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Mechanisms of HIV-1 mediated neurodegeneration
promoted by macrophages and astroglial factors
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Neurologival diseuse is a prominent feafure of hwman immunodeficlency virus ype T (HI1V-1) infection,
usually occurring during the last stages of acquired immunodeficiency syndrome ( AIDS ). The newrologic
cognitive impeairiient, termed HIV-I-associaied cognitive/ motor complex (ATDS dementia complex).
Astrocytes and microghia are key participants in mediating the nearologic dysfunction associated with HIV
infection of the cenfral nervous systems. The newropathogenesis of HIV-1 infection s related to secretory
reurotoxins front activated HI1V-1-infected macrophages The toxins produced by the macrophages include
glutamate-like newrotoxic molecules, free radicals, cysteine, platelet-activating factor, cytokines, and
vicosanoids such as arachidonic acid, and as yer wnidentificd factors emanating from  stimulated
macrophages andfor reactive astrocytes.

The rate of progression (o disease varies considerably
among individuals infected with HIV-1. Most in-
dividuals infected with HIV-1 remains disease frec for
many years and during this time. maintain relatively
stable numbers of CD4™ T cells, strong cylotoxic T
cell responses, and low numbers of HIV-{-infected
cells in the blood, all indicators that the virus is under
immune conirol, At somc point the immune sysiem
falters, and most infected individuals progress (o
develop the symptoms of AIDS [1].

HIV-1 predominantly infects cells that express
the CD4 recepior, which serves as the major receptor
for HIV-1, ntilizing the CD4 molecule for entry into
T celis and macrophages [2, 3|. CD4 by itself was not
sufficient for HIV-1 infectivity; some «cofactors, only
found in human cclls, was also required |4]. Berg at
al. 5] report the discovery of a membrane proiein
they call «fusine», which has the cxpecled charac-
teristics of the clusive HIV-1 cofacior. This protcin is
a putative G protein-coupled receplor with seven
transmembrane segments. The researchers found,
that togeiber with CD4, it permits cells lo fuse with
HIV-1 surface — a key step in the infeclion process.
Recent evidence suggests that chemokines and their
receptors may play an imporlant regulalory role in
HIV-1 infection |6—8 . Chemokines are chemotactic
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cytokines that acvtivale and direct the migration of
leukocytes.

Monocytes/macrophages functione as a cellular
reservoir for HIV-1 since macrophages can be infected
with the virus but are resistant to its cytopathic effects
[9. 10]. The ability of HIV-1 to cstablish a latent
infection in macrophages may contribute 1o the spread
and persistence of the virus |11 ). HIV-l-infected
monocyies express higher fevels of cell surface ad-
hesion molecules, such as the 8, integrins, and secrele
larger amounts of proteolylic cnzymes, such as me-
talloprotecinase-9 [12]. Thesc changes in monocyte
function could participate in the pathogencsis of AIDS
by promelting lissuc invasion and by enhancing local
tissue proteolysis [13]. Lafrenic ct al. [14] shown
that many of the effects of HIV-1 infection of
monocytes can be mimicked by trcatment of the
monocyles with a regulatory gene product of the HIV
genome HIV-1-Tai. Monocytes treated with soluble
HIV-1-Taf protein express elevated levels of 8, in-
tegrins, which mediates monocyte aggregation and
monocyle adhesion to endothelial monolayers, and
increases monocyle production of matrix metallo-
proteinasc-9. The changes in monocyte function are
similar to those seen either in responsc o cytokine
treatment or during an inflammatory response when
monocyles are induced 1o extravasate. Lafrenie et al.
[14] presented evidence that HIV-1-Tas protein can



enhance the chemotactic and invasive behaviors of
monocytes and could play an actlive role in the
recruitment of monocytes into extravascular tissues in
addition to activating circulating monocytes, A num-
ber of ccllular factors can modulate replication of
latent virus. In particular, proinfifammatory cytokines
have been shown 1o up-regulate expression of HIV-|
[15, 16]. Macrophages are the major source of virus
in lissues such as brain, and spinal cord. Necurological
discase is a prominent feature of HIV-1 infection,
usually occurring during the last stages of AIDS [17].
Neurologic problems occur even in the absence of
opportunistic infection or sccondary cancer [18—201.
Approximately one third of adults and half of children
with the AIDS eventually have neurologic compli-
cations. The most common disorder in HIV-1-infected
individuals is encepbalopathy, a fatal illness causing
severe demcentia. Events leading to encephalopathy
are unclear but infiltration by monocvites and mac-
rophages is a consistent finding in the central nervous
system (CNS) of AIDS patients |11 ],

