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Abstract. On the basis of inspection 127 patients with
HIV-infection/AIDS it has been established that in case of
this pathology the concentration of thrombomodulin, E-
selectin and von Willebrand’s factor substantially grows,
which is indicative of a HIV-induced affection of the vas-
cular wall. As immunodeficiency progresses, the concentra-
tion of all the mentioned indices grows significantly.

3-month symptomatic therapy does not influence on
the state of the endothelium. The use of the dipiridamol,
aggregant, and also a 3-month antiretroviral treatment of
the first row provide only a partial decline of the thrombo-
modulin, E-selectin and von Willebrand’s factor levels.

However, the inclusion to the antiretroviral therapy
(ART) of dipiridamol maximally optimizes the endothelial
state of the endothelium: the level of thrombomodulin and
von Willebrand’s factor at the II" clinical stage of HIV-
infection normalizes and at the III-IV" stages — signifi-
cantly lowers, although it does not reach the values of
healthy persons. The same ponderable difference is estab-
lished in relation to the content of E-selectin.

Key words: HIV/AIDS, endothelial dysfunction,
treatment.

Introduction. Special attention of scientists has
been focused on the role of the endothelium in the

pathogenesis of HIV infection lately. Locally, the
endothelium forms the wall of the hepatic hemocapil-
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laries — sinusoids which ensure an exchange between
blood and tissues. In a broad sense the endothelial
lining of blood vessels of the body is regarded as an
active independent body that ensures homeostasis of
the vascular wall and is an important barrier to the
spread and development of infection [5, 10].

Molecules that are expressed by the endothe-
lium and are markers of its activation and damage
exist in soluble forms in the bloodstream [8]. They
can be identified qualitatively and quantitatively by
laboratory methods. In particular, highly sensitive
tests deal with an evaluation in the peripheral blood
of the content of thrombomodulin, E-selectin and
von Willebrand’s factor [2, 4].

Thrombomodulin is a surface glycoprotein of
endotheliocytes that is involved in the processes of
blood coagulation and fibrinolysis [14]. In case of
endothelial damage endothelial trombomodulin is
released into the blood in a soluble form, and its con-
centration in blood correlates with the degree of en-
dothelial damage [6].

An elevated level of E-selectin in patients is
indicative of a dysfunction of the vascular bed endo-
thelium. It is known that the expression of E-selectin
is realized due to an endothelial activation in re-
sponse to the action of proinflammatory cytokines
[12]. The concentration of E-selectin correlates with
the level of such biologically active substances as
interleukin-8, o-tumor necrosis factor that is secreted
by different cell types, including endothelial ones
and mediate a mobilization of lymphocytes into in-
flammatory foci, and the process fibrosis [1].

Von Willebrand’s factor is an adhesive glyco-
protein which accumulates in the secretory granules
of the endothelial cells and subendothelial matrix. It
regulates the initial adhesion of platelets to the
subendothelium and the plasma level of coagulation
factor VIII. The level of von Willebrand’s factor in
the blood increases by stimulating the endothelium
by cytokines and in case of its damage [2].

The aim of the study was to investigate the
content of the said markers of the endothelial dys-
function in the blood of patients with HIV infection,
their changes, depending on the clinical stage of the
disease and under the influence of various treatment
modes.

Material and methods. The study involved
127 patients with HIV infection who were on ambu-
latory treatment during 2008-2011 in the Regional
Center for Prevention and Fight Against Aids of
Chernivtsi. Among these patients there were 66 men
and 61 women aged from 19 to 44 years.

There were 35 (27,6 %) patients with clinical stage
I, 60 (47,2 %) — stage II, 22 (17,3 %) — stage III, 10
(7,9 %) — clinical stage IV among the examinees.

All the patients were divided into two groups:
I — 93 persons (47 men and 46 women) aged 19 to 44
years who did not receive HAART; 11 — 34 patients
(19 men and 15 women) aged 21 to 44 years who
underwent first-line HAART (zidovudine + lami-
vudine + efavirenz). These patients were on HAART
for at least 3 months. 36 patients of group I and 16 of
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group II — received dipiridamol aggregant (Curantyl)
in a single dose of 75 mg at night, once every 2 days
for 3 months.

