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Abstract

Introduction. Both attenuated and inactivated vaccines are used in disease control. Inactivated vaccines are very
diverse and include whole cell and acellular vaccines containing protein target antigens or nucleic acids encoding
target antigens. Immunity induced by inactivated vaccines is not believed to be long-lasting. It is very problematic
to develop a vaccine against viruses that integrate into the genome of the host cell, as well as against persistent
viruses that penetrate the central nervous system (CNS), which is typical for the human immunodeficiency virus
type 1 (HIV-1).

Aim of the study: to evaluate the possibility of forming HIV-1 recombinant virus-like particles (recVLPs) and
HIV-1B recombinant VLPs and simian immunodeficiency virus (SIV) — SHIV,, ., based on self-replicating RNAs
(srRNAs) producing target lentivirus antigens on the alphavirus replicon platform (Sindbis virus or Venezuelan
equine encephalomyelitis virus (VEEV)), and also to evaluate the ability of HIV-1B and SHIV VLPs to infect
glioblastoma cells and normal human macrophages.

Materials and methods. BHK-21 cells were transfected with the srRNA mixture by electroporation. Recombinant
virus-like particles (recVLP’s) in recVLP’s-infected cells were detected using the immunofluorescence assay
(ELISA) and electron microscopy. recVLP’s were used to infect glioblastoma cells and normal macrophages from
a healthy donor.

Results. Based on the genomic RNA of the alphavirus, the plasmids were created, transcription from which
makes it possible to obtain RNA that expresses lentiviral gene products in cells in quantities sufficient for the
formation of mature VLPs. In BHK-21 cells infected with recVLP’s, virus-specific antigens are detected only in
the cytoplasm, but not in the nucleus. Both glioblastoma cells (U87) and normal human macrophages containing
CD4 receptor and SSR5 and CXR4 co-receptors give infectious progeny of HIV-1B and SHIV,, ., recVLP’s when
infected with supernatant obtained after transfection of BHK-21 cells with srRNA.

Discussion. The results obtained show the possibility of expressing lentivirus structural proteins in glioblastoma
cells (U87) and in normal human macrophages and can be used in the future to study the presentation of antigens
in native and functional conformations in appropriate model systems to study the possibility of suppressing HIV
infection in viral reservoirs in the CNS.
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AHHOMauyus

BBepeHune. B 6opbbe ¢ 3aboneBaHnsAMU NPUMEHSOTCA aTTeHYMPOBAaHHbIE W MHAKTUBUPOBAHHbIE BaKLMHbI.
MHakTMBMpOBaHHble BaKLMHbI BECbMa pa3HOOOpasHbl 1 BKIOYAKOT LieNbHOKIETOYHbIE 1 BecKneTouYHble BaKum-
Hbl, copepaLume 6enkoBble LeneBble aHTUreHbl, NI HYKNENHOBbIE KMCIOTbI, KOAUPYHOLLME LieNneBble aHTUMEHbI.
Cuntaetcs, YTO MMMYHUTET, UHAYLIMPYEMbIA MHAKTUBMPOBAHHLIMU BakUMHaMK, He JONrocpoyeH. Becbma npo-
6nemaTtnyHa paspaboTka BakLMH NPOTUB BUPYCOB, MHTETPUPYIOLLMXCA B FEHOM KIETOK X03AMHa, a Takke NpoTuB
NepCcUCTMPYIOLLNX BUPYCOB, MPOHUKAIOLLMX B LIeHTpanbHyo HepBHyto cuctemy (LIHC), 4yto xapakTepHo ansi Bupy-

ca ummyHogeduumTa Yyernoseka tuna 1 (BUY-1).

Llenb paboTbl: OLEHUTb BO3MOXHOCTb 0Opa3oBaHMsa Ha ocHoBe camopennuuupytowmxcsa PHK (cpPHK), npogy-
LMPYIOLLMX LieNneBble aHTUreHbl IEHTUBUPYCa Ha nnatgopmMe anbgaBnpycHOro pensinkoHa (supyc Cungobuc nnm
BMPYC BEHECYanbCKOro 3HuedanomuenvTa nowagen), peKoMOMHaHTHbIX BUpyconogobHbix yYacTtuy, (pekBI1Y)
BMY-1B 1 pekBIN4Y BANY-1B v Bupyca nmmyHoaedmumnta obesbsaH (SHIV, ), a Takke nx cnocobHOCTb MHULK-

poBaTh KNeTku rmuobnactombl u Makpodaru Yyernoseka.