The neurologic signs consist of molor, sensory,
and cognitive impairment, termed HIV-1-associated
cognitive/ motor complex (AIDS dementia complex)
[21, 22]. A severe form of this imspairment, occurs in
20—30 %, of immunosuppressed paticnis with neu-
rological deficits. Virus-induced brain pathology is
characterized by producitive infection of cells of mono-
cytic/ macrophage lineage |23, 24 ] in the CNS accom-
panicd by diffusc and oodular microgliosis, multi-
nucleated giant cell formation, astrocytosis, and mye-
lin pallor [19, 20, 25, 26 ). Despitc HIV-1 not directly
infecting ncurens, there is progressive loss of specific
ncuronal population in the neocortex |27—301], limbic
system, and basal ganglia in association with synaptic
and dendritic damage, ncuronal foss in retina [30—
331

Macrophages as mediators of HIV-1-associated
neurotoxicity. HIV-1 penctration of the brain is a
pivotal event in the ncuropathogenesis of AlDS-
associated dementia, The recruitment of mononuclear
phagocyics inlo brain during disease likely governs
the tempo and progression of CNS disease. Nottet et
al. [341] suggest that HIV-i-infected monocytes have
an advantage in binding to microvascular endothelial
cells and that this binding fucilitates entey of virus
into brain tissuc. HIV-l-infecled monocytes would
induce the expression of adhesion molecules on brain
microvascular cndothelial cells that allow binding and
then penciration of virus-infected monocyles into
brain. Since immunc-activatied HIV-1-infected mac-
rophages overexpress proioflammatory  cytokines,
such as TNF-«, activated cells might have a sefective
advantage in {ransendothelial migration {34). There
is good cvidence that there are two stages in the
infection of brain macrophages by HIV-1. Initially,
the viral coat glvcoprotein gp/20 binds {o a receplor
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CD4 on the surface of the macrophage, but other
binding sites may exist. Internalization of the virus
may stimulate the macrophage to release low levels of
neurotoxins. HIV-1 proteins such as gp/20 and pos-
sibly Tat and Nef can stimulate uninfected cells to
release similar neurotoxins [35]. In the second stage
of HIV-1 infection, the viral genome is integrated into
the genome of the macrophage, and active virus
replication ensues. During this stage macrophages
release large amounts of neurotoxic substances. The
toxins produced by the macrophages include glu-
tamate-like neurotoxic molecules, free radicals, cys-
teine, platclet-activating factor (PAF), cytokines, and
cicosanoids, and as yol unidentified factors emanating
from stimulated macrophages and/or reaclive astro-
cytes [35—-39 ). Interactions among scveral different
types of cell, including mononucfear phagocytes, ast-
rocytes, and neurons, probably regulate the secretion
of neurotoxins by HIV-1-infected macrophages [351.

Takahashi ci al. 140 ] demonstrated that latent or
low-levcl infection of asirocyles occurs in AIDS, a
finding that may be of importance in understanding
neuropathogenesis. The infection of astrocytes is
highly unusual and may occur in chiidren [35, 41,
42 ).

The role that microglia play in HiV-1 infection is
important in thc understanding of the pathogencsis of
HIV-1 infection and of the resulting brain damage.
Most of the current evidence strongly suggest that
microglia arise from mcsodcrmal tissues, ultimately
devclop from bone marrow cells, in particular the
moenocyte [43], and populate the CNS afier it has
been vascularized. Microglia are gencrally considered
to be bone marrow-derived resident macrophages in
the brain and thus form ihe interface between CNS
and immune svstem. Microglia constitute = 10 %, of
the tolal glial cell population. They can be considered
as a specialized subtype of tissue macrophage found
in the CNS 144, 45]. The major known function of
microglia 15 as a scavenger cell. Also, microglia may
be involved with inflammation and repair in the CNS
because of their phagocylic ability, release of neutral
proteinases, and production of oxidative radicals.
Microgilia have been demonstrated 1o ¢xpress major
histocompatibility complex antigens (MHC class I and
II) upon activation, act as antigen-presenting cells,
secrete a number of immunoregulatory cytokines, and
respond to cytokine stimulation, suggesting an invol-
vement with inflammatory and immune responses
within the CNS {45] Microglia may play an im-
portant role in a varicty of neurclogical disorders such
as AIDS, Alzhcimer’s disease, and amyotrophic late-
ral sclerosis {46 . Although microglia resembic tissuc
macrophage in immunological phenotype and func-
tion, there are somc differences between microglia
and other monocyte/ macrophage lineage that still
remain to be clarificd {47 |. Microglial cells, the target
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cells for HIV-I in the brain, arc responsible for the
replication and spread of (he virus, They fuse toge-
ther to form the multinuctear ginnt cells, which are
considered to be the hallmark of HEV-1 infection, The
combination of immunohistochemistry and morpho-
metry to investigale the activation pattern of microglia
gave conclusive data. The number of activaled micro-
glia was significantly increased in HIV-1 infected
brains. The activation of microglia was not correlated
with the presence of HIV-1 antigen in brain tissue
(48 ].

