ISSN 2313-7347 [pr‘int;|<_
ISSN 2500-3194 (online)
[

peueH3vipyeMblIX XXypHarioB 2022 . TOM 16

— wil \ \ L { T
> - 4 \ " . 7 i | o
“ \ R A (3
V. ‘| - N, ; =
q . - - o - 2
y iy i 2 “‘ . = i s Al v
/ \ L =% o s ‘ : VR
/ & sy e &N, " 7 RN 4 P
o A ~ i o
A -
I F
{ X <
| £
o

: // | %

OBSTETRICS, GYNECOLOGY AND REPRODUCTIO

2022 Vol. 16 No 5

;IHT
NHdopmaul

BanHa

www.gynecology.s



05

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAryER Ve (X

ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

HayuHblit 0630p Review article

(e B Ciecklorpeics https://doi.org/10.17749/2313-7347/0ob.gyn.rep.2022.363

Prognostic value of von Willebrand
factor in clinical practice

Kristina N. Grigoreva', Viktoria 0. Bitsadze', Jamilya Kh. Khizroeva',
Valentina I. Tsibizova?, Maria V. Tretyakova', Dmitry V. Blinov3*,
Liudmila L. Pankratyeva®®, Nilufar R. Gashimova', Fidan E. Yakubova',
Alexandra S. Antonova', Jean-Christophe Gris'’, Ismail Elalamy™*,

Alexander D. Makatsariya'
'Sechenov University; 2 bldg. 4, Bolshaya Pirogovskaya Str., Moscow 119991, Russia;
2Almazov National Medical Research Centre, Health Ministry of Russian Federation; 2 Akkuratova Str., Saint Petersburg 197341, Russia;
3Institute for Preventive and Social Medicine; 4-10 Sadovaya-Triumfalnaya Str., Moscow 127006, Russia;
“Lapino Clinic Hospital, MD Medical Group; 111, 15t Uspenskoe Highway, Lapino, Odintsovo District, Moscow region 143081, Russia;
*Vorokhobov City Clinical Hospital Ne 67, Moscow Healthcare Department; 2/44 Salyama Adilya Str., Moscow 123423, Russia;

Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology,
Health Ministry of Russian Federation; 1 Samora Machel Str., Moscow 117997, Russia;

"University of Montpellier; 163 Rue Auguste Broussonnet, Montpellier 34090, France;
8Medicine Sorbonne University; 12 Rue de I'Ecole de Médecine, Paris 75006, France;

Hospital Tenon; 4 Rue de la Chine, Paris 75020, France

Corresponding author: Kristina N. Grigoreva, e-mail: grigkristik96@gmail.com
Abstract

The von Willebrand factor (vWF) is a multimeric plasma glycoprotein, which quantification has important prognostic value. The
current literature review demonstrates a relationship between the disease severity and vVWF level. For example, von Willebrand
disease is characterized by a quantitative/qualitative genetic vWF deficiency resulting in potentially developed massive bleeding,
which knowledge can prevent development of formidable complications. We should also not forget about an opportunity of
developing acquired Willebrand syndrome most often occurring in response to autoimmune diseases. A marked VWF increase
during pregnancy may evidence about developing preeclampsia, whereas in newborns exposed to additional risk factors, it can
lead to thrombosis. In cancer patients, a substantially elevated vWF level correlates with low survival, especially in those with
ovarian cancer, glioblastomas, esophageal and lung cancer. The emergence of a novel coronavirus infection COVID-19 allowed us
to take a fresh look at prognostic value of vVWF, because numerous studies show that increased blood plasma vWF:Ag is associated
with more adverse outcome in patients with COVID-19. Here, we demonstrate an importance of determining vVWF level, because
early diagnostics and treatment can improve the outcomes of all such patients.
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Pestome