Patients with the I* and II" clinical stage of
HIV-infection/AIDS were combined in the first
study subgroup, and from the I1I¢ and IV" groups to
the second subgroup. 21 representatives of group II
(61,8 %) were at the II" clinical stage of HIV-
infection/AIDS, 9 (26,4 %) — at the III® stage and 4
(11,8 %) — at IV™ one. Patients with clinical stage II of
HIV-infection/AIDS made up the first subgroup, and
those with clinical stages I1T and IV formed the 2™
subgroup of group II.

Von Willebrand factor, thrombomodulin and E-
selectin were evaluated quantitatively in blood serum
samples of all the patients with HIV infection by
means of the ELISA method. To identify thrombo-
modulin and E-selectin we used test systems pro-
duced by Diaclone (France), and von Willebrand’s
factor — test kits manufactured by Shield Diagnostics
(UK). The content of von Willebrand’s factor was
calculated as a percentage of the standard sample accord-
ing to standard curves [4].

A statistical analysis of digital data was made
by means of a computer program "Microsoft Excel
2007", using the Student's test and Pearson’s linear
correlation coefficient. The value of p<0,05 was con-
sidered statistically significant.

Study results and their discussion. We estab-
lished that all the indicators of the endothelial dys-
function underwent essential changes. In the repre-
sentatives of each subgroup the thrombomodulin
concentration significantly exceeded the indices of
healthy persons, constituting 12,17+0,38 pg/l for
clinical stage I and II of HIV infection, while with
stages III and IV — (17,38+0,40) pg/l, the normal
value being (4,83+0,35) g/l (p<0,02-0,005). It is im-
portant that along with a deepening of HIV the con-
centration of this marker increased significantly
(p<0,02).

A similar pattern concerned other indices of the
endothelial dysfunction under study. In particular, E-
selectin increased to (135,96+4,17) pg/l in the repre-
sentatives of the first subgroup, almost twice exceed-
ing the norm — (68,98+2,33) pg/l (p<0,01), and the
second subgroup of patients — even greater — up to
the level of (178,22+2,92) g/l (p2-1<0,02).

The concentration of von Willebrand’s factor
also changed significantly in the patients of the first
subgroup (202,65+4,33)% and the second subgroups
under study — (221,11+2,57)%, significantly exceed-
ing the level of healthy individuals - (164,50+6,30)%
(p<0,02). At the same time, as immunodeficiency
progressed the concentration of this parameter sig-
nificantly increased (p2-1<0,05).

Established a strong inverse correlation between
the number of T-helper cells and the indices of endo-
thelial dysfunction, namely: the content thrombo-
modulin - r = -0,74 ... -0,91, E-selectin level - r = -
0,74 ... -0,88 , and between the number of T-helper
cells and the concentration of von Willebrand’s fac-
tor — the average inverse (r =-0,43 ... -0,68).
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In 3 months of symptomatic therapy, none of
the studied markers of the endothelial dysfunction
changed significantly (p>0.05), indicating the ab-
sence of the effect of the said treatment on the condi-
tion of the endothelium.

At the same time, the inclusion to such therapy
of antiplatelet agents dipyridamole ensured a partial
reduction of the levels of thrombomodulin, E-
selectin and von Willebrand’s factor in the 1* and 2™
subgroups up to (8,66+0,49) and (14,25+0,85) pg/l;
(120,3944,11) and (152,50+7,33) pg/l and
(181,29+45,81) and (204,33+13,68)% respectively. A
lack of a significant difference from the control
group makes it impossible to speak of a complete
normalization of these indices, however, it is indica-
tive of a clear trend to a decrease of the levels of
markers of the endothelial function. This conclusion
can be arrived at by comparing adduced values with
the appropriate parameters for treatment. It is impor-
tant that this comparison indicates a significant
(p<0,05) decrease of all the analyzed parameters
except for von Willebrand factor in the 2™ subgroup
of patients at the I1I* and IV™" clinical stages of HIV
infection. A significant difference preserved at that
between the 2™ and 1% subgroups within one group
(p2-1<0,05-0,02). The indicated difference was ab-
sent only between the levels of von Willebrand fac-
tor in 1% (clinical stages I and II) and the 2™ sub-
group (the III* and IV™ clinical stages of HIV infec-
tion) in 3 months of symptomatic therapy with the
addition of dipyridamole (p2-1>0,05).