MaTtepuanbl n metoabl. Knetkn noykn HoBopoxaéHHoro xomsika (BHK-21) tpaHcdumumposanu cpPHK ¢ no-
MOLLbIO 3nekTponopaumn; pekBlMNY B MHPUUMPOBAHHbBIX KreTKax BbISABMASNN C MOMOLLbI MUKPOMMMYHOYO-
PEeCLIEHTHOro aHanusa v 3NeKTPOHHOW MUKPOCKOMMU U UCMONb30Banv Anst 3apaKeHus KNeTok rmmobrnactoMsl 1

MakpodaroB 4enoseka.

Pe3ynbraTtbl. Ha ocHoBe reHomHon PHK anbaBupyca cosgaHbl nnasmubl, nossonstowme nonyunts cpPHK,
3KCMnpeccupyroLmne B KreTkax NPOAYKTbl FEHOB NIEHTUBMPYCOB B KONMYECTBE, AOCTAaTOMHOM Ans OpMUPOBaHMS
3penbix pekBIM4Y. B knetkax BHK-21, TpancduumpoBaHHbix cpPHK, BupyccneumdmnyHbie aHTureHb! BoiSBNSIOTCS
TOmMbKO B LMTONnasmMe knetok. Knetku rmuobnactomel (U87), copgepxaiume peuentop CD4 n kopeuentopbl CCR5

n CXR4, a Tarke Mmakpodaru Yenoseka AarT MHdeKunoHHoe notomcteo pekBMY BUY-1B 1 SHIV,
LMpOBaHWM CynepHaTaHTOM, Nony4eHHbIM nocne TpaHcdekumm cpPHK knetok BHK-21.
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npv UHGU-

3akntoyeHue. NonyyeHHble pe3dynbTaThl NOKa3bIBAOT BO3MOXHOCTb IKCMPECCUM CTPYKTYPHbIX BEnkoB NneHTu-
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Introduction

Despite the introduction of antiretroviral therapy
in 1996, patients with human immunodeficiency virus
(HIV) infection exhibit the cognitive impairment known
as HIV-associated neurocognitive disorders (HAND).
Current estimates indicate that HAND is identified in
50% of people with long-term HIV infection'?. The
mechanisms of HAND associated with HIV-1 are not
clear. The central nervous system (CNS) is highly com-
partmentalized and serves as a specific site of HIV-1
infection. HIV-1 replication in the CNS persists despite
long-term combination antiretroviral therapy due to the
inability of current antiretroviral drugs to penetrate and
cross the blood—brain barrier (BBB) [1]. As a result
of sustained HIV-1 replication in the CNS, even with
combination antiretroviral therapy, a high incidence of
HAND is observed [2, 3].

On the other hand, when analyzing the COVID-19
pandemic, there is increasing evidence that SARS-
CoV-2 affects not only the respiratory tract but also the
CNS, leading to neurological symptoms such as loss of
smell and taste, headache, fatigue, nausea and vomit-
ing, which are observed in more than one third of peo-
ple with COVID-19 [4, 5]; acute cerebrovascular symp-
toms have been noted and disorders of consciousness
have been reported [6]. Two strains of endemic SARS-
CoV-2 infiltrate and persist in the CNS, and viral RNA
has been detected in the brain and cerebrospinal fluid
[7-10].

Thus, both HIV-1 and SARS-CoV-2 can be at-
tributed to pantropic viruses, the neurotropicity of
which may be due to both ophthalmic and cellular path-
ways of penetration into the CNS and other, as yet un-
detected mechanisms [11].

Back in the 1990s, we proposed to use vector viral
systems that have lost their neurovirulence but retained
their neuroinvasiveness to create vaccines against such
pantropic viruses. Our analysis led us to the conclusion
that vaccine strains TC-83 and 15 of Venezuelan equine
encephalomyelitis virus (VEEV) are the most suitable
for this purpose. Model experiments have confirmed
that the use of a vaccine strain with these characteris-
tics protects animals even against intracerebral infec-
tion with a virulent strain [12—-14].

