edilmis, ardindan yapisma deneyi ile bol makrofaj bulunan bu
stispansiyondaki makrofajlarin plastik ylizeylere diger hiicrelerden daha hizli yapigsma
yeteneklerinden faydalanarak bu hiicreler izole edilmistir. Izole edilen hiicreler
karakterize edilmis ve %9443 safliginda Hofbauer hiicreleri elde edildigi goriilmiistiir.
Hofbauer besiyeri, igerdigi Na-Heparin nedeniyle fibroblast tiirevi hiicrelerin kiiltiirde
tiremesini engellemis, trofoblast kontaminasyonu da tripsinizasyon ile engellenmistir.
Kiiltiirdeki az miktardaki trofoblast kontaminasyonu, bu hiicrelerin kiiltiir kabina
Hofbauer hiicrelerinden daha zayif tutunmalar1 nedeniyle tripsinizasyon islemiyle daha
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kisa siirede kaptan ayrilmis ve uzaklastirilmislardir. Fikol gradient santrifiigasyonundan
sonra bir de perkol gradientinin kullanilmasi, deneylerimizde izole edilen Hofbauer
hiicre sayisin1 azaltmistir. Bunun nedeninin, oldukca kiiclik olan ve az hiicre iceren 1.
trimester plasentalarini izolasyon i¢in kullanmamiz oldugunu diisiinmekteyiz. Diger
arastirmacilarin ¢cogu Hofbauer izolasyon yontemini daha biiyiik olan term plasentalarda
yapmustir (188, 190, 191).

Izole edilen Hofbauer hiicrelerinin karakterizasyonu icin en ¢ok tercih edilen ve
kullanilan belirteg CD68’ dir (175, 176, 189-192). CD14, Hofbauer hiicreleri i¢in ¢ok
uygun olmayan bir belirtectir, ¢ilinkii yapilan flow sitometri ¢alismalarinda izole
Hofbauer hiicrelerinin sadece %80’inin CD14-pozitif oldugu belirlenmistir (189). CD14,
lipopolisakkarit reseptdr kompleksinin bir pargasi, CD68 ise, lizozom-iliskili membran
protein ailesinin bir tyesidir (193). Plasental yatakta CD14-/CD68+ ve CD14+/CD68+
olan iki makrofaj ailesi tespit edilmistir (193). Ayrica, Guilbert ve ark. (194)
trofoblastlarin da makrofajlar gibi CD14 eksprese edebildiklerini iddia etmistir. Bu
nedenden dolay1 ¢alismamizda Hofbauer hiicrelerinin karakterizasyonu i¢in daha c¢ok
CD68’1 kullanmay1 uygun gordiik.

Plasentadan izole ettigimiz hiicrelerin karakterini belirlemek i¢in immiinolojik
incelemelerin yaninda elektronmikroskoptan da faydalandik. Izole ettigimiz hiicreler
TEM de incelendiginde, bu hiicrelerin tamaminin tipik Hofbauer hiicresi morfolojisinde
oldugunu gordiik. Diizensiz, bol sitoplazmik uzantili bir hiicre yiizeyi, bol vakuolli
sitoplazmalar1 ile bu hiicreleri kolaylikla ayirt ettik. Simdiye kadarki g¢aligmalarin
higbirinde izolasyon tekniginin ardindan hiicre karakterizasyonu i¢in TEM
kullanilmamustir; ¢alismamiz bu agidan bir ilktir.

Calismamizda izole edilen Hofbauer hiicrelerinin kiiltiirde de gozlendigi gibi, bu
hiicreler yuvarlak, oval, elipsoid veya uzamis (fusiform) sekillerde bulunabilmektedirler
(18). Hofbauer hiicrelerinin protein ekspresyon fenotipinin gebeligin yasina bagl olarak
degistigi gosterilmistir (54). Hiicrelerin sekillerindeki bu degisiklikler de, bu hiicrelerin
gorevleri ile iliskilidir. Ornegin daha diizensiz sekilli veya uzamus hiicreler daha aktif ve
haraketli hiicreler iken, yuvarlak hiicreler ise daha duragan hiicrelerdir. Hofbauer
hiicrelerinin en belirgin o6zellikleri sayisiz sitoplazmik uzant1 ve vakuol icermeleridir
(35). Bu vakuoller, izole ettigimiz Hofbauer hiicrelerinin faz-kontrast mikroskop
goriintiilerinde kolaylikla ayirt edildi ve Hofbauer hiicrelerinde kopiigiimsii bir goriintii
olusturdu. Hatta izole edilen Hofbauer hiicreleri TEM ile incelendiginde, bu vakuollerin
cesitli sulu ve kat1 ekstraselliiler muhteviyatla dolu oldugu goriildii. Bu morfolojik ince
yap1 bulgularimiz, Hofbauer hiicrelerinin makrofaj karakterinde hiicreler oldugunu ve
plasental sivi dengesini kontrol ettiklerini belirten c¢aligmalarin (35)sonuglarini teyit
etmektedir.

Hofbauer hiicrelerinin ¢ok siklikla goriilmese de, bazilarinin mitotik aktivite
gosterdikleri belirlenmistir (27). Bu mekanizmanin nedeni, Hofbauer hiicrelerinin
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koryonik villuslardaki siirekliliginin saglanmasi ve lokal mikrogevrenin gerektirdigi
durumlarda sayilarini arttirabilmesi olabilir. Hofbauer hiicrelerindeki mitoza bir bagka
aciklama da; bu hiicrelerin gebeligin ilerleyen giinlerinde villuslarda beliren
monositlerden bagimsiz bir dinamizmle kendini-yenileme amaciyla bolinmeye gittikleri
yoniindeki goriislerdir (27). Takahashi ve ark. (28)’e gore, gebeligin 10. giiniinde fare
plasentasinin villuslarindaki kan damarlarinda ilkel plasental makrofajlar belirir ve
bunlar olgunlasarak fotal makrofajlara doniisiirler. Koryonik villus stromasina gog
etmeleriyle birlikte sivi-benzeri maddeleri fagosite ederek Hofbauer hiicrelerine
dontsiirler.  Yapilan c¢alismalarda ilkel fotal makrofajlarin  monosit/makrofaj
popiilasyonundan 6nce olustugu goriilmiistiir (28). Ilkel plasental makrofajlarin
cogalmasi ¢ok nadir goriilen bir olaydir. Gebeligin ilerlemesiyle birlikte, ge¢ fotal
donemde villus 6ziinde monosit/makrofaj popiilasyonunun belirmesiyle heterojen bir
plasental makrofaj popiilasyonu olusur. Calismamizda, IMIV kesitlerinde PCNA
(Poliferating Cell Nuclear Antigen- ¢cogalan hiicre ¢ekirdek antijeni) da CD68 ile birlikte
ciftli immiinohistokimya teknigi ile boyanmis, ancak belirtilen literatiirlerle uyumlu
olarak Hofbauer hiicrelerinde PCNA’ya, dolayisiyla ¢ogalmaya rastlamadik (veriler
sunulmamistir). Bundan dolay1, hiicre kiiltlirii ¢alismalarimizda Hofbauer hiicreleri
anlamli olarak ¢ogalma gdstermediler.

Hofbauer hiicre kiiltiirlerinde anjiyogenik faktorlerin bulunup bulunmadigini
arastirmak i¢in, belirli siirelerle kiiltiire edilen Hofbauer hiicrelerinin olusturdugu
“Hofbauer hiicresi-yonlendirilmis Besiyeri” (HYB) topland1 ve VEGF, Ang-1 ve Ang-2
icin ELISA yontemi ile incelememiz, bu c¢alismanin fonksiyonel kismini
olusturmaktadir. Immiinohistokimya y&ntemi ile Hofbauer hiicrelerinde VEGF varligini
gostermemiz daha dnceki ¢alismalarimizin bir teyidi idi. Ancak bu 6zelligin ELISA ile
de kanitlanmasi gerekiyordu. Ayrica, Hofbauer hiicrelerindeki bu VEGF’in Hofbauer
hiicrelerine fagositoz yoluyla alinip alinmadigini ELISA yontemiyle netlestirdik.
Arastirmamizin ELISA deney sonuglari, Hofbauer hiicrelerinin zamanla miktarinda artig
gosteren VEGF salgiladiklarini  kanitlamaktadir. Bdylece, immiinohistokimyada
gosterilen VEGF ekspresyonunun bu hiicrelerin kendi iiretiminin bir sonucu oldugu
kanisina varildi. Yine immiinohistokimya bulgularimizla uyumlu olarak ELISA
yontemiyle de HYB’de Ang-1 proteini bulunmamasina karsin, Ang-2, HYB’de ELISA
ile gosterildi. Bu deneylerin sonuglari, ELISA testleri ile de Hofbauer hiicrelerinin
anjiyogenik faktorler salgiladigini ve plasental damarlanmay1 parakrin yonden
etkileyebileceklerini géstermistir. Serum iceren HYB’de serum icermeyen HYB’ye gore
daha yiiksek seviyede Ang-2 bulunmasini, serumda yer alan ¢esitli biiyiime faktorlerinin
Hofbauer hiicrelerinden Ang-2 salimimin arttirdig1 seklinde yorumladik.

Yetersiz vaskiilogenez ve anjiyogenez sayisiz fizyolojik ve patolojik olaylarla
iliskili oldugundan, anjiyogenik yaniti kantitatif olarak inceleyebilmek i¢in gesitli in
vivo ve in vitro teknikler gelistirilmistir. Bunlaradan en 6nemli ve en ¢ok tercih
edilenler: 1) mikrocerrahi korneal cep modeli, 2) tavuk koryoallantoyik membran
deneyi, 3) subkutan disk implantasyonu ile anjiyogenez deneyi, 4) mezenterik pencere
anjiyogenez deneyi, 5) in vitro anjiyogenez deneyi. In vitro ortamda anjiyogenezi sayisal
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olarak test edebilmenin en uygun yolu “anjiyogenez deneyi” oldugundan, ¢alismamizda
bu yontem denendi. Calismamizin orijinal boyutu, farkli yontemlerin ve teknik
elemanlarin deney ortaminda kullanilmasidir. Bu baglamda, konuyu teknik agidan da
degerlendirmek gerekir.

Hofbauer hiicresi-yonlendirilmis Besiyeri (HYB) ile yapilan anjiyogenez
deneyinde, HYB’nin Hofbauer hiicresiyle hi¢ kiiltiire edilmemis Hofbauer-Besiyeri
(HB)’ne gore (yani kendi kontroliine goére) HUVEC hiicrelerinin daha fazla kapiller
olustrumasina ve dallanmasina neden oldugunun gézlenmesi ilgingti. Hatta, HYB ile
inkiibe edilen HUVEC hiicreleri az da olsa poligonlar bile olusturabildiler. Halbuki, HB
ile inkiibe edilen hiicreler sadece daginik, bireysel hiicreler seklinde kaldilar. HYB ve
HB ile yapilan anjiyogenez deneylerinde olusan anjiyogenik yapilar puanlandirildiginda,
HYB’nin , HB’ye gore anlamli olarak daha yiiksek bir anjiyogenik potansiyele sahip
oldugu goriildii. Immiinohistokimya ve ELISA bulgularina dayanarak, Hofbauer
hiicrelerinin HYB i¢ine salgiladiklar1 anjiyogenik faktorlerin (6zellikle VEGF, Netrin-1
ve Ang-2) belirlenen anjiyogenik potansiyelin nedeni oldugunu o6ne siirmekteyiz. Bu
sayede Hofbauer hiicrelerinin ve salgiladiklar1 faktorlerin, ilkel damar yapilari ile
etkileserek plasental vaskiilogenez ve anjiyogenezle dogrudan iligkili olduklarim
gosterdik. Boylece, Hofbauer hiicrelerine bilinen diger fonksiyonlarindan baska énemli
bir rol daha atfetmis olduk.

Rehman ve ark. (195), periferal kandan izole edilen endotelyal progenitor
hiicrelerin (EPH) biiyiik cogunlugunun CD14, Mac-1 ve CDI11c gibi monosit/makrofaj
belirteclerini eksprese etiklerini ve alict hayvanlara verilmeleri durumunda anjiyogenezi
indiikleyebildiklerini gostermislerdir. Bu grup, periferik kandan mononiiklear hiicreleri
yapisma deneyi, ardindan yapismayan hiicrelerin yikanarak uzaklastirilmasi ile elde
etmistir. Yapigabilen hiicrelerin ayn1 zamanda “asetile LDL alinim1” ve “uleks lektin’i
baglama” o6zellikleri ile endotel fenotipi gosterdiklerini belirtmisler ve bu hiicreleri EPH
olarak tanimlamiglardir. Monositlerin salgiladiklar1 anjiyogenik faktorlerin yani sira,
endotel-benzeri  hiicrelere  farklilasabilmeleri sayesinde de anjiyogenik etki
gosterebilecekleri de 6ne stiriilmistiir (196, 197). Baska bir ¢alismada kandan izole
edilen monositlerin EPH 6zelliklerini gosterdikleri, ancak in vitroda vaskiiler yapilar
olusturamadiklar1 gosterilmistir (198). Sonug olarak monositlerin ¢esitli deneysel
modellerde endotel hiicrelerini taklit edebildikleri sdylenmektedir. Caligmamizda
Hofbauer hiicrelerinin anjiyogenik hiicrelere ve damar endoteline yakin yerlesmeleri,
aralarina uzanmalar1 ve bu esnada fusiform sekil almalari, hatta anjiyogenik hiicrelerin
pesisira yerlesmeleri, bu hiicrelerin endotel-benzeri bir fonksiyon gosterebilecegini ve
endotel  hiicrelerine  hatta  endotel-benzeri  hiicrelere  farklilasabileceklerini
diisiindiirmektedir. Ayrica, c¢alismamizin sonuglarina goére Hofbauer hiicreleri hem
VEGF, Ang-2 ve Netrin-1 gibi anjiyogenik faktorleri, hem de bunlara ait reseptdrlerden
Flt-1, Flk-1 ve Tie-1 eksprese etmektedirler. Bu yonlerden de anjiyogenik biiyiime
faktorlerine yanit olarak ¢ogalan ve gdc ederek olgun endotel hiicrelerine farklilagan
embriyonik anjiyoblastlara benzer bir profil sergilemektedirler.
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Sonug¢ olarak, c¢alismamizda Hofbauer hiicrelerinin plasental damarlanmadaki
muhtemel rollerini arastirdik ve plasenta villus 6ziinde erken donemde beliren Hofbauer
hiicrelerinin, bu dénemde yogun olarak yer alan vaskiilogenez ve anjiyogeneze cesitli
anjiyogenik faktorler salgilayarak veya cesitli reseptorler eksprese ederek katildiklarini
gosterdik. VEGF, Netrin-1 ve Ang-2 eksprese eden Hofbauer hiicrelerinin damar
yapilarma yakin yerlesmeleri, bu hiicrelerin vaskiilogenez ve anjiyogenezde kritik roller
oynadiklarin1 gdstermektedir. Aniyogenez deneyleriyle de Hofbauer hiicrelerinin
salgiladiklar1 bu faktorlerin endotel hiicrelerinin kapiller olusumunu arttirdigini
gosterdik. Dolayisiyla, plasental villuslarda bulunan Hofbauer hiicreleri sadece
plasentanin makrofajlar1 degil, ayn1 zamanda plasenta gelismesi ve saglikli fetiis
olusumu i¢in en 6nemli olaylardan biri olan vaskiilarizasyon isleminin gergeklesmesinde
rol alan ¢ok fonksiyonlu hiicrelerdir.

Calismamiz plasental villus stromasinin makrofajlar1 olan Hofbauer hiicrelerinin,
plasenta i¢in en 6nemli islem olan damarlanmada rol aldiklarin1 gosteren ilk ¢aligmadir.
Hofbauer hiicrelerinin plasental vaskiilogenez ve anjiyogenezdeki rollerinin
aydinlanmasi, normal plasentasyonu kontrol eden mekanizmalar ve plasentasyon
sirasinda olugabilecek vaskiiler gelisim bozukluklarinin yol agtig1 pre-eklampsi ve
intrauterin biiyiime geriligi gibi hastaliklarin patofizyolojisinin daha iyi anlagilmasina
yol acgacaktir. Bu nedenden dolayi, normal plasentasyon mekanizmalarinin agiga
cikarilmasi i¢in, Hofbauer hiicrelerinin izole edildigi in vitro deneyler ile yapilacak
baska fonksiyonel ¢alismalara gereksinim vardir.
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SONUCLAR

Bu tezde, Hofbauer hiicrelerinin plasental damarlanmadaki muhtemel rolleri
arastirilmis ve elde edilen sonuglar maddeler halinde asagida 6zetlenmistir.

1- Insan plasenta dokularindan alinan 6rneklere uygulanan ¢iftli immunohistokimyasal
analizler sonucunda, Hofbauer hiicrelerinin anjiyogenik hiicre kordonlar1 ve damar
tiipleri ile yakin iliskide olduklar1 belirlenmistir. Bu 6zel yerlesim diizeni, Hofbauer
hiicrelerinin vaskiilogenez ve anjiyogenezle yakindan ilgili olduklar1 hipotezini
gliclendirmistir.

2- Deneylerimiz sonucunda Hofbauer hiicrelerinin VEGF, Ang-2 ve Netrin-1 gibi
anjiyogenik faktorler ve bunlara ait reseptorleri eksprese ettikleri gosterilmistir.
Hofbauer hiicrelerinin bu faktorleri villus stromasina salgilamak suretiyle, yakin
yerlestikleri anjiyogenik hiicre kordonlar1 ve damar tiiplerinin endotel hiicrelerinin
cogalma ve farklilasmasini parakrin yoldan indiikledigini diisiindiirmektedir.

