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CHARACTERISTICS OF ENDOTHELIAL DYSFUNCTION IN PATIENTS
WITH ATOPIC DERMATITIS

Introduction. Skin lesions in atopic dermatitis (AD) are apparently associated with vascular changes, as blood vessels provide pathways
for the transport of immune cells. The aim of the study: study of the state of endothelial dysfunction in patients with atopic dermatitis.

Materials and methods. 70 patients with AD were examined. Groups were formed depending on the SCORAD index (I subgroup — with
SCORAD index up to 20 points, II — with SCORAD index 20-40 points, III subgroup — with SCORAD index from 40 and above points).
Indicators of endothelial dysfunction of VEGF and VCAM-1 in blood serum were determined by the immunoenzymatic method.

Research results and their discussion. A significant percentage of deviations from the reference interval of both the level of VEGF
(52 (74.3%) examined) and VCAM-1 (32 (45.7%) examined) in blood serum among AD patients was established. There were 4.6 times more
people of the I1I subgroup with an elevated level of VEGF in blood serum than patients with a reference value (p<0.001) and 1.52 times more than
among patients of the I subgroup (p=0.0121). Among the patients of the I, only the reference values of the vascular cell adhesion molecule-1 were
found. Among individuals of the III subgroup with an elevated level of VCAM-1 was 1.9 times more than with its reference value (p=0.016). It
was established that the level of VEGF in blood serum in patients of the III was 1.4 times higher compared to the level in patients of the II and
1.68 times higher than in patients of the I. Similar changes were found in the level of VCAM-1 in blood serum in AD patients. The highest level
of VCAM-1 was found in patients of the III subgroup, which was 2.2 times higher than that in the IT and 5.4 times in the I subgroups. In patients
with AD with a minimum duration of the disease (1 year), the level of VEGF in blood serum was within the reference values. Probably the highest
value of this indicator was noted in patients with a long course of the disease (16 and more years), (p<0.05).

Conclusions. A feature of atopic dermatitis is the development of endothelial dysfunction, namely due to an increase in the level of
endothelial vasoactive factors VEGF, VCAM-1 (p<0.01). Violation of endothelial function in AD correlates with the severity of the disease
(p<0.05). The increase in VEGF content is associated with the duration of AD (p<0.05).
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Bounnap Cepriii AnaroJiiioBu4, JOKTOp MEINYHUN HayK, podecop, 3aBimyBay KadeApH MIKIpHUX Ta BEHEPHUHHUX XBOPOO 3 Kyp-
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Exa6 I'api6ex, acnipanT kadeapy HIKipHAX Ta BEHEPUYHHUX XBOPOO 3 KYpCOM MiCISTUIIOMHOI OCBITH BiHHHIIBKOTO HaliOHATIBLHOTO
MeAnYHOTO yHiBepcuTeTy iM. M. L. [Tuporoga, egaraibe@yahoo.com, https://orcid.org/0000000256112074, Binauns, Ykpaina