In 1998, we demonstrated the possibility of immu-
nizing model animals by injecting self-replicating RNA
(sTRNA) of Sindbis virus carrying env and gag HIV-1B

Wenzel E.D. Mechanism of hiv-1 gp120 neurotoxicity: the role
of microtubules. A Dissertation submitted to the Faculty of the
Graduate School of Arts and Sciences of Georgetown University
in partial fulfillment of the requirements for the degree of Doctor
of Philosophy in Pharmacology. Washington; 2019.

Smith L.K. Role of neurotropism in hiv-1 gpl120 induced
oxidative stress and neurodegeneration. A Dissertation submitted
in partial fulfillment of the requirements for the Degree of Doctor
of Philosophy in Biochemistry and Neuroscience. Fairbanks;
2020.
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genes®, which was confirmed by A.J. Geal et al. in 2012
when using VEEV srRNA [15].

In 2000-2003, we created VEEV replicon plas-
mids expressing Gag/Pol proteins and Env (gp160)
SHIV,, ., protein as part of the International AIDS
Control Organization, Vaccine Initiative, and National
Institute of Allergy and Infectious Diseases National
Institute of Health AIDS Vaccine Development Collab-
oration. The resulting plasmids were then used to study
the effect of rapid degradation on the expression of the
Gag portion of simian immunodeficiency virus (SIV)
in a single-cycle vector. It was found that VEEV VLPs
incapable of self-replication are more efficient in pre-
senting the target antigen when the recombinant repli-
con is packaged into VLPs carrying spikes of wild-type
VEEV glycoprotein [16].

Later, C.K. Jurgens et al. using the VEEV repli-
con plasmids created by D.A. Moshkoff and express-
ing SHIV . Gag and SHIV . Env (gp160) antigens,
studied the expression of these proteins in monkey
cells [17]. They found that expression of Gag and Env
proteins on the VEEV RNA platform in primate cells
resulted in the assembly of particles that morphologi-
cally and functionally resembled lentivirus virions and
included an alphavirus replicon. Infection of CD4" cells
with chimeric lentivirus-like particles was specific and
productive, leading to RNA replication, expression of
Gag and Env, and formation of daughter chimeric par-
ticles. Further genome modifications to enhance encap-
sidation of the chimeric virus genome and expression
of attenuated SIV protease for particle maturation im-
proved the ability of chimeric lentivirus-like particles
to proliferate in cell culture. The ability to present len-
tivirus immunogens in native and functional conforma-
tion was demonstrated [17].

A review conducted by the 48" Central Research
Institute of the Ministry of Defense examined the use
of alphavirus vectors for the development of vaccines
against a wide range of viruses [18]. It is emphasized
that alphavirus RNA replicons combine the safety of
inactivated and immunogenicity of live attenuated vac-
cines. Such constructs are suitable for the express de-
velopment of vaccines for specific prevention of viral
infectious diseases, and the presence of the TC-83 strain
of VEEV suitable for human immunization determines
the prospects for the creation of RNA replicons based
on the genome of this pathogen [18]. Kazakh research-
ers integrated the gene of green fluorescent protein into
the genome of VEEV under the control of a synthetic
copy of the viral promoter of 26S subgenomic RNA.
The RNA transcript of recombinant virus was transfect-
ed into BHK-21 cell culture. By 36 h after transfection,

* Moshkov D.A. Cloning and expression of the GAG and ENV
genes of the human immunodeficiency virus in vector systems
based on the genome of the Sindbis virus: Thesis Cand. Sci.
(Biol.): 03.00.15. Moscow; 1998.
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almost all cells in culture showed bright fluorescence of
the marker protein [19]. Thus, the data obtained in the
last 3 decades confirm the prospects of our chosen line
of research.

The aim of this study is to evaluate the possibility
of formation of HIV-1B and recombinant HIV-1B and
SHIV,, ., VLPs based on srRNAs producing targeted
lentivirus antigens on the alphavirus replicon platform,
as well as the ability of HIV-1B and SHIV _ _ VLPs to

89.6
infect human glioblastoma cells and rnacrophgges.

Materials and methods

Plasmids expressing VEEV replicon RNA
and chimeric viral genomes

The plasmids of recombinant VEEV replicon ob-
tained by D.A. Moshkoff and used in the studies earlier
are described in the corresponding papers [16, 17], the
schematic representation of the plasmids is presented
in Fig. 1.