3- Izole Hofbauer hiicrelerinin kiiltiire edilmesi sonucunda, salgiladiklar1 faktorleri
iceren “Hofbauer hiicresi yonlendirilmis-Besiyeri”’, ELISA yontemi ile incelenmis ve
Hofbauer hiicrelerinin VEGF ve Ang-2 salgiladiklar1 belirlenmistir.

4- Hofbauer hiicrelerinin fonksiyonel olarak vaskiilogenez ve anjiyogenezi etkiledikleri,
HUVEC hiicreleri ile yaptigimiz anjiyogenez deneyiyle ispatlandi. ELISA yontemi ile,
icinde VEGF ve Ang-2 gibi anjiyogenik faktorlerin bulundugunu gosterdigimiz
“Hofbauer hiicresi-yonlendirilmis Besiyeri” ile inkiibe edilen HUVEC hiicrelerinin,
herhangi bir Hofbauer hiicresi-kokenli biiyiime faktorii icermeyen ‘“Hofbauer-
Besiyeriyle” inkiibe edilen hiicrelere gore daha fazla kapiller olusturmasi, Hofbauer
hiicrelerinin damar olusumunu dogrudan yonlendirdigini gostermektedir.

5- Hofbauer hiicreleri, plasentanin sadece makrofajlar1 degil, ayn1 zamanda plasenta i¢in
en onemli olaylardan biri olan damarlanma isleminin ger¢eklesmesinde rol alan ¢ok
fonksiyonlu hiicrelerdir.

6- Bu ¢alisma, Hofbauer hiicrelerinin hem yapisal hem de fonksiyonel olarak plasenta
gelismesi ve damarlanmasindan sorumlu Oncelikli elemanlar olduklarini gosteren
orijinal tek arastirmadir.
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Abstract

The stroma of the placental villi contain numerous macrophages, so-called Hofbauer cells which are of mesenchymal origin and are thought
to function in many processes. Although there are many studies concerning placental vasculogenesis and angiogenesis, there has been a lack of
evidence on the possible roles of Hofbauer cells in these processes. In this study we hypothesized that Hofbauer cell locations and numbers
might be correlated with the vascular structures within the placental villi core and therefore may be implicated to play roles in placental vasculo-
genesis and angiogenesis.

Placental tissues were obtained from normal first-trimester pregnancies. Tissues were prepared for light microscopic investigations. Double
immunohistochemistry staining with CD31/PECAMI and CD68 was applied to placental tissues. In placental villous core, majority of the
Hofbauer cells were found to be either in close contact with angiogenic cell cords and primitive vascular tubes or located in between them.
Moreover, the number of Hofbauer cells and vasculogenic structures were found to be significantly correlated. The findings of this study suggest

for the first time that Hofbauer cells might be involved in the processes of vasculogenesis and angiogenesis in the placenta.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Vasculogenesis; Angiogenesis; Hofbauer cells; Human placenta

1. Introduction

The creation, maturation and maintenance of the vascular net-
work is necessary for successful hemachorial placentation, as
well as normal embryonic development and growth in humans.

Two processes vasculogenesis and angiogenesis, which
both are of critical importance for the fetus and the placenta,
are involved in the development of the fetal and placental vas-
culatures. Whereas vasculogenesis results from the de novo
formation of vessels derived from pluripotent precursor cells,
angiogenesis, is the creation of new vessels from pre-existing
vessels [1—3].

Vascularization of the placenta takes place around day 21
post conception (p.c.) [4]. At this time, endothelial progenitor

* Corresponding author. Tel./fax: +90 242 227 4486.
E-mail address: rdemir@akdeniz.edu.tr (R. Demir).

0143-4004/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.placenta.2007.01.010

cells appear as cords right beneath the trophoblastic layer;
which are called angiogenic cell cords (ACC). Later on, these
cells proliferate, differentiate and migrate to form main vascu-
lar patterns and form primitive vascular tubes (VT), which
demonstrate a primitive lumen formation [5,6].

The stroma of the placental villi contains numerous ma-
crophages, so-called Hofbauer cells. Hofbauer cells are of
mesenchymal origin and are thought to function in many
processes.

During the early phase of vascularization, the appearance of
Hofbauer cells in the villous core, suggests a paracrine role for
these cells during the first stages of placental vasculogenesis
[7—10]. Indeed it has been shown that Hofbauer cells express
angiogenic growth factors such as VEGF [11,12]. Furthermore
it has been shown that human villous macrophages enhance
human trophoblast growth and differentiation in vitro and
express higher levels of VEGF mRNA than that of peritoneal
macrophages [13].
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Hofbauer cells are typical macrophages with their micropi-
nocytotic activity and phagocytosis ability. However, little
attention has been paid to the relationship between Hofbauer
cells and the ACC and VT in chorionic villi, and there is no con-
vincing evidence that angiogenic cell growth and function are
regulated by the factors derived from these macrophages.
Furthermore, none of the studies have so far suggested Hofbauer
cells in participating to vasculogenesis and angiogenesis in the
placental villi. Other than its macrophage properties we hypoth-
esized that Hofbauer cells play roles in placental vasculogenesis
and angiogenesis. In this study, we aimed to provide a better
understanding of the role of macrophages in the process of vas-
culogenesis and angiogenesis in the human placenta.

2. Materials and methods
2.1. Tissue sample collection

A total of 19 samples of human placental tissue [5 samples of 22—28
days (fourth week p.c.); 8 samples of 29—35 days (fifth week p.c.); 6 sam-
ples of 36—42 days (sixth week p.c.); as determined by the last menstrual
period of the patients] in the first trimester of pregnancy were obtained after
legal termination of pregnancy by curettage for medical or psychosocial rea-
sons, which were unlikely to affect placental structure and function. Tissues
were supplied from the Department of Obstetrics and Gynecology, Faculty of
Medicine, Akdeniz University, and Clinic of Obstetrics and Gynecology,
Government Hospital, Antalya. Informed consent forms and protocols were
approved by the Ethical Committee of the Faculty of Medicine in Akdeniz
University.

2.2. Immunohistochemistry

Serial sections at 5 um thickness were collected on poly-L-lysine coated
slides (Sigma, St. Louis, MO, USA) and incubated overnight at 56 °C. Tissue
sections were deparaffinized in xylene and rehydrated in a graded series of
ethanol. Sections were then boiled in a microwave oven in 10 mM citrate
buffer, pH 6.0, for 4 times, each for 5 min and a total of 20 min. Thereafter
the slides were left to cool for another 20 min. Endogenous peroxidase activity
was quenched by 3% hydrogen peroxide in methanol for 20 min. Afterwards,
sections were incubated in a blocking serum (Ultra V Block, TP-060-HL; Neo-
Marker, Fremont, CA, USA) for 7 min in order to block non-specific binding
without the washing step, sections were subsequently incubated over night
at 4 °C with either mouse monoclonal anti-human CD31/PECAM1 (MS-
1873-R7; Clone 1A10; prediluted, NeoMarkers, Fremont, CA, USA) to iden-
tify the ACC as well as VT, or mouse monoclonal anti-human CD68 (M0814;
Clone KP1; dilution 1/200; Dako, Glostrup, Denmark) for the identification of
placental macrophages. Sections were incubated with the biotinylated second-
ary antibody (TP-060-HL; LabVision, Fremont, CA, USA) and a streptavidin-
peroxidase complex (TP-060-HL; LabVision), respectively, for 15 min. The
resulting signal was developed with diaminobenzidine (DAB) (K3466;
Dako). Each step was followed by three washes in phosphate buffered saline
(PBS) unless otherwise stated.

For double stainings with both of the antibodies, after developing CD31/
PECAMI1 or CD68 immunoreaction with DAB, the sections were re-incubated
with primary antibody against CD68 or CD31/PECAMI, respectively over-
night at 4 °C. Afterwards, the sections were incubated with a biotinylated
secondary antibody (K0676; Dako), followed by a streptavidin-alkaline phos-
phatase complex (K0676; Dako) for 20 min each. Slides were developed in
Fast Red chromogen (Dako Fast Red Substrate System; K0699; Dako) coun-
terstained with Mayer’s Hematoxylin (S3309; Dako). For controls, sections
were treated with appropriate mouse IgG diluted to the same final protein con-
centration as the primary antibody.

Photomicrographs were taken with an Axioplan microscope (Zeiss, Ober-
kochen, Germany). All samples for each individual antibody were exposed

to the same protocol at the same time and were stained using the same in-
cubation periods.

2.3. Evaluation of Hofbauer cell numbers and vascular density
in the immature intermediate villi (IMIV) sections

To investigate whether Hofbauer cells were spatially and temporally re-
lated with vasculogenesis and angiogenesis, the Hofbauer cell numbers located
in close vicinity to vascular structures including ACC and VT within the IMIV
sections were counted. Three samples from each of the three pregnancy weeks
(4th, 5th and 6th weeks) were randomly selected for evaluation, which made
a total of 9 samples evaluated for the Hofbauer cell number and vascular struc-
ture number counts. Therefore, the number of Hofbauer cells and vascular
structures were counted in 42 IMIV sections in each of the 9 samples by
two investigators blinded to the source of the tissues in the CD31/PECAM1
and CD68 double stained placental tissue sections. Moreover in the same tis-
sue sections, ““HC numbers located close to the vascular structures’ and “total
HC numbers” within an IMIV were also counted.

2.4. Statistical analysis

The data from the Hofbauer cell and vasculogenic structure counts was
evaluated using Pearson’s correlation. Statistical calculations were performed
using SPSS (Statistical Package for the Social Sciences) for Windows version
13.0 (SPSS Inc. Chicago, Illinois, USA). Statistical significance was defined as
P < 0.05.

3. Results
3.1. The classification of placental villi types

The human placental villi types were classified according to
the criteria of Castellucci et al. (1990) [10].

3.2. Placental macrophages (Hofbauer Cells) locate
in close vicinity to vascular structures

ACC and primitive VT were the only positively stained
cells with CD31/PECAMI in all the placental samples inves-
tigated. CD68 exhibited a granular staining associated with the
lysosomal granules in the cytoplasm of villous macrophages;
Hofbauer cells.

The CD31/PECAMI-immunopositive ACC and primitive
VT in mesenchymal villi and IMIV were located in the stroma,
right beneath the trophoblastic layer and were found parallel to
the villous axis (Fig. 1a). The Hofbauer cells were generally
found in large numbers within the villous stroma, especially in
the IMIV (Fig. 1a). The distribution of Hofbauer cells in the
villous stroma displayed distinctive features. CD31/PECAM1
and CD68 double immunohistochemistry revealed that in all
of the placental samples studied, considerable amounts of the
CD68-immunopositive Hofbauer cells were localized in close
vicinity to CD31/PECAM1-immunopositive ACC and primi-
tive VT (Fig. 1a and inset). Hofbauer cells could neighbor the
ACC and primitive VT with close contact and were also found
in between two vascular structures (Fig. 1b,c). Another interest-
ing finding was that Hofbauer cells could in some cases be
located right between the cells of ACC and seem to be within
the primitive lumen (Fig. 1d).
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Fig. 1. Double immunohistochemistry representing the localizations of CD31/PECAM-1 and CD68 immunopositive cells. a) CD 31 immunopositive ACC and VT
are seen under the cytotrophoblastic layer. Hofbauer cells are dispersed throughout the IMIV stromal channels and majority of these cells were localized nearby the
ACC and VT. b) and c) A close relationship between vascular structures and Hofbauer cells is seen. Hofbauer cells were located adjacently to the ACC and prim-
itive VT and these cells could also be seen in between two angiogenic cell cords. d) These cells could attach and protrude the ACC and even found within the
primitive lumen. H, Hofbauer Cell, ACC, Angiogenic Cell Cord; VT, Vascular Tube; SC, stromal channel; CT, cytotrophoblast; SN, syncytiotrophoblast. Hofbauer
cells and vascular structures are stained as brown (DAB) and red (Fast Red), respectively, in (a) and vice versa in (b—d). Scale bars represent (a) 100 pm, (b, c)

50 um, (d) 25 pm.

3.3. The number of Hofbauer cells is correlated
to the number of vascular structures

The number of Hofbauer cells that were located close to
the ACC and VT were counted in 42 IMIV sections in 3
different samples from each pregnancy week in the CD31/
PECAMI1 and CD68 double stained placenta sections and
Pearson’s correlation test revealed a significant correlation
(P < 0.05, r=0.686) between the Hofbauer cell numbers
and vascular structure numbers (Fig. 2). On the other hand
when Hofbauer cells numbers that were located in close
vicinity to vascular structures compared to the total Hofbauer
cell numbers, we observed that 43.1 4+ 4% (mean 4= SEM) of
Hofbauer cells were located nearby the vascular structures in
placental villi.

4. Discussion

Numerous studies have so far investigated vasculogenesis
and angiogenesis in the human placenta [2—4,14—17]. We

have recently reported that ACC establish the first main vascu-
lar patterns which later form primitive VT that grow towards
the longitudinal axis of the villi [5].

The stroma of the placental villi contains mesenchymal-
origined macrophages, Hofbauer cells. Several diverse func-
tions have been attributed to Hofbauer cells including stromal
fluid balance, the absorption of immune complexes and func-
tioning as antigen presenting cells [7,8]. In a study of Khan
et al. (2000), a placental villous macrophage-conditioned me-
dia (VMCM) and peritoneal macrophage-conditioned media
were compared by means of their in vitro effects on tropho-
blast growth. They have found that VMCM had higher levels
of VEGF and enhanced the growth and differentiation of
human trophoblasts in culture. They have also indicated that
villous macrophages expressed higher VEGF mRNA levels
than that of peritoneal macrophages [13]. Moreover, in a recent
study by Anteby et al. (2005), Hofbauer cells were shown
to express sprouty (spry) proteins, which are important regula-
tors of branching morphogenesis and growth factor signaling.
They concluded that, placental expression of Spry imply an
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Fig. 2. The statistical analysis of Hofbauer cell numbers located nearby the
vascular structures and the vascular structure numbers in the IMIV. As seen,
Hofbauer cell numbers are significantly correlated to vascular structure num-
bers in placental IMIV (P < 0.05, r = 0.686). This figure represents data from
one of the samples belonging to the 4th week of pregnancy. IMIV: immature
intermediate villi.

important role for Hofbauer cells in placental villous branch-
ing [18]. Since there is a relationship between placental villi
branching and vascular network development during villi mat-
uration, in our present study we attribute another important
role to the Hofbauer cells, which is involvement in vasculo-
genesis and angiogenesis of the placenta by interacting with
primitive vascular networks.

According to the results of our present study, which show
that Hofbauer cells; i) contact ACC and primitive VT; ii)
locate in between two ACC or VT, iii) protrude in between
the cells of ACC and primitive VT; and iv) quantitatively
related to vascular structure numbers within the placental villi
core; all suggest a strong evidence for Hofbauer cell participa-
tion in vasculogenesis and angiogenesis.

Regulation of vascularization is a very complex process and
various factors each of which can regulate the process in dif-
ferent ways are involved. Numerous studies have identified the
expressions of VEGF and its receptors in the human placenta
[12,19,20] as well as in the Hofbauer cells [5]. Although the
regulation of vascular development in the placenta is quite
well understood, little is known about the roles of Hofbauer
cells in regulation of placental vascularization.

In our present study, we have observed that the majority of
Hofbauer cells in the villi locate nearby the main vascular
patterns as well as already formed and branching or elongating
vessels. The special locations of VEGF-expressing Hofbauer
cells strongly suggest that they might play critical roles in
vascularization and participate in vascular tube formation
and development. The angiogenic factor and receptor profiles
of Hofbauer cells need further investigation and functional
studies.

Our study is of importance for being the first to show that,
Hofbauer cells within the stroma of placental villi might have
conducting characteristics in the most important process for

the placenta, which is vascularization. Moreover, in vitro stud-
ies on the function of Hofbauer cells in promoting vasculogen-
esis and angiogenesis are required for the better understanding
of the molecular regulation of these processes. Therefore, the
possible functions of Hofbauer cells in angiogenesis and
vasculogenesis should be studied in vitro by using advanced
assays and technologies such as; confocal microscopy, cell
migration assays, angiogenesis assays etc. These studies
would probably exhibit the importance of Hofbauer cells in
the process of placentation.

Functional studies on the roles of Hofbauer cell in placental
vasculogenesis and angiogenesis will help elucidate the mecha-
nisms that control normal placentation, which is important in un-
derstanding the pathophysiology of conditions associated with
the impairment of vascular development during placentation.
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Vasculogenesis and angiogenesis are two consecutive processes during blood vessel
development in the human placenta. While vasculogenesis, which is the formation of
first blood vessels, is achieved by differentiation of pluripotent mesenchymal cells
into haemangiogenic stem cells. The subsequent step, angiogenesis, is characterized
by development of new vessels from already existing vessels. In this review, we aim
to give an overview of vasculogenesis and angiogenesis during the first trimester of
human placental development. Recent studies have shown that at the very early
stages of placental development, cytotrophoblasts trigger vasculogenesis and
angiogenesis, whereas as pregnancy progresses Hofbauer and stromal cells take
over the task of triggering blood vessel development. Important growth factors in
this scenario are the vascular endothelial growth factor (VEGF) family and their
receptors, as well as Tie-1 and Tie-2. This review depicts the molecular and
morphological steps of vasculogenesis and angiogenesis, which can give further
insights into human placental development and maturation disorders.
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Introduction

It is generally accepted that blood vessels develop
via two consecutive processes, vasculogenesis and
angiogenesis. During vasculogenesis, formation of
the earliest primitive capillaries is achieved by in
situ differentiation of haemangiogenic stem cells
that are derived from pluripotent mesenchymal
cells. Haemangiogenic stem cells further differenti-
ate to haemangioblastic stem cells that give rise to
angioblastic cells, the progenitors of endothelial
cells (Hanahan, 1997; Ribatti et al., 2002) and to
haemangioblastic cells, the progenitors of haema-
topoietic cells. Then, during angiogenesis, new
blood vessels derive from already existing vessels
(Hanahan and Folkman, 1996) (Fig. 1).

