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Changes in oxygen concentration may involve 
angiogenesis changing an expression of VEGF receptors 
– in vitro trophoblast culture study
Zmiany stê¿enia tlenu mog¹ wp³ywaæ na angiogenezê, moduluj¹c 
ekspresjê receptorów dla VEGF – badania w pozaustrojowej 
hodowli trofoblastu
Изменения концентрации кислорода могут влиять на ангиогенез
модулируя выразительность рецепторов для ВЭГФ  исследование 
во внеорганическом культивировании трофобласта
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SSuummmmaarryy
Angiogenesis is essential for tissue growth, particularly for the development of fetus and placenta, but also plays
a crucial role in pathologic phenomena, e.g. retinopathy or tumors. The key mediator involved in the devel-
opment of new vessels is vascular endothelial growth factor (VEGF), acting by specific receptors – VEGF-R1,
VEGF-R2 and VEGF-R3. These receptors are present on the surface of cells of developing trophoblast as an
expression of auto- and paracrine proangiogenic activity of trophoblast. TThhee  aaiimm  ooff  tthhiiss  ssttuuddy was to assess
the expression of VEGF receptors on cultured trophoblastic cells in vitro, in normoxic or hypoxic conditions.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Placentae (n=12) were collected on the occasion of scheduled cesarean sections
terminating normal, full-term pregnancies. After excision of tissue fragments, placental tissue was crumbled
and trophoblastic cells were isolated by the Kliman technique. Cells were cultured and randomized into two
groups. Culture conditions were as follows: group 1: CO2 – 5%; O2 – 20%, N2 – completed; group 2: CO2 – 5%,
O2 – 5%, N2 – completed. After 96 hours’ incubation cultures were terminated, supernatant was removed and
solid material was fixed in 4% formalin. Immunocytochemical staining for VEGF-R1 and VEGF-R2 was per-
formed. Preparations were evaluated using the morphometric software Quantimet C500+ (Leica). Intensity
and surface area of color reaction were analyzed in 20 randomly selected fields of vision (200x). The level of
expression of receptors was shown as a product of analyzed parameters and was compared in both groups.
RReessuullttss::  The level of expression of VEGF-R1 and VEGF-R2 was greater in the group 2 as compared with the
group 1 by 113.9% and 83.6% respectively. CCoonncclluussiioonnss:: Trophoblast culture in hypoxic conditions leads to
a greater expression of VEGF receptors than in normoxemic culture.

KKeeyy  wwoorrddss:: trophoblast, VEGF, hypoxia, angiogenesis, morphometry

SSttrreesszzcczzeenniiee
Angiogeneza jest procesem warunkuj¹cym wzrost tkanek, zw³aszcza podczas rozwoju p³odu i ³o¿yska, ale
ma równie¿ znaczenie w zjawiskach patologicznych, takich jak retinopatia czy wzrost nowotworów. Istotnym
mediatorem uczestnicz¹cym w powstawaniu nowych naczyñ jest VEGF dzia³aj¹cy przez swoiste receptory
– VEGF-R1, VEGF-R2, VEGF-R3. Receptory te s¹ obecne tak¿e na komórkach rozwijaj¹cego siê trofobla-
stu jako wyraz auto- i parakrynnej proangiogennej czynnoœci trofoblastu. CCeelleemm badania by³a ocena ekspre-
sji receptorów dla VEGF na komórkach trofoblastu w hodowli in vitro prowadzonej w warunkach normoksji
i hipoksji. MMaatteerriiaa³³  ii mmeettooddyy:: £o¿yska (n=12) pobrano po planowych ciêciach cesarskich w ci¹¿y donoszonej
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WWSSTTÊÊPP

Angiogeneza i waskulogeneza s¹ procesami warun-
kuj¹cymi wzrost tkanek, zw³aszcza podczas roz-
woju p³odu i ³o¿yska, obserwowane s¹ równie¿

w zjawiskach patologicznych, takich jak retinopatia
czy wzrost guzów nowotworowych. Jednym z istot-
nych mediatorów uczestnicz¹cych w powstawaniu na-
czyñ jest naczyniowy œródb³onkowy czynnik wzrostu
(VEGF) dzia³aj¹cy przez swoiste receptory – VEGF-R1,
VEGF-R2, VEGF-R3. Receptory te maj¹ w³aœciwoœci
kinaz tyrozynowych i s¹ pobudzane przez ró¿ne poli-
peptydy z rodziny VEGF. VEGF-A pobudza receptory
VEGF-R1 i VEGF-R2, ³o¿yskowy czynnik wzrostu (pla-

