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LONG-TERM RESULTS FOR THE TREATMENT OF PATIENTS
WITH THE APPLICATION OF ORGAN-PRESERVING
OPERATIONS IN PAPILARY THYROID CANCER

Alika Korkelia

Institute of Problems of Endocrine Pathology named after V. Ya. Danilevsky of National Academy of
Medical Sciences of Ukraine, 10 Alchevsk St., Kharkiv, 61002, Ukraine, e-mail: ipep@vl.kharkov.ua

In order to analyse the changes in the structural and functional state of the thyroid gland, a group of
185 patients (67.8 %) were examined after the surgical treatment of papillary thyroid cancer. Of these,
94 patients belonged to the first group — the comparison group where thyroidectomy was performed, and 91 to
the second — the main group where, mainly, organ-preserving operations were performed. The average
follow-up was 6.5 = 5.1 years (varied from 2 to 11 years.

Hypoparathyroidism in patients receiving replacement therapy was observed in 20 (16.4 %) patients after
thyroidectomy and only in 4 (6.3 %) patients after organ-preserving techniques (the differences are
significant, p <0.05). Side effects of replacement therapy were observed in 21 (17.2 %) patients after
thyroidectomy and only in 4 (6.3 %) patients after organ-preserving techniques (the differences are
significant, p < 0.05). Disease recurrence was detected in 4 (3.3 %) patients after thyroidectomy and in 1
(1.6 %) patient after organ-preserving techniques (the differences are not significant, p > 0.05).

The use of organ-preserving approaches in the main group allowed improving functional results by
reducing the frequency of hypothyroidism and side effects of replacement therapy, due to the preservation of
thyroid secretion and its regulation, without worsening the results of relapse-free survival.

KEY WORDS: organ-preserving interventions, papillary thyroid cancer, long-term results of treatment

BIJJAJIEHI PE3YJIBTATH JIIKYBAHHS XBOPUX 3 BUKOPUCTAHHSM
OPI'AHO3BEPITAIOYHX OIEPALIN ITPU MANILJIAPHOMY
PAKY HIMTOINOJIIBHOI 3AJ103H1

Kopxenia A. T.
IHcTuTyT npobiieM eHaokpuHHOT matosorii iM. B. f. Tanunescbkoro AMH VYkpainu, Bys. AT4eBChKHX,
10, m. Xapkis, 61002, Ykpaina

3 MeTor0 aHaji3y 3MiH CTPYKTYpHO-(YHKIIOHATHHOTO CTaHy IIATOBUAHOI 3aJI03U y BiIJaleHWA TEPMiH
IiCIIsl ONEpaTHBHOTO JIKYBaHHS MNaNUIIPHOTO paKy IIMTONOAIOHOI 3ano3u Oyna oOcTexeHa rpyma 3
185 xBopux (67,8 %). 3 HuX 94 XBOpMX HalleKaJIM A0 NEPINOi IPyIH — TPYIi IMOPIBHIHHS /€ BUKOHYBAJIH
TUpeoiTeKkToMiro, a 91 10 Apyroi — OCHOBHOI TPy, e, 374e0iLTPIIOr0, BUKOHYBAIA OPTaHOMIAIHI OIepalii.
CepenHiit TepMiH criocTepexeHHs ckiaB 6,5 + 5,1 pokis (BapiroBaB Bix 2 10 11 pokis).

lNnomapatupeo3 Ha Tii npuiioMy 3amicHoi Tepamii Oyno Bimmiueno y 20 (16,4 %) xBopux mmicis
TUpeoinekToMii Ta TiTbKkU y 4 (6,3 %) XBOpPHUX MiCis OPTraHOMAIHUX METOMUK (BIIMIHHOCTI JOCTOBIpHI,
p < 0.05). ITo6iuni epexTn 3amicHoi Tepamii BigzHavamuest y 21 (17,2 %) XBopuX micis TUpeoigeKkToMii Ta
Titbku y 4 (6,3 %) XBOpPHUX MICNIA OPraHOINAJIHUX METOMUK (BiAMiHHOCTI HOCTOBIipHi, p < 0.05). Permmus
3axBopioBaHHs BusABIeHO y 4 (3,3 %) xBopux micast tupeoimektomii ta y 1 (1,6 %) xBoporo micis
OpraHoINaJHIX METOAUK (BIIMiHHOCTI HeqoCTOBIpHi, p > 0.05).

3acToCyBaHHSI OpPraHOONIAJHUX MiAXOIIB B OCHOBHIM Tpymi O3BOJWJIO MONIMIINTH (YHKIIOHAJIbHI
pe3ysbTaTH, 3MEHIIMBIIM YacTOTy TimoTupeody 1 NoOiYHMX eQeKTiB 3aMicHOl Teparii, 3a paxyHOK
30epekeHHs TUpeoiaHol cexpenii 1 1 peryssii, He HoTipIIyloun pe3yIbTaTy 0e3peIUBHOTO BIDKUBAHHS.

K/IFO490BI CJ/IOBA: opraHomaaHi BTpydYaHHs, MaliJSIpHUNA pak IIMTONOAIOHOI 3ai03M, BingaieHi
pe3yJIbTaTH JIKYBaHHS

© Korkelia A. G., 2018




Journal of V. N. Karazin” KhNU. 2018

OTIAJIEHHBIE PE3YJIBTATHI IEYEHHWSA BOJIBHBIX C IPUMEHEHUEM
OPI'AHOCOXPAHSIOINX OHEPA]LII/IFI IPHU MAIIMJIAPHOM
PAKE IIUTOBU/IHOMU KEJIE3bI

Kopkenua A. T.
WucTtuTyT ipobieM sHIoKpuHHOM naTonorun uM. B. 5. JlarmneBckoro AMH YkpanHsl, yi. AT4eBCKHX,
10, r. XapskoB, 61002, Ykpanna

C wmenplo aHaimM3a M3MEHEHUH CTPYKTYPHO-(YHKIMOHAIBHOI'O COCTOSHHS LIMTOBHUIAHOW J>Kele3bl B
OTAAJEHHBIE CPOKHM II0CJIE OINEPaTHBHOIO JICUEHMs NANWUIIPHOTO paka IMUTOBHIHOM Kele3bl Oblia
obcnenoBana rpynma u3 185 6onbHBIX (67,8 %). M3 HuX 94 OONbHBIX NpPUHAAJIEKATH K MEPBOW TpyHIe —
TpyNne CpaBHEHMs, IJ€ BBIIOIHIM THUPEOUASKTOMHUIO, a 91 KO BTOpPOH — OCHOBHOH Tpymne rae,
NPEUMYILIECTBEHHO, BBIIOIHSUIN OpraHomassiue onepaun. CpegHuii cpok HabmoaeHus coctaBui 6,5 £ 5,1
aet (Bapbuposai ot 2 1o 11 ner).

I'nnonaparupeos Ha ¢oHe npuema 3amecTuTeNbHON Tepanuu orMevancs y 20 (16,4 %) OonbHBIX mOCie
TUPEOUDKTOMUU U TOIBKO y 4(6,3 %) OONMBHBIX MOCE OPraHOMIAAAIIUX METOAUK (pa3inuyusi JOCTOBEPHBI,
p <0.05). TTo6Goumnbie 3hdekTs 3amecTUTENbHONW Tepamuu oTMeuanuch y 21 (17,2 %) OGoipHBIX mMOCie
TUPEOUIPKTOMHUH U TOJBKO y 4 (6,3 %) OGONBHBIX MOCIEe OPTaHOIIAMSANUX METOAUK (pa3iIHMyus TOCTOBEPHHI,
p <0.05). Penunus 3aboneBanus BousiBaeH y 4 (3,3 %) GompHbIX mocie Tupeoumdkromun Uy 1(1,6 %)
60JIBHOTO MOCIIE OPTaHOIIAMAIINX METOIUK (pa3auuus HeqoCTOBepHbI, P > 0.05).

[IpumeHeHne OpraHom@AMIINX MOJXO0J0B B OCHOBHOH IpyIIIe MO3BOJMIO YIYYIIHTh (hyHKIHUOHAJIbHbIC
pe3yJbTaThl, YMEHBIINB YacTOTY THIIOTHPEO3a U MOOOYHBIX 3(P(EKTOB 3aMECTHTENLHON Tepanmuu 3a Cyer
COXpaHEHHs] THUPEOUIHOW CEKpeUWH, W ee PerysaluH, He YXyImas pe3ylbTaThl Oe3peluIuBHOM
BBDKHUBaEMOCTH.

K/ITIOYEBBIE CJIOBA: opraHouaJsiiye BMeNIaTeIbCTBA, NMANMUIAPHBIN pak IIUTOBHIHOW JKENe3bl,

OTAAJICHHBIC PE3YJIbTATHI JICUHCHU A

INTRODUCTION

In recent years, there has been a tendency to
perform organ-preserving interventions for
papillary thyroid cancer (PTC) such as
hemithyroidectomy or subtotal resection [1-3].
This approach is considered in tumours with
sizes less than 1 centimetre [2, 4]. However, for
larger tumours, there is no clear agreement on
the maximum size of the tumour in which
organ-preserving operations can be performed
[3].

There are several factors that influence the
prognosis of disease recurrence and the tactics
chosen by the surgeon during surgical
treatment: multimodality, the presence of
«aggressive» histological forms of PTC, tumour
size, invasion into the capsule, and extrathyroid
invasion [2, 5]. In addition, the biological
properties of the tumour play an important role
[4, 6]. This study presents an assessment of the
long-term results of PTC treatment, where the
choice of organ-preserving operations was
carried out depending on the prediction of the
aggressive behaviour of the tumour, which was
determined in accordance with histological and
immunohistochemical criteria.

OBJECTIVE

Evaluation of long-term results of organ-
preserving operations in patients with papillary
thyroid cancer.

MATERIALS AND METHODS

The work was performed in the State
Institution «Institute of Problems of Endocrine
Pathology named after V. Ya. Danilevsky of
National Academy of Medical Sciences of
Ukraine». There were 273 patients under
observation with a final diagnosis of PTC. The
patients were divided into 2 groups: Group | —
the comparison group — 155 patients with PTC
in whom only thyroidectomy was used. Group
Il — the main group — 118 patients, where the
choice of surgical treatment method —
thyroidectomy or organ-preserving surgery was
carried out according to the developed
algorithm. In order to analyse changes in the
structural and functional state of the thyroid
gland in a long-term period after the surgical
treatment, a group of 185 patients (67.8 %)
were examined. Of these, 94 patients belonged
to the first group — the comparison group, and
91 to the second — the main group. The average
follow-up was 6.5 + 5.1 years (varied from 2 to
11 years).



The algorithm for choosing the
method of operative treatment of patients with
PTC: The surgical tactic in the comparison
group was to perform thyroidectomy and lymph
node dissection in the presence of metastatic
lymph nodes in all patients. Surgical tactics in
the main group were based on risk factors
identified before the operation or after the
operation. Hemithyroidectomy was performed
on tumours up to 2 cm in size. If intraoperative
histological examination revealed multifocal
tumour  growth, capsule invasion or
extrathyroid invasion, as well as cancer from
cylindrical cells, in such patients was performed
thyroidectomy. In the postoperative period,
resected material investigated
immunohistochemicaly ~ with  quantitative
determination of TTF1, NIS, Ki67. With
overexpression of TTF1, the absence of
expression of NIS, and the high expression
level of Ki67, a repeated operation (total
thyroidectomy) was considered to be shown.

RESULTS AND DISCUSSION

Analysis of the wvolume of surgical
intervention in patients with PTC in the
comparison group showed that most of them 64
(54.6 %) were operated on by organ-preserving
techniques. Among 118 patients, only 55
(46.6 %) had thyroidectomy, the volume of
other operations was a subtotal resection of the
lobe of the gland in 21 (17.8 %) patients, a
subtotal resection of the whole gland — 9
(7.6 %), hemithyroidectomy was performed in
17 (14.4 %) patients. In 16 (13.6 %) patients
with a multinodular lesion, hemithyroidectomy
on the affected side and subtotal resection on
the opposite side were performed.

Of the 185 patients examined in the long-
term period, 124 (67.02 %) received various
types of radiation treatment. Of these, 50
patients (40.3 %) were treated with remote
gamma-therapy on the thyroid bed and the
lymphatic drainage path, 56 patients (45.2 %)
were treated with radioactive iodine (from 1 to
4 courses), in 18 patients (14.5 %) radiation
treatments were not used.

Of the 94 patients in the comparison group,
a recurrence of thyroid cancer was detected in 3
(3.2 %) patients from 7 to 1 year after surgery.

From 91 patients of the main group
(63 patients where organ-preserving techniques
were performed and 28 who underwent total
thyroidectomy), additional nodular formations
in the residual thyroid tissue, according to
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ultrasound, were found in six patients (9.5 %)
without an increase in the neck lymph nodes.
When performing TAPB in these patients, in
four cases, suspicious malignant changes were
identified. In two cases, the recurrence of
colloidal goiter.

Four patients with suspected malignancy
were operated on. At the final histological
examination after re-operation, PTC was
diagnosed in one patient, in two patients a
follicular thyroid adenoma and colloid goiter
nodes were detected. In another patient,
papillary microcarcinoma was found on the
background of a multinodular goiter and a
follicular adenoma — with a lesion of malignant
growth of up to 4 mm in size.

Thus, in the late postoperative period,
among 91 patients who operated on for PTC, a
true recurrence of papillary thyroid cancer was
detected only in 1 patient (1.1 %) 7 years after
the first operation. Another lymphogenous
relapse was detected in a patient undergoing
thyroidectomy.

The analysis of follow-up observation of
patients with PTC in the postoperative period
showed very low patient compliance. Only the
first two or three years the patients regularly
visited the endocrinologist, in the future these
visits became random. Patients either stopped
taking thyroxin at all, or adjusted their dosing to
their own sensations. As a result, out of 141
patients who received replacement therapy,
only 38 (27 %) took thyroxin preparations in
maintenance dosages.

An important problem was also the presence
of side effects of substitution therapy — such as
tachycardia, extrasystole, pressing pain behind
the sternum, anxiety, hand tremor that occur
after taking thyroxin or 30 minutes later,
Considering that none of the patients taking
thyroid hormone drugs in the replacement dose
did not arise recurrence, then when prescribing
hormonal therapy in a suppressive dosage it is
necessary to carefully choose between the
feasibility of achieving the recommended level
of thyrotrophic hormone and the validity of
such treatment, giving preference to the latter.

All of the above suggests that the treatment
of patients with PTC (surgical treatment in
organ-preserving volume, followed by radiation
therapy and the use of suppressive drugs), has
shown significant effectiveness. That s,
removal of the tumour, leaving a small number
of thyroid parenchyma, did not adversely affect
the incidence of recurrent thyroid cancer.
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At present, some specialists suggest that in
case of surgical treatment of PTC, extrafascial
thyroidectomy must be supplemented with
prophylactic central lymphatic dissection. It is
motivated by the fact that micrometastases in
regional lymph nodes in patients with PTC
occur very often (more than in 50 % of cases).
Central lymphodissection is accompanied by an
increase in the number of postoperative
complications, such as laryngeal paresis and
hypoparathyroidism. In the main group, we did
not perform prophylactic lymphodissection.
Performed only when we had clinically detected
lymph node metastases, which were detected in
40 cases (14.65 %). Observation up to 11 years
did not reveal a single case of regional or
remote lymphogenous metastasis.

Hypothyroidism in  patients receiving
replacement therapy was observed in 20
(16.4 %) patients after thyroidectomy and only
in 4 (6.3%) patients after organ-preserving
techniques (the differences are significant,
p <0.05). Side effects of replacement therapy
were observed in 21 (17.2 %) patients after
thyroidectomy and only in 4 (6.3 %) patients
after organ preserving techniques (the
differences are significant, p < 0.05). Disease
recurrence was detected in 4 (3.3 %) patients
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after organ preserving techniques (the
differences are not significant, p > 0.05).
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the parenchyma of the thyroid gland can reduce
the frequency of hypothyroidism, as well as
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CONCLUSIONS
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the main group allowed improving functional
results,  reducing the  frequency  of
hypothyroidism and side effects of replacement
therapy, by maintaining thyroid secretion and
its regulation, without worsening the results of
relapse-free survival.

PROSPECTS FOR FUTURE STUDIES

Further study of the long-term results of
surgical treatment of patients with papillary
thyroid cancer will allow us to individualize
the operational tactics and improve the results
of treatment.
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The non-specificity of the clinical signs of posttraumatic purulent thoracic complications indicates the
importance of instrumental diagnostic methods. There is no generally accepted algorithm for examining an
injured person with a chest injury that would allow timely recognition of purulent complications in the post-
traumatic period. The results of the examination of patients with intra-pleural complications of thoracic injury
using the spiral computed tomography method, which in dynamics allows objectively documenting the
dynamics of the pathological process, evaluating the effectiveness of treatment, timely diagnose secondary
complications, are presented.
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JIATHOCTHKA 3ANAJIBHUX BHYTPIIIHBO VIEBPAJIBHUX YCKJIAJJTHEHDb
TOPAKAJIBHOI TPABMHU

Kocog €. B., Poxckosa O. I0., Bexnuu B. M., bapcykoe H. B.
XapkiBchKUil HarlioHanbHUH yHiBepcuteT imeHi B. H. Kapasina, . CBo6oam, 6, m. Xapkis, 61022,
VYkpaina

He cnenngiuHicTh KIIHIYHUX O3HAK NOCTTPaBMATUYHUX THIHUX TOpaKalbHUX YCKJIaJAHEHb CBIAYUTH PO
3HAYYLIICTh IHCTPYMEHTAJILHUX METOJIB JiarHoCTHKU. HeMae 3arajibHONPUITHATOrO anroputMy oOCTEKEHHs
MOCTPAXKIATINX 3 YIIKO/KSHHSIMH TPYIeH, KU T03BOJIMB O CBOEYACHO PO3MI3HATH THIiWHI yCKIaHEHHS B
NoCTTpaBMaTudyHoMy mnepioai. [lpencraBieHi pe3ynbTaTh  OOCTEKEHHS MAI€HTIB 3  BHYTPILIHBO
TUIEBPAJIBHIMH YCKJIQAHEHHSAMH TOPAKaIBHOI TPaBMM 3a JOMOMOTOI0 METOXNy CIipajbHOI KOMII IOTEpPHOI
Tomorpadii ska B AWHAMII J03BOJISE OO0'€KTHBHO JOKYMEHTYBATH IHHAMIKY I[aTOJOTIYHOTO MPOILECY,
OLIHUTH e()EKTHBHICTH JIIKyBaHHsI, CBOEYACHO JIarHOCTYBAaTH BTOPUHHI YCKJIAJHEHHSI.

KJIFO90BI C/IOBA: topakasbHa TpaBMa, BHYTPIIIHBO IUIEBPAJIbHI YCKIIQJHEHHS, JIarHOCTUKA

JTUATHOCTHUKA BOCITAJIMTEJIbHBIX BHYTPH IIJIEBPAJIbHBIX OCJIOJKHEHU I
TOPAKAJIBHOM TPABMbI

Kocog E. B., Poyckosa E. 0., Bexnuu B. H., bapcyxkoe H. B.
XapbKOBCKUi HalMOHANIBHBIHN yHUBepcuteT uMeHH B. H. Kapasuna, . CBo6onsl, 6, r. Xapbkos, 61022,
VYkpauHa

He cnenmnnaHOCT KIMHUYECKUX NMPH3HAKOB MMOCTTPABMATHUECKNX THOWHBIX TOPAKaJIbHBIX OCIOKHEHHN
CBHJICTEIILCTBYET O 3HAYMMOCTH HMHCTPYMEHTAJIBHBIX METOJIOB JUArHOCTHKH. Her oOmenpuHsIToro
anropuTMa OOCIJIeOBAHMS MTOCTPAIABIIETO C MOBPEKACHUS TPy, KOTOPHIH IMO3BOJIMI OBl CBOCBPEMEHHO
pacno3HaTh THONHBIE OCJIOKHEHUS B IIOCTTpaBMaruueckui mnepuon. IlpencraBieHbl pe3ysbTaThl
o0cieioBaHMs TAIMEHTOB C BHYTPH IUICBPAIbHBIMH OCJIOXKHEHUSMH TOPAKaJbHON TPaBMBI C ITOMOIIBIO
METOAa CIUPAJbHOM KOMITBIOTEPHOW ToMorpaduu, KOTOpas B JAWHAMHKE II03BONSIET OOBEKTHBHO
JIOKYMEHTHPOBATh TUHAMUKY TaTOJIOTHYECKOTO MPOIecca, OLUEHUTh APPEKTUBHOCTD JICUCHHS, CBOEBPEMEHHO
JIMarHOCTUPOBATh BTOPUUHBIE OCJIOKHEHHUS.

K/TIOYEBBIE CJIOBA: TopakanbHas TpaBMa, BHyTPEHHE IJIEBPATbHBIC OCIIOKHEHHUS, JUaTHOCTHKA
There is an increase in the proportion of

breast damages in the structure of injuries in
peacetime from 12.5 % in the late 70s of the
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20th century to 25 % at present [1]. Severe
chest injury is the cause of both early
mortality due to bleeding and hypoxia, and
late  mortality  associated  with  the
development of septic complications and
multiple organ failure [2].

Purulent process due to thoracic trauma
may develop as in the pleural cavity and the
lungs and heart cavity shirt, mediastinum and
chest wall [3]. For posttraumatic purulent-
inflammatory thoracic complications include

the  following  types of  purulent
complications:  pleural empyema, lung
abscess, pericarditis, mediastinitis  [4].

Empyema of the pleura — the most common
purulent complication, the issues of its
diagnosis and treatment are highlighted in the
literature quite widely, although most
scientific research is based on the analysis of
its nontraumatic etiology. According to
various data, 7-16 % empyema of the pleura
has traumatic etiology [5-6]. However, some
other post-traumatic inflammatory
complications are devoted to a few
publications based on the study of a small
number of observations. Post-traumatic
lesions are lung abscesses that develop as a
result of breast injury, regardless of the nature
and severity of the primary lung injury [7].

According to the generalized data,
pneumonia develops in 20-40% of
observations after a combined injury [8]. In
the event of breast injury, pneumonia
develops more often after the gunshot trauma
(8-18 %) against the background of blood
loss and large hematoma of the lung [5],
abscesses of the lungs are found much less
frequently — from 0.9 % to 2.8 % [4].

Purulent mediastinitis continues to be one
of the most severe forms of generalized
surgical infection, worldwide mortality
ranges from 23-48 % [4], reaching with
anaerobic mediastinitis 68-80 % [6]. High
mortality with purulent mediastinitis is
connected, first of all, with its later diagnosis.
[2, 6].

Diagnosis of pleural empyema in spiral
computed tomography (SCT) is based on
signs such as heterogeneity of the contents of
the pleural cavity with gas inclusions and
thickening of the pleura leaves [4]. According
to [4], using SCT can also diagnose the phase
of development of empyema of the pleura and
choose a rational volume of intervention in
the onset forms of suppuration.
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Important information can be obtained
from SCT in patients with purulent
pulmonary complications [1]. Significant
difficulties are the differential diagnosis
between the hematoma of the lung and
progressive pneumonia on the background of
hematomas in the period from 1 to 3 weeks
after the closed injury. Similar difficulties are
noted in the differentiation of inflammatory
changes in the lungs from their damage in
case of chest injury [6-7]. SCT — a picture of
mediastinitis, according to some data [6],
allows to differentiate the nature of the
inflammation of cell mediastinum.

Thus, the analysis of domestic and foreign
literature suggests that the frequency of post-
traumatic purulent thoracic complications has
no tendency to decrease, the lethality remains
at a very high level. The problem of
prediction, diagnosis and treatment of
purulent complications of chest damage is not
sufficiently studied.

Not specificity of clinical signs of post-
traumatic purulent thoracic complications
testifies to the importance of instrumental
diagnostic methods. Until now, chest X-ray is
the most common method of diagnosing chest
lesions. The literature data indicate that there
is no comparative analysis of the sensitivity
of such X-ray methods as ultrasound
diagnosis (USD), computer tomography
(CT), depending on the nature of the injury
and complications. There is no generally
accepted algorithm for examination of
victims with chest injuries, which would
allow timely recognition of purulent
complications in the post-traumatic period.

OBJECTIVE

Improve the outcome of treatment for
injuries with injuries and closed chest injury
by improving the methods of early diagnosis
of inflammatory intra-pleural complications.

MATERIALS AND METHODS

The results of the examination of patients
with intra-pleural complications of thoracic
trauma with the help of the SCT method are
presented.

In the empyema of the pleura I-1l phase,
47 victims were examined, including after
chest injury (CI) — (18) and closed chest
trauma (CCT) — (29). 42 patients who had
pulmonary suppuration, including after injury
(7) and CCT (35), were also investigated at



different times after chest injury. In all
observations of pulmonary suppuration after
injury, the primary SCT study was performed
at the stage of development of purulent
process.

At mediastinitis, 27 patients suffered from
SCT on different occasions (from day one to
four months) after injury (17) and closed
injury (10). In all 17 examined patients with
mediastinitis after wounds, inflammatory
changes of fibrous mediastinum of general or
restricted nature were detected. Phlegmon
mediastinum was diagnosed in 10 patients
early in the post trauma period.

RESULTS AND DISCUSSION

At empyema of pleura I-1l phases in all
SCT observations there was a heterogeneity
of pathological intra pleural content, its
density varied in a wide range, from -30 to
+60 ODN. The presence of small inclusions
of gas density in the contents of the pleural
cavity was found in 91.4 %, the horizontal
level of the fluid — 12.3%. In the vast
majority of patients, the inequality of the
contours of the pleura leaves with their
thickening was detected (92.7 %). The nature
of the changes in the leaves of the pleura
depended on the prescription of the
pathological process until the time of the
study, the thickness of the parietal leaf varied
within 3-11 mm, visceral — 2—7 mm.

According to the SCT, the pleural
empyema (EP) was diagnosed in 43 patients,
the sensitivity of the method was 91.4 %
(90.7 % for injuries and 91.7 % for CCT).
Mistakenly negative results of SCT were
noted in 5 observations of EP, including 2 —
after wounds and 3 — after CCT.

The absence of small gas inclusions in the
contents of the pleural cavity was the main
cause of diagnostic errors. In these
observations, the diagnosis was verified with
puncture (4) or autopsy (1).

Despite the high sensitivity of the method
of SCT in the diagnosis of purulent process,
in 7 observations noted the difficulty in
determining the exact localization of the
pathological process. So in 6 patients,
according to SCT, it was not possible to
differentiate the EP from the lung abscess.
The diagnosis is clarified only with X-ray
contrast study after draining purulent foci.

In one observation, the subpleural chronic
abscess of the chest wall, which led to the
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development of osteomyelitis of the ribs, was
considered as a pleural empyema in the SCT
series. X-ray contrasting pleurography also
confirmed the presence of a restricted EP.

The sensitivity of the SCT method to
pleural empyema was 91.4 %, including
90.7 % for injuries and 91.7 % for closed
trauma.

In all observations of pulmonary
suppuration after injury, the primary SCT
study was performed at the stage of
development of purulent process. The
pathological process was more often localized
in the upper lobe (5), less frequently in the
lower (2), but in no observation did not
coincide with the anatomical boundaries of
segments or lung particle. In three patients,
examined at 5-12 days after injury, areas of
irregular shape with lesions from 2 to 4
segments of lung, heterogeneous density from
-36 to 52 ODN with small inclusions of gas
density and increased density of adjacent
pulmonary tissue were detected. These
changes were treated as abstinent pneumonia
with multiple destruction cavities. Two of
them in the lung inflammation zone
visualized the course of the wound canal in
the thickness of the lower lobe. In all three
observations, the pathological content in the
pleural cavity was visualized, including that
which is not differentiated from the
pulmonary changes in one of them.

In the study of dynamics (18-28 days),
including after the additional drainage of the
pleural cavity (2), a decrease in the zone of
inflammatory changes with the formation of
rounded ones, including multiple (2) cavities
with a horizontal fluid level, was noted. In
4 patients, examined for 12-52 days after
breast injury, rounded forms of single cavities
with a density of gas and liquid (horizontal
level) were detected, with a total volume of
15 to 256 cm?®. The walls of the cavity had a
value of soft tissue density, thickness from 3
to 8 mm, perifocally marked increase in the
density of lung tissue. Such changes indicated
that there were solid abscesses in the lungs.
Drainage bronchi were visualized in three
observations. The pathological process was
localized within the 2 to 3 segments of the
lung.

In the case of closed chest injury, the
primary SCT was performed for 1-2 days of
hospitalization in 8 patients, later than 5 days
in 27. All patients who were examined from
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the first day after CCT, according to SCT,
lung changes in the form of polymorphic
areas of density increase from 256 to 38 ODN
with  fuzzy contours, irregular shape,
drainage, and with a clear visualization of the
bronchial lumen that was considered as a
hemorrhagic hemorrhage or a lung injury. In
5 of these, lung tissue ruptures with the
formation of cavities in the thickness of the
lung tissues filled with liquid density of blood
and (or) gas were visualized on the
background of the lung. At studying in the
dynamics after 7-10 days about the accession
of the inflammatory process was indicated by
the lack of regression of the slaughtering
centers (5) or the growth of infiltrative
changes in the Ilungs, which is not
characteristic of the uncomplicated course of
the pathological process.

In the remaining 27 patients who were
first examined in the stage of development of
inflammatory complications, judging by the
amount of primary lung damage was not
possible. Nevertheless, in 8 of them, thin-
walled cavity formation with liquid and (or)
gaseous contents was revealed, indicating the
traumatic nature of the formations in the
lungs. The diagnosis of pulmonary
suppuration according to SCT was confirmed
in 32 out of 35 patients examined for 12-30
days after CCT, the sensitivity of the method
was 91.4 %.

SKT signs of abstinence pneumonia (15)
were characterized by the presence of
polymorphic zones of heterogeneity of the
pulmonary tissue with values of soft tissue
density and multiple inclusion of round or
irregular shape with values of density of
liguid and gas. The prevalence of the
destructive process varied from 2 to 7
segments, in 3 observations, it was of two-
sided nature.

In 17 victims, a single lung abscess was
found — a rounded form of formation with
distinct unequal contours of a heterogeneous
structure with small inclusions of gas density
or a horizontal level in the total volume from
139 to 580 cm®. The walls of the cavity had a
value of the density of soft tissues, their
thickness varied from 6 to 9 mm.

The data obtained in the SCT study (the
nature of suppuration, the amount and
localization of abscesses, proximity to the
chest wall, the degree of adequacy of natural
drainage in the bronchus) were the basis of
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the therapeutic tactic in patients with purulent
pulmonary complications.

CT false negative results were obtained in
three observations during examination of 13—
18 days after injury. In the first observation,
hematoma was detected in the lung (7 cm in
diameter) on the background of a rounded
hemothorax in a volume of 1200 ml and
compression of the lungs. In two other
observations, lung abscesses were not
diagnosed against a background of a limited
multi-chamber EP and were visualized only
on a re-study after drainage of the pleural
cavity. In general, in the case of SCT, the
complexity of differentiation of intra-
pulmonary and intra-pleural content was
noted in 6 observations of pulmonary
suppuration after CCT.

Thus, the sensitivity of the method in the
diagnosis of purulent pulmonary
complications was 92.9 %, including 100 %
in wounds and 91.4 % in CCT.

In all 17 examined patients with
mediastinitis after wounds, inflammatory
changes of fibrous mediastinum of general or
restricted nature were detected. The
phlegmon of mediastinum was diagnosed in
10 patients early in the aftermath of the
trauma in the form of a zone with values of
the density of the fluid of irregular shape,
with fuzzy contours, heterogeneous structure
due to areas with soft tissue density and 6
observations with gas wvalues. In 2
observations, inflammatory changes were
localized throughout the anterior
mediastinum, in 5 — in the upper parts of the
anterior and posterior mediastinum, and in 3 -
in the posterior and anterior mediastinum
throughout  (total mediastinitis). Three
patients with combined wounds in the neck
and breast, along with inflammatory changes
in the mediastinum, also revealed a neck
phlegmon in the form of the lack of
differentiation of the fiber pretraheal,
peripheral and around the vascular spaces,
increasing its density to the values of the fluid
and inclusion of sites with soft tissue density
and gas.

Mediastinal abscess was detected in two
injured (after 35 and 60 days after injury) in
the form of formation with liquid density
values, rounded form, with clear contours,
heterogeneous structure due to areas with soft
tissue (capsule) densities in the periphery.



In one case, the formation was located in
the upper parts of the anterior mediastinum,
in the other — in the lower parts, squeezing
the right chambers of the heart. Infiltration of
mediastinum was observed in 5 patients, in
the dynamics with signs of suppuration in the
form of a zone with values of soft tissue
density, irregular shape, with fuzzy contours,
heterogeneous structure due to sites with
values of density of the fluid.

In two cases, infiltrate was localized in the
lower parts of the anterior mediastinum, in
the other two — in the upper parts of the
anterior mediastinum and one in the lower
parts of the posterior mediastinum. In three
cases, destructive changes in the bone
structure of the breast, adjacent to the
infiltrate, were discovered.

In 8 out of 10 examined patients with
mediastinitis after closed chest trauma during
the initial CT study found a broken sternum
and retrosternal hematoma in a zone of
increased density, irregular shape, with fairly
sharp contours. In the study of the dynamics
noted an increase in the volume of the
hematoma and the emergence  of
heterogeneity of its structure at the expense of
areas with values of density of the fluid and
gas sections, which was a sign of hematoma
suppuration. In two observations of the closed
trauma, destructive changes of the sternoclux
joint with the presence of infiltrate in the
adjacent parts of the anterior mediastinum in
the form of a zone with values of the density
of soft tissues of irregular shape, with fuzzy
contours, were diagnosed.

Sensitivity of SCT in relation to purulent
mediastinitis, regardless of the nature of the
damage, was 100 %.

CONCLUSION

Thus, the analysis of the results of the
study indicates the need for a comprehensive
examination of suspected post-traumatic intra
pleural thoracic complications.

In the presence of any manifestations of
systemic inflammatory response in the post-
traumatic period in patients with chest
lesions, regardless of the results of the X-ray
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examination, ultrasound examination and
computed tomography of the chest should be
performed, which allows to detect the
accumulation of pathological contents in the
pleural and pericardial cavity, to assess the
nature changes in the pulmonary tissue,
mediastinum, thoracic wall and decide on the
drainage of lesions fester.

At the same time, for the correct
interpretation of some changes in spiral
computed tomography, including the lung
abscess that developed in the background of
pulmonary hemorrhages and mediastinitis
against the background of hemorrhages in the
mediastinum and pneumomediastinum, it is
necessary to compare them with the baseline
data. This testifies to the necessity of
performing an early spiral computed
tomographic examination in patients with
chest lesions in the presence of any focal
changes on the review X-ray.

Spiral computer tomography of the chest
in dynamics allows to objectively document
the dynamics of the pathological process,
evaluate the effectiveness of treatment, timely
diagnose secondary complications.

The application of this algorithm allows to
diagnose the entire spectrum of intra-pleural
complications in the early stages and to avoid
diagnostic errors.

PROSPECTS FOR FUTURE STUDIES

Detection of the developmental frequency
and structure of inflammatory intra-pleural
complications of thoracic trauma. Study of
distribution and localization of purulent
process depending on the nature of damage to
the chest. Setting the factors that significantly
contribute to the development of septic
complications after injury and closed chest
trauma. Conducting a comparative evaluation
of X-ray methods for diagnosing
inflammatory complications of thoracic
trauma and developing a diagnostic
algorithm.

Thus, the issue of prediction, diagnosis
and treatment of inflammatory complications
of thoracic trauma is largely unresolved,
which is the basis for further research.
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CANDIDA ALBICANS AND STAPHYLOCOCCUS AUREUS CO-
INFECTION IN MICE AFTER ANTIBIOTIC-INDUCED DYSBIOSIS

Sevda Muradova, Sara Gurbanova, Suruya Hadjieva, Mehman Aliyev
Azerbaijan Medical University, 167 Samad Vurgun St., Baku, AZ1022, Azerbaijan,
e-mail: admin@amu.edu.az

Microbial interactions in Staphylococcus aureus—Candida albicans dual-species biofilms is a relevant
research topic given the significant contribution of these microorganisms to hospital-acquired infections.
Therefore, the purpose of our investigation was to study the interaction of opportunistic C. albicans and
S. aureus in vivo and in vitro, both with the participation of normal microflora and in mice with antibacterial
dysbiosis. The study of mentioned interactions was carried out on 100 white male mice weighing
approximately 18 grams in vivo and using smears prepared from the grown mixed cultures of C. albicans and
S. aureus and the Japan JEM 1400 transmission electron microscope for the purpose of electron microscopic
study of microorganisms in vitro. Healthy mice forming control groups and mice with antibiotic-induced
dysbiosis (after introduction of vancomycin, gentamicin, ampicillin) were divided into groups to create a
mono- and associative infection: I group was given 1x107 CFU of C. albicans, Il group — 1x10% CFU of
S. aureus, and Ill group — a mixture of specified concentrations of C. albicans and S. aureus in the same
proportion. Microorganisms causing monoinfection were being isolated from the body of animals treated with
antibiotics till the end of the experiments in large quantities unlike in case of the healthy mice. Co-inoculation
of these microbes in the same dose to animals (co-infection), which were injected with antibiotics, turned out
to be fatal for them, whereas an adhesive bond was seen between the cells of C. albicans vs. S. aureus in vitro.

As can be seen, such bacterial-fungal co-infection reduce substantially the effectiveness of antibiotic
therapy and the likelihood of successful treatment and can not be ignored when choosing the appropriate
treatment.

KEY WORDS: C. albicans, S. aureus, colonization, interaction

CANDIDA ALBICANS TA STAPHYLOCOCCUS AUREUS KO-IH®EKIIISI Y MUILIEM ITICJIS
AHTUBIOTUKO-IHAYKOBAHOT O JUCBIO3Y

Mypaoosa C. A., I'ypoanoea C. @., I'adxciesa C. B., Aniee¢ M. I
AzepOaiikaHCKHI METUITUHCKAN YHUBepcuTeT, Byl. Camen Byprywn, 167, m. baky, AZ1022,
AzepOaiimkan

MikpoOHi B3aemoii B OioIUTliBKax IBOX BHIIB MikpoopraHizmis, Staphylococcus aureus i Candida
albicans, € akTyajJbHOIO TEMOIO JOCIHI/DKEHHs, BPaxOBYIOUM 3HAYHHI BHECOK OCTAaHHIX Y PO3BHUTOK
BHYTPIITHBOJIIKAPHSHUX iHQeKiH. ToMy MeTO Hamoro MJAOCHI/KEHHS CTaJ0 BHBYEHHS B3aEMOJIii
onopryHictiuHUX C. albicans i S. aureus in vivo Ta in Vvitro sIK 3a y4acTi0O HOPMaJIbHOI MIKpOQIIOpH, TaK 1y
MUIIIEH 3 aHTHOAaKTepianbHUM aucOio3oM. BuBUeHHs BHIleHaBEACHUX B3aeMoJid mpoBoawiy Ha 100 Ginmx
camIIIX MuIIeil Baroro 6ym3pko 18 rin vivo i in vitro 3 BUKOPHCTaHHSM Ma3KiB, OTPAMaHUX 3 BUPOIYBAHUX
s3mimanux KyiabTyp C. albicans i S. aureus, 1 AMMOHCHKOTO TPAHCMICIHHOTO €JIEKTPOHHOTO Mikpockomna JEM
1400 3 MeToI eJIEeKTPOHHO-MIKPOCKOIIYHOTO JOCTI/DKEHHS MIKpOOpraHi3MiB. 310pOBI MU, SKBI
chopMyrOBaIM KOHTPOJBHI TPYIH, 1 MHINI 3 BUKIMKAHUM aHTHOIOTHKaMHU aucOio30oM (TIiCisi BBEACHHS
BaHKOMINIMHY, TEHTAMIIHY, aMIIIWIiHY) Oyl PO3IiIeHi Ha TPYNH A CTBOPEHHS MOHO- 1 acoIliaTMBHOI
inQexuii: rpymi I BBoguau 1x107 KYO C. albicans, IT rpyni — 1x108 KYO S. aureus i III rpymi — cymim
3a3HaueHnX KoHmeHTtpauii C. albicans i S. aureus B Tiif ke mpomopirii. MikpoopraHi3Mu, MO CIPHIHHSIN
MOHOIH(]EKIIif0, BUAUIAIICA 3 OpraHi3My TBapHH, SKi OTPUMYBAJIH aHTHOIOTHKH 0 KiHISI €KCIIEPHIMEHTY B
BEJIMKHX KIJIBKOCTSX, HA BiIMiHY BiJ TaKuX y 3/10poBHUX MuIeil. CrilibHa 1HOKYJIAMIS IUX MIKpOOiB B Tiif Xxe
11031 TBapuHaM (KOiH(DEKIIis), SKUM BBOIMIA aHTHOIOTHKY, BUSBHIIACS JIJISI HUX (PAaTabHOIO, TOML 5K in Vitro
OyB OMITHHH KITiTHHHUH 3B'130K Mix kmitaaamu C. albicans vs. S. aureus.