Replicon patrticle production and titration

Linearized plasmids encoding target proteins
served as a matrix for the synthesis of capped RNAs
using the mMessage Machine T7 kit (Ambion). Sub-
confluent (80%) cells were harvested and prepared for
electroporation. Cells were precipitated by centrifuga-
tion at 800g for 10 min, washed with phosphate buffer
solution containing no ribonuclease, and resuspended
to a concentration of 1.5 x 107 cells/mL in phosphate
buffer solution containing no ribonuclease.

The in vitro synthesized srRNA (1 pg) was trans-
fected into BHK-21 cells by electroporation using a
BioRAD GenePulser (Bio-Rad). Cells were pulsed
three times at a voltage of 850 V and a capacitance of
25 uF.

Recombinant VLPs (recVLPs) were collected and
purified by precipitation through a sucrose solution pad.

a

Ampicillin

Xhol SP6 Promoter

Linearization site:
Poly A37 nt

ENV \

SinRep5 Amp HIV1 DM [ "sP14PRTSine
17819 bp I

y
L/

C\}Q \\268 Promoter

Po

The recVLPs were titrated by infecting U87.CD4-
CCRS and U87.CD4-CXCR4 glioblastoma cells with
serial dilutions of purified recVLPs for 16 h at 37°C
followed by 10-min fixation with methanol at 4°C. The
fixed cells were rehydrated in phosphate-salt buffer pH
7.2 and incubated with the appropriate antiserum at a
dilution of 1 : 100 for 1 h at room temperature. An-
tiserums to lentivirus proteins were obtained from Dr.
D.C. Montefiore at the AIDS Reagent Receipt Program
(Division of AIDS, National Institute of Allergy and
Infectious Diseases, National Institutes of Health). The
evaluation of these neutralizing antibodies against HIV,
SIV and SHIV is reported in [20]. Cells were washed and
incubated with biotinylated anti-mouse IgG antibodies
followed by streptavidin conjugated to Alexaflour Texas
Red. RecVLP-infected cells were evaluated under the
microscope by fluorescence under UV illumination.

Cells

All cells were obtained from the AIDS Reagent
Receipt Program (Division of AIDS, National Institute
of Allergy and Infectious Diseases, National Institutes
of Health).

Newborn hamster kidney cells (BHK-21) were
maintained in minimal essential alpha medium supple-
mented with 10% phosphate-salt buffer, 2 mM L-gluta-
mine, and 100 units/mL penicillin and streptomycin at
37°C in a CO, incubator [17].

US87 cells stably expressing CD4 and wild-
type CCR5 co-receptor (U87.CD4*CCRS5* and US87.
CD47X4") were cultured in Dulbecco's modified Iscov's
medium (Termo Fischer Scientific) supplemented with
10% fetal bovine serum, L-glutamine and penicillin/
streptomycin (10 pg/mL) [21].

Commercial macrophage cultures were obtained
from CD14* human peripheral blood monocytes (purity
> 90%). Macrophages were cultured from monocytes
in thM-CSF-containing medium for several days and

b
T7 Phage Promoter  5'end UTR
amp R
Linearization site Not |
poly A1
nSP1-3 VEE TRD
ENV SHIV 89.6P y Y
L \\
VEE rep[/ 265 GagPol 2nd 265 Env SH 1/89.6P
End2nd1GJ) | oB
2nd 26S promoter, \ o
nsP4Trank \\
% nsP4 VEEV TRD
gag/pol SHIV89.6 1st 26S promoter
EndIGJ

Fig. 1. Schematic representation of plasmids, transcribed RNA from which leads to translation of proteins capable
of forming VLPs.

a — on the Sindbis virus replicon platform; b — on the VEEV replicon platform.
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ready for use. Human macrophages were isolated from
a healthy adult donor. Macrophages were characterized
using antibodies specific for CD14, CD11b. Commer-
cial macrophages are negative for HIV-1, hepatitis B
and C virus, mycoplasma, bacteria, yeast and fungi.