One factor that may contribute, atl least in part,
to AIDS dementia complex is neuronal injury caused
by the viral cnvelope protein, gp/f20. or a fragment
thereof, which can be shed fromi H1V-1 harboured by
macrophages or microglia in the CNS [49--53) It
was found that picomolar concenirations of gpl20
were toxic ix vitro 1o rodent neurons [49 ], The HIV-1
coat protein gpf20 produces lesions in cultured neu-
roncs and glial cells. The HIV-1 covelope protein
gpl120 produces ncuronal cell damage in primary
cultures of varicty of cell tvpes including hippocampal
neurons and retinal ganglion cell [49). The im-
portance of macrophages as mcediators of gpl20-
asseciated neurotoxicity is shown by the failure of
gp120 10 cause neuronal damage when macrophages
were eliminated from retinal ganglion cell cultures
154 |

The propertics of primary cell cultures are,
however, often markedly different from those of cells
living in their normal environment, The use of an in
vifro organized structure will enable the molecular
and cellular mechanism of action of gp/20 to be
examined in conditions which arc particularly suitable
and relevant to the in vivo situation {35} Gpiz0
induces widespread chromatin condensation and le-
sions in pyramidal granular ncurone and in inier-
neurones of rat hippocampal organotypic slice cultu-
res. This damage is clearly of an apoptotic (program-
med cell deathy type [53)]. In an study involving
transgenic mice Toggas ct al. }56 | demonstrate that
damage in the CNS can be caused by the HIV-1 coal
protein gpi20. This mouse model has its shortcoming.
Transgene for gpf20 is expressed in astrocytes rather
than in the macrophage/microglial lineage, the cell
type predominantly infected in the UNS |57 ]

Neuronal cell death clicited by gpf20 is abso-
lutely dependent upon the presence of glutamate
acting through N-methyl-D-aspartate (NMDA) re-
ceptors [31, 58, 59] and (o be mediated by exci-
totoxic mechanisms. These works were extended by
evidence that gp/20 could indirectly trigger a dra-
matic and potentially lethal rise in neuronal {Ca™ |
by releasing toxic faclors from activaled macro-
phages/microglia and possibly astrocytes {54, 50
The NMDA receplors has reccived substantial atten-
tion because of its high Ca®" permcability and its
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involvement in synaptic plasticity, long-term poien-
tiation, learning and memory, and ncurodcgeneration
|51, 60, 6!} Activation of NMDA receplors leads to
increased intracellular Ca”" followed by activation of
protein kinases, phospholipases, proleascs, nitric oxi-
de synthase (NOS), impaired mitochondrial function,
and the generation of frece radicals [539, 62—64].
Neurotloxicity in primary ncuronal cultures induced
by stimulation of NMDA receptors is mediaied in part
by nitric oxide (NO) [39, 65). NO is a powerful
endogenous mediator for numerous physiological res-
ponses, as well as in manifestations of brain injury
[66, 67 Bukrinsky et al. |168] demonstrated that
HIV-1 infection of human monocytes results in the
appearance of inducible isoform of NOS. Human
mogocytes have been used as model of brain macro-
phage function. The appearance of the inducible
isoform of NOS is accompanied by significant pro-
duction of NO. This NOS induction is subject to both
positive and ncgalive regulation by the immune sys-
tem cytokine network. NO-mediated neurotoxicity is
engendered by reaction with O,7, apparcntly ieading
to formation of peroxynitrite (ONQOQO), a highly
destructive radical. The formation of & ONOO' leads
to lipid peroxidation and indiscriminate oxidation of
sulphhydryvls and kills neurons in a dosc-dependerit
fashion [65]. In other oxidation states NO can
interact with thio) groups of NMDA receplors and
ameliorate deleterious cffect of glutamate [65, 691,
Recently, human macrophages and astrocytes have
been shown to produce NO via inducible NO syn-
thase (iNOS) in response to cytokines and gp/20 {39,
70, 71]. Although gpf20 can bind to CD4 on human
macrophages it has been argued that this is nol true
for rodents, Thus, the cffects of gnf20 in the rodent
nervous sysicm might imply the existence of another,
as yet unknown, receptor for the coat protein. Other
HIV proteins, such as Taf and Nef, were shown to be
toxic in the rodent CNS, raising questions about the
specificity of the findings with gp/20 |54 ].