Sk 6aunMo, Taka OakTepiabHO-TPHOKOBA KOIH(EKITHS iCTOTHO 3HMXKYE e(DEeKTHUBHICTh aHTHOAKTEPiaIbHOT
Teparii i HMOBIpHICTh YCITIITHOTO JIIKYBaHHs, Ta HE MOXe OyTH MPOIrHOPOBAaHA NpHU BHUOOPi BiMIMOBITHOTO
JKyBaHHSI.

K/TIOYO0BI CJIOBA: C. albicans, S. aureus, KOJI0HI3aIlisl, B3aEMOIis
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CANDIDA ALBICANS M STAPHYLOCOCCUS AUREUS KO-UH®EKIIUSI
Y MBIIIEHN ITOCJIE AHTUBMOTHKO-UHAYIIUPOBAHHOI'O JUCBHUO3A

Mpypaoosa C. A., I'ypbanoea C. @., I'adscuesa C. B., Anuee M. I.
AszepbaiimKaHCKUI MeTUIMHCKUN yHUBepeuTeT, yi. Camen Bypryn, 167, r. baky, AZ1022,
Aszepbaiimkan

MukpoGHbIe B3aUMOJICHCTBHS B OMOIUICHKAX IBYX BHIOB MHKpOOpraHu3moB, Staphylococcus aureus u
Candida albicans, sBistoTCst aKTyaIbHON TEMOM MCCIISIOBAHNS, YYUTHIBAs 3HAYUTEIbHBIN BKIIA MOCTIEIHIX B
pa3BUTHE BHYTPHOONbHWUYHBIX HHpekiuil. [losToMy, Ienpl0 HAIero HCCICIOBAHUS CTaJ0 H3y4YCHHE
B3anMoieiicTBus onmopryHucTtHuecknx C. albicans m S. aureus in vivo W in Vvitro Kak ¢ yd9acTHeM
HOpPMAaJTbHOH MUKpPOQIIOPE, TaK M Yy MBIMEH ¢ amcOmo3oM. V3ydeHwe yHOMSHYTHIX B3aMMOACHCTBHIMA
npoBomu Ha 100 OedpIX cammax MBIIIeH BecoM OKoio 18 T in vivo # in Vitro ¢ HCIIOTB30BaHAEM Ma3KOB,
MOJYYCHHBIX W3 cMemaHHbX KyiabTyp C. albicans m S. aureus. ITpuroToBieHHBIE HpemapaThl W3yYalH MO
TPaHCMHUCCHOHHBIM 3JIEKTPOHHBIM MuKpockormoM JEM 1400 mpowmsBoxactBa SAnoHun. 3m0pOBBIC MBIIIN
KOHTPOJIBHBIX TPYIII, ¥ MBIIIU C BBI3BAaHHBIM aHTUOHMOTHKAMHU JUCOMO30M (TIOCIIE BBEICHHS BaHKOMMIIMHA,
TeHTAaMHIMHA, AMIUNWUIMHA) OBUIM pa3jelieHbl Ha TPYNNbl JUIA CO3JaHHS MOHO- W acCOLMAaTUBHOW
unpekuuu: rpynne I seogunu 1x107 KOE C. albicans, II rpynne — 1x108 KOE S. aureus u III rpynme — cMmech
yKazaHHBIX KoHIeHTpaimii C. albicans u S. aureus B To jxe mpomnopuuy. MUKPOOPraHH3MBI, BEI3BIBAIOLIHE
MOHOHMH(EKIIHIO, BBIJICSUIUCH U3 OPraHU3Ma JKHBOTHBIX, MONyYaBIINX aHTUOMOTHKH 10 KOHIA SKCIICPHMEHTA
B OOJIBIIMX KOJHMYECTBAX, B OTIIMYHE OT TAKOBBIX Y 3JOPOBBIX Mblmiell. COBMeCTHas MHOKYISALMSA ITHX
MHKPOOOB (KOMH(EKIHs) B TOH e 03¢ KHBOTHBIM, KOTOPHIM BBOJIMIM aHTHOWMOTHKH, OKa3aylach JUIl HHUX
(haTampHOM, TOrAA Kak in vitro OblTa 3aMedeHa KIeToYHas cBI3b Mex Iy kietkamu C. albicans vs. S. aureus.

Takas OaKTepHuaIbHO-TPUOKOBAS KOMH(]eKIHs CYyIIECTBEHHO CHIDKAeT 3¢ (EeKTHBHOCTD
AQHTHOAKTEPHAIBHOM TePallK U BEPOATHOCTh YCICIIHOTO JICYCHUS, U HE MOXKET ObITh IIPOMTHOPUPOBaHA MPH
BBIOOpE COOTBETCTBYIOLIETO JICUCHHSI.

K/JIFIOYEBBIE CJIOBA: C. albicans, S. aureus, kosioHu3anus, KOMHGEKIHs

case  of  immunosuppressive  animals,
INTRODUCTION C.albicans can cause an increase and
Beneficial or harmful interactions between  reproduction of highly virulent strains in
C. albicans i S. aureus for the host can both  populations of E.coli, S.aureus that are
develop in a healthy organism and in the case of  resistant to antibacterial drugs and their anti-
iliness [1-3]. Microbial communities are known lactoferrin and antilysocyme activity [15-16].
to be functionally diverse microorganisms Thus, microbial associates play a certain role
localized in certain places and long-lastingly in the pathogenesis of infectious diseases: the
interacting with each other. The  dynamics of the isolation of associates may
microorganisms included in these communities  change, their prolonged stay in the body (in
are in certain symbiotic relationships,  chronic form or as carriage) may also affect the
influencing the biological properties of each ineffectiveness of antibiotic therapy. All these
other, stimulating and/or inhibiting growth and  issues have not been studied enough, and their
reproduction  [4-6]. Such relationships  study is of practical importance, since they have
contribute to the worsening of the course of the  been of significance in the diagnosis and
disease by strengthening the virulence of the  treatment of associative infections.
causative agents of the disease in the human
body [7-9]. Specifically, exometabolites of OBJECTIVE
S. aureus affect the phospholipase activity of Purpose of the study was to research on the
C. albicans, thereby increasing their  interaction of opportunistic C. albicans and
aggressiveness, contribute to the development  S.aureus most frequently encountered in
of antibiotic resistance and activation of other infectious pathologies in vivo and in vitro
features [10-13]. At the same time, C. albicans  conditions, both with the participation of
also stimulate some bacterial infections [9, 14].  normal microflora, and in mice with antibiotic-
There is the scientific evidence of the diverse induced dysbacteriosis, and to study their
influence of C.albicans on the structural electron microscopic features.
mechanism of the population of the main
causative agents of nosocomial infections. In
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MATERIALS AND METHODS

The strains of C. albicans and S. aureus used
in the experiments were isolated from patients
who applied to the private laboratory of the
Department of Microbiology and Immunology
of the Azerbaijan Medical University, and then
were identified by morphological, cultural, and
enzymatic features. Suspensions of 48-h culture
of C. albicans in the amount of 1x10” CFU/ml
and 1x10° CFU/ml, and prepared from the 24-h
culture of S.aureus in the amount of 1x10®
CFU/ml and 1x10° CFU/ml were used in the
experiments.

In vivo experiments were carried out on 100
white male mice weighing approximately
18 grams. 0.20 t mg/ml vancomycin, 0.40
t mg/ml gentamicin, 0.50 t mg/ml ampicillin per
100 grams of weight were administered to mice
orally in a dose of 0.1 ml for 5 days. They were
used in order to prevent the possible influence
of normal microbiota of mice on C. albicans
and S. aureus. Healthy animals and mice with
antibiotic-induced dysbacteriosis were divided
into groups to create a mono- and associative
infection: I group was given 1x10" CFU of
C. albicans, Il group —1x108 CFU of S. aureus,

and Il group — a mixture of specified
concentrations of C. albicans and S .aureus in
the same proportion. C.albicans were

administered in the same amounts in the first
control group of healthy mice, S. aureus — in
another.

Infected mice were opened after 1, 3, 7, and
10 days according to generally accepted rules
by preparing a homogenate from visceral
organs (stomach, small and large intestine,
liver, spleen, kidney) and cultured on Saburo's
medium with gentamicin and egg-yolk salt
agar. The resulting colonies were counted based
on the weight of 1 gram.

The obtained figures were subjected to a
variation row, the average number of each row
(M) and the error (m) were calculated and
indicated in log10. The difference between the
indicators of the groups was established by
means of Mann-Whitney statistical accuracy
(p <0.05).

The in vitro experiments were carried out in
test tubes with sugar broth, where 0.1 ml from a
concentration of 1x10° CFU of C. albicans and
S.aureus were transferred and incubated at
37°C. Smears were prepared from the
suspension on the 1, 3, 5. 7, 11, and 15 days of
the experiment, and inoculated on solid nutrient
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media with sugar agar, Saburo medium. Smears
were prepared from the grown mixed cultures,
and then stained using the Gram method.

Concentrations of 1x10” and 108 CFU/ml
were used for the purpose of electron
microscopic study of microorganisms. The
mixture of microorganisms was kept at 37°C
for 48 hours, then centrifuged, and the blocks of
microorganisms were prepared using accepted
protocols. The obtained materials were then cut
with diamond knives in an EM UC 7 -LEICA
microtome into plates with a thickness of 60
nm. Sections were stained with uranyl acetate
and mercuric citrate. Ready-made preparations
were studied using the Japan JEM 1400
transmission electron microscope.

The studies were conducted in the Electron
Microscope Laboratory under the AMU headed
by Professor E. Gasymov (with financial
support from the Science Development
Foundation under the President of the Republic
of Azerbaijan. Grant No. EIF-2011-1 (3) -82 /
44/3-M-6).

RESULTS AND DISCUSSION

C. albicans and S. aureus were isolated only
from the digestive tract of both groups of
animals, injected with cultures of these
microorganisms. C. albicans was isolated from
the stomach of healthy mice in the amount of
2.81+0.19 CFU on the first day of the
experiment, on the second day — in the amount
of 240+0.98 CFU; 2.92 + 0.80 CFU were
isolated from animals that were given
antibiotics on the first day of the experiment,
2.83 £ 0.54 CFU — on the third day, 2.72 + 0.27
CFU — on the seventh day, and 2.64 + 0,45
CFU — on the tenth day (fig. 1 (1)).

C. albicans was found in the small intestine
of healthy animals only on the first day and on
the second day of the experiment in the amount
of 275+0.03 CFU and 23+0.45 CFU,
respectively. C. albicans isolated from the small
intestine of animals that were given antibiotics
in an amount of 2.96 = 0.27 CFU on the first
day, 2.94 + 0.80 CFU on the third day, , 2.88 +
0.15 CFU on the seventh day, and in the
amount of 2.78 = 0.35 CFU on the tenth day
(fig. 1 (2)).

C. albicans was found in the large intestine
of healthy mice on the first day in an amount of
2.56 £ 0.71 CFU, on the third day in an amount
of 2.51 £ 0.15 CFU, on the seventh day it was
detected only in the colon in an insignificant
amount (1, 6 + 0.45 CFU), and on the tenth day
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microbes were not detected at all. Fungi were
isolated from the colon in animals receiving
antibiotics on the first day of observation in the
amount of 2.86 = 0.54 CFU, on the third day —

2.90 £+ 0.05 CFU, on the seventh day — 2.92 +
0.18 CFU and on tenth day — in the amount of
2.88 +0.06 CFU.

15000 1000 1000
ﬂ
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Fig. 1. Detection of C. albicans (CFU) in case of mono-infection in healthy mice (1) and in animals that
were administered antibiotics (2) in the stomach, small and large intestines
Abscissa: 1 — the first day, 2 — the third day, 3 — the seventh day, 4 — the tenth day. Ordinate: indicates CFU

S.aureus was found in the stomach of
healthy animals only on the first day of the
experiment (3.48 +0.43 CFU). In contrast,
microbes were excreted from animals that
were given antibiotics until the end of the
experiment (3.99 + 0.88 CFU on the first day,
3.96 + 0.71 CFU on the third day, 3.80 + 0.55
CFU on the seventh day, 3.62 + 0.25 CFU on
the tenth day) (fig. 2 (1)).

S.aureus was isolated from the small
intestine of healthy animals only on the first
day of the experiment (3.47 +0.25 CFU),
whereas it was found in animals that were
given antibiotics, on the first day in an

amount of 4.1 + 0.71 CFU, on the third day —
3.97 £ 1.12 CFU, on the seventh day — 3.90 +
0.83 CFU, and on the tenth day — 3.83 + 0.35
CFU (fig. 2 (2)).

Staphylococci were detected in the large
intestine of healthy animals only on the first
and second days of the experiment (2.92 +
0.05 CFU). In contrast, they were found in
animals that were given antibiotics, in an
amount of 4.02 + 0.84 CFU on the first day,
4.01 = 0.88 CFU on the third day, 3.92 = 0.91
CFU on the seventh day, and in the amount of
3.87 £0.81 CFU on the tenth day (fig.2 (3)).
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Fig. 2. Detection of S. aureus (CFU) in case of mono-infection in healthy mice (1) and in animals that
were administered antibiotics (2) in the stomach, small and large intestines
Abscissa: 1 — the first day, 2 — the third day, 3 — the seventh day, 4 — the tenth day. Ordinate: indicates CFU

Oral administration with intervals of C.
albicans and S. aureus simultaneously to
animals that were given antibiotics in the first
24 and 48 hours caused the death of 60 % and
100 % of the animals, respectively. The
microbial load of both types of
microorganisms in the organs of dead animals
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exceeded to a significant degree such load in
the control groups (p <0.05). Microbes were
found not only in the gastrointestinal tract of
animals, they also colonized the liver, spleen
and kidneys. The results of the experiments
are shown in table.
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Table
Microbial load in case of co-infection, caused by C. albicans
and S. aureus of white antibiotic-treated mice (log10)
| day Il day
C. albicans S. aureus C. albicans S. aureus
(CFU/qgr) (CFU/gr) (CFU/qgr) (CFU/gr)
Stomach 3,03+0,25 4,2 +0,55 3,12+0,13 4,29+ 0,80
Small intestine 3,06 0,17 4,06 + 0,69 3,08 £ 0,05 4,26 +0,76
Colon 3+0,13 4,07 +0,88 3,03+0,13 4,19 + 0,65
Liver 2,55+0,15 3,61+0,43 2,75+ 0,65 3,74+ 0,59
Spleen 2,51+0,17 3,48 +0,35 2,68 + 0,05 3,69+ 0,25
Kidney 2,61+0,35 3,62+ 0,65 2,83+0,07 3,60+0,35

The study of the relationship between
C. albicans vs. S. aureus in vitro showed once
again the existence of a relationship between
these two microorganisms that can be seen in
smears prepared at different times from a
mixture of microbes (fig. 3), where there is an
accumulation of  staphylococci  around
Candida fungi (fig.3,A). You can also

observe that staphylococci are distributed in

insignificant amounts in the field of view
where there are no cells of fungi. And
staphylococci are arranged in small clusters
and chains in places where cells of fungi are
not detected. (fig. 3, B). Thus, staphylococci
are more intense and with large groups,
forming a classical cluster of bunches, are
located around the cells of Candida fungi
(fig. 3, A-B).

Fig. 3. Smears prepared from the mixed cultures of C. albicans and S. aureus (Gram stain)

We provide electron microscopic
images for the purpose of introducing some
clarity on the relationship between these
microorganisms.

One can notice the attraction between the
cells of staphylococci and fungi in the figure
4, these attractions are hardly noticeable
(indicated by the arrow in figure 4.A) at the
beginning of the experiments, and more
clearly visible (fig.4B-C) as the cells
approach each other; the formation of bridges
between the cells (fig.4D-F) is also
noticeable. Thus, an adhesive bond is formed
between the cells of C. albicans vs. S. aureus.
Reproduction of staphylococci adhered to the
surface of fungal cells can also be viewed
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(fig. 4 C). 2-3 cells of staphylococci can
accumulate on the surface of a single cell of
the fungus (fig. 4 F).

Normal microflora of healthy organism
contributes to the elimination of pathogens
immediately after their introduction to the
large extent along with other protection
mechanisms. That is why, cultures of
C. albicans and S. aureus, orally administered
to healthy mice, were isolated from the
digestive tract only in the initial days of the
experiment. These microorganisms were also
isolated mainly from the digestive tract,
where the amount of host-gut microbiota was
gradually decreased, in animals with
antibiotic-induced dysbacteriosis. But the
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studied microorganisms in the body of these
mice were isolated in larger quantities unlike
the body of healthy animals, and moreover,
until the end of the experiment. However

their number gradually decreased by the tenth
day. Signs of the disease were observed from
the first days of the experiment in animals
that were injected with antibiotics.

Fig. 4. Electron-microscopic image of the relationship between cells
of C. albicans and S. aureus (arrows indicate adhesion)

Despite the significant decrease in normal
microflora that was observed in animals
administered with antibiotics, there was a
gradual restoration of the composition of the
microflora after cessation of the introduction
of antibiotics. Detection of C. albicans and
S.aureus for a long time (throughout the
experiment) in the digestive tract of animals
that were injected with antibiotics, in large
quantities (CFU), was due to a decrease in the
number of native microflora. The gradual
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restoration of normal microflora was
accompanied by a gradual decrease in these
microorganisms. Thus, signs of the disease
were observed in mono-infections caused by
C. albicans and S.aureus, both in healthy
animals and in those who were given
antibiotics, but no deaths were observed.
There were no signs of major changes in the
internal  organs. However, co-infection
induced by the Candida-Staphylococcus
association in animals with dysbiosis caused



by antibiotics was the most difficult —
accompanied by high rates of development
and a high degree of mortality. Namely,
100 % of the animals died within the first
48 hours during co-infection. An autopsy of
the dead animals showed an increase in the
guantity of both microorganisms in the
digestive tract, liver, kidney and spleen. Such
results show the marked synergistic effect
between C. albicans and S. aureus. Namely,
when staphylococci are the only source of
infection, a low percentage of dead animals
are present, and co-infection with C. albicans
at the same time increases the percentage of
dead animals and the microbial burden in the
internal organs, which coincides with the
results of similar studies [9, 17]. On the basis
of the data obtained, the causes of death of
the mice are the mutual reinforcement of the
physiological properties of the associates and
reduction of the nonspecific protective system
of the microorganism through the developed
dysbacteriosis on the other hand. Microbial
products have a synergistic effect in
association, influencing on the growth and
reproduction of bacteria, on the expression of
pathogenicity factors [18]. The main factor
ensuring the microbial pathogen's ability to
cause an infection with severe flow is the
amplification of the bacteria virulence under
the influence of fungi.

In vitro studies also allowed establishing
the dependence of staphylococci on Candida
fungi. The results obtained and electron-
microscopic images confirm the adhesive
interaction between the cells of C. albicans
and S. aureus, which led to an intensive
multiplication of staphylococci on the surface
of the fungi and formation of a multilayer
film. As can be seen, S. aureus forms a film
with the participation of C. albicans in the
absence of the ability to form separately a
film in the serum, and reproduce in the form
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of microcolonies based on the biofilm of
C. albicans.

The complex interaction between fungi
and staphylococci that arose under certain
conditions is due to the presence of certain
receptors [19-20]. The C. albicans agglutinin-
like sequences (ALS) and specific surface
glycoproteins in mixed microbial associations
are important for co-adhesion [21].

CONCLUSIONS

The obtained results showed that the
relationship between these microorganisms is
ambiguous. Polymicrobial infection even
nowadays remains a significant predictor of
the patient's prognosis deterioration, reducing
the effectiveness of antibiotic therapy and
likelihood of successful treatment [22-23].
Various interactions arise under conditions of
mutual enhancement of virulence in the
animal organism, under conditions of
quantity and time. Therefore it is especially
important and necessary to take into account
these data in case of the treatment of
polymicrobial aetiology infections. The
treatment strategy should not only be directed
against a single pathogen, but also aim to
destroy the microbial association.

PROSPECTS FOR FUTURE STUDIES

It remains relevant to study the effect of
various therapeutic approaches in order to
improve the effect on the fungus-bacterium
association depending on the localization of
the infection. Given the antibiotic resistance
of individual bacteria, which significantly
increases with cooperation with various
representatives of the fungal flora, it makes
sense to search for new methods of exposure,
along with medical management. Further
exploration of changes in the activity of
various pathogens during the co-infection
can make a significant contribution in this
direction.
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UNIFFERENTIATED CONNECTIVE TISSUE DYSPLASIA AS A
POTENTIAL PREDICTOR OF ARTERIAL HYPERTENSION
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The article presents the results of studies of markers of connective tissue dysplasia and the content of the
main fibroblast growth factor in blood plasma in patients with type 2 diabetes. The presence of significant
correlations between the studied parameters with the occurrence and progression of hypertension in patients
with type 2 diabetes is established. A regression model for predicting the development of arterial hypertension
is proposed in patients with diabetes mellitus.
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HEJM®EPEHIIIMOBAHA JUCILIA3IS CIIOJTYYHOI TKAHMHUA
SIK IOTEHIIAHUI NPEIUKTOP PO3BUTKY APTEPIAJILHOI I'IEPTEH3IT
Y XBOPHUX HA IIYKPOBMI1 JIABET 2 TUITY

Hlepcmwok JI. JI., Hikonenko €. A.
XapkiBchKUi HarlioHaNbHUH yHiBepcuteT imeHi B. H. Kapasina, . CBo6oau, 6, M. Xapkis, 61022,
VYkpaina

VY crarti HaBeNeHO pe3yNbTaTH MAOCIIUKEHb MapKepiB AUCIUIa3ii CrHOJy4HOI TKAaHWHHM Ta BMICTY
OCHOBHOTO (hakTopy pocTy ibpobiacTiB B 1mi1a3Mi KpoBi y XBOpUX Ha I[yKpoBHi AiabeT 2 Tumy. BeraHoBieHo
HAsBHICTh JIOCTOBIPHHMX KOpPEJSLid MK BHBYAEMHUMHU [OKAa3HMKAMHM 3 BHHUKHEHHSM Ta IPOrpeCcyBaHHs
aprepiaiibHOI TinepTeH3ii y XBOpUX Ha IYKpOoBHH niaber 2 THmy. 3armporoHOBAHO perpeciiiny Mojenb uis
MPOTHO3yBaHHS PO3BUTKY apTepialibHOT rinepTeHsii y XBOpUX Ha I[yKpPOBHIA j1iabeT.

KJIFO4Y0BI CJIOBA: aptepiajbHa rinepreHsis, LyKpoBud miaber 2 Tumy, HenudepeHuiiioBaHa
JICIUIA3is CIIOJIYYHOI TKAHUHH, OCHOBHUI (hakTop pocTy (idpo01acTiB, IPOrHO3yBaHHS

HEJIA®®EPEHIIUPOBAHHASA JIUCILIA3USA COEJUHUTEJILHOM TKAHU KAK
HOTEHIUAJBHBIN NNPEIUKTOP PASBUTUSA APTEPUAJIBHOM IT'MITEPTEH3UU Y
BOJIBHBIX CAXAPHBIM JTUABETOM 2 TUITIA

Hlepcmwk JI. JI., Huxonenko E. A.
XapbKOBCKUI HAIMOHAIBHBIN yHUBepcuTeT uMenn B. H. Kapasuna, . CBo6omsl, 6, r. Xapekos, 61022,
VYkpauHa

B cratbe MIPUBEACHBI PE3YJIbTATBI I/ICCHe}IOBaHI/Iﬁ MAapKEPOB JTUCILIA3HUU COG}II/IHHTGHBHOﬁ TKaAaHU H
coJiep>KaHus OCHOBHOTO (akTopa pocta (HpudpoOIacToB B MIa3Me KpPOBU y OONBHBIX caXxapHbIM guaberom 2
THNA. YCTAHOBJIECHO HaJIMYHe JOCTOBEPHBIX KOppeHﬂHHﬁ MEXKAY H3y4Ya€MbIMH TOKa3aTCIAMU  C
BO3HHKHOBEHHEM U MIPOTPECCUPOBAHNA apTEPHATBHON THIEPTEH3UH y OOJBHBIX CaXapHBIM nuadeToM 2 Tuma.
TIpeIoKeHO PErpecCHOHHYI0 MOJENb Ui MPOTHO3MPOBAHUS PA3BUTHS apPTEPHATBHONH THICPTCH3MH Y
OOJBHBIX CaxapHBIM TUA0ETOM.

K/TIOYEBBIE CJIOBA: apTepuasbHas TUTICPTEH3HS, caxapHBIH nader 2 Tuma,
HeaudGepeHINPOBaHHAs TUCIUIA3Usl COCTUHUTENLHON TKaHW, OCHOBHOW (akTop pocta ¢udpobdnacTos,
MPOTHO3UPOBaHHE
Avrterial hypertension (AG) is one of the
INTRODUCTION yp (AG)

most common cardiovascular diseases that
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afflicts more than 1.5 billion people in the
world, with almost 45 % of them being not
aware of the presence of high blood pressure
(BP) [1]. Hypertension is often manifested in
combination with another pathology, in
particular, with diabetes mellitus (DM),
obesity, coronary heart disease (CHD),
chronic kidney disease (CKD), heart failure
(CH), and others [2-3]. The most often
combination is hypertension and diabetes.
The prevalence of hypertension among
patients with diabetes is more than 60 %.
Such a comorbidity significantly increases the
risk of severe cardiovascular complications
[4-5]. The presence of hypertension in
patients with type 1 diabetes is associated
with an increase in the frequency of severe
stages of diabetic nephropathy and
retinopathy; on the other hand, diabetes
significantly increases the risk of emergence
and developing hypertension, and
hypertension is associated with a high risk of
insulin resistance and metabolic
abnormalities [6]. When combined with
hypertension and diabetes, the risk of CHD
developing increases by 2—-4 times, stroke —
2-3 times, visual loss — 10-25 times, renal
insufficiency — 15-20 times, gangrene of the
lower extremities — 20 times [7].

Mechanisms of damage of many organs
and systems in case of diabetes and
hypertension are discussed by many
researchers. Endothelial dysfunction due to
metabolic disorders in diabetes or long-term
BP increase lead to a breach of
vasodilatation, thickening of the basement
membrane of microvessels, metabolic
disorders in extracellular matrix and initiating
of large vessels atherosclerotic lesions [8-9].
Disturbance of lipid metabolism is essential
as trigger factor, in  addition to
hyperglycemia. The immediate damaging
factors may be the end products of glycolysis
(AGE), products of lipid peroxidation,
increased activity of angiotensin I,
proinflammatory  cytokines, leukocyte
adhesion factors, activation of protein kinase
C and others [10]. Increase of AGE,
accumulation of circulating fatty acids,
products of oxidative stress and dysfunction
of the endothelium lead to accelerated
apoptosis, reducing angiogenesis and cardiac
remodeling violation [11].

S. Shakya et al. (2015) believe that the
main target of hyperglycemia is hyaluronic-
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containing glycocalyx, located in the
microvascular endothelium. Its damage leads
to an increase in the adhesive properties of
leukocytes and causes the formation of
proinflammatory cytokines. In turn, this leads
to the further development of oxidative stress
and the progression of endothelial disorders
with an increase in the proinflammatory
cytokines release. Such a proinflammatory
condition affects the function of functionally
active cells (pericytes, smooth muscle cells,
fibroblasts), which  worsens  reparative
processes in vessels and tissues, including
angiogenesis [12]. One of the mechanisms of
the pathological effect of hyperglycemia is
also thought to be the increase in the activity
of prophylactic factors, in particular, TGF-g,
which is a modulator of proteoglycan
synthesis in the extracellular matrix [12-13].
is The increase in excretion of type IV
collagen in patients with diabetes, with
diabetic nephropathy and nephropathy of
another genesis serves as an evidence of
connective tissue metabolic abnormalities
role in the extracellular matrix [14-15].

These data indicate that the target of
pathological processes taking place in
hypertension and diabetes is connective
tissue. On the other hand, the presence of
feedback is increasingly considered — the role
of metabolic disorders of connective tissue in
the emergence of another, in particular,
vascular pathology. It is known that the
connective tissue, which constitutes more
than 50 % of the human body mass, carries
out not only the supporting-skeleton,
structural-forming, protective and reparative
functions in the whole organism, but also
takes part in almost all processes of
metabolism.  Pathological activation or
inhibition of the activity of cellular elements
of the connective tissue and changes in the
structure of the basic substance can be the
basis for the development and progression of
the pathological process, the emergence of its
complications and the appearance of
comorbid pathology [16-17].

At this time, the disease, the characteristic
feature of which is the development of
connective tissue disorders, are defined as
connective tissue dysplasia (CTD). The
genetically determined differentiated variants
of CTD are known that are Ehlers-Danloss,
Marfan, Sticker's syndrome, and variants of
CTD with clinical manifestations that are not



included in the clinical picture of hereditary
pathology — undifferentiated CND (UCTD).
Nowadays clinical variants of UCTD include
numerical diseases with the presence of
neurological, skeletal, cardiac, vascular,
visceral, visual and other manifestations [16,
18]. The prevalence of CTD is rather high in
the population, and single phenotypic
symptoms are found in almost every fourth
person [16,19]. It is believed that the
presence of CTD contributes to the
development of another pathology. In
particular, it has been established that diabetic
neuropathy and nephropathy in children and
adolescents with type 1 diabetes occur earlier
and have severe course of disease in the
presence of signs of connective tissue
dysplasia [20].

Taking into account the value of the
connective tissue in ensuring of the normal
structure of all organs and tissues and in the
processes of tissue remodeling under
conditions of pathology, it is well-founded to
study the role of UCTD in the development
of hypertension, in particular, in patients with
type 2 diabetes.

OBJECTIVE

The purpose of the study is to study the
possibility of using the clinical signs of
UCTD as predictors of the development of
arterial hypertension in patients with type 2
diabetes mellitus.

MATERIALS AND METHODS

The study was performed on the basis of
the endocrinology department of the Kharkiv
Regional Clinical Hospital. The study
included 90 patients aged from 35 to 45 years
who were on treatment during the period of
2016-2018 years with an established
diagnosis of type 2 diabetes mellitus, lasting
no more than 10 years.

All patients have undergone a complex
general clinical, laboratory and instrumental
examination in accordance to the Order of the
Ministry of Health of Ukraine No. 1118 dated
21.12.2012 «Unified clinical protocol of
primary and secondary (specialized) medical
aid. Type 2 diabetes mellitus». The diagnosis
of hypertension was carried out in accordance
to the Order of the Ministry of Health of
Ukraine No. 384 dated 24.05.2012, «Arterial
Hypertension: An Updated and Adapted
Clinical Invention based on Evidence».
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Diagnosis of UCTD was carried out through a
comprehensive examination and evaluation of
the presence of internal (visceral) and
external (skeletal, skin, articular) signs
according to T. I. Kadurina (2009) [15].

Phenotypic (visceral and/or skeletal) signs
of UCTD were found in 48 patients (Group I)
among the patients included in the study and
42 patients had no signs of UCTD (Group II).
The control group consisted of 20 practically
healthy people — donors with an average age
of 36.3 + 3.1 years.

The study of the concentration of the basic
fibroblast growth factor 2 (FGF2) in blood
plasma was carried out by immunoassay
using a Quantikine (Human FGF basic
immunoassay) reagent kit manufactured by
R&D Systems, Inc. (USA) on the semi-
automatic analyzer ImmunoChem 2100 in the
Department of Experimental Pharmacology
and Toxicology of the the SI «V. Danilevsky
Institute for Endocrine Pathology Problems of
the NAMS of Ukraine».

The obtained results were processed using
the package of statistical software PSSR (an
open-source program that does not need a
license). Quantitative data is given in the
form of M+SD (average and standard
deviation of the mean) for normal data
distribution or Me [Q25—Q7s] (median — 25th
and 75th quarters) with abnormal data
distribution. The normality of distribution
was determined by the Kolmagorov-Smirnov
criterion, amended by Liliefors. Quantitative
indices with normal distribution were
compared using Student's t-test, with an
abnormal distribution — according to the
Mann-Whitney criterion. The frequency of
quality indicators was performed using
criterion 2. Correlation analysis performed
according to Pearson criteria.

RESULTS AND DISCUSSION

It was found that the average duration of
the disease did not differ significantly and
was in the 1st group (5.1 + 2.3 years), in the
2nd group it was 4.2 + 2.6 years (p = 0.108
per t-criterion) according to the analysis
results of the peculiarities of the course of
diabetes. There was 37 (77.1 %) patients with
a duration of diabetes up to 5 years in Group |
and 29 (69.0%) in group Il, 11 (22.9 %)
patients with a duration of disease from 5 to
10 years in group 1, 13 (31.0 %) — in the 2nd
group (x2 = 0.740, p = 0.390) (tab. 1).
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Table 1
Features of diabetes mellitus based on the presence of UCTD
Indicator Group | (n=48) Group 1l (n=42) p

Duration of DM, years 51+2,3 42+26 0,108*
Duration of DM:
up to 5 years 37 (77,1 %) 29 (69,0 %) 0.3902
5-10 years old 11 (22,9 %) 13 (31,0 %) '
Diabetic nephropathy 38 (79,2 %) 20 (47,6 %) 0,0022

—  Microalbuminuria 17 (35,4 %) 6 (14,3 %) 0,0402
Diabetic retinopathy 25 (52,1 %) 16 (38,1 %) 0,1842
Diabetic neuropathy 41 (85,4 %) 30 (71,4 %) 0,1052

Notes: 1 — the significance of the difference based on the t-criterion. 2 — the significance of the difference by
criterion y2. 3 — the significance by the Mann-Whitney criterion

Diabetic nephropathy was a frequent
complication of diabetes in the analyzed
sample of patients. It was diagnosed in 38
(79.2 %) patients in group I, in 20 (47.6 %)
patients in II group (x2 = 9,729, p = 0,002).
While microalbuminuria (MA) was observed
in 17 (35.4 %) patients in group I and in 6
(14.3 %) patients in group II (32 = 4,205; p =
0,040).

Thus, there is more severe course of
diabetes with more frequent development of
diabetic nephropathy with MA, as well as
with the tendency to increase the incidence of
diabetic neuropathy and retinopathy in
patients with the signs of the UCTD.

The most common  accompanying
pathology in the analyzed group of patients
was hypertension, which was detected in 45
(93.7 %) patients in group I, including: stage
1 hypertension — in 25 (52.1 %), stage 2
hypertension — in 17 (35.4%) and stage 3
hypertension — in 3 (6.3 %) patients.
Hypertension was detected in 22 (52.4 %)
patients in the Il group including: 16 (38,1 %)
patients with stage 1 hypertension, 5 (11,9 %)
— with stage 2 hypertension, 1 (2.4 %) — with
stage 3 hypertension (¥2 = 21.783; p < 0.001)

(fig. 1).
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Fig. 1. Frequency and severity of hypertension in I and II groups of patients
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Certain patterns have been identified
depending on the duration of diabetes as a
result of the analysis of the frequency and
severity of hypertension. No differences in
the frequency of hypertension of varying
stages depending on the duration of diabetes
was detected in group | (with the presence of
UCTD) (32 = 1,603; p = 0,659). On the
contrary, clear dependence of hypertension
stages on the duration of diabetes can be
traced in patients of Il group (without
phenotypic signs of UCTD) — the frequency
of hypertension itself and 2nd and 3rd stages
significantly increases (x2 = 17,961,
p <0,001) in patients with a duration of
diabetes from 5 to 10 years in comparison
with patients whose disease lasted less than 5

Series «Mediciney. Issue 36

years old. These patterns are confirmed by
the results of the correlation analysis: a very
weak positive correlation was found at the
level rs = 0.091 (p = 0.538) in the | group and
there was a significant positive correlation at
rs =0.522 (p < 0.001) in the 11 group.

The comparison of frequencies of UCTD
cases was performed depending on the
presence of visceral and/or skeletal signs for a
more detailed study of the effect of UCTD on
the development of hypertension in patients
with type 2 diabetes. Only visceral signs of
UCTD were detected in 31 patients in the la
group, visceral and skeletal symptoms were
detected in 17 patients who were Ib group

(fig. 2).

70,0%

61,3%

60,0% -

50,0% -
40,0% -

9.0%
30,0% -

20,0% -

10,0% -

3.2%
|

0,0% -
Ia group

® without hypertension ™ 1st stage

Ib group

2nd stage M 3rd stage

Fig. 2. Frequency of hypertension depending on the type of UCTD

Hypertension was found almost with the
same frequency in both groups, but its
structure differed based on stages. Stage 1
hypertension was detected in 19 (61.3 %)
patients in the la group, stage 2 — in 9
(29.0 %) patients, stage 3—in1(3.2%). In Ib
group, stage 1 hypertension was established
in 6 (35.3 %) patients, stage 2 —in 8 (47.1 %),
stage 3 — in 2 (11.8%). That is, an
insignificant tendency to the development of
more severe stages of hypertension due to the
increase in number of phenotypic signs of
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UCTD, in particular skeletal anomalies, is
traced (y2 =3.718; p = 0,294).

The results of studies of FGF2 content in
blood plasma are shown in tab. 2. All patients
with diabetes included in the study have
significantly higher median of the content of
FGF2 than in the control (p <0.05 by the
Mann-Whitney criterion). The content of
FGF2 was significantly higher in group I than
such of controls or in group Il (p <0.05
according to the Mann-Whitney criterion in
both comparisons). No significant differences
were observed between subgroups la and Ib,
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but there was a tendency for FGF2 to increase visceral and skeletal symptoms of UCTD).
in patients of 1b group (with the presence of
Table 2
FGF2 content in the blood of patients with type 2 diabetes and in control group (pg/ml)
Groups Me [Qqzs; Q7s] Min Max
All patients (n = 90) 28,1[18,7; 34,2]* 7,4 63,2
I group (n = 48) 30,8 [21,6; 39,9]*2 12,8 63,2
Ia group (n = 31) 30,3 [22,6; 39,7]*2 12,8 56,2
1b group (n = 17) 31,4 [20,5; 47,6]*2 16,2 63,2
11 group (n = 42) 22,1[16,2; 29,3]* 7,7 41,2
Control group (n = 20) 3,6 [1,9; 9,0] 0,8 19,6

Notes: 1 — the differences are significant compared to the control (p < 0,05 according to the Mann-Whitney
criterion). 2 — the differences are significant compared to the second group (p < 0,05 according to the Mann-
Whitney criterion)

A correlation analysis of the FGF2 level in resulted in significant differences in the
blood was performed separately in groups | strength of the correlation relationships
and Il (parametric Pearson method), which between the groups (tab. 3).