IINNTTRROODDUUCCTTIIOONN

Angiogenesis is recognized as a crucial process for
tissues growth, specially in fetal and placental
development, as well as in pathological conditions

like retinopathy or neoplasms. VEGF (vascular endothe-
lial growth factor) is an important mediator in angio-
genesis, acting through specific receptors – VEGF-R1,
VEGF-R2, VEGF-R3. These receptors have the tyrosine
kinase properties and are stimulated by different VEGF
family polypeptides. VEGF-A stimulates receptors
VEGF-R1, VEGF-R2, placental growth factor (PlGF)
and VEGF-B stimulate VEGF-R1 receptor, VEGF-C
and VEGF-D stimulate the receptors like VEGF-R2 and

o prawid³owym przebiegu. Po wyciêciu fragmentów ³o¿ysk tkankê ³o¿yskow¹ rozdrobniono i izolowano ko-
mórki trofoblastu wg metody Klimana. Nastêpnie zak³adano hodowlê komórkow¹, przy czym losowo przy-
dzielano materia³ do jednej z grup. Warunki, w jakich prowadzono hodowlê, to: grupa 1 – 5% CO2, 20% O2,
dope³nione N2; grupa 2 – 5% CO2, 5% O2, dope³nione N2. Po 96 godzinach inkubacji zakoñczono hodowlê,
usuniêto supernatant i materia³ utrwalono w 4% formalinie. Wykonano barwienia immunocytochemiczne
na obecnoœæ VEGF-R1 i VEGF-R2. Preparaty oceniano przy u¿yciu programu morfometrycznego Quantimet
C500+ (Leica). Analizowano intensywnoœæ oraz pole powierzchni reakcji barwnej w 20 losowo wybranych
polach widzenia (200x). Poziom ekspresji receptorów oznaczono jako iloczyn analizowanych parametrów
i porównywano miêdzy grup¹ 1. a 2. WWyynniikkii:: Poziom ekspresji VEGF-R1 by³ wiêkszy o 113,9% w grupie 2. w po-
równaniu z grup¹ 1., poziom ekspresji VEGF-R2 by³ wiêkszy o 83,6% w grupie 2. WWnniioosskkii:: Hodowla trofobla-
stu prowadzona w warunkach hipoksji prowadzi do wzrostu ekspresji receptorów dla VEGF w porówna-
niu z hodowl¹ w warunkach 20% stê¿enia tlenu.

SS³³oowwaa  kklluucczzoowwee:: trofoblast, VEGF, hipoksja, angiogeneza, morfometria
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VEGF-R3, VEGF-E in turn stimulates the VEGF-R2
receptor only. VEGF-A is characterized with higher affin-
ity to VEGF-R1 receptor, which is responsible for the
translocation of wall cells of the vessel during its forma-
tion, and for the intensification of vascular wall per-
meability. The VEGF-R2 receptor participates in the
endothelial proliferation during vascular formation,
and the VEGF-C/VEGF-R3 pathway is responsible for
lymphangiogenesis(1,2). 
The receptors for VEGF are present within the tissues
of intense angiogenesis like placenta. The quantity of
particular VEGF receptors changes during pregnancy;
VEGF-R2 is present within placenta during early preg-
nancy mainly and decreases with gestational age, while
the quantity of VEGF-R1 increases with gestational
age(3,4). The changes in these receptors quantity responds
to the change in their activators concentration – the
concentration of VEGF family peptides correlates with
VEGF-R2 quantity, and the concentration of P1GF with
VEGF-R1 quantity. However, it seems that they control
different phenomenon: the action of P1GF through the
VEGF-R1 results in the increase of type “non-branch-
ing” angiogenesis, where the elongation of vascular loops
is observed, while the action of VEGF family peptides
through VEGF-R1 and VEGF-R2 increases the type
“branching” angiogenesis, which is associated with new
vascular loops formation(5). These receptors are present
not only on the epithelial cells surface but also on the
cells of developing trophoblast as an expression of auto-
crine and paracrine function of trophoblast(6,7) because
activation of these receptors results in VEGF and P1GF
synthesis increase in trophoblast cells. Additionally, the
VEGF and P1GF trophoblast synthesis depends on oxy-
gen concentration in which the trophoblast cells develop.
Hypoxia (1% O2) causes the increase of mRNA VEGF
expression as well as evident decrease of P1GF synthe-
sis(8). Similarly, in the neoplastic tissue, hypoxia is found
to be very strong factor causing the increase of VEGF
synthesis within the few hours of exposition(9). It is expect-
ed that angiogenesis intensification observed in the pro-
cess of placenta formation and development is connect-
ed not only with the VEGF or P1GF increased synthesis,
but also with the increase of quantity of active receptors
for these factors. 
The purpose of this study was the assessment of VEGF
receptors expression on trophoblast cells cultured in vitro
in different oxygen conditions.

