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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. An 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 ADAMTS 13-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
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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 computer program
ImagelJ (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 #-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.

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. Ob.40*.0Oc.10*

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.
0b.40%.0c. 10*
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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.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. Ob.40*.Oc.10*

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.
0b.40*.0c. 10"
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Table 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

Observation of non-inflammatory iron
deficiency anemia in pregnant women

(n=20) (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 (P=0,003)
Fibrinoid of the basal plate 0,142+0,0019 0,168+0,0022 (P<0,001)

Table 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

(MEm)
Observation of the secundines | Observation of the secundines inflam-
Research groups inflammation in pregnancy mation in iron deficiency anemia
without anemia of pregnant women
Acute chorioamnionitis 0,386+0,0025
(endothelium of the chorionic plate 0325;230)024 (n=21)
was studied) P<0,001
Chronic chorioamnionitis 0,385+0,0027
(endothelium of the chorionic plate 0’32(§i22)0)025 (n=21)
was studied) P<0,001
Acute basal deciduitis 0,408+0,0029
(endothelium of the basal plate was 0’39(r61i(1)’60)027 (n=15)
studied) P=0,005
Chronic basal deciduitis 0,416+0,0032
(endothelium of the basal plate was 0’39(§ig’10)029 (n=20)
studied) P=0,005

Table 3.0ptical 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

0,126+0,0029

0,152+0,0028

(fibrinoid of the chorionic plate was B (n=21)
studied) (n=23) P<0,001
Chronic chorioamnionitis 0,171+0,0036
(fibrinoid of the chorionic plate was 0’158f0’0030 (n=21)
studied) (n=20) P=0,009
Acute basal deciduitis 0,170+0,0029
(fibrinoid of the basal plate was 0, 146f0’0024 P=0,001
studied) (n=16) (n=15)
Chronic basal deciduitis 0,181+0,0034
(fibrinoid of the basal plate was 0’17(252)’10)033 (n=20)
studied) P=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
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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 vVWF 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-
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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.

PE3IOME

KOJUYECTBEHHBIE TAPAMETPBI OIITH-
YECKOW INUIOTHOCTH WMMYHOI'ICTO-
XUMHUYECKON OKPACKU HA ®AKTOP von
WILLEBRAND B SHJIOTEJUU U ®UBPUHOMU-
JE MJALIEHTBI IPU COYETAHHBIX BOCIIA-
JEHUU MOCJIEJA U KEJE30AE®ULIUTHOM
AHEMWM Y BEPEMEHHBIX

HNnuka B.B., JaBbinenko U.C.

Buvicwee cocyoapemeennoe yuebnoe sasedenue Yipaunvl
«bykosunckuil ecocyoapcmeennviil MeOUYUHCKUL yHugep-
cumemy, Yepnosywl, Ykpauna

Ienbto mccnenoBaHus SBUIOCH YCTAHOBICHUE KOJIH-
YECTBEHHBIX IapaMeTPOB ONTHYECKOW IUIOTHOCTH HM-
MYHOTHCTOXMMHYECKOT0 OKpamuBaHus Ha (axrop (oH
Bunnebpanna B sHAOTENMH U (QUOPUHOMJE TUIALICHTHI
NpU COYETAHHOM BOCIIAJICHUM TOCHeNa U kene3onedu-
IIUTHOM aHEeMHH OEpPEeMEHHBIX.

Nzyueno 198 mnaneHT. MIMMyHOTHCTOXMMHYECKYIO
OLIGHKY TIPOBOAMIM C MHCIOJIB30BAHUEM TEPBUUHBIX
antuten Ha (aktop ¢on Buiebpanna (VWF) ¢ Busya-
Ju3anue MOJIMMEPHOU CHUCTEMOH KpacuTelss AUAMMHO-
6eH3uauHa. OnTHYECKas! IIOTHOCTh THCTOXUMHUYECKOTO
OKpAIIIMBAaHUS H3MEPsIach C MOMOIIBI0 KOMIBIOTEPHOI
MHUKPOCEHCHUTOMETPHH TOCIIe TTONydeHUs HHU(POBBIX KO-
N1H U300paKeHusl.

OOHapyXCHO, YTO B CPABHCHUU C PU3UOIOTHUCCKOM
6epeMEHHOCTHIO NMPU HAJIMYUU BOCTIAJICHUS MOCIEAa U
UCCIENYEeMBIX CTPYKTYP 3HAUMTENIHbHO yBEIMYEHA OI-
THYEeCKas MIOTHOCTh UMMYHOTHCTOXUMHYECKOTO OKpa-
muBaHus Ha VWF B 3HIOTENMN KPOBEHOCHBIX COCY/IOB.
Kenezonedpuuntnas anemus Oepemenusix (IDAG)
CIIOCOOCTBYET MOBBINICHUIO NTOKA3aTeJIeH BOCTIATICHHUS.