OcobsmBocTi eH0TeTiaJIbHOL AUCPYHKIIT y XBOPHX HA aTONIYHMI 1epMaTUT

Beryn. YpaxeHHs mKipu mpu atoriyaomMy aepMartuti (A/l), oueBuIHO, OB I3aHE 13 CyTMHHAMH 3MiHaMH, OCKUTBKM KPOBOHOCHI CyTHHH
3a0e3MeuyoTh UUIIXH TPAHCIIOPTYBaHHS IMYHHHX KITHH. MeTa MoCiKeHHsI: BUBYCHHS CTaHy SHIOTeNiabHOT TMCYHKIIT y XBOPHX Ha
aroniuHui nepmarut. Martepiaan ta merogu. O6crexeHo 70 xBopux Ha AJl. Bymu cdopmosani rpymu 3anexuo Bin ingexcy SCORAD
(I migrpyma — i3 inmexkcom SCORAD no 20 6aunis, I — i3 ingexcom SCORAD 20-40 6anis, 11l miarpymna — i3 ingekcom SCORAD Bix 40 1 Bue
OaniB). BusHayanu nokazuuku enporeniansHoi auchyukuii VEGF Ta VCAM-1 y cupoBarii KpoBi iMyHO()EpPMEHTHIM METOZIOM.
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Pe3yabraTu 1ociinkeHb Ta ix 00roBopeHHsi. BcraHoBI€HO 3HAYHH BiICOTOK BiAXUIeHb Bif pedepenTHoro inTepBany sk piBus VEGF
(52 (74,3%) obcrexenux), Tak i VCAM-1 (32 (45,7%) obcTexeHux) y cupoBatiii kposi cepen xBopux Ha AJl. 3nauenus VEGF ta VCAM-
1 3anexxamm Big miarpymu gociimkerHs. Oci6 I migrpymm i3 mizsumennm piBaeM VEGF y cupoBatmi xpoBi 6ymo B 4,6 pa3u Oinbiie, HiX
XBOpHX i3 pedepertHM 3HadeHHaM (p<0,001) Ta B 1,52 pasu 6inbiue, Hix cepen xBopux I minrpymu (p=0,0121). Cepen xBopux I miarpynu
OyJI0 BUSIBIEHO JIMIIE pe(epeHTHI 3HAYCHHS CYIMHHOI MOJNeKynH KiiTHHHOI axaresii-1. Cepen oci6 III migrpymu xBopuX i3 ITigBHIIEHUM
pieaeM VCAM-1 6ymo B 1,9 pasu Oinbine, Hix i3 pedepeHTHHM Horo 3HaueHHAM, (p=0,016). Bcranosneno, mo pisers VEGF y cuposarimi
kpoBi y oci6 III migrpymu 6yB y 1,4 pasu BUIIMM y MOpiBHsHHI i3 piBHeM y xBopux Il miarpymu ta B 1,68 pasu — i3 xBopumu | miarpymm.
Amnajoriuni 3minn Oynu BusiBieHi 1 piBHI VCAM-1 y cupoBarni kpoBi y xBopux Ha AJl. HaiiBummii piBens VCAM-1 GyB BusiBIeHHI
y xBopux Il miarpymu, sxuit y 2,2 pasu nepeBuinyBaB Takuid y oci6 Il ta y 5,4 pasiB y oci6 I minrpyn. V xBopux Ha A/l i3 MiHIMaJIbHOO
TpuBaJicTIO 3axBoptoBaHHs (1pik), piBerb VEGF y cuposarii kpoBi OyB y Mexax pedepeHTHHX 3HaueHb. BiporinHo Hailbinblue 3HaYCHHS

JIAaHOTO MOKA3HYKa OyiIo BiIMIY€HO y XBOPUX IPHU TpHBanoMy nepebiry 3axsoproBaHas (16 Ta 6inbmie pokis), (p<0,05).

BucHoBkH. /17151 aTOMIYHOTO IepMAaTUTy OCOONHUBICTIO € PO3BUTOK CHIOTETIANBHOI TUCHYHKIII, a caMe 32 paxyHOK ITiIBHIICHHSM PiBHS
enjorenianbHux Ba3oakTUBHUX (akropiB VEGF, VCAM-1 (p<0,01). ITopymenns ennoreniansuoi GyHKuil mpu AJl KOpemntoe i3 THKKICTIO
3axBoproBanHs (p<0,05). [lixeumenns smicty VEGF nosizane i3 Tpusamictio AJ] (p<0,05).

Kuro4osi ci10Ba: GpaxTop pocTy eHIOTEIII0 CyIHH, BACKYIIpHA MOJIEKYIa KIITHHHOI afresii-1, aTOMYHMIA 1epMATHUT.

Introduction. Skin lesions in atopic dermatitis (AD)
appear to be associated with vascular changes, as blood
vessels provide pathways for immune cell transport. Thus,
eosinophils and lymphocytes play an important role among
angiogenic factors. A crucial interplay between selectins,
integrins, cytokines, chemokines, and various growth factors
promotes angiogenesis, which leads to the exacerbation of
AD. An increase in the adhesiveness of the endothelium and
uncontrolled leukocyte adhesion are also of great importance
in the pathogenesis of inflammation in AD [1, p. 4639].

It is known that specific surface molecules belonging to
adhesive integrins provide close membrane interaction of
blood leukocytes between themselves and the endothelium
of capillaries, which is a necessary condition for cell
migration in case of skin damage. The number of adhesive
molecules on the surface of activated structures in AD
significantly increases. The conducted studies revealed
increased expression of intercellular adhesion molecules
(ICAM-1 or CD54) on cells of eosinophils and neutrophils
that migrate from the bloodstream or are in tissues,
while increased expression of vascular-cellular adhesion
molecules (VCAM-1) occurs on the membranes of the
endothelium of capillaries) [2, p. 1471 — 1472].

Scientists have confirmed that the upregulation of
adhesion molecules is mediated by the release of cytokines,
such as interleukin-4, from cells found in atopic skin
[3, p. 10661].

In addition, the value of oxidative stress, which is present
in patients with atopy, has been proven in the occurrence of
endothelial dysfunction [4, p. 1269; 5, p. 2136].

