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Zus kibos bioptatebi bazalur-ujredovani 
tipis karcinomis histologiur variantSi. 

gamokvleulia Cyclin E, CK5/17 и ER/PR re-
ceptorTa imunoeqspresia. 

dadgenilia, rom aRniSnul faqtorebs 

aqvT diferencirebuli imunoeqspresia, mag-
ram Cyclin E reaqcia pirdapir aRmaval ko-
relaciaSi imyofeba daavadebis klinikuri 
simZimis stadiasa (III-IV) da arakeTilsaime-
do prognozTan.

VON WILLEBRAND FACTOR IMMUNOHISTOCHEMICAL STAINING QUANTITATIVE 
OPTICAL DENSITY PARAMETERS IN THE ENDOTHELIUM AND FIBRINOID 

OF THE PLACENTA DURING SECUNDINES INFLAMMATION 
AND CONCOMITANT IRON DEFICIENCY ANEMIA IN GRAVIDAS

Ilika V., Davydenko I.

Higher State Education Institution of Ukraine «Bukovinian State Medical University», Chernivtsi, Ukraine

Von Willebrand factor is often used as an activation 
marker or marker of endothelial dysfunction [8,4]. In the 
recent years, other functions of von Willebrand factor 
have been identified, which suggests that this protein is 
involved in several other vascular processes [6]: angio-
genesis and vascularization, proliferation of leiomyo-
cytes. Shortly after von Willebrand factor was identified as 
a plasma protein, its ability to be adsorbed by collagen was 
reported as well. There are new suggestions about von Wil-
lebrand as a pro-inflammatory agent. Аn increased concen-
tration of this protein was detected in plasma, particularly, in 
bacterial and viral infections and autoimmune diseases. It is 
suggested that the inflammation can be a general stimulus 
for the release of endothelial cells - the ULVWF (with ultra-
high von Willebrand factor), which can lead to a deficiency 
of ADAMTS13-metaloproteinase, which, in turn, is able to 
break up and formulate its multimers of normal and low mo-
lecular weight. As a result, ULVWF multimers can be stored 
in endothelial cells of blood vessels and blood plasma for 
a long time to cause adhesion and aggregation of platelets, 
which can lead to thrombosis. This confirms the connection 
between the inflammation and thrombosis. [2]. 

The quantitative characteristics concerning the optical 
density of von Willebrand factor immunohistochemical 
staining in the placenta are to be found only in several 
studies [3-5, 9], but the aspect of inflammation and iron 
deficiency anemia in pregnant women has not been ad-
dressed in these studies.

The aim of the study was to establish optical density 
quantitative parameters of von Willebrand factor immu-
nohistochemical staining in the endothelium and fibrinoid 
of placenta during acute and chronic inflammation of 
the secundines combined with iron deficiency anemia in 
pregnant women.

Materials and methods. The total number of 198 
placentas was examined, including those studied during 

physiological pregnancy on the background of iron defi-
ciency anemia in gravidas without the secundines inflam-
mation (for comparison purposes).

The numbers observed in specific research groups are 
presented in Tables 1 and 2.

The material was kept in a buffered neutral 10% for-
malin solution for 20-22 hours, followed by dehydrating 
in the ascending battery of alcohols and placing in paraffin 
at 56*C. The immunohistochemical techniques were per-
formed on sections made from the paraffin blocks (after 
deparaffinization) using the von Willebland visualization 
of primary antibodies by a polymeric system (DAKO) 
with a diaminobenzidine dye. Digital copies of the image 
were obtained using the microscope Delta Optical Evolu-
tion 100 (Planar Lenses) and the digital camera Olympus 
SP-550UZ. The method of computer microdensitometry 
was implemented in the medium of сomputer program 
ImageJ (1.48, W. Rasband, National Institutes of Health, 
USA) [10]. The optical density of the histochemical stain-
ing was measured in relative units (in the range from 0 to 
1, based on the logarithmic transformations of the bright-
ness index in gradations from 0 to 255).

The arithmetic mean and its error (for optical density) 
were calculated using the computer program PAST 3.16 
(free license, O. Hammer, 2017) [7]. Differences in the 
average tendencies were determined with the help of a 
two-sided odd t-test with a preliminary check on the nor-
mality of distribution in statistical samples. Statistically 
significant differences were considered at p≤0.05.

