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AHHOTAIIVA

B 0630pe 1aHBI COBPEMEHHBIE IIPE/CTABIEHN 00 STHOIOTHH U naToreHe3e BUIYU-nHdeKInY, 0CBEmal0TCA BOIPO-
CBI IMMYHHOT'O OTBeTa IIPH JJAHHOM 3a00JIeBaHUH, a TaKKe MPobJIeMbl pe3ucTeHTHOCTH BIY K cOBpeMEHHBIM JIeKap-

CTBEHHBIM IIperapaTam.

Kmouesnte crosa: BUU-undeknus, CITN/I, nHbeKInoHHBIE 060I€3HH, pe3ucTeHTHOCT, BUY, mMMyHomaTorene3 BITY.

ABSTRACT

The paper presents the review on current ideas about the etiology and pathogenesis of HIV infection. It highlights the
issues of the immune response in this disease, as well as the problems of HIV resistance to modern drugs.

Keywords: HIV infection, AIDS, infectious diseases, HIV resistance, HIV immunopathogenesis.

BUY-undekIus ABISETCI aKTyaaIbHOI MpobJie-
MO 3IpaBOOXpPaHEHMS BO MHOTHX CTpaHaX MUpa.
CoryiacHO JJaHHBIM BceMUpHOU opraHM3auy 37pa-
BooxpaHenusi (BO3) Ha Hauasio 2019 T. B MUpe Ha-
CUUTHIBAJIOCH NPUMEPHO 37.9 MJH desna. ¢ BUY-
nHbpeknued. K olHIM M3 caMbIX IMOPa’KEHHBIX pe-
THOHOB OTHOCATCSA CTpaHbl AMPUKAHCKOTO KOHTH-
HeHTa (25.7 MuH uen.) [1]. Ha Havaso 2019 T. oT
BUY-uH(peKINN U ee OCTOKHEHUHA 10 BCEMY MHPY
CKOHYaJI0Ch Oojiee 32 MuH uesl. [2]. B Poccutickoi
deseparyy, 1Mo COCTOSTHUIO Ha 31 JeKabps 2019 T.,
Mpo’kuBaeT 1 068 839 des. c y1abopaTopHO HOA-
TBEPsK/IEHHBIM JuarHo30M «BUY-undekiusa» [3].
3a 2019 1. B P® BbIsIBIEHO 94 668 HOBBIX CIIydaeB
BUY-unpeknmu. IlokazaTess 3a001€BaEMOCTH CO-

HIV infection is an urgent health care problem
in many countries around the world. According to
the World Health Organization (WHO), about 37.9
million people were suffering from HIV infection
around the world at the beginning of 2019. Among
the most affected regions are the countries of the
African continent (25.7 million people) [1]. By the
beginning of 2019, more than 32 million people
have died from HIV infection and its complications
around the worldwide [2]. As of December 31, 2019,
1 068 839 people in the Russian Federation were
living with a laboratory-confirmed HIV infection
[3]. In 2019, 94 668 new HIV cases were reported
in the Russian Federation. The incidence rate was
64.5 per 100 000 people. The highest level of prev-

ITocrymmia 03.08.2020
IIpunsaTa 20.09.2020

Aemop, omeemcmaeeHHbil 3a nepenucky

Kamnycrun [Imurpuii BsueciaBosua: ®T'B0Y BO «HoBocubupckuii rocyap-
CTBEHHBIH MeIUIIUHCKUH yHUBepcuTeT» Munspasa Poccun. 630091, r. Ho-
Bocubupck, Kpacublii npoctr., 52.

E-mail: geksogeno8@mail.ru

Received 03.08.2020
Accepted 20.09.2020

Corresponding author

Kapustin Dmitriy Vyacheslavovich: Novosibirsk State Medical University, 52,
Krasny Prospect, Novosibirsk, 630091, Russia.

E-mail: geksogeno8@mail.ru

92

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2021-1-92-104

Kapustin D.V. et al. / Journal of Siberian Medical Sciences 1 (2021) 92—104

CTaBWI 64.5 Ha 100 ThIC. HaceseHus. Haubosee BbI-
COKHH YPOBEHBb IOPAKEHHOCTH HAOJIIOAETCS Cpemu
COIMAJIPHO-aKTUBHBIX TPAKJAH B BO3PACTHOU IPYII-
11e oT 30 JI0 44 JieT. B 2019 T. Ha J10JI10 TI0JIOBOTO Te-
TePOCEKCYIbHOTO KOHTAKTa MPHUILIOCh 62.7 % city-
vaeB uHupoBanus BIY, 4to cBUETETBCTBYET O
BBIXO/Ie MH/IeMUU 32 IIpe/iesibl yA3BUMBIX IPYIII Ha-
CeJIeHUsL.

Ha ceroHAIIIHIH I€Hb C TIOMOIIBI0 AHTUPETPO-
BUPYCHBIX IIpeIlapaToB, HAIIPaBJIeHHBIX HA UHTUOU-
poBaHue pasjUYHbIX (HEPMEHTOB, YUACTBYIOIIUX B
maroreHeze BUY, ynmaercsa obecnieuuts 3pdexTun-
HOe IojiaByeHue perumkanuu BUY u yiaydiieHue
COCTOSIHUSI OOJIBHBIX, HO BUPYCY yZaeTcs OBICTPO
aZanTUPOBAThCA K JEHCTBUIO JIEKAPCTBEHHBIX IIpe-
naparoB. 'eHeTndeckas M3MEHYHBOCTh BHpyCa Cy-
I[eCTBEHHO CHIKAeT 3 (PEeKTUBHOCTh AHTUPETPOBHU-
PYCHBIX IIPerapaToB U 3aTPyAHSAET pa3paboTKy IIpo-
dunaxktuueckux cpenactB (BakiuH) [4]. Haubosee
pacupoCcTpaHeHHBIMHU TPUYHHAMHU BaprabeTbHOCTH
BUpYyca UMMyHOJlepuLIUTa YesoBeKa ABJIAIOTCA: U3-
MeHeHUe pepMeHTa 00PaTHOH TPaHCKPUIITA3bI, IIPO-
Teasbl U uHTErpassl BUY [5]; ObicTpast BUpycHast pe-
IUIMKAIYs, B pe3y/IbTaTe KOTOPOH 00pasyercs 601b-
1I10€e KOJINYEeCTBO BUPUOHOB B IeHb Y NTHPUIIUPOBaH-
HOTO YeJioBeKa [6]; BOBHUKHOBEHHE ITPOIIECCOB pe-
KOMOWMHAIIMY MEXKIY ABYMS HJIU O0Jiee pa3TMYHBIMU
mraMMaMu Bupyca BUY BHyTpU OJTHOTO U TOTO XKe
UHOUITUPOBAHHOTO UHAUBUJIyyMa.

ITocTosTHHOE COBEpIIIEHCTBOBAHME 3HAHUU O
CTPYKType, U3MEHUYMBOCTH U peruinkanuu BUY nme-
eT Ba)KHOE 3HaUYeHUe /I yTOUYHEeHUS BUPyCcoJIoruye-
CKHX 1 UMMYHOJIOTHYECKUX MEXaHU3MOB IIaTOreHe-
3a BUY-undexnuu. [losyueHHble cBe/leHUS MOTYT
OBITh WCIOJIB30BAHBI JJISI YCOBEPIIEHCTBOBAHUS U
pa3paboTKu HOBBIX METOZOB Tepaluy U IPODIIaK-
tuku BUY-undekiuun.