Table 3
Results of correlation analysis of FGF2 content and other indicators
Indicators 1 group 11 group
r p r p
Age, years 0,107 0,227 0,649 < 0,001
Duration of DM, years 0,059 0,877 0,357 0,020
Hypertension (0 — no, 1-3 st.) 0,564 0,001 0,413 0,006
Diabetic nephropathy 0,206 0,159 0,372 0,015

Interesting  differences have  been r = 0.059, respectively (p > 0.05). On the
identified as a result of the correlation contrary, a significant strong positive
analysis of FGF2 content and other correlation was found between FGF2 and age
indicators. The correlation of FGF2 (r = 0.649, p <0.001) and duration of
depending on age and duration of diabetes diabetes (r = 0.357, p = 0.02) in group II.
mellitus was absent in group | — r = 0.107 and These patterns are shown in fig. 3, 4
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Fig. 3. Diagram of scattering of FGF2 dependence on age and duration
of diabetes in I groups of patients
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Fig. 4. Diagram of scattering of FGF2 dependence on age and duration
of diabetes in 11 groups of patients

Data suggests that the content of FGF2
increases with age and during the course of
the disease in patients with DM type 2. This
dependence is absent in the presence of
UCTD in patients with DM type 2, which can
be explained by the initial increase in the
content of FGF2 on the background of
metabolic disorders of the connective tissue.

Another interesting regularity is the
presence of a statistically significant
correlation between the content of FGF2 in
patients with diabetes with the presence and
severity of hypertension in both groups — r =
0.564 (p = 0.001) and r = 0.413 (p = 0.006)
respectively in I and Il groups.

Also, there was no significant positive
correlation with the presence of diabetic
nephropatny — r = 0.206 (p=0.159) in
patients with UCTD (group 1). The
correlation with the presence of diabetic
nephropathy was significantly positive r =
0.372 (p = 0.015) in patients of the Il group
(without evidence of UCTD). In addition, the
presence and severity of hypertension and
diabetic nephropathy had correlations among
themselves: in group | there was a significant
positive correlation — r = 0.451 (p = 0.001),
and in the second group there was also a

significant positive correlation r = 0.506
(p = 001).
Thus, the presence of UCTD and

increased content of FGF2 are associated
with the development and progression of
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hypertension in patients with DM type 2,
suggesting the possibility of using these
indicators as predictors of hypertension. But
for studying this possibility, dynamic
observation for a long period since the debut
of the DM is necessary. It is also needed to
take into account the fairly high cost of
immuno-enzymatic analysis of the content of
FGF2. On the other hand, the content of
FGF2 is closely related to the UCTD,
therefore, the possibility of using clinical
signs of UCTD to predict the development of
hypertension in patients with type 2 diabetes
has been tested.

To this end, an analysis of the written
discharge reports after a previous inpatient
treatment (from two to five years ago) was
performed in patients with a duration of type
2 diabetes for at least 2 years. Such discharge
reports were available in 78 patients.

The method of binary logistic regression
(BLR) is wused for the analysis of the
possibilities of using the UCTD signs as
predictors of hypertension. The patients
included in this analysis were divided into
two groups:

— | group — patients with DM type 2, in
whom hypertension was not diagnosed during
the previous hospitalizations and wasn’t
found during the last hospitalization, as well
as patients who have no differences in degree
of hypertension during the previous and last
hospitalization — 38 patients;
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— II group — patients with DM type 2, in
whom hypertension was not diagnosed during
the previous hospitalization, but during their
last  hospitalization  hypertension ~ was
detected, as well as patients whose
hypertension during the last hospitalization
increased in comparison with the previous
one — 40 patients.

Groups are encoded in the order scale: |
group — «O0»; Il group — «1».

In the logistics analysis, two indicators
were introduced:

— presence of signs of UCTD, encoded as
the sum of individual visceral and/or skeletal
symptoms — Xi.

— duration of DM type 2 in years — Xa.
This indicator was introduced due to the

influence of the duration of diabetes in
patients with type 2 diabetes, regardless of
other indicators.

According to the results of the analysis,
the following data was obtained using the

BLR (tab. 4).
All  regression coefficients of the
indicators included in the equation are

reliable, with the value of significance <0.05
for all indices and constant as an evidenced,
while the regression coefficient of UCTD has
a very high significance <0.001 and
significantly higher than the duration of the
DM. This indicates a rather high predictive
value of UCTD in the development of
hypertension.

Table 4
Results of regression analysis of the hypertension development
or progression in patients with type 2 diabetes
Indicator B S.E. Wald Statistics Sign. (p)
X1 2,970 0,689 18,578 0,000
X2 0,470 0,204 5,320 0,021
Constant -4,520 1,367 10,927 0,001

Notes: x1 - signs of UCTD; x» - duration of type 2 diabetes; B - coefficient of regression B; S.E. - standard
error of the regression coefficient; p - level of significance of the regression coefficient.

The obtained data allow us to calculate the
value of z, which can be presented in this
analysis as:

Z=X1+2,970+x2 - 0,470 + (-4,520) (1)

Further calculation of the hypertension
development or progression probability of is
carried out according to the formula:

1 ()
l+e™ 2)

P =

The greater final value of P is, the greater
likelihood of hypertension or its progression
in patients with DM type 2. The critical
value, which determines the patient with risk
of hypertension, is 0.5.

While checking the predictive ability of
the generated equation to predict the onset or
progression of hypertension, the following
data are established (tab. 5)

Table 5

Table of classification of observed and predicted values

Estimated value

Observed value Development of hypertension
Percentage of correct
0 (no) 1 (yes)
Development of 0 (no) 34 4 89,5
hypertension 1 (yes) 5 35 87,5
Total percentage 88,5

Notes. Distinguishing value = 0.500

The data obtained indicate that the
predictive value of the negative outcome is
89.5 %, the predictive value of the positive
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result is 87.5 %, and the overall predictability
is 88.5 %. In 34 (87.2 %) cases out of the 39
patients who had no development or




progression of hypertension, patients received
a correct prediction that characterizes the
specificity of the BLR equation. A correct
prognosis was obtained as well in 35 (89.7 %)
cases out of the 39 patients who had
hypertension or progression that characterizes
the sensitivity of the BLR equation.

Sufficiently high values of predictability,
specificity and sensitivity suggest that this
method can be used to predict the onset or
progression of hypertension in patients with
type 2 diabetes and to identify patients who
require active prophylaxis of hypertension,
even in the absence of other cardiovascular
risks.

CONCLUSIONS

1. The development of hypertension in
patients with DM type 2 in combination with
UCTD occurs earlier, is almost independent
of the duration of diabetes, more pronounced
hypertension is observed in patients with
visceral and skeletal symptoms of UCTD.
This is evidence of the role of UCTD in the
pathogenesis of hypertension in patients with
type 2 diabetes.
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CONDITION OF LIPID PEROXIDE OXIDATION AND
ANTIOXIDANT SYSTEM IN PATIENTS WITH INFECTIOUS
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The indicators of the activity of lipid peroxidation and the antioxidant system were studied in dynamics in
158 patients with infectious mononucleosis depending on the severity of the clinical course of the disease.

It is proved that lipid peroxidation is significantly activated in patients with infectious mononucleosis as
the severity of the disease increases and therefore increases the oxidative activity of blood plasma, the
concentration of dyne conjugates and malondialdehyde in the blood, decreases the activity of antioxidant
enzymes of erythrocytes (catalase, superoxide dismutase, glutathione peroxidase, glutathione reductase),
glutathione peroxidase and glutathione reductase activity in plasma and lowering the concentration of total
and reduced glutathione in the blood, as well as reduce the antioxidant activity of blood plasma and
erythrocytes.

KEY WORDS: infectious mononucleosis, lipid peroxides, antioxidant system, catalase, superoxide
dismutase, glutathione peroxidase, glutathione reductase, dyne conjugates, malonic dialdehyde, glutathione

CTAH NEPEKMCHOI'O OKHUCJIEHHS JIIIIAIB TA AHTHOKCUJAHTHOI CUCTEMH Y
XBOPUX HA IHOEKIIMHU MOHOHYKJIEO3

IHIycmesans M. @.%, JIadosa T. L%, Bonodyesa O. B.%, [Tasauxosa K. B.%, Faminoecvka A. I1.?

! XapkiBchbka MeMYHA aKaJeMis ICIIIUIUIOMHOI OCBiTH, ByJI. AMOCOBa, 58, M. Xapkis, 61176, Ykpaina
2 XapkiBcbkuii HalioHanbHuUi yHiBepcuteT imeni B. H. Kapasina, mn. Cso6oau, 6, m. Xapkis, 61022,
VYkpaina

VY 158 xBopux Ha iH(EKUIHHIH MOHOHYKJIC03 BUBYEHI B JUHAMIlll OKA3HUKH aKTHBHOCTI NMEPEKUCHOTO
OKHCIJICHHS JIMiJIB 1 AHTHOKCHJAHTHOI CHCTEMH B 3aJIe)KHOCTI BiJI TSIKKOCTI KIIHIYHOTO Tepediry
3aXBOPIOBAHHS.

JloBeneHo, 1110 y XBOPHUX Ha iHQEKUiHHUH MOHOHYKIIEO03 MPOTSITOM HAPOCTaHHS TSKKOCTI 3aXBOPIOBAHHS
JIOCTOBIPHO aKTHUBYETHCSI MEPEKUCHE OKHMCICHHS JIMIAiB, B 3B'SI3KY 3 YHM IMiJBUIIYIOTHCS OKHCIIOBAJIbHA
aKTUBHICTh IUTa3MH KpPOBi, KOHIIEHTpamis B KPOBi II€HOBHX KOH'IOTAaTiB 1 MAaJOHOBOTO JiajibAerinay,
BiIOYBA€ThCS OCNAOICHHS AaKTUBHOCTI AHTHOKCHUIAHTHOI CHCTEMH, IO AacoIliiioBaHe 31 3HIKEHHSIM
AKTUBHOCTI ~ AQHTHOKHCIIIOBAJIBHMX  (DEPMEHTIB  epUTPOLMTIB  (KaTajasu,  CYNEepPOKCHATUCMYTa3H,
TIIyTaTiOHIIEPOKCUIA3H1, TIyTaTiOHPEAYKTa3u), aKTUBHOCTI TIyTaTiOHIEPOKCHAA3H 1 TIIyTaTIOHPETyKTa3H B
m1a3Mi KpoBi 1 3HIKEHHSM KOHIICHTpAIlil 3arajJbHOTO0 Ta BiJIHOBJICHOTO TJIYTaTiOHYy B KpOBi, a TaKOX
3HIKEHHSIM aHTHOKCHIAHTHOI aKTHBHOCTI TUTa3MH KPOBi Ta €pUTPOIIUTIB.

K/ITIOY0BI CJ/IOBA: iHGeKuiiHNA MOHOHYKJIE03, MEePEeKHCH JiMmiiB, aHTHOKCHAAHTHA CHCTEMa,
Karajgaza, CyMepPOKCHAIUCMYTa3a, TIyTaTIOHTEPOKCHIa3a, TIyTaTiOHpeayKTaza, [i€HOBI KOH'IOTaTH,
MAaJIOHOBHI! JiasbAerij, TIyTaTioH
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COCTOSIHUE MMEPEKMCHOT O OKUCJIEHUSA JIUITAJ0OB U AHTUOKCUJIAHTHOM
CHUCTEMBI Y BOJbHBIX HHOEKIIMOHHBIM MOHOHYKJIEO30M

Hlycmeany H. @.,/Iadosa T. H.%, Bonobyesa O. B.?, Ilaenuxosa K. B.?, Tamunoeckas A. I1.,
Cesacmuanosa T. B.

B XapbKOBCKasi METUITMHCKAs aKaJIeMUs ITOCIEAUIUIOMHOTO 00pa3oBanus, yi1. AMocoBa, 58, . XapbKoB,
61176, Yxpauna

2 XapbKOBCKHil HALMOHAJBHBIN yHUBepcuTeT uMenu B. H. Kapasuna, nn. Ceo6oagl, 6, . Xapbkos, 61022,
Ykpauna

VY 158 OonbHBIX MH(EKIMOHHBIM MOHOHYKJICO30M HM3Y4YEHBI B JMHAMMKE TOKA3aTeNd aKTMBHOCTH ITEPEKHCHOTO
OKWCJICHUS JIUTTHIOB Y aHTHOKCH/IAHTHOM CHCTEMBI B 3aBUCHMOCTH OT TSDKECTH KITMHUYECKOTO TeUeHHs 3a00JIeBaHus.

JokazaHo, 4to y G0JBHBIX HH(EKIMOHHBIM MOHOHYKJIE030M 10 MEpE HapacTaHUs TSHKECTH 3a00JIeBaHHSI IOCTOBEPHO
AKTUBHPYETCS TIEPEKICHOE OKUCIIEHHE JIUITHJIOB, B CBSI3U C YEM TIOBBIILIAIOTCS OKHCIIUTEIbHAS aKTHBHOCTD IL1a3MbI KPOBH,
KOHLICHTPALWsI B KPOBH JIMEHOBBIX KOHBIOTATOB M MAJIOHOBOTO JIMAJIBJIETHJIA, MPOVCXOAHUT OCia0ieHne aKTHBHOCTH
AHTUOKCHJIAHTHOH CHCTEMBl, YTO AaCCOLMMPOBAHO CO CHIDKCHHMEM AaKTMBHOCTH AHTHOKMCIMTENBHBIX (hepMEHTOB
SPUTPOLUTOB  (KaTalasbl, CYNEPOKCHIUCMYTa3bl, IIyTaTHOHNEPOKCHAA3bl, INyTaTHOHPELYKTasbl), aAKTHBHOCTH
DIIYTaTHOHIIEPOKCHA3bl M TIIYTATHOHPEAYKTa3bl B IUIA3ME KPOBM M TIOHIDKCHHEM KOHIICHTPALMM OOLIero Hu
BOCCTAHOBJICHHOTO TNIyTaTHMOHA B KPOBM, @ TAIOKE CHIDKCHHEM AHTUOKHCIIMTEIBHOW AKTUBHOCTH IUIA3Mbl KPOBH U
SPUTPOLIUTOB.

K/TIOYEBBIE C/IOBA: vH(bEKIMOHHBI MOHOHYKJICO3, TICPEKUCH JTUITHAIOB, aHTHOKCHIAHTHAS CUCTEMa, KaTanasa,
CYTIEPOKCHIMCMYTa3a, TIIyTaTHOHTEPOKCHIA3a, TTyTaTHOHPEYKTa3a, TUEHOBbIC KOHBIOTATHI, MAJIOHOBBIN JUAIBICTHU]L,
TJTyTaTHOH

INTRODUCTION OBJECTIVE

Infectious mononucleosis (IM) is a The aim of the work was to study the state
widespread disease of childhood, which has  of lipid peroxidation and antioxidant system of
been increasingly diagnosed among adults the disease in patients with various forms of
recently. The etiological factor of myocardial  severity of IM in the dynamics.
infarction is Epstein-Barr virus (EBV) in most
cases, which is characterized by a discrete MATERIALS AND METHODS
symptom complex followed by damage of the 158 patients with IM (80 women and 78
immune system, namely, the lifetime men) aged from 18 to 32 years were examined.
persistence of the virus in B lymphocytes. EBV ~ IM was mild in 58 patients, in moderately
is a lymphotropic agent that causes the severe form in 56 patients and 44 patients had
development of lymphoproliferative syndromes  severe form. The work was performed at the

and immune deficiency [1-3]. Department of General and  Clinical
Other clinical manifestations are possible in  Immunology and Allergology, Medical Faculty,
addition to the triad of symptoms -  V.N. Karazin Kharkiv National University on

lymphadenopathy, tonsillitis, hepatospleno-  the basis of the Regional Clinical Infectious
megaly in case of 1M, that are associated with ~ Diseases Hospital in Kharkiv within the
heart damage (myocardium, pericardium, framework of the research theme of the
coronary arteries), central and peripheral department «Study of the role of immune,
nervous system (meningitis, meningoence- autoimmune and metabolic disorders in the
phalitis), kidney (nephritis), pancreatitis  pathogenesis and consequences of the
orchites and others [4-6]. infectious process caused by herpes virusesy,
Previous studies have shown that activation  state registration Ne 0112U005911. The study is
of lipid peroxidation, which is accompanied by  open, controlled, conducted in accordance with
the formation of primary and secondary lipid the Declaration of Helsinki and the principles of
hydroperoxides with toxic properties, plays an  GCP and approved by LEC [10].
important role in the pathogenesis of cell All patients underwent a complete clinical,
destruction of various organs [7-9]. However,  haematological, biochemical and immune-
the processes of free-radical lipid oxidation and  logical examination.

antioxidant protection have been poorly The diagnosis of IM was established on the
understood in patients with IM, and the data  basis of the clinical picture of the disease,
obtained are contradictory. taking into account epidemiological analysis
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data and confirmed by detecting EBV DNA in
serum and saliva of patients with EBV, also
studied the serological markers of EBV that are
immunoglobulin’s (IgM, IgG) to capsid (VCA),
to the nuclear (NA) and early (EA) antigens by
means of enzyme linked immunosorbent assay
(ELISA) using the IBL (Germany) and Vector-
Best (RF) kits, detection of EBV DNA by blood
polymerase chain reaction (PCR).

A comprehensive study of patients included
the study of peripheral blood with the detection
of atypical mononuclear cells, the activity of
alanine, aspartic transaminases, the content of
bilirubin fractions in the blood. The state of
lipid peroxidation (LPO) in patients with IM
was appreciated according to the content of
dyne conjugates (DC), malondialdehyde
(MDA), the serum total oxidative activity
(TOA). The state of the antioxidant system was
assessed according to the determination of the
serum and erythrocytes total antioxidant
activity (TAA), the activity of catalase,
superoxide dismutase, glutathione peroxidase,
glutathione reductase of erythrocytes, total
glutathione, oxidized and reduced serum
glutathione. Examination of patients was
carried out in the first days upon admission to
the clinic, then on the 5th, 10th, 20th and 30th
days of treatment. The control group consisted
of 30 healthy people aged from 18 to 30 years,
in whom the indicators of oxidative and
antioxidant activity of blood plasma and
erythrocytes were determined.

All patients received standard therapy that
included anti-viral medications; valaciclovir
1000 mg 3 times daily, detoxification therapy
(reosorbilact, 5 % glucose solution), hepatopro-
tectors, antipyretic drugs, antihistamines.

Statistical processing of the research results
was carried out using the Statistika 6.0 for
Windows (Stat Soft Inc., USA) on a personal
computer with a Pentium 11 Celeron 850 PPGA
processor. These results are presented in an
article with assessing the reliability of
differences by the Student's criterion at
p < 0.05. The non-parametric Spearman method
of correlation analysis was used to balance the
relationship  between various biochemical
parameters.

RESULTS

The clinical picture of IM was typical in
most patients. Patients complained of general
weakness, headache, myalgia, arthralgia, sore
throat when swallowing, sweating, and fever up
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to 38-39.6 ° C, which persisted for 15 to 30
days and often longer during the early days of
the disease. Typical changes specific for 1M
were detected in the clinical analysis of blood,
leukopenia was detected more often at the
beginning of the disease, which was later
replaced by leucocytosis (9-10 x 10%1), the
content of mononuclear lymphocytes and
monocytes significantly increased, reaching 50—
80 % of the total number of leukocytes. The
detection of atypical mononuclear was a
characteristic sign of IM in the blood (20 % or
more). The duration of preservation of wide
plasma lymphocytes averaged around 2-3
weeks, sometimes up to 2 months, the ESR
remained within the normal range or slightly
increased in this category of patients.

An ultrasound examination revealed an

enlarged liver, spleen, peribronchial and
peritracheal lymph nodes.
Anterior and posterior cervical,

submandibular and axillary lymph nodes were
enlarged in all patients with IM.

Cytolytic syndrome was diagnosed in 43
(76.3 %) patients with moderate-severe course
of IM and in 30 (88.7 %) patients with severe
course, which proceeded with an increase of
direct bilirubin in blood. The level of direct
bilirubin increased at an average of 15.0 +
0.9 umol/I (p < 0.01), the ALT activity — 1.85 +
0.09 mmol/l, ACT 1.12 £ 0.07 mmol/l
(p<0.01) in patients with a moderate-severe
course of IM. In patients with severe course of
IM, the level of direct bilirubin in the blood
increased on average to 23.9 £ 1.1 umol/l
(p <0.01), ALT activity — to 2.24 = 0, 1 mmol/I
(p<0.01), ACT activity to 135 =+
0.08 mmol/l (p <0.01), which indicated liver
involvement in the pathological process.

The content of direct bilirubin, the activity
of ALT and ACT in blood in patients with 1M
with a mild course did not significantly differ
from those in the control group.

Direct bilirubin content, ALT and ACT
activity in blood normalized closer to the 20th
day in the course of treatment in patients with
moderate-severe IM, whereas in case of severe
course — to the 30th day, and often later.

The results of the study of indicators of the
oxidative and antioxidant systems in patients
with IM are presented in table, from which it
follows that TOA of blood plasma (p < 0.01),
concentration in blood primary (DC) and
secondary (MDA) lipid hydroperoxides
(p < 0.01) increase significantly in accordance
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with the severity of the disease in patients with
IM. A high direct correlation was found
(r =0.65; r = 0.69) between the blood levels of
DC and MDA, on the one hand, and the overall
oxidative activity of blood plasma, on the other
hand, which indicates the important role of lipid
hydroperoxides in increasing the oxidative
activity of blood plasma in these patients
with IM.

The activation of lipid peroxidation in
patients with IM of a mild course was
accompanied by a statistically significant
decrease in the TAA of blood plasma and
erythrocytes (p <0.001), a decrease in the
activity of erythrocyte antioxidant enzymes —
catalase (p <0.001), superoxide dismutase
(p <0.001), glutathione peroxidase (p < 0,01),
an increase in activity of plasma glutathione
reductase (p <0.001), reduced glutathione
(p < 0.001), which indicates an increase in the
activity of the glutathione system, which is
involved in the inactivation of lipid hydro-
peroxides in the blood and tissues [11-13].

As the clinical, immunological and
haematological parameters improved while
treating patients with IM with a mild course, the
indicators of the LPO decreased and the activity
levels of the antioxidant system increased, and
by the 20th day of treatment the concentration
of DC in the blood decreased to 1.4 + 0, MDA
on average 03 pmol/l (p <0.001), MDA on
average up to 0.40 £ 0.03 umol/l (p <0.001)
and TOA of blood plasma on average to 3.75 £+
04% (p<0.001). The plasma antioxidant
activity was statistically significantly increased
by an average of 6.6 = 0.8 % and of erythro-
cytes by an average of 39.6 + 1.6 % (p < 0.001),
the activity of catalase increased on average to
66.4 £ 2,0 mmol/s.mg protein (p <0.001) in

erythrocytes, erythrocyte superoxide dismutase,
on average, up to 62.2=+2.1unitssmg (p
< 0.001), glutathione peroxidase, on average,
up to 180.5+9.0 pmol/smg protein (p
< 0.001), blood plasma glutathione peroxidase,
on average, up to 4.9 = 0.13 mkkat/l (p <0.05),
plasma glugate reductase, on average, up to 2.1
+0.03 mkkat/l (p <0.05), erythrocyte gluta-
thione reductase, on average, up to 76.5 +
2.5 umol/s.mg  protein (p<0,05), the
concentration of total glutathione in blood did
not significantly change (p > 0.05), the content
of oxidized glutathione in blood decreased, on
average, to 55.6 = 6.4 mmol/l (p <0.05), and
the level of reduced glutathione increased, on
average, to 974.8 = 7.3 umol/l (p > 0.05) and
did not significantly differ from the
corresponding indicators of the control group.

Analysis of the obtained data (tab. 1)
showed that severity of the disease increases in
parallel with the increase of the activity of lipid
peroxidation and the decrease in the activity of
the antioxidant system in patients with IM, that
manifests in an increase in the TOA of blood
plasma (p <0.001) , the concentration of DC
(p<0.001) and MDA (p<0.001), and in a
decrease of the TAA of plasma (p < 0.001) and
erythrocytes (p <0.001), the actioxidative
activity of erythrocyte enzymes — catalase
(p < 0.001), superoxide dismutase (p < 0.001),
glutathione peroxidase (p <0.001), glutathione
reductase (p <0.001); plasma glutathione
peroxidase and plasma glutathione reductase (p
< 0.01), the concentration of total and reduced
glutathione in blood (p < 0.001) and the content
of oxidized glutathione in blood (p < 0.001),
which indicates a pronounced imbalance
between the processes of radical oxidation of
lipids and antioxidant protection.

Table
Indicators of lipid peroxidation and antioxidant systems in patients with IM (M £+ m)
. Moderate-
: Control Mild IM Severe IM
Indicator (n=30) (n=58) sezlnleSGI)M (n=44)
Total oxidative activity of 43403 6,7 £ 0,45; 9,3+0,52; 12,7+ 0,75;
plasma, % ' ' p <0,001 p <0,001 p < 0,001
Dyne conjugates, pmol/l 124002 2,4+0,03; 3,7 +0,06; 5,1+0,07;
’ ’ p <0,001 p <0,001 p <0,001
Malonic dialdehyde, moll/l 0,8 +0,03; 2,2 £0,04; 2,8 +0,04;
0,35+ 0,015 p < 0,001 p < 0,001 p <0,001
Total antioxidant activity of 82404 6,3 +0,08; 5,4 +0,65; 3,6 £0,05;
plasma, % ' ' p <0,001 p < 0,001 p < 0,001
Total antioxidant activity of red 415412 34,2+0,9; 22,7+1,0; 11,4+0,8;
blood cells, % ’ ’ p <0,001 p < 0,001 p <0,001
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Continuation of the table

Erythrocyte catalase activity, 672426 50,4+ 1,7; 426+1,2; 304 +1,1;
mmoll/sg protein ' ' p <0,001 p <0,001 p <0,001
Erythrocyte superoxide 638423 53,4+ 1,8; 43,7+ 1,8; 36,2+ 1,5;
dismutase activity, units/mg Hb ' ' p <0,001 p <0,001 p <0,001
Total blood glutathione, mmol/I 1076 + 8,2 990,0 + 9,4; 735,6 + 8,6; 564,7 + 6,4;

p<0,05 p <0,001 p <0,001
Oxidized blood glutathione, 504447 86,5+ 5,2; 215,6 + 4,6; 254,5 + 3,9;
mmol/| ' ' p <0,001 p <0,001 p <0,001
Reduced blood glutathione, 9405+ 8.3 990,0 £ 8,2; 524,7 £ 6,0; 326,3+ 3,6;
mmol/| ’ ' p <0,001 p <0,001 p <0,001
Erythrocyte glutathione i i )
B?;?;iindase activity, umol/sg 183,8+5,6 15;95&0651’ ilfoidr)oi 6;<70i(;10?
Plasma glutathione peroxidase 394015 3,1+0,13; 1,85+ 0,02; 0,9+0,02;
activity, mkkat/I ' ' p<0,01 p <0,001 p <0,001
Glutathione reductase plasma 204002 2,9+0,03; 1,6 £0,01; 0,9 +0,01;
activity, mkkat/I ' ' p <0,001 p <0,001 p <0,001
Erythrocyte glutathione i i )
;er(éltlecitr?se activity, umol/sg 73,7+2,6 9p6i50i’ 020’2’ b;)Z’Z SL: Old?.’ 5p3’<7 Oi, 016?’

Note: Reliability of differences p compared with the control group.

The activity of lipid peroxidation decreases
and the activity of the anti-peroxide system
increases while conducting antiviral therapy in
patients with moderate-severe and severe
course of IM, however, the full normalization
of the activity indicators of these systems was
not observed by the 30th day of the disease,
which is consistent with the data of other
authors [14], and indicates a severe violation of
antioxidant protection in patients with severe
and moderate-severe forms of IM, which may
be associated with adverse outcomes of IM.

DISCUSSION

Lipid peroxidation is one of the most
important biological processes that constantly
occurs in the human body and is actively
involved in the processes of adaptation, anti-
infective protection, removal of endo- and
exotoxins, tumour cells and destroyed tissues,
regulation of vascular tone, permeability of cell
membranes and the vascular wall, haemostasis,
etc. [13, 15-16]. Under normal conditions, LPO
flows continuously inside all cells at an
extremely low level, providing regulation of the
structure and function of cell membranes [15].
The most reactive in this regard cells are of the
monocyte-macrophage system of the blood,

Kupffer cells of the liver, alveolar
macrophages, macrophages of connective
tissue, Langerhans cells, osteoclasts, glial

astrocytes, which activated when exposed to

infection, antibodies, aggregated 1g, leptins, C-
reactive protein, complement components [17].

EBV in patients with IM leaves an
enveloped antigen on the cell membrane, modi-
fying it by penetrating B lymphocytes, which
leads to activation of NK cells and cytotoxic T
lymphocytes [18-20], and destruction of
infected cells. As a result of cytolysis, cell
degradation products enter the bloodstream,
which are phagocyted by the means of
neutrophilic granulocytes and macrophages.

Granulocyte lysosomes contain the enzyme
NAD, NAD-P-oxidase, which is activated
during phagocytosis and catalyses the recovery
process of molecular oxygen with the formation
of oxygen with an unpaired electron (O°). The
intracellular  superoxide dismutase (SOD)
enzyme binds this oxygen with hydrogen
producing hydrogen peroxide (H.0-), which is
then cleaved by catalase and glutathione
peroxidase with the formation of hydroxide
(HO") and hydroperoxide (HO-") radicals, which
inactivate glutathione. At the same time,
glutathione is converted to the oxidized form,
and under the influence of the glutathione
reductase, it turns into reduced glutathione and
provides binding of lipid hydroxides [21-23].
Glutathione  peroxidase and glutathione
transferase are able to restore the hydroperoxy
groups of oxidized phospholipids directly in the
cell membranes without prior hydrolysis by
phospholipase or free fatty acids.
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Consequently, glutathione and enzymes of
its metabolism are one of the most important
universal defence mechanisms and the central
link of the homeostatic system of the body, they
play a primary role in the formation of the
body's resistance to aggressive factors [24-25].

Glutathione is formed in the liver and
contains glutamic acid, cysteine and glycine.
Glutathione including functional group of SH
participates in oxidation-reduction reactions,
being a donor of hydrogen, passing from
reduced to the oxidized form.

The antioxidant enzymes  (catalase,
superoxide dismutase, glutathione peroxidase,
glutathione reductase, glutathione) maintain
free radical oxidation at a safe level under the
normal conditions, they restore syngeneic
oxygen creating less active forms, and also
suppress the formation of HO", HO,", H>O, and
destroy lipid hydroxides formed in excess
amount [26].

The LPO system is well balanced and
functions on the basis of feedback, since LPO
products inhibit the activity of antioxidant
enzymes. However, activation of LPO is
accompanied by increased activity of
glutathione reductase and the concentration of
reduced glutathione in the blood in patients
with mild IM, which connects the primary and
secondary hydroxide lipids, thereby
significantly accelerating the process of the
activity antioxidant enzymes recovery (catalase,
superoxide dismutase, glutathione peroxidase),
blood plasma antioxidant activity and red blood
cells.

The activation of the LPO leads to a deep
suppression of the antiperoxide system activity,
and its normalization proceeds at a slower rate
over a long period in patients with IM of severe
and moderate-severe course.

We found a decrease in the activity of
catalase, superoxide dismutase, glutathione
peroxidase, glutathione reductase in plasma and
erythrocytes, the concentration of total and
reduced glutathione in the blood of IM patients
with severe and moderate-severe course, that
indicates a deep disruption of the functioning of
various parts of the antioxidant system and
contributes to the increased formation of active
forms of oxygen, hydroxide and hydroperoxide
radicals, hydrogen peroxide in cells of the
antioxidant system causing oxidation of
unsaturated fatty acids of cell membrane and
the formation of primary and secondary lipid
hydroperoxides, which have a toxic effect not
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only on EBV, but also on other cellular
structures.

Lipid peroxides are highly reactive and can
suppress the activity of catalase, superoxide
dismutase,  glutathione  peroxidase  and
glutathione reductase, cause the degradation of
SH-containing compounds, depolymerisation of
DNA, induce vasospasm, increase the
permeability of cell membranes, endothelium
damage, enhance platelet aggregation [27].

Oxidized glutathione accumulates in the
tissues of patients with severe and moderate-
severe IM as a result of a decrease in the
activity of glutathione reductase, and also has

toxic  properties.  Oxidized  glutathione
inactivates membrane ATPase, hexokinase,
glucose-6-dehydrogenase, inhibits phos-

phorylation and nuclear synthesis of RNA,
inhibits protein synthesis due to the formation
of protein-thiol-glutathione crosslinks [28].

If the systems of generation and inactivation
of free radicals are not balanced, the ordered
structure of the monooxygenase complex can be
destroyed, and its components can attack the
polyunsaturated fatty acids of the surrounding
membranes in the absence of a normal
substrate.

In this case, the formation of toxic lipid
peroxides is possible, and subsequently —
secondary products of LPO, which disrupt the
functional state of the liver that plays an
important role in the processes of detoxification
in various pathological conditions. Glutathione,
glutathione peroxidase, glutathione reductase
and cytochrome P-450 are formed in
hepatocytes and involved in inactivating of
primary and secondary lipid hydroperoxides.
As a result of the toxic effect of active forms of
oxygen and lipid hydroperoxides in the liver,
blood circulation is disturbed and hypoxia of
hepatocytes develops, lipid peroxidation is
activated in cell membranes and the activity of
antioxidant enzymes and cytochrome P-450 is
reduced. These processes result in hepatocytes
destruction, which is accompanied by an
increase in direct bilirubin, the activity of ACT
and ALT in blood. A high direct correlation
was found between the indicators of plasma
TOA, direct bilirubin concentration, ALT and
ACT activity in the blood (r =0.62; r =0.64;
r = 0.62), which indicates the important role of
the LPO products in the development of
cytolytic syndrome in patients with severe and
moderate-severe course of IM.



Our study showed that, the process of lipid
peroxidation increases and the activity of the
antioxidant system decreases in parallel with
the severity of the disease in patients during the
acute period of the IM. Deficiency of
antioxidant enzymes (catalase, superoxide
dismutase, glutathione peroxidase, glutathione
reductase), reduction of their activity and
concentration of total glutathione in the blood
of patients with IM lead to the breakdown of
protective mechanisms and, as a result, to
increased LPO-free radical chain process,
which uncontrolled growth causes irreversible
damage to the membranes of various cells
underlying visceropathy in patients with IM.

Consequently, the level of adaptive capacity
of antioxidant enzymes decreases in patients
with IM. It may be a result of primary or
secondary enzymopathies due to the toxic effect
of reactive forms of oxygen and lipid
hydroperoxides on enzymes. Our findings
confirm the expediency of using antioxidants in
the treatment of patients with 1M.

CONCLUSIONS

1. Lipid peroxidation significantly increase
and the activity of the antioxidant system
decrease in  patients  with  infectious
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Infections caused by EBV are the most common and occupy an important place in the structure of herpes
aetiology diseases.

The purpose of this work was to study the characteristics of the cytokine status in patients with chronic
EBV infection, depending on the level of viral replication.

We examined 78 patients with chronic EBV infection, the main clinical manifestations of which were
various immunopathological and immunodeficiency states: Group | — with low, Group Il — with medium,
Group 111 - with a high degree of viral replication. The Tiff method was used using the Vector-Best reagent
kits (Novosibirsk, Russia) to study the cytokine profile in the serum of patients with EBV infection. The
determination of alpha and gamma fractions of serum interferon was carried out using the ELISA method by
means of the ProCon IF2 plus reagent kit manufactured by Protein Contour LLC (St. Petersburg, Russia).

As a result of a study of the cytokine status in patients with chronic EBV infection, it was found that in all
three groups there was a significant increase in both pro-inflammatory (IL-1B, IL-6, TNF-a) and anti-
inflammatory cytokines (IL-10, IL 4, TGFp1). However, anti-inflammatory cytokinemia was more
compensated in group | patients compared with patients in groups Il and Ill. A decrease in IFN-a and IFN-y
was detected in all patients with chronic EBV infection while studying the interferon status. A correlation was
found between the level of viral replication and a decrease in the level of IFN-a and IFN-y.

The identified features of the cytokine status in patients with chronic EBV infection can be used to
optimize therapy and help develop a differentiated approach to the immunocorrection of these patients,
depending on the level of viral replication.

KEY WORDS: interferon, interleukins, cytokines, chronic EBV infection, viral replication level

OCOBJINBOCTI HUTOKIHOBOI'O CTATYCY Y XBOPUX
HA XPOHIYHY BEB-IHOEKIIIO

Copokina 0. I'*?, Konecnuk 4. B.%, Mananuyx C. I''Y, Kosnos O. ILY, I'ononoéoea O. B.*

! XapkiBcbkuit HanionanbHuii yHisepcutet imeni B. H. Kapasina, . Ceo6osu, 6, M. Xapkis, 61022,
Vkpaina

2 TV «IucrutyT MikpoGionorii Ta imyrosorii im. 1. 1. Meunnkosa HAH Ykpainu», By [Tymkinceka, 14,
M. XapkiB, 61057, Ykpaina

3 XapkiBcbKkuii HaliOHAIEHUI MeMuHMi yHiBepcuTeT, nip. Hayxku, 4, M. Xapkis, 61022, Ykpaina

Indexuii Buxnukani BEB € Haibinem mnomupeHnMH 1 3aliMaroTh BaXXJIMBE Miclle B CTPYKTYypi
3aXBOPIOBaHb I'ePIIECBIPYCHOM eTioNorii.

Mertoro nanoi po6otn OyJ0 BHBYHTH OCOOIMBOCTI ITUTOKIHOBOTO CTAaTyCy y XBOpHX Ha XxpoHiuHy BEB-
iH(EKIIiI0, B 3AJIKHOCTI BiJl piBHS BipyCHOI perutikarii.

Hawmu 6yno o6crexeno 78 marieHTiB 3 XpoHiuHOI0 BEB-iH(eKkI1i€r0, OCHOBHIMH KIIIHIYHUMH IPOSBAMU B
AKAX OynH pi3HI IMMyHONATONOTWYHI 1 iMyHomedinuTHI ctaHu: I Tpyma — 3 HU3BKHM CTYIEHEM BipyCHOI
pemikanii, Il rpyma — i3 cepeaniM cryneHeM BipycHoi perutikanii, III rpyma — 3 BHCOKHM CTyTieHeM BipyCHOT
perumikarii. JIjas mOCTiDKEHHS IMTOKIHOBOTO Tpo(iaio B cHpoBarmi KpoBi xBopux Ha BEB-iHdekmiro
BUKOpHCTOBYBaiu MeTol TIDA 3 BukopuctanusMm HabopiB peareHTiB 3AT «Bekrop-bect» (HoBocubGipehk,
Pocist). BuznaueHHs ¢pakiiiii cupoBaTKOBOTO iHTEpPEepoHYy aibda Ta ramMma 3IiHCHIOBATH 3a JOMOMOTOIO
TBepAo(}a3HOro iMyHOEPMEHTHOTO METOJYy 3 BHKOpHUCTaHHSAM HaOopy peareHTiB ProCon IF2 plus
BupoOHunTBa TOB «IIpoTeinoBuii koutyp» (Cankt-IlerepOypr, Pocis).
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3a pesyabTaTaM¥ JOCIHIPKEHHS LIUTOKIHOBOI'O cTaTrycy y XBopux Ha xpoHiuHy BEB-indexuiro Oymo
BUSIBJICHO, 10 B yCiX TPhOX TpyHax BiJ3HAYalocs CYTTEBE MiABUINEHHS sk npo3anansHux (1JI-1P, 1JI-6,
©®HII-0), Tak i nporuzanansaux nutokiHis (1J1-10, IJI-4, TOPP1). Oxnak, npoTHsanaibHa UTOKIHEMIs OyJia
y naunieHTiB | rpynu 6inpl koMIeHcoBaHO y nopiBHsHHI 3 mauieHtamu 11 ta III rpyn. Ilpu mocmimxeHi
inrepdeponoBoro crarycy Oyio BusiBieHo 3HwkeHHs |OH-a ta IOH-y B ycix xBopux Ha xponiuny BEB-
iHdekuito. Byno BusBIEHO KOpeALiiHMIT 3B’S130K M)XK piBHEM perutikalii Bipycy Ta 3HmkeHHsM piBHeM [DH-
o 1a IOH-y. BusBneHi ocoOIMBOCTI LIUTOKIHOBOIO CTAaTrycy y XBOpHX XpoHiuHoio BEB-indekuiero, B
3aJIeKHOCTI BiJ PpIBHSA BIpyCHOi perntikanii, MOXyTb OyTHM BHKOPHCTaHI Il ONTHMi3alil Tepamii Ta
JIOTIOMOXYTb pO3poOHTH I epeHIiHoOBaHUH MiIXi/] 1O IMyHOKOPEKIT TAKMX MAaLli€HTIB.