®akTop doH Bunnebpanaa (aHrn. von Willebrand factor, VWF) aBniseTcs MynbTUMEPHbLIM [TIMKONPOTEMHOM MJ1a3Mbl, ONpeaenexune
KOTOPOro MMEEeT BaXKHOE NPOrHOCTUYECKOe 3HaYeHne. B JaHHOM niuTepaTypHOM 0630pe NOKa3aHa B3auMOCBA3b MEXAY THKECTbIO
3a6onesanuii n yposHem VWF. Tak, Hanpumep, 6051e3Hb BunnebpaHaa xapakTepuayeTcs Konn4eCTBEHHbIM/Ka4eCTBEHHbIM FeHeTH-
yeckum aecpuumtom VWF, BCneacTBMe Hero MOXET Pa3BUTbCS MACCUBHOE KPOBOTEYEHUE, 11 3HAHWE 3TOT0 MOXET NpeaynpeanTb
Pa3BUTIE FPO3HbIX OCIOXKHEHMIA. He CTOMT Takxe 3a6blBaTb 0 BO3MOXKHOCTU pPa3BUTMS NPUOBPETEHHOro cUHApoma Bunnebpanaa,
KOTOPbIN Yallie BCEro BO3HUKAET B OTBET HA ayTOMMMYHHble 3a6051eBaHus. CyLlecTBeHHOe noBbleHne ypoBHs VWF B KpoBM BO
Bpems 6epEMEHHOCTU MOXET CBUAETENbCTBOBATL O PA3BUTUMN NMPEIKNAMCINN, 2 Y HOBOPOXEHHbIX MPY BO3LEACTBUN [OMOSHU-
TeNbHbIX (DAKTOPOB pUCKa MOXET NPUBOANTL K TPOME03aM. Y OHKONOrnYecKux 60/bHbIX 3HAYUTENbHOE NoBbILIeHNe YpoBHS VWF
KOPPEesIMPYeT C HWU3KOW BbDKWBAEMOCTbIO, OCOGEHHO Y MALWEHTOB C PakoM AWYHUKOB, rMU061acTOMamu, pakoM nuLiesoja
1 Nerkmx. BoaHukHOBEHME HOBOW KOPOHaBMPYCHOI nHdbekumu COVID-19 no3Bonnno no-HOBOMY B3rMSHYTb HA MPOrHOCTNYECKOEe
3HayeHne VWF: Tak, MHOro4uMCIeHHbIE NCCNeJ0BaHUS NOKA3bIBAOT, Y4TO NOBbIWEHNE B nia3me kposu VWF:Ag cBsizaHo ¢ 6onee
HebnaronpuATHbIMKM Ucxoaami y naumentos ¢ COVID-19. B aaHHOM cTaTbe NoKa3aHa 3HaYMMOCTb onpeaenenus yposHs VIWF, Tak
Kak paHHss ANarHoCTMKa W NIeYeHne CMOryT YNyHLWUTb UCXOAbl BCEX 3TUX NaLMEHTOB.

Kntouesbie cnosa: haktop hoH Bunnebpanaa, vWF, metannonporeaza ADAMTS-13, vWF/ADAMTS-13, 6one3Hb Bunnebpaaa,
cucTema remocrasa

Ona uutuposanus: Tpuropeesa K.H., buuagse B.0., Xuspoesa [O.X., LUn6usosa B.W., Tpetbskosa M.B., bnuHos [.B.,
Mankpatbesa J1.J1., TawwmmoBsa H.P., fAky6osa ®.3., AHtoHoBa A.C., Ipu X.-K., Ananamu ., Makauapus A.[. TiporHoctuyeckoe
3Ha4yeHune hakTopa PoH BunnebpaHga B KIMHUYECKON NPAKTUKe. Akyiepctso, [mHekonorusa v Penpogykuyms. 2022;16(5):588—
599. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2022.363.

What is already known about this subject?

» The von Willebrand factor (vVWF) is a plasma glycoprotein
produced by endothelial cells in the form of ultra-large
multimers and stored in specialized organelles known as
Weibel-Palade bodies.

What are the new findings?

» The data on the prognostic role for increased VWF level in
various populational cohorts are systematized.

» The study of VWF activity is an important prognostic criterion
in patients with a high risk of thrombotic complications.

How might it impact on clinical practice in the foreseeable
future?

» vWF monitoring should become a routine practice and to be
conducted for all patients with preeclampsia, ischemic stroke,
oncology, COVID-19, because early diagnostics and timely
treatment can improve an outcome of such conditions.