Imuoaozusn BUY-ungexyuu. B 1983 r. B
naboparopusix JI. Montanbe (®pannus) u P. Tamwio
(CIITA) ot 60mbHBIX CITH]T 6BLT BBIZIEJIEH HOBBIH pe-
TPOBUPYC, Ha3BaHHBIN cooTBeTcTBeHHO HTLV-III 1
LAV. C utons 1986 r. oH HocuT HazBanue HIV/BUY
(Human Immunodeficiency Virus/Bupyc uMMmyHO7I€e-
¢unura gyemoseka) [7].

B nacros1ee BpeMs pa3nyaloT iBa THIIa BUpyca
umMMmyHozeduiura yenopeka: BUU-1 u BUY-2, koro-
Ppble OTJINYA0TCSA [T0 CBOUM aHTUT€HHBIM CBOMCTBAM U
CTPYKTYPHOU opranusanuu. BI1Y-1 siBjisieTcsi OCHOB-
HBIM B030y/iuTesieM 3a001eBaHHs BO BCEM MUPE, B TO
BpeMs Kak pacnpocTrpaHeHHOCTb BIU-2 orpaHuue-
Ha HEKOTOPBIMH PerroHaMu 3amnafHou u llenTpais-
Holt Adpuku. BUY oTHOCHTCA K IOJICEMENCTBY JIEH-
THUBUPYCOB CEMENCTBA PETPOBUPYCOB. OCOOEHHOCTHIO
PEeTPOBUPYCOB SBJISIETCS CIIOCOOHOCTD OCYIIIECTBIIATD

alence is observed among 30—44 year-old citizens
who are leading an active social life. Heterosexual
contact accounted for 62.7% of HIV cases in 2019.
It indicates that the epidemic has moved beyond
the vulnerable groups of population.

To date, with the help of antiretroviral drugs
aimed at inhibiting various enzymes involved in
the pathogenesis of HIV, it is possible to effectively
suppress HIV replication and improve the condi-
tion of patients, but the virus manages to quickly
adapt to the action of drugs. Genetic variability of
the virus significantly reduces the effectiveness of
antiretroviral medications and complicates the de-
velopment of preventive measures (vaccines) [4].
The most common reasons for the variability of the
human immunodeficiency virus are the following:
the change of reverse transcriptase, protease and
integrase HIV enzymes [5]; the rapid viral replica-
tion resulting in daily formation of a large number
of virions in an infected person [6]; emergence of
recombination processes between two or more dif-
ferent HIV strains in the same infected individual.

Continuous improvement of knowledge about
the structure, variability and replication of HIV
is important to clarify the virological and immu-
nological mechanisms in the pathogenesis of HIV
infection. The findings can be used to improve and
develop new methods of treatment and prevention
of HIV infection.

Etiology of HIV infection. In 1983, a new
retrovirus was isolated from patients with AIDS at
L. Montagnier (France) and R. Gallo (USA) labora-
tories, and named HTLV-IIT and LAV respectively.
Since July, 1986, this name has been known as HIV
(Human Immunodeficiency Virus) [7].

Today, 2 types of human immunodeficiency
virus are distinguished: HIV-1 and HIV-2 that
are different in their antigenic properties and the
structural organization. HIV-1 is the main caus-
ative agent of the disease around the world while
the HIV-2 prevalence is restricted to some regions
of the Western and Central Africa. HIV belongs to
the Lentivirinae subfamily within the Retroviri-
dae family. Retroviruses are characterized by their
ability to perform the reaction of matrix synthe-
sis in the reverse direction from ribonucleic acid
(RNA) to deoxyribonucleic acid (DNA) [8]. The
genome of retrovirus consists of two identical cop-
ies of single-stranded RNA molecules that encode
12 proteins and enzymes [8]. The main HIV RNA
structural proteins are: Gag (group-specific anti-
gen), Pol (polymerase), Env (envelope). HIV-1 and
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PeakIuio MaTPUYHOTO CUHTe3a B 00PaTHOM HaIpaB-
JieHnH ot puboHykienHoBoi kuciaotel (PHK) k mes-
okcupubonykienHoBoi kuciore (JIHK) [8]. T'enom
peTpoBHpyca COCTOUT U3 JIByX WUIEHTHYHBIX KOIUH
oniHoIenIoueuHbIX Mosiekys PHK, xoTtopble Konupy-
10T 12 6eskoB U pepMeHTHI [8]. OCHOBHBIMU CTPYK-
typHbIME Oekamu PHK BUY sapisiores: Gag (group-
specific antigen), Pol (polymerase), Env (envelope).
Bupycel BUU-1 u BUY-2 paznmyaiores 1o opraHusa-
MU CBOETO TeHOMAa, HO OCHOBHAs CTPYKTYypa (T.e. Ha-
JINYUE TPEX CTPYKTYPHBIX TeHoB, Gag, Pol u Env) oju-
HaKOBA JIJIs BCeX BUPYCOB [9].

B HacTosiImIee BpeMs B MUpe Bce Yallle MOsIBIIs-
IOTCS TaHHBIE O PA3JINYHBIX MyTallUAX B TeHeTHue-
cko#l cTpykrype BIY, KOoTOpbhle TPUBOJIAT K MOBBI-
IIEHUIO0 BUPYJIEHTHOCTH, O0Jiee GBICTPOMY ITpOrpec-
cUpoBaHUIO 3a0oJieBaHusA U Hedh EKTUBHOCTU aH-
TUPETPOBUPYCHOU TEPAIINH.

J.Y. Wang et al. B 2018 1. omnucanu nosiBjieHUe
HOBOTO ITUPKYJIMPYIOIIEro peKOMOMHAHTHOTO IIITaM-
ma BUY-1 CRF65 B lIzunune (Kuraii). Bupyc CRF65
OTJIMYAJICS OT BCEX U3BECTHBIX IOATUIIOB U CO37a-
BaJI OT/IEJIBPHYIO BETBb Ha (PHIOTeHEeTHYECKOM Jiepe-
Be [10]. Taxke B KuTae B 2017 r. onrcaHoO MOSIBJIEHUE
elI1e IByX HOBBIX peKOMOMHAHTHBIX IITaMMOB BITY —
CRF87_cpx u CRF88_BC [11].

®paHIy3cKUMH yYeHbIMU u3 HaruoHayibHO-
ro neHTpa uccienoBanuii BUY-undeknuu B 2018 T.
omnucaHa 6oJsiee TsoKesasg KIMHUUYECKAs KapTHHA Te-
vyeHusi BUY-uadekum y marueHToB, HHQOUITAPO-
BaHHBIX PEKOMOMHAHTHBIMH IIITAMMaMH [12].

S. Ogawa et al. coobmialoT 0 peKOMOMHAHTHOM
mramve BIIY-1 CRFo1_AE (gag p17), CXOZHBIM C
CRF69_01B. JlaHHBIU IITAaMM XapaKTEPU3YeTCs BbI-
COKOHU JIEKAPCTBEHHOH YCTOWUYMBOCTHIO, B OCOOEH-
HOCTU K MHTHOUTOpAM 0OpaTHOU TPAHCKPHUITA3hI U
npoteassl BUY [13].

