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The aim of research was to study the levels of thrombomodulin (TM) and von Willebrand factor (VWF)
in the serum and urine of patients with chronic kidney disease (CKD)as diagnostic markers of endothelial
dysfunction. The study involved 140 patients with CKD. The clinical diagnosis was determined based on
standard methods of patients examination according to the kidney diseases classification and protocols of
CKD patients management. The concentrations of TM and VWF in serum and urine were quantified by
ELISA. A generalized endothelial dysfunction in the vessels of the whole body, including the kidneys and high
concentration of TM and FVF in the serum and urine of patients with a diabetic nephropathy have been found.
The concentration of TM and VWF in the serum of patients with a chronic glomerulonephritis was at the same
level as in the serum of healthy individuals, while those in urine significantly exceeded the control values, in-
dicating endothelial damage in the glomeruli of the kidneys due to exposure to pro-inflammatory cytokines. In
our opinion, the studied markers will contribute to the timely diagnosis of endothelial dysfunction in patients
with CKD and to the development of criteria for prescribing antiplatelet agents in glomerular kidney disease.

Keywords: thrombomodulin, Von Willebrand factor, endothelial dysfunction, chronic kidney disease, glo-
merulonephritis, diabetic nephropathy.

C hronic kidney disease (CKD) increases the
length of hospital stay, impairs quality of
life, requires lifelong monitoring and treat-
ment [1]. The development of glomerulosclerosis is
the basis for the formation of chronic renal failure,
so the assessment of the degree of damage tothe glo-
merular apparatus of the Kidneys is important for pa-
tients with glomerular diseases (glomerulonephritis
(GN), diabetic nephropathy (DN), etc.) [2].

Some studies have shown that in the process of
immune inflammation in the glomeruli of the kidney
there is local activation of the hemostasis system as-
sociated with the stimulating effect of a number of
cytokines produced by immune system cells on vas-
cular hemostasis, plasma coagulation and fibrinoly-
sis. Impaired blood coagulation leads to changes in
microcirculation in the capillaries of the glomeruli,
which impairs renal function, and the gradual trans-
formation of fibrin into hyaline - to sclerosis of renal
tissue [3].

In order to prevent the development of throm-
bosis, it is important to early diagnose conditions

called thrombophilia. Thrombophilia is predisposi-
tion to clotting, or the risk of intravascular thrombus
formation, it corresponds to the period when there is
no intravascular coagulation, but there are already
some changes in hemostasis, which in the future
may cause its appearance. One such condition is en-
dothelial dysfunction (ED) [4].

The kidneys have about 30% of the entire en-
dothelial lining of the body’s vessels (glomerular
capillaries), and they have a large pool of endothelial
cells, which is the first barrier to ultrafiltration in the
glomerular capillaries [5]. Vascular endothelial cells
normally have high antiplatelet anticoagulant and fi-
brinolytic activity. Decreased thromboresistance of
the vascular wall makes a significant contribution to
thrombogenesis [6].

Von Willebrand factor (VWF) is a high mo-
lecular weight polymer glycoprotein that is released
into the bloodstream only by activated endothelium.
It plays an important role as a mediator of platelet
adhesion and aggregation. Currently, VWF is con-
sidered the gold standard in the assessment of ED
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[7, 8]. Thrombomodulin (TM) is another molecule
in this category. It acts as a cofactor of protein C
activation and has anticoagulant activity. Soluble
thrombomodulin can be secreted only from damaged
endothelial cells, so it is considered a marker of en-
dothelial damage [9, 10].

Detection of VWF and TM in high concentra-
tions in the blood and urine may already serve as
an indication for the use of antiplatelet agents, even
in the absence of signs of thrombosis, in order to
prevent it.

The aim of our research was to study the
diagnostic markers of ED in the serum and urine of
patients with CKD.

Materials and Methods

During the study, a standard examination was
performed on all patients, which included general
clinical, biochemical and instrumental research
methods. Biochemical tests and enzyme-linked im-
munosorbent assays (ELISAs) were performed in
the laboratory of lvano-Frankivsk Regional Clinical
Hospital. The research was performed in accordan-
ce with international standards for the coordinated
participation of respondents, the ethical component
of research and biomaterial collection (protocol of
ethical commission No 96/18 from 29.11/2018). All
patients signed a written informed consent to par-
ticipate in the study.