Results and their discussion. The inflammation was 
diagnosed based on the histological sections having been 
stained with hematoxylin and eosin. Polymorphonuclear 
leukocytes with the admixture of individual lymphocytes 
prevailed in acute forms of inflammation in the nidus of 
infection. In chronic forms of inflammation lymphocytes 
were predominantly determined in the focus of research. 
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In both forms of inflammation, altered changes in local 
cells and interstitial edema were observed.

During the course of conducting immunohistochemi-
cal studies it was found that the specific von Willebrand 
factor immunohistochemical staining was noticed in 
several structures of the placenta: in endothelial cells of 
blood vessels, in the fibrinoid at different localizations, 
and sometimes on the surface of the trophoblasts of the 
placental chorionic villi. Our article presents the results 
of quantitative parameters of the optical density of the im-
munohistochemical staining for the von Willebrand factor 
of the endothelial cell cytoplasm and the fibrinoid of the 
chorionic and basal plates in accordance with the localiza-
tion of the inflammatory process.

During the physiological pregnancy the intensity 
of the staining for the von Willebrand factor was more 
pronounced in the endothelium of the blood vessels 
(Fig. 1, 2), in comparison to the fibrinoid (Fig. 3, 4), 
with the degree of perforation varied considerably 
among the endothelial cells of the blood vessel. Al-
though, it was characterized by the same feature. Small 
groups of various shaped circular cells were found in 
the histological sections of placenta preparations with 
the signs of chronic inflammation. These cells were 
also intensively stained for the von Willebrand factor. 
This phenomenon can probably be interpreted as the 
process of neoplasm of blood vessels, i.e. these facts 
reflect the processes of angiogenesis.

Fig.1. Von Willebrand factor in the endothelium of the 
blood vessel of the chorionic plate of the placenta. Ob-
servation of the physiological pregnancy. Immunohisto-
chemical technique using primary antibodies against von 
Willebrand factor. Оb.40х.Оc.10х

Fig.2. Von Willebrand factor in the endothelium of the 
blood vessel of the basal plate of the placenta. Observa-
tion of the physiological pregnancy. Immunohistochemi-
cal technique using primary antibodies against von Wil-
lebrand factor. Оb.40х.Оc.10х

Fig.3. Von Willebrand factor in the fibrinoid of the 
chorionic plate of the placenta. Observation of the physi-
ological pregnancy. Immunohistochemical technique us-
ing primary antibodies against von Willebrand factor. 
Оb.40х.Оc.10х

Fig.4. Von Willebrand factor in the fibrinoid of the 
basal plate of the placenta. Observation of the physi-
ological pregnancy. Immunohistochemical technique 
using primary antibodies against von Willebrand factor. 
Оb.40х.Оc.10х
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Тable 1. Optical density of the immunohistochemical staining in the fibrinoid and endotheliocytes of the blood vessels 
of the placenta (immunohistochemical technique using primary antibodies against von Willebrand factor) 

during physiological pregnancy and iron deficiency anemia in pregnant women (M±m)

Structures

Research groups

Observation of physi-
ological pregnancy 

(n=20)

Observation of non-inflammatory iron 
deficiency anemia in pregnant women  

(n=21)
Endotheliocytes of the chorionic plate 0,228±0,0025 0,322±0,0021 (P<0,001)

Fibrinoid of the chorionic plate 0,124±0,0021 0,149±0,0020 (P<0,001)

Endotheliocytes of the basal plate 0,374±0,0022 0,385±0,0028 (Р=0,003)

Fibrinoid of the basal plate 0,142±0,0019 0,168±0,0022 (P<0,001)

Тable 2. Optical density of the immunohistochemical staining in the endotheliocytes of the blood vessels
 of the placenta (immunohistochemical technique using primary antibodies against von Willebrand factor) 

in combination with different forms of the secundines inflammation and iron deficiency anemia in pregnant women 
(M±m)

Research groups
Observation of the secundines 

inflammation in pregnancy 
without anemia

Observation of the secundines inflam-
mation in iron deficiency anemia 

of pregnant women
Acute chorioamnionitis
(endothelium of the chorionic plate 
was studied)

0,323±0,0024
(n=23)

0,386±0,0025
(n=21)

P<0,001
Chronic chorioamnionitis
(endothelium of the chorionic plate 
was studied)

0,328±0,0025
(n=20)

0,385±0,0027
(n=21)

P<0,001
Acute basal deciduitis 
(endothelium of the basal plate was 
studied)

0,396±0,0027
(n=16)

0,408±0,0029
(n=15)

Р=0,005
Chronic basal deciduitis
(endothelium of the basal plate was 
studied)

0,398±0,0029
(n=21)