B uccnemosanuu fA.C. YIbIHOBOI U COaBT., II0-
cBsAlleHHOM ocTpoi BUY-undexknuu Ha TeppuTO-
puu HoBocubUpCKOi 061acTH, YCTAHOBJIEHO, UTO Y
ManueHTOB, WHOUIMPOBAHHBIX HOBBHIM DPEKOMOU-
HaHTHBIM InTamMmoM BHU-1 CRF63_02A, 3aboje-
BaHUE IPOTEKaeT ¢ OOJIBINEHN JJIUTETHHOCTHIO JIH-
XOpaJIKU U reHepaJn30BaHHBIM IIOpaKeHHEeM JIHM-
(daTrueckux y3JI0B IO CPAaBHEHHIO C cyOTHUIIOM A
BU1Y-1[14].

Myranuu B reHeTHUeCcKod cTpyktype BUY cBu-
JIETEJIBCTBYIOT O BBICOKOH BapuabeIbHOCTH BHpYyca
U crocoOHOCTH K GBICTPOMY (POPMHUPOBAHUIO PE3U-
CTEHTHOCTH K JIEKAPCTBEHHBIM IIperapaTam, uTo Tpe-
OyeT WX JETATHPHOTO U3YUEHUA U pa3pabOTKU HOBBIX
MeTo/10B JieueHus BUY-undekiumn.

Ilamozene3z BHUY-unghexyuu. Ilporpeccu-
poBanue BUY-uHOEKINN OT CTaAUN HHKYOAIUU 10

HIV-2 viruses differ in the organization of the ge-
nome, but the basic structure (i.e. presence of three
structural genes, Gag, Pol and Env) is identical to
all viruses [9].

Nowadays, the findings in various mutations
in HIV genetic structure leading to increased vir-
ulence, faster progression of the disease and inef-
ficiency of antiretroviral therapy are appearing in
the world with increasing frequency.

In 2018, J.Y. Wang et al. described the emer-
gence of a new HIV-1 circulating recombinant HIV-1
CRF65 strain in Jilin (China). CRF65 virus differed
from the all known subtypes and has created a
separate branch on the phylogenetic tree [10]. Also
in China in 2017, the emergence of two more new
recombinant HIV strains, CRF87_cpx and CRF88_
BC was described [11].

In 2018, the French scientists from the French
National Reference Centre for HIV described more
severe clinical course of HIV infection in patients
with recombinant strains [12].

S. Ogawa et al. reported a recombinant strain of
HIV-1 CRFo1_AE (gag p17), similar to CRF69_ 01B.
This strain is characterized by high drug resistance,
in particular to inhibitors of reverse transcriptase
and HIV protease [13].

The research of Ya.S. Ul'yanova et al. devoted
to an acute HIV infection in the Novosibirsk Region
established, that in patients infected with the new
recombinant strain of HIV-1 CRF63_02A, the dis-
ease proceeds with the longer duration of fever and
generalized damage of lymph nodes compared with
HIV-1 subtype A [14].

Mutations in genetic structure of HIV show
high variability of virus and ability to rapid devel-
opment of drug resistance, which requires their
detailed study and development of new methods of
treating HIV infection.

Pathogenesis of HIV infection. The HIV
infection progression from incubation period to
profound immunodeficiency is a consequence of the
pathogenesis and immune response of the patient’s
body to a virus.

HIV cannot survive outside bloodstream or
lymphatic system. Besides, the virus is easily inac-
tivated with common detergents and disinfectants.
HIV transmission strongly depends on biological
properties of virus isolate, its concentration in the
infected liquid of the body and, finally, the suscep-
tibility of the host [15].

In case of contamination as a result of het-
erosexual intercourse being the most common
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IyOOKOT0 NUMMYHO/Ie(PUITUTA ABJISAETCS CIIECTBHEM
natoreHe3a BUY-undeknuuyn U MMMYyHHOI'O OTBeTa
opraHmsMa IamueHTa Ha BUpYyC.

BUY He cnocobeH BEIKUTH BHE KDOBOTOKA HJIH
suMmbarndeckol cucreMmsl. Kpome TOro, BUpYC JIETKO
WHAKTUBUPYETCS IPHU BO3AEHCTBUM OOBIYHBIX MOIO-
MUX U Je3uHPUIupyomux cpeacts. [lepemaua BUY
CUJIBHO 3aBUCHUT OT OMOJIOTUYECKUX CBOWUCTB U30JIA-
Ta BUPYyCa, €ero KOHIEHTpAlu B UHPUIIUPOBAHHON
JKHJIKOCTH OPTaHHM3Ma U, HaKOHeIl, BOCIIPUUMYHBO-
CTH X0351MHa [15].

B ciyyae undunupoBaHua B pe3ysbTaTe reTe-
POCEKCyasbHOTO ITOJIOBOTO aKTa, KOTOPBIHN SIBJISETCS
HauboJiee PaCIPOCTPAHEHHBIM IIyTeM Ilepefaduu UH-
dexnuu Bo BceM MUpe, CIU3UCTAsT 000JIOUKA IIEH-
KU MATKU SIBJISIETCA NEPBOU MHPUIIUPYEMOH TKAHBIO
[16]. 3nech nennputHbie KaeTku U CD4+ aumdbonu-
THI MOTYT OBITh MH(MUITIPOBAHBI UEPE3 PELENTOP3a-
BHCHMBbIE MEXaHU3MbI U IT03BOJIAIOT BUPYCY PacIpo-
CTPaHATHCA B PerHOHApHBIE JUM@aTHUECKUe Y3IIbI,
a 3aTeM B KpPOBOTOK. Perutukarnus Bupyca B iumda-
TUYECKOH TKaHU WHOUIITPOBAHHBIX CIIM3UCTHIX 000-
JIOUeK U PErHOHAPHBIX JUM@PATHIECKUX y3JI0B IIPO-
HCXOJIUT YK€ Ha paHHUX crafusx uHbekmuu [17].
B wacTHOCTH, BUPYCHBIE YaCTUIIBI MOTYT OBITH OOHA-
PYy?KeHBI B IEHAPUTHBIX KJIETKaX, Makpodarax u ak-
TuBUpPOBaHHBIX CD4+ T-KJleTKax, KOTOpPbIE SABJIAIOT-
cs OCHOBHBIMU MullleHAMU UHpeknuu. Mubunmu-
pOBaHHBIE KJIETKH MOTYT IIO/IBEPTAThCS JIUBUCY WU
CJIY’KUTHh TIOCTOSSHHBIMHU «pe3epByapaMu» BHPYCa,
¢opmupys Tax Ha3bpIBaeMbIe Jiero Bupyca [18, 19].
C. Wallet et al. B cBoeM ucciieioBaHUH OOHAPYKHU-
Jiu BUY B MUKPOTTHQTBHBIX KJIETKAX W Makpodarax
LIEHTPAJIbHON HEPBHOM CHCTEMBI Y YMEPIIIETO MaIu-
€HTa, KOTOPHIN /JINTEJIBHO IIOJIydasl aHTUPETPOBU-
PYCHYIO TEpAIIUIO ¥ IMeJI HEOIIpe/iesiieMbl YPOBEHD
BupycHoi Harpy3ku (PHK B11Y) [20]. 9To mpencTas-
JisteT 000 6OJIBIIIOE IPETATCTBHUE JIA [TOJTHOH BJIH-
MHHAIIM{ BUpyca U3 OpraHu3Ma, IIOCKOJIbKY I103BO-
aAeT BUY noCcTOAHHO IIEepCUCTUPOBATh B OPraHUu3Me
4yeJIOBeKa, 1a’ke HeCMOTPS Ha BBICOKO3(PHEKTUBHYIO
AHTUPETPOBUPYCHYIO TEPAIHIO.