A 3-month antiretroviral treatment has also pro-
vided a downward tendency of studied the parame-
ters of the endothelial dysfunction so long as they are
still significantly different from the values of healthy
subjects (p<0,05-0,02).

In the patients with clinical stage II of HIV in-
fection against a background of HAAPT along with
dipiridamol, already within 3 months, the thrombo-
modulin level decreased to (6,50+1,50) ng/l, and von
Willebrand’s factor — to (173,62+14,15)%, which
hardly differed from the normal value — respectively
(4,83+0,35) pg/l and (164,50+6,30)%, (p>0,05).
However the level of E-selectin in this subgroup of
patients and all the analyzed parameters at the III°
and IV™ clinical stages of HIV infection (the 2™ sub-
group) were characterized by the same clear down-
ward tendency, despite the lack of their normaliza-
tion — there remained a statistically significant differ-
ence compared with a group of healthy individuals
(p<0,05-0,02). We consider it appropriate to note
that, obviously, in case of a greater number of people
in this subgroup result would be different.

It is important that, as before, a significant re-
duction of the levels of thrombomodulin and E-
selectin was established compared with the corre-
sponding indicator for treatment (p<0,05). Only von
Willebrand’s factor was a less sensitive indicator
regarding a significant difference between the values
of the 1 (the I clinical stage) and the 2™ (the III
and IV™ clinical stages of HIV infection) subgroup
of patients who received only HAART, or HAART
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with dipiridamol (p2-1>0,05), and also more inert
compared with the value before treatment (p<0,05).

It should be noted that HAART provided a sta-
tistically significant reduction of thrombomodulin in
the 2" subgroup of patients compared with the corre-
sponding index in patients treated only with sympto-
matic intermediaries and dipiridamol (p<0,05). The
same significant difference was established in rela-
tion to the content and E-selectin in the 1* and a sub-
group of patients who did not receive dipiridamol, and
in those two subgroups treated with this antiplatelet
agent.

An elevated level of thrombomodulin, E-
selectin and von Willebrand’s factor in the examined
patients is, apparently, the outcome of a disturbed
hemocapillary structure and/or an increase of the
expression and a release of these factors from the
endothelial cells as the microvasculature of the body
tissues. Thus, the obtained findings confirm the hy-
pothesis about the development of the endothelial
dysfunction in HIV-infection/AIDS.

Damage of the endothelial monolayer hypo-
thetically could be the result of realizing pathoge-
netic links of the HIV infection, including the pas-
sage of virus particles through the endothelial barrier
and an interaction of immunocompetent cells with
the vascular wall. Thus, there is evidence in the
world literature of direct the infection of the endothe-
lium with HIV [3, 7], although a direct cytopathic
effect of the virus on the endothelial cells remains to
be confirmed.

More corroborated is a scheme of HIV-induced
damage of endothelial cells through a cascade of
inflammatory reactions, which is also an important
link in the pathogenesis of HIV infection [4, 12].
HIV proteins initiate a release of proinflammatory
cytokines such as interleukin-8 (IL-8) and cause en-
dothelial apoptosis [9]. Our studies confirm these
data, since overexpression of thrombomodulin, E-
selectin and von Willebrand’s factor is one of the
component of the inflammatory response of the vas-
cular wall. In particular, thrombomodulin except its
immediate function of regulating blood clotting and
fibrinolysis, exerts an anti-inflammatory and cyto-
protective effects, contributing to the maintenance of
the endothelial integrity. In case of a diminished ex-
pression of thrombomodulin which may occur as a
consequence of its inhibited formation under the
action of cytokines or through neutrophils-dependent
release of soluble thrombomodulin from the endothe-
lial membrane conditions favourable for the develop-
ment of an inflammatory process are created [14].
On the other hand, a violation of the endothelial
monolayer structure stimulates the excretion of von
Willebrand factor, which in its turn contributes not
only to platelet adhesion to the bared subendothe-
lium, but the adhesion of leukocytes to the endothe-
lial cells, also contributing to the development of
inflammation [1, 12].