Evidence has been accumulating that brain da-
mage in HIV infection is not the resull of a direct
effect of the virus. The neuronal damage is, rather,
due to 1oxic factors that aller the ncuronal function.
The discrepancy between widespread neuronal da-
mage and the abscnce of productive viral infection in
neurons led lo the hypothesis that HIV-1 induces
neurotoxicity through an indirect mechanism [35 1.
Recently, a new human ncuronal culiure system,
called NT neurons, has beecome available [72]). A new
in vitro system comprising a pure population of
neurons, human NT cells, was used to characterize
the diregt neurotoxic effect of HIV-} envelope protein
gpi20. Treatment of mature NT ncurons with various
doses of gp/f20 for 24 h caused a decrease of up to
27 % in the number of viable cells. These data
indicate the possibility that gpf20 cxerts a direct
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neurotoxic effect by acting through NMDA receptors
and Ca” channcls [73].

" Macrophages and microglial cells produce pros-
taglandin E,, cytokines such as tumor necrosis factor
(TNF-a), transforming growth factor-5 (TGF-8),
interlenkin-1 (IL-1}, interleukin-6 (IL-6), colony sti-
mulating factors (CSFs). Many cytokines cause death
of oligodendrocytes and/or destruction of myelin in
vitro [74, 75|. These potent, cell-derived effector
molecules are cytotoxic when added to primary neu-
ronal cultures and are also detected in the ce-
rebrospinal fluid of HIV-infected subjects with neu-
rological deficits [76, 77]. Increased levels of TNF-
v, 1L-1-3 are present in the brains of patients with
various pathological conditions such as AIDS [78],
multiple sclerosis [79], Alzheimer’'s disease, and
Down’s syndrome [80)]. Numerous siudies have de-
monstrated that inflammatory cytokines arg present
in CNS during neurological diseases. These cytokines
include 1L-1, 11.-6, INF-y, TNF-« and TNF-8, In-
terferon-y (INF-), which are neurotoxic, is involved
in the pathogenesis of neuronal injury in patients with
HIV-1 infection |76, 77§ INF-y is the product of
activated T cells and has a wide range of im-
munoregulatory functions. INF-y would be present in
the CNS only during disease states where the blood-
brain barrier has been breached [77]. [t was demon-
sirated that interactions beiwceen HIV-infected mono-
cytes and astroglial celfs produce high levels of
proinflammatory cylokines (TNF-¢, I1L--18), PAF
{81), and eicosanoids |82]. Several cytokines can
regulate their own synthesis, as well as the production
of other cytokines (for example, 1L-1, TNF-x).The
most abundant source of cyvtokines appears (0o be
activated microglia, although neurones, astroglia, pe-
rivascular and endothelial cells can  also express
cytokines. These molecules are involved in meuronal
degeneration and repair in the CNS, and have been
proposed as mediators of various neuropathologies
[83—83 ). Therefore, many of the clinical and his-
tological effects of HIV-1 infection in the CNS may
be an indirect effect of cytokines and other soluble
mediators secreted by resident macrophages and
microglial cclls. There is evidence of increased syn-
thesis of neopterin, a marker of both macrophage
activation and tctrahydrobiopterin biosynthesis [80].
TNF-cz, TL-1, IL-6, INF-y, 2 microglobulin, and
neopterin are poiential candidales serving as neu-
rotoxic factors 148 ).