We conducted a prospective study involving
140 patients with CKD who were hospitalized at
the lvano-Frankivsk Regional Clinical Hospital
(Ukraine) during 2018-2021. Of these patients, 100
patients (71.4%; 95% CI 53.4-76.7) had glomerulo-
nephritis (GN) and 40 patients (28.6%; 95% CI 21.3-
36.8) had diabetic nephropathy (DN). The average
age of the patients was 46 years (41; 49). Among the
patients, there were more men (n = 92, 65.7%; 95%
Cl 57.2-73.5) than women (n = 48, 34.3%; 95% CI
26.5-42.8).

CKD stage | was diagnosed in 36 patients
(25.7%; 95% CI 18.7-33.8), CKD stage Il —in 21 pa-
tients (15.0%; 95% CI 9.5-22.0), CKD stage llla -
in 24 patients (17.2%; 95% CI 11,3-24,4), CKD
stage I11b —in 31 patients (22.1%; 95% CI 15.6-29.9)
and CKD stage IV — in 28 patients (20.0%; 95% ClI
13.7-27.6).

In 86 patients (61.4%; 95% CI 52.8-69.5) with
GN and DN, urinary syndrome was present, and in
54 patients (38.6%; 95% CI 30.5-47.2), nephrotic
syndrome occurred.
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In 25 patients (17.9%; 95% CI 11.9-25.2), the
diagnosis of GN was confirmed morphologically, as
follows: in 11 patients (44.0%; 95% CI 24.4-65.1),
mesangioproliferative GN was confirmed, and 5 pa-
tients (20.0%; 95% CI 6.8-40.7) had membranous
nephropathy, 4 patients (16.0%; 95% CI 4.5-36.1)
had focal-segmental glomerulosclerosis, 3 patients
(12.0%; 95% CI 2.5-31.2) had nephropathy with min-
imal changes, and 2 patients (8.0%; 95% CI 1.0-26.0)
had membrane proliferative (mesangiocapillary) GN.

Also, 40 almost healthy individuals were se-
lected who formed a comparison group and were
representative of the main group.

The clinical diagnosis was determined based
on standard methods of examination of patients ac-
cording to the classification of kidney diseases and
protocols of management of patients with CKD.

The glomerular filtration rate (GFR) was de-
termined using a CKD-EPI calculator (https:/
nephrology.kiev.ua/eGFR/gfr.ntm). Daily protein
excretion (DPE) in urine collected within 24 h was
determined by colorimetric method (Dialab, Wiener
Neudorf, Austria). Urine was stored at a temperature
of 2-25°C. DPE reference value: <300 mg/day [11].

Concentration of TM and VWF were quanti-
fied in serum and urine by using a set of reagents
Human TM Elisa Kit (Elabscience, USA) and Hu-
man VWEF Elisa Kit (Elabscience (USA)). Blood
obtained from the patient’s ulnar vein (on an empty
stomach) was used to study concentration of TM and
VWEF. Blood serum was separated from erythrocytes
by centrifugation (3000 rpm) for 10 min. Superna-
tants were stored at - 12°C until use. For the study, a
morning portion of urine was collected, centrifuged
(1500 rpm) for 10 min and 1-2 ml of supernatant
were used to determine thrombin. Supernatants were
stored at - 12°C until use. Detection Range VWF
concentrations: 1.56-100 ng/ml. Sensitivity: 0.94 ng/
ml. Detection Range TM concentrations: 62.50-
4000 pg/ml. Sensitivity: 37.50 pg/ml [7, 12].

STATISTICA 8 software (StatSoft, Serial
STA862D175437Q) was used for statistical analy-
sis. The frequency of qualitative indicators was pre-
sented in absolute (n) and relative (%) frequencies
with the indication of the 95% confidence interval
(C1) in the form of “n (%; 95% CI)”. When analyzing
quantitative data, it was necessary to determine the
nature of the distribution of indicator values using
Shapiro-Wilk’s test. For quantitative data with a nor-
mal distribution, the results were represented as “M
(0),” where M is the mean value and ¢ is the standard
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deviation. For gquantitative data with an abnormal
distribution, “Me (q,; q,)” was used, where Me is the
median and q,; g, are quartiles. Quantitative indi-
cators with normal distribution of values in 2 inde-
pendent groups were compared using the Student’s
criterion. Quantitative parameters with abnormal
distribution in 2 independent groups were compared
using the Mann-Whitney method. A comparison of 2
independent groups for the qualitative indicator was
carried out according to the exact Fisher criterion.

The correlation of normal distributions was
assessed by determining the Pearson correlation
coefficient, and in the abnormal distribution by the
Spearman’s rank correlation coefficient. A P-value
of < 0.05 was considered to be statistically signifi-
cant.