We have previously shown that a variety of
factors are associated with placental angiogenesis
and vasculogenesis. In this review, we aim to clarify
the disagreements in the data on placental angio-
genesis and vasculogenesis and to focus on describ-
ing an integrated view of placental vasculogenesis
and angiogenesis in the early human placenta.

The terms angiogenesis and vasculogenesis have
been used synonymously and both terms have been
used to characterize the general formation and
development of blood vessels. However, there is still
no agreement on the exact meaning of these two
terms. Although they have been clearly defined
(Cogle and Scott, 2004), their characteristic mean-
ings are not appropriately and uniformly utilized.
Angiogenesis has been used to describe migration of
angioblasts (Charnock-Jones et al., 2004), develop-
ment of endothelial cells from pre-existing blood
vessels (Charnock-Jones et al., 2004) and sprouting
of endothelial cells (Pardanaud et al., 1996). Many
reviews have summarized the description of terms,
mechanisms and cell types regarding blood vessel
development (Bauer et al., 2005; Risau et al., 1988).

In all types of angiogenesis, either under normal
physiological or pathological conditions, endothe-
lial cell activation is the first process to take place,
leading to increased vascular permeability. The
main goal of this process is to supply blood.

Various factors affect angiogenesis and vasculo-
genesis in an autocrine or paracrine manner, as well
as directly or indirectly stimulating proliferation
and differentiation of endothelial precursor cells
(Ferrara, 2004; Hanahan and Folkman, 1996; Mill-
auer et al., 1993).

The family of VEGF-related proteins and
their receptors

The vascular endothelial growth factors (VEGFs)
are the main growth factors involved in vasculogen-
esis and angiogenesis (Ribatti, 2005; Risau et al.,
1998). They have important roles as endothelial cell
mitogens (Dvorak et al., 1995; Ferrara et al., 1996)
and have been shown to be expressed in different
tissues, including the placenta (Vuorela et al., 1997;
Celik-Ozenci et al., 2003, 2004). Other well-studied
factors involved in these processes are acidic and
basic fibroblast growth factor (aFGF, bFGF), epider-
mal growth factor (EGF) (Cooper et al., 1995;
Ferriani et al., 1994; Kingdom et al., 2000) and
another closely related protein, the placenta growth
factor (PIGF) (Maglione et al., 1991).

When it was first described, VEGF was thought to
act as a vascular permeability factor (Senger et al.,
1983). So far, four different VEGF subtypes have
been described, termed from VEGF-A to VEGF-D
(Tammela et al., 2005). The first to be identified,
VEGF-A, is a disulphide bond-linked homodimeric
glycoprotein that plays an important role in vascu-
logenesis, angiogenesis, vascular permeability and
vasodilatation (Cheung, 1997; Khaliq et al., 1996; Ni
et al., 1997; Shore et al., 1997; Torry and Torry,
1997). VEGF is a heparin-binding growth factor
known to act through its surface receptors. The
receptors for VEGF, VEGFR-1 (Flt-1) and VEGFR-2
(Flk-1/KDR), are human type Ill receptor tyrosine
kinases (Cunningham et al., 1999; Vuckovic et al.,
1996). Many studies have shown clearly that both
receptors are involved in capillary formation and
vascular development during embryogenesis (Breier,
2000; Ferrara, 2000; Hiratsuka et al., 2005; Shalaby
et al., 1995, 1997). VEGF and its two receptors,
VEGFR-1 (Hanahan, 1997) and VEGFR-2 (Millauer
et al., 1993; Terman et al., 1992), are expressed in
the endothelium of blood vessels and contribute to
vascular development and regulation of vascular
permeability (Terman et al., 1992).

VEGF and its receptors during placental
vasculogenesis and angiogenesis

Our group has recently investigated the expres-
sion of VEGF and its receptors VEGFR-1 and VEGFR-2
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Figure 1. Schematic representation of placental vasculogenesis and angiogenesis. A molecular and morphological step-
by-step route can be observed from the cellular source to new vessels with proliferation, differentiation and
maturation processes. Depicted on the left are the regulating cells and extracellular matrix components together with
growth factors and receptors involved; on the right, the steps of differentiation can be found. The scheme starts with
the most potent cells and ends with the most differentiated cells. Extracellular signals prompt haemangiogenic
precursor cells to transform and differentiate to become placental vasculogenic and angiogenic stem cells. For details
of the molecular and morphological steps of angiogenesis see Demir et al. (2006), Djonov et al. (2003), Gambino et al.

(2002), Risau et al. (1988), Tertemiz et al. (2005).

and the angiopoietin receptors Tie-1 and Tie-2 in
relation to vascular maturation in the early human
placenta (Demir et al., 2004; Kayisli et al., 2006).
The vasculogenic importance of the angiopoietin
receptors Tie-1 and Tie-2 has also been studied by
others (Maisonpierre et al., 1997; Sato et al., 1995;
Suri et al., 1996), and with regard to the formation
and maturation of blood vessels in different tissues
(Hanahan, 1997; Risau et al., 1998). In the last
decade, placental vasculogenesis and angiogenesis

has been reviewed and discussed in detail with
emphasis on different aspects, such as the molecular
profile changes of endothelial complexes during
normal pregnancy (Kaufmann et al., 2004; Leach
et al., 2002), changes in complicated pregnancies
(Mayhew et al., 2004) and its molecular regulation
(Risau et al., 1988), but little has been written
focusing on the respective growth factors.
According to these studies, VEGF-A, small amounts
of VEGF-B, VEGF-C and VEGF-D and another three
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members of the VEGF family have been detected in
the placenta (Gu et al., 2006; Klagsbrun and
D’Amore, 1996; Vuorela et al., 1997). The receptors
for the VEGF family VEGFR-1/Flt-1, VEGFR-2/KDR/
Flk-1 and VEGFR-3/Flt-4 have been identified in
placental tissues (Cooper et al., 1995; Leach et al.,
2002; Shore et al., 1997). VEGFR-1 is the receptor
for PIGF, VEGF-A, and VEGF-B (de Vries et al.,
1992); while VEGFR-2 is the receptor for VEGF-A,
VEGF-C and VEGF-D (Terman et al., 1992). VEGFR-3 is
the receptor for VEGF-C and VEGF-D, which seem
to play roles in the regulation of angiogenesis
and lymphangiogenesis (Enholm et al., 1998; Joukov
et al., 1996).

In VEGF-knockout mice (Ferrara, 2000; Ferrara
et al., 1996) and in the absence of VEGFR-2, no
differentiation of precursor cells into endothelial
cells occurs during vasculogenesis (Shalaby et al.,
1995). On the other hand, a mutation in the locus of
VEGFR-1 (Fong et al., 1995) does not prevent
generation of endothelial cells, but results in
endothelial disorganization and abnormal vessel
formation during early embryo development.
Knockout experiments in mice have highlighted
the importance of VEGFR-2 for recruitment and
early differentiation of haemangiogenic cells into
fetoplacental capillaries (Shalaby et al., 1995,
1997) and of VEGFR-1 for subsequent arrangement
of early endothelial cells to form endothelial tubes
(Fong et al., 1995, 1999).

The differentiation of mesenchymal stem
cells into endothelial cell progenitors

During very early pregnancy, the mesenchymal
tissue is located centrally within the villous
core, and the villous trophoblast surrounds it by
constructing a bilaminar epithelial layer. Depending
on the maturation stage of the villi, blood vessels
may develop either centrally or peripherally
in the direct vicinity of the cytotrophoblastic layer
(Demir et al., 2004). Haemangiogenic stem cells
within specific regions of the villous core are
induced and selected to become a particular cell
type. In addition to the noticeable morphological
changes, molecular methods have revealed that
precursor cells of vasculogenesis express distinct
proteins just prior to initiation of vascular devel-
opment, termed vasculogenic pre-patterning (Da-
vidson and Zon, 2000). The particular cell types
emerge within mesenchymal villi (MV) directly
following the invasion of the mesenchymal tissue
into the mere trophoblastic primary villi. In MV, the
haemangioblastic stem cells undergo morphogen-
esis, start migration and initiate the process during

which angiogenic cell cords develop and change
their organization (Kaufmann et al., 2004; Risau
et al., 1988).

During placental vasculogenesis and angiogen-
esis, specific pluripotent mesenchymal cells
differentiate into haemangiogenic stem cells -
pluripotent cells that can renew and produce
distinct daughter cells (Thisse and Zon, 2002;
Traver and Zon, 2002). Distinct types of angioblas-
tic and haematopoietic cells derive from the
haemangiogenic stem cells. The stem cells are
regulated by a highly conserved gene program
that involves cell proliferation and differentiation
(Zon, 1995).

The main stem cells of placental vasculogenesis
are pluripotent mesenchymal cells. These are
observed beneath the cytotrophoblastic layer and
form haemangiogenic stem cell clusters called
primitive vascular patterns (Fig. 1). The haeman-
giogenic stem cells maintain a close relationship
with the trophoblastic layer via their cytoplasmic
projections. Both the throphoblastic cells and
haemangiogenic stem cells are strongly immunopo-
sitive for VEGF and its receptors.

The first signs of primitive vascular patterns
formed by haemangiogenic cells are observed in
the stroma of MV and immature intermediate villi
(IMIV) immediately beneath the trophoblastic layer
and parallel to the villous axis beneath the
cytotrophoblastic cell layer. These primitive vas-
cular patterns form differently under different
conditions in order to form new vascular structures.
For example, they may appear as: angiogenic cell
cords with/or without a presumptive lumen,
angiogenic cell cords with/or without an elongated
pole, or angiogenic cell cords with/or without
interconnecting tubes. Ultrastructural studies re-
vealed that these patterns are related to the basal
membrane of the cytotrophoblast cells (Demir
et al., 2004).

This de novo vascular formation (vasculogenesis)
is induced and regulated by various factors (Fig. 1).
We have previously shown that, in the MV at the
very early stages of placentation, the cytotropho-
blastic layer is very strongly immunopositive for
VEGF and its receptors (Demir et al., 2004). With
regard to the segmental maturation of the villi, the
immunolabeling for VEGF and its receptors de-
creases in the cytotrophoblastic layer, and in-
creases in the Hofbauer cells and some fibroblast-
like cells in the IMIV.

In the next stage of villous maturation, while
vasculogenesis continues, angiogenesis begins.
Thereafter, Hofbauer cells that are immunopositive
for angiogenic factors are recruited to take over
the triggering function in IMIV. These observations
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were made by focusing on the triggering function
for villous maturation in parallel to vasculogenesis
and angiogenesis. Therefore, depending on the
villous type, VEGF is strongly produced in villous
cytotrophoblast cells and, in turn, in the Hofbauer
cells and fibroblasts.

During the differentiation process of pluripotent
mesenchymal cells that start to differentiate
into haemangiogenic stem cells, the expression of
some markers, such as CD31 and CD34, are seen at
the peripheral cytoplasmic protrusions of these
cells. For the formation of primitive capillary
tubes, heamangiogenic cells form cord-like accu-
mulations (haemangiogenic cell cords) very close to
the basement membrane of the cytotrophoblastic
layer of MV and establish contacts by their
cytoplasmic processes (see Demir et al. (2004) for
details).

Haematopoietic cell series are derived from
haemangioblastic stem cells with large and densely
stained nuclei that are surrounded by endothelial
progenitor cells. Haemangiogenic cells are positive
for both CD31 and CD34. Further differentiated
haematopoietic cells do not show any immunor-
eactivity for these proteins at all.

The pluripotent extra-embryonic mesenchymal
cells are most likely to be derived from totipotent
embryonic stem cells, while multipotent haeman-
giogenic stem cells are derived from the pluripotent
mesenchymal cell populations. These developmen-
tal and differentiation processes continue with
haemangioblastic and angioblastic cells and angio-
genic cell cords and are followed by transformation
to haematopoietic cell series and presumptive
endothelium with perivascular cell populations. It
has to be kept in mind that due to differentiation
processes, the degree of self-renewal is decreasing
with increasing developmental stage of the cells,
and all of the processes are taking place within the
mesenchymal core of chorionic villi (Fig. 1).

Sequential steps during placental
vasculogenesis and angiogenesis

When trying to visualize the development of
vessels within early placental tissues, one has to
face one major issue. All sections of placental
tissues contain a mixture of villi in different
developmental stages. One may find different
structural compositions within the same villous
section, reflecting different structural segments of
vascular development and villous maturation.
However, this type of villous presentation may also
aid in comparing angiogenic stages within a single
villus. Placental samples from very early stages of

human pregnancy may be used to identify specific
villous types and cells and to analyze angiogenic
stages within these early developmental stages of
the placenta.

An understanding of the importance of the
sequential steps during vasculogenesis and angio-
genesis early in placentation has emerged as a
result of our recent studies (Demir, 2002; Demir
et al., 2004, 2006). During the initial stage of
placentation, the primitive chorionic villous trees
of the human placenta are composed of three
components: the two trophoblastic layers and a
central extra-embryonic mesoderm. Fetal vascular-
ization of the human placenta is the result of local
de novo formation of capillaries out of mesenchy-
mal precursor cells (vasculogenesis) in the placen-
tal villi (Demir et al., 2006), rather than protrusion
of embryonic vessels into the placenta. The
processes of vasculogenesis and angiogenesis are
mostly restricted to the period of villous tree
formation of placental development (Benirschke
and Kaufmann, 2000). There are serial relations
between the villi core and the trophoblastic layers
which lead to the suggestion that they may
influence each other’s functions in a paracrine
manner (Cervar et al., 1999; Demir et al., 1995).

Our previous studies showed that the first signs of
vasculogenesis in the chorionic villi tree is evident
21 days post conception, during the stage of a four
somite embryo (Demir et al., 1989; Kaufmann
et al., 2004). At this stage, in the villi core,
haemangiogenic stem cells derived from mesench-
ymal cells differentiate prior to the formation of
first vessels (Demir et al., 1989), rather than them
originating from blood monocytes. Moreover, the
early appearance of macrophages (Hofbauer cells)
in the villous core, which have been suggested to
regulate distinct trophoblast functions (Cervar
et al., 1999) and to express angiogenic growth
factors (VEGF) (Demir et al., 2004), suggests a
paracrine role for these cells during the first stages
of vasculogenesis (Demir and Erbengi, 1984, 1987;
Demir et al., 1997, 2004).

As depicted in Fig. 1, there are three stages in
placental vasculogenesis and angiogenesis during
villi maturation:

Step-1, vasculogenesis: started by haemangio-
genic stem cells induced to differentiate in a
paracrine manner by cytotrophoblast cells via
VEGF.

Step-2, angiogenesis I: pre-vascular networks
occur in a stepwise manner during angiogenesis,
induced by growth factors derived from cytotro-
phoblast and Hofbauer cells.

Step-3, angiogenesis Il differentiation of perivas-
cular cells, including precursors of smooth muscle
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cell (myofibroblast-like cells), to form contractile
vessels. This process is regulated by induction of
growth factors and cytokines derived from the local
villous environment as well as the already estab-
lished fetal circulation.

The main stem cell type are haemangiogenic
stem cells. These show differentiation in two
directions to form diverse branches of newly
differentiating cells (haematopoietic and angio-
blastic cells) for angiogenesis and vasculogenesis in
series. This will later on give rise to vascular
components (Davidson and Zon, 2000). We have
recently reported that haematopoietic and angio-
blastic cells series can be observed around
days 20 post conception during normal human
pregnancy. VEGF and its receptors, especially
VEGFR-2, are expressed (Demir et al., 2004), most
likely by haemangiogenic cells (Choi et al., 1998;
Yamashita et al., 2000), during this gestational
period. Moreover, gene-targeting mutations of
VEGFR-2 in mice reveal that this receptor is
required for the migration of haemangiogenic cells
to embryonic sites, but not for haematopoiesis
itself (Hidaka et al., 1999; Schuh et al., 1999;
Shalaby et al., 1997).

According to our results, during the development
of placental villi, primitive vasculogenesis is guided
by VEGF and its receptors. In the beginning, VEGF is
mainly expressed by the cytotrophoblastic layer
of villi and differentiating angiogenic cell precur-
sors, respectively (Demir et al., 2004). This
suggests a trophoblast-dependent paracrine induc-
tion of vasculogenesis and angiogenesis. Due to
this process, primitive vascular patterns and
angiogenic cell precursors appear as recognizable
units, such as cell-cell contacts and angiogenic
cell cords. This is followed by differentiation
and proliferation processes that lead to the forma-
tion of the primitive vascular patterns (Demir
et al., 1997). It has been suggested that all the
proliferation and differentiation is controlled
by combined mechanisms of the microenvironment
regulating lineage-specific gene transcription
which promotes the survival of certain cell types
(Thisse and Zon, 2002; Traver and Zon, 2002).
During the development of the vascular patterns,
the organization and function of most villi
are continuously refined. We know that vascular
tube formation in successive stages, thus executing
a distinct gene program at each developmental
stage (Umeda et al., 1983), is essential for the
establishment of vascular network in placental
villi tree.

During this de novo vessel formation, there is the
need for a first trigger to induce differentiation of
the primary source cells, pluripotent mesenchymal

cells. Since placental vasculogenesis occurs in
the absence of already formed endothelium,
pre-existing mature endothelial cells and also
circulating endothelial precursor cells (Eichmann
et al., 2002) are not required for placental
vasculogenesis.