K/IFIO90BI CJIIOBA: intepdepoH, iHTepIeiiKing, INTOKiHY, XpoHiuHa BEB-iH(ekuis, piBeHb perutikanis
Bipycy

OCOBEHHOCTH IUTOKUHOBOI'O CTATYCA VY BOJIbHBIX
XPOHUYECKOW BEB-UH®EKIIUEN

Copoxuna 0. I'*?, Konecnux A. B.5, Mananuyx C. I.Y, Kosnoe A. IL.%, I'ononoboea O. B.

! XapbkoBckuii HalMoHaIbHEIN yHuBepcuteT umenu B. H. Kapasuna, mi. Cso6ozsl, 6, T. Xapbkos, 61022,
Ykpauna

2TV «MHCTUTYT MUKpOOHONIOrHy ¥ nMMyHosorkd uM. . M. Meunnkosa HAH Vkpauubi»,

yi. [Tymkunckas, 14, r. Xapekos, 61057, Ykpauna

3 XapbKOBCKHIl HALMOHAJILHBIN MEIMIMHCKUI YHUBEPCHUTET, TIp. Haykw, 4, 1. Xapbkos, 61022, Ykpanna

Wndexunn, BozBanasle BOB, sBistrorcss Hanbosiee pacpoCTpaHEHHBIMH M 3aHMMAIOT Ba)KHOE MECTO B
CTPYKTYpe 3a00JIeBaHUH TePIIECBUPYCHON 3THOJIOTHH.

Lenpto nanHOI pabOTHI OBUIO M3YYNUTh OCOOCHHOCTH IUTOKHHOBOTO CTaTyca y OOJBHBIX XPOHHYECKOH
BOb-uH(peknueit, B 3aBUCIMOCTH OT YPOBHS BUPYCHOH PETLTHKAIIHH.

Hamu Obuto o6cnemoBano 78 manueHTOB ¢ XpoHUUECKoW BOB-mH(ekmed, OCHOBHEIMH KIIMHUYECKUMHU
NPOSIBICHUSIMA Y KOTOPBIX OBUTH pPa3Hble MMMYHOIIATOJIOTHYECKHE M MMMYHOJe(PUIUTHBIE COCTOSHMSA: |
rpynna — ¢ Hu3kol, Il rpynmna — co cpenneit, 11 rpynmna — ¢ BEICOKOH cTE€NEHbIO BUPYCHOM peruinkauuu. s
MCCIIEIOBaHNS IINTOKWHOBOTO TPO(GIIIS B CEIBOPOTKE KpoBH O0sbHBIX BOB-nH(eknue ncrnoap3oBaim MeTox
Tuda ¢ ucnonp3oBanuem HabopoB peareHTOB 3A0 «Bektop-bect» (HoBocubupck, Pocens). Onpenenenue
¢pakuuii cHIBOPOTOYHOrO HHTEp(depoHa anbha M TaMMa OCYIIECTBISUIM C IMOMOIIBIO TBEpAO(A3HOTO
UMMYHO(DEpPMEHTHOTO METOAA C HMCIOoJb30BaHHEeM Habopa peareHToB ProCon IF2 plus mpomsoactea OO0
«[IporennoBsii KOHTYp» (CankT-IleTepOypr, Poccus).

B pesynprate mccienoBaHUS NATOKHMHOBOTO CTaTyca y OONBHBIX XpoHmdeckod BOB-mH(peknmen Obuto
BBISIBJIEHO, YTO BO BCEX TPeX IPYIIAX OTMEYAIOCh CYIIECTBEHHOE ITOBBIIICHHE KaK IPOBOCHAIUTEIBHBIX
(AJI-1B, WUJI-6, ®HO-0)), Tak U TMPOTUBOBOCHANUTENbHBIX IHUTOKHHOB (MJI-10, WJI 4, TOPB1). Omgnako
MPOTHUBOBOCHIAJINTENIbHAS IIMTOKWHEMHUsI ObUla y TanueHToB | rpymnmel Oojiee KOMIEHCHPOBAaHHOW 110
cpaBHeHmIO ¢ manueHTaMu 11 u III rpynm. Ilpu mccnemoBaHnu MHTEPPEPOHOBOTO CTaTyca OBLIO BEBISBICHO
camkenne VM®H-o m MOPH-y y Bcex OonbHbIX xpoHuueckoii BOB-undexumei. briza oOGHapyxeHa
KOpPpEeISAIHOHHAs CBA3b MEX/Y YPOBHEM pEIUIMKALMY BUpYca U cHIbkeHreM ypoBHeM MDH-o u UOH-y.

BrsiBeHHBIE 0COOCHHOCTH IIMTOKMHOBOTO cTaryca y OOJNBHBIX XpoHndeckod BOB-undexumeii, B
3aBUCHMOCTH OT YPOBHSI BUPYCHOW PEIUTMKAWHU, MOTYT OBITh MCIIOJIb30BAaHBI JUIsI ONTUMM3AIMH TEParuy U
MOMOTYT pa3zpaboTarts 1uddepeHIMpOBaHHBIN MTOIX0 K MIMMYHOKOPPEKIIMH TAKUX NallMEHTOB.

K/IIFIOYEBBIE CJIOBA: wuntepdepoH, WHTEpIEHKWHBI, LUTOKHHBL, XpoHH4eckas BDOB-nndekmus,
YPOBEHb PEIlIMKaLUs BUpyca

paid to herpesvirus infections. Nowadays

INTRODUCTION there is a tendency for the diseases caused by

Every vyear, the impact of adverse herpesviruses to spread widely [2-3].
environmental factors increases on the body The Epstein-Barr virus (EBV) belongs to
and, particularly on the immune system. In the Herpesviridae family. Infections caused
the modern world, infectious diseases occupy by this virus are the most widespread and
a leading place in human pathology [1]. occupy an important place in the structure of
Among the numerous factors that directly herpesvirus aetiology diseases. This is due to
affect the immune system, special attention is the high degree of infection of the population
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all over the world, as specific antibodies to
this virus are found in almost 95 % of the
adult population [4-5]. Active proliferation of
the virus in all organs and systems that have
lymphoid tissue, leads to structural changes,
which has a negative impact on the whole
body [6]. EBV has multiple mechanisms of
immunosuppression and protection from the
host's immune response that can lead to the
formation of a chronic viral infection and
immunological disorders deepening [7]. It is
also established that EBV violates the
mechanisms of the immune response,
suppresses the production of interferons
(INFs), blocks the mechanisms of apoptosis.
A secondary immunodeficiency is formed on
the basis of these disorders, that promotes the
development of autoimmune and tumour
processes in  genetically  predisposed
individuals. The study of diseases caused by
EBV is relevant due to the life-span
persistence of the virus in the human body,
the potential for oncogenicity, and the ability
to reactivate autoimmune diseases, to damage
the heart, kidneys, joints, and others [2, 8-9].

Data obtained from many studies suggest
a violation of the interferon chain of
immunity while herpesvirus infections. Low
content of these cytokines does not provide
sufficient antiviral effect. In this regard, the
study of indicators of immunity provided by
interferons becomes particularly relevant in
patients with chronic EBV infection [10].

Non-specific ~ factors of protection,
including interferons are the first line
response while infecting the human body and
they induce the increase of the body's
resistance. The course and effects of the
disease depend on the rate of INF system
involvement in the process of INF antiviral
protection. The untimely or reduced
production of its own IFN, as a rule, leads to
the chronization of the WEB infection.
Interferon-alpha (IFN-a) is the most active in
the early phase of the EBV infection, when
even the EBV antigens do not spred beyond
the cell, and products of specific antibodies
are not possible. a-IFN prevents the spread of
EBV by providing the antiviral function from
the site of penetration into the body to distant
organs and systems.

Interferon gamma (IFN-y) is an indicator
of activity of the cellular immunity. It also
has an antiproliferative effect, which is
relevant in case of EBV infection, which is an
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antigen of many tumours and neoplasia.
However it is known that EBV is capable of
suppressing the IFN-y synthesis and thus
suppressing cellular  immunity, creating
conditions for its lifelong persistence [11].

OBJECTIVE

The purpose of this work was to study the
cytokine status features in patients with
chronic EBV infection, depending on the
level of viral replication.

MATERIALS AND METHODS

We examined 78 patients with chronic
EBV infection, the main clinical
manifestations of which were various
immunopathological and immunodeficient
conditions. All patients in the main group
were divided into 3 groups according to the
level of viral replication: Group | — with low
degree of viral replication, composed of
25 people (11 men and 14 women); Group Il
— with an average degree of viral replication,
included 27 patients (12 men and 15 women);
Group Il — with a high degree of viral
replication, consisted of 26 patients (12 men
and 14 women). The age of patients ranged
from 19 to 57 years (mean age was 33 years +
11.7 years). The control group consisted of 20
practically healthy people aged from 20 to

35 years.
The work was performed at the
Department of General and Clinical

Immunology and Allergology of the Medical
Faculty of the V.N.Karazin Kharkov
National University and clinical bases of the
department: Regional Clinical Infectious
Hospital in Kharkiv and the Clinical Hospital
«City Polyclinic Ne 6», as well as on the basis
of the SI «l. I. Mechnikov Institute of
Microbiology and Immunology of the
National Academy of Medical Sciences of
Ukrainey in the period of 2014-2018 in the
framework of the research topic: «The study
of the role of immune, autoimmune and
metabolic disorders in pathogenesis and the
consequences of the infection process caused
by herpesvirusesy, state registration number
0112U005911. The analysis of samples and
their technical implementation was carried
out in the clinical diagnostic laboratory of the
Regional Clinical Infectious Hospital, part of
the analyses were carried out in the
laboratories «Virolos» and «Analitika». The
TIFA method was used by means of the
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reagent  kits of CJSC  Vector-Best The statistical processing of the results of

(Novosibirsk, Russia) using the the study was conducted using the
manufacturer's instructions to investigate the STATISTICA 10.0  statistical software
cytokine profile in the blood serum of package.

patients with EBV infection. Determination
of alpha and gamma fractions of serum
interferons was performed using a solid phase
immunoassay method by means of the set of
ProCon IF2 plus reagents manufactured by
the Protein Contour LLC (St. Petersburg,

RESULTS AND DISCUSSION

IFN-a level was reduced in patients with
chronic WEB infection with different levels
of virus replication in all studied groups
compared with the control group (tab. 1).

Russia).
Table 1
The content of IFN in serum in patients with chronic WEB infection
Indicator I group I group 111 group Control group P
IFN-a, pg/ml 30,3+1,7 275+1,9 256+1,8 324+23 p <0,001
IFN-y, pg/ml 37,1+£18 35,3+1,6 254 +17 382+1,6 p <0,001

Thus, IFN-o was 30.3+1.7g/ml in |
group patients, in group Il — 27.5 + 1.9 g/ml,
in group Il — 25.6 = 1.8 g/ml. Thus, there
was a correlation between the level of viral
replication and a decrease in the level of IFN-
a in chronic EBV infection. Possibly, EBV
conversion from a latent state and its
replication (reactivation of EBV infection)
occurred under favourable conditions. A
significant decrease in IFN-o and, as a
consequence, a significant inhibition of
antiviral  defence, contributed to the
accumulation of an active infectious agent
that was actively multiplying.

According to many studies, in the majority
of patients with acute EBV infection, a
significant increase in IFN-y levels is usually
observed in comparison with relatively
healthy people. This indicates cellular
immunity level and its predominance over the
humoral link. Probably, therefore, in many
cases, the acute form of the EBV infection
ends with a rapid and, as a rule, complete
recovery [12-13].

Among our patients with chronic forms of
EBV infection, IFN-y was decreased in all
studied groups compared with the control
group. Thus, IFN-y was 37.1 = 1.8 pg/ml in
group | patients, in group Il patients — 35.3 +
1.6 pg/ml, in group Ill patients — 25.4 + 1.7
pg/ml. So, it is probably the IFN-y deficiency
that led to protracted forms of infection with
possible latent (for several years), or recurrent
course. Probably the decrease in the content
of IFN-y may be considered as one of the
indicators of prolonged EBV infection.

It was found an increase in all indicators
in all three groups (I, 11, 111) compared to the
control group during the studying of the
content of cytokines in blood serum of
patients with chronic EBV infection, but
these changes, had their own characteristics
due to the level of replication of the virus
(tab.2). A higher  anti-inflammatory
cytokinemia and a deeper cytokine imbalance
were recorded in patients of groups Il and 11
compared with patients in group I.

Table 2
The content of the main serum cytokines in patients with chronic EBV
Indicator I group 11 group 111 group Control group P
IL-1B, pg/ml 59,1+ 2,1 56,4 + 2.4 56,3 + 2,3 295+1,9 p<0,001
IL-6, pg/ml 91,2 +2,1 100,3 + 2,7 104,4 + 3,6 392+1,7 p<0,001
TNF-a, pg/mi 528+2.4 62,4+22 65,7 £2.8 326+1,8 p<0,001
IL-2, pg/ml 78,1+£25 68,4+2,4 68,3+2,6 40,2+2,1 p <0,001
IL-10, pg/ml 91,3+1.,8 88,3+2,1 88,2+1,9 191+1,5 p<0,001
IL-4, pg/ml 80,3+£23 75,6 £2,6 755+22 21,2+1,7 p<0,001
TGFB1, pg/ml 172,4 £ 3,1 166,5+2.9 166,3+£22 58,3+2,2 p <0,001
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Thus, there was a more pronounced
increase in IL-1B (59.1 + 2.1 pg/ml) in case of
the group | than in patients in groups Il and
I (56.4 £ 2.6 pg/ml and 56.3 + 2.3 pg/ml,
respectively) in comparison with the control
group (29.5 = 1.9 pg/ml).

It was found during the study that IL-6
increase was observed in all patients with
chronic EBV infection in comparison with
the control group, but this indicator increased
to a greater extent in patients of groups Il and
111 (100.3 + 2.7 pg/ml and 104.4 + 3.6 kg/ml,
respectively). IL-6 was at 91.2 + 2.1 pg/ml in
patients of group I, while in the control group
it was 39.2 + 1.7 pg/ml.

The level of TNF-a was elevated in all
patients with chronic EBV infection
compared to the control group, but it was
higher in patients of groups Il and 1l (62.4 +
2.2 g/ml and 65.7 + 2.8 g/ml in accordance).
In patients of Group I, the FNP-o was 52.8 +
2.4 pg/ml and in the control group it was 32.6
+ 1.8 pg/ml.

It is known that IL-2 is an important factor
in the activation of immune cells and the
development of a full-fledged immune
response [14-16]. IL-2 levels were also
elevated in all patients with chronic EBV
infection, but this increase was not as
significant as an increase in IL-1, IL-6 and
FNP-a levels. Thus, IL-2 levels were higher
(78.1 £ 2.5 pg/ml) in group | patients than in
patients of groups Il and Il (68.4 + 2.4 pg/ml
and 68.3 = 2.6 pg/ml, respectively). In the
control group, I1L-2 was at 40.2 + 2.1 pg/ml.

Concentration of IL-10 in serum was
elevated in all patients with chronic EBV
infection compared to control group.
However, IL-10 levels increased to a greater
extent (91.3 + 1.8 pg/ml) in group | patients,
compared with patients in groups Il and IlI
(88.3 £ 2.1 pg/ml and 88.2 + 1.9 pg/ml,
respectively). In the control group, this
indicator was 19.1 + 1.5 pg/ml.

The level of IL-4 was elevated in all
patients with chronic EBV infection
compared to the control group, but it reached
much higher figures (80.3 = 2.3 g/ml) in
group | patients, compared to patients of
groups Il and 111 (75.6 = 2,6 pg/ml and 75.5 +
2.2 pg/ml, respectively). In the control group,
this figure was 21.2 = 1.7 pg/ml.

The concentration of TGFB1 was elevated
in all patients with chronic EBV infection
compared to the control group, but in patients
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of group | it level increased greater (172.4 +
3.1 pg/ml), compared to patients of groups Il
and Il ( 166.5 + 2.9 pg/ml and 166.3 + 2.2
ug/ml, respectively). This indicator was 58.3
+ 2.2 pg/ml in the control group.

Thus, anti-inflammatory cytokinemia was
more compensated in patients of group I,
compared with patients of groups Il and IlI,
as indicated by the ratio of proinflammatory
and anti-inflammatory cytokines. It is known
that anti-inflammatory cytokines are involved
in limiting the inflammatory response, inhibit
the secretion of proinflammatory cytokines,
and reduce the damaging effect of
inflammation on tissues [17-20].

CONCLUSIONS

Thus, our study of cytokine status in
patients with chronic EBV infection showed
that a significant increase in all three groups
in both proinflammatory (IL-1B, IL-6, FNP-
a) and anti-inflammatory cytokines (IL-10,
IL-4, TFRP1). However, the following
features were revealed depending on the level
of viral replication: elevation of IL-1p, IL-10,
IL-4, TFRP1 to a greater extent was observed
in patients of group I, compared to patients in
groups Il and IIl, in which IL-6, FNP-a
prevailed. Thus, anti-inflammatory
cytokinemia was more compensated in
patients group | compared to patients of
groups Il and Ill, as shown by the ratio of
proinflammatory  and  anti-inflammatory
cytokines. IL-2 levels were also elevated in
all patients with chronic EBV infection, but
this increase was not as significant as the
increase in other cytokines levels, which in
turn affected the process of activation of
immune-competent cells and prevented the
formation of a complete immune response.

IFN-a and IFN-y levels were decreased in
all patients with chronic EBV infection when
interferon status was studied. A correlation
was found between the level of viral
replication and a decrease in IFN-o and IFN-y
levels. A significant decrease in IFN-a
contributed to significant inhibition of
antiviral defence, which in turn effected the
accumulation of an active infectious agent
that was actively multiplying. The IFN-y
deficiency did not allow forming a sufficient
immune response and contributed to the
development of a chronic form of infection.
Probably the decrease in the content of IFN-y
may be considered as one of the indicators of
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the prolong course of EBV infection and the
development of chronic forms of EBV
infection.

patients with chronic EBV infection can be
used to optimize therapy depending on the
level of viral replication and will help to

PROSPECTS FOR FUTURE STUDIES

develop a differentiated approach to immune
correction of such patients.
The revealed features of cytokine status in

v formirovanii vtorichnogo
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MODERN FEATURES OF CHICKEN POX COURSE IN ADULTS
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The article presents the epidemiological and clinical data of the modern course of chickenpox. A high
incidence among adults with a bright manifestation of the clinical picture was shown. Recurrent episodes of

chicken pox were marked.

KEY WORDS: VZV, chicken pox, epidemic process, clinical picture, adults

CYYACHI OCOBJIMBOCTI INEPEBITY BITPSAHOI BICIIU Y JJOPOCJINX

Bonooyesa O. B., JIaoosa T. 1., Cesacm’anosa T. B., Bonooyes /. A.
XapkiBchKUil HarlioHaNbHUH yHiBepcuteT imeHi B. H. Kapasina, . CBo6oan, 6, m. Xapkis, 61022,

VYkpaina

VY craTTi npeACTaBiICHI eMmieMIONOriuHi Ta KIIIHIYHI JaHI cydacHOro nepediry BitpsHoi Bicmu. [Toka3ana
BUCOKa 3aXBOPIOBAHICTBh CEPEZ JOPOCIOr0 HAaCeJeHHs 3 SICKPaBOIO MaHi(ecTaliero KIIHIYHOI KapTHHH.

Bin3HaueHo OBTOPHI €301 BITPSHOT BiCITH.

K/TIOY0BI C/IOBA: VZV, BiTpsiHa Bicna, emiieMi4HAN npolLiec, KIIiHiKa, T0pocii

COBPEMEHHBIE OCOBEHHOCTH TEYEHMSI BETPSIHOM OCIIBI Y B3POCJIBIX

Bonooyeea O. B., JInooea T. UH., Cesacmvanoea T. B., Bonooyes /. A.
XapbKOBCKUI HAalMOHAIBHBIN yHUBepcuTeT umeHn B. H. Kapasuna, 1. CBo6opbl, 6, r. Xapbkos, 61022,

Ykpauna

B cratee MPEACTABIICHBI SIMTUACMHUOJIOTUYCCKUE U KIIMHUYCCKUE JJaHHBIE COBPEMCHHOTO TCYCHUA BeTpﬂHOﬁ
ocmel. Iloka3aHa BbICOKast 3a00JIEBAGMOCTh CPEIM B3pOCIOr0 HACENeHHs C SIpKOi ManubecTanuen
KJIMHAYECKOM KapTHUHBI. OTMeYeHbI TIOBTOPHBIC TTU30/1bI BeTpﬂHOf/'I OCIIbI.

KITIOYEBBIE C/IOBA: VZV, BeTpsiHas ocla, SMUIEMUYECKUH MpoIiece, KIMHUKA, B3POCIIbIe

INTRODUCTION

Chickenpox is a disease with global
prevalence. 80-90 million cases of chickenpox
are registered worldwide every year. The
incidence of varicella remains stably high with
small variations over the years and is
determined by the presence of acquired
immunity in the population. In the European
Region, chickenpox is also characterized by a
high intensity of the epidemic process. The
incidence rates were: in Spain — 2.5-5.5 %,
France — 1000-1350 %, Slovenia — 770.0 %, in
Latvia — 277.9 %, in Estonia — 580.8 %, the
Netherlands — 253.5 % [1]. In addition, in the
last decade there has been a tendency to an
increase in the incidence rate in Ukraine [2].
According to experts, in the near future in

© Volobuieva O. V., Liadova T. I.,
Sevastianova T.V., Volobuiev D. A., 2018
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Ukraine there may be a large-scale epidemic of
chickenpox [3].

The current epidemic process of chickenpox
is characterized by the tendency of «maturity»
of the infection, especially among the urban
population. Every year from 5 to 6 % of cases
are diseases among adults. Sero-
epidemiological  studies  show  regional
differences in the proportion of susceptible
adults [4]. Some studies has shown that there
was a remarkable increase in the incidence rate
of chickenpox in middle and older age groups
till 2014 and before chickenpox and shingles
vaccination [5-7]. Varicella zoster has also
been associated with elevated risk for
cerebrovascular disease and contributes to
vasculopathy that is especially important matter
in adults [8-9]. Despite the low incidence of
chickenpox in adults, the risk of severe
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complications and even death is 10-20 times
higher than in children. Most often the disease
is benign, but in 1 out of 50 cases of the disease
there are complications, the most severe are
pneumonia and encephalitis among them. The
incidence  of  encephalitis,  which is
predominantly manifested by cerebral ataxia, is
about 1 in 4000 cases of chicken pox.
Pneumonia can be both primary viral and
bacterial in nature [10-11].

The significance of chickenpox is also
determined by the presence of a chronic
recurrent form of the infection — shingles, the
frequency of which is about 70 per 100,000
people who have had chickenpox. The
Varicella-Zoster virus (VZV) is epitheliotropic
and neurotropic, but it is also possible to
generalize the process with damage to the
internal organs: liver, lungs, and gastrointestinal
tract [12-14]. The most important risk factors
associated with the severity of varicella,
generalization of the process and death are age
and impaired function of the immune system
[15-17].

OBJECTIVE

The aim of this study is to assess the
increase in the chickenpox incidence and the
current course of the disease among the adult
population of the Kharkiv region on the basis
of hospitalization data from 2015 to 2018
years.

MATERIALS AND METHODS

There were 174 patients with diagnosed
chickenpox under our supervision, who were
hospitalized in the Regional Clinical Infectious
Diseases Hospital during the period from 2015
to 2018. The median age of the examined
patients was 23 + 5.8 years. Gender analysis
showed the prevalence of males — 106 (61 %)
men versus 68 (39 %) women. This distribution
among the adult population is explained by
varicella outbreaks among military personnel
living in barracks — 42 (24 %) cases. The
diagnosis was established on the basis of
clinical, epidemiological data and was
confirmed by serological and molecular genetic
techniques. Serological studies were performed

by  the method of  enzyme-linked
immunosorbent assay (ELISA) with the
detection of specific antibodies, IgM

(qualitative) and 1gG (quantitative), to the
antigens of the VZV. Molecular genetic studies
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of samples for the detection of presence of VZV
DNA were carried out by PCR with
hybridization-fluorescence detection of results
in real time.

RESULTS AND DISCUSSION

162 (93.1 + 3.8 %) patients among the 174
observed had contact with chickenpox patients.
In particular, 15 people had contact with sick
children (9.2 + 0.4 %), at the work place — 21
people (12.9 £ 4.6 %), 138 patients (85.2 =+
5.9 %) were hospitalized not only according to
clinical, but also epidemiological indications:
persons living in hostels and military personnel
hospitalized from barracks where varicella
outbreaks were recorded; in 12 cases (6.9 +
0.4 %), no direct contact with patients with
chicken pox was detected. Thus, the majority of
patients had direct contact with patients with
chickenpox during the height of the disease,
that is, during the period of the greatest
infectiousness of patients. At the same time, an
important role belongs to close contact
(accommodation  in  hostels,  barracks).
Recurrent chickenpox disease was diagnosed in
12 (6.9 %) patients, the interval between these
episodes ranged from 5 to 12 years. In this
group of patients the clinical course of the
disease did not have any features. There was a
characteristic  winter-spring seasonality of
chicken pox with a maximum frequency of
seeking medical help in March, December,
January (fig. 1).

Chickenpox in adults is characterized by a
longer prodromal period, if it is 24-72 hours in
children, then in adults it can reach 7-10 days,
thereby making it difficult to timely diagnose
and increasing the risk of infection of contact
persons. The prodromal period in our patients
lasted for 2.5 = 1.5 days and was characterized
by an increase in temperature of 38.7 = 1.3 °C,
general weakness, decreased performance,
lethargy, and drowsiness in all patients. An
increase in body temperature was observed on
the first day of the disease — in 108 (62.3 +
5.7 %) patients. However, this symptom
appeared on the second day of the disease in 41
(23.6 + 4.7 %) patients, on the 3—4th day of the
disease in 17 (9.8 = 2.7 %), and it was short-
term for one day in 8 (4, 6 + 0.7 %) patients
(temperature rise to 37.2 + 0.5 °C). Clinical
manifestations of the prodromal period are
presented in fig. 2.
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Fig. 1. Dynamics of incidence of chickenpox depending on seasonality
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Fig. 2. Clinical manifestations of the chickenpox prodromal period in adults

Hospitalization of 139 (80.1+5.0 %)
patients was carried out during the rash on the
2-3rd day of illness. However, hospitalization
of 6 (12.8 £ 4.0 %) patients was noted and in
the later stages of the disease — on the 4-5th
day. The period of rash began predominantly
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with the appearance of several spotty-
papullosis elements, which were localized on
the face and scalp (48.5 %), in the ear areas
(22.8 %) or simultaneously on the scalp and
behind the ear (28.5 %). In the next 1-4 days,
the rash began to spread to the neck, torso,
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upper and lower extremities. At the same
time, the rash was scanty on the lower limbs
in 131 (75.3 + 5.2 %) patients. Within a few
hours, the rash acquired the character of
vesicles with transparent contents. These
rashes were characterized by the phenomenon
of pouring in addition, while in every second
patient the rash was accompanied by skin
itch. The rash became polymorphic — spotty-
papular-vesicular on the 3-4th day from the
beginning of the appearance of the first
elements, then gradually began to dry out
with the formation of crusts, which
completely fell away on the 7""-12th day. The
rash was abundant in 45 (259 £ 5.7 %)
patients. A distinctive feature of the rash was
rapid and abundant pustulization, which was
observed in almost half of the patients (54.3 +
5.9 %). Pustalization was accompanied by a
significant (39-40 °C) rise in temperature,
and in 14 (20 %) patients pyoderma was So
pronounced that it required additional
antibacterial therapy, and in 7 cases the
disease had severe coarse of the disease
associated with the severity of pyoderma. It
should also be noted that the period of rash
was accompanied by intoxication and asteno-
vegetative syndromes: severe headache,
malaise and weakness in 100 % of patients.
The febrile period lasted 6.0 + 2.0 days in
uncomplicated cases, with the development
of complications that continued to 9.0 + 2.0
days. Usually, the temperature returned to
normal with the end of the period of pouring.
Catarrhal phenomena were observed in all
patients at the height of the disease. So, the
mucosa of the oropharynx was vividly
hyperaemic in 84 (48.3 + 5.2 %) patients,
moderate hyperaemia was observed in 58
(33.3 £ 4.6 %), and weak — in 32 (18.4 +
5.9 %) patients, at the same time the
granularity of the tonsils, palatine arches and
posterior pharyngeal wall was observed in all
patients. The exanthema was accompanied by
exanthema on the oral mucosa, mainly in the
palatal arches and the soft palate, in 80 (45.6
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+ 5.8 %) patients. Exanthema initially had the
appearance of bright pink papules, and then
turned into bubbles, which quickly opened to
form sores, covered with a white and yellow
patina. Stomatitis developed, causing severe
pain while eating. Rashes were observed on
the conjunctiva in 63 patients (36.2 £ 5.6 %),
which was accompanied by the development
of scleritis and conjunctivitis during the 3—
5 days period of the rash. The disease was
accompanied by lymphadenopathy with an
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Etiotropic therapy included acyclovir
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Antibacterial drugs (third generation of
cephalosporins, penicillins, macrolides) were
prescribed in case of the additional bacterial
complications.

CONCLUSIONS

The modern course of varicella in Ukraine
is characterized by an increase in the
incidence among the adult population.
Infection is manifested by a long prodromal
period, a pronounced intoxication syndrome,
lymphadenopathy, and an  abundant
polymorphic rash. At the same time, the rash
had a pustular character in 54.3 % of patients;
exanthema was observed with scleritis and
conjunctivitis in 45 % of cases. There are
repeated cases of chickenpox, the interval
between these episodes ranged from 5 to 12
years.

PERSPECTIVES FOR FUTURE
STUDIES

Taking into account the epidemiological
situation in the country it remains relevant to
study main features of the course of
chickenpox in individuals against the
background of pulmonary tuberculosis,
depending on the age and duration of the
underlying disease.
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PARAMETERS OF THE HEMODYNAMIC AFTER ABLATION
ATRIAL FIBRILLATION AND/OR FLUTTER DEPENDING ON THE
FUNCTIONAL CLASS OF CHRONIC HEART FAILURE
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Evaluated parameters of the hemodynamic before and after ablation atrial fibrillation and/or flutter
depending on the functional class of chronic heart failure in 74 patients. It was found that patients with the |
functional class of chronic heart failure have significantly lower left atrium size compared to Il functional
class, which is associated with the better efficiency of the radiofrequency ablation in the remote period.
Patients with the | and 111 functional class of chronic heart failure are having increasement of QTc duration in
acute period of radiofrequency ablation that could be used as an independent predictor of arrhythmia
recurrence. Patients with the I functional class chronic heart failure who failed drug therapy for atrial
fibrillation and/or flutter alternative treatment in the form of the radiofrequency ablation should be considered
as choice therapy.

KEY WORDS: parameters of the hemodynamic, atrial fibrillation, radiofrequency ablation, functional
class, heart failure
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NanuMeHToB. BoisBieHo, 4ro mauuweHThl |  QyHKUMOHANBHOTO Kilacca XPOHMYECKOH —CepIeYHOM
HEZOCTaTOYHOCTU HMEIOT 3HAYUTENBHO MEHBUIMM pasMep JEeBOro mpeacepaus 1o cpasHeHuto c¢ III
(YyHKIIMOHAJIBHBIM KJIACCOM, YTO CBSI3aHO C JIydmied 3(QQEeKTUBHOCTHIO paJdO4YacTOTHOW alisinuu B
otnaieHHbli mepuon. Y mammentoB | w1l dyHKumMoHampHOTO Kilacca XpPOHHMYECKOH CEpAEYHOM
HEJIOCTaTOYHOCTH HabJIIofaeTcs yBeandeHne npoaomkuresnisHoctd QTc B ocTpoM mepuojie paauo4acToTHON
a0JAMK, KOTOPAasi MOXKET UCIIOJIb30BaThCsl KaK HE3aBUCUMBII NPENKTOP PELHIMBA apUTMHUH.

K/JIIOYEBBIE CJIIOBA: moxa3zarenu TeMOJMHAMHKH, (UOPWUIINUS TpeAcepaui, paauodacTOTHas
abanus, GyHKIMOHANBHBIN KJlacc, cepeYHasi HeI0CTaTOYHOCTh

respectively);  electrocardiographic  (ECG)
INTRODUCTION characteristics — QRS, QTc; echocardiographic

Dilatation of right and left atrium is a (ECHO) parameters: ejection fraction of left
common complication in atrial  ventricle (LVEF), left ventricle end-diastolic
fibrillation/flutter (AF/AFL), especially in the  diameter (LVED), left ventricle end-systolic
long-term existence of these arrhythmias, dueto  diameter (LVES), left and right atrium size (LA
a violation of the function of the left ventricle, and RA, respectively). For measuring the
leading to the development of chronic heart duration of the QT interval and subsequent
failure (CHF) and its progression according to  calculation of QTc, the ECG was recorded on
growth of the functional class (FC). This the computerized cardiologist Cardiolab +
suggests that AF/AFL can lead to significant  (HAI-Medica). The length of the corrected QT
morphological and functional changes in the (QTc) was calculated using the Bazett formula:
heart [1-3]. Radiofrequency ablation (RFA) of QTc=QT/(RR"0.5), the accuracy of the
arrhythmias in the right or left atrium is  measurement is 0.5 ms. SBP and DBP were
effective for the strategy of rhythm control, measured by the Korotkov method with the
disappears or significantly reduces the number  tonometer =~ GAMMA 700k, accuracy of
of arrhythmia paroxysms, which positively = measurement — 1 mm Hg. ECHO study was
affects hemodynamic parameters of the heart, performed on the apparatus Toshiba Applio
especially the size of the atrium, that is, it 400. To calculate LVEF the Teichholz formula
affects the risk of progression of CHF [3-6]. was used: LVEF =

It seems expedient to study hemodynamic  ((7/(2.4+LVED)) ‘LVED"3-(7/(2.4+ LVES))
parameters in patients with AF/AFL and CHF  LVES "3)/((7/(2.4+LVED))sLVED"3))*100%.

in the early postoperative period of RFA Parameters were evaluated in FC CHF
depending on FC CHF to determine which of  groups until and within 3-5 days after RFA.
them can affect the progression of CHF. The obtained data after the formation of the

database was processed in Microsoft Excel,
OBJECTIVE SPSS 17.0. For statistical evaluation of the
To evaluate parameters of the hemodynamic  results parametric criteria were used (mean

after ablation atrial fibrillation and/or flutter value — M, standard deviation - sd),
depending on the functional class of chronic  nonparametric criteria (absolute (n, number)).
heart failure. Reliability of the differences between groups

was evaluated using the nonparametric Mann-
MATERIALS AND METHODS Whitney U Test. The results were considered

On the basis SI «Zaycev V. T. Institute of  reliable at the significance levels p < 0.05. The
General and Urgent Surgery NAMS of  Spirman correlation analysis (nonparametric),
Ukraine», Kharkiv, Ukraine 74 patients were  which shows the degree (rs) of the statistical
evaluated after RFA of AF/AFL at age dependence between the observation pairs,
60.6 + 7.05 ((M £ sd)) (44 men and 30 women).  where 0 > r; <0.5 is a weak link, 0.5 > r; <0.6
Patients were divided into groups based on FC ~ — moderate, 0.6 > rs <1 — strong. The reliability
CHF (according to the New York Heart of the obtained correlation coefficients was
Association (NYHA)): 23 patients with CHF | determined from the table «Standard correlation
FC, 32 — Il FC, 19 — Ill FC. Patients IV FC  coefficients» based on the calculation of the
CHF were absent. number of degrees of freedom, followed by the

Evaluated: heart rate (HR), pulse, systolic  definition of the critical value of the Spirman
and diastolic blood pressure (SBP and DBP, rank correlation coefficient, p < 0.01.
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RESULTS AND DISCUSSION

Table shows hemodynamic parameters in

ablation, depending on the functional class of

CHF.

patients with AF/AFL in the acute period after

Table
Parameters of the hemodynamic after ablation of AF/AFL depending on the FC CHF
Parameter | EC CHF Il EC CHF Il FC CHF
before After RFA before After RFA | before RFA After RFA
RFA RFA
HR (M + sd, 1/min) 90.4 + 68.34 + 72.06 + .
20.1* 10.66 742+ 126 213 84+12.1 69.3+11.67
Pulse (M = sd, 85.6 + 68.01 + 72.08 + - 69.01 +
1/min) 20.3* 1066 | 22E28 o6 82+14.2 11.69
Atrerial SBP (M 128 + 124.7 + 127.89 +
blood £sd, | 130+12.6 10.18 125+12.8 12 08 135+10.6 13.87
pressure | mmHg) ' : .
DBP (M
+sd, 82+6.2 82 +5.98 80+7.14 80 +6.35 81+6.35 82.36 + 8.39
mmHg)
LVEF (M + sd, %) 60.8 + 651+ | 0y 70y | 5965+ 55.23 + 55.73 +
10.16 ** 10.15 ** ' ' 7.02 5.04** 5.04**
LVED (M*sd,cm) | 502+ 051 | 5+051 |521+055|520+055| 53+08 | 53+0.82
LVES(M=sd,cm) | 344051 | 32+051 | 35+058 | 35+0.53 | 37+056 | 3.7+0.56
LA(M=£sd, cm) | 4.2 ?0'81 41 ?0'81 44+047 | 44+047 | 5+057F | 49057+
RA (M + sd, cm) 3.86 + 3.77+
414075 | 41+0.75 0.5+ 0551 45+0.75% | 45+0.75%
QRS (M =+ sd, 91.75 + 93.04 + 90.7 +
msec) 11.03 16.61 13.54 92 +15.12 97 £ 25.32 96.3+15.31
QTc (M + sd, msec) 380+ 424 + 406 + 407 + - -
36.32¢ | 3337* 32.04 3974 | S98+55.16% 14323237

M — average value; n — number; sd - standard deviation; * p < 0,05 before and after ablation inside of the
groups of FC CHF; ** p < 0,01 between groups of FC CHF; 7 p < 0,05 between groups FC CHF.

Parameters as level of SBP and DBP,
LVED, LVES, QRS have not significant
difference, so FC CHF was not related to these
indicators.

In I FC and 11l FC CHF, HR and pulse were
significantly higher before ablation.

I FC CHF was associated with significantly
higher LVEF both before and after RFA in
comparison with 1l FC CHF.