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToii Teme?

» ®aktop doH Bunnebpanaa (VWF) — 310 rInMkonpoTeuH nnasmsl,
KOTOPbIi MPON3BOANTCSA KIETKaMM 3HLOTENNA B BUAE YNbTpa-
KPYMHbIX MYNbTUMEPOB 1 XPAHWTCS B CMeLNann3npoBaHHbIX
OpraHennax, U3BeCTHbIX Kak TenbLa Beibens-Manage.

Y10 HOBOrO AaeT cTaTha?

» CuCcTEMATN3NPOBaHbI JaHHblE O MPOrHOCTYECKOK PONN NOBbI-
LweHns ypoBHs VWF y pasninyHbIX CNOEB HAaceneHus.

» llccnenosanune aktueHocT VWF sBNSeTCS BaXKHbIM MPOrHO-
CTUHECKMM KpuTepuem y 60/bHbIX C BbICOKIM PUCKOM pa3Bu-
TS TPOMOOTUHECKUX OCITOXKHEHNIA.

Kak 310 MOXET NoBNUATb HA KNMHUYECKYH NPAKTUKY
B 0603pumom byaywem?

» MonutopuHr VWF nomKeH BOWTW B PYTUHHYK NpPaKTUKy W
MPOBOAUTLCSA BCEM MALMEHTAM C MPE3KNaMMCUen, UeMuye-
CKUM WHCYNbTOM, OHKoornen, COVID-19, NoCKoNbKy paHHAs
JNarHoCTiKa N BOBPEMS Ha4yaToe NevyeHne CMOryT ynyyLinTb
1CX0/ibl AAHHbIX COCTOSHWIA.
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Introduction / BBemenue

The von Willebrand factor (VWF) is a plasma
glycoprotein produced by endothelial cells as ultra-large
multimers consisting of repeating up to 40,000 kDa-long
monomeric units stored in specialized organelles called
Weibel-Palade bodies [1]. Endothelial storage organelles
(Weibel-Palade bodies) contain several pro-inflammatory
and hemostatic proteins, including P-selectin, pro-
inflammatory cytokines, vascular tone control agents,
and vWF [2, 3]. VWF plays two main roles in human
hemostasis: i) "attracting" and binding platelets at the site
of vascular injury, thereby promoting platelet aggregation,
i) VWF acting as a protective carrier molecule for
procoagulant factor (F) VIII (FVIII), which is critical for
maintaining normal circulating FVIII [4]. Studies based
on high-resolution microscopy have demonstrated that
in the absence of vessel wall injury and under low shear
conditions, circulating multimeric vWF exists in a globular
or folded form allowing no platelet adhesion. However,
at high shear rates (forces) or when the endothelial
wall is damaged, the globular vVWF rapidly unwinds
and elongates, turning into a highly active interface for
platelet adhesion. In this unfolded state, VWF serves as a
substrate for metalloprotease ADAMTS-13 (a disintegrin
and metalloprotease with thrombospondin type 1 motif,
member 13) whose main function is to cleave VWF
giant multimers [5]. Modulating VWF plasma antigen
(VWF:Ag) levels through regulated secretion pathways
and ADAMTS-13-mediated proteolysis is essential to
control VWF multimeric distribution and hemostatic
activity. Elevated plasma levels of VWF:Ag is associated
with an increased risk of venous thromboembolism,
venous thrombosis, stroke, and coronary heart disease
[6, 7], whereas low levels of von Willebrand factor/von
Willebrand disease (WD) is the most common bleeding
disorder accompanied by profuse bleeding occurring in
0.1-1.0 % people [8].