Conclusion

By combining our studies with the literature, we
have described the developmental stages of pla-
cental vasculogenesis and angiogenesis during very
early placental development. The haemangiogenic
stem cells with further daughter cell populations
can be seen as touchstones of angiogenic cell
differentiation.
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for the semi-quantitative analysis of distribution of cells in the stroma of SV. Vimentin-
labeled cells were mostly distributed in the subtrophoblastic area. Desmin-vimentin
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degree in the perivascular area and vessel walls (p = <0.001). However, desmin-«
smooth actin labeling was observed predominantly in the vessel wall and perivascular
area. Vimentin-a smooth actin immunoreactivity was significantly stronger in the
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Ultrastructurally, cells in the stroma of SV were mesenchyme cells, reticulum cells,
fibroblasts, myofibroblasts, smooth muscle cells, and Hofbauer cells, filamented and
vacuolated cells. The differentiation of myofibroblasts in the triangular and
perivascular areas may play a role in maturation of SV and villous contractility,
modulation of the intervillous space and this may have effects on maternofetal
placental circulation.
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Introduction

Histological investigations of human term placen-
tal tissues distinguish five different villous segments
(Benirschke, 2000; Castellucci et al., 1990; Kauf-
mann, 1982; Kaufmann and Burton, 1994; Kaufmann
et al., 1979) according to fetal vessel types and the
stromal architecture. The first attempts to analyze
their developmental interactions (Castellucci et al.,
1990; Kaufmann, 1982) and branching patterns
(Kosanke et al., 1993) led to the concept that
during the first trimester the mesenchymal villi (MV)
are the forerunners of the immature villi, which
then transform into immature intermediate villi
(IMIV) and stem villi (SV). During the second half of
pregnancy, this developmental pattern changes; MV
thereafter transform into mature intermediate villi
(MIV), which at the beginning of the third trimester
start producing terminal villi (TV) at their surfaces.
These TV represent the most important exchange
region for nutritive substances and oxygen until the
end of pregnancy.

Some fibroblast-like cells of different tissues
have been reported to show ultrastructural fea-
tures of both fibroblasts and smooth muscle (SM)
cells (Gabbiani et al., 1971, 1972; Komuro, 1990;
Majno et al., 1971). These cells were called
“myofibroblasts” and provide contractile power
for wound contraction (Hinz et al., 2001b; Serini
and Gabbiani, 1999; Tomasek et al., 2002). Myofi-
broblasts were found to have some ultrastructural
features common to SM cells; however, in other
respects they are dissimilar to muscle cells
(Kapanci et al., 1974; Kaye et al., 1971; Scully, 1981).

Myofibroblasts can, according to the experimen-
tal or clinical situation, express other SM cell
contractile proteins, such as SM-myosin heavy
chains or desmin; however, the presence of alpha-
smooth muscle actin («-SMA) represents the most
reliable marker of the myofibroblastic phenotype
(Tomasek et al., 2002). It has been shown that o-
SMA expression in stress fibers is essential for the
acquisition of high contractile activity by myofi-
broblasts, in the absence of the neo-expression of
any other SM cell-specific contractile protein, e.g.,
SM-myosin (Hinz et al., 2001a). The temporal or
permanent expression of «-SMA in fibroblastic cells
is generally related to the development of struc-
tural features typical of myofibroblasts.

Important advances have been made recently in
understanding several aspects of myofibroblast
biology. Earlier immunohistochemical studies
strongly suggested the presence of myofibroblast
cells in the villous stroma of human placental SV
(Beham et al., 1988; Demir et al., 1992, 1994;
Feller et al., 1985; Kohnen et al., 1995, 1996).

These findings were controversial since Feller et al.
(1985) used the histochemical localization of
dipeptidylpeptidase IV (DPP IV) as a specific marker
for myofibroblast cells, an interpretation which was
questioned by others. However, the co-expression
of desmin, vimentin and «-SMA (Graf et al., 1997;
Kohnen et al., 1995) and the ultrastructure of some
of the stromal cells (Demir et al., 1992, 1994) made
the presence of myofibroblast cells seem very
likely. The myofibroblasts are characterized by
antibody reactions against components in the
intracellular microfilaments such as «-SMA and
members of the intermediary filaments such
as vimentin, desmin and laminin (Fuchs and
Cleveland, 1998; Iwasaki et al., 1987).

According to Kohnen et al. (1996), some myofi-
broblast cells showed immunohistochemical label-
ing patterns that seem to be associated with
specific stromal areas and elements of the vessel
wall of the SV core. At that time we considered the
possibility that there is a stromal barrier between
the peripheral stroma and vessel walls that might
affect SV maturation.

The aim of this current study was to examine the
relationship between maturation of human placen-
tal SV and myofibroblast cells, and to investigate
the stromal architecture with regard to the cellular
diversity and distribution of placental SV.

Materials and methods

Tissue collection and storage

Samples from human placentas were obtained
after legal delivery of pregnancies. In all cases,
written consent from patients and approval of the
local ethical committee was obtained. Tissues were
supplied by the Department of Obstetrics and
Gynecology, Medical Faculty, Akdeniz University,
Antalya, Turkey.

A total of 14 normal human placental tissue
samples were studied. The specimens were from
3rd trimester of pregnancy with full-term delivery:
post-conception (p.c.) weeks 36-38 (six samples 36
weeks p.c.; and eight samples 38 weeks p.c.).
Tissues were classified as described previously
(Demir et al., 1989) by assessing the embryonic
developmental stages according to the Carnegie
classification (O’Rabhilly, 1973).

Immunohistochemistry

Human placental samples were fixed immedi-
ately in formalin fixative at room temperature for
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6 h. Samples were then processed for embedding in
paraffin wax using standard methods. 5-pum thick
sections were cut by microtome and collected onto
poly-L-lysine-coated slides (Sigma, St. Louis, MO).

Sections were labeled for binding of antibodies
against cytokeratin 7, proliferating cell nuclear
antigen (PCNA), vimentin, desmin and «-SMA, as
follows. Serial sections were dewaxed, rehydrated,
and placed in citrate buffer. To unmask antigens, an
antigen-retrieval procedure was performed by
heating the samples twice in a microwave oven at
750 W for 5min each time. After cooling for 20 min
at room temperature, the sections were washed in
phosphate buffered saline (PBS) and then soaked in
3% H,0, for 15min to quench endogenous perox-
idase activity. All subsequent dilutions and thor-
ough washes between stages were performed using
PBS unless otherwise stated. After blocking with
Ultra V blocking reagent (Lab Vision, Fremont, CA)
for 10 min at room temperature to reduce non-
specific binding, sections were incubated with
1:100 dilution of mouse monoclonal cytokeratin 7
(NeoMarkers, Fremont, CA), 1:3000 dilution of
mouse monoclonal PCNA (Sigma), 1:100 dilution of
mouse monoclonal anti-desmin (Santa Cruz Bio-
technology, Santa Cruz, CA), prediluted mouse
monoclonal anti-vimentin (Dako Corporation, Car-
pinteria, CA), 1:300 dilution of mouse monoclonal
o-SMA (Santa Cruz Biotechnology) antibodies for 1 h
at room temperature. Binding of the primary
antibodies was detected using LSAB 2 streptavi-
din-biotin horseradish peroxidase kit (Dako), em-
ployed according to manufacturer’s instructions,
for 20min. Antibody complexes were then visua-
lized by incubation with diaminobenzidine (DAB)
chromogen (Lab Vision kit) prepared using 1-2
drops (40-100 pul) of DAB chromogen with each 1 ml
of DAB substrate. Sections were counterstained
with Mayer’s hematoxylin (Dako) for 10s, dehy-
drated, mounted glycerol-gelatin, and examined
using an Axioplan microscope (Zeiss, Oberkochen,
Germany).

In order to visualize the presence of desmin and
vimentin, or «-SMA and desmin, or «-SMA and
vimentin, double labeling was performed with
antisera in the same dilutions as in single labeling
experiments. For double labeling with desmin/
vimentin, «-SMA/desmin and «-SMA/vimentin, first
desmin and «-SMA reactions were developed using
DAB chromogen as described above. The sections
were then re-incubated with primary antibody
against vimentin and desmin, overnight at 4°C.
Then, the sections were incubated with a ready-to-
use biotinylated secondary antibody (Dako) for
20min followed by a ready-to-use streptavidin-
alkaline phosphatase complex (Dako) for 20 min.

Slides were developed in Fast Red chromogen
(tablets from Lab Vision), prepared according to
manufacturer’s instructions in naphthol phos-
phate substrate, for 5min (1 tablet for 5ml of
naphthol phosphate substrate) and mounted with
glycerol-gelatin.

Negative controls were performed by replacing
the primary antibodies with mouse 1gG1 (Dako,
Denmark) or mouse 1gG2 (for PCNA; Dako,
Denmark) at the same dilutions used for primary
antibodies.

Semi-quantitative analysis of
immunolabeling intensities

The intensity of immunolabeling reaction was
evaluated semi-quantitatively as follows. Cells
were scored according to the following categories:
0 (no labeling), + (weak but detectable), ++
(moderate or distinct), +++ (intense). In order to
demonstrate the double labeling distributions, for
each slide, an HSCORE value was calculated by
summing the percentages of cells grouped in one
intensity category and multiplying this number with
the weighted intensity of the labeling, using the
formula [HSCORE = P;(i+1)], where i represents the
intensity scores and P; is the corresponding percen-
tage of the cells. For each placental sample, five
parallel tissue sections were randomly selected and
five randomly selected SV were evaluated for each
tissue section microscopically using 400 x original
maghnification. The percentage of cells for each
intensity within these areas was determined by two
investigators in “blind” (coded) studies, and the
average score was used. The H-SCORE values were
graphed.

Electron microscopy

Fourteen clinically normal human placentas were
studied. After normal vaginal delivery, chorionic
vessels for one cotyledon were clamped. These
vessels were cannulated near to the clamp, and the
cotyledon was perfused with 0.1M cacodylate
buffer followed by perfusion fixation with buffered
2.5% glutaraldehyde, pH 7.4. Small bundles of villi
not exceeding 2 x 1 x 1 mm?® derived from different
parts of the chorionic sac of placenta were also
removed from all specimens and fixed with 2.5%
buffered glutaraldehyde for 2 h. All specimens were
placed in 1% phosphate-buffered osmium tetroxide
for 1h, dehydrated through a graded series of
ethanol and embedded in Araldite CY 212. The 1-
pum thick semi-thin and ultrathin sections were cut
using a Nova ultramicrotome. Semi-thin sections
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were stained with alkaline toluidine blue-pyronine
solution for light microscopical observations. Ultra-
thin sections were collected on coated grids and
contrast stained with uranyl acetate and lead citrate
prior to examination with a transmission electron
microscope (Philips 300, Zeiss EM 10 and Leo 910).

Results
Stem villi classification

Human placental SV were classified into three
groups according to their diameters: large SV (type
[, 0> 250um), medium SV (type Il, 06>150um to
250 um) and small SV (type Ill, 0 < 150 pm) according
to our previous study (Demir et al., 1997).

The representative distributions of cell types in
the placental SV are indicated in Fig. 1.

Immunohistochemical findings

Immunohistochemistry results using antibodies to
cytokeratin 7, PCNA, desmin, vimentin and «-SMA
showed different localization in their distribution
patterns. The immunolabeling for cytokeratin 7 was
performed in order to localize the trophoblastic
layer of human placental SV (Fig. 2a). The
proliferation marker PCNA was mainly localized in
the cells of the intima layer (Tunica intima) of
vessel walls (Fig. 2b). The semi-quantitative ana-
lysis of immunolabeling for desmin, vimentin and a-
SMA are shown in Table 1 in different regions of SV.
The distribution of desmin-positive cells was largely
localized in the outer part of the media layer
(Tunica media) of vessel walls, but not in the inner
part. Desmin immunopositive cells were mainly
observed in the so-called “triangular area’, which
is surrounded and bordered by vessel walls com-
pared to perivascular area and sub-trophoblastic
region in the villous stroma (Fig. 2c).

In contrast to desmin, the intima layer of vessel
walls showed a dense vimentin labeling. Vimentin is
a marker of mesenchymal cells. Even though there
was a high labeling intensity in the triangular area,
relatively less labeling was observed in the sub-
trophoblastic region and perivascular areas (Fig. 2d).

The presence of «-SMA as the most reliable
marker of myofibroblastic cells was mainly loca-
lized in the media layer of vessel walls and in
perivascular areas (Fig. 2e). The triangular area
and sub-trophoblastic regions were comparatively
less immunopositive for «-SMA. However, a weak
immuno-reaction was detectable in the intima
layer of the vessel wall.

Figure 1. Distribution and localization of stromal cell
populations in human placental stem villi. Regional
indications with different symbols are as follows: Il

fibroblasts, multiple branched and few branched;
(= = = =) typical contractile muscle cells, myoblast
or myocyte; (xxxx) mesenchymal and glycogen rich cells;
(++++) (in circles) Hofbauer cell in compressed stromal
channel; (####) reticulum cell; > > > > vacuolated and
tonofilament-rich cells related to fibrinoid degeneration;
(****) myofibroblasts. A = artery, V = vein; TR = tropho-
blast; F = fibrinoid; PV = peripheral vessels.

The vessel walls and the stroma of the SV were
separately examined by HSCORE analysis for double
labeling and results are illustrated in Fig. 3. The
desmin-vimentin double immunolabeling (Fig. 4a)
was mainly localized in the triangular area and to a
lesser degree in the perivascular area and vessel
wall. There was a significant difference in their
distribution patterns (p = <0.001). Desmin-o-SMA
labeling (Fig. 4b) was observed predominantly in
the vessel wall and perivascular areas (not statis-
tically significant, p =0.063). Vimentin-a-SMA
immunoreactivity (Fig. 4c) was significantly stron-
ger in the triangular and perivascular areas com-
pared to the reactivity found in the vessel wall
(p = 0.003).

Ultrastructural findings

Eight cell types were identified ultrastructurally
in SV stroma: fibroblasts, myofibroblasts, and
reticulum cells, Hofbauer cells in compressed
channels, mesenchymal cells, filamented cells,
vacuolated cells and SM cells. The distribution



472

L. Sati et al.

cytokeratin7

D &

c Pt e W WG

alpha-SMA :
S

e R

control

f

Figure 2. The different immunohistochemical labeling patterns in human placental stem villi of: (a) cytokeratin 7 (b)
PCNA (c) desmin, (d) vimentin, (e) «-SMA and (f) control slides showed no labeling. Scale bar = 50 um.

Table 1. The semi-quantitative distributions of des-
min, vimentin and «-SMA in villous stroma of stem villi

Vessel wall Stroma

IL ML PVA TAA STR
Desmin 0 ++ ++ +4+ ++
Vimentin ++ + + i+ ++
a-smooth actin + . . e+ +

IL = intima layer, ML = media layer, PVA = perivascular area,
TAA = triangular area, STR = sub-trophoblastic region. The
degree of immunoreactivity was evaluated as: 0 = absent; (+)
weak; (++) moderate; (+++) strong.

and localization of these different cells types in the
stroma of SV are demonstrated in Fig. 5.
The structural order of large vessel wall

Apart from small peripheral vessels, generally,
2-3 large vessels were situated in the stroma of SV.

They consisted of an intima layer including en-
dothelium and sub-endothelium, and a media with
several layers of SM cells (Figs. 5b and c). The
intima was composed of endothelium, myofibro-
blast-like cells and some SM cells and extracellular
matrix (ECM) showing a regular, thin, parallel line
configuration. The lumen was lined by a continuous
sheet of endothelial cells that appeared to have an
intense metabolism. Many pinocytotic vesicles of
different size were observed (Fig. 5b).

In some arteries, endothelial cells bulged into
the lumen. Others with signs of hyperactivity were
very irregularly shaped and formed digitations
attached to adjacent cells by numerous junction
complexes (Fig. 5b). Some endothelial cells of
arteries had zones that were free of organelles, but
filled with many pinocytotic vesicles. Mainly amor-
phous ECM was present in this region, SM cells with
rich glycogen particle accumulation and myofibro-
blast-like cells were situated among this matrix,
which contained very few collagen fibers, and these
were differently orientated (Figs. 5b and c).
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Figure 3. The immunohistochemical distribution of desmin-vimentin, desmin-o-SMA and vimentin-a-SMA double
labeling by means of HSCORE. Desmin-vimentin double labeling was mainly localized in the triangular area (TAA). Both
desmin-o-SMA positive cells were predominantly found in the vessel wall (VW) and perivascular area (PVA). Vimentin-o-
SMA double-labeled cells were observed strongly in the TAA and PVA.

Figure 4. The immunohistochemical distribution of: (a) desmin-vimentin (b) desmin-o-SMA and (c) vimentin-o-SMA
double immunolabeling. (d) Control slides showed no labeling. Arrows show the double-labeled cells in different areas

of stem villi. Scale bar = 50 um.

The media layer of the arteries consisted of the
same cellular and fibrillar elements as that of veins,
but was much thicker. It was found to have three
cell types: fibroblasts, myofibroblasts and contrac-
tile SM cells. In the media layer muscle cells, the
peripherally localized myofibroblast-like cells dif-
ferentiated to centrally localized normal SM cells.
Ultrastructurally, the SM cells of the media of SV
vessels showed the typical features of SM cells,
including abundant cytoplasmic filaments with
dense bodies occupying almost all the cytoplasm,
and few perinuclear organelles (Figs. 5c and d). The

cytoplasmic filaments in some portions of the
cytoplasm had fairly well developed surface vesi-
cles that were enveloped by material similar to
that of the external lamina surrounding the cells
(Figs. 5¢c and d). Cell forms transitional between
myofibroblast and SM cells were observed in the
media (Fig. 5e). Disintegration of fibers and
amorphous components were found at the cell
periphery.

The ECM was dominant in the media layer and
increased in quantity with increasing diameter of
the SV. In some sections, the ECM seemed to form
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concentric circles surrounding the vessels. The
above-mentioned cell populations and matrices,
typical SM cells - fibroblasts, myofibroblasts and
dense ECM — were dominant in vessel walls of type |
(large) SV. In type Il (medium) and type Il (small) SV
vessel walls, dense ECM, muscle cells and fibro-
blasts were abundant in the intima or the media.
The largest segments of vessel in SV near the
chorionic plate had a very dense fibrous wall
consisting of very few cells and bundles of large
fibers elongated in different directions to the axis
of the villi. At the level of branching stem villous
segments, cellular elements were very rare in the
septum separating three neighboring vessels.