The idea of an important pathogenetic role of a
persistent activation of the endothelium in the pro-
gression of HIV infection is also confirmed in stud-
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ies of the impact of increased expression of biologi-
cally active substances, such as IL-8 and transform-
ing growth factor B (TGF B) which exert a stimulat-
ing effect on the processes neoangiogenesis [7].

Conclusions

1. In all the patients with HIV infection the con-
centration of thrombomodulin, E-selectin and von
Willebrand’s factor significantly increases, indica-
tive of a HIV-induced lesion of the vascular wall.

2. An inverse correlation between the number of
T-helper cells and the indices of the endothelial dys-
function has been established: as immunodeficiency
progresses, the concentration of all these parameters
significantly increases.

3. 3-month symptomatic therapy does not affect
the state of the endothelium. The use of the dipirida-
mol, and also 3-month first line antiretroviral treat-
ment provides only a partial reduction of the levels
of thrombomodulin, E-selectin and von Willebrand’s
factor.

The addition of dipiridamol to HAART maxi-
mally optimizes the condition of the endothelium:
the level of von Willebrand’s factor and thrombo-
modulin at the 1" clinical stage of HIV infection
normalizes, and at stages III-IV — it is significantly
reduced, although not reaching the values of healthy
individuals. The same weighty difference has been
established concerning the content of E-selectin.

Prospects for further research. To study the
role of the endothelium in the pathogenesis of HIV
infection.
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®APMAKOJIOTMYECKASA KOPPEKIIMS SHIOTEJIAAJIBHON TUC®YHKIIAU
Y BOJIbHBIX C BUY-UH®EKITAEN/CITAJIOM

B./I. Mockanwk, B./l. Copoxan, C.P. Menenko, H.B. bananiox, K.H. Bo3na

Pe3tome. Ha ocnoBanuu oocnenoBanus 127 6onpubix BUU-ungexuneii/CITM oM ycTaHOBICHO, YTO IPH ITOH maTo-
JIOTHH CYIIECTBEHHO BO3PAcTaeT KOHIEHTpamus TpoMbomMonynnHa, E-cenexktuna u gakropa BunneGpanza, 9ro ykaspiBaeT
Ha BUY-uHnynupoBaHHOE OpaXkeHHE cocyaucTol creHKH. [1o Mepe mporpeccupoBaHust IMMYHOAe(QUIINTA KOHIICHTPAIHS

BCEX YKa3aHHBIX IoKa3aTeei JAOCTOBEPHO BO3PACTACT.

TpexmecsiyHas CHMITOMAaTHYECKasl Tepalis He BIMSET HA COCTOSHHE SHIOTenHs. Vcronb3oBaHMe aHTHArperaHra
JUITIPHIAMOIIa, a TAKXKE 3-MECsIYHOEe aHTUPETPOBHPYCHOE JICYSHHE EPBOro psia 00eCIeYnBaOT JIUIIb YaCTUYHOE CHIDKE-
HUe YpoBHei TpombomMonynHa, E-cenextrHa u ¢akropa BuiuieOpanna.

OpHako, BKIIOUYEHHE B aHTUPETpoBHpYycHOH Tepanuu (APT) qunupuaamona MakCHMaibHO ONTUMH3HPYET COCTOSIHUE
9HIOTENHNS: yPOBEHb TpoMOoMonynHa U (akropa Bumuiebpanga npu I kiuanueckoii cragun BUY-undekunn Hopmanu3sy-
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ercs, a npu [II-IV cragusax — 1ocToOBEpHO CHUXKAETCS, XOTA U HE JIOCTUraeT 3Ha4eHUH 370pOBbIX JiML. Takas jke Becomas
pasHulla YCTAaHOBJICHA U B OTHOIICHUU cojiep)kaHusi E-cenekTuHa.
Kiwuessbie ciioBa: BUU-undexius/CIIN/, sunoTenuanbHas 1ucdyHKINs, JICUYCHUE.