0,416±0,0032
(n=20)

Р=0,005

Тable 3.Optical density of the immunohistochemical staining in the fibrinoid of the placenta (immunohistochemical 
technique using primary antibodies against von Willebrand factor) in combination with different forms 

of the secundines inflammation and iron deficiency anemia in pregnant women (M±m)

Research groups
Observation of the secundines in-
flammation in pregnancy without 

anemia

Observation of the secundines 
inflammation in iron deficiency 

anemia of pregnant women
Acute chorioamnionitis

(fibrinoid of the chorionic plate was 
studied)

0,126±0,0029
(n=23)

0,152±0,0028 
(n=21)

P<0,001
Chronic chorioamnionitis

(fibrinoid of the chorionic plate was 
studied)

0,158±0,0030
(n=20)

0,171±0,0036
(n=21)

Р=0,009
Acute basal deciduitis

 (fibrinoid of the basal plate was 
studied)

0,146±0,0024
(n=16)

0,170±0,0029
Р=0,001
(n=15)

Chronic basal deciduitis
 (fibrinoid of the basal plate was 

studied)

0,170±0,0033
(n=21)

0,181±0,0034
(n=20)

Р=0,026
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As to the fibrinoid, of both chorionic and basal plates, 
it should be mentioned that the von Willebrand factor in it 
was visualized in the form of thread-like chaotic oriented 
structures.

For the purpose of comparison, the optical density 
quantitative analysis of the von Willebrand factor immu-
nohistochemical staining was conducted in the endothe-
lium and fibrinoid of the placenta during physiological 
pregnancy and iron deficiency anemia in gravidas. Aver-
age data on the processes, which concern the observations 
of physiological pregnancy and iron deficiency anemia 
are given in Table 1.

It is obvious from the previously mentioned data that the 
intensity of the optical density of staining in the endothelial 
cells and fibrinoid in physiological pregnancy in different 
placental structures significantly differs. The von Willebrand 
factor is higher in endothelial cells than in fibrinoid, which 
confirms the findings of a visual assessment of the intensity 
of histological sections perforation, and the staining is most 
pronounced in the basal plate of the placenta.

Furthermore, iron deficiency anemia in gravidas 
(IDAG) causes an increase in the optical density of stain-
ing in all the studies, with the maximum indices in the 
basal plate of the placenta, both in the endothelial cells 
and in the fibrinoid.

These indicators are important in terms of estimating 
the optical density of the immunohistochemical staining 
as the key indicator of von Willebrand factor level.

According to the data given in Table 2, it was found 
that in all the forms of inflammation of the secundines 
and the structures under study, the optical density of the 
von Willebrand immunohistochemical staining in the en-
dothelium of the blood vessels significantly increases in 
comparison with the physiological pregnancy. However, 
in relation to non-inflammatory IDAG, there are no statis-
tically significant mean differences in the average trends 
between observations. The inflammation on the back-
ground of iron deficiency anemia in gravidas contributes 
to a rapid increase in the indices, with the highest data in 
the endothelial cells of the basal plate in chronic basal 
deciduitis. 

At the same time, it was marked that, as an average 
tendency, anemia is accompanied by statistically higher 
significant indicators in acute and chronic forms of cho-
rioamnionitis than in basal deciduitis.

According to the data in Table 3, only in chronic forms 
of chorioamnionitis and basal deciduitis, the optical den-
sity of staining in the fibrinoid of the chorionic and basal 
plate of the placenta, is higher than in physiological preg-
nancy. And in comparison with IDAG in absence of the 
inflammation, the intensity of staining increases only in 
the fibrinoid of the chorionic plate in chronic chorioam-
nionitis, while in acute forms, the indices are significantly 
lower than in the comparison group. It was found, at the 
same time, that the quantitative parameters of the von Wil-
lebrand factor staining optical density in all the inflamma-
tory forms combined with IDAG, significantly increase 

in the corresponding structures of the placenta, in com-
parison with physiological pregnancy and inflammation 
of the placenta, with the maximum numbers reported dur-
ing acute chorioamnionitis and basal deciduitis. It should 
be emphasized that only chronic inflammatory processes 
in combination with IDAG cause a change in the indices 
compared with IDAG without an inflammation. 

Conclusions. 1. The intensity of the von Willebrand 
factor staining optical density in the endothelium of the 
blood vessels is more pronounced in comparison with the 
fibrinoid. This pattern is observed both in cases of physi-
ological pregnancy and the secundines inflammation.