MMAATTEERRIIAALL  
AANNDD  MMEETTHHOODDSS

Placentae (n=12) were obtained after elective caesarean
sections in uncomplicated term pregnancies; the indi-
cations to caesarean section were pelvic longitudinal lie
(n=9), previous retina ablation (n=2), two previous cae-
sarean sections (n=1). In none of the patients hyperten-

cental growth factor, PlGF) oraz VEGF-B pobudzaj¹ re-
ceptor VEGF-R1, VEGF-C oraz VEGF-D pobudzaj¹
receptory VEGF-R2 i VEGF-R3, a VEGF-E pobudza
jedynie receptor VEGF-R2. VEGF-A jest w wiêkszym po-
winowactwie z receptorem VEGF-R1, który jest odpowie-
dzialny za proces przemieszczania siê komórek œciany
naczynia w czasie jego formowania oraz za nasilenie prze-
puszczalnoœci œciany naczyniowej. Receptor VEGF-R2
uczestniczy w procesie proliferacji endotelium podczas
formowania naczynia, a szlak VEGF-C/VEGF-R3 jest
odpowiedzialny za powstawanie naczyñ limfatycznych(1,2). 
Receptory dla VEGF s¹ obecne w tkance o znacznie na-
silonej angiogenezie, jak¹ jest ³o¿ysko. W czasie ci¹¿y
iloœæ poszczególnych receptorów dla VEGF w ³o¿ysku
zmienia siê – VEGF-R2 jest g³ównie obecny w ³o¿ysku
we wczesnej ci¹¿y i jego iloœæ zmniejsza siê wraz ze wzro-
stem ci¹¿y, podczas gdy iloœæ VEGF-R1 zwiêksza siê wraz
z wiekiem ci¹¿y(3,4). Zmianom iloœci tych receptorów od-
powiada zmiana stê¿enia ich aktywatorów – stê¿enie
peptydów z rodziny VEGF koreluje z iloœci¹ VEGF-R2,
a stê¿enie PlGF z iloœci¹ VEGF-R1. Wydaje siê jednak,
¿e steruj¹ one odmiennymi zjawiskami: dzia³anie PlGF
poprzez VEGF-R1 skutkuje nasileniem angiogenezy typu
non-branching, gdzie obserwuje siê wyd³u¿anie istniej¹-
cych pêtli naczyniowych, natomiast dzia³anie peptydów
z rodziny VEGF przez VEGF-R1 i VEGF-R2 nasila an-
giogenezê typu branching zwi¹zan¹ z powstawaniem no-
wych pêtli naczyniowych(5). Receptory te s¹ obecne nie
tylko na powierzchni komórek œródb³onka, ale równie¿
na komórkach rozwijaj¹cego siê trofoblastu, jako wyraz
auto- i parakrynnej proangiogennej czynnoœci trofobla-
stu(6,7), poniewa¿ aktywacja tych receptorów powoduje
wzrost syntezy VEGF oraz PlGF przez komórki trofo-
blastu. Dodatkowo synteza VEGF oraz PlGF przez ko-
mórki trofoblastu jest zale¿na od stê¿enia tlenu, w którym
rozwijaj¹ siê komórki trofoblastu. Hipoksja (1% O2) po-
woduje wzrost ekspresji mRNA VEGF oraz zdecydowa-
ne zmniejszenie syntezy PlGF(8). Podobnie w tkankach
guza nowotworowego hipoksja jest bardzo silnym czyn-
nikiem powoduj¹cym wzrost syntezy VEGF w ci¹gu kilku
godzin ekspozycji(9). Spodziewane jest, ¿e intensyfikacja
angiogenezy obserwowanej m.in. w procesie kszta³towa-
nia siê i rozwoju ³o¿yska jest zwi¹zana nie tylko ze zwiêk-
szon¹ syntez¹ VEGF czy te¿ PlGF, lecz tak¿e ze zwiêk-
szeniem iloœci czynnych receptorów dla tych czyników.
Celem badania by³a ocena ekspresji receptorów dla
VEGF na powierzchni komórek trofoblastu w hodowli
in vitro prowadzonej w ró¿nych stê¿eniach tlenu. 