LA and RA size were significantly lower in
| FC CHF both before and after RFA compared
to the 11l FC.

I FC and 1Il FC CHF were associated with
significantly incensement in QT duration after
RFA, in Il FC CHF no such trend has been
identified.

Below are correlations (Fig. 1-3a) between
different pairs of observations, depending on
FC CHF before and after ablation.

Accordingly, levels of communication
strength are indicated by three types of lines:
weak link — dotted line ———_____ ;
moderate link — simple line ;
strong link - thick

solid line

On the correlograms | FC CHF (both before
and after ablation) were determined the
appearance of strong connections between the
SBP and DBP (rs = 1,0; p < 0,01); y Il FC CHF
— between LVES and LVEF, LVED (rs=0,7; p
< 0,01), was maintained between SBP and DBP
(rs=0,62; p < 0,01). Also for Ill FC CHF the
maximum numbers of strong links has been
clearly defined, especially new between LVEF
and QRS (rs=0,64; p < 0,01), LVES and
LVED, RA (rs=0,66; p < 0,01), LA and LVED
(rs=0,65; p < 0,01). There were no differences
between periods of observation.
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LVES LVES

SBP SBP
DBP
DBP LVEF LVEF
Fig.1. Correlogram for | FC Fig.1a. Correlogram for | FC
CHF before RFA CHF after RFA

Fig.2. Correlogram for Il Fig.2a. Correlogram
FC CHF before RFA for Il FC CHF after RFA

Fig.3. Correlogram for Fig.3a. Correlogram
Il FC CHF before RFA for Il FC CHF after RFA
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The size of the RA was a characteristic
feature of the 11l FC CHF, which was noted in
the study Luong C. and Xiao H. [7-8], as an
important indicator for the development of
recurrence of AF. Further researches are needed
to clarify the impact of these indicators on the
efficacy of RFA at various stages after
intervention and the risk of CHF progression to
a higher FC.

We showed that a smaller LA size was
observed in | FC CHF, that was reflected in the
study Park J.K. et al. [9-11], where it was
shown that a smaller LA size was associated
with a better outcome of RFA in the late period,
probably due to fewer structural and
hemodynamic changes in the heart.

Also, the dilatation of both atriums in the
study Xiao H. B. etal. [8, 12-13] was
associated with a poor prognosis in patients
with AF, which was confirmed in our study: the
increase in atrial size was associated with an
increase of FC CHF.

QTc interval could used as an independent
predictor of arrhythmia recurrence [14-15].
Research of Ning Ma etal. showed that
recurrent AF patients had a longer QTc
interval than non-recurrent patients. Also,
abnormal QT interval predicts AF because it
reflects alterations in atrial refractoriness [16].

As a result of the correlation analysis, it was
determined that there was a change in the
number of correlations and an increase in the
correlation between the indicators from I to Il
FC CHF, which showed a causal relationship,
that is, one change led to a mandatory change of
another  indicator.  According to  our
correlograms, it can be proposed that the
dilatation of LA and RA with the background
of inadequate treatment of arrhythmia led to the
progression of CHF from a clinically
insignificant course, such as patients | FC, to 111
FC CHF due to the dilatation of LV — an
increase in LVED. Similarly, in patients with 1
FC CHF with poorly drug controlled
arrhythmia alternative treatment as RFA should
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Clinical case
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ANGINA PECTORIS AND MYOCARDIAL ISCHEMIA IN THE
ABSENCE OF OBSTRUCTIVE CORONARY ARTERY DISEASE:
CLINICAL CASE

Marina Karavanova, Natalia Lisova, Marina Shevchuk
V. N. Karazin Kharkiv National University, 6 Svobody Sq., Kharkiv, 61022, Ukraine,

e-mail: med@karazin.ua

Our clinical case shows patient with worsening clinical signs of angina without obstructive lesions of
coronary artery which requires further control. Recommendations for lifestyle modification as well as further

treatment tactics are described.

KEY WORDS: Cardiac syndrome X, angina, ischemia, microvascular disfunctional

CTEHOKAP/IA TA IIIEMISA MIOKAPIY 3A BZICYTHOCTI OBCTPYKTUBHOI XBOPOBH
KOPOHAPHUX APTEPIN: KJITHIYHUIA BUITA/IOK

Kapasanoea M. M., Jlicoea H. O., Illeeuyx M. I.
XapkiBchbkuil HamioHanbHMU yHiBepcuteT iMmeHi B. H. Kapasina, mn. Ceobomu, 6, M. Xapkis, 61022,
Ykpaina

Hamr xmiHIYHAN BHIIAZOK CBIMYHTH MPO IMOTIPIICHHS KITIHIYHAX O3HAK CTEHOKapHii 06e3 00CTPYKTHBHUX

ypakeHb KOpPOHApHOI apTepii, 0 BUMAarae MOAaiubIIoro KoHTpomo. OmnucaHi pekoMeHnamii 3 Moaugikarii
CIIOCOO0Y KHTTS, 8 TAKOX IMOJAJIbLIA TAKTHKA JTIKyBaHHS.

K/TIO490BI C/IOBA: xapaianeauii cuaapoM X, ieMist, MiKpoBacKyJIsipHa JUC]YHKITiSA

CTEHOKAPIUSI U UITEMUSI MUOKAPIA ITIPH OTCYTCTBUU OBCTPYKTUBHOMN
BOJIE3HU KOPOHAPHBIX APTEPUM: KJIMHUUYECKHUN CJIYUYAR

Kapasanoea M. H., Jlecosan H. A., Illlesuyx M. U.
XapbKOBCKUI HAalMOHAIBHBIN yHUBepcuTeT nmenn B. H. Kapasuna, 1. CBo6opsl, 6, r. Xapbkos, 61022,

Ykpauna

Hamr knuHMYeckn# ciyvail OKa3bIBaeT MalMeHTa ¢ yXyIIIEHHEM KIMHIYECKUX MTPU3HAKOB CTEHOKAPIUH
0e3 OOCTPYKTHMBHBIX TOP)XEHHH KOPOHApHOW apTepuH, 4To TpedyeT JayibHeWIIero KoHTpois. OnmucaHsl
PEKOMEHAAINHN IO MOU(HKALK 00pa3a XKHU3HH, a TAKXKE JalbHEeHIIas TaKTHKA JICYECHHS.

K/IFIOYEBBIE CJ/IOBA: xapnuanbHbIH CHHAPOM X, HIIEMHS, MUKPOBACKYIISIPHAS JUCHYHKIHS

INTRODUCTION

Cardiac syndrome X (CSX, microvascular
angina) is a pathological  condition
characterized by the presence of signs of
myocardial ischemia (typical angina-like chest
pain with evidence of myocardial ischemia: ST
segment depression > 1.5 mm [0.15 mV] for
more than 1 minute, during 48-hour ECG
monitoring) in the absence of flow-limiting

© Karavanova M. M., Lisova N. O.,
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stenosis on coronary angiography and spasm of
the epicardial coronary arteries during coronary
angiography. The cost of case management of
patients with chest pain and no obstructive
CAD is not cheap as a result of challenges in
diagnosis and treatment. [1-2]. Most patients
with cardiac syndrome X are postmenopausal
women [3-5]. However, the «female-patterny
terminology may soon be irrelevant [6]. CSX is
likely to be multifactorial in these patients and
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it is conceivable that risk factors such as
hypertension, hypercholesterolemia, diabetes
mellitus and smoking can contribute to its
development. Additional factors such as
abnormal pain perception may contribute to the
pathogenesis of chest pain in patients with
angina pectoris and normal  coronary
angiograms [7].

CLINICAL CASE

The patient C., a man born in 1959, was
admitted to the clinical base of internal
medicine department in Railway Clinical
Hospital Ne 1 of «kHC» JSC «Ukrzaliznytsia» in
December, 11.10.17 with complaints of
pressing pain behind the sternum radiating to
the back with moderate severity of physical
exertion, not relieved by nitro-glycerine,
shortness of breath when rising to the 3rd floor,
periodic numbness of the extremities, high
blood pressure periodically to 150/90 mm Hg.

ANAMNESIS MORBI

In May 2017, patient was admitted at
hospital for treatment of arterial hypertension,
and from that time the pressing pain behind the
sternum began to disturb. In June 2017, patient
was hospitalized at The Endocrinology
department for treatment of diabetes mellitus.
There was performed ECG recording, ischemia
was detected in the form of ST-segment
depression; treadmill test was positive
(ischemia detected). It was recommended a diet
and patient received bisoprolol 5 mg 1 time per
day, valsartan 40 mg 1 time per day in the
morning, which he is taking now. Regarding the
treatment of  diabetes, patient  takes
glibenclamide 5mg in the morning before
breakfast. However, after the treatment, there
was no positive dynamics in the patient's
condition. Currently, general condition of the
patient is worsening during the last 3 weeks in
the form of aggravation of the above
complaints.

ANAMNESIS VITAE

1989 — appendectomy, 2000 — hymorotomy,
since 2006 — diabetes mellitus type Il, since
2011 — arterial hypertension. Ex-smoker — for
40 years until May 2017, 1 pack per day).
Family history: mother and father - have high
blood pressure. Infections, injuries,
tuberculosis, sexually transmitted diseases were
denied. Allergic history is not burdened.
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OBJECTIVE EXAMINATION

General condition is satisfactory;
consciousness is clear, emotionally stable.
Height — 1.75m, weight — 83 kg, BMI —
27.13 kg/m? (overweight = 25.1 — 30 kg/m?).

Skin is pale-pink, without any scars. There is
symmetrical oedema of the lower extremities,
up to the middle third of the leg, aggravated in
the evening, not passing after a night rest.
Peripheral lymph nodes are not palpable, on
palpation of the thyroid gland painless. Signs of
eyelid retraction, periorbital oedema, proptosis
are absent.

Respiratory system: on percussion — normal
percussion sound above both lungs, on
auscultation— symmetrical decreased vesicular
breathing. RR= 20/min.

Cardiovascular system: heart borders
extended to the left on 2 cm of midclavicular
line, HR =70 bpm, regular. Ps= 70 bpm. No
pulse deficiency. Auscultation of the heart —
heart sounds heart tones are rhythmic, clear.
Blood pressure (BP) dextr = 145/88 mm Hg, BP
sin = 140/86 mm Hg, (on the background of
antihypertensive therapy).

Gastrointestinal ~ system:  abdomen s
symmetrical, soft, painless, no discrepancies of
the abdominal muscles. No visible peristalsis.
Liver edge is smooth, painless, palpated 1.5 cm
below the costal arch. Spleen and pancreas are
not palpable.

Pasternatskiy sign is positive on the right.
Urination is free, painless.

LABORATORY AND INSTRUMENTAL
TESTS

Tests were conducted according to the
Protocol approved by order of the Ministry of
Health of Ukraine from 02.03.16 No. 152:
assessment of the pre-test probability of stable
coronary artery disease (CAD), complete blood
count, urinalysis, biochemical analysis of blood
(potassium, sodium, creatinine, GFR, AIAT,
AsAT), lipidogram (total cholesterol, TG, low-
density  lipoprotein; HDL, high-density
lipoprotein),  glucose, HbAlc, 12-lead
Electrocardiography, echocardiography,
treadmill and/or bicycle ergometer (bike)
exercise tests, coronary angiography, abdominal
ultrasound (additional), X-Ray (additional).

RESULTS OF LABORATORY AND
INSTRUMENTAL DIAGNOSIS

Assessment of the pre-test probability of
stable CAD: corresponds to medium to high
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pretest probability of 66-85 %, non-invasive
functional tests with visualization are
recommended to confirm the diagnosis.

Complete blood count: normal.

Urinalysis: normal.

Biochemical analysis: all parameters within
the normal range.

Fasting glucose test: 8 mmol/l.

HbAlc: 6.53 % (N 4.8-5.9 %).

Lipidogram: total cholesterol 6 mmol / |, TG
2.3 mmol/I.

ECG: HR 79 bpm. Depression of the ST
segment > 1 mm in leads Il, V4-V5, regional
disturbances of ventricular contractility. Diffuse
disturbances of repolarization processes, signs
of left ventricular hypertrophy (LVH).

Echocardiography: Sclerotic changes of
aortic walls, aortic and mitral valves. Dilatation
of the ascending aorta. Dilatation of the left
atrium. Left ventricular hypertrophy. Mitral
regurgitation of the 1nd degree. EF 51 % — 44
(N: 55-78 %).

Abdominal ultrasound: Diffuse changes in
the parenchyma of the liver and pancreas
without enlargement of them. Thickening of the
gallbladder wall. Congestion bile in gallbladder.
Right-sided hydrocalycosis. Cyst of the right
kidney. Split of pyramid-shaped lobes the left
kidney. Kidney microcalculus.

Angiography: Right type of coronary blood
flow. Moderate of coronary tortuosity on the
coronary blood flow. The left coronary artery -
the trunk is not changed, circumflex and left
anterior descending coronary artery and its
branches is not visible angiographic signs of
atherosclerotic lesion. The right coronary artery
— no plague was detected.

CLINICAL DIAGNOSIS

Essential arterial hypertension stage 1, 1 grade.
Hypertensive heart (LVH). The risk is
moderate. Ischemic heart disease:
microvascular angina (positive stress echoCG
20.06.17). Coronary arteries without obstructive
lesions (angiography 12.10.17.). Combined
dyslipidaemia. Heart failure with preserved
ejection fraction 1l A stage, NYHA1I.

Co-morbidity: Diabetes mellitus type 2,
moderate severity, compensation.

OUR RECOMMENDED TREATMENT
ACCORDING LAST GUIDELINES

Non-pharmacologic:
v' Lifestyle modification: adequate
physical activity (aerobic exercise for 30 min 3
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or more times a week), body weight correction
(BMI 18.5 — 24.9 kg/m, waist circumference
less than 102 cm in men)

v Dietary recommendations
Mediterranean diet:

— decrease sodium intake to 4-6 g/day;

— adequate fluid intake;

— saturated fatty acids should provide less
than 10 % of the total energy value of the daily
diet, they should Dbe replaced by
polyunsaturated fatty acids;

— 200 g of fruit per day (23 times);

— 200 g of vegetables per day (2-3 times);

— fish, at least 2 times per week, one of the
times — sea fish;

— 30-40 g of dietary fiber per day in the
form of whole grain products, vegetables and
fruits.

v' BP monitoring (target level less than
140/90 mm Hg).

v" Glycemia control.

Treatment strategy:

v Perindopril 5mg once  daily
continuously, under BP control

v' Indapamide 25mg once daily

continuously

v Acetylsalicylic acid 75 mg once daily
continuously

v" Rosuvastatin 40mg 1 time in the
evening for 4 weeks. Control AIAT, ASAT after
4 weeks

v' Trimetazidine 60 mg per day for 3
months

v' Kvamatel (famotidine) 20 mg 2 times a
day for 14 days

v Omega-3 polyunsaturated fatty acids
1000 mg daily for 3 months

v" Medical therapy of diabetes

PROGNOSIS

Although prognosis is good regarding
survival, patients with cardiac syndrome X have
an impaired quality of life.

In a recent survey conducted in four large
European countries, women reported more
severe angina, a higher number of angina
attacks per month, and more frequently
accompanying symptoms (dyspnoea,
arrhythmias/tachycardia), than men. Atypical
symptoms were more common for women as
well [8].

PREVENTION

Secondary prevention include lifestyle
modification; good blood pressure control,



decrease sodium intake, lipid lowering diet,
aerobic non strenuous exercises; control of fluid
balance and check up for decompensation of
heart failure; control of compliance to our
medical recommendations.

DISCUSSION

The mechanisms underlying angina pectoris
in essential arterial hypertension patents
without obstructive coronary artery disease are
still largely unknown, but such association
doesn’t rarely occurs [9-11]. Furthermore,
hypertensive patents have a higher likelihood of
presenting with features of the metabolic
syndrome, e.g., hypertension, dyslipidaemia,
obesity and insulin resistance, compared with
the general population, which makes the
diagnosis and treatment of such comorbid cases
more complex and multicomponent [12-13].
Insulin resistance, therefore, may represent an
important mechanism for vascular dysfunction
in this setting [14-16]. Moreover, cardiac
syndrome X is now recognized as a condition
that can cause a significant morbidity and
increases the risk for CV events [1]

Evidence-based guidelines for treating CSX
are still lacking as well as optimal methods of
identification of CMD patients although
research in this direction continues [1, 17-23].
Therefore, the presentation and study of cases
of successful management of patients with this
pathology remains relevant.

Our clinical case shows patient with
worsening clinical signs of angina without
obstructive lesions of coronary artery which
requires further control with all the necessary
diagnostic methods. This article describes the
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ABDOMINAL COMPARTMENT SYNDROME IN BURN PATIENTS

Igor Belozorov?, Anatolii Lytovchenko?, Gregory Oliynyk?, Olena Lytovchenko?!, Maria Matvieienko?
V. N. Karazin Kharkiv National University, 6 Svobody Sq., Kharkiv, 61022, Ukraine,

e-mail: med@karazin.ua

2 Kharkiv Medical Academy of Postgraduate Education, 58 Amosova St., Kharkiv, 61176, Ukraine,
email: office@med.edu.ua

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are consistently
associated with morbidity and mortality among the critically ill or injured. Thus, avoiding or potentially
treating these conditions may improve patient outcomes. Despite a large number of special publications
devoted to this problem, very little attention is paid to the ACS in patients with severe burn injuries.

Severe burns have been shown to be a risk factor for developing IAH. Fluid resuscitation practices used in
burns management further predispose patients to increase intra-abdominal pressure. The incidence of intra-
abdominal hypertension in patients with severe thermal injury is, according to different authors, 57.8-82.6 %.
The mortality associated with IAH in severe burns is very high once organ dysfunction occurs.

The purpose of this work is to collect and analyze the problem of abdominal hypertension in burn patients,
as well as to draw conclusions on the prevention of this condition and improve the results of treatment of
patients with severe burn injury.

KEY WORDS: Abdominal compartment syndrome, Intra-abdominal hypertension, Burns, Fluid
resuscitation

ABJIOMIHAJIbHUI1 KOMIIAPTMEHT CUHIPOM Y OIIIKOBUX XBOPUX

Kbenosvopos 1. B.Y, Tumosuenxo A. M., Oniiinux I, A.%, Tumosuenxo O. I0.', Mamecenxo M. C.*

! Xapkischkuii HamioHansHull yHiBepcuter imeni B. H. Kapasina, mun. CeoGoau, 6, M. Xapkis, 61022,
VYkpaina

2 XapkiBchbka MeJIMUHA aKajeMis Iic/sIUIIIOMHOI OCBiTH, ByJl. AMOcoBa, 58, M. Xapkis, 61176, Ykpaina

BuytpimHbOUepeBHa TimepTeH3is 1 aOgoMiHampHWI KOMIIAPTMEHT CHHAPOM TICHO TIOB'A3aHi 3
3aXBOPIOBAHICTIO 1 CMEPTHICTIO cepell KpUTHYHO XBOPHX 1 ypakeHUX. YHHUKaUU abo MPOBOISYM aleKBaTHE
JKYBaHHS WX TOTEHIIHHO HEOE3MEeYHMX Al KUTTA CTAHIB MOXXHA IOJIMIIUTH Pe3yIbTaTh JIKyBaHHS
MMaIi€HTIB.

HesBakaroun Ha 1OCHUTH BENHKY KUIBKICTh CHEIialIbHUX MyOJIiKauii, MpUCBsSYEHUX JaHili IpodieMi, TysxKe
MaJl0 yBaru MNPUAULIETbCS a0JOMIHAJIBHOMY KOMIIAPTMEHT CHHIPOMY Y XBOPHX 3 Ba)XKKOIO TEPMIYHOIO
TPaBMOIO.

VY psmi OCHiPKEHb MOKa3aHo, IO BAXKI OMIKM € (JaKTOPOM PHU3UKY PO3BUTKY BHYTPIIIHBOYEPEBHOI
rineprensii. Benuki oOcsirm iHdysiitHO Tepamii, 0 BUKOPHUCTOBYIOTHCS IPHU JIIKYBaHHI Ba)KKOI OIIKOBOI
TPaBMH, JJOJATKOBO NPUBEPTAIOTh TAIEHTIB JIO 30UIBIIEHHS BHYTPIIIHBOYEPEBHOTO THUCKY. YacToTa
PO3BUTKY iHTpaabIOMiHAIBHOT TiNepTeH3ii Y XBOPHX 3 TSHKKOIO TEPMIYHOIO TPAaBMOIO CTaHOBHUTH, 33 JAHUMHU
pisHux aBtopiB 57,8-82,6 %. JleTanbHicTh, NOB'I3aHa 3 BHYTPINIHBOYEPEBHOI TiMEPTEH31€I0 IPH BEIMKHX
OITiKaxX JIOCUTh BHCOKA IiCJIl BAHUKHEHHS [TOJIIOPTaHHOI AUCHYHKIIIT.

Mera nanoi pobornm — 3i0paru i mpoaHadi3yBaTH NpobOieMy abJoMiHaNbHOI TimepTeH3ii y OMiKOBHX
XBOpHX, @ TaKOX 3pOOHTH BHCHOBKM LIOAO NPO(]ITAKTUKK AAHOTO CTaHy 1 MOJINIIEHHIO pe3yJbTaTiB
JIKYBaHHS IIOCTPaXJIAJINX 3 BAXKKOIO TEPMIYHOIO TPABMOIO.

K/IFO490BI C/I0OBA: abnoMiHanbHAN KOMIIAPTMEHT CHHIIPOM, 1HTpaaloMiHaIbHA TiepTeHs3is, oMKy,
iH]Yy3iiiHa Teparis

© Belozorov 1. V., Lytovchenko A. M.,
Oliynyk G. A., Lytovchenko O. Y., 63
MatvieienkoM. S., 2018
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ABJIOMHUHAJIbHBI KOMITIAPTMEHT CHH/IPOM Y OKOT'OBBIX BOJIbHBIX

Kbenosepos H. B.Y, Tlumosuenxo A. H.', Oneinux I. A2, lumoguenxo E. 10.', Mameeenxo M. C.

! XapbkoBckuil HalMOHATLHBINA yHUBEpcHTET nMenu B. H. Kapasuna, mi. Ceo6opl, 6, T. XapbKos,
61022, Ykpauna

2 XapbKOBCKask MEIMIMHCKAs aKaleMHsl TOCIIeMIIIOMHOTO 00pa3oBanus, yil. AMocoBa, 58, r. XaphKos,
61176, Ykpauna

BHyTtpuOpronisass runepTeH3uss ¥ a0JOMUHAJIbHBIA KOMIIAPTMEHT CHHJIPOM TECHO CBSI3aHBI C
3200JIEBAEMOCTBIO U CMEPTHOCTBIO CPEAN KPUTHYECKH OOJIbHBIX M TOpPaKeHHBIX. M30eras mnu mpoBozs
aJIeKBaTHOE JIEYCHHE STUX IOTEHLUAIBHO ONACHBIX AJISA JKU3HU COCTOSIHUN MOXKHO YIYUIIUTh PEe3yJIbTATh
JIeueHMs MallueHTOB.

HecMmotrpss Ha 1OCTaTo4HO OOJBLIOE KOJIMYECTBO CIEHMAIBHBIX IMYOJIMKAalni, MOCBSIICHHBIX JAaHHOW
npobyieMe, O4YeHb Majlo BHUMAHHS yIeNseTcss a0J0MHUHAJIbHOMY KOMIIAPTMEHT CHUHIPOMY Y OOJBHBIX C
TSKEJION TEPMUYECKOU TPaBMOM.

B psne wuccnenoBaHmil MOKa3aHO, YTO TSDKEbIE OXOTH SBISIIOTCS (AKTOPOM pHUCKA Pa3BHTHS
BHYTPUOPIOLIHOM TUNepTeH3uu. bospiire o0beMbl MH()Y3MOHHOM Teparuu, UCIOJIb3yeMble HPH JICUCHUU
TSKEJIOW  OKOTOBOM  TpaBMBI,  JONOJHMUTENBHO  IMPEApacloyiaraloT  MAalMeHTOB K  YBEIMYCHHIO
BHYTPHUOPIONIHOTO JaBneHus. YacToTa pa3BUTHA HHTPAaOAOMHUHAIBHON THIIEPTEH3UHN y OOIBHBIX C TSXKENIOH
TEpPMHYECKO TPaBMOW COCTABISIET, MO JAHHBIM Pa3HBIX aBTOpoB 57,8—82,6 %. JletanbHOCTh, CBSI3aHHAS C
BHYTPUOPIOLIHOM THIEPTEH3MeH TIpU OOIIMPHBIX OXKOraX O4YEHb BBICOKAas IOCJE BO3HHKHOBEHUS
MOJIMOPTaHHOM TUCHYHKITUH.

Llens paHHO# paboThl — coOpaTh M MPOAHAIM3UPOBATH IMPOOIEMY aOJOMHHAIBHON THIEPTEH3UU Yy
O)KOTOBBIX OOJIBHBIX, @ TaKXe CJeNaTh BBIBOABI MO MPO(GHIAKTUKE JAHHOTO COCTOSHHS W YIYYIICHHIO
Pe3yIbTaTOB JIEUCHHS OCTPAJABIINX C TSHKEJIONH TEPMHUUECKOM TpaBMOM.

K/IFOYEBBIE CJ/IOBA: abnoMuHalnbHBIA KOMIOAPTMEHT CHUHIPOM, MHTpaaOOMUHAIbHAs THIIEPTEH3HUS,
0KOTH, NH(PY3UOHHAS TepaIust

Abdominal compartment syndrome (ACS) is  diagnosis and management of patients with
a pathological condition in which organ 1AH and ACS [4].
dysfunction is the result of intra-abdominal Final 2013 consensus definitions of the
hypertension (IAH). It is determined by a  World Society of the Abdominal Compartment
steady or repeated increase of intra-abdominal ~ Syndrome:

pressure (IAP) over 20 mmHg. and/or 1. IAP is the steady-state pressure

abdominal perfusion pressure (APP) less than  concealed within the abdominal cavity.

60 mmHg in combination with newly 2. The reference standard for intermittent

discovered dysfunction of one system or IAP measurements is via the bladder with a

multiple organ failure [1]. maximal instillation volume of 25 mL of sterile
Much good evidence now supports the  saline.

concept that elevated IAP may impair 3. 1AP should be expressed in mmHg and

physiology and organ function by producing the  measured at end-expiration in the supine
ACS. Complex, adverse physiological position after ensuring that abdominal muscle
consequences of increased IAP develop as the  contractions are absent and with the transducer
pressure is transmitted to adjacent spaces and  zeroed at the level of the midaxillary line.

cavities, decreasing cardiac output, restricting 4. 1AP is approximately 5-7 mmHg in

pulmonary ventilation, diminishing renal critically ill adults.

function and visceral perfusion, and increasing 5. 1AH is defined by a sustained or

cerebrospinal pressure [2]. repeated pathological elevation in IAP>
Intra-abdominal hypertension (IAH) and 12 mm Hg.

abdominal compartment syndrome (ACS) are 6. ACS is defined as a sustained IAP >

associated with increased morbidity and 20 mmHg (with or without an abdominal
mortality among multiple types of patient perfusion pressure (APP) < 60 mm Hg) that is

populations [3]. associated with new organ dysfunction/failure.
The World Society of the Abdominal 7. 1AH is graded as follows:

Compartment  Syndrome  (WSACS) has Grade | — IAP 12-15 mm Hg;

published definitions and guidelines for the Grade Il — IAP 16-20 mm Hg;

Grade 111 — 1AP 21-25 mm Hg;
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Grade IV — IAP > 25 mm Hg.

8. Primary IAH or ACS is a condition
associated with injury or disease in the
abdominopelvic region that frequently requires
early surgical or interventional radiological
intervention.

9. Secondary IAH or ACS refers to
conditions that do not originate from the
abdominopelvic region.

10. Recurrent IAH or ACS refers to the
condition in which IAH or ACS redevelops
following previous surgical or medical
treatment of primary or secondary IAH or ACS.

11. APP = MAP - IAP (MAP — mean
arterial pressure).

12. A polycompartment syndrome is a
condition where two or more anatomical
compartments have elevated compartmental
pressures.

13. Abdominal compliance is a measure of
the ease of abdominal expansion, which is
determined by the elasticity of the abdominal
wall and diaphragm. It should be expressed as
the change in intra-abdominal volume per
change in IAP.

14. The open abdomen is one that requires
a temporary abdominal closure due to the skin
and fascia not being closed after laparotomy.

15. Lateralization of the abdominal wall is
the phenomenon where the musculature and
fascia of the abdominal wall, most exemplified
by the rectus abdominus muscles and their
enveloping fascia, move laterally away from the
midline with time [4].

There are a lot of risk factors for intra-
abdominal hypertension and abdominal
compartment syndrome. Major burns are one of
these factors [4].

It should be noted that an increase in IAP is
not always accompanied by the occurrence of
ACS. The regularity is known: the higher the
IAP and the more factors leading to its increase,
the more likely is the development of the ACS
[1].

High abdominal pressures lead to several
systemic impairments: cephalad movement of

the diaphragm leads to cardiac and lung
compression, reduced venous return and,
subsequently, contributes to hypoxemia,
hypercapnia, atelectasis and ventilation-

perfusion mismatch. ACS will also compress
renal vessels, activating sympathetic drive and
the renin-angiotensin system; these effects
contribute to a decrease in urine output.
Primarily, renal vasoconstriction leads to a
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significant decrease in urine output, and is
typically the first indicator of the onset of ACS
— oliguria is noted at IAPs >15 mm Hg and
anuria at IAPs of 30 mm Hg. Reports document
a decrease in mesenteric blood flow at 10
mmHg IAP; intestinal mucosa perfusion
decreases at 20 mm Hg IAP, and celiac and
superior mesenteric artery flow is compromised
at IAPs > 40 mm Hg. To further exacerbate the
effects on gastric circulation, the increased
pressure may compress mesenteric veins,
impairing drainage and exacerbating ACS,
ultimately leading to further gut hypoperfusion,
ischemic bowel, decreased intramural pH and
worsening lactic acidosis [5-8]. In the context
of tissue injury consistent with severe burn
trauma, inflammatory responses can also
exacerbate an  ischemic  bowel. The
inflammatory cytokines released will increase
capillary permeability, leading to more edema
and higher 1AP [9]. This is a vicious cycle in
which edema results in injury, which in turn
worsens edema.

The generalized increase in capillary
permeability that occurs in severe burn patients
contributes to extensive edema formation and
intra-peritoneal accumulation of «third-space»
fluid [10].

Capillary leak and third spacing are
universal in major burns. In patients with burns
of more than 60 % of their body surface area
and without abdominal pathology, the
pathogenesis for increased IAP is most likely
due to massive fluid resuscitation with third
spacing and secondary extrinsic compression by
burn eschars. «Capillary leak» following shock,
with ischemia-reperfusion injury and the release
of vasoactive substances and oxygen-derived
free radicals increases extracellular volume.
Especially when it occurs with associated
inhalational injury, delayed resuscitation, and
abdominal wall injuries [11-12].

Bowel edema and fluid translocation is
further worsened by venous hypertension
caused by elevated IAP [13]. This increasing
volume in the abdominal cavity, however, is
reduced after capillary permeability improves.
Therefore, secondary IAH in burn patients
generally occurs within 48 hours after injury,
during the initial resuscitation period, while
ACS usually occurs after the acute phase,
during subsequent septic episodes [14-15].
Burn patients are also at risk of tertiary or
recurrent ACS any time they require aggressive
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resuscitation as, for instance, after any overly
aggressive burn excision [10, 13].

IAH/ACS should be suspected in all patients
with severe burns. The incidence of IAH in
major burn patients is variable in the literature
and is associated with the burn area. Patients
with >20% TBSA burned presented a very
high prevalence of IAH. Development of organ
failure occurred even at moderately increased
values of IAP. In this scenario, monitoring of
IAP is the first step for establishing the
importance of IAH/ACS in this patient
population [16-17]. IAP measurement should
therefore be performed every 2 to 4 hours
throughout the resuscitation period in burn
patients with more than 20 % TBSA [18].

The use of mechanical ventilation is also
associated with an increased incidence of 1AH
and to a worse prognosis in untreated cases
[19]. This risk factor is proportional to the
severity of respiratory symptoms and the
mechanical ventilation requirement.

Malbrain ML at al. [18] believes that IAH
will develop in most (if not all) severely burned
patients, and may contribute to early mortality
[18]. A recent systematic review showed that
the prevalence of ACS and IAH in severely
burned patients is 4.1-16.6 % and 64.7-74.5 %,
respectively [20]. The risk of ACS is higher in
burned patients with a higher percentage of
total body surface area (TBSA) burned;
however, patients with a lower burned TBSA
may develop IAH/ACS as well [15]. ACS
typically occurs when resuscitation volumes are
greater than 275mL/kg during the first
24 hours or TBSA burned is larger than 60%
[21-22]. Patients with severe burn injuries
greater than 60% of TBSA, associated
inhalational injuries, delayed resuscitation, and
intra-abdominal injuries are at the highest risk
of developing IAH and ACS [23]. The
mortality rate of patients developing ACS is
50—84 %, even when treated [18, 24].

The effects of IAH/ACS in patients with
severe burns are multifactorial. Raised IAP can
lead to organ dysfunction and can affect all
organ systems. The use of excessive fluid
resuscitation in combination with increased
capillary permeability as a result of the
systemic inflammatory response to burn injury
makes these patients particularly vulnerable to
the development of IAH and ACS and
cardiovascular, respiratory, and renal system
dysfunction [15]. In severe burn patients, the
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kidneys are especially vulnerable to elevated
IAP-related injury [25].

Talizin TB at al. evaluated the frequency of
intra-abdominal hypertension in major burn
patients and its association with the occurrence
of acute kidney injury (AKI) [25]. A total of 46
patients were analyzed. Of these, 38 patients
developed IAH (82.6 %), thirty-two patients
(69.9 %) developed acute kidney injury. The
median time to development of acute kidney
injury was 3 days. The individual analysis of
risk factors for acute kidney injury indicated an
association with intra-abdominal hypertension,
use of glycopeptides, use of vasopressors [25].

The use of nephrotoxic drugs, such as
glycopeptides, is associated with direct kidney
injury and the consequent dysfunction of this
organ. Changing organic perfusion in the case
of circulatory instability, as evidenced in the
literature, is a risk factor for kidney injury [26].
The IAH patient also presents hemodynamic
changes with impaired renal perfusion [20]. An
association between AKI and higher 30-day
mortality in intensive care patients has been
found [25].

Since an elevated IAP affects renal blood
flow, urinary output is an unreliable index of
the preload and intravascular volume resulting
in the loss of an important physiologic
parameter.

Moreover, ACS as well as abdominal
decompression for ACS increases susceptibility
to multiple organ dysfunction syndrome
(MODS) for severe burn patients and may also
induce acute lung injury [18].

One should pay attention to the fact that
IAH/ACS might occur in patients without
circumferential 3rd degree burns of their trunk.
Burn patients with smoke inhalation may also
be at risk of fluid sequestration [21].

It is fundamental to: 1) recognize IAP and
ACS; 2) resuscitate effectively; and 3) prevent

the development IAP-induced end-organ
dysfunction and failure [27].
The WSACS medical management

algorithm for IAH/ACS is based on five
treatment options: 1) evacuation of intra-
luminal contents; 2) evacuation of intra-
abdominal space occupying lesions; 3)
improvement of abdominal wall compliance; 4)
optimization of fluid administration; 5)
optimisation of systemic and regional perfusion
[4].

According to WSACS recommendations if
patient has IAP>12mmHg  medical



management to reduce IAP should be started. If
IAP > 20 mm Hg and new organ
dysfunction/failure is presented, patient’s
IAH/ACS is refractory to medical management.
Strongly  consider  surgical  abdominal
decompression (GRADE 1D) [4].

But  management of ACS  with
decompressive laparotomies is associated with
significant morbility and mortality ranging from
50 % to 100 % [28].

Thus, the main thing is the prevention of
ACS. Key to the prevention of ACS is the early
recognition and treatment of I1AH [29-30].

Many burn physicians lack awareness of the
deleterious effects of raised IAP and do not
regularly measure it [29].

Resuscitation in the very first hours after a
burn is a key point in the treatment of severe
burn shock [31]. Judicious use of fluids and
avoidance of fluid over-resuscitation is the key
element in the prevention of secondary ACS.
Moreover, the choice of resuscitation fluid
among critically ill patients with burns may
have a clinical importance [22, 32].

There is no perfect resuscitation protocol
and studies have demonstrated that patients
frequently receive larger amounts of fluids than
required a patient. This condition recently
recognized as «fluid creep», a phenomenon
which may also be attributed to «opioid creepy.

Fluid creep is an iatrogenic phenomenon
resulting from misuse of the originally
described approaches to crystalloid
resuscitation. It is associated with massive
edema and compartment syndromes (orbital,
abdominal, and extremity compartment
syndrome) [18, 33-35].

It is currently unknown whether the
syndrome is an iatrogenic consequence of
excessive fluid resuscitation or an unavoidable
sequelae of the primary injury. A recent
systematic review of severely burned patients
concluded that the fluid resuscitation volume
was directly responsible for the development of
ACS. It exacerbates splanchnic edema leading
to an increase in gut permeability, bacterial
translocation, and increased intra-abdominal
pressure.  Resuscitation-related ACS is
associated with a mortality of 97 % when burn
size is greater than 60 % TBSA [12, 36-37].

Groups of burn patients that have been
identified in whom resuscitation requirements
are usually greater than the parkland Formula
predictions include patients with inhalation
injuries, electrical burns, those with additional
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injuries, patients with high alcohol or drug
intake, and those in whom resuscitation was
delayed. To avoid «fluid creep», the
resuscitation formulas have to be used only as
indicators for the initial fluid resuscitation rate.
This rate must be adjusted according to several
parameters, the most important and most
frequently used being urine output. According
to a survey of the American Burn Association
and the International Society of Burn Injuries,
94.9 % of respondents use urine output as the
main indicator of successful infusion therapy
[38]. This parameter should not be allowed to
exceed the recommended hourly urine output

range of 0.5 to 1ml/kg/h [27]. But in
overhydrated severely burned patients, a
decreased  urine  output may  reflect

overresuscitation and the onset of abdominal
compartment syndrome [35].

For patients with severe burn injury, it is
necessary to strive to restore microcirculation in
the shortest possible time, using the minimum
amount of fluid necessary to maintain the
physiological functions of the body. Both
insufficient and excessive amount of injected
fluid leads to the dysfunction of organs and
tissues, the development of multiple organ
failure (MOF).

Ivy has identified 250 ml/kg of volume
administration within the first 24 hours as a risk
factor for ACS [21]. Regular calculation of the
Ivy index will identify patients at risk of
developing ACS. However, in the eventuality
of a thick abdominal eschar, abdominal
distention is restricted, thus the critical point of
increased AP is reached with lesser increase in
intra-abdominal volume and IAH and ACS may
occur with lesser fluid resuscitation volumes
[10, 39].

Now novel resuscitation strategies in burn
patients to avoid IAH/ACS are evolving.
Recent evidence supports the use of hypertontic
sodium chloride solution and colloids enabling
less overall fluid volume resuscitation. Despite
efforts to minimize fluid administration many
patients end up grossly fluid overloaded leading
to IAH and ACS [22, 40].

Randomized studies have shown that
hypertonic lactated saline (HLS) or plasma-
based resuscitation requires less fluid and is
associated with a lower risk of IAH and ACS.
On the other hand, isotonic resuscitation was
associated with a 3.5-fold increased risk for
developing 1AH. [22].
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Treatment of burns with a hypertonic
solution reduced the secretion of cytokines by
cardiomyocytes, decreased their sensitivity to
the action of lipopolysaccharides against
cytokine secretion, and improved pumping
function [41].