®APMAKOJIOTTYHA KOPEKIISI EHAOTEJIAJLHOI JUCOYHKIII Y XBOPHX
HA BLI-IHOEKIIIO/CHIJ

B./l. Mockaniok, B./l. Copoxan, C.P. Meneuxo, 1.B. bananiok, X.1. Bozna

Pe3rome. Ha mincrasi o6crexxenns 127 xBopux Ha BlJI-indekuito/CHIJ] BcTaHOBNCHO, 1110 3 I1i€l MATONOTIT CyTTEBO
3pocTae KOHIEHTpallis TpoMOoomoayiny, E-cenektuny i ¢pakropa Binnebpanna, mo Bkazye Ha BlJI-innykoBaHe ypakeHHs
CyOMHHOI CTiHKH. I3 mporpecyBaHHsIM iMyHOIe]ilUTy KOHIIEHTPALLsI yCiX 3a3HaYCHNUX TOKa3HUKIB BIPOTIIHO 3pOCTAE.

TpuMicsiuHa CHMITOMAaTH4HA TEpallis He BIUIMBA€E HA CTAaH €HJIOTENi0. BUKOpHCTaHHS aHTHArperaHTa AUMipHIaMOILy,
a TaKOX 3-MiCSYHE aHTHPETPOBIPYCHE JIKYBAaHHS MEPIIOTO psiAy 3a0e3MeuyoTh JINIIE YaCTKOBE 3HIKEHHS PiBHIB TPOMOO-
Monyniny, E-cenexktuny i ¢gakropa BimneOpanna. OgHak BKIIOUSHHS 0 aHTUPETpoBipycHOi Teparii (APT) mumipuaamory
MaKCHMAJBHO ONTHMI3y€ CTAaH €HAOTEIII0: piBeHb TpoMOOMoyiHy i (akropa Bimne6panna npu I kniniuniit cranii BIJI-
indexmii HopManizyeTses, a npu III-IV cTamisx — BiporigHO 3HIKYETHCS, X04a i He JocsArae 3Ha4eHb 370poBux ocibd. Taka

K BaroMa pi3HUILSI BCTAHOBJIEHA 1 CTOCOBHO BMicTy E-cenexTuny.
Korouosi ciioBa: BlI-indexuis/CHI/I, ennoreniaapHa AuchyHKILIs, JTiKyBaHHS.
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JOCIIPKEHHSA CTAHY JUIHIAHOI'O OBMIHY B KIHOK I3
HOPYIIEHHAM PENNPOAYKTUBHOI ®YHKIIII TA TITIOTUPEO30M

BiHHMIbKHI HalllOHATBHIN MeAnYHUi yHiBepcuTeT iM. MLI. TTuporosa

Pe3tome. Y crarTi HaBeAeHO JAaHi aHANI3y JIMiIHOTO
CHEKTpa B XKIHOK 13 O€3MIiAIsIM 31 3HIKECHOI (DYHKIIEIO
LIATOMONIOHOT 3aJI03H 3aJICKHO BiJl CTYNEHS TiHOTHPEO3Y.
Bcranosneno, mo npu cyOKIiHIYHUX (hOpMax TillOTHPEO3y
BUSIBJICHO HE3HAYHI 3pyNIEHHS JIMIAHOTO IpoQiiio, Haii-
OibLI BUpaKeHi — IpH MaHiecTHUX (popMax TiloTUPEeosy.

BusHaueHHs1 piBHS XOJIECTEPHHY JIIOMNPOTEiAiB HU3BKOT
LIUTBHOCTI KPOBiI € JOJATKOBUM MapKepoM IOpPYIICHHS
O0OMIHHMX TPOLECIB y IHOK i3 O€3IUTAAM Ha T TiMOTH-
peosy.

KurouoBi ciioBa: Oe3rutifis, rinoTupeos, i Iu.