Results and Discussion

As can be seen from Table 1 we noted signifi-
cantly higher concentration of TM and VWF in the
serum of patients with CKD: DN compared with the
group of almost healthy individuals and the group of
patients with GN (P < 0.05; P, < 0.05), and concen-
tration of these markers in the urine was significant-
ly higher than values of the norm group (P < 0.05),
which is explained by the fact that patients with dia-
betes have generalized ED in the vessels of the whole
organism, including the vessels of the kidneys.

In patients with CKD: GN, concentration of
TM and VWF in the serum did not differ signifi-

cantly from the normal group (P > 0.05), but their
level in the urine significantly exceeded the value in
the group of healthy individuals (P < 0.05) , which
may indicate endothelial damage in the glomeruli of
the kidneys, due to exposure to pro-inflammatory
cytokines.

The presence of TM and VWEF in the urine of
patients with GN and DN indicates the possibility
that some of them are excreted in the urine when the
endothelium in the affected glomeruli of the kidneys
is damaged.

When we analyzed the results of the study in
all patients with CKD, we found a medium-strength
inverse correlation between GFR and concentration
of TM (r = -0.56; P <0.05) in serum and GFR and
concentration of VWF (r = -0.48; P < 0.05) in serum,
indicating the progression of ED with decreased re-
nal function (Fig. 1).

We also noted a direct medium-strength cor-
relation between DPE and concentration of TM in
urine (r = 0.63; P < 0.05) and DPE and concentration
of VWEF (r = 0.54; P < 0.05) in urine in patients with
CKD: GN, which indicates that the concentration of
TM and VWF in the urine reflects the degree of in-
flammation in the kidneys, and their determination
can be used to assess the activity of GN (Fig. 2).

Most of the studies available in the literature
are devoted to the study of the concentrations of
TM and VWE in the serum of patients with CKD
and confirm the occurrence of ED with reduced

Table 1. Concentration of thrombomodulin and von Willebrand factor in the serum and urine of patients

with chronic kidney disease and healthy individuals

Healthy individuals

Indicator (concentration) (n = 40)

Patients with chronic kidney disease (n = 140)

With glomerulonephritis

With diabetic

(n=100) nephropathy (n = 40)

Thrombomodulin in
serum, pg/ml Me (q ; 9,)

74.8 (63.6; 89.7)

Thrombomodulin in
urine, pg/ml Me (q,; q,)

Von Willebrand factor in  26.4 (18.6; 39.5)
serum, ng/ml Me (q;; d,)

32.4 (24.7; 46.5)

Von Willebrand factor in
urine, ng/ml Me (q,; q,)

8.4 (5.5, 10.1)

97.5 (75.8; 105.4)

213.6 (178.7; 267.9)
P <0.05

32.2 (24.6; 41.7)

50.7 (44.8; 72.9)
P < 0.05

464.3 (312.9; 608.7)
P <0.05,P, <005

245.3 (196.7; 291.4)
P <0.05

87.1 (68.6; 95.8)
P <0.05,P, <005

62.5 (49.8; 81.7)
P <0.05

Note: P — the reliability of the difference in patients with chronic kidney disease: glomerulonephritis and diabetic ne-
phropathy in comparison with a group of almost healthy individuals; P, — the reliability of the difference in the indicators
of patients with diabetic nephropathy in comparison with the group of patients with glomerulonephritis; Me (q,; ,) is

the median and quartile
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Fig. 1. Correlation between concentrations of thrombomodulin (A) and von Willebrand factor (B) in serum
and glomerular filtration rate in patients with chronic kidney disease
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Fig. 2. Correlation between concentrations of thrombomodulin (A) and von Willebrand factor (B)in urine and
daily protein excretion in patients with chronic kidney disease: glomerulonephritis

GFR [13]. However, there are isolated studies that
confirm the opinion that a number of prothrombotic
biomarkers in urine are markers of renal disease ac-
tivity and precursors of GFR reduction in CKD [14].

Several experimental studies have shown that
in membranoproliferative GN and lupus GN the
amount of TM expressed by glomerular endothe-
lial cells increases, and this finding is a marker of
disease activity. Also, researchers note that the value
of increased expression of endothelial anticoagulant
glycoprotein in diseases characterized by pathologi-
cal intraglomerular coagulation is unknown and re-
quires further research [10, 15].
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High concentrations of VWF in the blood and
urine of patients with CKD may be an indication
for the use of antiplatelet therapy in these patients,
as VWEF is a major mediator of platelet activation
and adhesion, which promotes the activation of the
vascular-platelet link of hemostasis [8].