Extravascular stromal cell population

We were able to identify all the cell types
indicated earlier in the extravascular stroma.
These stromal cells were related to each other,

and all showed varying degrees of maturation and
polymorphism. Typical myofibroblast cells with

ML

PVA

STR

characteristics of both fibroblast and SM cells were
observed in the extravascular stroma. These cells
had invaginated nuclei, well-developed rough en-
doplasm reticulum (rER) cisternae, mitochondria
and moderately developed other cytoplasmic orga-
nelles, dense bodies among the filaments dispersed
in the cytoplasm and fragments of external lamina
(Fig. 5f). Microfilaments were sparse and only
present at some points within the cytoplasm.
Surface vesicles, identified as invaginations of some
portion of the cell membrane, were rarely present.
The normal myofibroblast cells were seen to
contain relatively abundant cytoplasmic filaments
with distinct dense bodies and plaques along the
cell membrane, and rER cisternae (Fig. 5f).
Varieties of fibroblasts and myofibroblasts were
the dominant cell types in the stroma of type Il
(medium) and type Il (small) SV. In all three types

Figure 5. (a) Transmission electron micrograph across
the wall of a vessel and stromal elements in stem villi
core from lumen (L) to periphery. Note the very thin
endothelium (E) lining the lumen. A thick media layer
(ML) containing circularly oriented smooth muscle cells,
perivascular area (PVA) with abundant collagen fibrils and
subtrophoblastic regions (STR) were also seen. Scale
bar = 1.70um. The relative cell distribution for each
topographic region was presented as follows: (b, c)
Ultrastructure of intima and media layers of vessel walls
of stem villi are seen. The vascular intima composed of
endothelium (E), subendothelium (SE) containing myofi-
broblast; smooth muscle cells (SMC) beneath the en-
dothelium are seen. Pinocytotic activity (arrows) is
appearing in endothelial cells with cytoplasmic projec-
tions into vascular lumen (L) and with cellular connection
complexes (digitation like; arrow heads) between two
cells were seen. Scale bars = 0.90 um. (d) Ultrastructu-
rally, a typical smooth muscle cell, including abundant
cytoplasmic filaments with dense bodies (arrows) occu-
pying almost all cytoplasm, surface vesicles (double
arrows) and few perinuclear organelles. Scale
bar = 3.30um. (e) A typical transitional cell between
myofibroblast and smooth muscle cell with irregular
nucleus is seen. There are a few dense bodies and surface
vesicles that are present and external lamina is obvious.
Scale bar=2pum. (f) The typical myofibroblast cell
showing transitional features between fibroblast and
smooth muscle cells is seen. The half of the cell
cytoplasm included well-developed rER cisternae, the
rest had myofilament bundles and dense bodies (arrows)
and a fragmented external lamina was found. M:
Mitochondria. Scale bar = 0.70 um. (g) This micrograph
shows a different cell type which is tonofilament-rich and
connected to others by true desmosome complexes
(arrows) at the periphery of stem villi. These cells
surrounded by fibrinoid showed some characteristics of
trophoblastic cells. Scale bar = 1.40 um. N: nucleus; GL:
glycogen particle accumulations.
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of SV, Hofbauer cells were regularly found in
compressed stromal channels (Fig. 6).

A different cell type containing local cytoplasmic
tonofilament bundles, but sparse numbers of
cytoplasmic organelles, was observed at the per-
iphery of the SV. These cells formed cell groups
with several true desmosome complexes between
their cytoplasmic processes (Fig. 5g). These cells
were surrounded by different types of fibrinoid.
Also, some vacuolated or non-vacuolated cell types
were seen. These featured very well developed rER
cisternae, glycogen accumulations, large lipid
droplets, tonofilaments bundles and cytoplasmic
projections on the surface associated with the
fibrinoid degeneration. They were observed in the
peripheral regions (Fig. 7).

There were some other cell forms in the different
parts of SV stroma having features as follows. Some
of these stromal cells were spindle-shaped, resem-
bling fibroblasts. Rare cell-to-cell contacts existed
as junction complexes of macula adherens-type and
desmosome-like texture. Cytoplasmic processes
extended into the interstitial space, which was
filled with loose ECM. Cells like these were more
numerous in triangular stromal areas formed by two
or more vessels and less numerous at the villous
circumference.

Discussion

The ultrastructural composition of cores of SV
was very heterogeneous. As described previously
(Benirschke, 2000; Kaufmann et al., 1977; Kaufmann
et al., 1979), placental SV connective tissue is
composed of fibroblasts, reticulum cells, myofibro-
blasts, SM cells, pericytes, Hofbauer cells and
plasma cells, as well as a variable number of
undifferentiated mesenchymal cells.

Figure 6. A Hofbauer cell in compressed stromal
channels (SC) with very dense granules, micro- and
macro-pinocytotic vesicles is seen. These cells are rarely
found at the periphery stroma of stem villi. N: nucleus.
Scale bar = 2 um.

Figure 7. The cell type with many cytoplasmic exten-
sions on the cell surface, which is related to fibrinoid
areas, reflecting large lipid droplets (LD), glycogen
accumulations (GL), well-developed rER cisternae, abun-
dant microfilament bundles. Interestingly, this cell type
shows a large caveola type of opening on the cell surface
(double arrows). N: nucleus. Scale bar =2 um.

Fibroblastic stromal cells, which constitute the
predominant cell type in mesenchymal tissues, are
responsible for the production of most connective
components (Serini and Gabbiani, 1999; Tomasek
et al., 2002). According to previous studies (Kohnen
et al., 1995, 1996), stromal villi maturation takes
place due to immunobiological differentiation of
some cell series, including mesenchymal cells,
fibroblasts, myofibroblasts and muscle cells in villi
cores. The main differentiation cell type, myofi-
broblast, is accepted. Myofibroblastic cells seem to
be rare and are considered to be accompanying
cells (Gabbiani, 1981; Lipper et al., 1980; Majno
et al., 1971). In our placental samples, myofibro-
blast cells were most frequently observed in the
extravascular stroma of placental SV, and were
associated with the media layers of vessels.

According to the results of the study reported
here, myofibroblast cells were localized abundantly
in triangular areas formed by two or more large
vessels, and in peripheral middle stroma of SV and
also in the media layer of vessels. The remarkable
demonstration of myofibroblast cells only in the
specific areas of SV reported here has not pre-
viously been clearly demonstrated in human pla-
cental villi. Nevertheless, Feller et al. (1985)
suggested that these cells appeared in all of the
placental villi cores during different periods of
pregnancy.

Ultrastructure of the transitional cell forms
between fibroblast and SM cell components revealed
well-formed myofibroblasts with dilated cisternae of
rER, irregular shaped nuclei and bundles of myofila-
ments with dense bodies. Myofibroblast cells showed
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typical criteria as mentioned by Gabbiani et al.
(1971); developing features of cytoplasmic orga-
nelles were observed. In some myofibroblast cells,
about half of the cell cytoplasm included well-
developed rER cisternae; the rest had myofilament
bundles and dense bodies. Around the cell mem-
brane, the presence of basal lamina fragments was
observed. These criteria of myofibroblast cells were
identified in stroma of all types of SV. According to
the results of this study, the numbers of myofibro-
blast cells increased in triangular areas interposed
between two or more large vessels and peripheral
regions of stroma.

Scanning electron microscopy (SEM) demon-
strated the stellate form of myofibroblast-like cells
in this region and their tendency to establish three-
dimensional networks (Castellucci and Kaufmann,
1982a, b; Demir et al., 1994). It would appear that
myofibroblast cells can play an important role in
regulation and maintenance of normal fetal blood
flow in human placental villi as well as in the
regulation of intervillous maternal blood flow
(Demir et al., 1992; Kohnen et al., 1996). Recently,
Bosco et al. (2005) suggested that in severe pre-
eclampsia, the decreased placental blood flow may
be due to structural and functional impairment of
the endothelium of the vessels of SV and the
surrounding perivascular and stromal myofibro-
blasts, by increasing thrombomodulin expression,
which may modulate fetal blood flow in the villous
tree. We observed a different cell type surrounded
by different types of fibrinoid with abundant
tonofilament bundles and several true desmosome
complexes between their cytoplasmic processes.
These cells might be associated with fibrinoid
degeneration in peripheral regions of SV suggesting
a structural correlate to changing pressure condi-
tions in SV.

Depending on the vessel damage in the placental
vascular bed, the generation of the endothelial
cells will be impaired by means of special cells
which are probably derived from myofibroblast
cells and not only undergo morphological changes,
but also move to intimal layers of vessels to form a
pseudo-endothelial lining. Our results have demon-
strated that most of the PCNA positive cells were
localized in the intima layer of vessel walls,
indicating that these cells might possibly have a
hidden potential to differentiate into endothelial
or subendothelial cells and these cells might be
important in the processes of repair and replace-
ment of cells following endothelial injury.

Myofibroblast differentiation is a complex pro-
cess, regulated by several factors (including trans-
forming growth factor 31), an ECM component (the
EDA splice variant of cellular fibronectin) (Muro

et al., 2003), as well as the presence of mechanical
tension (Desmouliere et al., 1993). These findings
suggest that myofibroblast cells originate from
mesenchymal stem cells undergoing myofibroblas-
tic differentiation. These findings are compatible
with those of the special myofibroblastic pheno-
types (Kohnen et al., 1996) that might employ
specific functions, such as contractile properties,
that play a regulatory role in the feto-placental
blood flow. According to our results, transitional
cells between fibroblasts and myofibroblast cells
possibly indicate that myofibroblast cells may be
transformed into SM cells in vessel walls. The
modulation and regulation ECM (Demir-Weusten
et al., 2007) and the growth into different stromal
cell types may provide the effect for villi maturation.

After the description of myofibroblasts which
were intermediate between the SM cells and
fibroblasts in granulation tissue by Gabbiani et al.
(1971), there has been increasing interest in the
determination the origin and fate of these cells in
the placenta (Demir et al., 1992; Skalli et al., 1986,
1987). SM cells, which seem to deviate from other
stromal elements in different sources, may play
roles in pathological processes (Fujii et al., 1981).

Some investigations (Konishi et al., 1984; Scully,
1981) suggested a possible origin for the muscle
elements in multipotential mesenchymal cells that
can show a differentiation towards the fixed
connective tissue cells and angiogenic cells in
human placental villi core (Demir and Erbengi,
1984a, b; Demir et al., 1989, 2006, 2007; Kaufmann
et al., 1977, 1979). Konishi et al. (1984) suggested
that during the development of the human fetal
uterus, immature SM cells resembling myofibro-
blasts originate from undifferentiated mesenchy-
mal cells which surround the paramesonephric
ducts. However, the participation of SM cells and
myofibroblast cells in the normal human placental
SV was not clearly defined.

Recently, Lakhe-Reddy et al. (2006) demon-
strated that beta 8 cytosolic tail in mesangial cells
organize a signaling complex that culminates in
Rac1 activation to mediate wild-type differentia-
tion, whereas decreased beta 8 activation shifts
mesangial cells toward a RhoA-dependent myofi-
broblast phenotype. They transduced the mesan-
gial cells with inhibitory Rac peptide fused to
human immunodeficiency virus-Tat, resulting in
enhanced «-SMA organization (Lakhe-Reddy et al.,
2006).

According to our findings, transitional cells,
which were myofibroblast cells with features
between those of SM cells and fibroblasts, occur
in the peripheral regions of the media layer in large
vessels of placental SV. There was agreement
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between the immunohistochemical findings re-
ported by Kohnen et al. (1995, 1996) and our own
ultrastructural results (Demir et al. 1992, 1994).
Ultrastructural findings in the study reported here
show that there are cells with some features of
both SM cells and fibroblasts, which are ultrastruc-
turally very similar to myofibroblasts described in
granulation tissues (Gabbiani et al., 1971, 1972;
Ghahdially, 1982; Sappino et al., 1990). We believe
that the myofibroblast cells at triangular areas of
stroma and near the media layers of vessels of SV
that exhibited these features may have the ability
to differentiate into both SM cells and endothelial
cells, in response to changes in the placental
environment and the hemodynamics of the fetal
circulation.

This immunohistochemical study mapping the
distribution of cytoskeletal proteins demonstrated
that the stromal cells of the human placental villous
tree demonstrate a maturation and differentiation
from the mesenchymal precursor via the reticular cell
towards a fibroblast and myofibroblast or SM cell. The
centrally positioned cells of the SV have a higher
maturation than the cells of the periphery in the villi
and they start differentiation from the periphery to
the central region (Kohnen et al., 1996).

Proliferation studies regarding SM cells in vitro
(Kocher et al., 1991; Wu et al., 2003) and in vivo
(Clowes et al., 1988; Owens and Thompson, 1986)
revealed a dramatic decrease in o-SMA synthesis
preceeding the onset of proliferation (Owens
and Thompson, 1986) and a switch towards a
f-cytoplasmic actin predominance (Barja et al.,
1986; Clowes et al., 1988; Kocher et al., 1984, 1991).

Investigations on cultured fibroblasts demon-
strate the loss of «-SMA as a transformation
sensitive marker (Leavitt et al., 1985). This result
can be interpreted in two different ways: first it
shows that cultured fibroblasts can exhibit SM
differentiation markers, as already known from
several studies (Mattey et al., 1997; Narine et al.,
2006; Saeed et al., 2004), secondly the loss of
a-SMA in cultured fibroblasts coincides with transfor-
mation and degeneration of the cells. Our previous
results indicated a higher cyto-differentiation of cells
co-expressing vimentin, desmin and «-SMA during the
SV core maturation (Kohnen et al. 1996).

To conclude, the main findings of this study are:

(a) The development of placental villous trees
takes place by means of cellular differentiation
from stem cell to varieties of villi core cells,
which show a distribution according to func-
tional aspects.

(b) During SV maturation, the main cellular differ-
entiation process takes place between fibro-

blastic cells and SM cells by means of the
co-expression of cytoskeletal proteins.

(c) Some stromal areas of SV provide a source for
stromal development and differentiation by
means of various cellular populations, and
under severe hemodynamic stresses, myofibro-
blast cells undergo morphological and biomole-
cular changes to form, probably, new cell
varieties in vascular walls.
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Angiopoietins are integral to vasculogenesis and angiogenesis, which play crucial roles in the growth and
development of the placenta. The current study assessed expression of angiopoietins (Ang-1 and Ang-2)
and their receptors (Tie-1 and Tie-2) during development of the early human placenta. First-trimester

Keywords: placental tissues were obtained from women undergoing curettage during normal pregnancies. The use
Human placenta of immunohistochemistry (IHC) showed that Ang-1 was primarily localized to syncytiotrophoblasts
Vasculogenesis

where it displayed moderate immunoreactivity, whereas weak immunoreactivity for Ang-1 was
Angiopoietin-1 observed in endothelialh cells a‘nd angiogenic cell cords.(ACC). Str‘ong immupqreactivity fo.r Ang-.2
Angiopoietin-2 was also found predommanFly in syncytlpt_rophoblasts with lower 1mm}mostam1ng_ levels evident in
Tie-1 cytotrophoblasts. Moderate immunoreactivity for Ang-2 was observed in endothelial cells, ACC and
Tie-2 Hofbauer cells. By contrast, the trophoblastic shell, as well as endothelial cells and ACC exhibited strong
staining intensity for Tie-1 with the strongest immunoreactivity for Tie-2 observed in cytotrophoblasts,
ACC and endothelial cells. Western blotting of tissue extracts confirmed the IHC results. Previous studies
focused on VEGF and its receptors in controlling vasculogenesis and angiogenesis in human placenta.
However, the specific localization patterns of angiopoietins and their receptors revealed by the current
study emphasize the importance of these molecules in placental vascular development. Functional
studies aimed at identifying the molecular mechanisms of actions of these factors and receptors may
prove essential in elucidating the pathophysiology of placental disorders such as intrauterine growth
restriction and pre-eclampsia.

Angiogenesis

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The development of a functional placental vascular network
requires establishment of new blood vessels by two cooperative
and tightly regulated processes, i.e. vasculogenesis and angiogen-
esis. Vasculogenesis describes the de novo development of the
primitive vascular network from endothelial progenitor cells -
angioblasts. During angiogenesis the primitive vascular network
formed by vasculogenesis is used as a template to develop new
vessels from already existing vessels [1]. Vasculogenesis occurs
primarily during fetal development and placentation, whereas
angiogenesis occurs in adult tissues during wound healing,
formation of the corpus luteum and endometrial growth [2].

Vasculogenesis and angiogenesis are regulated by the equilib-
rium among locally acting stimulatory and inhibitory factors [3-5].
A broad spectrum of angiogenic factors identified in the placenta
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E-mail address: rdemir@akdeniz.edu.tr (R. Demir).