Uepes 10—12 gueti mocyie 3apakenus PHK Bupy-
ca oOHapy)KHBaeTcsi B KPOBH METOZIOM IOJINMEpPa3-
HOM IIeITHOH peakund [ 21, 22]. [Tokazaresb BUpeMUIH
PHK BUY 6bICTPO MOBHIIIAETCSA /IO TTKOBOTO YPOBHA
60J1e€e 100 MJIH KOIIUH, UTO IIPUMEPHO COOTBETCTBYET
¢daze cepokoHBepcHUM aHTUTEN [23, 24].

BrIcokuli ypoBeHb BUPEMUH, KaK IIPABIJIO, HO-
CUT BpeMEHHBIH XapaKTep, IIOCKOJIBKY B De3ysIb-
TaTe HMMYHHOTO OTBeTa TeHEepPUPYIOTCA BUPYC-
HEUTPaTU3YIOIINE AHTUTEJIA, KOTOPbIE ITO/IABJISAIOT
peIuKaIiio BUpyca. B TeueHne nocsieayonmx He-
JleJIb YDOBEHDb BUPYCHOM HAarpy3KH CHUKAaeTCsd Ha He-

route of HIV transmission worldwide, the cervical
mucous membrane is the first to be infected [16].
Here, dendritic cells and CD4+ lymphocytes can
be infected via receptor-dependent mechanisms
and allow a virus to invade into regional lymph
nodes, and then into bloodstream. Virus replica-
tion in the lymphatic tissue of the infected mucous
membranes and regional lymph nodes already oc-
curs at the early stages of the infection [17]. In par-
ticular, viral particles can be detected in dendritic
cells, macrophages and activated CD4+ T-cells
which are the main targets of infection. The infect-
ed cells can undergo lysis or serve as permanent
reservoirs of the virus, forming the so-called virus
depots [18, 19]. C. Wallet et al. in their study have
found HIV in microglial cells and macrophages of
the central nervous system in a deceased patient
who had been receiving long-term antiretroviral
therapy and had an undetectable viral load (HIV
RNA) [20]. This is a big obstacle for the full elimi-
nation of the virus from the human body as it en-
ables HIV to persist in the organism constantly,
even despite the highly effective antiretroviral
therapy.

In 10—12 days after contamination, the viral
RNA is detected in the blood by polymerase chain
reaction method [21, 22]. The indicator of HIV vire-
mia quickly rises to a peak level of more than 100
million copies, which approximately corresponds to
the stage of antibody seroconversion [23, 24].

As a result of the immune response, the high-
level viremia is temporary as a rule, due to the for-
mation of neutralizing antibodies which suppress
virus replication. Within the next weeks, the lev-
el of viral load decreases by several digits until it
reaches a lower steady-state level or falls below the
detection threshold [25].

Several factors related to the innate and ac-
quired antiviral immunity can influence virus repli-
cation and an establishment of “stabilization” phase
of viral load. However, the role of the virus-specific
cell-mediated immune response, in particular, the
specific cytotoxic activity of CD8+ T-cells, seems to
be key in the initial control of virus replication at
this stage of the infection, before the appearance of
virus-neutralizing antibodies [26, 27]. In some pa-
tients, in the presence of congenital immunopathol-
ogy or hematologic diseases, the viral load stabili-
zation phase is absent, and HIV infection proceeds
without the formation of specific antibodies. So,
A.M. Spivak et al. describe several cases of sero-
negative HIV infection lasting for several years in
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CKOJIBKO IIOPS/IKOB, ITIOKA HE IOCTUTHET O0JIee HU3KO-
I'0 YCTOHYMBOTO YPOBHS WMJIN HE YIIa/IeT HIKe YPOBHS
obHapyxeHus [25].

Heckospko (pakTOpoB, CBA3AHHBIX C BPOXKIECH-
HbIM M TNPUOOPETEHHBIM IPOTHBOBUPYCHBIM HM-
MYHUTETOM, MOTYT BJIMATH HAa PEIUIMKAIUIO BUPY-
ca ¥ ycraHOBJIeHHE (pas3bl «CTAOWIM3AIUN» BHPYC-
HOU Harpysku. OJIHaKO poJib BHUpYCHeNudUIecKo-
ro KJIETOYHO-OIIOCPEIOBAHHOTO UMMYHHOTO OTBETA,
B YaCTHOCTH CITENU(PUIECKON [TUTOTOKCHYECKOH aK-
tuBHOCTH CD8+ T-KJIeTOK, MO-BUAUMOMY, SIBJISIET-
cA KJII0YeBOH B ITEPBOHAYAIIBHOM KOHTPOJIE PEIpo-
IYKIIIU BIpPYyca HA 3TOU CTaINH UHQEKIIHH, /10 MTOSIB-
JIEHUS BUPYC-HEUTPIUBYIOIUX aHTUTEN [26, 27]. Y
HEKOTOPBIX HAIMeHTOB, IPH HAJIMUYUU BPOKJIEHHOU
MMMYHOIIATOJIOTHH WU TeMATOJIOTUYECKUX 3a00J1e-
BaHUH, $aza «crabuinusauu» BUPYCHOW HArpy3KH
otcyTcTByeT, a BUU-unbekus nporekaer 6e3 o6pa-
3oBaHus crenuduyeckux anrures. Tak, A.M. Spivak
et al. oKMCHIBAIOT HECKOJIBKO CJIyYaeB TEUEHUsS CEPO-
HeraTuBHOM BUY-uHbeKknum Ha NpPOTSKEHUU He-
CKOJIBKUX JIET Y MTAIIEHTOB ¢ MUEJIOMHOH 00JIe3HBIO,
XPOHUYECKUM JINMQOIEHKO30M, MUEIOAUCIIACTH-
YecKUM CHHIpoMoM [28].

®aza octpoit BUY-unHbeKInu mporekaer ot He-
CKOJIBKUX JTHEH 710 HECKOJIBKUX HeZlesIb [ocyIe 3apa-
>kennst BUY y 6obIrHCTBa HHPUITUPOBAHHBIX JIIO-
neti. OCHOBHBIMU CHMIITOMAaMH SIBJISIIOTCS: BBICOKAS
JINXOpajiKa, MakKyJolamysie3Has Chlllb, CTOMATHT,
auMdajieHoIaTusA, apTpairus, GapuHrUT, HeZJOMO-
raHue, IoTeps Beca U MUAJITHSA [14, 29].