Von Willebrand disease / Boie3nsn
Buwuieopanga

The first report on WD was published in 1926 by the
Finnish general practitioner Erik Adolf von Willebrand
(Fig. 1). In 1925, he was asked to examine a five-year-
old girl; when collecting an anamnesis, it turned out that
at early age out of the 11 siblings of the girl, four died
from bleeding. Later, the researcher found that many
relatives on the part of the mother and father tended
to bleed from the skin and mucous membranes, and
menorrhagia was noted in women. Erik von Willebrand
distinguished this condition from classical hemophilia

based on the nature of the inheritance and called it a
pseudohemophilia. However, the lack of specific and
reliable diagnostic tests and evidence of concomitant
factor VIII depletion has led to diagnostic confusion
between these conditions. In the 1950s, plasma from
patients with severe hemophilia could correct von
Willebrand's disease, leading to a distinction between
the two diseases. In the decades thereafter, a significant
progress was made in the immunological distinction
between VWF and FVIII, purification of vWF, and vWF
gene sequencing leading to our current understanding
of VWF as well as the molecular mechanisms underlying
von Willebrand's disease. WD is currently subdivided into
three categories based on quantitative and qualitative
VWF deficiency [9-11] (Table 1). It is also important to
remember it may develop as an acquired von Willebrand
syndrome. In the latter, people have no genetic disorder
affecting vVWF level. One example of developing acquired
von Willebrand syndrome is an autoimmune disease,
such as systemic lupus erythematosus, in which the body
produces antibodies against normal tissues, sometimes
including those directed against vVWF. Antibodies bind to
the circulating VWF, resulting in insufficient vWF level in
the bloodstream.

Von Willebrand disease in women of
reproductive age / boie3ns Buwuieopanaa
Y ’KE€HIHUH PENPOSYKTHBHOI'O BO3pacTa

Women and men are equally susceptible to WD.
However, in women, bleeding symptoms are more
common and are associated mainly with a high frequency
of heavy menstrual bleeding (HMB). Research data show

Figure 1. Erik Adolf von Willebrand (1870-1949).
Pucynok 1. Spuk Agonbd coH Bunnebpang (1870-1949).

m http://www.gynecology.su
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Table 1. Classification of von Willebrand disease [modified by the authors according to 12]. 5
Tabnuua 1. Knaccudpmkaums 6onesHn Bunnebpanga [moguduumposaHo astopamu no 12]. R
Type of von Willebrand disease Characteristics ¢
Tun 6one3nn Bunnebpanpa XapaktepucTtuka g
Partial (quantitative) deficiency of von Willebrand factor (vVWF) v
Type 1/Tun 1 y .
HacTn4HbIN (KONNYeCTBEHHbII) fedmunT daktopa doH Bunne6panga (VWF) O
] Qualitative vVWF deficiency:
Type 2/Tun 2: KayecTtBeHHble aedekTbl VIWF: on
2A lowered production of might-molecular weight multimers and elevated vVWF proteolysis; E!i
CHVKEHWE CUHTE3A BbICOKOMOEKYNAPHbIX MybTUMEPOB 1 NOBbILIEHWE npoTeonu3a VWF; ﬁ
increased affinity of vVWF to surface platelet receptor — glycoprotein 1b (excessive binding a
of vVWF to platelets); (@)
2B 7))
noBblLLeHHoe cpoacTBo VWF K peuenTtopy Ha MembpaHe TPOMOOLMTOB — MMNKONPOTenHy 1b -
(136bITO4HOE CBA3bIBaHNE VWF ¢ Tpom6oLmTamu); O
characterized by impaired VWF receptor binding- glycoprotein 1b on the platelet membrane; <
2M XapakTepuayetcs HapyweHnem caa3n VIWF ¢ peLeHTopoM — rnkonpotenHom 1b Ha mem6paxe o)
TPOMOOLMTOB; @)
characterized by normal vWF level and low procoagulant activity due to altered binding between 8
oN factor VIl and vVWF '5‘
XapakTepusyeTcs HopmasbHbIM ypoBHeM VWF 1 HU3KON NPOKOAryNsAHTHON aKTUBHOCTbIO, 0Q
4TO 006YC/I0BNEHO HapyweHnem csasu dakrtopa VIl v vVWF <
Characterized by the almost complete lack of plasma, platelet and vascular wall vVWF (S
Type 3/Tun 3 Xapaktepuayertcs npakTu4eckn nosnHbiM otcytcrtemem VWF B nnasme, Tpombouutax u )
COCYLNCTON CTEHKe o
7
=
that from 5 % to 24 % of women with HMB have any WD Numerous studies have found an increased risk of | ©
type. Moreover, studies of women with WD show that both primary and secondary postpartum hemorrhage in o

50-92 % of women experience heavy menstrual blood
loss, with an average diagnosis of approximately 16
years. However, HMB is not the only problem for women
with WD [13-15].