Some authors add colloids to their
resuscitation regimen within the first 24h to
reduce the total resuscitation volumes.
However, this remains a debatable issue even
though there is growing evidence of its
usefulness. Despite  some  reservation
concerning the use of albumin in the early
phases of burn resuscitation, recent work
demonstrated a decreased mortality rate.

The use of only salt solutions can be limited
in cases where dehydration does not reach the
stage of reducing the volume of circulating
blood.

If dehydration progresses to the stage of
intravascular space reduction, then early
administration of colloids is necessary. And
later, saline solutions can be assigned to
rehydrate the interstitial space. It should be
noted that dehydration of the vascular space
occurs after interstitial dehydration, and the
injected salt solutions will immediately move to
the interstitial space before filling the vascular
sector.

Low molecular weight dextrans (dextran
40), native plasma, hydroxyethyl starch 130/0.4
are recommended as colloids. Also, glucose and
fructose solutions are included in the burn
shock infusion therapy.

The ratio of colloids, crystalloids, salt-free
drugs in patients with severe and extremely
severe thermal injury is an average of 1: 1: 1,
but is corrected according to the state of the
particular patient. The order of their
administration depends on the hemodynamic
parameters, especially the central venous
pressure [42].

There is also growing evidence that vitamin
C supplementation, in the early post-burn
period, seems to decrease the needed fluid
volumes.

A pronounced inflammatory response in
severe burn injury contributes to the release of
free oxygen radicals, which further impair the
microcirculation and contribute to the
development of interstitial edema [43].

Oxidative tissue damage as assessed by
increased myeloperoxidase (MPO) activity,
lipid peroxidation, and decreased levels of
glutathione levels in intestinal and hepatic
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tissue plays an important role in progression
from IAH to ACS. However, reperfusion of
decompressed tissue induces a more prominent
injury compared to ischaemia itself.
Reperfusion promotes generation of various
reactive oxygen metabolites via activated
neutrophils that cause increased microvascular
permeability, interstitial oedema, impaired
vasoregulation, inflammatory cell infiltration,
and parenchymal cell dysfunction and necrosis
[44].

Therefore, antioxidants, prescribed in burn
shock, binding free radicals, reduce vascular
permeability, improve the course of burn
disease, prevent the development of
complications, reduce damage to internal
organs [45].

Tanaka et al. found that adjuvant high dose
ascorbic acid (66 mg/kg/h  for  24h),
administered during the first 24h after thermal
injury, significantly decreased the amount of
fluid given compared to the control (patients
who received vitamin C required infusions of 3
ml/% of burn /kg, while patients who received
one Ringer's solution lactate, required 5.5 ml/%
of burn/kg of solutions per day [46].

High-dose vitamin C treatment (bolus
66 mg/kg and maintenance dose 33 mg/kg/hr)
reduces endothelial damage to sham burn
levels, whereas half the dose is inefficient.
High-dose vitamin C should be considered for
parenteral treatment in every burn patient [12].

Octreotide, a synthetic  somatostatin
analogue, has been shown to improve the
reperfusion-induced oxidative damage in rats
with ACS by reducing levels of MPO activity
and malondialdehyde and increasing levels of
glutathione when given before decompression.
Therefore, octreotide might ultimately be
shown to have a therapeutic role as a
reperfusion injury-limiting agent among
patients with IAH and ACS [47].

So, resuscitation of patients with severe burn
injuries should be aimed at the early restoration
of the circulating blood volume and
microcirculation using a minimum number of
solutions. This helps to prevent IAH, the
development of the ACS, MOF in patients with
severe burn injury.

Non-operative and percutaneous
interventions may be applied before surgical
decompression is considered. Nasogastric
decompression, the wuse of neuromuscular
blocking agents, prokinetic agents, enemas, or
colonic decompression, the removal of excess



fluid by ultrasound-guided percutaneous
drainage, or by a combination of continuous
veno-venous hemofiltration (CVVH) with
ultrafiltration and/or diuretics, are simple and
possibly effective tools to reduce IAP [3, 44].

Cheatham et al. [48] showed in 62 patients
with IAH/ACS treated with percutaneous
catheter ~ decompression  (PCD)  versus
traditional open abdominal decompression
(OAD) that both techniques were equally
effective.  Successful PCD therapy was
associated with either fluid drainage above
1,000 mL or a decrease in IAP of >9 mm Hg in
the first four hours post decompression. PCD
appears to be most effective in patients with
secondary ACS due to massive fluid
resuscitation in burns. Latenser et al. [49]
showed that PCD reduced IAP and prevented
ACS in 55% of burned patients . PCD is a
relatively simple technique, cost effective and
less invasive  then  OAD. Bedside
ultrasonography to identify intraperitoneal fluid
or blood is necessary [44].

Circumferential abdominal burn eschars
might also lead to ACS by producing a
tourniquet  effect. At  bedside, urgent
decompressive escharotomy of the abdominal
wall is a safe surgical procedure that provides
rapid relief of intra-abdominal pressure. It
improves ventilation, hemodynamic parameters,
and oxygen metabolism and can decrease
morbidity and mortality [27]. An escharotomy
of the trunk to improve abdominal wall

compliance should be performed early,
especially in the presence of 3rd degree burns
[18].

The open abdomen in trauma and non-
trauma patients has been proposed to be
effective in preventing or treating deranged
physiology in patients with severe injuries or

REFERENCES

Series «Mediciney. Issue 36

critical illness when no other perceived options
exist. Its use, however, remains controversial as
it is resource consuming and represents a non-
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Intra-abdominal hypertension is a frequent
complication in severe burn patients requiring
massive fluid resuscitation. Development of
ACS in burn patients is associated with high
mortality. Prevention, early detection and
proper management may avoid this usually fatal
complication. Fluid resuscitation volume is
directly responsible for the development of
ACS in severe burned patients. Thus, optimal
fluid resuscitation can be the best prevention of
IAH and ACS.

1. Malbrain M.L., Cheatham M.L., Kirkpatrick A. et al. Results from the International Conference of Experts
on Intraabdominal Hypertension andAbdominal Compartment Syndrome. I. Definitions // Intensive Care

Med. — 2006. — Vol. 32 (11). -P. 1722-1732.

2. Schein M., Rogers P.N. Schein’s common sense emergency abdominal surgery. Second Edition /
M. Schein. — Springer-Verlag, Berlin, Heidelberg, New York. 2005. — 469 p.

3. Cheatham ML, Malbrain ML, Kirkpatrick A et al.: Results from the International Conference of Experts
on Intra—abdominal Hypertension and Abdominal Compartment Syndrome. II. Recommendations //

Intensive Care Med. —2007. 33. P. 951-962.

4. Kirkpatrick AW, Roberts DJ, De Waele J atal. Intra-abdominal hypertension and the abdominal
compartment syndrome: updated consensus definitions and clinical practice guidelines from the World
Society of the Abdominal Compartment Syndrome // Intensive Care Med. — 2013. — Vol. 39(7). — P.1190-

206.



Journal of V. N. Karazin” KhNU. 2018

5. Newcombe J, Mathur M, Eike JC. Abdominal compartment syndrome in children // Crit Care Nurse. —
2012.-Vol. 32. - P. 51-61.

6. Schein M, Ivatury R. Intra-abdominal hypertension and the abdominal compartment syndrome //
BrJ Surg. 1998. 85. P. 1027-1028.

7. Saaig M. Abdominal compartment syndrome // J Postgraduate Med Inst. 2006. — Vol. 20. — P. 297-301.

8. Sun K, Hancock BJ, Logsetty S. Ischemic bowel as a late sequela of abdominal compartment syndrome
secondary to severe burn injury // Plast Surg (Oakv). — 2015. — VVol. 23(4). — P. 218-220.

9. Vegar-Brozovic V, Stoic-Brezak J. Pathophysiology of abdominal compartment syndrome // Transplant
Proc. — 2006. — Vol. 38. — P. 833-835.

10. Kirkpatrick AW, Ball CG, Nickerson D, D’Amours SK. Intraabdominal hypertension and the abdominal
compartment syndrome in burn patients // World J Surg. — 2009. — Vol. 33. — P. 1142—1149.

11. Demling RH. The burn edema process: Current concepts // J Burn Care Rehab. — 2005. — Vol. 26. —
P. 207-227.

12. Kremer T, Harenberg P, Hernekamp F, Riedel K, Gebhardt MM, Germann G, Heitmann C, Walther A.
High-dose vitamin C treatment reduces capillary leakage after burn plasma transfer in rats // J Burn Care
Res. — 2010. — Vol. 31. — P. 470-479.

13.Ball CG, Kirkpatrick AW, Karmali S et al.: Tertiary abdominal compartment syndrome in the burn injured
patient // J Trauma. — 2006. — Vol. 61. — P. 1271-1273.

14. Azzopardi EA, McWilliams B, Iyer S, Whitaker IS: Fluid resuscitation in adults with severe burns at risk
of secondary abdominal compartment syndrome — an evidence based systematic review // Burns. — 2009.
—Vol. 35. - P. 911-920.

15.0da J, Yamashita K, Inoue T et al.: Acute lung injury and multiple organ dysfunction syndrome secondary
to intra-abdominal hypertension and abdominal decompression in extensively burned patients // J Trauma
—2007. —Vol. 62. — P. 1365-1369.

16. Ruiz-Castilla M, Barret JP, Sanz D, Aguilera J, Serracanta J, Garcia V, Collado JM. Analysis of intra-
abdominal hypertension in severe burned patients: the Vall d'Hebron experience // Burns. — 2014. —
Vol. 40(4). — P. 719-724.

17.Mbiine R, Alenyo R, Kobusingye O at al. Intra-abdominal hypertension in severe burns: prevalence,
incidence and mortality in a sub-Saharan African hospital // Int J Burns Trauma. — 2017. — Vol. 7(6). —
P. 80-87.

18. Malbrain ML, De Keulenaer BL, Oda J at al. Intra-abdominal hypertension and abdominal compartment
syndrome in burns, obesity, pregnancy, and general medicine // Anaesthesiol Intensive Ther. — 2015. —
Vol. 47(3). — P. 228-240.

19. Wise R, Jacobs J, Pilate S at al. Incidence and prognosis of intra-abdominal hypertension and abdominal
compartment syndrome in severely burned patients: Pilot study and review of the literature // Anaesthesiol
Intensive Ther. — 2016. — Vol. 48(2). — P. 95-109.

20. Strang SG, Van Lieshout EM, Breederveld RS, Van Waes OJ. A systematic review on intra-abdominal
pressure in severely burned patients // Burns. — 2014. — Vol. 40(1). — P. 9-16.

21.lvy M. E. et al. Intra-abdominal hypertension and abdominal compartment syndrome in burn patients //
J. Trauma. — 2000. — No. 49. — P. 387-391.

22.0da J, Yamashita K, Inoue T et al.: Resuscitation fluid volume and abdominal compartment syndrome in
patients with major burns // Burns. — 2006. — Vol. 32. — P. 151-154.

23.McBeth PB, Sass K, Nickerson D, Ball CG, Kirkpatrick AW. A necessary evil? Intra-abdominal
hypertension complicating burn patient resuscitation // J Trauma Manag Outcomes. — 2014. — Vol. 8: 12.

24.Ramirez JI, Sen S2, Palmieri TL, Greenhalgh DG. Timing of Laparotomy and Closure in Burn Patients
with Abdominal Compartment Syndrome: Effects on Survival // J Am Coll Surg. — 2018. — Vol. 226(6). —
P.1175-1180.

25. Talizin TB, Tsuda MS, Tanita MT, Kauss IAM, Festti J, Carrilho CMDM, Grion CMC, Cardoso LTQ.
Acute kidney injury and intra-abdominal hypertension in burn patients in intensive care // Rev Bras Ter
Intensiva. — 2018. — Vol. 30(1). — P. 15-20.

26. Holodinsky JK, Roberts DJ, Ball CG, Blaser AR, Starkopf J, Zygun DA, et al. Risk factors for intra-
abdominal hypertension and abdominal compartment syndrome among adult intensive care unit patients: a
systematic review and meta-analysis // Crit Care. — 2013. — Vol. 17(5). — R. 249.

27.Kaollias S, Stampolidis N, Kourakos P, Mantzari E, Koupidis S, Tsaousi S, Dimitrouli A, Atiyeh B,
Castana O. Abdominal compartment syndrome (ACS) in a severely burned patient // Ann Burns Fire
Disasters. — 2015. — Vol. 28(1). — P. 5-8.

28.Regli A, De Keulenaer B, De Laet I, Roberts D, Dabrowski W, Malbrain ML. Fluid therapy and
perfusional considerations during resuscitation in critically ill patients with intra-abdominal hypertension
I/l Anaesthesiol Intensive Ther. — 2015. — Vol. 47(1). — P. 45-53.

70



Series «Mediciney. Issue 36

29.Burke BA, Latenser BA: Defining Intra-abdominal hypertension and abdominal compartment syndrome in
acute thermal injury: a multicenter survey // J Burn Care. — 2008. — Vol. 29. — P. 580—584.

30. Wassermann D. Systemic complications of extended burns // Ann Chir Plast Esthet. — 2001. — Vol. 46,
No. 3. — P. 196-209.

31. Fujita T. Fluid resuscitation for burn patients at risk for abdominal complications // J Am Coll Surg. —
2013. - Vol. 216(5). — P. 1027.

32.Tuggle D, Skinner S, Garza J, Vandijck D, Blot S. The abdominal compartment syndrome in patients with
burn injury // Acta Clin Belg. — 2007. — Vol. 62 (1). — P .136-40.

33. Saffle JI. The phenomenon of “fluid creep” in acute burn resuscitation // J Burn Care Res. — 2007. — Vol.
28. —P. 382-395.

34. Atiyeh BS, Dibo SA, Ibrahim AE, Zgheib ER. Acute burn resuscitation and fluid creep: it is time for
colloid rehabilitation // Ann Burns Fire Disasters. — 2012. — Vol. 25. — P. 59-65.

35. Markell KW, Renz EM, White CE at al. Abdominal complications after severe burns // 3 Am Coll Surg. —
2009. — Vol. 208. — P. 940-949.

36. Hayek S, Ibrahim A, Abu Sittah G, Atiyeh B. Burn resuscitation: is it straightforward or a challenge? //
Ann Burns Fire Disasters. — 2011. — Vol. 24(1). — P. 17-21.

37.Hobson KG, Young KM, Ciraulo A, Palmieri TL, Greenhalgh DG. Release of abdominal compartment
syndrome improves survival in patients with burn injury // J Trauma. — 2002. — Vol. 53. — P. 1129-1134.

38. Greenhalgh DG. Burn resuscitation: the results of the ISBI/ABA survey // Burns. — 2010. — Vol. 36(2). —
P.176-182.

39. Abu-Sittah GS, Sarhane KA, et al. Cardiovascular dysfunction in burns: review of the literature // Ann
Burns Fire Disasters. — 2012. — Vol. 25. — P. 26-37.

40.0’Mara MS, Slater H, Goldfarb IW, Caushaj PF. A prospective, randomized evaluation of intra-
abdominal pressures with crystalloid and colloid resuscitation in burn patients // J Trauma. — 2005. — Vol.
58. —P. 1011-1018.

41.Horton JW, Maass DL, White J, Sanders B. Hypertonic saline—dextran suppresses burn—related cytokine
secretion by cardiomyocytes // Am J Physiol Heart Circ Physiol. — 2001. — Vol. 280, Suppl. 4. — P. 1591—
1601.

42. Lytovchenko AN, Tsogoev AA, Grigorieva TG, Oleynik GA. Infusionnaya terapia ojogovogo shoka —
eshcho raz ob izvestnom // Medicina neotlojnyh sostoyaniy. — 2012. — No. 4(43). — P. 9-13.

43. Endorf FW, Dries DJ. Burn resuscitation // Scand J Trauma Resusc Emerg Med. — 2011. — Vol. 19:69. —
P. 32-41.

44.De Keulenaer B, Regli A, De Laet | at al. What's new in medical management strategies for raised intra-
abdominal pressure: evacuating intra-abdominal contents, improving abdominal wall compliance,
pharmacotherapy, and continuous negative extra-abdominal pressure // Anaesthesiol Intensive Ther. —
2015. — Vol. 47(1). — P. 54-62.

45. Horton JW. Free radicals and lipid peroxidation mediated injury in burn trauma: the role of antioxidant
therapy // Toxicology. — 2003. — Vol. 189, N1-2. — P. 75-88.

46. Tanaka H, Matsuda T, Miyagantani Y, Yukioka T, Matsuda H, Shimazaki S. Reduction of resuscitation
fluid volumes in severly burned patients using ascorbic acid administration: A randomized, prospective
study // Arch Surg. — 2000. — Vol. 135(3). — P. 326-331.

47.Kacmaz A, Polat A, User Y, Tilki M, Ozkan S, Sener G: Octreotide: a new approach to the management
of acute abdominal hypertension // Peptides. — 2003. — Vol. 24. — P. 1381-1386.

48.Cheatham ML, Safcsak K: Percutaneous catheter decompression in the treatment of elevated
intraabdominal pressure // Chest. — 2011. — Vol. 140. — P. 1428—1435.

49. Latenser BA, Kowal-Vern A, Kimball D at al. A pilot study comparing percutaneous decompression with
decompressive laparotomy for acute abdominal compartment syndrome in thermal injury // J Burn Care
Rehabil. — 2002. — Vol. 23. — P. 190-195.

50. Coccolini F, Roberts D, Ansaloni L at al. The open abdomen in trauma and non-trauma patients: WSES
guidelines // World J Emerg Surg. — 2018. — Vol. 13:7.

51.Cheatham ML, Safcsak K, Brzezinski SJ, Lube MW. Nitrogen balance, protein loss, and the open
abdomen // Crit Care Med. — 2007. — Vol. 35. — P. 127-131.

52.Casaer MP, Wilmer A, Hermans G, Wouters PJ, Mesotten D, Van den Berghe G. Role of disease and
macronutrient dose in the randomized controlled epanic trial: a post hoc analysis // Am J Respir Crit Care
Med. — 2013. — Vol. 187. — P. 247-255.

53. Reintam Blaser A, Starkopf J, Alhazzani W at al. Early enteral nutrition in critically ill patients: ESICM
clinical practice guidelines // Intensive Care Med. — 2017. — Vol. 43(3). — P.380-398.

71



Journal of V. N. Karazin” KhNU. 2018

UDC 616.594.1-085.382-036.8

AUTOLOGOUS PLATELET-RICH PLASMA: A REVIEW OF
SCIENTIFIC ARTICLES ON THE STUDY OF EFFICIENCY IN
TREATMENT OF ANDROGENETIC ALOPECIA IN MEN AND

WOMEN
Julia Ovcharenko, Olena Salenkova

V. N. Karazin Kharkiv National University, 6 Svobody Sq., Kharkiv, 61022, Ukraine,
e-mail: med@karazin.ua

This article is an analysis of scientific publications that reflect the experience of using autologous platelet-
rich plasma in patients with androgenic alopecia (AGA), a multifactorial genetically predisposed disease
caused by the influence of exogenous or endogenous triggers responsible for the clinical manifestations of
pathology. Attention to this topic is due to the significant prevalence of AGA, as well as unsatisfactory results
in achieving a positive therapeutic effect.
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AYTOJIOTTYHA 3BATAUEHA TPOMBOILIMTAMM ILJIA3BMA: OIJISIJI HAYKOBUX CTATEM
I[O10 BUBUEHHS Y®EKTUBHOCTI B JIIKYBAHHI AHJIPOTEHETUYHOI AJIONEILI ¥V
YOJIOBIKIB TA KIHOK

Osuapenko I0. C., Canenxosa O. A.
XapkiBchkuil HarfioHanbHU# yHiBepcuteT imeni B. H. Kapasina, i. Ceoboau, 6, m. Xapkis, 61022,
VYkpaina

Jana cratTs sBIse cOOOKO aHaNi3 HAayKOBHX MyONmiKamidd, IO BiZoOpa)karoTh IOCBiI 3aCTOCYBAaHHS
ayroJyorigHoi 30aradeHoi TpPOMOOIMTAMH IDIa3MH Yy TAIEHTIB 3 aHApPOreHHOK anomeniero (ATA) —
MYJIETU(GAKTOPIaIbHAM 3aXBOPIOBAHHSIM C FEHETHYHOIO CXUIIBHICTIO, 3yMOBJICHE BIUIUBOM E€K30TE€HHUX abo
SH/IOTEHHUX TPUTEPIB, BIMMOBINAIFHUX 3a KIIHIYHI MPOSBU TATOJNOTil. YBara A0 Ii€i TeMH 3yMOBIICHA
3HAYHOI momupeHicTio AlA, a TakoK HE3aJ0BUIbHUMHU pe3yJbTaTaMH Yy JOCSATHEHHI MO3UTHBHOTO
TEpPANeBTHYHOTO e(eKTy.

KITIO4YO0BI CJ/IOBA: aHnmporeHHa alomNelis, ayToJoriyHa 30aradyeHa TPOMOOIIUTaMHU IUTa3Ma,
TPHUXOJIOTisI, IMyHOJIOTis

AYTOJOTI'NYHAS OBOTAIIEHHAS TPOMBOLIUTAMMU IIJIABMA: OB30P HAYUYHBIX
CTATEN Ob N3YYEHUU dPOPEKTUBHOCTH B JIEYEHUA AHJAPOTEHETHYECKOM
AJIONIEMNA Y MYKYMH U )KEHIIWH

Osuapenko 10. C., Canenkosa E. A.
XapbKOBCKUI HAIMOHANBHBIA yHUBepcuTeT uMenn B. H. Kapasuna, . CBo6omsl, 6, r. Xapekos, 61022,
Ykpauna

JanHast cTaThs MPEACTABISAET COOOW aHa M3 HAyYHBIX IYOJNUKAIMA, KOTOpPBIE OTPa)XKarOT OIIBIT
MPUMEHEHHUS ayTOJIOTHYHOM 000ralieHHONH TPOMOOIIMTAMH IUTa3Mbl Y MAIEHTOB C aHIPOTCHHAs AIOIeIHeH
(AT'A) — mynpTH(DaKTOpHATEHOM 3a00JEBaHUU C TEHETHUYCCKOW IPEAPACIIONOKEHHOCTRIO, 00YCIOBICHHOE
BIMSIHUEM DK30T€HHBIX WM JHAOTEHHBIX TPUITEPOB, OTBETCTBEHHBIX 3a KIMHUYECKHUE MPOSIBICHUS
naroyiorud. BHuMaHHMe K 3TOW TeMe OOYCIOBICHO 3HAYUTENBHOH paclpocTpaHeHHOCTRI0 AT'A, a Takke
HEYJIOBJIETBOPUTEIFHBIMU PE3yIbTATAMH B JOCTIDKCHHH MOJIOXHUTEIBHOTO TepaneBTHICCKOTo 3ddekra.

K/IFOYEBBIE C/IOBA: annporeHHas anollelys, ayToJOTrHYHas o0oralieHHas TpoMOOIMTaMu I1a3Ma,
TPUXOJOTHs, IMMYHOJIOTUS

Currently, most researchers consider

INTRODUCTION androgenic alopecia (AGA) as organ-specific
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segmental accelerated aging of hair follicles
that occurs in individuals with a genetic
predisposition due to the influence of
exogenous or endogenous triggers that are
responsible for the clinical manifestations of the
disease with the leading role of endocrine
disorders [1]. Significant progress has been
made in understanding the basic elements of the
metabolism of the participating androgens with
a clearly expressed genetic component.
However, clinical practice has shown that
simply blocking androgens does not give the
desired results [2]. Clinical and research
progress helped to identify several non-
androgenic cofactors of complex etiology of
AGA, which became a prerequisite for the
development of new therapeutic strategies,
among which the use of autologous platelet-rich
plasma (PRP) is one of the most promising. The
published data of fundamental and clinical
studies on the effectiveness of the use of PRP in
the treatment of AGA will be analyzed in this
article.

EFFECTS OF GROWTH FACTORS ON
THE HAIR FOLLICLE

Hair follicles are located at the intersection
of complex neuroendocrine and immune
regulation, actualizing both local and systemic
influence of numerous endogenous and
exogenous factors, genome and epigenome. The
information we know probably comprises a
small amount of what future discoveries will
bring. Increased awareness of the various
signaling pathways involved in hair growth
may further lead to the discovery of new targets
for drug exposure.

Thus, it was demonstrated in researches
Botchkarev et al. (Botchkarev V. A. et al, 2003)
[3] that the transition from the telogen to
anagen phase is associated with the activation
of the Shh, Wnt/beta-catenin/ Lef-1 and Stat3
signaling pathways. A huge number of signal
transduction pathways (Shh, Whnt, etc.) and
growth factors (BMP, FGF, HGF, IGF, PDGF,
SCF, etc.) are activated in the anagen phase in
the epithelium and mesenchyme, which should
be well coordinated for hair formation.

It should be noted that the same factors can
have a completely opposite effect on the cells in
the follicle in different phases of the cycle.
Modern research has opened up an enormous
potential for developing of methods of
correcting and managing the hair growth cycle
with the help of biologically active substances,
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growth factors and hormones and in fact
revolutionized this direction.

Growth factors — polypeptides with a
molecular weight of 5-50 kDa, combined into a
group of trophic regulatory substances. Like
hormones, these factors have a wide range of
biological effects on many cells — they
stimulate or inhibit mitogenesis, chemotaxis,
differentiation. Unlike hormones, growth
factors are produced by unspecialized cells
located in all tissues as a rule, and possess
endocrine, paracrine and autocrine action.

Growth factors — a link between the
expression of the body genes and the
environment — play an important role in
regulating the life of the hair follicle. Currently,
it has been established that such factors as EGF,
TGF-B, IGF-1, HGF, KGF, VEGF are involved
in the regulation of the hair growth cycle [4].

The localization of receptors for a number of
growth factors in various parts of the hair

follicle was demonstrated by
immunohistochemistry and in situ
hybridization. The dermal papilla cells
demonstrated the highest immunogenic

reactivity against FGF-7, IGF, HGF and VEGF,
which play a key role in the regulation of
follicle growth. Initially it was expected that the
use of growth factors in vivo will allow having
a stimulating effect on hair growth.
Nevertheless, an interesting feature was
revealed during the research: the effect of
growth factors on the hair follicle depends on
the nature of the implementation of their action.

It was found that growth factors such as
EGF, TGF-a, FGF-1. FGF-2, slowed hair
growth. A suppressive effect was also observed
in TGF-B in tissue culture. This group of
growth factors was characterized by an
autocrine mechanism of action.

At the same time, it was demonstrated that
subcutaneous injections of FGF-7, IGF-1, HGF
paracrine growth factors stimulated the growth
of the hair follicle and modulated the hair cycle
in vivo. This effect is probably related to the
paracrine nature of the realization of these
growth factors synthesized in the hair papilla.
The reason why only paracrine growth factors
have a stimulating effect remains not fully
clarified.

PLATELET-RICH PLASMA

The use of autologous PLR as a method
indirectly stimulating the work of dermal
papilla  cells implies large therapeutic
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possibilities. The dermal papilla and connective
tissue shell are formed from the same
progenitor cells as the fibroblasts in the
interfollicular dermis, but their gene expression
profile and biological functions are radically
different [5-6]. If interfollicular fibroblasts
promote the growth and differentiation of the
overlying epithelial cells (keratinocytes), the
dermal papilla and connective tissue shell play
the main role in regulating hair growth. The
method is based on the concept of PRP as a
natural source of signaling molecules that have
a paracrine effect on other cells. The main
functions of platelets in restoring damaged
tissue are modulation of inflammation through
the interaction of innate immune cells,
regulation of angiogenesis, and stimulation of
cell migration and proliferation.

PRP, isolated from whole blood, is
characterized by the presence of growth factors
and stimulating mediators. PRP is an
autologous platelet preparation in concentrated
plasma, with a platelet concentration exceeding
the physiological one. Activated o-platelet
granules produce numerous growth factors,
including follistatin, KGF, VEGF, EGF, IGF.
These growth factors appear to stimulate cell
proliferation and differentiation. It was found
that PRP has a beneficial effect on bone
transplants  performed in  maxillofacial,
orthopedic surgery and cardiac surgery.
Recently, there has been an upsurge of interest
in the use of PRP in dermatology, for example,
in tissue regeneration, wound healing, fatty
tissue transplantation, and for the rejuvenating
effects on the skin, suggestions have been made
to use PRP as a new treatment for AGA.

THE RESULTS OF THE STUDY OF THE
PRP EFFECTIVENESS IN THE
TREATMENT OF AGA

The possible effect of PRP on hair growth
has been studied in vitro and in vivo in mice.
The actual mechanisms of action on the hair
follicle remain controversial: PRP activates the
proliferation of dermal papilla cells and
prevents apoptosis, which provokes an increase
in Akt and Bcl-2 expression levels in vitro. In
addition, PRP is involved in the formation of
the hair epithelium and the differentiation of
stem cells into cells of the hair follicle.
Increasing the expression level of FGR-7
prolongs the anagen phase in the hair growth
cycle.
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In 2006, Ubel et al. [7] reported about a new
experience of using PRP in the treatment of
male-type AGA. The authors of this study
demonstrated that the treatment of follicular
units using PRP before transplantation
contributed to an increase in hair growth and
density. After this study, several studies were
conducted to investigate the possibilities of
using PRP for the treatment of AGA.

These results became a motive for further
research, and since 2006 a number of articles
have been published describing the experience
of using PRP in the treatment of AGA. Part of
the work noted a positive effect from the
described technique, part — a negative one.

Researches with a positive result

In 2009, Ggeso et al. [8] published the
results of a pilot research on studying the effect
of direct injection of PRP into the scalp skin.
The study involved 10 people, the evaluation of
the results was carried out 4 and 8 months after
treatment. An increase in the average diameter
of the hair shafts was recorded by 9.7 % at
4 months and by 6.1 % at 8 months in the group
of patients receiving PRP. In the control group
of patients who did not receive PRP, there was
a decrease in the average diameter of the hair
shafts by 2.8 % after 4 months and by 3.5 %
after 8 months.

In 2010, E. Betsi et al. [9] conducted a pilot
study of the clinical effectiveness of PRP
injections in the treatment of alopecia. The
study involved 42 patients 8 women
diagnosed with telogen effluvium and 34 men
diagnosed with AGA. Evaluation of the results
of the study before and after treatment was
carried out using a hair tension test and survey
photographs. There was a significant decrease
in the number of hair falling out, a significant
increase in volume and improvement in hair
quality after treatment. Then the researchers
noted that more obvious improvements were
observed in patients with a history of up to two
years; the results were worse for men with 6-
7th stage of baldness based on the Hamilton-
Norwood scale.

Anitua at al. [10] conducted a blind study of
the use of plasma enriched with growth factors
in 19 patients with AGA in 2017. Objective
methods of assessment using computerized
phototrichogram evaluated the result by the
following parameters: 1) hair density; 2)
diameter; 3) the ratio of terminal hair to vellus
hair; 4) thinned/normal/dense hair rods among
terminal follicles; 5) independent clinical



assessment of observations (degree of
improvement according to macro-photography);
6) epidermal thickness, perivascular
inflammatory infiltrate, the amount of
epidermal cords, the ratio of terminal hair to
miniaturized, the number of collagen, reticular
and elastic fibers (according to 3 mm puncture
biopsy); 7) proliferation of epidermal/follicular
cells, newly formed blood vessels and the
presence of stem cell niches in the bulge zone
(according to immunohistochemistry). During
the study, the method of single centrifugation
was used, the obtained PRP was additionally
activated by platelet growth factor to stimulate
the release of growth factors and morphogens
from the obtained material; centrifuging
parameters: frequency — 580 revolutions per
minute, time — 8 minutes; platelet enrichment
ratio x2 + 0.3; blood volume 18 ml; PRP
volume 3-4ml. Patients received 5
intradermal injections in areas of hair loss: 1-4
procedures with an interval of 1 month, 5th
procedure — 7 months from the start of the
study. Evaluation of the obtained results was
made after 1 year from the beginning of the
experiment, a positive improvement was noted
for all 7 evaluation parameters. Subjective
assessment data: 85 % of patients noted an
improvement in the quality and density of hair;
65 % of respondents noted an increase in hair
density.

In 2016, a randomized, placebo-controlled,
blind study was conducted by Alves at al. [11]
on 25 patients, only 22 of which have fully
completed the trials (11 men aged from 18 to 65
years with stage 11-V of AGA; 11 women aged
from 18 to 86 with stage | — Ill. Subjects were
divided into 2 groups: group A, which was
administered 3 ml of PRP in the right half of
the head and 3 ml of saline (placebo) in the left
half; and group B, which received the same
solution in both halves of the head. Parameters
for evaluating the obtained results (using a
photo-trichogram and a survey photo): 1) hair
in the anagen phase (%); 2) hair in the telogen
phase (%); 3) anagen/telogen ratio; 4) density
of the hair; 5) density of the terminal hair;
6) counting the amount of hair. The method of
single centrifugation was used during the study,
the obtained PRP was additionally activated
with 0.15ml of 10% calcium chloride;
centrifuging parameters: centrifugal
acceleration — 460 g, time — 8 minutes; platelet
enrichment ratio x3; blood volume 18 ml; PRP
volume — 3 ml. Anesthesia was not used. Three
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injection sessions (0.15 ml/cm?) were carried
out, at an interval of 1 month, in four rounded
sections of 1x1 cm of the frontal and occipital
part of the head (marked with a medical tattoo).
Evaluation of the results was carried out on the
3rd and 6th month, an improvement in the mean
values in the anagen/telogen ratio, hair
thickness, terminal hair thickness were
observed in the areas of PRP administration
relative to the initial state, compared with
placebo, where only improvement in the
average hair thickness was observed . For the
first time, the authors were able to detect the
relationship between the number of anagenic
hair and the age of patients > 40 years old, the
onset of AGA > 25 years, the density of hair
and the male sex, age <40 years, a positive
family history of AGA and the duration of the
disease > 10 years. The authors concluded that
the use of PRP had a positive effect on the state
of AGA and could be considered as adjuvant
therapy for the treatment of this disease.

In 2015, data was obtained from a
randomized, placebo-controlled, blind study by
Gentile et al. [12] on 23 patients, of which only
20 fully completed the tests (20 men aged from
19 to 63 years with AGA stage lla-1V). One-
half of the affected scalp was injected with PRP
injections, the second — with saline. Parameters
for assessing the obtained results (1-3 using a
computerized photo trichogram and a survey
photo): 1) counting the amount of hair and total
hair density; 2) density of terminal hair;
3) epidermal thickness and density of hair
follicles (according to the data of 3 mm
puncture biopsy); 4) the proliferation of
keratinocytes and small blood vessels around
the hair follicles (according to
immunohistochemistry); 5) AGA relapse. The
study used 2 methods: 1) cascade-Selphyl-
Esforax system; 2) the platelet lipotransfer
system (PRL platelet-rich lipotransfert system)
obtained PPR was further activated by Ca? +;
centrifuging parameters were: 1. centrifugal
acceleration — 1100 g¢; 2. frequency — 1200
revolutions per minute; time: 1,2 — 8 minutes;
blood volume: 1. 18 ml; 2. 60 ml.; PRP volume:
1. 9 ml; 2. 20 ml. During the study, 3 sessions
of injections were conducted at an interval of 30
days, without the use of anesthesia, after
treatment of the skin with 70 % alcohol, using
the method of intradermal injections (0.1
ml/cm?). The observation period for patients
was 2 years (with the assessment of the
condition at the beginning of the experiment, at
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2, 6, 12, 16 and 23 months after the first
procedure). A significant improvement in all
estimation parameters was noted.

In 2014, a randomized, placebo-controlled,
blind study was conducted by Cervelli at al.
[13] in 10 patients (10 men aged 20-52 years
with stage lla-IV AGA). Parameters for
evaluating the obtained results (1-4 using a
computer phototrichogram and a survey photo):
1) counting the number of hairs; 2) density of
hair; 3) density of terminal hair; 4) epidermal
thickness and density of hair follicles
(according to data of 3 mm puncture biopsy);
5) the percentage of Ki67 + keratinocytes and
the density of the network of blood vessels
(according to immunohistochemistry). During
the study, the Cascade-Selphyl-Esforax
centrifugation system was used, the resulting
PRT was additionally activated by Ca®";
centrifuging parameters were: centrifugal
acceleration — 1100 g; time: 10 minutes; blood
volume: 18 ml; PRP volume: 9 ml. 3 sessions
of injections were performed during the study,
at an interval of 1 month, without the use of
anesthesia, after treatment of the skin with 70 %
alcohol, using the method of intradermal
injections (0.1 ml/cm?). The period of
observation of patients was 1 year (with the
assessment of the state at the beginning of the
experiment, at 14 weeks, 6 and 12 months after
the first procedure). A significant improvement
in all estimation parameters was noted.

In 2015, Singhal et al. [14] conducted a
placebo-controlled study to compare PRP with
approved drug treatment in 20 patients (16 men
aged from 25 to 32 years, 4 women aged from
32 to 35). The following parameters were
evaluated: 1) hair tension test; 2) hair growth,
hair volume, hair quality (method of review
photos). The method of double centrifugation
was used during the study, the obtained PRP

was additionally activated with calcium
chloride (in the ratio 9:1); centrifugation
parameters  were: frequency: 1. 1500

revolutions per minute, 2. 2500 revolutions per
minute; time: 1. 6 minutes, 2. 15 minutes; blood
volume 20 ml; PRP volume - 8-12 ml.
4 sessions of injections were conducted, at an
interval of 2-3 weeks. Injections were carried
out by the nappage method, after the skin
surface was treated with alcohol and povidone-
iodine. The observation period for patients was
3 months (at weekly intervals). A significant
improvement in all estimated parameters was
noted. For comparison, patients who were
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offered drug treatment did not notice an
improvement in the results of the hair tension
test and hair growth in general.

The study by Gupta et al [15] was conducted
on 30 patients (30 men aged from 25 to 35
years, with stage HI-VII) in 2017. The
following parameters were evaluated: 1) hair
density (CapilliCare trichoscan); 2) hair dia-
meter (CapilliCare trichoscan); 3) independent
clinical evaluation of observations (overview
macrophotography). The method of double
centrifugation was used during the study. 6
injections were performed at an interval of 15
days, patients were monitored for 6 months. A
mezoroller was used before the injections, after
which the PRP was injected into the area of the
crown (10 cm from the glabella). A significant
improvement in all estimation parameters was
noted.

Study Schiavone et al [16] in 2014 were
conducted on 64 patients (42 males, mean age
28 years, with AGA stages Il-V; 22 females,
average age 32 years old, with AGA stage I-I1).
The following parameters were evaluated:
counting the number of hair and hair thickness
using a 15-point scale evaluation Jaeschke,
clinical changes (macrophotography studied by
two independent observers). The study used the
method of double centrifugation (GPS IlI
Platelet Separation System, single
centrifugation at the first procedure, a two-fold
— in 3 months). Plasma protein concentrate was
added to the obtained PRP (1st procedure: 6-8
ml PRP with 3-4ml). 2 injections were
performed at an interval of 3 months; patients
were monitored for 6 months. Locally irritating
effect achieved after applying local anesthesia
(1 % Xylocaine with epinephrine 1:100,000)
with skalproller exposure with needles length of
1.0 mm in order to enhance injected platelet
activation, punctures were made at intervals of
1 cm. As a result, the positive effects of the
procedures were obtained.