MMAATTEERRIIAA££ II MMEETTOODDYY

£o¿yska (n=12) pobrano po planowych ciêciach ce-
sarskich w ci¹¿y donoszonej o prawid³owym przebie-
gu, przy czym wskazaniami do ciêcia cesarskiego by³o
po³o¿enie miednicowe u pierwiastki (n=9), stan po
ablacji siatkówki (n=2) oraz stan po dwóch ciêciach
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sion, diabetes, premature birth and intrauterine growth
retard were observed. The average time to terminate the
pregnancies was 40 weeks 2 days (min. 40 weeks 0 days,
max 40 weeks 5 days). The average birth weight of the
newborns was 3653 g±252 g (SD). Uterine contractions
did not start in any of the patients. The placental tissue
was excised from the decidual side; regions macroscop-
ically changed or big vessels were avoided. About 50-70 g
of tissue were collected every time. After tissue blocks exci-
sion, placental tissue was minced separating blood ves-
sels that allowed to obtain tissue samples about 2-5 mm
in diameter. Next the trophoblast cells were isolated
according to Kliman’s method(10). The tissue was digest-
ed in 4 sequential trypsin and DNA-ase solutions in the
following concentrations: trypsin 0.125% and DNA-ase
0.2 mg/ml. The supernatant was centrifuged in non-
continuous Percoll gradient with the densities 30-40%.
After trophoblast was isolated, the cell culture was estab-
lished; then the material was randomized into one of the
groups. The immunocytochemical staining with anti-
cytokeratine antibodies (Sigma) showed that the tro-
phoblast cells compose more than 95% of all cells con-
tained in the cell culture prepared in the way described
above. The conditions of the cell culture were: group 1
– 5% CO2, 20% O2, completed N2 (n=7); group 2 – 5%
CO2, 5% O2, completed N2 (n=5). After 96 hours’ incuba-
tion the cultures was terminated, the supernatant was
removed and the material fixed with 4% formaldehyde. 
Then the material was dehydrated in 96% alcohol solu-
tion, in acetone and xylene; after that it was embedded in
paraffin. The paraffin blocks were cut on a microtome,
paraffin was removed, internal activity of peroxidase
was blocked with hydrogen peroxide, the specimens were
rinsed in PBS and incubated with the human serum for
20 minutes. After addition of anti-VEGFR-1 mouse anti-
bodies or anti-VEGFR-2 mouse antibodies (Chemicon,
1:1500) the incubation lasted 30 minutes. Then the sec-
ondary biotynylated anti-mouse antibodies and Novo-
stain Super ABC Reagent (Novocastra) were added and
incubated for 30 minutes. The specimens were rinsed
with PBS, and the peroxidase activity was manifested as
a brown sediment due to addition of 3,3’-diaminoben-
zidine (Immunotech) together with hydrogen peroxide for
3 minutes. The specimens were protected with DPX. In
negative control PBS was used instead of anti-VEGFR-1
and anti-VEGFR-2 antibodies. The histological prepara-
tions were analyzed with computer image analysis soft-
ware Leica Quantimet 500C+ (Leica Cambridge Ltd.
Cambridge, UK). The system consists of computer with
Intel Pentium processor, graphic card Ark Logic 2000 MT
and graphic processor connected to video camera JVC
TK-1280 E and microscope Leica DMLB. The prepara-
tions were analyzed in magnification 200x. The micro-
scope picture was collected by video camera which gen-
erated output analogue signal. Next, analogue-digital
converter transmitted digital signal to the morphometric