2. The von Willebrand factor immunohistochemical 
staining optical density is significantly increased in the 
endothelium of blood vessels in all forms of the secun-
dines inflammation, in comparison with physiological 
pregnancy. At the same time, iron deficiency anemia of 
pregnant women is accompanied with maximum levels 
of optical density in the endothelium, whereas in chronic 
forms of inflammation, the average indices are higher 
than those for acute forms of inflammation.

3. In the fibrinoid of the chorionic or basal plate, the 
staining optical density of von Willebrand factor does not 
change in acute forms of the secundines inflammation, but 
increases with chronic forms. In this case, iron deficiency 
anemia in pregnant women is accompanied by maximum 
levels of the staining optical density in the fibrinoid, and 
in chronic forms of inflammation, the average indices are 
higher than those with the acute forms of inflammation.
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SUMMARY

VON WILLEBRAND FACTOR IMMUNOHISTO-
CHEMICAL STAINING QUANTITATIVE OPTI-
CAL DENSITY PARAMETERS IN THE ENDO-
THELIUM AND FIBRINOID OF THE PLACENTA 
DURING SECUNDINES INFLAMMATION AND 
CONCOMITANT IRON DEFICIENCY ANEMIA IN 
GRAVIDAS

Ilika V., Davydenko I.

Higher State Education Institution of Ukraine «Bukovin-
ian State Medical University», Chernivtsi, Ukraine

The aim of the research was to set the optical densi-
ty quantitative parameters of the von Willebrand factor 
immunohistochemical staining (vWF) in the endotheli-
um and fibrinoid of the placenta during the secundines 
inflammation concomitant with iron deficiency anemia 
in gravidas.

The total number of 198 placentas was studied. The 
immunohistochemical technique was performed using the 
visualization of the primary antibodies to vWF with a di-
aminobenzidine dye polymer system. The optical density 
of the histochemical staining was measured by means of 
computer microdensitometry after the digital copies of the 
images had been obtained.

All the cases of the secundines inflammation and the 
structures under study were found to have a significant 
increase in the optical density of the vWF immunohisto-
chemical staining in the endothelium of the blood vessels 
as compared to the physiological pregnancy. Iron defi-
ciency anemia in gravidas (IDAG) contributes to an in-
crease in the indices of the inflammation, the highest data 
pertaining to the endothelial cells of the placental basal 
plate in chronic basal deciduitis. 

The optical density of the staining in the fibrinoid of 
the chorionic and basal plates during chronic forms of 
chorioamnionitis and basal deciduitis is higher than the 
optical density inherent in physiological pregnancy. The 
intensity of staining increases in presence of all the forms 
of inflammation on the background of IDAG in compari-

son with physiological pregnancy with placenta inflam-
mation. Compared with IDAG in absence of the inflam-
matory processes, only chronic inflammatory processes 
reveal a change in indices.

Consequently, the optical density of the staining sig-
nificantly increases in the endothelium of blood vessels in 
all forms of the secundines inflammation, in comparison 
with the physiological pregnancy, whereas in fibrinoid the 
same process is reported only in chronic course. In this 
case, IDAG is accompanied by maximum levels of opti-
cal density in the endothelium and fibrinoid, whereas in 
chronic, the average indices are higher than those in acute 
forms.

Keywords: von Willebrand factor, inflammation of 
the placenta, iron-deficiency anemia in gravidas.

РЕЗЮМЕ 

КОЛИЧЕСТВЕННЫЕ ПАРАМЕТРЫ ОПТИ-
ЧЕСКОЙ ПЛОТНОСТИ ИММУНОГИСТО-
ХИМИЧЕСКОЙ ОКРАСКИ НА ФАКТОР von 
WILLEBRAND В ЭНДОТЕЛИИ И ФИБРИНОИ-
ДЕ ПЛАЦЕНТЫ ПРИ СОЧЕТАННЫХ ВОСПА-
ЛЕНИИ ПОСЛЕДА И ЖЕЛЕЗОДЕФИЦИТНОЙ 
АНЕМИИ У БЕРЕМЕННЫХ

Илика В.В., Давыденко И.С.

Высшее государственное учебное заведение Украины 
«Буковинский государственный медицинский универ-
ситет», Черновцы, Украина

Целью исследования явилось установление коли-
чественных параметров оптической плотности им-
муногистохимического окрашивания на фактор фон 
Виллебранда в эндотелии и фибриноиде плаценты 
при сочетанном воспалении последа и железодефи-
цитной анемии беременных.