The study by Gkini et al [17] was conducted
on 22 patients, of whom only 20 completed the
tests completely (18 men, aged from 24 to 72
years, with AGA stage II-5A, 2 women, aged
from 58 to 72 years, with AGA stage 1) in 2014.
The following parameters were evaluated:
1) hair tension test; 2) density and quality of
hair (dermatoscopic photomicrography and
macrophotography). Centrifugation was carried
out using the RegenA-PRPCentri (Regenlab)
system using a single centrifugation method.
Calcium gluconate was used as an activator



(0.1ml to 09ml PRP in the ratio 1:9).
Centrifugation parameters were: centrifugal
acceleration — 1500 g, time — 5 minutes; platelet
enrichment x 5.8; blood volume 16 ml; PRP
volume — 6 ml. There were 3 sessions of
procedures (plus 1 procedure to enhance the
effect) and at an interval of 21 days (3
procedures at an interval of 21 days plus 1
procedure after 6 months from the beginning),
the observation of patients lasted 1 year.
Injections (0.05-0.1 ml/cm?) were injected
according to the nappage technique into the
affected areas to a depth of 1.5-2.5mm.
Positive results were noted for all parameters
studied. Subjective assessment data: 85 % of
patients noted an improvement in the quality
and thickness of hair, 65 % — an increase in hair
density.

Also in 2014, another study by Khatu et al.
[18] was conducted on 11 patients (11 men,
aged from 20 to 40 years, with stages 1I-1V of
AGA). The following parameters were
evaluated: 1) hair tension test; 2) counting the
amount of hair (Trichoscan); 3) hair loss
(clinical examination data, macroscopic
photographs). The study used the method of
double centrifugation (Manual Double Spin).
Calcium gluconate (in the ratio 1:9) was used as
an activator. Centrifugation parameters were:
frequency: 1. 1500 revolutions per minute; 2.
2500 revolutions per minute; time: 1. 6 minutes,
2. 15 minutes; blood volume 20 ml; PRP
volume — 2-3 ml. Conducted 4 procedures at a
2-week interval, the observation of patients
lasted 12 weeks. After treating the skin with
cetavion, alcohol and povidone-iodine,
anesthetic cream was applied to the skin.
Injections were administered by the nappage
method. As a result, the positive effects of the
procedures were seen in all parameters of
evaluation.

One of the earliest studies is a placebo-
controlled trial by Takikawa et al. [19] in 2011.
The experiment involved 26 patients (16 men
and 10 women aged from 28 to 59 years). The
following  parameters  were  evaluated:
1) average amount of hair (digital and
dermatoscopic image); 2) data of cross sections
of hair (digital and dermatoscopic image); 3)
epidermal thickness, the number of collagen
fibers, blood vessels around the hair follicles
(according to the 4 mm puncture biopsy). PRP
was used with microparticles of dalteparin and
protamine (daltepatin and protamine
microparticles — D/P MPs). The study used the
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method of double centrifugation (Manual
Double Spin). Parameters of centrifugation
were: frequency: 1. 1700 revolutions per
minute, 2. 3000 revolutions per minute; time: 1.
15 minutes, 2. 5 minutes; platelet enrichment
x 6; blood volume 15 ml; PRP volume — 3 ml.
5 procedures were performed at a 2-3 week
interval, the observation of patients lasted
12 weeks. Subcutaneous injections (3 ml) were
made into selected 1x1 cm zones located at a
certain distance from the tip of the nose and
auricle. A positive effect from the
administration of PRPs with D/P MPs was
noted, and in the administration of simply PRPs
Zones.

Researches with a negative result

2 studies were published in 2016, during
which there was not observed significant
improvement while using of PRT: Puig et al.
[20] and the study of Mapar et al. [21].

The first double, blind, randomized, placebo
controlled, multicenter study involved 26
female patients, AGA stage Il. Patients were
divided into two groups: 15 women were
included in the group where PRP was used, 11
in the placebo group. The following
parameters were evaluated: 1) counting the
amount of hair (photo method); 2) counting hair
mass index (Cohen HairCheck system).
Centrifugation was performed using the Angel
PRP system (Cytomedix), platelet enrichment
ratio x2.75-3.4; blood volume 60 ml; PRP
volume — 10 ml. Patients received a single
subcutaneous injection of PRP or placebo with
the following evaluation of results after 26
weeks. Anesthesia used included 2 % lidocaine
and 0.5 % bupivacaine. No significant changes
were recorded at the 26th week, although
patients who were administered PRP, noted a
slower hair loss, improved hair density,
easiness of hair styling, which was not noted by
patients from the placebo group.

A second randomized, placebo-controlled,
blind study was conducted with the
participation of 19 men, of whom only 17
completed the tests completely (17 men aged
from 24 to 45 years with stage 1V-VI of AGA).
The following parameters were evaluated
(using a magnifying glass): 1) counting the
number of terminal hairs; 2) counting the
amount of vellus hair. The method of double
centrifugation (Tubex  PRP (Moohan
Enterprise)) was used in the study. Calcium
gluconate (0.1 ml to 1 ml of PRP) was used as
an activator. Centrifugation parameters were:
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frequency: 1. 3000 revolutions per minute, 2.
3300 revolutions per minute; time: 1. 6 minutes,
2. 3 minutes; platelet enrichment ratio x3; blood
volume 9 ml; PRP volume — 1.5 ml. Square
areas on the scalp 2.5x2.5 cm in size at a
distance of at least 3 cm from each other,
marked with tattoos were selected randomly, 2
injection sessions were conducted at intervals
of 1 month. Evaluation of the results was
carried out on the 1, 3 and 6 months after the
first procedure, no significant changes were
observed regarding the initial parameters.

CONCLUSIONS

Positive results were obtained during the 12
clinical studies among the conducted ones, no
positive dynamics were observed in the end of
other 2 studies. It can be noted that different
methods and parameters of centrifugation were
used to perform these experiments: PRP used
differ or PRP activators were not used at all,
variations were observed in methods for
evaluating the obtained results, the multiplicity
of procedures and intervals between them, the
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Endogenous retroviruses (ERV) are the descendants of exogenous retroviruses that integrated into the
germ cells genome, fixed and became inheritable. ERVS have evolved transcriptional enhancers and
promoters that allow their replication in a wide range of tissue. Because ERVs comprise the regulatory
elements it could be assume that ERVs capable to shape and reshape genomic regulatory networks by
inserting their promoters and enhancers in new genomic loci upon retrotransposition. Thus retroransposition
events can build new regulatory regions and lead to a new pattern of gene activation in the cell.

In this review we summarize evidence which revealed that ERVs provide a plethora of novel gene
regulatory elements, including tissue specific promoters and enhancers for protein-coding genes or long
noncoding RNAs in a wide range of cell types. The accumulated findings support the hypothesis that the
ERVs have rewired the gene regulatory networks and act as a major source of genomic regulatory innovation
during evolution.

KEY WORDS: endogenous retroviruses, enhancer, promoter, INcRNA, regulatory networks, R-operon,
mobile elements, genome evolution

EHJOTEHHI PETPOBIPYCH SIK TEHETUYHI MOJY.IL, IO ®OPMYIOTb PET'YJISSTOPHI
MEPEKI BIIPO/IOBK EBOJTIOLII{

ITonos M. M.* 2, Konomosa T. I0.%, lasudenxo M. b.*

LY «lHCTHTYT MikpoGioorii Ta imynoorii im. 1. I. Meunukosa HAH Ykpainuy», By Ilymkinceka, 14,
M. XapkiB, 61057, Ykpaina

2 XapkiBcbkuil HanioHanbHui yHiBepcuteT iMeni B. H. Kapasiuna, nn. Co6oau, 6, M. Xapkis, 61022,
VYkpaina

Ennorenni perpoBipycu (ERV) € HamaakamMu eK30N€HHHX PETPOBIPYCIB, SIKi BIIPOBAIMIINCS B T€HOM
CTaTeBUX KIITHH 1 CTalM MeEpeaaBaTucs y chamok. Brupomorx esosrorii ERVs perpoBipycu mpuadaiu
€HXaHCEepH 1 IPOMOTOPH, SIKi TO3BOJIIN iM eKcrpecyBaTHCA y pisHHX TkaHmHax. Ockinpku ERVs marots
PEryIsATOpHI €JeMEHTH, TO MOXXKHa NPHUIYCTHTH, IO BOHM 31aTHI ¢opmaryBatu i mepedopMoByBaTH
PEryIATOPHI MEpeKi TeHOMa 3a JIOTIOMOT'0I0 BIIPOBAKEHHS IMPOMOTOPIB 1 €eHXaHCEPIiB Y HOBI JIOKyCH T€HOMa
MIPH PETPOTPAHCIIO3HUIIIT.

VY ormani 3i6pani naHi, Axi miaTBepIKYyIOTh poitb ERVs perpoBipyciB y hopMyBaHHI psigy eHXaHCEPIB i
MIPOMOTOPIB T'eHIB, MO KOAYIOTH OLIKH, i TeHiB, SKi KOAYIOTh MOJIEKYNH ToBrux Hekoxyemux PHK y pizHux
TKaHWHAX. Y OTJISA1 TaKOX MiJCyMOBYBaHHI Joka3u poii ERVs y nepedhopmaryBaHHi peryissTOpHHX MEpEX.
i manmi migTBEpAKYIOTH MPHITYHICHHA, 3rigHO sskomy ERVs perpoBipycu cnpusioTs BUHHKHEHHIO HOBHX
PEryIATOPHUX MIPOTPaM i TeHOMHHUX IHHOBAIIi}l BIIPOJJOBXK €BOJIOLII.

K/TIOYOBI CJIOBA: ennoreHHi peTpoBipycH, €HXaHCEPH, IPOMOTOPH, PETYIATOPHI HMPOTpaMu, TeHH
noBroi Hekoyemoi PHK, R- onepon, MoOiTbHI eleMeHTH, €BOJIOIisSI TeHOMa
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SHAOI'EHHBIE PETPOBUPYCbI KAK TEHETUYECKHE MOAYJIW, POPMUPYIOIINUE
PET'YJISITOPHBIE CETHU B TEYUEHHE 3BOJIIOIINN

Ilonog H. H.'-?%, Konomosa T. I10.%, /lasudenrxo M. b.*

1TV «MucTuTyT Mukpobuonoruu u nmMyHonorud um. M. M. Meunnkosa HAH Vkpaunbiy,

yi. Ilymkunckas, 14, r. Xappkos, 61057, Ykpanna

2 X apbKOBCKHIl HALMOHAJILHBIN yHHBepcuTeT nMenu B. H. Kapasuna, mn. Co6opl, 6, 1. Xapbkos, 61022,
VYkpauna

Ounporennsle perpoBupychl (ERV) sBIAIOTCS TOTOMKaMM 3K30TCHHBIX DPETPOBHPYCOB, KOTOpBIE
BHEJIPWIINCh B TEHOM IIOJIOBBIX KJIETOK M CTAlld MEpPEeAaBaThCs MO HacleAcTBY. B Teuenue sBomonun ERV
PETPOBUPYCH TNPHOOpPENN 3SHXaHCEPhl M INPOMOTOPHI, KOTOPHIE IO3BOJIMIM MM 3KCIIPECCHPOBATHCS B
pa3mmusbiX TKaHAX. [lockomeky ERV 00mamatoT perynsTOpHBIME 3IIEMEHTAMH, TO MOXKHO IPEIIIOI0XKHUTE,
YTO OHM CIIOCOOHBI (HhOPMATHPOBATH M TEpe(OPMATHPOBATH PETYIATOPHBIE CETH I'€HOMa C ITOMOIIBIO
BHEJPEHHS IIPOMOTOPOB M SHXAHCEPOB B HOBBIE JIOKYCHI TEHOMA IIPH PETPOTPAHCIIO3UIIHH.

B 0030pe coOpaHbl naHHBIE, KOTOPbIE MOATBEpkIa0T posib ERV perpoBupycos B popmupoBanun psiga
9HXAHCEPOB M MPOMOTOPOB T'CHOB, KOIUPYIOIIMX OENKH, W TCHOB, KOJUPYIOIIMX MOJICKYJbl UTHHHBIX
Hexomupyromux PHK, B pazmmunpix TkaHsx. B 0630pe Takke cymMMHpOBaHHI oka3aTtenbcTBa poimn ERV B
nepeoMaTHPOBAaHUN PETYJIATOPHBIX CeTeH. OTH JaHHBIC IOATBEPXKIAIOT MPEAINOJIOKEHHE, COTTACHO
kotopomy ERV perpoBupycHI CIocOOCTBYIOT BOSHUKHOBEHHIO HOBBIX PETYJSITOPHBIX IPOrPaMM M T€HOMHBIX
WHHOBAIMH B TEYECHHUE 3BOJIIOIHH.

KIIFOYEBBIE CJIOBA: »>HOOTEHHBIE PETPOBUPYCHI, 3HXAHCEPBl, MPOMOTOPBI, PErYIATOPHBIE
MpOTpaMMBI, TeHbI JUIMHHON Hekonupytomei PHK, R-omepon, MoOMIIbHBIE 371eMEHTHI, SBOJTIOLMSA T€HOMa

recombination with other viral sequences [8],
INTRODUCTION and also, possibly, insertion into the genome
It becomes more and more obvious that during theDNA breaks repairing using the
animals and plants live in symbiosis with  mechanism of joining non-homologous ends
microorganisms. And not only with bacteria  [9].
and the simplest, but also with viruses. Viruses participate along with bacteria in the
Understanding the possibility of symbiotic  horizontal transfer of genetic material,
relations with viruses came at the very last time,  including mobile elements between organisms,
before that they were considered only as which play a big role in adaptation of
parasites. The reason for the one-sided organisms and evolution to the external
assessment of the role of viruses is the  environment [10].
difficulty in studying the laws underlying the Viruses don’t only carry mobile elements,
symbiosis, the secrecy of such laws from the  but can also contribute to the emergence of new
eyes of researchers. However, as the mobile elements. Thus, new DNA transposons
relationship between viruses and animals has can arise as a result of merges of transposons
been studied, it has come to realize that and DNA-containing viruses. The mechanism
parasitic  relationships  leading to the  of such a fusion is recombination.
development of pathologies are an exception Exogenous retroviruses, while integrating
rather a rule in the relationship between viruses  into the genome during evolution, transformed
and organisms. In most cases, co-operative into one of the fractions of mobile elements,
relationships are established between them [1]. called endogenous retroviruses (ERV).
Integration of viral genomes, including Mobile elements can change the genome
genomes of RNA viruses, into the host both actively and passively. ERV, transferring
genomes occurs with an unexpectedly high  genes and cis-regulatory elements, change the
frequency [2]. Representatives of a number of  genome actively. Mobile elements contribute
RNA and DNA viruses were found in the passively to ectopic recombination and,
vertebrate and human genome, among them  accordingly, to the occurrence of duplications,
Ebola virus, filoviruses, coronaviruses, deletions or karyotypic rearrangements [11].
circoviruses, hepadnaviruses and parvoviruses Changing the genome, mobile elements can
[3-7]. Integration mechanisms are the facilitate and accelerate evolution [12-13]. The
introduction of retroviruses using reverse  presence of mobile elements in the genomes is a
transcriptase, sometimes accompanied by certain risk. It reduces somewhat the current
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adaptation of the organism, but gives
advantages in the future. Species containing
many mobile elements in the genome acquire a
certain evolutionary potential, and if the
environment, the habits of the animal or the
habitat change, in case of an animal colliding
with some challenges, they have a tool for rapid
genome change and response to challenges.

Indeed, ERVs played a huge role in the
formation of vertebrate genomes, and primarily
in the formation of regulatory elements of the
genome and the reformatting of genetic
regulatory programs in the formation of species,
which will be discussed in detail in the article.
Emergence of the placenta in mammals is the
example of evolutionary innovation, in the
origin of which endogenous retroviruses played
an important role [13].

Thus, mobile elements formed by
retroviruses or acquired due to horizontal
transport with the help of viruses are a tool of
rapid evolutionary changes or saltation that
contradict the dominant ideas about gradual
changes in the genome.

FORMATION OF
GENOMES OF BY
RETROVIRUSES

Mobile elements have largely formed a
fraction of the repeating sequences of the
genome. In vertebrate genomes, the proportion
of the repeating sequences is from 1.2 % in
primitive fish to 38 % in reptiles [11]. The
genome of birds contains the relatively low
number of repeats about 6-12 %. At least one
third of the genome in mammals is formed by
repeating elements, and the genome of some
primates is half composed of repeating
sequences [11]. According to modern estimates,
69 % of the human genome is repetitive genetic
elements [14].

In general, at least in vertebrates, the
relationship between the number of repeating
sequences and the complexity of the organism
is traced. The more evolutionarily developed
the species are, the more their genome contains
non-coding proteins of genes, including
repetitive DNA [11].

Repeating sequences of vertebrates are
largely formed by mobile elements, including
ERVs. During the evolution of vertebrates,
exogenous retroviruses were implanted many
times in germinal cells and transmitted to the
offspring, becoming ERVs [15]. All placental
mammals contain endogenous retroviruses.

VERTEBRATE
ENDOGENOUS
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They played a large role in the formation of the
placenta of mammals as was noted above [13].

Currently, it has been possible to observe the
process of endogenization of retroviruses in
Australian koalas. This species was transported
under threat of extinction to the islands in the
early 20th century. On the islands, coals were
infected with marmoset retroviruses and gibbon
leukaemia virus. Many of them died, but some
survived and gained stability. Retroviruses were
introduced into germinal cells in surviving
koalas and viruses were transmitted to offspring
[16].

ERVs compose 8 % of the human genome
[17]. In comparison, all sequences that encode
proteins make up about 1.5% of the human
genome [17]. Complete ERVs encode a group-
specific protein Gag, Pro protease, Pol
Polymerase and occasionally envelope protein.
Long terminal repeats (LTRs) flank ERVs on
both sides. LTR elements are necessary for
replication of the retrovirus and contain cis-
regulatory  sequences which transcription
factors specifically bind with, as well as
promoters which transcription starts from. The
length of the long terminal repeats is about
1000 bp. Recombination between 5 'and 3' LTR
sequences of endogenous retroviruses results in
the formation of single LTRs, 577,000 of which
were detected in the human genome [18]. 90 %
of ERVs are single LTR elements.

The role of retroviruses in genome
formation is determined by the fact that they
contain a wide variety of regulatory elements.
ERVs are potential sources of enhancers,
alternative promoters, splice sites [19], and sites
for polyadenylation [20]. So about 40
transcription factors can bind to LTR elements
and regulate the transcription of human ERV
type K (HERVK) [21]. The presence of
regulatory elements creates a potential for
tissue-specific expression of the retroviruses
themselves, as well as for reformatting the
expression of genes of the host genome.

Today, it is not known whether the ERVs
contain retroviruses cis-regulatory elements that
allow them to interact with trans-regulatory
factors of the cell, prior to insertion into the
genome, or they acquire them after the
introduction. At least in some cases it was
possible to show that cis-regulatory elements
existed in retroviruses before they were
introduced into the genome. So, elements of
mice containing the regulatory modules
RLTR9B2, RLTR9D and RLTROE inherited



these modules and the ability to regulate gene
expression from progenitor retroviruses prior to
their introduction into the genome [22].

TISSUE-SPECIFIC  ACTIVATION
ENDOGENOUS RETROVIRUSES

For a long time it was believed that mobile
elements are epigenetically suppressed and
therefore cannot play an active role in the
regulation of gene expression. However, a
number of data allowed overcoming this error.

First, mobile elements and endogenous
retroviruses among them form tissue
specifically DNAase | sensitive regions. These
regions differ of about 100 times based on
sensitivity to DNase |. DNase | sensitive
regions are chromatin regions with an open
chromatin configuration, that is functionally
active regions. Scientists have constructed a
map of DNase | sensitive regions of the
genomes of a number of human cell lines [23].
About 2.9 million DNase | sensitive regions in
total were found in the human genome.
Approximately 3% of the DNase sensitive
regions are located in the start site region of the
transcription of the gene-encoding genes, but
lies within 2.5 kb from the point at which the
5 % of transcriptions start. The remaining 95 %
of DNase | sensitive regions are located at a
great distance from the starting transcription
areas in introns and in intergenic regions. The
formation of DNase | sensitivity of sites located
at large distances is largely tissue-specific.

44 % of DNase | sensitive regions are
located in mobile elements. Moreover, if we
consider primate-specific sensitive regions of
DNase | sensitive regions, then this value
reaches 63 % [24]. DNase | sensitive regions
are mostly concentrated in long terminal repeats
of LTR endogenous retroviruses. Mapping of
DNase sensitive sites in normal, embryonic and
cancer cells has shown that up to 80% of ERVs
in the human genome form tissue specifically
DNase | sensitive regions with an open
chromatin structure [24]. Tissue-specificity is
determined by cis-regulatory sequences of LTR
elements. The formation of an open chromatin
structure by LTR elements is often associated
with the expression of neighbouring genetic
loci [24].

Secondly, it was previously thought that
mobile elements inactivity is to a large extent
due to the hypermethylation of their DNA
sequences. However, the study of methylation
of 928 subfamilies of mobile elements in
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embryonic and terminally differentiated human
tissues showed that the DNA of these elements
is tissue-specific and specific with respect to the
kind of mobile element being hypomethylated
[25]. Certain classes of ERVs were mostly
tissue specifically hypomethylated. We studied
the hypomethylation of mobile elements in only
4 types of cells. About 10 % of the studied TE
subfamilies are hypomethylated in these tissues.
However, if we study more cells, it is likely that
a significantly greater percentage of mobile
elements are tissue-specific hypomethylated.

A significant part of the genes among
located close to the hypomethylated tissue-
specific mobile elements is composed of genes
encoding proteins necessary for this type of
tissue, and gene expression correlates with the
hypomethylation of nearby mobile elements.
Moreover, hypomethylation is accompanied by
the acquiring of a typical epigenetic marker of
enhancers by these areas. Many of the
hypomethylated mobile elements do have
enhancer activity, which is detected by the
reporter method. Also, many of these sequences
have binding sites to transcription factors that
are specific to the respective tissues. Therefore,
hypomethylated sequences of mobile elements
can potentially function as enhancers.
Nevertheless, this is not proven.

Thirdly, an LTR element contains cis
elements, and often even clusters of cis-
elements which tissue regulatory transcription
factors binding with. The total number of DNA
fragments came from human endogenous
retroviruses is estimated to be 717,778.
Approximately (~15%) of the 110,000
fragments contain at least one binding site with
a transcription factor [26]. According to recent
estimates, the human genome contains 794,972
binding sites with 97 transcription factors [27].

On the average, about 20% of binding sites
with 26 regulatory transcription factors are
located in mobile elements, mainly in LTR
elements in human and mouse genomes. Some
of the mobile elements formed 5 %, and the
other 40 % of the overall number of all binding
sites with a certain transcription factor [28].
Binding sites with transcription factors have an
open chromatin structure in the LTR elements,
and therefore DNase sensitivity, they are
hypomethylated and contain  epigenetic
modifications of histones typical for enhancers.
On the average, 66 % of the binding sites of
transcription factors with mobile elements are
formed tissue specifically [28].
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Three main clusters can be distinguished
among LTR elements of human ERV (HERV)
based on binding patterns with transcription
factors [27]. The first class includes LTR
elements associated with transcription factors of
pluripotency (SOX2, POU5SF1 and NANOG).
For example, evolutionarily young LTR7
elements transcribed actively in pluripotent
cells and they are enriched with binding sites
with SOX2, POU5F1 and KLF4 transcription
factors of pluripotency. The second class
includes LTR elements that bind to factors
expressed in the embryonic ectoderm and
embryonic mesoderm (GATA4 /6, SOX17 and
FOXA1/2), and the third class elements bind
to hematopoietic transcription factors (SPI1
(PU1), GATAL/2 and TAL1). There is also a
group of HERV containing a binding site with
CTCF factors, i.e. cis sequences capable of
forming insulators and topological domains
[27].

Binding sites with transcription factors are
not only tissue-specific, but also species-
specific. Up to 25% of all binding sites in
embryonic stem cells of humans and mice with
key transcription factors of pluripotency OCT4
and NANOG came from mobile elements
specific to these species, including HERV [29].

More than 98 % of 132,197 0 binding sites
with 26 transcription factors localized in the
mobile elements of the human genome, are
absent in the genome of mice [28]. At the same
time, there are also conservative binding sites.
In all likelihood, species-specificity of cis-
regulatory elements arises from the introduction
and amplification of specific mobile elements,
which occurred after the separation of the two
lines leading to the appearance of human and
mice. Another interesting phenomenon is that
there is an expansion of species-specific
binding sites with transcription factors in both
genomes.

Finally, ERVs can not only contain
epigenetic markers of active chromatin and bind
tissue-specifically to transcription factors, but
can also be expressed tissue-specifically and
even in response to environmental conditions.
Tissue-specificity of ERVs expression is
confirmed by data obtained from the ENCODE
program, as well as from the number of other
studies [30]. Thousands of retroviral sequences
are specifically activated in cells, especially
embryonic cells, cancer cells, as well as in
response to various stimuli [31].
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ERVs of the human genome are expressed in
oocytes, zygotes, 2-8-cell embryos, morulae
and blastocysts, as well as in embryonic stem
cells. To the greatest extent they are expressed
at the stage of development of oocytes to 4-cell
embryos [32]. The expression of ERVs is
reduced from the stage of the 8-cell embryo.
ERVs are expressed stage specifically, and also
specific for differentiated cell populations that
arise among blastocysts. The majority of ERV
elements expressed during the listed stages of
embryonic development are not activated in the
tissues of an adult organism. Specific cis-
regulatory sequences of LTR elements
determine the stage specificity of expression of
ERV.

In B lymphocytes, expression of endogenous
human and mouse retroviruses is activated by
stimulation of cell proliferation in vitro and in
vivo, as well as in chronic diseases, including B
cell lymphoma. A small number of LTR
elements, which are constantly activated in
stimulated B cells, are detected, with one of the
Xmv45 retroviruses being expressed in a larger
amount than the rest of them combined. The
expression of a large number ERVs is at the
same time activated during B cell
transformation [33].

Thus, LTR elements acquire DNAase |
sensitivity in a tissue-specific manner, become
hypomethylated, acquire epigenetic histone
modifications typical for transcriptionally active
loci and enhancers, bind to transcription factors
and even are transcribed [24-25, 28]. Together,
these data indicate the biochemical activity of
cis-regulatory elements of ERVs and suggest
that they are the source of regulatory sequences
of the genome.

However, these data are insufficient to state
that cis-regulatory elements of ERVs really
control the expression of protein-coding genes.
For example, cis-regulating binding sites can
serve as a buffer for transcription factors,
landing sites from which transcription factors
begin to scan DNA in search of an attachment
site. At the same time, species-specific ERVs
capable of tissue-specific activation are an
excellent tool for creating new regulatory
elements and genetic programs in the evolution
process. Experimental data confirm the role of
endogenous retroviruses in the formation of
alternative promoters and enhancers, as well as
genes of long non-coding RNAs and the role in
the reformatting of regulatory networks [29-
33].



ENDOGENOUS RETROVIRUSES AS A
SOURCE OF REGULATORY ELEMENTS
AND NON-CODING RNA GENES

When cis elements of the LTR intrude close

to the genes, the sequences of ERVs
retroviruses can form alternative promoters,
thereby increasing the number of gene

isoforms, while the gene can acquire new
tissue-specific expression [34-38]. At the
moment, a small number of cases of the
alternative promoters ‘formation by ERVs have
been well studied.

A classic example is the acquisition of the
ability to express in the human salivary glands a
gene that encodes the enzyme amylase. It
acquired this ability due to the insertion of the
LTR element and the formation of an LTR
alternative promoter [34].

The human gene encoding the B3GALT5
metabolism factor is expressed in many
differentiated cells, but the primate-specific
alternative promoter formed by LTR element is
used in cells of the large intestine [35].

Prolactin is not produced by the uterus of a
number of mammals, such as rabbits, dogs, pigs
and armadillos. At the same time, it is produced
during pregnancy by the uterus of the primates,
mice and elephants. Regulation of the
expression of the gene encoding the precursor
of prolactin in the uterus has evolved in
mentioned mammals. The alternative gene
promoter contains the DNA transposon in
humans and spider monkeys, as well as the
MER39 retrovirus, and the mouse alternative

promoter originated from the MER77
endogenous retrovirus [36].
The NAIP gene encodes an inhibitory

apoptosis of neuronal proteins. The NAIP gene
is regulated by a variety of promoters both in
humans and in mice that do not coincide
between them. LTR elements of ERVs in the
human genome have formed an alternative gene
promoter that allows the gene to be expressed
in testicles [37]. Rodents contain several copies
of the NAIP gene. The main constitutive
promoter of these genes is formed by LTR
elements of the ORR1E ERV. In addition, the
MT-C ERVs formed a minor promoter of two
copies of the NAIP gene.

The gene that encodes the erythroid
transcription of Pu. 1 mice factor has an
alternative promoter. The promoter is formed
by the LTR element of the ORR1AQ retrovirus
located in the intron of the Pu.l gene [38]. A
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chimeric transcript of Pu.2 is formed when
expressed from this promoter. It induces
erythroid differentiation in vitro.

Thus, cis-regulatory sequences of LTR
elements of ERVs initiate the synthesis of
transcripts from gene-encoding genes in
addition to its own synthesis [34, 36, 38].
Transcripts formed are chimeric RNA
molecules by structure. Chimeric transcripts
contain sequences of retroviruses at the 5 'end.
The rest of the transcripts are identical to the
sequences of the corresponding genes.

ERV are potentially able to quickly reformat
regulatory networks possessing the ability to
move in the genome, and on the other hand,
being introduced near the genes and supplying
them with alternative promoters. Indeed, ERVs
in the evolution participated species-specific
and tissue-specific in the formation of
regulatory programs, which will be discussed
below.

At the same time, ERVs retroviruses can
intrude at large distances from genes encoding
proteins and form distal regulatory elements —
enhancers.

LTR9 element located at a distance of 40-70
kb upstream of human gamma and beta globin
genes forms an enhancer that activates the
expression of the B-globin gene in transgenic
mice [39]. Moreover, even hypermethylated
ERV9 LTR possesses enhancer activity since in
vivo deletion of LTR by CRISPR-cas9 method
suppresses gene activity more than 50 % [40].

MaLR LTR is an enhancer that controls the
expression of the proopiomelanocortin Pomc
gene in the pituitary and hypothalamus of
mammalian [41]. And the enhancer, which
results from the MaLR of LTR element,
provides about 80% of the Pomc gene
expression [42].

The tissue-specific enhancer hsERVPRODH
formed by the ERV controls the transcription of
the PRODH gene in the hippocampus. The gene
encodes proline dehydrogenase and, apparently,
participates in the synthesis of
neurotransmitters in the central nervous system
[43]. Expression of the gene is necessary for the
normal functioning of the central nervous
system. The enhancer  activity  of
hsERVPRODH is manifested in the
hypomethylated state during the attachment of
the transcription factor SOX2.

The enhancer can be formed by co-opting
the regulatory sequences of several mobile
elements [44].
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So, for example, the region originating from
AmnSINE1 of the non-autonomous
retrotransposon does not have enhancer activity,
but nevertheless preserves its conservatism in
the platypus and human genome. However, the
integration of the DNA of the transposon allows
the acquisition of a binding site with the
transcription factor Msx1 after the single-pass
divergence. The endogenous  retrovirus
MER117 is introduced at the next stage after
the masculine divergence, resulting in the
formation of a modern enhancer [44].

There are reasons to believe that many
enhancers have been formed in this way.
Indeed, in the human genome 54 (8.6 %) out of
626 conservative AmnSINE1l loci are
associated with other evolutionarily conserved
mobile elements, among which LTR-containing
ERVs and DNA transposons. Such sites are
potential enhancers, however, this has not been
proved yet.

Data obtained from the ENCODE project
showed that at least 75 % of the genome is
transcribed with RNA formation, despite the
fact that the protein-encoding DNA sequences
make up only 1.5% [45]. These data were
obtained by studying of 15 cell lines. Therefore,
the data is understated and in fact the
percentage can be even higher. As already
discussed, most of the genome repeating
sequences, including ERV, are actively
transcribed [46].

A significant portion of the transcribed RNA
is formed by long non-coding RNA (IncRNA).
LncRNAs are molecules whose length is above
200 bp. According to the NONCODE database,
there were 96,308 genes encoding INcRNA and
172216 IncRNA transcripts in 2018 [47].

The genes encoding INCRNA and mRNA are
similar in size and structure. The transcription
of IncRNA starts from promoters that contain
binding sites with transcription factors and
epigenetic markers typical for transcriptionally
active genes [45]. The IncRNAs are mainly
transcribped by RNA polymerase Il. The
IncRNA molecules contain a cap at the 5 'end
and are polyadenylated at the 3' end and are
characterized by alternative splicing [45].

The tissue-specificity of expression is more
characteristic for INncCRNA genes than for
protein-encoding genes. LncRNA genes are
expressed not only tissue-specifically, but,
apparently, each cell contains its unique set of
IncRNA molecules [48].
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IncRNAs are not a homogeneous class of
molecules, but a mixture of molecules with
different biochemical mechanisms of action and
function. The ability to interact
complementarily ~ with DNA,  modular
organization and alternative splicing allow
INcRNA molecules to function as address
epigenetic  modulators,  which,  deliver
epigenetic information to the right place in
response to external actions and the existing
metabolic situation in the cell.

Mobile elements play an important role in
the occurrence of long non-coding RNA in
vertebrates from fish to humans [49, 50]. ERVs
played the main role in the formation of
IncRNA genes in mice and humans, and DNA
transposon played such role in the genome of
zebra fish. Mobile elements formed largely the
primate genes encoding INCRNA as well as.
Thus, mobile elements were detected in 83 % of
9241 IncRNA molecules and accounted for
42 % of the total sequence of all human
IncRNAs [49]. ERVs appear to be the main
factor contributing to the emergence of new
InNcRNA genes due to their ability to species-
specific incorporation into genomes and spread
in them, as well as due to regulatory sequences
presence in them. Genes of human IncRNA are
enriched by the sequences of ERV1, ERVL-
MaLR, ERVL and ERVK retroviruses.

ERV insertion could diversify the already
existing INCRNA genes in some cases during
the evolution. At the same time, in other cases,
new IncRNAs appeared as a result of the ERV
insertion. Apparently, the presence of cis-
regulatory  elements and tissue-specific
transcription were the main properties that
allowed retroviruses to form new IncRNA
genes during evolution [50].

Indeed, ERVs are located mainly in the
region of 5 'ends of IncRNA transcripts in a
sense orientation, i. e. in a position that allows
LTR elements to initiate transcription and
regulate it. For example, transcription of the
INcRNAROR gene in human embryonic stem
cells is controlled by the cis-regulatory
sequences of the LTR7/HERVH element that
bind to OCT4, NANOG, and SOX2
transcription factors [50].

A new class of IncRNA has recently been
discovered, which is called chromatin enriched
RNA (cheRNA). Almost all genes encoding
completely cheRNA are formed by
retrotransposons, including ERV.



Most cheRNA molecules interact with RNA
polymerase Il and remain bound to chromatin
by transcription or stopping transcription [51].

In general, cheRNA genes are expressed
tissue-specifically. Proximity to the genes
encoding the expressed cheRNA cells in this
type of cell is most accurately combined with
the transcriptional activity of the protein-
encoding genes. Moreover, such proximity is
more often associated with the transcriptional
activity of protein-encoding genes than the
expression of long non-coding RNAs of other
classes and even the transcription of enhancers
in this type of cells. Deletion of several
cheRNA molecules resulted in a significant,
about 75 % reduction in the transcription of a
nearby lying gene. Together, these data indicate
that cheRNA acts as a transcriptional activator.
However, it is not clear if the transcription of
these loci itself causes such an effect, or
synthesized RNA molecules are needed.

A number of data suggest that a rapid
species-specific formation of new IncRNA
genes occurs due to mobile elements during
evolution [50, 52]. A significant portion of the
genes of human IncRNA arouse recently,
apparently due to the activity of mobile
elements. Indeed, 40 % of IncRNA containing
the mobile elements are specific for primates
[50].

Very interesting data were obtained during
the study of tomatoes. Comparison of the
INcRNAs of two tomato species Solanum
lycopersicum and  Solanumpimpinellifolium
showed that a small part 6.7 %, (24 of 353) of
IncRNA molecules appeared to be common for
both species [52]. And only less than 0.4 % of
INcRNAs are common for all sequenced
genomes of tomatoes and potatoes. Apparently,
the appearance of INcRNA genes is associated
with mobile elements in the genomes of two
species of tomato, since 85 % of Lycopersicon-
specific IncRNA molecules contain mobile
elements.

Thus, ERVs can regulate gene activity, not
only by forming enhancers and alternative
promoters, but also by species-specifically
creating genes of IncRNA. LncRNA promoters
are formed thanks to retroviruses, as well as
tissue-specific regulatory networks controlling
the expression of INCRNA genes. LncRNA,
regulate the transcription of protein-coding
genes in turn, including the transcription of
adjacent genes. And, finally, mobile elements,
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which ERVs are among, can cause rapid
evolutionary changes of IncRNA genes.

REFORMATTING REGULATORY
NETWORKS BY ERVS

Changes in genetic regulatory programs
underlie  phenotypic  differences between
species and within the species. However, the
mechanisms of changes in regulatory networks
in evolution are poorly understood. Extremely
intriguing is the regulatory networks feature to
change quickly and consistently. In order for
the genome to acquire a certain set of regulatory
elements for coordinated regulation, a number
of corresponding single mutations must appear
in those regulatory regions of the genome that
regulate the corresponding genes. So that is
necessary that a multiplicity of identical
mutations arose in a variety of regions of the
genome in a short evolutionary time interval. At
the same time, several implementations of
mobile elements containing regulatory elements
in several regions of the genome are needed to
form a new regulatory network.

LTR elements of ERVs contain not only cis-
regulatory elements, but also cis-regulatory
modules, which significantly expands their
potentialities in the formation of new regulatory
networks [22]. Cis-regulatory modules are a set
of cis-regulatory sequences binding
transcription factors that co-regulate the activity
of target genes. Thus, ERVs containing single
cis-regulatory elements and clusters of binding
sites with transcription factors are a good
natural tool for rapid and consistent changes in
regulatory chains.

One can imagine at least three ways in
which ERVs form and reformat regulatory
networks. First, they can distribute alternative
promoters in the genome. Secondly, they can
contribute to the acquisition of new enhancers
by multiple genes. And thirdly, they can form
networks of tissue-specific and species-specific
expressed INcRNA genes.

The spread of alternative promoters by
ERVs is confirmed by a variety of data.
Synthesis of about 6-30% transcripts
containing cap at the 5 'end isolated from
various embryonic and differentiated cells of
mice and humans starts with mobile elements
[53]. These transcripts are mainly tissue-
specific.

Expression of a number of ERVS is activated
in mature oocytes and at the stage of the double
cellular embryo of mice, but with further
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development of the embryo their expression is
suppressed. Chimeric transcripts are
synthesized when LTR elements are activated
in mature ovum, their transcription starts from
alternative promoters formed by MalLR and
ERVK retrovirus families [54]. It was possible
to detect more than 500 chimeric transcripts, in
the formation of which 307 protein coding
genes take part, using sequencing RNA
sequences of cells isolated from a population of
mouse embryonic stem cells and corresponding
to cells of a 2-cell embryo. Synthesis of
chimeric transcripts begins with LTR elements
of the retroviruses of the MERVL family and
extends beyond the retrovirus, including genes
[55].

When the mouse 2-4-cell embryos 259
transcript were sequenced, the relationship
between activation of LTR elements of ERVs
and a temporary and strong increase in the
transcription of adjacent genes were confirmed.
LTR elements regulating significantly the
transcription of neighbouring genes have been
enriched by binding sites with home box
containing transcription factors [56]. As it is
known, home box-containing transcription
factors are key regulators of morphogenesis in
embryonic development.