0143-4004/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
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includes basic fibroblast growth factor (bFGF) [6], hepatocyte
growth factor (HGF) [7], placental growth factor (PIGF) [8,9], tumor
necrosis factor-alpha (TNF-) [10] and members of the vascular
endothelial growth factor (VEGF) family [8,9]. While the majority of
studies evaluating the regulation of vasculogenesis and angiogen-
esis have focused on the VEGF family, a growing body of evidence
indicates the importance on the angiopoietin family which is
comprised of angiopoietin-1, and -2 (Ang-1 and Ang-2) in regu-
lating these processes. Both the VEGF and the angiopoietin growth
factor families act through their tyrosine kinase receptors [11].
VEGF binds to Fms-like tyrosine kinase-1 (Flt-1 or VEGFR-1) and
kinase inserts domain-containing receptor (Flk-1/KDR or VEGFR-2)
to stimulate endothelial cell proliferation, permeabilization, mi-
gration and assembly into capillary tubes [3,12-14]. Angiopoietins
act through Tie-1 (tyrosine kinase with immunoglobulin and
epidermal growth factor homology domains) and Tie-2 (Tunica
internal endothelial cell kinase) [15]. Although the ligand for Tie-1
has not been determined, Yuan et al. [16] demonstrated that Ang-1
activates Tie-1 in a Tie-2-dependent manner. Both Ang-1 and Ang-2
are ligands for Tie-2 [17]. Binding of Ang-1 to Tie-2 promotes
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phosphorylation of Tie-2 to initiate down-stream effects, whereas
Ang-2 can antagonize effects on Ang-1/Tie-2 receptor signaling
[14,16]. Ang-1-mediated phosphorylation of Tie-2 promotes: (1)
cell survival through phosphorylation of Akt threonine kinase and
p42/44 MAPK [16]; (2) reorganization of endothelial cells; (3)
recruitment and association of pericytes/vascular smooth muscle
cells to mature and stabilize newly formed blood vessels [14]. In
contrast, Ang-2 is an antagonist of Ang-1-mediated Tie-2 activa-
tion. It destabilizes the vasculature, loosens vessel walls and
suppresses endothelial cell contact with peri-endothelial mural
cells, rendering endothelial cells more accessible to VEGF actions
and therefore, further promotes vasculogenesis and angiogenesis
[14,18-21]. While VEGF mediates vasculogenesis and angiogenesis,
the angiopoietins are primarily mediators of vascular remodeling
and survival of endothelial cells during vasculogenesis and
angiogenesis [2,22].

Several studies have evaluated the spatial and temporal
expression of VEGF and its receptors in human [23-27] and non-
human placentas [28-31]. Previously, we described the distribution
of VEGF and its receptors during villous maturation in the early
human placenta [25]. We found that, VEGF was initially localized to
cytotrophoblasts, but that as pregnancy progressed, VEGF expres-
sion shifted towards Hofbauer cells (placental macrophages) in the
villous core. The strongest immunostaining was observed for the
VEGF receptors, Flt-1 and KDR, present in the angiogenic cell cords
(ACC) and the villous stromal cells, respectively [25].

Compared with VEGF and its receptors, far fewer studies have
described the expression of angiopoietins and their receptors in
human placenta. Moreover, published results have provided
contradictory information regarding localization of these factors.
Since none of the available studies have investigated the expression
of angiopoietins in the very early human placenta, the current
study sought to rectify this gap in our knowledge by determining
the expression profiles of angiopoietins and their receptors during
the very early stages of placental development.

2. Materials and methods
2.1. Tissue collection

A total of 26 human placental tissues [6 samples of 22-28 days (4th week post
conception (p.c.)); 8 samples of 29-35 days (5th week p.c.); 7 samples of 36-42 days
(6th week p.c.); and 5 samples of 43-49 days (7th week p.c.)] in the first-trimester of
pregnancy were obtained after legal termination of pregnancy by curettage for
medical or psychosocial reasons, which were unlikely to affect placental structure
and function. None of the normal pregnancies received hormone treatment. Tissues
were supplied from the Department of Obstetrics and Gynecology, Faculty of
Medicine, Akdeniz University, and Clinic of Obstetrics and Gynecology, Government
Hospital, Antalya. Informed consent forms and protocols to use the tissues were
approved by the Ethical Committee of the Faculty of Medicine in Akdeniz University.

Immediately after vacuumed aspiration of the conceptus (no application of
prostaglandins), placental samples (1) were fixed with 10% formalin and embedded
in paraffin for further immunohistochemical analysis (n=16) and (2) were snap
frozen in liquid nitrogen for Western blot analysis (n = 10).

2.2. Immunohistochemistry

A total of 16 placental samples belonging to different weeks of pregnancy were
used for immunohistochemical analysis. Serial sections at 5 um thickness were col-
lected on poly-i-lysine coated slides (Sigma, St. Louis, MO, USA) and incubated
overnight at 56 °C. Tissue sections were deparaffinized in xylene and rehydrated in
a graded series of ethanol. Sections were then treated in a microwave oven in 10 mM
citrate buffer, pH 6.0, for 5 min twice and left to cool for 20 min. After three washes in
phosphate buffered saline (PBS), endogenous peroxidase activity was quenched by 3%
hydrogen peroxide in PBS for 20 min and again washed three times in PBS. After-
wards, sections were incubated in a blocking serum (Ultra V Block, TP-060-HL;
NeoMarker, Fremont, CA, USA) for 10 min in order to block non-specific binding.
Subsequently, sections were incubated over night at 4 °C with mouse monoclonal
anti-human angiopoietin-1 (MAB923; Clone 171718; 5 pg/ml; R&D Systems, Minne-
apolis, MN, USA), mouse monoclonal anti-human angiopoietin-2 (MAB0983; Clone
180102; 2 pug/ml; R&D Systems), rabbit polyclonal anti-human Tie-1 (sc-342; C-18;
0.6 pg/ml; Santa Cruz Biotechnology Inc., CA, USA), rabbit polyclonal anti-humanTie-2

(sc-324; C-20; 0.5 pg/ml; Santa Cruz Biotechnology Inc.) and mouse monoclonal anti-
human CD34 (sc-19621; B [-3C5; 2 ug/ml; Santa Cruz Biotechnology Inc.) in
a humidified chamber. Sections were washed three times in PBS and incubated with
the biotinylated anti-mouse (BA-9200; 4.3 ug/ml; Vector Laboratories, Burlingame,
CA) and biotinylated anti-rabbit (BA-1000; 4.3 pg/ml; Vector Laboratories) secondary
antibodies for 45 min at room temperature in a humidified chamber. After three
washes with PBS, the antigen-antibody complexes were detected by using a strep-
tavidin—peroxidase complex (TP-060-HL; LabVision, Fremont, CA, USA), for 15 min
followed by three rinses in PBS. The resulting signal was developed with
diaminobenzidine (DAB) (K3466; Dako) and sections were counterstained with
Mayer’s hematoxylin (S3309; Dako) and mounted with Permount (Fisher Chemicals,
Springfield, NJ, USA) on glass slides. For controls, sections were treated with either
appropriate mouse IgG or normal rabbit IgG depending on the primary antibody used
and diluted to the same final protein concentration as the primary antibody.
Photomicrographs were taken with an Axioplan microscope (Zeiss, Oberkochen,
Germany). All samples for each individual antibody were exposed to the same
protocol at the same time and were stained using the same incubation periods.

2.3. HSCORE analysis

The intensity for Ang-1 and Ang-2 immunoreactivity was semi-quantitatively
evaluated using the following intensity categories: 0 (no staining), 1+ (weak but
detectable staining), 2+ (moderate or distinct staining), and 3+ (intense staining).
For each tissue, an HSCORE value was derived by calculating the sum of the
percentages of cells that stained at each intensity category and multiplying that
value by the weighted intensity of the staining, using the formula
HSCORE = 2P((i + 1), where i represents the intensity scores and P; is the corre-
sponding percentage of the cells. In each slide, five randomly selected areas were
evaluated under a light microscope (40x magnification), and the percentage of the
cells for each intensity within these areas was determined at different times by two
investigators blinded to the type and source of the tissues. The intra- and inter-
individual coefficients of variations were 8% and 11%, respectively, for the HSCORE
evaluation. The average score of the two independent observers was used.

2.4. Western blot analysis

Total protein from first-trimester human placentas (n= 10) was extracted with
cell extraction buffer (BioSource International; Camarillo, CA) containing 3 mM phe-
nylmethylsulfonyl fluoride (PMSF) and protease inhibitor cocktail (Sigma-Aldrich).
The protein concentration was determined by a detergent compatible protein assay
(Bio-Rad Laboratories; Hercules, CA). Samples (50 pug) were loaded on 7.5% Tris—HCl
gels, electrophoretically separated and electroblotted onto nitrocellulose membrane
(Bio-Rad Laboratories). The membrane was blocked with 5% non-fat dry milk in TBS
containing 0.1% Tween 20 (TBS-T) for 1h to reduce non-specific binding. Sub-
sequently, the membrane was incubated for 2 h with primary antibodies against
angiopoietin-1 (MAB923; Clone 171718; 5 pug/ml in TBS-T; R&D Systems), angiopoie-
tin-2 (MABO0983; Clone 180102; 5 png/mlin TBS-T; R&D Systems) and B-actin (sc-47778,
C4; 0.05 pg/ml in TBS-T Santa Cruz Biotechnology Inc.). The membrane was washed
with TBS-T for 1 h and incubated with horseradish peroxidase conjugated anti-mouse
secondary antibody (PI-2000; 0.1 pg/ml; Vector Laboratories) diluted in 5% non-fat
dry milk in TBS-T. The protein was visualized by light emission on film (Amersham
Biosciences; Buckinghamshire, England) with enhanced chemiluminescence sub-
strate (Amersham Biosciences). Immunoblot bands for Ang-1, Ang-2 and B-actin were
quantified using an optical densitometer. The optical density (OD) values of Ang-1 and
Ang-2 bands were divided to the OD values of B-actin to normalize the bands.

2.5. Statistical analysis

Since the data from the HSCORE were not normally distributed (as determined
by Kolmogorov-Smirnov test), pairwise multiple comparisons were analyzed with
non-parametric ANOVA on ranks (Kruskal-Wallis test) followed by post hoc
Student-Newman-Keuls test. In contrast, the data from Western blots were
normally distributed and therefore, were analyzed with Student’s t-test or one-way
ANOVA, followed by post hoc Holm-Sidak test when appropriate. Statistical calcu-
lations were performed using SigmaStat for Windows, version 3.0 (Jandel Scientific
Corp., San Rafael, CA). Statistical significance was defined as p < 0.05.

3. Results
3.1. Distribution of Ang-1 in the early human placenta

Ang-1 revealed a cytoplasmic staining in all the specimens
examined. Ang-1 was mainly localized to the syncytiotropho-
blast with a strong immunoreactivity in all types of placental
villi (Fig. 1a). Weak immunoreactivity was observed in the
endothelial cells and stromal cells for Ang-1 in the immature
intermediate villi (IMIV) (Figs. 1b and 3a), whereas almost no
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Fig. 1. The distribution of Ang-1 in the early human placental villi. (a) Ang-1 was primarily expressed in the syncytiotrophoblast (SN). No immunoreactivity was observed in the
cytotrophoblasts (CT). (b) Ang-1 revealed a weak immunoreactivity in the vessel (asterisk) endothelium within an immature intermediate villous (IMIV). (inset b) Moreover,
Hofbauer cells (arrow heads) were also negative. (c) The angiogenic cell cords (arrows) within a mesenchymal villous (MV) were almost negative for Ang-1. (d) Some of the
hematopoietic cells (double arrows) were found to be immuno-positive. (e) The cytotrophoblastic cell columns (CC) revealed a weak staining. Scale bars represent 50 um (a, b, c,
d and e) and 25 pm (inset b). (f) The HSCORE of Ang-1 immunostaining intensities in the early human placental villi. The data are represented as mean + SEM. a: p < 0.05, 4th week
vs. 5th week; b: p < 0.05, 6th week vs. 4th and 5th weeks; c: p < 0.05, 7th week vs. 6th week.

immunoreactivity was observed in the angiogenic cell cords
(ACC) of mesenchymal villi (MV) (Fig. 1c). Hofbauer cells were
negative for Ang-1 (Fig. 1b, inset). Some, but not all fetal
hematopoietic cells were moderately stained with Ang-1
(Fig. 1d). Moreover, the cytotrophoblastic cell columns (CC)
revealed a weak staining with Ang-1 (Fig. 1e).

According to the HSCORE analysis, Ang-1 showed a significant
decrease from the 4th week to the 5th week (p<0.05), and
a significant increase towards the 6th week (p<0.001). The
HSCORE values decreased significantly afterwards (p <0.001)

(Fig. 1f).
3.2. Distribution of Ang-2 in the early human placenta

Ang-2 also revealed a cytoplasmic staining in all the specimens
examined. Ang-2 was mainly localized to the syncytiotrophoblast
with a strong immunoreactivity and to a lesser extent to the
cytotrophoblast cells where moderate to weak immunoreactivity
was observed in all types of placental villi (Fig. 2a). Moderate
immunoreactivity was observed in the endothelial cells, stromal
cells and ACC for Ang-2 in both the MV and IMIV (Figs. 2b, ¢ and

3c). Moreover, the Hofbauer cells also exhibited a moderate
staining intensity for Ang-2 (Fig. 2b, inset). Similar to Ang-1, some,
but not all fetal hematopoietic cells were moderately stained with
Ang-2 (Fig. 2d). The CC exhibited a moderate staining with Ang-2
(Fig. 2e).

Ang-2 HSCORE values showed a slight decrease which was only
significant at the 7th week when compared to the 4th week
(p < 0.05) as pregnancy progressed (Fig. 2f).

No staining was observed in the sections where isotype mouse
IgG was used instead of the angiopoietin antibodies (Fig. 3e).

3.3. Distribution of Tie-1 in the early human placenta

Tie-1 immunoreactivity exhibited a cytoplasmic staining
pattern. Tie-1 protein revealed a strong staining intensity in the
trophoblastic shell and as well as the endothelial cells and ACC.
Among the cells of the villous stroma, Hofbauer cells revealed
a moderate immunoreactivity while mesenchymal cells displayed
weak staining (Fig. 3b). The immunostaining intensities for Tie-1
did not show any significant changes throughout the gestational
weeks examined.
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1

Gestational Weeks

Fig. 2. The distribution of Ang-2 in the early human placental villi. (a) Ang-2 was exhibited a stronger immunoreactivity in the syncytiotrophoblast (SN), when compared to
cytotrophoblasts (CT). (b) Moderate staining in vessel (asterisk) endothelial cells was observed in immature intermediate villi (IMIV). (inset b) As seen, Hofbauer cells (arrow heads)
were also moderately stained. (c) The staining intensity in angiogenic cell cords (arrows) in the mesenchymal villi (MV) was moderate. (d) Some but not all the hematopoietic cells
(double arrows) were moderately stained with Ang-2. (e) Trophoblastic cell columns (CC) were also immuno-positive for Ang-2. Scale bars represent 50 um (a, b, ¢, d and e) and
25 pm (inset b). (f) The HSCORE of Ang-2 immunostaining intensities in the early human placental villi. The data are represented as mean + SEM. d: p < 0.05, 7th week vs. 4th week.

3.4. Distribution of Tie-2 in the early human placenta

Tie-2 immunoreactivity exhibited a cytoplasmic staining
pattern. Tie-2 exhibited the strongest immunoreactivity in the
cytotrophoblasts, angiogenic cells and endothelial cells. The
stromal cells and Hofbauer cells revealed a moderate staining
intensity for Tie-2 (Fig. 3d). No significant changes in Tie-2
immunostaining intensities were observed as pregnancy
advanced.

No staining was observed in the sections where normal rabbit
IgG was used instead of the Tie antibodies (Fig. 3f).

3.5. The expression of angiopoiteins throughout the
very early stages of human placentation

Western blot analysis revealed bands at approximately 55 kDa
and 66 kDa for Ang-1 and Ang-2, respectively. Ang-1 showed
a significant increase towards the 26th and 27th days of
pregnancy (p < 0.05), where from this day on, its expression
decreased. Ang-2 also revealed a significant increase in expression
towards the 26th and 27th days although expression was lower
afterwards (p < 0.05) (Fig. 4).

4. Discussion

Development of the placental vascular network begins early,
with an initial phase of vasculogenesis, followed by branching and
then non-branching angiogenesis [32]. Both Ang-1 and Ang-2
interact with the Tie-2 receptor [18]. Ang-1 induces maturation and
stabilization of the developing vasculature [33], whereas Ang-2
causes destabilization required for additional sprout formation and
branching angiogenesis [18,34].

The present study, profiles the localization and expression of
angiopoietins-1 and -2 during the very early phases of vasculo-
genesis and angiogenesis. Although several studies have addressed
the localization of VEGF and its Flt-1 and FIk-1 receptors, as well as
the angiopoietin receptors, Tie-1 and Tie-2, far fewer studies have
assessed the expression of the angiopoietins, especially in the first-
trimester placenta. Moreover, none of these studies investigated
the expression of angiopoietins in placental samples belonging to
very early stages of pregnancy.

Previously, Dunk et al. [35] localized the Ang-1 mRNA hybrid-
ization signal to both cytotrophoblasts and syncytiotrophoblast of
primary chorionic villi. In contrast, they found that the Ang-2 mRNA
hybridization signal was confined to the innermost cytotrophoblast
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Fig. 3. The distribution of Ang-1, Ang-2 in parallel to Tie-1 and Tie-2 in the early human placental villi. (a) Ang-1, (b) Tie-1, (c) Ang-2, (d) Tie-2, (e) mouse isotype control for Ang-1
and Ang-2 antibodies and (f) rabbit isotype control for Tie-1 and Tie-2 antibodies. Tie-1 was mainly expressed in the syncytiotrophoblast and to a lesser extent in the cyto-
trophoblasts while Tie-2 was also expressed in both of the layers, it was more abundant in the cytotrophoblastic layer (arrows). While both Tie-1 and Tie-2 were expressed in
vessels (arrow heads), when compared, Tie-2 immunoreactivity was stronger. Whereas Tie-1 was negative in trophoblastic cell columns (CC), Tie-2 was positive. No staining was

seen in the negative controls (e and f). Scale bars represent 50 pm.

layer in first-trimester placental tissues. In early baboon pregnan-
cies, Babischkin et al. [36] observed abundant expression of Ang-1
and Ang-2 in syncytiotrophoblast and cytotrophoblasts of the
chorionic villi and in the vascular endothelial and nonvascular cells
of the villous core. The current study extended immunohisto-
chemical evaluations to include the trophoblastic sheath - and
found that Ang-1 protein is localized only in the syncytiotropho-
blast. Like the findings of Babischkin et al. [36], we found that Ang-2
was localized primarily in the syncytiotrophoblast and to a lesser
extent in the cytotrophoblastic layers of the placental villi. Our
observations on the first-trimester human placenta are also con-
cordant with those of Geva et al. [37] who reported that, Ang-1 and
Ang-2 mRNA are localized principally in the villous syncytio-
trophoblast. Variations in the localization of angiopoietins among
different studies might reflect differences in the gestational ages of
the placental tissues examined. However, only the current study
evaluated placental tissues in the very early stages of placentation
(as early as the 4th week) where vasculogenesis and angiogenesis
are initiated.