Pregnancy and childbirth are major tests of
hemostasis system for many women. Despite significant
advances in obstetrics, approximately 2-5 % of all
births are complicated by postpartum hemorrhage.
Usually, to reduce the risk of bleeding during pregnancy,
physiological changes occur, including an increase in the
levels of VWF and factor VIII in plasma [16]. However,
these physiological changes are blunted or absent in
women with WD. The rate of plasma vWF increase in
women with its initial low levels before pregnancy will
be similar to healthy peers, increasing from the first
trimester and increasing to the normal reference range
for non-pregnant women [17]. However, in healthy
pregnant peers at all pregnancy stages, plasma vWF
levels will remain lower; therefore, in this context the term
'normalization” can be misleading. Thus, a physiological
increase in plasma vWF levels a clear problem while
examining women with a family history of WD type 1 who
see a doctor for the first time during pregnancy since
plasma levels of vVWF in the normal range cannot rule out
the disease.

women with WD, with primary and secondary postpartum
hemorrhage rates ranging from 0 to 59 % and from 2 to
32 %, respectively. For example, A.H. James et al. have
shown that women with WD have a 1.5-fold increased
risk of postpartum hemorrhage after childbirth, a 5-fold
increased risk of blood transfusion, and higher maternal
mortality rates [18]. Sometimes postpartum hemorrhage
triggers the WD, with detection rate 49 % of women with
a history of severe postpartum hemorrhage [19]. Thus,
an essential step in WD is the timely diagnosis, which
will avoid the development of massive blood loss during
proper replacement therapy.

ADAMTS-13 and von Willebrand factor /
ADAMTS-13 u paxrop bon Brureopanga

ADAMTS-13 is a zinc metalloproteinase that cleaves
extra-large VWF multimers into Y1605 and M1606
subunits (Fig. 2). The cleavage process of VWF by
ADAMTS-13 s triggered by vascular injury when extra-
large VWF multimers are released from Weibel-Palade
bodies. ADAMTS-13 can cleave the VWF only if it is in
the “open” state, thereby preventing the formation of
super-large multimers that can reach several millimeters
in length if they are not controlled [20, 21]. However,
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ADAMTS-13 can also bind to vVWF while it is in globular
form, which leads to the circulation of VWF-ADAMTS-13
complexes in the bloodstream [22].

In  patients who have developed venous
thromboembolism, the average level of VWF s
significantly higher. However, most often, this occurs
due to a decrease in the ADAMTS-13 activity [23].
Deficiency of ADAMTS-13 leads to accumulation of
large VWF molecules and further thrombocytopenia
consumption and microvascular thrombosis [24].
Thus, a decrease in ADAMTS-13 below 50 % can
be observed in liver cirrhosis, disseminated tumors,
and inflammatory diseases. Patients with hereditary
thrombotic thrombocytopenic purpura are characterized
by lacked or deficient ADAMTS-13 protease, resulting
in much higher vVWF level. But in the case of massive
damage to the endothelium, a significant release of VWF
from the granules occurs; and a relative insufficiency of
metalloprotease, in this case, emerges [25].

Elevated serum von Willebrand factor
level in pregnancy / IIoBbIII€HHE YPOBHA
¢axropa ¢pon Buurebpanaa B rrazme
KPOBH BO BpeMs 6€peMEeHHOCTH

Preeclampsia (PE) is a severe condition that
complicates many pregnancies and is one of the leading
causes of maternal death. According to one theory,
PE occurs as a result of endothelial dysfunction, as a
result of which a large amount of vVWF is released [27].
Numerous patient studies have demonstrated that vWF
level was significantly higher in pregnant women with PE
than in women with normal pregnancies or non-pregnant
[27-30]. A significant increase of VWF level in patients
with PE is also associated with a decrease in ADAMTS-13
activity, which leads to the fact that active vVWF extra-
large multimers circulate in plasma.