Microimmunofluorescence assay

To monitor transfection (electroporation) and de-
termine the titer of recVLPs by microimmunofluores-
cence assay, BHK-21 cells were grown on 4- or 8-well
LabTek slides (Nalge Nunc International) in a CO, in-
cubator at 37°C. 24 h after infection, slides were fixed
in acetone-methanol (1 : 1) at 4°C for at least 1 h. For
the transfected cell assay, approximately 10° electropo-
rated cells were seeded onto 4- or 8-well slides, incu-
bated and fixed as described above. Fixed cells were
rehydrated in phosphate-salt buffer solution pH 7.2 and
incubated with a 1 : 100 dilution of appropriate antise-
rums to Gag and Env obtained from Dr. D.C. Montefio-
re for 1 h at room temperature, as well as with mouse
anti-HIV pl7 monoclonal antibodies and serum from
an HIV™ patient. After 3 washes in phosphate-salt buf-
fer, goat anti-human or goat anti-mouse [gG-isothiocy-
anate fluorescein conjugate (Sigma) was added at a di-
lution of 1 : 100, and the slide was incubated for 30 min
at room temperature followed by 3 additional washes.
Slides were examined and photographed under a Zeiss
LSM110 confocal fluorescence microscope (Carl Zeiss
SMT, Inc.). Images were digitized and analyzed using
Photoshop software (Adobe Systems Inc.).

Electron microscopy

Cell monolayers were washed briefly with se-
rum-free medium and fixed with 4% glutaraldehyde in
0.15 M sodium phosphate buffer pH 7.4 overnight. The
next 3 washes were made with phosphate buffer and
monolayers were fixed for 1 h in a mixture of 1% OsO,
and 1.25% potassium ferricyanide in 0.15 M sodium
phosphate buffer. Cells were then washed with deioni-
zed water and dehydrated by increasing concentrations
of ethanol (30, 50, 75 and 100%, 5 min each). Cells
were infiltrated with two concentrations of Polybed 812
epoxy resin (Composition 1A : 2B, Polysciences, Inc.)
for several hours at each change, polymerized for 24 h at
60°C in pouring molds where they were separated from
plates before sectioning. Ultrathin sections (70 nm)
were cut with a Diatome diamond knife; sections were
mounted on copper grids (200 cells) and stained with
4% aqueous uranyl acetate solution for 15 min, fol-
lowed by Reynolds lead citrate for 7 min. Sections
were photographed using a LEO EM910 transmission
electron microscope (Carl Zeiss SMT, Inc.) at 80 kV.

Results
The prototype chimeric viral vaccine construct uti-
lizes an incomplete alphavirus RNA genome (Sindbis
or VEEV) containing gag/pol and env genes expressing

ORIGINAL RESEARCHES

the corresponding lentivirus proteins. Electroporation
of cells with srRNAs transcribed from these plasmids
results in the self-assembly of lentivirus-like particles.

DNA sequences encoding Gag/Pol and Env gp160
proteins of lentiviruses (HIV-1B and SHIV,, ) were
obtained by standard genetic engineering methods.
A plasmid containing DNA encoding HIV-1B proteins
was constructed on the Sindbis virus replicon plat-
form (Fig. 1, a). A plasmid containing DNA encoding
SHIV,, ., proteins on the VEEV replicon platform was
constructed from the SHIV,, . KB9 molecular clone
(GenBank # U89134) (Fig. 1, b).

In plasmid SHIV ., the 5'-primer contained the
26S subgenomic promoter sequences, and the 3'-primer
contained the stop codon and Ascl site for cloning in-
to the VEEV replicon plasmid. The C-terminus of the
NSP4 and 26S promoter sequences were amplified by
polymerase chain reaction (PCR) and used in an overlap-
ping elongation PCR with a fragment containing struc-
tural genes with the 26S replicon promoter for PCR. The
fragment containing the C-terminus of NSP4, the com-
plete VEEV 26S subgenomic promoter, the SHIV .
structural gene, and the Ascl restriction site was intro-
duced into the Zero Blunt PCR cloning vector (Invitro-
gen) and the nucleotide sequence was determined. The
26S-Gag fragment was ligated to pVR100 SHIV,, ., Env.
The 26S-Env fragment was ligated to pVR21 SHIV,,
Gag. Positive clones were identified by restriction
analysis and confirmed by sequencing. The preparation
of these plasmids and their further modification have
been described in more detail previously [16, 17].