Beryn. 3axBoproBaHHs IIMTONOMIOHOT 3aJ103U
(I113) mocigaroTe TPOBigHE MICIE B CTPYKTYpi €HIO-
kpuHHOI maronorii (47,3 %) [9]. Ha manmii wac B
VYkpaiHi 3apeectpoBaHo Omu3pko 80 THC. XBOpUX Ha
rinorupeo3 (y 1999 pori — 53 Tuc.), i moKa3HUKH 3a-
XBOPIOBAHOCTI MPOIOBXKYIOTh LIOPIYHO 3pocTaTH [2].

Bizomo, 110 B)k€ Ha paHHIX CTaisIX EPBHHHO-
ro rinotupeo3dy (I1I') Gpopmyerbest mMpokuit crekTp
MOPYIICHb PENPOJYKTHBHOI CUCTEMU B XKIHOK, SKi
YacTO IMPU3BOJATH 10 BTpaTtd (EpTHIBHOCTI, 10, Y
Hepury 4epry, IOB’s3aHO 3 OIOCEPEIKOBAHUMH
BIUIMBaMH IIPOJIAKTHHY, PIBEHb SKOTO 301JIBIIYETHCS
i BIUIMBOM THUPOTPOIiH-pIIi3uHT TopMoHy (TPT)
(curgpom Ban-Bika—Xeneca—Poca) [4]. Kpim Toro,
IeIUT THPEOiTHIX TOPMOHIB MPU3BOAUTE 0 3HH-
KEHHsI MOJYJIIOI0YOTO BIUIMBY (DOIIKYJIOCTUMYIIO-
BapbHOTO TopMOHY (DPCI) 1 MmoTeiHi3yI0uoro ropmMo-
nHy (JI') Ha crepoinoreHes, 3HWKEHHS MOpQoIIOriy-
HOi audepeHUianii KITHH TIpaHyJbO3M, CEKpeuil
nporecrepony (I1Ir) i ecrpaniony (E,) ;xoBTUM TiOM.
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Taki 3MiHH B peryJisiii MEHCTPYyanbHOTO LUKITY IPH-
3BOJATH IO Pi3HOMAHITHUX MOPYIIEHh MEHCTPYalb-
HOTO LHUKIY, (PepTHIBHOCTI, MiJBUIIYIOTh YacCTOTY
MHMOBUTPHHX a0OpTiB Ta BHYTPIIITHBOYTPOOHOI 3a-
rubeni wioja, a B OUIbII BifJalieHOMY Hepioji He-
CIPHATIMBO BIUIMBAIOTh HAa KOTHITHBHMI PO3BHTOK
motomcTBa [8]. Y mepmry gepry, 1ie moB’s3aHO 3 HO-
PYLICHHSM pi3HHUX JaHOK MeTalboJi3My: eHepreTHd-
HOT'O Ta HEWPOMEI1aTOPHOro OOMiHIB, popMyBaHHIM
CHHJIPOMY BTOPHUHHOT IMYHOJIOTIYHOT HEJJOCTATHOCTI,
BUHHUKHEHHSM TillepXoJieCTepuHeMii Ta aKTHBaLil
MIEPEKUCHOTO OKUCHEHHS JIMiIiB [5], mo mpu3Bo-
IUTH 10 TIOPYIIEHb MeTabomi3My JimiaiB. OcobmuBo,
CTOCOBHO HeecTepr(iKOBAaHOTO (BUTFHOTO) XOJECTe-
puny (XC), o0 € TMomepeTHUKOM KOBYHHUX KHCIIOT,
CTEpOiJHNX, 30KpEeMa, CTATEBHX F'OPMOHIB.
BcraHoBieHO, M0 AUCTIMiAEMIs, sIKa CIIOCTEpi-
raeThCsl MPHU TIMOTUPEO3i, XapaKTEePU3y€eThCs MiIBH-
LIEHHSIM Yy CHPOBATILi KPOBI PIBHS TPHUIIILEPHIIB
(TI"), nimomporeiniB Hu3bko1 wmiimpHocTi (JITTHILL),
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