Onruueckasi MIOTHOCTh OKpAIIMBaHUS B (HOPUHO-
UC XOPHUOHUYECKOW W 0a3aJbHOW IUIACTHHKH BBIIIC,
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YeM ONTHYECKas IUIOTHOCTh NP (U3HOJIOTHYEecKOr Oe-
PEMEHHOCTH TOJBKO MPU HAIMYMU XPOHUUYECKUX (PopM
XOPHOAMHUOHHTA ¥ BOCIaJeHUs 0a3abHOM MeMOpaHbI.
ITo cpaBHeHHIO ¢ (DU3HOIOTHYECKON OCPEMEHHOCTHIO U
BOCITQJICHUEM IIJIalleHThI, TIOBBIIICHHAS WHTEHCUBHOCTD
OKpalllMBaHHs OTMEYaeTcs Npu Bcex (opMax Bocrale-
Husl, couetanHoro ¢ IDAG. CpaBHUTENbHBIN aHAINU3 TTO-
Ka3aJl, 4TO U3MEHEHHE T0oKa3arelieil 0TMeYaeTcsi TOIBKO
NPU XPOHUYECKUX BOCIAIUTEIBHBIX MTPOLIECCaX U OTCYT-
ctByeT npu Hanuuun IDAG 06e3 BocnaneHusi.

CrenoBarenibHO, O CPABHEHHIO € (PU3HOIOTHYECKOI
OepeMeHHOCTBI0, IPH BeeX (hopmax BocHalleHHs! Mocie/ia
ONTUYECKasA MJIOTHOCTh OKpalllMBaHWA B OHAOTECINN KPO-
BEHOCHBIX COCY/OB 3HaUUTEIBHO BO3PACTACT, TOT/[A KaK B
(huOprHOMIaX TAKOW JKE MPOLIECC MPOCISIKUBACTCS TOJIb-
KO IIpU XpoHUYecKkoM TedeHuu. B atom ciaydae IDAG co-
MMPOBOXKAACTCA MAaKCUMAJILHBIMU YPOBHAMU ONTHUYECKOUN
TUIOTHOCTH B HAOTENNU U GpUOpUHOMJE, TOTA KaK MPH
XPOHUYECKOM BOCIAJICHUU CPCIAHUC TMOKa3aTeJIM BBILIC,
4eM IpU 0CTPOH Gopme.

®9boydg

039bm3oEmdodoy®o dgu9@egdol m3Bogymo bodzgMogol Gomwgbmd@ogo 3o@sdgB®gdo
9bpmmgamogdols s 3eoigbBol god®Mobmowols Willebrand-ols g3o@m@ by

3. 0g0035, b. ©sg00963m

9do@aglo LobgandFogem Logobdsbnmgdemm ©sofgligdygagds
“b13030600L Lobgandfogm Lodgooizobm gboggdlodg@o”, hg@bmgso, g3@oobs

3320930l dobobli dgoagbes  0dygbmdoli@mJodo-
9H0 JgRugtegdol m3Goggmo bodigmogol @smwg-
bmdM0g0 3o®MdgBMgdol wowagbs Willebrand-ols 930 4-
HOObY 3oEgbdol podggyao LH®IHh o0l
obmgdols o M@y gdols G gobswgnocodydo sby-
dools (IDAG) mobbggomol p@ml.

3odmgge gn@os 198 3ansi9b@e. 0dgbmdol@m-
Jodoyg@o  gmmpogs LOYmEgdms  3o@ogoby®

obomangdby  Willebrand-ol g3 J@m@ol  dododm
3oGggmoo  SbBobbgyegdols  godmygbgdom s
domo  gobgomobsEoom  ©osdobmdgbbowobosbo

3m@odgdgmo  LobEgdom. 3mddoydgdoeo  dog-
HmEgblodmdgd®ool  dgmmpom asdmbsbymgdols

3oROPmo  SLengdol domgdol dgdpamd 0bmdy-
dmes  dobEmJodogdo  JgugBemgdbol  Mm3Gogy®o
Lod 334039

©oEb0gos, G FgbTogmomr bH@ PG g6ge-
‘do 5bmgdol gggams gm@dol @H™L,g0bomamyoy®
mOLg@mdsbmsb  dgootigbom, Lsdygsemo, 0dy-
bemdobEmodogdo Vggug@egdol m3Bogy®o Lod-
3gMogg Willebrand-ols 535 J@m@ by 360d3bgenmgbow
do@yemdl. IDAG sbmgdols ol bygenl ¢fymol

o3 dohggbgdemols bAwol, sdobmsb, yggemsbyg domo-
g0 dohggbgomgdo woxodbodes 3enoigbBols be-
bognyg@o BodRoBol gbpmmgmomizodgdby Jam-
bogyeo dsbogydo ©g3oodol Omb.

Jooombymo s dsbogy@o BodBoBol God-
Gobmodo  JoGombodbombodol  J@mbogyeo
Rm®Igdol s doboa o wyEoYoRol WAML dg-
Q90ogdols Lodig®ogg dgBos, gowmyg Robomanm-
230900 m@OLgeemoolsl. IDAG ©s sbmgdols ygges
gem®dol  ©OML, gobom@myoy®  m@OLyemdsls
> 3oigbBol  sbmgdslmeb  gs@gdom, dg-
Q90ogdols bodyggmogg 0bdwgde.

sddo0yo, Lobbadommggdol  gbmmgenoyddo
b;mgdols yggams gm®dol @AM, Gobomemyoyd
0OLY@mdsbmsb Jgos®goom, dgxgdswgdol m3-
B0gg®0 bodyggmogg do@gemdls, god@obmowdo jo
— dbmeme  JOmboggmo 0dpobs@gmdols Jo@m-
396do. 535bmsb, IDAG-I mob shansgl m3@ogyco
Lodjg@ogol dsJbodsgnyy@o  dohggbgdemgdo gbom-
0ngeoydlbs ©s BodMobmowdo, bmam Jambogygemo
5bmgdoll @AMl Lsdysem dohggbgdemgdo 373539
Rm®dgdols dohiggbgoammgdby domsgos.

© GMN

113