ITo pesysbTaTaM MHOTOYHCJIEHHBIX HCCIIENO0-
BaHUU YCTaHOBJIEHO, YTO IporpeccupoBanue BMY-
uHpeknuu 10 craauu CIIM/]a 3HaYUTEBHO OBI-
CTpee HACTyIIaeT y MAIUEHTOB C TsKeJIBIM TeUeHHeM
octpoit BUU-undekiuu [30, 31]. Knuauyeckue mpo-
siBieHus octpod BUY-uHdeknuu B cpegHeM JJisT-
cs1 0T 7 10 18 JTHe! 1 pe/iKo IIPEBBIMIAOT 21 JIeHb. Bo
Bpemsi octpoii BUYU-undeknuu xomuuectBo CD4+
T-KJIETOK pe3KO CHIKAETCsI, YTO CBS3AHO C BBICO-
KHM YPOBHEM BHPEMUH JI0 HadasIa IPOTUBOBUPYCHO-
ro UMMYHHOTO OTBeTa [14, 29, 32]. ITocyie BbIpaboT-
KU crenuUIecKux BUPYC-HEUTPATU3YIONIUX aHTU-
TeJl YpOBEHb BUPYCHOU Harpy3KU CHIDKAeTCA U Iyl
CDg4+ T-xieTok BoccTaHaBiuBaeTcs. BoccraHoBIie-
Hue mysna CD4+ 1uM@OnuTOB IIPOUCXOAUT JI0 YPOB-
Hs HIKe, yeM Jio nHdunuposanus BUY, uto cBa3a-
HO C IlepcucTenIyeil Bupyca. Kpome toro, Bupyc us-
nyuupyetr auchysknuioo CD4+ T-kineTok U Ipyrux
KJIETOK IMMYHHOU CHCTeMBI [33, 34].

Uepe3 HECKOJIBKO HeZleJb IOCJae PpPa3BUTHA
octpodi craguu BUY-uHdpekuu OGOIBITUHCTBO HH-
(puIpoBaHHBIX BCTYHAIOT B JIATEHTHYIO CTaJuIoO,
0COOEHHOCTSIMU KOTOPOU SABJISIIOTCS OTCYTCTBHUE KJTH-

patients with myeloma, chronic lymphoid leukosis,
myelodysplastic syndrome [28].

The phase of acute HIV infection proceeds
from several days to several weeks after HIV con-
tamination in most infected persons. The main
symptoms are: high fever, maculopapular rash, sto-
matitis, lymphadenopathy, arthralgia, pharyngitis,
malaise, weight loss and myalgia [14, 29].

According to the results of numerous studies,
the progression of HIV infection to the AIDS stage
is much faster in patients with a severe course of
acute HIV infection [30, 31]. On average, clinical
manifestations of acute HIV infection last from
7 to 18 days and rarely exceed 21 days. During
acute HIV infection, the number of CD4+ T-cells
decreases abruptly, being associated with a high
level of viremia before the onset of the antiviral
immune response [14, 29, 32]. After the produc-
tion of specific virus-neutralizing antibodies, the
level of viral load decreases and the CD4 + T-cell
pool is restored. The restoration of the CD4+ lym-
phocyte pool occurs to a level lower than before
HIV infection, which is associated with the virus
persistence. Besides, the virus induces dysfunc-
tion of CD4 + T-cells and other cells of the immune
system [33, 34].

A few weeks after the development of the acute
stage of HIV infection, most of those infected en-
ter the latency stage, featuring in the absence of
clinical manifestations and low viral load. This is
explained by the antiviral action from both innate
and adaptive immune responses [35]. In particu-
lar, antibodies bind to HIV antigens specifically,
causing neutralization of the virus [36] or promot-
ing elimination of the infected cells by a mecha-
nism known as antibody-dependent cell cytotoxity
(ADCC) mediated by T-lymphocytes and natural
killer cells [34, 37]. Besides, HIV-specific T-cells
recognize viral antigens on the surface of the in-
fected cells and contribute to their elimination by
the antigen-specific cytotoxic mechanisms [38, 39].
During the whole asymptomatic stage, HIV is con-
tinuously replicating, counteracting antiviral im-
munity and promoting a state of systemic chronic
inflammation.

There are several reasons for antiviral immu-
nity to be unable to ensure complete HIV elimi-
nation. Among them, the most significant is the
persistence of the integrated virus in lymphoid de-
pots. The low expression of viral antigens and the
high frequency of mutations in the virus genome
contribute to the formation of immune tolerance.
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HUYECKUX INPOSIBIEHNH M HU3KHUU YpPOBEHb BHUpYC-
HOH Harpy3ku. ITO OOYCJIOBJIEHO ITPOTUBOBUPYC-
HBIM JIEVCTBUEM, OKa3bIBAEMBIM KaK BPOKJIEHHBIMU,
TaKk U aJJATUBHBIMYU UMMYHHBIMHU peakIusaMHu [35].
B uacTHOCTH, aHTUTEA CTIENU(UIECKH CBA3BIBAIOTCS
¢ aHTureHamMu BWY, BbI3bIBas HEUTPAIHBAIUIO BU-
pyca [36] wiu cioco6CTBY S SIMMIHAIIMEI HHPUITUPO-
BAaHHBIX KJIETOK C ITOMOIIBI0 MeXaHU3Ma, N3BECTHO-
r'0 KaK QaHTUTEJI03aBUCUMAsI KJIETOUHAS ITUTOTOKCHY-
Hocth (ADCC — antibody-dependent cell cytotoxity),
omocpesioBaHHas T-uMponuTaMu U eCTeCTBEHHBI-
MH KWUIEPHBIMHU KJeTKaMu [34, 37]. Kpome Toro,
BUY-cnenudpuueckre T-1umM@onuTsl pacrno3HamT
BUpYCHBbIE AQHTUTEHBI HA IMOBEPXHOCTU WHOUIIPO-
BaHHBIX KJIETOK H CIIOCOOCTBYIOT MX SJIMMUHALINY aH-
TUTeHCIIeNTN(PUIECKUMHU ITUTOTOKCUYECKIMU MeXa-
HuszMami [38, 39]. Bero 6eccumnromuyio dazy BUY
HEIIPEPHIBHO Pa3MHOKAETCs, IPOTUBOEUCTBYS IIPO-
TUBOBHPYCHOMY UMMYHUTETY U BBI3BIBAs COCTOSIHLIE
XPOHHYECKOTO CICTEMHOTO BOCIIAJIEHYIS.

Cy1iecTByeT HECKOJIBKO IMPHYHH, IO KOTOPHIM
MIPOTHUBOBUPYCHBIN MMMYHHUTET HE CIIOCOOEH obecrie-
4uTh NMOJHYI0 snumuHauio BUY. Cpenn Hux Hau-
0oJlee 3HAUMMOU SBJISETCS TTEPCUCTEHITNS UHTETPHU-
PpOBaHHOTO BUpYyca B IUMGOUAHBIX «7eno». Huskasa
SKCIIPECCUS BUPYCHBIX QaHTUTEHOB U BHICOKAs 4aCcTOTA
MyTaIuii B TEHOME BHpyca CIOCOOCTBYIOT (DOPMHPO-
BaHUIO UMMYHOJIOTHUECKOH «TOJIepaHTHOCTH». Ta-
KM 00pa3oM, peIuThKaIus BUPyca MPOJOJIKAETCS B
JUMGOUIHOM «JIEMI0O», C SIIU30/IaMH TPAH3UTOPHBIX
[IMKOB BUPEMUU (BUPYCHOW HArpy3KH), MOJJIEPIKH-
Bas TEM CaMbIM CHUCTEMHOE XPOHHYECKOe BOCIIaJIe-
HUe, UCTOIIAs pe3epBbl HMMYHHOU cucTeMBI [18, 20].

Y Hexkoropbix BUY-uHQUITMPOBAaHHBIX Nalu-
€HTOB YpOBEHb BUPYCHOU HATPY3KU OCTAETCS HEO-
mpesesisieMbIM 0e3 IpPUMEHEHUs] aHTHPETPOBHUPYC-
HOU Tepanuy B Te4eHNe MHOTHX JIET, UTO CBU/IETEIIb-
cTByeT 00 3(pheKTHBHOM UMMYHHOM OTBeTe [40, 41].
B uccnenoBanuu N.Y. Gebara et al. onucano He-
CKOJIPKO IIalIIEeHTOB C HeOoIIpesiesisieMblM YPOBHEM
BUPYCHOU HArpy3kH B TeUeHHe 5 U HoJiee JIeT mocye
uHbunuposanus BNY [42].