However, the question arises whether
chimeric transcripts has the function. In, firstly,
the fact that more than 90 out of the 626
chimeric transcripts synthesized in mouse
embryonic stem cells retain the open reading
frame proves their functional significance [55].

Secondly, genes encoding critical for the
differentiation of early embryonic cells
transcription factors GATA and TEAD, use
LTR as alternative promoters [55].

The promoter of the Dicerl gene is the
promoter containing the CpGlsland in most
cells, and the promoter in mouse oocytes is the
LTR element of the ERVs — MaLR [57].
Deletion of an alternative promoter reduces the
expression of the Dicerl gene in oocytes and
causes infertility [58].

Thirdly, cultured mouse embryonic cells that
express transcripts from LTR sequences and
cells that do not express transcripts from LTR
elements have different phenotypes [55].

Regulatory networks that are altered by
ERV-derived enhancers are found in cells of
tissues associated with sexual reproduction, in
embryonic stem cells and on the early stages of
embryogenesis, in erythroblasts and in
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terminally differentiated liver cells and the
immune system.

The cis-regulatory element of the MaLR
retroviruses binds to the Tbx6 transcription
factor. Expression of at least four genes, whose
enhancers are formed by MaLR LTR,
significantly decreases in mice deficient in
Thx6 transcription factor [59]. Thx6 regulates
gene expression during early embryogenesis.

Mice placenta cells used ERVs for species-
specific reformatting of the regulation of gene
expression. A class of retroviruses RLTR13D5
was detected by revealing the profile of
epigenetic markers and binding sites with the
transcription  factors of stem cells of
trophoblasts in mice and rats. It forms a
significant part of active in the placenta
enhancers [60]. These ERVs retroviruses
contain binding sites with transcription factors
Eomes, Cdx2 and EIf5, which play key
roleintrophoblast regulatory networks. Ehancers
made by retroviruses have formed a network
consisting of hundreds of elements, and control
the synthesis of one-third of all placental
specific transcripts [60].

However, the RLTR13 family of ERV,
which formed a regulatory network of
trophoblast stem cells, is specific for mice.
Even in rats, most mouse enhancers formed by
the ERVs of the RLTR13 family are absent.

LTR elements played a significant role in
the formation of new regulatory networks that
evolved in monkeys in the liver.

Indeed, 77.1% of the cis-regulatory
elements specific for monkeys and virtually all
the cis-regulatory elements those are specific
for the human genome, cis-regulatory elements
of the liver overlap with retrotransposons [61].
Regulatory activity of a number of elements
containing retrotransposons was confirmed by
studying the activity of synthesized consensus
sequences in cultured liver cells HepG2 using a
luciferase reporter assay.

The LTR elements of ERVs and the SVA
retrotransposons containing retroviral elements
contributed to the greatest extent to the
formation of regulatory programs that appeared
at the last stages of the evolution of regulatory
programs. At the same time, only 16.0 % of
evolutionarily conserved cis-regulatory
sequences contain mobile elements. Thus,
cortical regulatory programs that ensure the
identity of liver cells persist throughout the
evolution of primates, while peripheral



regulatory programs are rapidly evolving with
the help of ERV.

The formation of a line-specific and tissue-
specific regulatory network activated by
interferon is the most rigorously demonstrated
example of the participation of ERVs in the
reformatting of regulatory networks by the
formation of new enhancers.

Researchers used the CRISPR-Cas9 method
for deletion part of ERVs specific for primates
of the MER41 family containing cis elements
which transcription factors activated by
interferon bind to [62]. The genes were no
longer regulated by interferon as a result of the
deletion, their expression decreased, which
manifested among other things in the alteration
of various phenotypic signs, among which
decreased inflammatory response in response to
infection. Thus it was possible to show that the
human genome contains 962 ERVs of the
MER41 family, which bind to the transcription
factors STAT1 and IRF1 in at least one type of
cells. Together, these data show that the
MER41 elements have formed a regulatory
network controlled by interferon.

MER41 contains a tandem sequence that
binds to the transcription factor STAT1. The
same sequence contains MERA41-related
retroviruses of lemurous, bats, carnivores and
artiodactyls. Therefore, it can be assumed that
related ERVs form interferon-induced
enhancers in different mammalian species.
Indeed, the consensus sequence of MER41-like
LTR elements of dogs and cows shows activity
in the luciferase reporter assay in the Hela cell
line in response to induction by interferon.

Mice do not have a MER41 family of
retroviruses,  but  endogenous  gamma-
retroviruses RLTR30B specific for mice also
formed enhancers controlled by interferon.
Methods of bioinformatics allowed revealing
the connection between RLTR30B elements
and genome loci containing the immune
response genes. Consequently, two different
families of endogenous retroviruses formed
convergent interferon-regulated immune
response programs in two mammalian species:
humans and mice.

Next ERV have formed regulatory networks
consisting of IncRNA genes.

LTR elements of mice ERVs control the
transcription of IncCRNA genes in the post-
mitotic phase of the cell cycle of spermatocytes
and round spermatids [63]. LTR elements have
formed tissue-specific INCRNA promoters, thus
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creating a regulatory network that allows them
to regulate the expression of INcCRNA genes in
spermatogenesis. Interestingly, a small part of
the transcript elements initiated with ERVs
encodes the open reading frames, which allow
the peptides synthesis.

LTR elements of the ERV1 form regulatory
sequences that control the tissue-specific
expression of INcRNA in human testes [64].

The synthesis of transcripts starts from a
number of HERV expressed in oocytes,
zygotes, 2-8 cell embryos, morulae and
blastocysts, as well as in embryonic stem cells,
and extends beyond the retrovirus. Then, RNA
molecules are formed as a result of splicing
containing exons of non-retroviral nature. For
example, 95 % of the elements of the MLT2A1
family of retroviruses encode such RNA
molecules. Most of the non-retroviral exons are
unannotated and, apparently, form a non-coding
IncRNA [32].

The IncRNA genes containing human H
retroviruses of the HERVH family are
specifically expressed in embryonic stem cells
and induced pluripotent stem cells. Expression
of HERVH containing IncRNA genes is
necessary to maintain pluripotency in cells [49].
127 IncRNA genes are transcribed in the
embryonic stem cells, containing the LTRY
elements of the HERVH in the sense orientation
near the sites of the beginning of transcription.
LTR elements of HERVH containing IncPHK
genes bind with OCT4 and NANOG
pluripotency transcription factors [49].

Another method by which endogenous
retroviruses can form regulatory networks is
found in erythroblasts, which ERV9 human
retroviruses have formed a regulatory network
in, creating both enhancers, and INCRNA genes
[65].

IncRNA transcribed from LTR
retrotransposons of ERV9 activates the
transcription of key erythroid genes and
modulates erythropoiesis ex Vvivo.
Theoretically, ERV9 IncRNA can regulate the
transcription of key erythropoiesis genes by
acting in cis or in trans, diffusing from the site
of synthesis to the target gene, which can be
located on another chromosome. To understand
the mechanism of action of ERV9 IncRNA, the
synthesized transcripts were analysed before
and after the global deletion or locus-specific
deletion of ERV9 IncRNA in human
erythroblasts containing ~ 4000 copies of ERV9
LTR and in mice erythroblasts containing one
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transgenic copy of the primate specific ERV9
LTR in the locus, which encodes the beta-
haemoglobin gene.

As a result, it was shown that ERV9
INcCRNA, synthesized from the ERV9 LTR
element, which controls the transcription of the
beta-globin gene, remains associated with LTR
and interacts with transcription factors and
polymerase Il, forming an enhancer complex.
The enhancer complex interacts with the
downstream gene promoter, thereby activating
transcription.

In  ERV9 erythroblasts, IncRNA is
transcribed from many of 4000 copies of ERV9
retrovirus, stabilizes the enhancer complex and
activates the transcription of a number of genes
in cis, including key erythropoiesis genes,
including haemoglobin genes, as well as genes
encoding the transcription factors  of
erythropoiesis KLF1 and CCNDBP1.

So, the regulatory networks of early
embryonic tissues, pluripotent embryonic cells,
liver cells, erythroblasts, interferon-induced
gamma genes are reformatted species-
specifically by endogenous retroviruses. These
data support the hypothesis that ERVs are used
during  evolution  for  species-specific
reformatting of regulatory programs. Moreover,
ERVs are convergent used by various species to
form regulatory networks induced by gamma
interferon. Examples of convergent use of
ERVs for the formation of promoters were
given earlier. These examples of completely
amazing convergence remain a mystery of
evolution. Is the use of mobile elements for
similar regulatory programs creation in
different species of animals due to chance? Or
as Shapiro writes in his article: the elements
responding to some as-yet-to-be-defined
regulatory process that guides the adaptive
integration of newly established regulatory
signals? To answer this question, it is necessary
to calculate the probability according to which
such a regulatory network can form in
evolution, based on the assumption of chance.
On the other hand, there is data currently
accumulating according to  which the
introduction of mobile elements is not a random
process, but occurs localized in time and space
[11]. It is interesting that another type of
retrotransposon, long LINE intersperse
elements, are activated in neurons during
differentiation [66]. The sites for introducing
LINE elements in neurons are not accidental.
They are predominantly localized in enhancers
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actively transcribed in the neurons genes [67].
Moreover, it is assumed that LINE elements are
implanted into double DNA ruptures that are
formed in genes and actively transcribed in
terminally differentiated neurons. In other
words, the localization of retrotransposon
introduction sites is determined by the
functional activity of neurons [68].

HYPOTHESIS OF R-OPERON

It is well known that homologous DNA
sequences have the ability to recognize and
interact with each other. The interaction
between homologous sequences will inevitably
affect the location of DNA molecules in the
core space. Therefore, a model has been
proposed, according to which repeated
homologous elements of the genome form
and/or stabilize the specific spatial structure of
both interphase chromatin and mitotic
chromosomes [69-70].

According to the model, when interphase
chromatin is laid, an association occurs between
the homologous mobile elements resulting in
the formation of homologous pairs, which then
form a repetition assembly (RA). The
organization of interphase chromatin is the
basis for formation of mitotic chromosomes.
More and more homologous pairs establish
contact with each other during the laying of
mitotic chromosomes. The chromatin filaments
gradually become denser, forming mitotic
chromosomes accordingly. Thus, repeating
elements form the skeleton of interphase
chromatin and mitotic chromosomes.

However, the question arises whether the
localization of repetitions, mainly formed by
mobile elements, is primary. Whether it is the
driver of the process of laying interphase
chromosomes or just a consequence of
chromatin packing.

The following data are further indication of
the assumption of the primacy of the interaction
between homologous mobile elements

Firstly, it is well established that chromatin

has the ability to localize in loci with
homologous DNA sequences [71-73].
Secondly, it has been studied the

interchromosomal contacts of various families
of repeats in the genomes of human embryonic
stem cells, drosophilas and mice, and also in
three human cell lines to test this hypothesis
and built a global picture of the spatial
organization of repeats in chromosomes [72].
The degree of localization of repeats formed by



different families of mobile elements, including
LTR-containing ERV, DNA transposons, short
interspersed elements (SINE) and long
interspersed elements (LINE) was
guantitatively evaluated.

All families of mobile elements contained
subfamilies prone to localization in nuclear
space. That is, the formation of clusters in
three-dimensional space turned out to be a
common feature of mobile elements genomes of
different organisms.

It was possible to show the conservatism of
the organization of synthetic blocks in the
nuclear space of mice and humans. Synthetic
regions containing a similar set of mobile
elements form similar spatial contacts in the
genomes of mice and humans.

The most frequently collocated mobile
elements in space are evolutionarily more
ancient and contain binding sites with
transcription factors. The presence of cis-
regulatory sequences in the localizing elements
indicates the possibility of regulating the
formation of three-dimensional contacts
between mobile elements by transcription
factors, and, consequently, by the
environmental conditions and the metabolism
of the cell.

Together, these data suggest that contacts
between retrotransposons are not a passive
consequence of chromatin packing, but actively
influence the architecture of interphase
chromatin. These data are in good agreement
with the hypothesis of the R-operon [73].
According to this hypothesis, the eukaryotic
genome forms structurally functional domains
called organized repeats of operons (R-operons)
in the nucleus by means of homologous
interactions between mobile elements. Each R-
operon consists of associated mobile elements
and adjacent gene-encoding protein cells.

Representations of repetitive R-operons
significantly expand the possibilities of specific
regulation of genes and cooperation between
genes. What does it happen due to?

Firstly, genes located at large distances in
the linear genome in R-operons are in contact
with each other in the three-dimensional
nucleus space and thus can be regulated by a set
of those cis-regulatory elements and the
transcription factors that bind to and regulate
each of these genes. Indeed, it has been shown
that enhancers can regulate the work of genes in
trans while approaching genes in space [74—76].
Thus, the R-operons formed by repetition
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assemblies are structures that enable co-
operative gene regulation by a set of those cis-
elements that control the activity of each of the
genes that are part of regulon.

Secondly, genes possessing the same cis-
elements can coexist with different repetitions
and be part of various R-operons accordingly.

Thirdly, the transcriptional domains formed
in such way are dynamic. Due to the
dissociation of repeating assemblies, old R-
operons can disappear, and new domains with a
different combination of repeats and genes due
to the association of repetitions can form.

The dynamics of the formation of
homologous sequences pairs can be influenced
by the concentration of ions in the cell, the
expression of  proteins  necessary  for
homologous pairing, the pattern of epigenetic
modifications of histones and mobile elements,
and the activity of mobile elements regulated by
transcription factors.

Transcription factors specifically interacting
with regulatory elements of ERVs can facilitate
the establishment of contacts between mobile
elements that is confirmed experimentally.
Thus, HERV possessing binding sites with
transcriptional regulators such as NANOG and
OCT4 are localized in human embryonic stem
cells. However, localization disappears in cells
in which the expression of transcription factors
is suppressed [74].

Transcription itself can lead to the
establishment of contacts between repetitive
sequences. A number of experimental data
confirms the assumption about the existence of
transcription factories — nuclei regions in which
transcription occurs and which can contain up
to hundreds of simultaneously operating RNA
polymerase molecules [77]. But many ERVs
are transcribed in a cell and accordingly can be
localized in transcription factories. In the
process of differentiation and in response to
external conditions, the pattern of transcribed
ERVs can change, and accordingly the contacts
between them will change.

Indeed, according to a number of studies, the
expression of retroviruses in cells of even one
type varies considerably. This is due to
epigenetic mechanisms [78-79]. Thus, R-
operons will be formed not only tissue-
specifically, but even specifically for each cell.

The regulation of association and
dissociation of repetition assemblies is a
mechanism of coordinated changes in gene
activity in response to changes in cell
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metabolism and promotes the emergence of
new combinations of expressed genes in
response to changing environmental conditions.
Therefore co-expression of genes coordinated
with the help of R-operons expands essentially
the possibility for emergence of new temporary
cooperation between genes dependent on the
specific context that has developed in the cell.

CONCLUSION

Summarizing the data, we can note the
following. ERVs contain regulatory elements or
clusters of elements, by means of which they
can be tissue-activated and transcribed. ERVs
participated in the reformatting of regulatory
networks and in the creation of gene-specific
non-coding RNA forming binding sites with

transcription factors and spreading them inside
the genome. During the evolution, different
ERVs were injecting into the genomes of
different species, but in a number of cases they
were used by genomes to solve similar
problems and reformat similar regulatory
programs. Therefore, it can be assumed that the
participation of ERVs in the formation of
regulatory networks obeys certain laws and is
not completely random.

In cells, due to homologous interactions,
ERVs can form regulatory R-operons, which
provide an additional way for the disintegration
of old and emerging new gene associations in
response to cell-building conditions and provide
a level of genome plasticity that was previously
difficult to imagine.
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The innate immune response to viral pathogens is crucial in mobilizing defensive reactions of an organism
during the development of an acute viral infection. Cells of the innate immunity system detect viral antigens
due to genetically programmed pattern-recognition receptors (PRRs), which are located either on the cell
surface or inside the certain intracellular components. These image-recognizing receptors include Toll-like
receptors (TLRs), retinoic acid-inducible gene I-like receptors (RIG-I-like receptors), nucleotide
oligomerization domain-like receptors (NOD-like receptors), also known as NACHT, LRR and PYD domains
of the protein, and cytosolic DNA sensors. The trigger mechanisms for these receptors are viral proteins, and
nucleic acids serve as activators. The presence of PRRs that are responsible for the determination of viral
antigens in cellular components allows the cells of innate immunity to recognize a wide range of viral agents
that replicate in various cellular structures, and develop an immune response to them. This article summarizes
the disparate data presented in modern English literature on the role of PRRs and the associated signaling
pathways. Understanding the recognition of viral pathogens required triggering a cascade of cytokine and
interferon production provides insights into how viruses activate the signal paths of PRRs and the effect of the
interaction of viral antigens and these receptors on the formation of the antiviral immune response.

KEY WORDS: pattern-recognition receptors, Toll-like receptors, RIG-1-like receptors

HATEPH-PO3III3HABAJIBHI PEHHEIITOPU TA ITIPUPOKEHA
IMYHOJIOTTYHA BIANIOBIAb HA BIPYCHY IHOEKIIIIO

Bexnuuy K. A.
XapkiBchkuil HarfioHanbHU# yHiBepcuTeT imeni B. H. Kapasina, t. Ceo6oau, 6, m. Xapkis, 61022,
VYkpaina

BupimansHe 3HaueHHs] B MOOTi3allii 3aXHCHUX peaki(iif OpraHiaMy MpoOTAroM PO3BUTKY IOCTPOI BipycHOT
iH(ekuii Mae BpOJPKEHa IMYHOJIOTIYHA BiJNOBiAb Ha BipycHi matoreHu. KUITHHHM CHCTEMH BPOIXKEHOTO
IMYHITETY BHSBISIOTH BIPYCHI a@HTHI€HM 32 JIOIIOMOTOI0 T'€HETHYHO 3alporpaMoOBaHOr0 MaTepH-
posmizuaBanus penentopiB (PRRS), siki po3ramoBani abo Ha MOBEpPXHI KIITHHU, a00 BCEPEIUHI MEBHHUX
BHYTPIIIHBOKJIITHHHAX KOMIOHEHTiB. 1li 00pa3-po3mi3HaBaibHi perentopu BKIHOYanOTh 1 0ll-momiGHi
pererrropu (TLRS), RIG-I-nioxi6Hi perierrropu (RLRS), NOD-moni6Hi perentopu, Takok BiZoMi SIK IOMEHH
NACHT, LRR ta PYD 6inkiB, Ta uuto3oibHi JJHK-cencopu. ITyCKOBHM MEXaHI3MOM JUIs WX PEICITOPIB €
BIpYCHI IpOTEiHHU, a aKTHBATOPaMHM CIyTyIOTh HykjeiHOBi kucmoru. Hassaicte PRRs, mo BiagmoBimatoTs 3a
BU3HAUYEHHS BIPYCHUX AHTUTEHIB y KJIITHHHHUX KOMIIOHEHTaX, Ja€ KJIITHHAM MPUPOJKEHOTO IMYHITETY
MOJKJIMBICTh PO3Mi3HABATH IIMPOKHUH CIEKTP BIPYCHHX areHTiB, IO PEIUTIKYIOTBCS B PI3HHUX KIITHHHUX
CTPYKTYpax, i BUpOOJISITH iMyHOJIOTIYHY BiIMOBiAh HA HUX. B naHiit cTtaTTi y3araabHEHO po3pi3HEeHi naHi, sSKi
MpelCTaBjIeH] B Cy4acHiM aHTJIIOMOBHiH siteparypi, mono poxi PRRs Ta moB's3aHuX 3 HUMU CHUTHAIIBLHUX
nuUiaxiB. Po3ymiHHS po3mi3HaBaHHS BipyCHHX IAaTOT€HIB, HEOOXIIHMX IS 3alycKy KackKaay MpOAYKIii
IIUTOKUHIB 1 iHTepdepoHiB, 103BOIAE 30aTHYTH, SIK BipyCH aKTHUBI3yIOTh CHTHaJbHI nUAXu PRRs i sk BrtnBae
B3a€MO/IiS BIPYCHUX aHTHUT€HIB 1 ITX PEeNTOpiB Ha (hOpMyBaHHS MPOTUBIPYCHOI IMyHHOI BiATIOBiI.

KJIIOYO0BI CJIOBA: natepu-posmizHaBansHi penenrtopu, 10ll-moni6ui perentopu, RIG-I-momi6Hi
perenTopu
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MATEPH-PACIIO3HAIOIIUE PEIENTOPHI 1 BPOKJIEHHBIN
UMMYHHBII OTBET HA BUPYCHYIO HHO®EKIIUIO

Bexnuu K. A.
XapbKOBCKUil HallMOHANBHBIM yHUBepcuteT uMeHu B. H. Kapasuna, . Co6onsl, 6, r. Xapbkos, 61022,
VYkpauna

Pemaroriee 3HaueHne B MOOMJIM3ALMM 3aIIUTHBIX PEaKUUil OpraHW3Ma BO BpEMS PasBUTHA OCTPOM
BUPYCHOH WH(EKIMM MMEET BPOXKACHHBIII MMMYHHBII OTBET Ha BHPYCHBIC HaToreHbl. KIETKH CHCTEMBI
BPOXKICHHOTO ~ MMMYyHHTETa  OOHAapy)XMBAalOT  BHUPYCHBIC  aHTUTCHBl  Onarogapst  I'€HETHYECKH
3arporpaMMIpPOBAaHHBIM 00pa3-pacnosHatommM perenrropaM (PRRS), xotopeie pacmomararorcs nubo Ha
NOBEPXHOCTH KJIETKH, JIMOO BHYTPU ONpPENCICHHBIX BHYTPHKICTOYHBIX KOMIIOHEHTOB. JTH 00pas-
pacmo3Haromue perentopsl BkmodaroT B ceds Toll-momoOupie penentoper (TLRs), RIG-I-momobubre
penentopsl (RLRs), NOD-mmogo6usIe penentopsl, m3BecTHeIe Takke kak NACHT, LRR u PYD momenst
Oenka, 1 1uTo306HBIe ceHcopbl JJHK. TlyckoBEIM MEXaHHU3MOM JUISl STHX PELEHTOPOB SBIISIOTCS BUPYCHBIS
NPOTEUHEL, a aKTHBAaTOPaMH CIIy>KaT HyKJIEHHOBbIe KucIoThl. Hammune PRRS, oTBeyaomux 3a onpeaencHue
BUPYCHBIX QHTHI'CHOB B KJICTOYHBIX KOMIOHEHTAaX, aeT KJIETKaM BPOXKICHHOTO UMMYHHTETa BO3MOXKHOCTb
PAcIO3HATB IUPOKHUI CIIEKTP BUPYCHBIX areHTOB, PEINTHLUPYIOMIMXCS B Pa3IMYHBIX KIETOYHBIX CTPYKTYpaX,
U BBIpaboTaTh B OTHOLICHMH MX MMMYHHBI OTBeT. B nmaHHO# cTaTbe 0000ILICHBI pa3po3HEHHBIC TaHHBIC,
NpeICTaBJICHHEIE B COBPEMEHHOI aHINIOA3BIYHON JHTEpaType, OTHOCHTENbHO ponu PRRS W CBA3aHHBIX ¢
HHMH CUTHAIBHBIX IyTeil. [loHnMaHue pacro3HaBaHHs BHPYCHBIX MATOT€HOB, HCOOXOIMMBIX IS 3aIlycKa
KacKaja MPONYKIHH LUTOKWHOB W HMHTEP(HEPOHOB, MO3BOJICT MOJTYYHTh NMOHHMMAaHUE TOTO, KaK BHPYCHI
aKTUBHPYIOT CHUTHAJbHBIE HYTH 00pa3-paclo3HAIOIIMX pPELEeNTOPOB M KaKoe BIMSHHE B3aWMOJCHCTBHUE
BUPYCHBIX aHTUICHOB W 3THX PELENTOPOB OKa3blBaeT HA (OPMHUPOBAHHE MPOTHBOBHPYCHOTO HMMYHHOTO
OTBeTA.

K/IIIOYEBBIE CJIIOBA: obpa3-pacnosHawoniie penentopsl, 10ll-momo6usie penentopsr, RIG-I-
HOIOOHBIE PELENITOPHI

identify components of the viral envelope
INTRODUCTION located on the cell surface, such as components

Cells of the innate immune system use of the fusion mechanism, and nucleic acids
pattern-recognition receptors (PRRs) that located in the endosomes. Entering the
identify pathogen-associated molecular patterns  cytoplasm viral components enter the area
(PAMPs) located on the surface of viral cells  monitored by RIG-I-like receptors, NOD-like
and differ from those of the host cell to identify  receptors and cytosolic DNA sensors, such as
viral pathogens. The ability to identify nucleic  members of the AIM2 family. Similar to TLRs,
acids has become a major component of the  RIG-I-like receptors and cytosolic DNA sensors
antimicrobial link of the immune system. A  regulate the expression of transcription factors
wide range of pathogens are identified by  necessary for the production of interferons and
recognizing their genome or nucleic acids that  cytokines. And NOD-like receptors and
accumulate during the replication of viruses. members of the AIM2 family, by contrast,
PRRs are activated in response to viral activate the process of maturation of IL-1p and

molecules such as 5'-triphosphate RNA, as well ~ 1L-18 by activating caspase 1. Induction of
as viral DNA, which is determined by sensory  immature forms of IL-18 and IL-18 occurs
elements located in the cytoplasm. through the activation of TLRs signaling

The main PRRs are Toll-like receptors pathways, and NOD-like receptors serve as a
(TLRs). They are type 1 transmembrane  kind of «control mechanismy that regulates and
proteins providing communication between the  activates the release of these powerful effectors.
plasma membrane and endosomal vesicles. The  Many PRRs are involved in the activation of
main function of TLRs is the detection of the adaptive immune system by enhancing
PAMPs in the extracellular space. Receptors expression of the major histocompatibility
located on the plasma membrane are involved  complex class Il and stimulating the expression
in the detection of hydrophobic lipids and  of co-stimulating molecules CD40, CD80 and
proteins, and receptors located in endosomes CD86 in addition to the release of pro-
are able to detect nucleic acids. Such a division  inflammatory components.
allows cells of the innate immune system to
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TOLL-LIKE RECEPTORS

10 types of TLRs have been identified in
humans, and 13 types — in mice, 9 of them
(TLRs of types 1-9) are identical. TLRs of 1, 2,
4,5 and 6 types (TPRs 1, 2, 4, 5, 6) are located
on the cytoplasmic membrane, and TLRs 3, 7, 8
and 9 are endosomal. All TLRs have a common
structure and consist of extracellular repeats
rich in leucine and the Toll/Interleukin-1
Receptor (TIR) cytoplasmic domain [1]. These
receptors transmit a signal differentiating the
adapter proteins Mal (MyD88 adapter-like),
also known as TIR domain-containing adapter
proteins (TIRAPs) and Myeloid differentiation
primary response gene 88 (MyD88), gene for
primary myeloid differentiation 88, and/or TIR-
domain-containing adapter inducing interferon-
B (TRIF) and Trif-related adaptor molecule
(TRAM) [1]. Adapters initiate the launch of
signaling cascades, culminating in activation of
the nuclear factor kB (NF-xB), mitogen-
activated protein kinase (MAPK) and interferon
regulatory factors 1, 3, 5 and 7 (INF-1, -3, -5
and -7) [2]. The combination of these
transcription factors promotes not only the
expression of interferons, cytokines and
chemokines, but also affects the maturation and
survival of cells.

Toll-like receptor signaling pathways

All TLRs, apart from TLR 3, require the
presence of MyD88 for their activation [3—4].

TLR 3 is not capable of MyD88 capturing
and interacts with the TRIF through the adapter
protein. TRIF has the ability to directly bind
TRAF6 and induce NF-kB along a path similar
to MyD88. TRIF is also capable of involving
the receptor-interacting protein-1 (RIP-1) in the
process in contrast to MyD88. RIP-1 interacts
with TRAF®6 that leads to powerful activation of
NF-kB. TRAF3 is the third protein attracted to
TRIF. It binds with TANK-binding kinase-1
(TBK1) and IKKi and is a necessary component
of the production process of interferon type 1.
This allows them to undergo a dimerization
procedure and penetrate the nucleus, where they
interact with NF-kB and activator protein 1
(AP-1), that in turn leads to the transcription of
the target gene. The study, which included
children with non-functioning MyD88 proteins,
showed that patients with this pathology are
predisposed to develop recurrent pyogenic
bacterial infections [5]. Patients with IRAK-4
deficiency and with a defect of UNC-93B1, a
protein that is involved in the transport of TLRs
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3, 7, 8, and 9 into endosomes, had an increased
susceptibility to the herpes simplex virus type 1
with  predominant brain damage [6-7].
Peripheral blood mononuclear cells and
fibroblasts obtained from these patients
demonstrated a decrease in type 1 interferon
activity in response to the introduction of HSV-
1, accompanied by enhancement of viral
replication [7].
Expression
receptors

The severity of the inflammatory reaction
caused by viral PAMPs depends on the
following factors.

1. Cellular expression of TLRs varies
depending on cell type. It is known that
macrophages express a large number of TLRs 2
and 4, while plasmacytoid dendritic cells
(pDCs) mainly produce TLRs 7 and 9 [1];

2. The expression level also varies
between species; for example, TLR 9,
expressed in the human body by just a few cell
types, is well represented in mice;

3. The reaction to identical viral PAMPs
can vary between cell types, both in the nature
of the produced effector molecules and in the
response kinetics.

INTRACELLULAR
SENSORS

TLRs play an important role in the detection
of viral PAMPs that present both on the surface
of cells and in endosomes. The identification of
additional mechanisms of antiviral protection
has revealed many classes of innate sensors that
play an important role in the purification of
viruses that replicate and locate in the cytosol.
Specialized classes of cytosolic nucleic acid
sensors, called RIG-I like receptors (RLRs), are
capable of recognizing intracellular RNA that
penetrates into the cytosol during virus
introduction or accumulates during viral
replication, as well as DNA that is inside
cytosol.

The RLRs family includes three DEXD/H
box RNA helicases: retinoic acid-inducible
gene (RIG-I), melanoma differentiation-
associated gene 5 (MDA-5), and LGP-2 [8-11].

RIG-1 and MDA-5 consist of N-terminal
caspase activation and recruitment domains
(CARDs), the following helicase RNA
DExXD/H box domain, which has ATP-ase
activity, and the C-terminal repressor domain.
RIG-I controlled by its regulatory domains is

and activity of Toll-like
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inactive in the cytoplasm in the absence of
pathogenic activation. Conformational changes
occur in RIG-1, when viruses enter the body,
RIG-1 dimerizes as a result [12]. The activated
multimeric form of RIG-1 or MDAGS interacts

with the mitochondrial antiviral-signaling
protein (MAVS) located on the outer
mitochondrial membrane. MAVS activates

IKK-related kinase after capturing RIG-I or
MDAD5, resulting in the transcription of
interferons type 1. Also, MAVS also activates
NF-kB by recruiting a tumor necrosis factor
receptor type 1-associated death domain protein
(TRADD), the FAS-associated protein with the
death domain (FADD), caspase-8 and caspase-
10 [13-16]. LGP-2 does not contain N-terminal
DARK domains, but consists only of the
helicase RNA domains. It is assumed that it acts
as a negative regulator of other RLRs [9, 12].

Recognition of RNA RIG-like receptors

RLRs are important components of antiviral
protection for many types of cells, including
fibroblasts, epithelial cells and normal dendritic
cells. Studies have shown that only MDA-5 is
responsible for the production of interferon
through the stimulating of polyl: C [17-18].
RIG-I does not have the ability to recognize the
5'PPP-ssRNA of the host cell; they use the
5 'end of the transcript to recognize the virus
RNA and the host cell. In contrast, MDA-5 uses
not the 5 'end of the transcript, but the length of
the RNA sequence for recognition of the virus
RNA and the host cell; long dsRNAs are
usually absent in the host cell, and, thus, act as
a ligand for MDA-5. RIG-I is also able to
recognize short dsRNA, which is a by-product
of viral replication, in addition to recognizing
5'-triphosphate RNA.

RIG-I is involved in the recognition of
vesicular stomatitis virus (VSV), rabies virus,
Newcastle disease virus, respiratory syncytial
virus, measles virus, influenza A and B viruses,
hepatitis C virus (HCV), Japanese encephalitis
virus and Ebola virus [18-19]. MDA-5 is
involved in the recognition of CMV, Theiler's
encephalomyelitis virus and Mengo virus [20].
All of these viruses do not contain 5'-
triphosphate RNA, but are capable of producing
long dsRNA, that provides additional evidence
that MDA-5 distinguishes RNA based on
sequence length, rather than 5'-triphosphate. It
is proven that Dengue virus, West Nile virus
and reovirus transmit signals through the use of
a combination of RIG-I1 and MDA-5.
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DDX3

A recent study described the participation of
another representative of the DEXD/H box
family of RNA helicase, DDX3, in the antiviral
response. It was found that the K7 protein of
the measles virus inhibits the induction of INFf
through the binding to DDX3, which in turn led
to the discovery of the positive role of DDX3 in
activating the RLR signaling pathway. DDX3
binds to polyl: C and viral RNA penetrating
into the cytosol and binds to MAVS/IPS-1,
whereby it takes part in activating the
production of INFP, enhances RNA
recognition, forming a complex with RIG-I and
MAVS that induces interferon production.

DNA cytosolic sensors

Scientists knew that pathogen DNA is
capable of activating fibroblasts and stimulating
the production of IFN type 1 even before the
discovery of TLR 9.

Cytosolic recognition of DNA and RNA
leads to activation of TBK1, IRF-3 and
production of IFN type 1. However, signaling
pathways connecting upstream DNA and TBK1
sensors are currently poorly understood. TBK1
interacts with DDX3, a DEAD box RNA
helicase, which regulates the transcription of
IFNP through the IRF-3.

DAI

DNA-dependent activator of IFN-regulatory
factors (DAI) was one of the first cytosolic
DNA sensors detected. It consists of two related
domains capable of recognizing the left-twisted
Z-forms of DNA and its B-forms. DAI
increased the dose-dependent production of IFN
type 1lin the L929 cell culture during the
exogenous expression after stimulation of the B
and Z forms of DNA. Similarly, turning off
DAI by means of ssRNA disrupts the
production of type 1 IFN in response to DNA,
45 bp interferon-stimulating DNA (ISD) of
Listeria and herpes viruses, as well as HSV-1. It
was also found that the production of IFN type
1 also depends on DAI during the CMV
introducing. These results suggest that the role
of DAI may be specific for each individual cell
type, it plays an excessive role in probing of
cytoplasmic DNA, and that other sensors must
be needed to induce these responses.

Pol 111 RNA and LRRFIP1

Viral RNAs trigger the production of IFN
type 1 by activating RIG-I. It has been proven
that the B-form of dsDNA in human cells can
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also induce the production of INFfB in a way
that depends on the adapter molecule RIG-I
MAVS [21-22]. DNA with a high content of
antibodies is transcribed into 5'-pp RNA using
RNA polymerase Il, which in turn activates
RIG-I [21].

Another regulator of DNA-controlled innate
immune signal transmission, a leucine-rich
repeat  flightless-interacting  protein 1
(LRRFIP1) has recently been described in
addition to DAI and Pol 111 RNA. It inhibits the
production of IFN 1 type induced by bacteria.
Turning LRRFIP1 off inhibits the production of
IFN in response to polyl: C stimulation,
synthetic DNA, poly (dG:dC) and poly (dA:dT)
stimulation, involving LRRFIP1 in the
recognition of dsRNA, as well as B-and Z-
forms of dsDNA.

IFI16

IF116 was identified as a DNA-binding protein
that interacts with dsDNA through the process
of analyzing the immune responses to these
dsDNA regions obtained from the HSV-1
genome. IFI16 is a member of the PyHIN
protein family (containing the pyrin and
HIN200 domains). The PHYIN family includes
4 representatives: IFIX, IFI16, MNDA and
AIM2. They all contain one or more HIN200
domains that recognize DNA, as well as the
pyrin domain. Turning IFI16 or p204 (a
member of the PYHIN family of mice) off leads
to a decrease in the intensity of the IFNp
response to these dsDNA. IFI 16 is localized in
the nucleus, and in the cytosolic cellules of
macrophages. IFI16 pooling is required for
IFNP production in response to DNA. Turning
IFI16 and its homologue of p204 in mice off in
mMRNA leads to a decrease in the activation of
IRF3 and NF-xB, and also leads to the IFNf
gene induction in cells once infected with
HSV-1.

DDX9 and 36

DExD/H box RNA helicase — DHX9 and
DHX36 are found in plasmacytoid dendritic
cells. Activation of DHX9 leads to activation of
IRF-7 and increased production of IFNa, and
activation of DHX36 leads to activation of NF-
kB and increased production of IL-6 and TNFa.
Turning DHX9 and DHX36 off in mRNA
inhibits cytokine production in response to
DNA-containing HSV-1, while the response to
an RNA-containing influenza A virus remains
unchanged.
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Inflammasomes, their types

The recognition of viral DNA is associated
with the transcriptional induction of IFN type 1
and other pro-inflammatory cytokines, as well
as with the launch of caspase-1-dependent
maturation of pro-inflammatory cytokines IL-
I and IL-18. IL-1B is involved in the
recruitment of innate immunity cells, T-
lymphocyte activation and fever induction, and
IL-18 increases the cytolytic activity and
production of IFNy by natural killer cells (NK
cells), and also affects the recruitment and
activation of neutrophils.

The production of IL-1p is controlled at the
level of transcription, translation, maturation
and secretion. Many cellular stimuli, including
TLRs ligands, activate the transcription of pro-
forms of IL-1f and IL-18. Maturation (i.e.
cleavage) of pro-IL-1p and pro-IL-18 is
catalyzed by cysteine protease of caspase-1.
The activity of inflammatory caspase-1 is
controlled by a large complex called
«inflammasomes protein complex». Then active
caspase-1 cleaves pro-IL-1f and pro-1L-18.

Inflammasomes AIM2 recognize their own
and foreign cytosolic dsDNA, including viral
DNA, through the HIN 200 domain. DNA
recognition  provokes the assembly of
inflammasomes  complexes. Upon DNA
binding, AIM2 undergoes oligomerization and
binds apoptosis-associated speck-like protein
(ASC) through the interaction of pyrin-pyrin
homotypic domains, which in turn recruits pro-
caspase 1. Inflammasomes and AIM2 are an
integral component of the innate recognition of
DNA-containing viruses, CMV, as well as
Francisella tularensis and Listeria
monocytogenes.

NLRP 3 inflammasomes play an important
role in the formation of a response to RNA-
containing viruses, adenoviruses, and DNA-
containing viruses. NLRP3 deficiency weakens
the normal response of IL-1p and IL-18 to the
influenza virus and is associated with a
decrease in cell recruitment of the innate
immune system [23].

CONCLUSIONS AND PROSPECTS FOR
FUTURE STUDIES

The understanding of how the innate
immune system detects viruses and triggers a
cascade of antiviral reactions has increased
significantly over the past decade. The
discovery of Toll-like receptors and nucleic



acids led to the discovery of various cytosolic
RNA and DNA receptors and their downstream
signaling pathways. However, many cytosolic
sensors play an excess role in the detection of
viruses. Such excessive protection strategies
have evolved to deal with the evasion
mechanisms of detection inherent in viruses.
Determining the function of newly identified
pattern-recognizing receptors in the immune
defense against viral infection is an important

Series «Mediciney. Issue 36

step in understanding of their unique or
auxiliary contribution to the pathogenesis of
viral protection.

The mechanisms of nucleic acid sensors
operation, the aim of which is to distinguish
their own nucleic acids from the nucleic acids
of viruses, require clarification, as well as the
process of recognition of viral RNA and DNA,
which are becoming available for pattern-
recognition receptors.
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