cesarskich (n=1). U ¿adnej z pacjentek w czasie ci¹¿y
nie obserwowano nadciœnienia têtniczego, cukrzycy ciê-
¿arnych, zagra¿aj¹cego porodu przedwczesnego ani we-
wn¹trzmacicznego zahamowania wzrostu p³odu. Czas
ukoñczenia ci¹¿y to œrednio 40 tyg. 2 dni (min. 40 tyg.
0 dni, maks. 40 tyg. 5 dni). Œrednia masa noworodków
wynosi³a 3653 g±252 g (SD). U ¿adnej z kobiet nie
rozpoczê³a siê czynnoœæ skurczowa. Wycinano tkankê
³o¿yskow¹ od strony doczesnowej, unikaj¹c miejsc ma-
kroskopowo zmienionych oraz du¿ych naczyñ. Za ka¿-
dym razem pobierano oko³o 50-70 g tkanki. Nastêpnie
tkankê ³o¿yskow¹ rozdrobniono, oddzielaj¹c w miarê
mo¿liwoœci naczynia krwionoœne, uzyskuj¹c w ten spo-
sób fragmenty tkanki o œrednicy ok. 2-5 mm, odwa¿ono
30 g tkanki i poddano enzymatycznemu trawieniu w celu
izolacji komórek trofoblastu wg metody Klimana i wsp.(10)

Tkankê trawiono w 4 kolejnych roztworach trypsyny
i DNA-azy o stê¿eniach: 0,125% trypsyny i 0,2 mg/ml
DNA-azy. Supernatant poddawano wirowaniu w nie-
ci¹g³ym gradiencie Percollu o gêstoœciach od 5% do 70%.
Tkankê trofoblastu pobierano z gêstoœci 30-40%. Po wy-
izolowaniu trofoblastu zak³adano hodowlê komórkow¹,
przy czym losowo przydzielano materia³ do jednej z grup.
Barwienia immunocytochemiczne z przeciwcia³ami an-
tycytokeratynowymi (Sigma) wykaza³y, ¿e w przygoto-
wanej w powy¿szy sposób hodowli komórki trofoblastu
stanowi¹ ponad 95% wszystkich komórek. Warunki, w ja-
kich prowadzono hodowlê, to: grupa 1 – 5% CO2, 20%
O2, dope³nione N2 (n=7); grupa 2 – 5% CO2, 5% O2,
dope³nione N2 (n=5). Po 96 godzinach inkubacji za-
koñczono hodowlê, usuniêto supernatant i materia³
utrwalono w 4% formalinie. 
Nastêpnie materia³ odwodniono w 96% roztworze alko-
holu, acetonie, ksylenie i zatopiono w parafinie. Bloczki
parafinowe skrojono mikrotomem, usuniêto parafinê
oraz zablokowano wewnêtrzn¹ aktywnoœæ peroksyda-
zy nadtlenkiem wodoru, preparaty wyp³ukano w PBS
oraz inkubowano z surowic¹ ludzk¹ przez 20 minut.
Po dodaniu mysich przeciwcia³ anty-VEGF-R-1 lub an-
ty-VEGF-R2 (Chemicon, 1:1500) inkubowano przez
30 minut. Nastêpnie dodano wtórne antymysie biotyny-
lowane przeciwcia³a oraz Novostain Super ABC Reagent
(Novocastra) i inkubowano przez 30 minut. Preparaty
przep³ukano PBS, a aktywnoœæ peroksydazy ujawni³a siê
w postaci br¹zowego osadu przez dodanie na 3 minuty
3,3’-diaminobenzydyny (Immunotech) wraz z nadtlen-
kiem wodoru. Preparaty zabezpieczono DPX. W kontro-
li ujemnej u¿yto PBS zamiast przeciwcia³ anty-VEGF-R1
i anty-VEGF-R2.
Preparaty histologiczne by³y analizowane systemem
komputerowej analizy obrazu Leica Quantimet 500C+
(Leica Cambridge Ltd. Cambridge, UK). System sk³ada
siê komputera z procesorem Intel Pentium, z kart¹ gra-
ficzn¹ ARK Logic 2000 MT i procesorem graficznym
po³¹czonym z kamer¹ wideo JVC TK-1280 E i mikrosko-
pem œwietlnym Leica DMLB. Preparaty by³y analizowa-
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analysis coding this in HSI system. After graphic conver-
sions the cell surface was separated univocally with the
colored reaction responding to VEGF-R1 or VEGF-R2
present on the cell surface. The measurements were per-
formed in blind test without clinical data. 20 fields of
vision were selected randomly from each preparation,
then analyzed. The area of analyzed field was about
0.14 mm2. The intensity (I) and surface area (P) with col-
ored reaction were analyzed. The receptor expression level
was determined as a product of analyzed parameters, and
was compared between groups 1 and 2. The results were
presented as average values ±SEM. The obtained dif-
ferences were assessed with using the U-Mann-Whitney
test accepting statistical significance when p<0.05. 