Regulatory role for astrocytes in 1V-i-mediated
encephalopathy. HIV-1l-infected brain macrophages
participate in ncurologic dysfunction through their
continual secretion of neurctoxins. The control of
macrophage secretory aclivities was found linked to
the astrocytes, a cells that suppressed neurotoxins
production and rcgulate the extent of disease [87].

Benveniste et al. [88] investigated the ability of the
major envelope glycoprotein of HIV, gpf20, to re-
gulate intercellular adhesion molecule-1 (ICAM-1)
expression in ghal cells. Their results indicate that
gpl120 enhances ICAM-1 gene expression in primary
rat astrocyles, primary human astrocytes, a human
astroglioma cell linc CRT, and primary rat microglia.
ICAM-1 is important in mediating immune res-
ponsiveness in the CNS, facilitating entry of HIV-
infected cells into the CNS, and promoting syncylia
formation.

Astrocytes are the most numerous of the glial
cells, and in the mammalian brain they outnumber
neurons 10 to 1. Astrocytes have been implicated in a
wide range of supportive functions for their pariner
neurons in the CNS, such as neuronal guidance
during development and nutritional and metabolic
support throughout life [89]. Asirocytes have also
been suggesied to provide neurotrophic factors essen-
tial for neuronal maintenance and survival {90, 91].
The ionic composition of the extracellular space
around the neurons is critical for their proper func-
tioning, and the astrocyie is important in maintaining
this microenvironment. Numerous studies have de-
monstrated the active involvement the astrocytes in
neurotransmitter metabolism. In vitro studies suggest
that amino acid transmitters may be removed from
the extracellular space by astrocytic uptake mecha-
nisms. In the presence of high glutamate levels,
removal of astrocytes from mixed cultures quickly
leads to necuronal death [92, 93} 1t has been shown
that glutamate, a good substrate for the uptake
system, is 1/40—1/100-fold weaker as a neurotoxin
in astrocyte-rich cultures than in astrocyte-poor cul-
tures [94 ). The asirocyte can coniribute to the
structural integrity of the blood-brain barrier. In the
adult nervous system, astrocytes rctain the ability fo
divide and multiply. When the CNS is injured,
astrocytes respond by becoming reactive. This re-
action, known as astrocytosis is the result of astrocyte
proliferation, hypertrophy, and enhanced expression
of glial fibrillary acidic protein (GFAP), whose exp-
ression is restricted to astrocytes. One of the major
functions proposed for reactive astrocytes is the
initiation of immune responses within the CNS [37,
44, ]. Prominent reactive astrocytosis is seen in AIDS-
dementia complex [95 L

1. C. Maeypa, (0. M. Poxmanosy

Poans makpodarie | acTPOUMTIBE Y MEXaHiaMax Hekpogereucpaudl,
BHXJIMKAHOT indyikysanHam BLA-1
Pesiome

fipu gaxgopiosanni wa CHLA y snaunol Kinekocsil xeopux aid-
BYBUCHTLeR HOPYHICHRS DiAGHOCI CHIPAAOHOT HEPBOROTL ClCHIC-
My (L{HC), 06yMosicue NPOHUKHEHHAN GIpyCy imyHoOeiyumy
Awotunu 1 (BIA-1) uepes cemamoenyearivnuil Oapep. He aio-
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dygacmuea 3a60sxu 30umnocmi BIT-1-ingikoganuX mMoHOuumMie
36 AZVBAMULCE MIKPOGACKYASPHUM CHODMCAICM, WO GUIHAMAE HA-
CINYNHE HPOHUKHEHHA GIpYCY ¥ HIKGHUHY MO3KY. THdykoeana BIA-1
namonoia LHC cynposodxyemuoca 6ubipkosois 30zufesrio Hed-
DORIG KOpW M CIMIKIBKY, QCMPOUURIOIOM, ROPYUCHRAM Mic-
Ainizayil Hepeosux soaoxon. BIF-1 Gesnocepednse ue inginye
Hepeosl Kiitmuui. [0aoeHy pons vy possumky namoaceil L{HC
sidiepaec cexpeyis nelipomocunie BLI-1-ingdicosanumu maipopa-
camit. H0 uuXx HEUPOMOKCURIG HOREKAMb CAYMAMam-nodibui nel-
DORUNCCHMHI MOREKYAW, SINbMi pudukany, wucmeit, paxmop axmu-
sauil MpoMOORUMIE, WWMOKIKRY, CLUKO3UHOION, 30Kpema apuxifo-
HOGG KUCAOME, @ MaKox weifenmudbivoeani daxmopu, wo eudi-
ARMIMb AKMUGOGAH] MAKPOPAcU, 4 MEACOX PeaKrmietl acHipoyiimiL.
bincw BLA-1, 3oxpema nosepxmesuil caixonpomein gpf20, makox
MOXYMb ROWKOTKYeamu HelpoHi | SMmIMOBaMU (YHIYIO acmpo-
yumia. 3aeubens neliponia y xeopux na CHIT y anaunili mipi Moxe
sqaexumu gid 3damnocmi gpl20 obymoéaosamu HAoMIpHY Cmu-
myaauirvo HMOA peuenmopic | BUKAUKGML CKCLMOMOKCUH ROPY-
WEHHS, d MAKOX Be3nocepedibo GIUGUINIL HQ UCTIPOGHIME, GUKAL-
KQIOWt SMEHMERNS HPOdYRYGaHNS Daxmopia poeny | npuzHinywnm
MPAHCHOPIYBAHHA CAYMAMAMY 3 MIKKAUMUNROED cepedpsula.