The angiogenic form of endothelial dysfunction is
also associated with a violation of neoangiogenesis. The
process of neoangiogenesis is a necessary factor for the
maintenance of inflammation, preservation of erythema
and edema in foci in AD. It is believed that VEGF is
a characteristic mediator that helps increase vascular
permeability in chronic dermatoses [6, p. 12035]. Some
authors believe that changes in microcirculation during
remodeling are associated with three mechanisms:
angiogenesis, expansion of blood vessels, and increased
permeability, and various mediators may participate in
these processes [7, p. 783-784]. VEGF was previously
known as a vascular permeability factor — the most specific
proangiogenic cytokine, which plays a key role in the
process of angiogenesis [8, p. 590-591]. It is also believed
that VEGF plays a leading role in inflammation mediated
by type 2 T-helpers and cytokine production [9, p. 5729].

Despite the fact that the problem of AD is sufficiently
covered in the literature and national prevention and
treatment programs have been developed, however, the
pathogenetic basis of the disease remains the most complex
and debatable.

The aim of our research was to study the state of
endothelial dysfunction in patients with atopic dermatitis.

Methodology/Methods. The work was performed
at the Department of Skin and Venereal Diseases with a
course of postgraduate education of Vinnytsia National
Medical University named after M. 1. Pirogov from 2019 to
2022, on the basis of the Vinnytsia Regional Clinical Skin
and Venereology Center of the Vinnytsia Regional Council.
70 patients with atopic dermatitis were included in the
examination using clinical, immunoenzymatic, research
methods. We formed groups based on the SCORAD index.
The first subgroup consisted of 13 patients with a mild
course of the disease (SORAD index up to 20 points),
the second — 18 patients with a moderately severe course
of AD (SORAD index up to 20-40 points), and the third
subgroup — 39 patients with a severe course of the disease
(SORAD index from 40 and above points).

All manipulations foreseen by the study design were
initiated after providing information and signing informed
consent by patients, control group persons, which were
conducted in compliance with the ethical principles for
human subjects, taking into account the basic provisions
of GCP ICH and the Declaration of Helsinki of the
World Medical Association on of biomedical research in
which a person is the object (World Medical Association
Declaration Of Helsinki 1964, 2000, 2008), the Council
of Europe Convention on Human Rights and Biomedicine
(2007) and the recommendations of the Committee on
Bioethics under the Presidium of the National Academy of
Sciences of Ukraine (2002 ).

Determination  of  indicators of  endothelial
dysfunction: VCAM-1 in blood serum was determined
by the immunoenzymatic method using the "Human
VCAM-1 ELISA Kit" (MyBioSource, USA, catalog no.:
MBS3801534) in the research clinical and diagnostic
laboratory of VNMU. named after M.1. Pirogov (certificate
of the Ministry of Health of Ukraine on re-certification
No. 049/15 dated March 2, 2015).

Human vascular endothelial growth factor (VEGF) in
blood serum was determined by the immunoenzymatic
method for quantitative determination in the SYNLAB
laboratory (Kyiv).
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Results and Discussion. During the study, a significant
percentage of deviations from the reference interval of both
the level of VEGF (52 (74.3%) examined) and VCAM-1
(32 (45.7%) examined) in blood serum among patients with
atopic dermatitis was established. It should be noted that both
VEGF and VCAM-1 values depended on the study subgroup
(Table 5.1). Thus, there were 4.6 times more people of the II1
subgroup with an elevated level of VEGF in blood serum than
patients with a reference value (p<<0.001) and 1.52 times more
than among patients of the I subgroup (p=0.0121). Among the
examined patients of the II subgroup, there were also more
patients with an increased level of VEGF in blood serum than
with its reference value (p=0.003).

The results of the value of VCAM-1 in blood serum,
depending on the subgroup of the study, are also noteworthy
(Table 1). Thus, only the reference values of vascular cell
adhesion molecule-1 were found among patients of subgroup
I. Whereas, among persons of the III subgroup of patients with
an elevated level of VCAM-1 was 1.9 times more than with
its reference value (p=0.016) and 3 times more than among
the examined subjects of the II subgroup (p=0.001). Among
the patients of the II subgroup, almost the same number of
patients with both the reference value of VCAM-1 and its
elevated level in blood serum was found (p=0.741).

It is worth noting that patients with atopic dermatitis,
regardless of the subgroup of the study, who had a
significantly lower level of VEGF in blood serum compared
to the indicator of the control group need more in-depth
observation. Since, according to the literature, a low level
of vascular endothelial growth factor in blood serum can
predict AD persistence [10, p. 035002].

In the following, we analyzed the level of markers of
endothelial dysfunction in blood serum of AD patients.
It was established that the level of VEGF in blood
serum in patients of subgroup III was 1.4 times higher
compared to the level in patients of subgroup Il and 1.68
times higher than in patients of subgroup I. It should
also be noted that the level of VEGF in the blood serum
of patients of III and II subgroups had a significant
difference compared to the value of the indicator in the
control group, p<0.001.