B snatenTHO# cragun BUY-uadeknuy ypoBeHb
CD4+ muM@dOIUTOB MOCTENEHHO CHUKAETCS U pas-
puBaercsa ux auchysknusa [35]. IIporpeccupoBa-
Hue 3a00JIeBaHMS XapaKTEPHU3yeTCs DPaspylIeHueM
CTPYKTYPbI TUMGOUTHOU TKAHU, UTO SBJISIETCS CIIE]I-
CTBUEM DPEIUITMKAIINN BUPYyCa U XPOHUYECKOU AKTHU-
BaIlMY KJIETOK UMMYHHOH CHCTEMBI. OTO IPUBOJUT
K YBEJIMUEHUIO IPOHUKHOBEHMUS BUPYCA B OKPYKAIO-
e CD4+ T-xieTku u 671aTOIPUATCTBYET JaTbHEN-
meMy pacnpoctrpaHenuto BUY. Jrta cragusa BUY-
MHGEKITUN aCCOIUUPYETCS C OOMIMPHON PenpoayK-
[Fed BUpyca B CJIU3UCTON O0OOJIOUKE KUIIIEYHHKA U

Thus, the virus continues to replicate in the lym-
phoid depot with episodes of transient peaks of
viremia (viral load), maintaining chronic systemic
inflammation, exhausting the immune system
[18, 20].

In some HIV-infected patients, the level of vi-
ral load remains undetectable without antiretrovi-
ral therapy for many years, indicating the effective
immune response [40, 41]. In the study of N.Y. Ge-
bara et al., several patients with undetectable level
of viral load within 5 years or more after contami-
nation with HIV are described [42].

At the latent stage of HIV infection, the level
of CD4+ lymphocytes gradually decreases and their
dysfunction develops [35]. The disease progression
is characterized by an impairment of lymphoid tis-
sue structure, being the consequence of viral rep-
lication and chronic activation of immune system
cells. This results in increased penetration of the
virus into surrounding CD4+ T-cells and promotes
the further HIV propagation. This HIV stage is as-
sociated with extensive virus reproduction in the
intestinal mucosa and submucosa, as well as in
draining lymph nodes with local depletion of the
CD4+ T-cell pool [43, 44].

Further progression of the disease depends on
the ability of the infected human body to restrain
viral replication and restore the pool of CD4+ lym-
phocytes. With a progressive increasing in viral
load, further immune system destruction occurs,
and the number of CD4+ T-cells continues to de-
cline to less than 200 cells and lower. A critical re-
duction of CD4+ lymphocytes leads to the develop-
ment of opportunistic infections: bacterial, viral,
fungal and parasitic, as well as contributes to the
emergence of tumor and its progression, indicat-
ing to a serious immune system disorder [45, 46].
The most widespread AIDS-defining opportunis-
tic infections are caused by Pneumocystis carinii,
Candida albicans, cytomegalovirus, herpes zoster
or enteropathic parasites (Criptosporidium and
Giardia, Isospora belli spp.), and can be character-
ized by the development of severe forms against the
pronounced immunodeficiency, and lead to serious
life-threatening complications [46].

The stage of secondary diseases is usually
characterized by diffuse edema of lymph nodes,
pronounced weight loss, fever and respiratory and
gastrointestinal symptoms. Progressive encepha-
lopathy caused by HIV or other opportunistic in-
fections is also associated with an increased risk
of mortality. Neoplastic diseases such as Kaposi’s
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MIO/ICTTU3UCTON 000JI0UKe, a TAKXKe B IPEHUPYIOIIIX
JauMdaTHIecKUX y3j1aX ¢ JIOKAJIbHBIM HCTOILEHUEM
mysna CD4+ T-kieToxk [43, 44].

JlanpHelilnee mporpeccupoBaHue 3a00JI€BAHUA
3aBUCHUT OT CIIOCOOHOCTH MHOUIIMPOBAHHOTO Opra-
HHU3Ma CAEepP>KUBATh PEILUIMKAIIMIO BUPYCa U BOCCTa-
HaBauBaTh Iys1 CD4+ siumdonnTos. Ilpu nporpec-
CUDYIOIleM HapacTaHUU BUPYCHON HATPYy3KU IIPO-
HCXOJIUT JNaJIbHelIee pa3pylieHne UMMYHHOU CH-
creMbl, U kosmuecTBO CD4+ T-kjeTok mpojiosrka-
€T CHIDKAThCS /10 YPOBHSA MeHee 200 KJIETOK U HIKe.
Kpuruueckoe cHmkeHue ypoBHsA CD4+ aumdonu-
TOB IIPUBOJUT K PAa3BUTUIO OMIOPTYHUCTUYECKUX
vH(peKIui: OaKTepHaJIbHBIX, BHUPYCHBIX, TI'DPUOKO-
BBIX U TAPa3UTAPHBIX, a TaKKe CIOCOOCTBYET BO3-
HUKHOBEHUIO U IIPOTPECCUPOBAHUIO OITyXOJIEBBIX 3a-
60JIeBaHMI, UYTO CBU/IETEIHCTBYET O CEPHE3HOM Ha-
pylieHnu B GYHKIMOHUPOBAHUY UMMYHHOU CHCTe-
MEI [45, 46]. Haubosiee pacripocTpaHEeHHbIE OIIIOP-
TYHUCTHUYEeCKHEe WHQEKINY, OIpesiesIAoIie cra-
quto CIIN]la, BBI3BIBAOTCA Pneumocystis carinii,
Candida albicans, UTOMETAaIOBUPYCOM, OIIOSICHI-
BAIOIIUM TepIIecOM HJIM BHTEPOINAaTHYeCKUMHU Iapa-
sutamu (Buzbl Criptosporidium u Giardia, Isospora
belli), koTOpBIE MOTYT XapaKTEPU30BAThCSI PA3BUTH-
eM TsoKeJbIX (popM Ha (GoHe TIIyOOKOro HMMMYHO7Ie-
duruTa U TPUBOIUTH K CEPhE3HBIM KU3HEYTPOKAIO-
LIMM OCJIOXKHEHUAM [46].

Craziiisi BTOPUYHBIX 3a00JI€BaHUH OOBIYHO Xa-
paxrepusyerca Aud@y3HbIM oTekoM JsHuMdaruye-
CKUX y3JIOB, BBIDQ?KEHHBIM CHI?KEHIEM MAaCChI TeJa,
JIMXOPAZIKOM U PECIUPATOPHBIMU U 3KeJyZOYHO-
KHUIIIeYHbIMU cuMnToMamu. [Iporpeccupyiomas sH-
nedasonarus, BeI3BaHHad BUY wuinu gpyrumu on-
MIOPTYHUCTUYECKUMU NHQEKIUAMY, TaKXKe CBA3aHa
C TOBBIIIIEHHBIM PUCKOM cMepTHOcTu. Heortactu-
yeckue 3a00yieBaHMsA, TAKKe Kak capkoMa Kamomu u
JUMOMBI, yallle BCEr0 BO3HUKAIOT BCJIECTBUE IJIy-
6okxoro uMmmMmyHozedunuTa [47].