Determination of TM in blood and urine may
be an early marker for the diagnosis of ED, because
soluble thrombomodulin can be secreted only from
damaged endothelial cells [9].

In this way, in diabetes, there is generalized
endothelial dysfunction in the vessels of the whole
organism, including in vessels of kidneys that is
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confirmed by high concentrations of thrombomodu-
lin and Von Willebrand factor both in serum and in
urine of patients with CKD: DN. In patients with
CKD: GN, there is damage to the endothelium in
the glomeruli of the kidneys, due to exposure to
proinflammatory cytokines, as evidenced by high
concentrations of TM and VWEF in the urine, at
normal values of these biomarkers in the serum.
Determination of concentrations of this markers in
urine as markers of endothelial dysfunction in the
glomeruli of the kidney will allow timely use of anti-
platelet therapy and evaluate the effectiveness of this
therapy, which can significantly change the course
of CKD, serve as early prevention of thrombosis and
cardiovascular events in patients with CKD.

Prospects for further research. In our opinion,
it would be interesting to study the levels of TM
and VWF depending on the treatment received
(cytostatics, hormones, anticoagulants, antiplatelet
agents), as well as depending on the morphological
variant of GN.
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TPOMBOMO/IYJIIH I ®PAKTOP
BIJIVIEBPAHJIA SIK MAPKEPH
EHJIOTEJIAJIBHOI JUC®YHKIIIT
Y HALIEHTIB I3 XPOHIYHOIO
XBOPOBOIO HUPOK
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MeToro  MOCHDKEHHS ~ OyJ0  OMIHUTH
piBEHB TpomOomonyriny (TM) Ta cakropa
Binnebpanna (®B) sk QiarHOCTUYHUX MapKepiB
enpoTenianbHol aucdyHKUii y cHpoBaTLi KpOBi
Ta B CEYi MAI[iEHTIB i3 XPOHIYHOIO XBOPOOOIO HU-
pok (XXH). Jlo mocinimkeHHs Oyso 3anydeHo 140
manienTiB 13 XXH. Kminiuyauii miarso3 BH3HaAYa-
JI1 Ha OCHOBI CTaHIAPTHUX METOMIB OOCTEKEHHS
MaIi€HTIB BIAMOBIIHO 0 Kiacudikaiii 3aXxBOpro-
BaHb HUPOK Ta MPOTOKOJIB BEACHHS TAIli€EHTIB
i3 XXH. Konuenrpanito TM Ta ®B Bu3Hayamu

y cupoBarii KpoBi Ta ceui merogoM ELISA. V
XBOpHX Ha JiabeTwuHy Hedponariro BHSIBJICHO
reHepalli3oBaHy CHJOTENialbHy JTUCHYHKIII Yy
CYIMHaX yChOTO OpraHi3My, y TOMY YHCIi 1 B Cy-
JUHAX HUPOK Ta BHCOKY KoHIeHTpamito TM i ©B
y cuposarui Ta ceui. Konnentpanis TM ta @B y
CHpOBATII KPOBI XBOPUX HA XPOHIYHUH TIIOMEpY-
JoHePUT Ta Y 3I0pPOBHUX 0CI0 OyIia 0/IHAKOBOO, TOA1
K y cedi mamieHTiB i3 XXH BoHa nepeBuiryBasa
KOHTPOJIbHI 3HAUSHHSI, 1110 CBIAYMIIO PO YparKEeHHs
EHJIOTEJIII0 KIIyOOUKIB HUPOK Yepe3 BILIMB MPO3a-
NajgbHUX IHUTOKiHIB. Ha Hamry myMKy, DociiKeHi
MapKepH MOXYTh CIPHUSTH BYACHIH AiarHOCTHUII
enpoTenianbHol aucdyHkuii y namientie i3 XXH
Ta JOMIOMOXYTh PO3pOOILIl KPUTEPiiB Y MpU3HAUCHH]
AHTUTPOMOOLIUTAPHUX 3aCO0IB 3a TIIOMEPYJISIPHUX
ypaKeHb HUPOK.

KnwyoBi cmoBa: TpombomonyiiH, (ak-
Top BinneOpanma, enmoTemianbHa AUCHYHKITIS,
XpOHIYHA XBOp0o0a HHUPOK, TIOMEpYyJIOoHEDPHT,
niabeTUaHa HedpomnaTis.
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