Similar changes were found in the level of VCAM-1
in blood serum among AD patients depending on the
study subgroup. Thus, the highest level of the vascular
cell adhesion molecule-1 was found in patients of the III
subgroup, which was 2.2 times higher than in individuals of
IT and 5.4 times in individuals of I subgroups. The difference
in the level of VCAM-1 in patients of the II subgroup was
also significant in comparison with the level in patients of
the I subgroup, p<0.001.

On the other hand, in patients of the I subgroup, both
the level of VEGF and VCAM-1 in blood serum did not
have a significant difference compared to the indicator in
the control group, p>0.05.

The next step of the study was to analyze the correlation
between indicators of endothelial dysfunction and the
SCORAD index in the examined patients. Thus, we
established a direct moderate correlation between vascular
endothelial growth factor and the SCORAD index in
patients of the III subgroup (r=0.621; p=0.004), II subgroup
(r=0.571; p=0.0032) and a weak one in patients of the I
subgroup (r=0.339; p=0.042).

Table 1

Frequency of deviations from the reference interval of the VEGF index among patients with atopic dermatitis
(m9 OA)’ p’ xz)

Indicator 1 51(1;);1;;' g;l p II subgroup (n=18) o (snu=b§;())up Control group
1‘5’(1;32};;1 6 (46,15) 5 (27,78)%** 7 (17,05)%
VEGF >
150 pg/ml 7 (53,85) 13 (72,22) 32 (82,05)
DI 0.97 (0.72, 1.37) 1.42 (1.16,1.38) 1.49 (1.31,1.8)
1 0.005 8.069 9.176
P 0.867 0.003 <0.001
VEGEF (pg/ml) 164.13 197.68 ™ 276.10 ~ 151.12
Me (Q1 —Q3) (143,25-181.22) (183,58-208,11) (212,11-341.28) (116,13-155.21)
VCAM-1<22,29 £2,51 ng/ml 13 (34.2) 10 (26.32) 15 (39.5)#
VCAM-1>22,29 £2,51 ng/ml 0 8 (25.0) 24 (75)
DI 1.46 (1.17, 1.81) 1.23 (0.81, 1.72) 4.61 (1.24,9.3)
r 18.17 0.931 5.539
P <0.001 0.741 0.016
VCAM-1 (ng/ml) 26,04 65,46%% 140,87% 22,29
Me (Q1 —Q3) (23,7-29,7) (34,1-254,1) (38,5-487,1) (19,5-24,4)

Notes: * probable difference when comparing the VEGF indicator of 1II subgroup and I subgroup, p=0.0121;

** probable difference when comparing the VEGF index of 11l subgroup and II subgroup, p=0.1153;

*¥* probable difference when comparing the VEGF index of 1l subgroup and I subgroup, p=0.1241.

# Probable difference when comparing VCAM-1 indicator of Ill subgroup and I subgroup, p=0.001.

~— probable difference when comparing the VEGF I subgroup with other subgroups and the control group, p<0.001;

" — probable difference when comparing the VEGF indicator of the 1l subgroup with the value of the I subgroup and the control group, p<0.05;
& — probable difference when comparing the VCAM-1 indicator of the Il subgroup with other subgroups and the control group, p<0.001;

&& —a probable difference when comparing the VCAM-1 indicator of the 1l subgroup with the value of the I subgroup and the control group, p<0.001.
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Instead, a weak positive correlation was found between
VCAM-1 index and SCORAD index regardless of the
severity of atopic dermatitis.

In a further study, we found comparisons of endothelial
dysfunction in patients both at the beginning of AD and
during the duration of the pathological process. Thus,
in AD patients with a minimum duration of the disease
(1 year), the level of VEGF in blood serum was the lowest.
At the same time, probably the highest value of this
indicator was noted in patients with a long course of the
disease (16 and more years), (p<0.05).

On the other hand, the level of VCAM-1 in blood serum
in patients with AD did not have a consistent dependence
on the duration of the disease. However, the lowest level

of VCAM-1 in blood serum was found in patients with a
disease duration of 1 year, p<0.05.

The perspective of our further research will be to
study the effect of vitamin D on markers of endothelial
dysfunction. According to literature data, hydroxyvitamin
D may influence VEGF expression [11, p. 108444].

Conclusions. For atopic dermatitis, the key feature is
the development of endothelial dysfunction, namely due to
an increase in the level of endothelial vasoactive factors
VEGF, VCAM-1 (p<0.01).

At the same time, the violation of endothelial function
in such patients correlates with the severity of the disease
(p<0.05). In addition, an increase in the content of VEGF is
associated with the duration of the disease (p<0.05).
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