In a recent study, G. Elvira et al. demonstrated
that in pregnant women with COVID-19, the ratio
vWF/ADAMTS-13 increased, which significantly and
independently leads to the development of preterm labor
since the risk doubles with each increase in the ratio by
one unit [31].

Elevated neonatal serum von Willebrand
factor level / IloBpiIeHHE YPOBHA
¢axropa ¢pou Buredpanaa B razme
KPOBH HOBOPO KAECHHBIX

There are significant differences in the coagulation
system of newborns and older children. While studying
the hemostatic system of newborns vs. adults,

Weibel-Palade
O bodies

Tenbua

Benbens-lanane

. VWF multimers
Mynbtumepbl VWF

909LIN - GOSLA

- Endothelium

dHpoTenuin

Figure 2. ADAMTS-13-mediated von Willebrand factor cleavage
(adapted from [25]).

PucyHok 2. Hape3ka thakrtopa choH Bunnebpanga (VWF)
meTannonpoteazon ADAMTS-13 (agantuposaHo u3 [25]).

most researchers concluded that in this period, the
ADAMTS-13 activity was lower and much higher vVWF
level was observed. However, VWF gradually declines,
reaching adult levels by about the age of six months.
On the other hand, neonatal ADAMTS-13 levels are
significantly lower compared to adult levels [32]. It is
not entirely clear why neonates have higher vVWF levels
and lower ADAMTS-13 activity; presumably, this is a
physiological reaction that occurs in preparation for
childbirth or as a reaction to stress after birth. Usually, in
healthy newborns, the abnormality of vVWF/ADAMTS-13
ratio leads to no thrombosis. However, it can increase
the chances of developing thrombosis when exposed to
additional risk factors, such as hypoxia, sepsis, and long-
term administration of intravenous devices [33].

Von Willebrand factor in oncology /
®daxrop oH BruieOpaHa B OHKOJIOTHH

The connection between cancer and activation of
coagulation was established as early as 1865 when
Armand Trousseau reported about the development of
complications in the form of venous thromboembolism
(VTE) in oncology patients. VTE occurs in 20 % of cancer
patients and is one of the leading causes of death [34]. In
a recent study, A.L. Palacios-Acedo et al. demonstrated
that cancer cells directly interact with clotting factors
and platelets to promote tumor growth and metastasis

m http://www.gynecology.su
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[35]. In addition, new evidence suggests that vWF can
modulate angiogenesis and cell proliferation, leading to
cancer progression [36, 37]. Several studies have shown
the independent predictive value of vVWF:Ag, with higher
VWEF levels correlated with lower survival in patients with
ovarian, glioblastoma, esophageal, and lung cancers
[38-40]. In addition, plasma proteomic analysis has
identified VWF as a biomarker for the early detection of
colon cancer [41].

Some tumor cells can produce vVWF; moreover, vIWF
expression in tumor cells induces the formation of
endothelial Weibel-Palade-like organelles called Weibel-
Palade pseudo bodies [42]. Also, tumor cells derived
from lung tissue (A549), prostate cells (PC3), urothelial
carcinoma cells (RT4), colon cancer cells (HT-29), and
melanoma cells (MV3, BLM) were able to stimulate vWF
secretion from primary human endothelial cells in vitro
[43-45]. Thus, tumor-mediated secretion of VWF from
endothelial cells probably contributes to elevated plasma
levels of VWF.

The von Willebrand factor may also promote cancer
metastasis and can directly bind to various tumor cells
through several integrin receptors [46]. In addition,
studies have shown that some cancer cells can express
pseudo-GPlba receptors for direct adhesion of VWF. In
particular, C.M. Suter et al. reported surface expression
of GPlba. on several cultured breast tumor cells and
positive GPlba staining in primary breast tumor tissues
[47]. The effect of VWF on such GPlba-positive breast
tumor cells leads to increased spread of tumor cells
through cytoskeletal rearrangement and tumor migration
in vitro. Consistent with this, an experimental metastasis
study showed that anti-vWF (desmopressin) treatment
inhibited lung metastasis by 64 % for disseminated
colon carcinoma cells as well as for melanoma and Lewis
bladder cancer cell lines by 45 and 46%, respectively.