RREESSUULLTTSS

The staining intensity (I) was assessed in 0-255 scale used
by morphometric program, and was: for VEGF-R1 in
group 1 – 34±3.8, in group 2 – 38±3.9, (p>0.05), for
VEGF-R2 in group 1 – 35±4.0, in group 2 – 36±3.5,
(p>0.05). P for VEGF-R1 was 0.035 mm2±0.0045 in
group 1, 0.067 mm2±0.0028, (p<0.05) in group 2.
P for VEGF-R2 was 0.042 mm2±0.0036 in group 1, and
0.075 mm2±0.0034 in group 2, (p<0.05). The VEGF-R1
expression level was higher by 113.9% in group 2 com-
paring to group 1, similarly the VEGF-R2 expression
level was higher by 83.6% in group 2. 

DDIISSCCUUSSSSIIOONN

The results of previous studies on the influence of hypox-
ia on vascular net development emphasize the contri-
bution of transcriptive factor for proteins contributing
in the process of forming new vessels – HIF (hypoxia
inducible factor). The activity of HIF is directly depend-
ent on oxygen concentration: within the environment of
normal oxygen concentration – pO2 >20 mm Hg – the
HIF ubivictination process increases which, in turn, is
significantly slower in hypoxic conditions. The increased
concentration of HIF-1 protein causes the increased
synthesis of VEGF and VEGF-R1 in different tissues
– lungs, neoplasms, umbilical vein’s endothelial cells
culture(9,11,12). The observed increase of VEGF-R1 and
VEGF-R2 expression in trophoblast cells under the
hypoxic conditions is consistent with the expectations.
The VEGF receptors present on the trophoblast cells are
responsible for autocrine and paracrine trophoblast acti-
vation that results in increased proliferation and placen-
tal growth(8). In the course of pregnancy the partial oxy-
gen blood pressure in the intervillous spaces changes
from the values lower than 20 mm Hg to 8th week of ges-
tation even to 60 mm Hg about 16th week of gestation(13).
It may be supposed that that the change in VEGF-R1 and
VEGF-R2 receptors during pregnancy is exactly connect-
ed with the oxygen influence on trophoblast cells. 

ne pod 200-krotnym powiêkszeniem. Obraz z mikrosko-
pu by³ zbierany przez kamerê wideo, która generowa³a
wyjœciowy sygna³ analogowy. Nastêpnie konwerter ana-
logowo-cyfrowy przekazywa³ sygna³ cyfrowy do analizy
morfometrycznej, koduj¹c go w systemie HSI. Po prze-
kszta³ceniach graficznych jednoznacznie wyodrêbniano
powierzchnie komórek, w których obecna by³a reakcja
barwna odpowiadaj¹ca obecnemu na powierzchni ko-
mórki VEGF-R1 lub VEGF-R2. Pomiary by³y wykony-
wane w œlepej próbie, bez danych klinicznych. Z ka¿dego
preparatu analizowano 20 losowo wybranych pól widze-
nia. Obszar analizowanego pola widzenia wynosi³ oko³o
0,14 mm2. Analizowano intensywnoœæ (I) oraz pole po-
wierzchni (P) z reakcj¹ barwn¹. Poziom ekspresji recep-
torów oznaczono jako iloczyn analizowanych para-
metrów i porównywano pomiêdzy grup¹ 1. i 2. Wyniki
podawano jako wartoœci œrednie ±SEM. Uzyskane ró¿-
nice oceniano przy u¿yciu testu U-Manna-Whitneya,
uznaj¹c znamiennoœæ statystyczn¹, gdy p<0,05.