Pe3ucmenmnuocmsv BUY k aexapcmeeH-
HbiM npenapamam. C TOMOIIbI0 COBpeMeHHBIX
AHTHUPETPOBUPYCHBIX IPENApPAaTOB, HAIIPABJIEHHBIX
Ha WHTUOMPOBAHUE PA3JINYHBIX (PEPMEHTOB BUDPY-
ca, ymaercss OBICTPO IOMABUTH perviukamuio BUY
U YJIYYIIUTh COCTOSIHHE IMAIIMEeHTOB, HO CJIOXKHAs
CTPYKTYpHAasi OPTaHU3aIus BUPYCa MO3BOJISIET MY
OBICTPO a/IaITUPOBATHCA K JIEHCTBUIO JIEKAPCTBEH-
HBIX IPEINaparoB. B mociiesHue 7ecATh JeT 0TMe-
JaeTcs pocT ycroiunBocTu BUY K XumMuonpernapa-
TaMm.

Ilepenaua yCTOHYUBBIX K JIEKAPCTBEHHBIM ITpe-
naparam mramMmMoB BUY-1 nanueHTaM, pasee He II0-
JIy4aBIINM aHTHPETPOBUPYCHYIO TEPAIMIO, IIPUBO-
Ut K HedDEeKTUBHOCTU IEPBOU JINHUU TEPAuU U

sarcoma and lymphomas develop most often due to
advanced immunodeficiency [47].

HIV drug resistance. With the help of mod-
ern antiretroviral drugs aimed at inhibiting various
viral enzymes it is possible to quickly suppress HIV
replication and improve the condition of patients,
but the complex structural organization of the vi-
rus allows it to adapt to the effects of drugs quickly.
HIV resistance to chemotherapy has increased over
the past decade.

Transmission of drug-resistant strains of HIV-1
in patients naive to the antiretroviral drugs leads to
ineffectiveness of the first-line therapy and the dis-
ease progression [48, 49]. According to the WHO, in
the countriesof Western Europeand the USA, thelev-
el of primary resistance makes 12—23% (the USA —
19—23%, France and the UK — 14%, the Nether-
lands — 13%, Spain — 12%) [50].

According to the Federal Scientific and Meth-
odological Center for the Prevention and Control of
AIDS, in the Russian Federation in 2019, the preva-
lence of HIV-1 drug resistance in patients naive to
the antiretroviral drugs in the Far East Federal
District was 7.6%, in the Siberian — 7.0%, in the
Ural — 1.7%, in the North-West — 3.9%, in the Cen-
tral — 5.7%, in the Volga — 2.8%, in the South —
5.1%. Among the most common mutations resistant
to drugs from the class of protease inhibitors are
M461/L, 158V; to nucleoside reverse transcriptase
inhibitors — M184V/I, M41L; to non-nucleoside
reverse transcriptase inhibitors — K103N, G190S,
K103S [51].

Since 2009, in the world there has been an in-
crease in detection of multidrug resistant strains
[52, 53], which are characterized by the lack of
complete virological response to almost all modern
antiretroviral drugs.

Features of immunopathology and cel-
lular metabolism in HIV infection. Cells of
the immune system exist in two functional states:
dormancy and activation. Their metabolism is
closely related to their activation, and therefore to
their functions. Recognition of an antigen induces
activation and proliferation of T-lymphocytes and
leads to changes in cellular metabolism. For ex-
ample, HIV-induced changes in metabolism of im-
mune cells contribute to immune activation, main-
tenance of chronic systemic inflammation, and
depletion of the CD4+ lymphocyte pool. The study
of C.S. Palmer et al. described pathological changes
of metabolism in immune cells in HIV infection,
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IporpeccupoBaHuIo 3abosieBanus [48, 49]. ITo man-
veiM BO3 B crpanax 3anazaou Esporst u CIIIA ypo-
BEHb MEPBUYHOU PE3WCTEHTHOCTH COCTABJIAET 12—
23 % (CIIA — 19—23 %, ®paunus u Besukobpura-
HUsA — 14 %, Hunepmanasr — 13 %, Vicnaausa — 12 %)
[50].

ITo narHBIM D€e/1epaIbHOTO HAYYHO-METOIIEC-
KOTO IIeHTpa 1o podmiakTuke U 6opbbe co CITNU/T
B Poccuiickoit @epepanyu B 2019 T. pacpocTpaHeH-
HOCTb JIEKAPCTBEHHOH ycToiunBoct BUY-1 y mamu-
€HTOB 0e3 OIbITa MPHeMa aHTHPETPOBUPYCHBIX IIpe-
mapaToB B J[aJibHEBOCTOUHOM (he/IepaIbHOM OKpyTe
cocraBuia 7.6 %, B CHOMPCKOM — 7.0 %, Y paJIbCKOM —
1.7 %, CeBepo-3anmagaom — 3.9 %, lleHTpasibHOM —
5.7 %, IIpuBomxkckom — 2.8 %, OxxHOM — 5.1 %.
Cpenu Hanbosiee 4acTO BCTPEUAOIIUXCsS MYyTAIlUH,
YCTOHYMBBIX K IIperapaTtaM U3 Kjaacca HHTHOHUTOPOB
npoteadsl — M461/L, 158V; K HyK/JI€O3UIHBIM HH-
rubutropaM ob6paTHOU TpaHCKpumTassl — M184V/I,
M41L; ¥k HEHYKJI€O3UITHBIM UHTUOUTOPAM 0OpaTHOM
TpaHckpunTasbl — K103N, G190S, K103S [51].

C 2009 T. B MHUpe OTME€YaeTcsi POCT BbIABJIE-
HUs IITAMMOB C MHOXKECTBEHHOU JIEKAPCTBEHHOU
YCTOHYUBOCTBIO [52, 53], KOTOpbIE XapaKTepU3YIOT-
¢ OTCYTCTBHEM IIOJIHOTO BHUPYCOJIOTUYECKOTO OTBE-
Ta MPaKTUUYECKU HA BCE COBPEMEHHbBIE AHTUPETPOBH-
PYCHBIE IIpENapaThl.

OcoGeHHOCIMU UMMYHONamMoao2uu u
KaemouHoz2o memabdoausma npu BHY-um-
dexyuu. KneTku MMMyHHOU CHCTEMBI ITPEOBIBAIOT
B JIByX (DYHKITMOHQIBHBIX COCTOSHHUAX: ITOKOSA U aK-
TUBanuu. X MeTab0oIu3M TECHO CBSI3aH C UX aKTHBA-
IHMEeH, a crezioBaTeIbHO — (QYHKIHUAMU. PacrosHaBa-
HHE aHTUTeHA WH/IyIIUPYET aKTUBAIHIO U Mposude-
paruio T-1uM@OIUTOB M TPUBOAUT K U3MEHEHUSIM
B KJIETOYHOM MeTabosim3me. HanprumMep, BEI3BaHHBIE
BUY uzmeHneHnus B MeTaboIn3Me HMMYHHBIX KJIETOK
CIIOCOOCTBYIOT aKTHUBAIIUM WMMYHUTETA, MOJIEPK-
K€ XpOHUYECKOTO CHCTEMHOTO BOCITJIEHUS] U HCTO-
mennio nyna CD4+ sumdonuTos. B uccaegoBanun
C.S. Palmer et al. ommucasbl MaTOJIOTUYECKUE U3MEHE-
HUS MeTaboJIM3Ma B KJIETKaX UMMYHHOH CHCTEMBI Ha
¢one BUY-uHbekIN, KOTOPBIE IPUBOJAT K UX IVC-
yHKIIMH ¢ TToCIeayomuM (opMUPOBAHUEM TIy0O-
KOro uMMyHozeduura [17].