Изучено 198 плацент. Иммуногистохимическую 
оценку проводили с использованием первичных 
антител на фактор фон Виллебранда (vWF) с визуа-
лизацией полимерной системой красителя диамино-
бензидина. Оптическая плотность гистохимического 
окрашивания измерялась с помощью компьютерной 
микросенситометрии после получения цифровых ко-
пий изображения.

Обнаружено, что в сравнении с физиологической 
беременностью при наличии воспаления последа и 
исследуемых структур значительно увеличена оп-
тическая плотность иммуногистохимического окра-
шивания на vWF в эндотелии кровеносных сосудов. 
Железодефицитная анемия беременных (IDAG) 
способствует повышению показателей воспаления.

Оптическая плотность окрашивания в фибрино-
иде хорионической и базальной пластинки выше, 
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чем оптическая плотность при физиологической бе-
ременности только при наличии хронических форм 
хориоамнионита и воспаления базальной мембраны. 
По сравнению с физиологической беременностью и 
воспалением плаценты, повышенная интенсивность 
окрашивания отмечается при всех формах воспале-
ния, сочетанного с IDAG. Сравнительный анализ по-
казал, что изменение показателей отмечается только 
при хронических воспалительных процессах и отсут-
ствует при наличии IDAG без воспаления.

Следовательно, по сравнению с физиологической 
беременностью, при всех формах воспаления последа 
оптическая плотность окрашивания в эндотелии кро-
веносных сосудов значительно возрастает, тогда как в 
фибриноидах такой же процесс прослеживается толь-
ко при хроническом течении. В этом случае IDAG со-
провождается максимальными уровнями оптической 
плотности в эндотелии и фибриноиде, тогда как при 
хроническом воспалении средние показатели выше, 
чем при острой форме.

reziume

imunohistoqimiuri Seferadebis optikuri simkvrivis raodenobrivi parametrebi 
endoTeliumisa da placentis fibrinoidis Willebrand-is faqtorze 

v. ilika, n. davidenko

umaRlesi saxelmwifo saganmanTleblo dawesebuleba 
“bukovinis saxelmwifo samedicino universiteti”, Cernovci, ukraina

kvlevis mizans Seadgenda imunohistoqimi-
uri Seferadebis optikuri simkvrivis raode-
nobrivi parametrebis dadgena Willebrand-is faq-
torze placentis garkveuli struqturebis 
anTebisa da orsulebis rkinadeficituri ane-
miis (IDAG) Tanxvedris dros.

gamokvleulia 198 placenta. imunohisto-
qimiuri meTodika sruldeboda parafinur 
anaTlebze Willebrand-is faqtoris mimarT 
pirveladi antisxeulebis gamoyenebiT da 
maTi vizualizaciiT diaminobenzidiniani 
polimeruli sistemiT. kompiuteruli mik-
rodensitometriis meTodiT gamosaxulebis 
cifruli aslebis miRebis Semdgom izome-
boda histoqimiuri Seferadebis optikuri 
simkvrive.

dadgenilia, rom Seswavlil struqtureb-
Si anTebis yvela formis dros, fiziologiur 
orsulobasTan SedarebiT, saSualod, imu-
nohistoqimiuri Seferadebis optikuri sim-
kvrive Willebrand-is faqtorze mniSvnelovnad 
matulobs. IDAG anTebis dros xels uwyobs 

am maCveneblis zrdas, amasTan, yvelaze maRa-
li maCveneblebi dafiqsirda placentis ba-
zaluri firfitis endoTeliocitebze qro-
nikuli bazaluri deciduitis dros. 

qorionuli da bazaluri firfitis fib-
rinoidSi qorionamnionitis qronikuli 
formebis da bazaluri deciduitis dros Se-
feradebis simkvrive metia, vidre fiziolo-
giuri orsulobisas. IDAG da anTebis yvela 
formis dros, fiziologiur orsulobasa 
da placentis anTebasTan SedarebiT, Se-
feradebis simkvrive izrdeba.

amrigad, sisxlZarRvebis endoTeliumSi 
anTebis yvela formis dros, fiziologiur 
orsulobasTan SedarebiT, Seferadebis op-
tikuri simkvrive matulobs, fibrinoidSi ki 
– mxolod qronikuli mimdinareobis piro-
bebSi. amasTan, IDAG-s Tan axlavs optikuri 
simkvrivis maqsimaluri maCveneblebi endo-
Teliumsa da fibrinoidSi, xolo qronikuli 
anTebis dros saSualo maCveneblebi mwvave 
formebis maCveneblebze maRalia. 