The current study observed weak immunoreactivity in endo-
thelial cells of vessels within immature intermediate villi with no
immunoreactivity observed in angiogenic cell cords of mesenchy-
mal villi. This expression of Ang-1 in endothelial cells of villi

undergoing maturation is consistent with the role of Ang-1 as
a vascular maturation and stabilizing agent.

Hofbauer cells, the macrophages of the placenta were also
immuno-positive for Ang-2, Tie-1 and Tie-2. We have previously
shown the relationship between vasculogenesis and angiogenesis
with Hofbauer cells and stated that these cells may act in a para-
crine manner and influence these processes by expressing angio-
genic factors [38]. Our results are in accordance with this previous
study. Since Hofbauer cells locate in close vicinity to angiogenic cell
cords and vessels, and express Ang-2, Tie-1 and Tie-2, one may
suggest that these cells can play active roles in regulating the
placental vascular formation.

The current study also identified Ang-1 and Ang-2 in various
hematopoietic cells present in blood vessels. Based on in vitro
studies on hematopoietic and endothelial cells, Huang et al. [39]
suggested that Tie-2/angiopoietins may act as critical regulators of
proliferation of hematopoietic progenitors and endothelial cells in
a synergistic manner [39]. Further studies are needed to elucidate
the roles of angiopoietins and their receptors on the development
of hematopoietic cells in the placenta.

Using Western blotting of placental extracts obtained from the
22nd day through the 5th weeks of pregnancy determined that
both Ang-1 and Ang-2 levels increased significantly between the
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Fig. 4. Western blot analysis of Ang-1 and Ang-2 proteins in the early days of human
placentation. The bands for Ang-1 (55 kDa) and Ang-2 (66 kDa) were detected by
Western blot. The sample loading amounts were determined by B-actin (43 kDa). The
immunoblot bands were quantified by an optical densitometer. The OD (optical
density) values of Ang-1 and Ang-2 bands were normalized to the OD values of $-actin
bands. The data in the graph are presented as mean + SEM. a: p < 00.5, pregnancy days
26 and 27 vs. 22, 28, 29 and 32 for Ang-1; b: p < 00.5, pregnancy days 26 and 27 vs. 22,
28, 29 and 32 for Ang-2.

26th and 27th days and then declined thereafter. These bio-
chemical measurements were in accordance with immunohisto-
chemical HSCOREs of which indicated that Ang-1 and Ang-2
levels were elevated during the 4th week of pregnancy (HSCORE,
p <0.05).

Previously, Ang-1 and Ang-2 were shown to promote growth
and migration of trophoblast cells in vitro [35]. The current study
shows a co-localization of Ang-1, Ang-2, and Tie-2 in trophoblasts
during the first-trimester of human pregnancy, which suggests that
angiopoietins may play an autocrine role in trophoblast function.
Consistent with that hypothesis, Ang-2 enhances trophoblast DNA
synthesis and NO release, whereas Ang-1 acts as a potent
chemotactic factor for trophoblasts [35].

In conclusion, we investigated the expression profiles of
angiopoietins and their receptors during the period of vasculo-
genesis and angiogenesis in the very early human placenta.
Depending on the expression and localization of these factors and
their receptors, our results suggest that these factors and their
receptors may play crucial autocrine and paracrine roles in vascular
development, remodeling and trophoblast function that are im-
portant for proper placental development. Furthermore, functional
studies will hopefully increase our understanding of the molecular
mechanisms underlying vasculogenesis and angiogenesis in the
human placenta, and thereby help to elucidate the pathophysiology
of placental vascular disorders such as intrauterine growth
restriction and pre-eclampsia.
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Kinesin superfamily proteins (KIFs) are motor proteins that participate in chromosomal and spindle
movements during mitosis and meiosis, and transport membranous organelles and macromolecules
fundamental for cellular functions. Although the roles of KIFs in axonal and dendritic transports have

Keywords: been studied extensively, their role in intracellular transport in general is less well known. The diversity

Human placenta of kinesins suggests that each kinesin may have a specific function. Therefore, in this study we aimed to

1121;?71 investigate the presence and cellular localization of KIFC1 and KIF17 in normal and pathological human
. placentas. First-trimester (22-56 days) and normal, preeclamptic (PE), and diabetic-term placental

Preeclampsia . . . . . .

Diabetes tissues were obtained and further studied by immunohistochemistry (IHC) and Western blot methods.

KIFC1 was mainly localized to the syncytiotrophoblast both in early and term placental samples.
However, a stronger immunoreactivity was observed both in PE and diabetic placentas compared to
normal-term placentas. KIF17 was most intensively localized in developing vascular endothelium in early
pregnancy. Even though KIF17 was moderately stained in the endothelium of villi from normal human-
term placentas, stronger immunoreactivity was observed in all types of villi of both PE and diabetic
placentas. Western blotting of tissue extracts confirmed the IHC results.

Here, we demonstrate the presence of KIFC1 and KIF17 in human placenta for the first time. The
intense expression of KIFC1 in syncytiotrophoblast and KIF17 in vascular endothelium suggests that both
the proteins might be important in a cargo-transport system. An increased expression pattern of both
KIFC1 and KIF17 in PE and diabetes might suggest that these proteins may be involved in complex
trophoblast functions and placental pathologies. Further studies will clarify the physiological role of KIFs
in human placental transport and development.

Placental transport

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction active transport, and vesicular transfer are influenced by the

number and kind of layers of the barrier. Increasing knowledge of

The placenta is unique among all other organs in that it conducts
the functional activities of most fetal organs (except the locomotor
apparatus and the central nervous system) throughout its devel-
opment. Fetal gas transfer, excretion, catabolism, resorption, and
numerous metabolic, secretory, and immunological functions are
partially or completely performed by the placenta during preg-
nancy as a substitute for still immature embryonic and fetal organs
[1]. Abnormalities in any one of these functions can be associated
with poor pregnancy outcome, ranging from the mild (intrauterine
growth restriction, IUGR) to the severe (implantation failure and
embryonic, fetal, or perinatal death).

Maternofetal and fetomaternal diffusional transfer depends on
the thickness of the separating layers, whereas facilitated transport,

* Corresponding author. Tel.: +90 242 2496881; fax: +90 242 2274486.
E-mail address: rdemir@akdeniz.edu.tr (R. Demir).

0143-4004/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.placenta.2009.07.005

placental physiology lets us know that synthetic, secretory, and
transport functions of the placenta are important aspects of this
organ [2]. Also, it has been found that transporters play an impor-
tant role in this nutrient and waste exchange in the placenta [3, 4].
The trafficking of proteins is tightly regulated, and various different
types of proteins are known to be involved.

Kinesin superfamily proteins (KIFs) and cytoplasmic dyneins
serve as motors that move along microtubules carrying cargoes
such as organelles including mitochondria, lysosomes, synaptic
vesicles, protein complexes, and mRNAs [5-8]. Axonal and
dendritic transports serve as ideal systems for studying motors
involved in intracellular transport. However, studies have also
shown that transport mechanisms found in neurons are opera-
tional in other cell types as well.

The 45 KIFs have been classified into three major types on the
basis of the position of the motor domain: NH2-terminal motor
domain type, middle motor domain type, and COOH-terminal
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motor domain type (called N-kinesin, M-kinesin, and C-kinesin,
respectively) [7, 9]. Motor domain includes a p-loop motif, switch 1
and 2 motifs, and microtubule-binding regions [6] and utilizes ATP
to fuel their movement along microtubules. Microtubules serve as
rails for these transportation proteins and have a polarity in
a manner in which there is a fast-growing plus end and a relatively
stationary minus end. Outside the motor domain, kinesins also
contain different stalk and tail domains that mediate oligomeriza-
tion, regulation of motor activity, and interactions with their
specific cargos [10]. The organization is tightly regulated in cells.
Although the motor domain is highly conserved among different
KIFs, regions other than the motor domain are quite divergent and
these regions serve as cargo-binding domains. The sequence
diversity of the cargo-binding domains explains why KIFs transport
a wide variety of cargoes, including membranous organelles and
macromolecular complexes.

It is becoming increasingly clear that the cell uses a number of
KIFs and tightly controls the direction, destination, and velocity of
transport of various important functional molecules. How motors
regulate the binding and release of their cargo is critical; however,
only a few studies have attempted to address this important
question [11-14].

It is known that the placenta is an organ that develops in a short
period of time, and that its functions change with the progress of
gestation. It has been shown that the expression levels of amino
acid transporters, glucose transporters, placental efflux trans-
porters such as P-glycoprotein (P-gp), and other transporters that
contribute to the transfer of nutrients and waste between mother
and the fetus change during pregnancy [15-17]. The properties of
these transporters are still largely obscure. Therefore, the aim of
this study was to determine by immunohistochemistry and
Western blot analysis, first, the presence and cellular localization of
two different kinesins, KIFC1, a C-kinesin, and KIF17, an N-kinesin,
in the very early human placenta at various days of gestation and
second, their expression in normal and pathological (diabetes and
preeclampsia) human-term placentas.

2. Materials and methods
2.1. Tissue collection

A total of 26 samples of human early placental tissue [six samples at 22-28 days
(fourth week p.c.); eight samples at 29-35 days (fifth week p.c.); seven samples at
36-42 days (sixth week p.c.); and five samples at 43-49 days (seventh week p.c.)] in
the first trimester of pregnancy were obtained after legal termination of pregnancy
by curettage for medical or psychosocial reasons, which were unlikely to affect
placental structure and function. Besides, placentas from uncomplicated pregnan-
cies (n = 5) and those affected by either pregestational insulin-dependent diabetes
mellitus or by preeclampsia were obtained after vaginal delivery or cesarean section
at term (n = 4 each). Preeclampsia was defined as occurrence of hypertension
(sustained blood pressure greater than 140 mmHg systolic and 90 mmHg diastolic),
edema, and proteinuria (>1" protein on dip stick) after 20 wk gestation in a previ-
ously normotensive woman. Preeclampsia was associated with intrauterine growth
restriction based on both birth weight and placental size in the samples studied.
None of the normal pregnancies were receiving hormone treatment. Tissues were
obtained from the Department of Obstetrics and Gynecology, Faculty of Medicine,
Akdeniz University, and Clinic of Obstetrics and Gynecology, Government Hospital,
Antalya. Informed consent forms and protocols to use the tissue were approved by
the Ethical Committee of the Faculty of Medicine in Akdeniz University.

Placentas were transported to the laboratory immediately and (1) were
embedded in paraffin for further immunohistochemical analysis and (2) were snap-
frozen in liquid nitrogen for Western blot analysis. For light microscopic analysis,
tissue samples were fixed with 10% neutral formaldehyde for 12 h and were dehy-
drated in ethanol, cleared in xylene, and embedded in paraffin.

2.2. Immunohistochemistry

Serial sections at 5 pm thickness were collected on poly-L-lysine-coated slides
(Sigma, St. Louis, MO), dewaxed, rehydrated, and placed in citrate buffer. To unmask
antigens, an antigen-retrieval procedure was performed by treating the samples in
a microwave oven at 750 W for 5 min twice. After cooling for 20 min at room

temperature, the sections were washed in PBS and then kept in 3% H,0; for 15 min
to remove endogenous peroxidase activity, followed by three washes with PBS. After
blocking with Ultra V blocking reagent (Lab Vision, Fremont, CA) for 10 min at room
temperature to reduce non-specific binding, the sections were incubated with
a 1:150 dilution of mouse monoclonal KIFC1 (H0003833-MO01; Abnova), a 1:300
dilution of rabbit polyclonal KIF17 (ab11261-50; Abcam) antibodies, and a mouse
monoclonal anti-human CD31 (MS-1873-R7; Clone 1A10; prediluted, NeoMarkers,
Fremont, CA, USA) antibody for the detection of angiogenic cell cords and endo-
thelial cells for 2 h at room temperature in a humidified chamber. The sections were
washed three times in PBS and incubated with the biotinylated anti-mouse (BA-
9200; 1: 400 Dilution; Vector Laboratories, Burlingame, CA) and biotinylated anti-
rabbit (BA-1000; 1: 400 Dilution; Vector Laboratories) secondary antibodies for 45
min at room temperature. After three washes with PBS, the antigen-antibody
complexes were detected by using a streptavidin-peroxidase complex (TP-060-HL;
LabVision, Fremont, CA, USA) for 15 min followed by three rinses in PBS. The
resulting signal was developed with diaminobenzidine (DAB) tablets (D-4293;
Sigma), and the sections were counterstained with Mayer’s Hematoxylin (S3309,
Dako) and mounted with Permount (Fisher Chemicals, Springfield, NJ, USA) on glass
slides. For controls, the sections were treated with either appropriate mouse IgG or
normal rabbit serum depending on the primary antibody used and diluted to the
same final protein concentration as the primary antibody.

Photomicrographs were taken with an Axioplan microscope (Zeiss, Oberkochen,
Germany). All the samples for each individual antibody were exposed to the same
protocol at the same time and were stained using the same incubation periods.

2.3. Semi-quantitative analysis of staining intensities

The intensities of KIFC1 and KIF17 immunoreactivity were evaluated semi-
quantitatively as follows. Positively stained cells were grouped according to the
following categories: 0 (no staining), + (weak but detectable), ++ (moderate or
distinct), and +++ (intense). In addition, for each slide, an HSCORE value was
calculated by summing the percentages of cells grouped in one intensity category
and multiplying this number with the weighted intensity of the staining, using the
formula [HSCORE = Pi(i + 1)], where i represents the intensity scores and Pi is the
corresponding percentage of the cells. For each placental sample, five parallel tissue
sections were randomly selected and five randomly selected areas were evaluated
for each tissue section under a microscope using 400x original magnification. The
percentage of cells for each intensity within these areas was determined by two
investigators in “blind” (coded) studies, and the average score was used. The
HSCORE values were graphed.

2.4. SDS-PAGE and Western blotting

Total protein from early, normal, and pathological human-term placentas was
extracted with cell extraction buffer [BioSource International; Camarillo, CA] con-
taining 3 mM phenylmethylsulfonyl fluoride (PMSF) and protease inhibitor cocktail
(Sigma-Aldrich). The protein concentration was determined by a detergent-
compatible protein assay (Bio-Rad Laboratories; Hercules, CA). Samples (50 pg) were
loaded on 5% (for KIF17) and 10% (for KIFC1) Tris—HCl gels, electrophoretically
separated and electroblotted onto PVDF membrane (Bio-Rad Laboratories). The
membrane was blocked with 5% non-fat dry milk in TBS containing 0.1% Tween 20
(TBS-T) for 1 h to reduce non-specific binding. Subsequently, the membrane was
incubated overnight at +4°C with primary antibodies against KIFC1 (Abnova; 1:250
dilution) and KIF17 (Abcam; 1:250 dilution) in TBS-T. The membrane was washed
with TBS-T for 1 h and incubated with horseradish peroxidase-conjugated anti-
mouse and anti-rabbit secondary antibodies (Vector Laboratories) diluted at 1:6000
in 2.5% non-fat dry milk in TBS-T for 1.5 h at room temperature. The protein was
visualized by light emission on film (Amersham Biosciences; Buckinghamshire,
England), and the signal was detected using SuperSignal Chemiluminescent Kit
(Pierce Biotechnology) and quantified. As the internal control to confirm equal
loading of the samples, a B-actin antibody (sc-47778, C4; Santa Cruz Biotechnology
Inc., 1:5000 in 5% non-fat dry milk) was used for 2 h at room temperature to probe
each immunoblot simultaneous to the probe for KIFC1 and KIF17 antibody probes.
The relative densities of bands were assessed using an Alpha Digi Doc 1000 gel
documentation unit (Alpha Innotech Corporation, CA, USA). The intensity of f-actin
bands was quantified and their values were used to establish a ratio of KIFC1/B-actin
and KIF17/-actin.

2.5. Statistical analysis

For the data obtained from HSCORE analysis, all the pairwise multiple
comparison procedures (Holm-Sidak method) were performed for KIFC1. However,
since the data from the HSCORE were not normally distributed for KIF17, all the
pairwise multiple comparisons were analyzed with ANOVA on ranks (Dunn’s
method). Statistical calculations were performed using SigmaStat for Windows,
version 3.0 (Jandel Scientific Corp., San Rafael, CA). Statistical significance was
defined as p < 0.05.
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3. Results

To characterize and clarify the presence of KIF isoforms and the
cell types that express KIFC1 and KIF17 proteins, initial immuno-
histochemical studies were performed with human placental
tissues.

3.1. Characterization and subcellular localization of KIFC1 in the
early human placenta

The cytotrophoblast cells revealed a very weak-staining pattern
with KIFC1 (Fig. 1a-e) in both the mesenchymal villous (MV) and
immature intermediate villi (IMIV). KIFC1 was mainly localized to
syncytiotrophoblast with a strong immunoreactivity in all types of
placental villi (Fig. 1a-e). It labelled numerous punctate structures
in the cytoplasm of syncytiotrophoblast cells (Fig. 1c). However, it
was interesting that some of the placental villi showed a strong
nuclear staining in cytotrophoblast cells and trophoblastic cell
columns with relatively less immunoreaction in syncytiotropho-
blast cells (Fig. 1b). Morever, syncytiotrophoblast microvilli were
barely immunopositive with KIFC1 (Fig. 1d). Weak immunoreac-
tivity was observed in the endothelial cells, stromal cells, Hofbauer
cells, which are placental macrophages, and angiogenic cell cords
(ACCs) (Fig. 1, inset c) (Fig. 1a—e). Even though most of the fetal
hematopoietic cells were immunonegative for KIFC1, there were
few immunopositive hematopoietic cells in the vessels (Fig. 1d).