Similarly, gastric vWF-expressing cancer cells
significantly reduced lung metastasis in anti-vWF-treated
mice [42, 48]. Itis important to note that the contribution
of VWF to the spread of cancer appears to be specific
to blood metastasis and not lymphatic metastasis [49].
The mechanism underlying vWF role in promoting tumor
cell seeding in distal tissue remains unclear. However,
L. Goertz et al. reported the presence of intraluminal
VWF multimers in mouse melanoma model, which was
present not only in the primary tumor microvasculature
but also in distal tumor-free organs, including the liver,
brain, and lungs [49]. These data suggest that even at
disease early stage, tumors can induce vVWF systemic
secretion from endothelial cells at sites where tumors
often metastasize.

Von Willebrand factor and ischemic
stroke / ®axrop ¢poH Brureopanaa
M HIIIEMUYECKUH HHCY/IBT

An increasing number of studies show that vVWF plays
a vital role in the formation of blood clots in venous
and arterial thromboses [50, 51]. In ischemic stroke
(IS), platelet-derived von Willebrand factor contributes
significantly to thromboinflammation [52].

In particular a recent meta-analysis of 1567 cases
found a positive association between high vVWF level and
IS, also observing an association between high vWF level

and death from IS [53]. Studies by D.J. McCabe et al.

[54] and K.D. Kovacevic et al. [55] also demonstrated

that high plasma vWF level and IS are closely related.

However, it is essential to understand that it is not due to
increased vVWF that causes IS but rather inverse when IS
results in elevated VWF.

Case-control clinical studies have shown an
association between elevated VWF level and a decrease
in ADAMTS-13 at admission and follow-up with severity
and risk of relapse [56, 57]. However, there is still no
consensus on whether any marker of hemostasis can be
used to predict clinical outcomes after stroke [58].

Von Willebrand factor and COVID-19 /
®daxrop pon Brwureopanga u COVID-19

The coronavirus disease 2019 (COVID-19) pandemic
caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has affected dozens
of millions of families worldwide [59, 60]. The main
problem of COVID-19 is thrombotic and microvascular
complications, especially in patients with severe disease
and death, despite standard thromboprophylaxis and
therapeutic doses of anticoagulants used [61, 62].
It is well known that deaths are mainly associated
with impaired lung function due to local pulmonary
thrombosis [63]. However, it should not be forgotten that
in COVID-19 patients, a phenomenon of inflammatory
vascular damage without microthrombosis as such may
occur [64]. In severe respiratory syndrome 2, increased
thrombin generation, intravascular blood coagulation in
capillaries, extensive endothelial damage, macrophage/
monocyte activation, release of excessive amounts
of pro-inflammatory cytokines, and activation of the
complement system occur [65]. R. Seth et al. have
shown that during coronavirus infection, there is a
significant vVWF increase and ADAMTS-13 decrease in
severe patients [66]. E.J. Favaloro et al. came to the
same conclusion [67]. In 2022, the Thrombosis Research
published a meta-analysis involving 3764 patients
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of X. Xu et al. demonstrating that increased plasma
VWF:Ag level is associated with poor outcomes in
COVID-19 patients [68]. V.0. Bitsadze et al. in a single-
center retrospective observational study involving 129
patients with severe COVID-19 showed that assessing
blood MPO has a prognostic value in patients with
severe COVID-19, and the concentrations of MPO and
vWF:Ag are independent predictors of death in patients
on mechanical lung ventilation [69].

Hypothetically, restoring ADAMTS-13 level and
reducing VWF extra-large multimers level could improve

patient prognosis. However, to date, no experimental or
clinical evidence supports this assumption.

Conclusion / 3akIroueHue

The vWF is an essential marker of many conditions. A
decrease or increase of VWF level should be monitored
in patients with von Willebrand's disease, preeclampsia,
ischemic stroke, oncology, and COVID-19 since early
diagnosis and timely treatment can improve the outcomes
of these conditions.
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