WWYYNNIIKKII

Intensywnoœæ barwienia (I) by³a oceniana w skali 0-255,
wykorzystywanej przez program morfometryczny i wy-
nosi³a: dla VEGF-R1 w grupie 1. – 34±3,8, w grupie 2.
– 38±3,9, p>0,05; dla VEGF-R2 w grupie 1. – 35±4,0,
w grupie 2. – 36±3,5, p>0,05. P dla VEGF-R1 w gru-
pie 1. wynosi³o 0,035 mm2±0,0045, w grupie 2. – 0,067
mm2±0,0028 (p<0,05); P dla VEGF-R2 w grupie 1.
– 0,042 mm2±0,0036 i w grupie 2. – 0,075 mm2±0,0034
(p<0,05). Poziom ekspresji VEGF-R1 by³ wiêkszy
o 113,9% w grupie 2. w porównaniu z grup¹ 1., podob-
nie poziom ekspresji VEGF-R2 by³ wiêkszy o 83,6%
w grupie 2.

DDYYSSKKUUSSJJAA

W dotychczasowych badaniach wp³ywu hipoksji na roz-
wój sieci naczyniowej podkreœla siê udzia³ bia³ka bêd¹-
cego czynnikiem transkrypcyjnym dla bia³ek bior¹cych
udzia³ w procesie powstawania nowych naczyñ – HIF
(hypoxia inducible factor). Aktywnoœæ HIF jest bezpo-
œrednio zale¿na od stê¿enia tlenu: w œrodowisku nor-
malnego stê¿enia tlenu – pO2 >20 mm Hg – nasila siê
proces ubikwitynacji HIF, który w warunkach niedoboru
tlenu jest znacznie spowolniony. Zwiêkszone stê¿enie bia³-
ka HIF-1 powoduje nasilenie syntezy VEGF i VEGF-R1
w ró¿nych tkankach – p³ucach, guzach nowotworowych,
hodowli komórek œródb³onka ¿y³y pêpowinowej(9,11,12).
Obserwowany wzrost ekspresji receptora VEGF-R1 oraz
VEGF-R2 w komórkach trofoblastu poddanych dzia³a-
niu hipoksji jest zgodny z oczekiwaniami. Obecne na
komórkach trofoblastu receptory dla VEGF odpowia-
daj¹ za autokrynn¹ i parakrynn¹ aktywacjê trofoblastu,
której obrazem jest m.in. wzmo¿ona proliferacja i wzrost
³o¿yska(8). W przebiegu ci¹¿y ciœnienie parcjalne tlenu we
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There are some controversies referring to the effect of
hypoxia and HIF on VEGF-R2 receptor synthesis. The
studies conducted on mice subjected to hypoxia did
not reveal the increase of VEGF-R2 synthesis, while the
VEGF-R1 synthesis was significantly intensified. Sim-
ilarly, in umbilical vein’s endothelial cells culture, the
VEGF-R2 synthesis was inhibited, probably intensified
by HIF-2. However, the stimulating influence of hypoxia
on both receptors synthesis was proved in the studies on
rat’s myocardium and lungs tissue(14). In the papers men-
tioned above, the differences may result from standard
ranges problem: what oxygen concentrations define hypo-
xia, normoxia or hyperoxia. The cells culture in 20% oxy-
gen concentration responding to oxygen concentration
in the atmospheric air seems to be the hyperoxic con-
ditions culture, because in conditions in vivo the blood
supplying capillaries contains lower oxygen concentra-
tion (8-10%). In the investigation mentioned above, the
increased expression of VEGF-R2 receptor was obtained
in the culture with 5% of oxygen concentration. In the
studies where the significant increase of VEGF-R2 expres-
sion was obtained, the tissue was subjected to slight oxy-
gen concentration (0-1%), however, the effect of increased
VEGF-R2 synthesis was not observed when the tissues
were subjected to systemic hypoxia; the oxygen concen-
tration in the blood reaching the tissues was not known
then(15). The molecular mechanism of HIF protein ubi-
victination allows to suppose that the synthesis of VEGF
receptor and VEGF itself will be correlated negatively
with the oxygen concentration within the environment of
torphoblast cells growth(16). 

CCOONNCCLLUUSSIIOONNSS

1. The presence of VEGF-R1 and VEGF-R2 receptors
on trophoblast surface cells is confirmed in cells in
vitro culture.

2. The trophoblast cells culture under hypoxic condi-
tions lead to the increase of VEGF receptor expres-
sion comparing to cells culture in 20% of oxygen con-
centration conditions.
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