According to the HSCORE analysis, KIFC1 showed a significant
increase from the 4th week to the 5th week (p < 0.05), and
a significant difference towards the 7th week compared to the 4th
and 5th weeks (p < 0.05). The HSCORE values were statistically

significant between the 4th and the 8th weeks as pregnancy pro-
gressed (p < 0.05) (Fig. 1f).

No immunostaining was observed in the sections where mouse
IgG was used instead of the KIFC1 antibody (Fig. 1e, inset).

3.2. Characterization and subcellular localization of KIF17 in the
early human placenta

Immunohistochemical analysis showed that the trophoblastic
layers of chorionic villous tree, Hofbauer cells, angiogenic cell cords,
and trophoblastic cell columns were moderately immunopositive
with KIF17 in both MV and IMIV when compared to the reaction
observed in the vascular endothelium (Fig. 2a-c). KIF17 was
intensively localized in the developing vascular endothelium
(Fig. 2a—c). There was also a moderate to strong immunoreactivity
with KIF17 in the apical microvilli of syncytiotrophoblast forming
a brush border (Fig. 2b). KIF17 revealed a cytoplasmic staining in all
the specimens examined. However, there was a membranous
reaction, particularly in the apical membrane of cytotrophoblast
cells (Fig. 2b). In addition, a weak to moderate immunoreactivity
was observed with KIF17 in stromal cells (Fig. 2a-c). Moreover,
some of the fetal hematopoietic cells were strongly immuno-
positive for KIF17 even though there were still some negatively
stained hematopoietic cells (Fig. 2c).

KIF17 HSCORE values showed a significant decrease from the
4th week through the 6th week (p < 0.05), and were significantly
decreased at the 8th week when compared to the 4th week (p <
0.05). In addition, statistical analysis showed that the HSCORE
values obtained from the 5th and the 7th weeks of early pregnancy
were significantly higher than that of the 8th week (p < 0.05)
(Fig. 2d).

5 ] 7 8
GESTATIONAL WEEKS

Fig. 1. The distribution of KIFC1 in the early human placental villi with the progression of pregnancy. Tissue sections are taken from the 4th, 5th, 6th, 7th, and the 8th weeks of first-
trimester human placenta: (a) KIFC1 is mainly expressed in the syncytiotrophoblast (SN). Weak or no immunoreactivity is observed in the cytotrophoblasts (CTs). Inset: a weak
cytoplasmic immunostaining is present in trophoblastic cell columns (CCs). (b) A nuclear KIFC1 expression is observed in some of the cytotrophoblast cells (arrows) and CCs (arrow
heads) (inset). (c) The dot-like expression pattern of KIFC1 (asterisk) within the trophoblastic layers of villous tree. Moreover, Hofbauer cells (H) are weakly stained with KIFC1.
Angiogenic cell cords and endothelial cells of vessels are immunopositive for CD31 (inset). (d) Some of the hematopoietic cells (arrows) are found to be immunopositive. Please
observe a weak-staining pattern in syncytiotrophoblast microvilli (double arrows). (e) Angiogenic cell cords (ACCs) also reveal a weak-staining pattern. No staining is seen in the
negative controls (inset). MV: mesenchymal villous; IMIV: immature intermediate villi. Scale bars represent 50 pm (a-e and insets). (f) The HSCORE of KIFC1 immunostaining
intensities in the early human placental villi. The data are represented as means =+ SEM. (a) p < 0.05, 5th, 6th, 7th, and 8th week vs. 4th week; (b) p < 0.05, 5th week vs. 6th and 7th

weeks.
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Fig. 2. The distribution of KIF17 in the early human placental villi: (a) KIF17 is expressed in both, the syncytiotrophoblast (SN), cytotrophoblasts (CTs), and angiogenic cell cords
(ACCs) and trophoblastic cell columns (CCs) (inset). KIF17 exhibits stronger immunoreactivity in vessel (V; arrows) endothelial cells in overall sections when compared to other cell
types in the villi. (b) A membranous reaction, particularly apical membrane, in cytotrophoblast cells is observed for KIF17 (arrow heads). Hofbauer cells (H) are also moderately
stained. Please observe a strong staining pattern in syncytiotrophoblast microvilli (double arrows). (c) Some but not all the hematopoietic cells (arrows) are strongly stained with
KIF17. Please observe the strongest immunoreaction in the endothelial cells of the vessels (V) as well. No staining is seen in the negative controls (b; inset). MV: mesenchymal
villous; IMIV: immature intermediate villi. Scale bars represent 50 um (a-c and insets). (d) The HSCORE of KIF17 immunostaining intensities in the early human placental villi. The
data are represented as means + SEM. (a) p < 0.05, 4th week vs. the 5th, 6th, and the 8th week; (b) p < 0.05, 5th and 7th weeks vs. the 8th week.

There were no immunoreactions in negative control slides
which were treated with normal rabbit serum substituting the
KIF17 antibody at the same final protein concentration (Fig. 2b,
inset).

3.3. Changes in the protein expression levels of KIFC1 and KIF17
proteins in early human placenta with the progress of gestation

We also performed Western blot analysis on tissue extracts from
early human placentas. The blots revealed clear bands for KIFC1
(Fig. 3a) and KIF17 (Fig. 3b) corresponding to 37 and 170 kDa,
respectively. The intensity of B-actin on the bands was quantified
and their values were used to establish a ratio of the KIFC1/B-actin
and KIF17/B-actin (Fig. 3a and b). As a positive control, normal rat
testicular tissue for KIFC1 and brain tissue for KIF17 without any
pathological problems were used in order to confirm the bands
observed for placental lysates. Altogether, the Western blot results
confirm the presence of the KIFC1 and KIF17 in the early placenta
with changes in the protein expression levels over the course of the
first trimester and support the data obtained from
immunohistochemistry.

3.4. Characterization and subcellular localization of KIFC1 in the
normal and pathological human-term placentas

Syncytiotrophoblast cells displayed a strong KIFC1 immunore-
activity in all term-placental samples (Fig. 4). Similar to that
observed in early placental villi, KIFC1 labelled numerous punctate

structures in the cytoplasm of syncytiotrophoblast cells. KIFC1
revealed a moderate staining in syncytiotrophoblast cells of villi
from normal-term placentas (Fig. 4a), whereas a strong immuno-
reactivity was observed both in preeclamptic (Fig. 4b) and diabetic
(Fig. 4c) placentas. No alterations were observed among different
types of placental villi. Moreover, a weak KIFC1 immunoreactivity
was observed in the endothelium of vessels of stem villi in
preeclamptic (Fig. 4b) and diabetic (Fig. 4c) placentas. Stromal cells,
Hofbauer cells, and myofibroblasts within the villous core were
negative for KIFC1 in all term placentas investigated.

No immunostaining was observed in the sections where mouse
IgG was used instead of the KIFC1 antibody (Fig. 4, insets).

3.5. Characterization and subcellular localization of KIF17 in the
normal and pathological human-term placentas

KIF17 was predominantly expressed in the endothelium of
vessels in all the term placental samples investigated (Fig. 5). KIF17
was moderately stained in the endothelium of villi from normal
human-term placentas (Fig. 5a), while strong immunoreactivity
was observed in all types of villi of both preeclamptic (Fig. 5b) and
diabetic (Fig. 5c) placentas. Endothelium of small vessels that are
located in mesenchymal, mature intermediate, and terminal villi
revealed a stronger immunostaining when compared to endothe-
lium of larger vessels located in stem villi. Syncytiotrophoblast
cells, stromal cells, Hofbauer cells, and myofibroblasts within the
villous core were negative for KIF17 in all the placentas
investigated.
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Fig. 3. Western blot analysis of KIFC1 (a) and KIF17 (b) proteins in the early days of human pregnancy. The bands for KIFC1 (37 kDa) and KIF17 (170 kDa) are detected by Western
blot. The immunoexpression of $-actin (43 kDa) is used to confirm equivalent amounts of total proteins loaded per lane. The OD (optical density) values of KIFC1 and KIF17 bands

are normalized to the OD values of B-actin bands.

No immunostaining was observed in the sections where normal
rabbit serum was used instead of the KIF17 antibody (Fig. 5, insets)
as a negative control.

3.6. KIFC1 and KIF17 protein expression in normal and pathological
human-term placentas

Western blot analysis was performed on tissue extracts from
human-term placentas. The Western blot results confirmed the
presence of the KIFC1 and KIF17 in term placentas. In accordance
with the immunohistochemistry data, both KIFC1 (Fig. 6a) and
KIF17 (Fig. 6b) protein expressions were relatively higher in
preeclamptic and diabetic placentas, when compared to normal-
term placentas according to Alpha Digi Doc 1000 gel documenta-
tion unit.

4. Discussion

Here, we report the presence of KIFC1 and KIF17 with different
expression patterns in the first trimester, normal, and pathological
human-term placenta for the first time with immunohistochem-
istry and Western blot methods. However, the exact nature of the
interaction between the two proteins was not determined in the
context of this study.

KIFC1 is a member of a highly related group of C-terminal motor
proteins that are very similar to one another, diverging only in their
tail domains [18]. Of the tissues examined, KIFC1 was found at its
highest level in the testis but was also abundant in ovary, spleen,
and liver [18-22]. It has been shown to be associated with
membranous organelles [23, 24], Golgi vesicles, and the acrosome
in developing spermatids [21]. Since the formation of the acrosome
is a major biosynthetic activity of the spermatid, the abundance of

KIFC1 in the testis is consistent with a role for this motor in
formation of this organelle. In our study, we have observed that
KIFC1 was mainly localized to syncytiotrophoblast cells in all types
of placental villi during early, normal, and pathological human-
term placentas. The syncytiotrophoblast is the primary barrier for
transplacental transfer of nutrients and there is relatively unre-
stricted transfer of molecules such as glucose and amino acids
across the human placental capillary wall [25]. The presence of
KIFC1 in these cells might suggest a role for this protein in cellular
transport to perform all these important functions. Whether this
motor is also involved in trophoblast migration or invasion in
human placenta needs to be investigated with further functional
experiments.

According to our study, in the early human placental samples
the expression of KIFC1 had a strong nuclear-staining pattern in
cytotrophoblast cells and trophoblastic cell columns in some of the
villi. Staining in syncytiotrophoblast cells, however, was cyto-
plasmic. It is likely that syncytiotrophoblast cells arise from cyto-
trophoblast, and during this differentiation KIFC1 becomes more
cytoplasmic. As a precedent, it has been previously shown that
KIFC1 motor was found in the nucleus of very immature round
spermatids just prior to its appearance on the acrosome [21].
However, KIFC1 is not detectable in the nuclei of spermatogonia,
spermatocytes, or later-stage spermatids. The authors suggested
that perhaps the KIFC1 motor is sequestered in the nucleus in an
inactive state until the proper stage of spermatid development [21].
Upon activation, it was proposed that KIFC1 exits the nucleus
through nuclear pores. On the other hand, Zhang et al. have shown
that disruption of vesicle trafficking by either Brefeldin A or
Nocodazole resulted in accumulation of KIFC1 in the nucleus and at
the nuclear membrane [24]. Therefore, it would be interesting to
investigate whether or not there is a disruption of vesicle trafficking

Fig. 4. The distribution of KIFC1 in normal (a), preeclamptic (b), and diabetic (c) placental villi. KIFC1 is mainly expressed in the syncytiotrophoblast cells (arrows) in all the samples
investigated. While a very weak KIFC1 immunoreactivity is observed in the endothelium (arrow heads) of larger vessels (asterisk) in stem villi of normal-term placentas, a slight
increase is observed in the endothelium (arrow heads) of preeclamptic and diabetic placentas. No staining is seen in the negative controls (insets a-c). Scale bars represent 100 pm

(a-c) and 200 pm (insets).
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Fig. 5. The distribution of KIF17 in the normal (a), preeclamptic (b), and diabetic (c) placental villi. KIF17 is predominantly expressed in the endothelium (double arrows) of vessels
in all types of villi from term placental samples investigated. The endothelium of small vessels shows stronger KIF17 immunostaining when compared to that of larger vessels
(asteriks) in stem villi. No staining is observed in the negative controls (insets a—c). Scale bars represent 100 um (a—c) and 200 pm (insets).

or if those cells with nuclear-staining pattern are in an inactive
state in the placental villi.

KIF17, a motor protein, belongs to N-kinesin family [26] and is
composed of a head domain with ATPase activity used for micro-
tubule binding, whereas the carboxy (C)-terminal tail contains the
cargo-binding domains. According to our study, KIF17 was mainly
localized to developing vascular endothelium in the early, normal,
and pathological term placental villi where intensive placental
vasculogenesis and angiogenesis take place.

In addition, Hofbauer cells, the macrophages of the placenta,
were also been found to be KIF17-immunopositive in the early
human placental samples. Seval et al. have previously shown the
relationship between vasculogenesis and angiogenesis with Hof-
bauer cells [27, 28], and stated that these cells may act in a para-
crine manner and influence these processes by expressing
angiogenic factors such as Ang-2, Tie-1, and Tie-2. Therefore, we
may speculate that Hofbauer cells might play active roles in regu-
lating the placental vascular formation through a motor protein,
such as KIF17, since these cells are in close proximity to angiogenic
cell cords and vessels. The moderate immunoreactivity in ACCs
further supports this idea. In contrast, both normal and patholog-
ical term placental samples showed no KIF17 immunoreactivity in
Hofbauer cells.

Moreover, we have observed KIFC1 and particularly KIF17
expression in some of the hematopoietic cells in the vessels in the
first-trimester placenta even though there was no immunoreaction
in the hematopoietic cells of the vessels in the term placenta when
the pregnancy progressed. Further studies are needed to elucidate
the roles of KIFs in the development of hematopoietic cells and
also the maturation and stabilization of vessels in the placenta, and
their possible relationship to angiopoietins and their receptors in
the early periods of human pregnancy.

Using a yeast two-hybrid screen of a testis cDNA library, Kim-
mins et al. showed that there was a strong interaction between ACT

a Term Placenta
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P-actin E———————_ < 43 kDa

WOW D D P PE [miFCibms win]

(activator of CREM in testis) and a kinesin protein highly similar to
a KIF17 isoform found in the brain, which was named KIF17b [29].
The authors also suggested that KIF17b operates in a unique
manner that differs from somatic kinesins that are motor-transport
molecules normally associated with microtubules and involved in
the movement of organelles, vesicles, and proteins [30-33]. Lack of
ACT could lead to abnormalities in sperm tail development because
of the malfunctioning of KIF17b [34]. As there are several studies on
CREM transcripts from decidua and placenta, additional experi-
ments are needed to address this issue in human placenta as well
[35-37]. Thus, our study would potentially provide the first
evidence of KIF17 in human placenta.

It is known that GLUT1 is the primary transporter responsible
for transplacental glucose transport, but it is also present in plasma
membranes of placental barriers facing the maternal and fetal sides
and on the cells of the placental vasculature [38, 39]. It has been
shown that GLUT1 C-terminal-binding protein (GLUT1CBP) was
able to bind to native GLUT1 extracted from cell membranes, self-
associate, or interact with kinesin superfamily protein KIF-1B [40].
According to our study, KIFC1 revealed a stronger immunoreac-
tivity in syncytiotrophoblast cells of villi both in preeclamptic and
diabetic placentas compared to that of normal-term placentas.
Whether the KIFC1 subfamily evolves distinct roles in glucose
transport in human placenta or can execute a similar function as
KIF-1B remains an open question. On the other hand, the patho-
physiology of preeclampsia remains poorly understood and there
are still many unanswered questions in the development of this
disease.

Both preeclampsia and diabetes mellitus are associated with
increased fetal morbidity and mortality and may display abnormal
placental blood flow velocity waveforms, indicating increased
vascular resistance. According to our study, KIF17 showed stronger
immunoreactivity in the endothelium of all types of villi from both
preeclamptic and diabetic placentas compared to normal placentas,
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Fig. 6. Western blot analysis of KIFC1 (a) and KIF17 (b) proteins in human-term placentas. The bands for KIFC1 (37 kDa) and KIF17 (140 kDa) are detected by Western blot. The
immunoexpression of f-actin (43 kDa) is used to confirm equivalent amounts of total proteins loaded per lane. An increase in both KIFC1 and KIF17 protein expression is observed in
diabetic (D) and preeclamptic (PE) placentas when compared to normal (N)-term placentas.



854 L. Sati et al. / Placenta 30 (2009) 848-854

suggesting a possible association with those pathologies. However,
further investigations are necessary to determine whether KIF17 is
a participant in the pathogenesis of these and other abnormalities
observed in diabetic or preeclamptic placentas or changes seen in
maternal tissues affected by these conditions.

We have also examined the total protein levels of KIFC1 and
KIF17 in placental samples, as early as the 22nd day of pregnancy
during first trimester. The slight difference between the total
protein levels in Western blot and immunohistochemical scores
might be due to the gestational age range of tissues examined.

In conclusion, many recent molecular cell biology and molecular
genetics studies reveal that KIFs are fundamental not only for
various cellular functions but also for developmental events, and
that their functions may underlie some diseases. However, the
presence, distribution, and potential function of KIFC1 and KIF17 in
placental tissues have not been previously reported. It is hoped that
this and the future investigations will elucidate the role of these
proteins in human placenta.
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