H. C. Mazypa, (. M. Poxmanosa

Ponb Makpodiaroe M acTPOLLMTOR B MEXDHMIMAX HERPOAETEHEPALMN,
BRI3BAHHOM MHDMHMpoBanmem BHY-1

Peaome

FHAyuMeRbHoe Koautecgo boavkulx CITH fom cmpadaem Heapo-
AOCHYECKUMYU HADYIIEHUAMY, ODYCADGALHHBIMU NPOHUKHOBCHIEM
eupyca ummynodeduuma weaogexa ( BHY-1) vepes zemamosnye-
haauneckuil bapsep. BHY-!-unduuuposanse MOHOUMbL CIROCOD-
Hbi CAR3BIGAMLCH MUKPOGACKYARPHbIM FHOOMERUEM, WO onpede-
AReM ROCALOYIOWE: NPORUKHOSEHIE GUPYCH ¢ Mkaio mozea. Hudy-
yuposanHans BHY-1 namorocus UeHMPaAsHoR HEPGHOI CUCINEMbL
(HHC} conposoxdaemea u3bupameibHod cubeasio HedpoRoe Hell-
POKOPMERCA W CEFMMAMIU, GCMPORILINOI0NM, HADYUICHUEM MUCTIUHY-
3auuie HEPBRLLX s0A0KOH, BH Y1 nenocpedcmaeenno He uruyupyem
Hepauble Kaemil. Ocnoanas pors 6 passumuu namonozuw L[HC
npunalnexum coxpeyul Hepomokcunod BHY-I-undunupoeaniio-
Mu makpogazami. K omum HeEpOMOKCHMaM OMNOCAMCE 2ayma-
Mam-nodobHeie HELPDOMOKCUNECKNE MONECKYAb, ca0Bo0Hbe paduka~
Mol HUCMIEUN, QUKINGP QRMUBAHUE MPOMDOGUMOG, WHOKHHSE,
sirosanoudol, ¢ Makxe endennuubuyupeedHme Guemopst, aolde-
ASIOUUE AKIMUBUPOBAHHBIC MAKPODALY iU PEARIMUGHBIC JCMPOULUITLL
Benu BHY-1, 6 wacmuocmu ROGEPXHOCHIHBLUL CAUKONDOMERH
gpi20, maxxe MOymp nOAPexOamy HelipoHbl | HIMEHRIOMY GyH-
Kyuro acmpoyumoes. Fubeat ueiiponos v Goronmx CHHJom a6
SHQUUMERLHON CMENEHI MOKCM 3aaUcenb onl chocobnocmu gpl20
GUYCANBAUBAME U3DLUMOUHYIO Chiumyasuuwo HM A peaenimopoa u
GLI3LIBAME IKCUMOINUKCUNECKUE HAPYUICHISE, 0 MAKXe HERacperom-
SCHHD GRUAMD HQ ACPOYHNILL, GLIILIGAS. YMEHbUEHUE NPOOYKYUL
PAKMOPOB POCHIA U YEHEMIST MPAHCROPI. ZAYMAMANIG U3 MEKKAL-
mouHol cpeder
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