[TaTorene3 BUY-uHdeKuu TeCHO CBsI3aH C IO-
BBIIIIEHHBIM ypoBHeM IL-7 B miasme KpoBu [54]. B
OospIIHCTBE cirydaeB BUY wHUUIUMpyeT akTUBHU-
pOBaHHBIE, 8 HE HAXOJAIINECA B COCTOSIHHU IOKOS
CD4+ muM@OIHUTHI, YTO YKA3bIBAET HA BAYKHYIO POJIb
U3MEHEHUS KJIETOYHOTO MeTaboIM3Ma B MaToreHe3e
BUY-undexkiuu [55]. B 2012 1. S. Loisel-Meyer et al.
MEPBBIMHU YCTAHOBWJIM POJIb TPAHCIIOPTEPA TJIIOKO-
3p1 Glut1 B perynsanuu npornkHoBenuss BUY B CD+

which lead to their dysfunction and subsequent se-
vere immunodeficiency [17].

The pathogenesis of HIV infection is closely re-
lated to the increased levels of IL-7 in human blood
plasma [54]. In most cases, HIV infects activated
rather than resting CD4+ lymphocytes, which in-
dicates an important role of changes in cellular
metabolism in the pathogenesis of HIV infection
[55]. In 2012, S. Loisel-Meyer et al. were the first to
establish the role of Gluti-mediated glucose trans-
port in the regulation of HIV penetration into CD+
cells and thymocytes [56]. Subsequently, Glut1 was
revealed to be an important metabolic marker of
the activation of HIV+ effector CD4+ lymphocytes
and monocytes, the level of which was increased in
HIV patients [17]. T-cell function is closely related
to the cellular metabolism [57]. Immune cells use
two main pathways of energy production: glycolysis
and oxidative phosphorylation. Metabolic transi-
tion from the resting state to the activation is medi-
ated, in particular, by an increase in Glut1 expres-
sion [17].

High glucose metabolic activity correlates with
depletion of the CD4+ lymphocyte pool, and in-
creased glycolytic activity is associated with T-cell
activation in HIV-infected individuals, as the study
of J.A. Hollenbaugh et al. has confirmed [58]. It has
been experimentally found that inhibition of gly-
colysis reduces the viral load [56].

Glut1 is the main transporter of glucose to
macrophages. As a result of HIV infection, macro-
phages are transformed. These macrophages are
characterized by increased Glut1 expression and
glycolytic metabolism contributing to the high pro-
duction of proinflammatory mediators, including
IL-6, TNF, IL-1 [59].

Further study of the pathogenesis of HIV-in-
fection, in particular immunometabolism of cells,
is important for the development of new etiotropic
therapy methods. Despite the fact that the current
antiretroviral therapy significantly reduces the
level of viral load and slows down the progressive
decreasing of the CD4+ lymphocyte pool, the per-
manent activation of T-cells and the maintenance
of chronic inflammation contributes to the further
exhaustion of the immune system. Thus, the devel-
opment of drugs that block T-cell hyperactivation
(in particular, associated with Glut1) is a promising
research method.
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KJIETKU U TUMOIUTHI [56]. BriocsencTBru nokasaHo,
yto Glut1 siByIsIeTcA BaXKHBIM MeTab0JIMYECKUM Map-
kepoM aktuBanuu BUY+ «addexropapix» CD4+
JAUMQOIUTOB U MOHOLIUTOB, yPOBEHb KOTOPOTO IIO-
BbIllleH Y BUY-UHGUITUPOBAHHBIX MAIEeHTOB [17].
OyHKIYA T-KIETOK TECHO CBA3aHA C KJIETOYHBIM Me-
tTabonuaMoM [57]. VIMMyHHbIE KJIETKH HCIIOJIb3Y-
IOT /{BA OCHOBHBIX ITyTH BBIPAOOTKHU SHEPTHH: TJIUKO-
U3 U okucauTeNbHoe dochopunupoBanue. Mera-
60IMYECKUI IEPEXO/T U3 «CIIOKOMHOTO» COCTOSHUA B
a3y akTUBAIUU OIIOCPEJOBAH, B YaCTHOCTHU, YBEJIH-
yenuneM skcipeccuu Gluti [17].

Bricokas meTabosuyeckas aKTUBHOCTH TJIIOKO-
3bl KOoppenupyeT ¢ ucromienuem nyna CD4+ aum-
¢onuToB, a NOBBIIIEHHAA IJIMKOJIUTHYECKasd ak-
THUBHOCTH CBsi3aHa ¢ akTuBanueid T-kinetok y BUY-
UHOUIUPOBAHHBIX, UTO MOATBEPKAEHO B HCCIIENI0-
Banuu J.A. Hollenbaugh et al. [58]. 9kcnepumen-
TaJIbHO YCTAHOBJIEHO, YTO MHTUOMPOBaHUE TITUKOJIH-
3a CHHIKaeT BUPYCHYIO HArpy3Ky [56].

Glut1  siBisieTcsT  OCHOBHBIM  IIEPEHOCUH-
KOM TIJIIOKO3bI B Makpodaru. B pesynprare BIIU-
UHOUITUPOBAHUSA TPOUCXOAUT TpaHchopMaIusa Ma-
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URL:
JlaTa

kpodaros. JlaHHBIe Makpodaru XapakTepusyloT-
¢ TIOBBILIIEHHOH 3Kcnpeccueidt Glutl u mmukonuTH-
YeCKUM MeTabO0JIM3MOM, CHOCOOCTBYIOIUMU BBICO-
KOU IPOAYKIIUH ITPOBOCIAJIUTEIFHBIX MEIHATOPOB,
Bxsouas IL-6, TNF, IL-1 [59].

JanbHeliee wu3yyeHue martoreHe3a BUY-
nHOGEKINH, B YacTHOCTH MeTabosm3Ma HMMYyH-
HBIX KJIETOK, MMeeT Ba)KHOe 3HaueHUe I paspa-
OOTKHU HOBBIX 3TUOTPOITHBIX METOIOB JeueHus. He-
CMOTpS Ha TO, YTO NIPUMEHEHHE COBPEMEHHOU aH-
TUPETPOBUPYCHOHN Tepanuy 3HAYUTEIHHO CHUKAET
YPOBEHb BUPYCHOUM HAarpy3KH U 3aMeJJIseT IIporpec-
cuBHOe cHMkeHMe mmysna CD4+ aum@onuTos, nocTo-
sAHHaA akTuBanusa T-KJIeTOK U Mojfep:KaHue Xpo-
HHUYECKOTO BOCHAJIEHUS CIOCOOCTBYET JayIbHEHIIIe-
My HCTOILIEHHUIO UMMYHHOU cucTeMbl. Takum ob6pa-
30M, pa3paboTKa Ipernaparos, 0JIOKUPYIOIIHNX THITe-
pakTuBanuio T-ki1eTok (B YaCTHOCTH, CBSI3AHHYIO C
Glut1), siByisieTcs IEPCIIEKTUBHBIM METO/IOM HCCJIE-
JIOBAHUS.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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