BHK-21 cells were transcribed from synthesized
plasmids with recombinant sTRNAs (1 pg each) ex-
pressing structural proteins of alphaviruses. The result-
ing VLPs were examined by electron microscopy. It
was found that transfection of cells with both Sindbis
virus recRNA (expressing HIV-1B structural proteins)
and VEEV reVLPs (expressing SHIV . structural pro-
teins) resulted in VLP formation. The titers of VEEV
recVLPs produced on the VEEV platform were 10°-10°
infectious units per 1 ml, which coincides with the data
of other authors who used plasmids obtained by us [17].

Thus, we created constructs expressing the pro-
ducts of HIV-1B and SHIV  , genes in an amount suf-
ficient for the formation of mature recVLPs (Fig. 2).

During the microimmunofluorescence assay,
SHIV,, ., structural proteins were detected only in the
cytoplasm of transfected cells (Fig. 3). The titers of
recVLPs ranged from 10°-10° infectious units per 1 ml.

CCRS5 and CXCR4 are two major co-receptors re-
quired for HIV entry. The glioblastoma cell lines U87.
CD4.CCR5 and U87.CD4.CXCR4 reliably support
HIV-1 infection of various laboratory-adapted strains
and primary isolates with different co-receptor utiliza-
tion (RS, X4 and R5/X4), allowing us to investigate the
antiviral efficacy of combined CCRS5 and CXCR4 an-
tagonist blockade [22].
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Infection of these U87 cell lines with CD4 recep-
tor and CCRS5 and X4 co-receptors and human macro-
phages with chimeric lentivirus-like particles was spe-
cific and productive and resulted in srRNA replication,
expression and processing of gag/pol and env HIV-1B,

a

and SHIV, . gene products, and generation of daugh-
ter chimeric recVLPs capable of producing infectious
progeny. Infection of human macrophages resulted in
syncytium formation in both HIV-1B and SHIV
recVLP infections (Fig. 4).

89.6P

Fig. 2. Electron microscopic photographs of lentiviral VLPs.

aand b — HIV-1B VLPs; ¢ — VLP SHIV

VLPs.

89.6P

Fig. 3. ELISA, srRNA replication in the cytoplasm of BHK-21 cells and protein expression of the gag gene (a)

and env gene (b) of SHIV

L

89.6P"

Fig. 4. Formation of syncytium on human macrophages infected with lentivirus recVLPs.

a — negative control, x20; b, ¢ — formed syncytium, x40: HIV-1B recVLPs (b) and SHIV

recVLPs (c).
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Thus, self-replicating lentivirus VLPs are able to
replicate in glioblastoma cells and induce fusion of nor-
mal human macrophages.

Discussion

HIV vaccines has been in development for more
than 30 years, but despite all the progress made, little
success has been achieved. One of the reasons is the
presence of a reservoir of HIV variants evading the im-
mune system in the CNS. The solution to this problem
could be the use of attenuated alphavirus vectors with
lost neurovirulence but preserved neuroinvasiveness
[12,13,23].

We have constructed plasmids that allow tran-
scribing strRNAs, transfection of cells with these plas-
mids allows not only expression of target proteins, but
also leads to the formation of infectious recVLPs. Ap-
parently, these recVLPs can present antigen to cells of
the immune system in conformations close to native
ones [24-26]. When srRNA enters the cell, replication
occurs and the strRNA is packaged into such chimeric
particles. When the replicon genome is then released
into the cytoplasm following entry of the chimeric par-
ticles into susceptible cells, the chimeric particles can
potentially replicate and function as a live viral vaccine.
Using engineered constructs, it was shown that expres-
sion of the gag and env genes of recombinant VEEV
RNA in primate cells resulted in the assembly of par-
ticles that were morphologically and functionally VLP
lentivirus and included recombinant alphavirus RNA
that enables VLP self-assembly. Thus, HIV-1B and
SHIV,, ., enveloped recVLPs are essentially recombi-
nant viruses, which may help circumvent the complexi-
ties typically associated with noninfectious VLPs.

Infection of cells with CD4 receptor and CCRS5
and X4 co-receptors with chimeric lentivirus-like par-
ticles was specific and productive and resulted in RNA
replication, expression and processing of HIV gag/pol
and env gene products, and generation of daughter
chimeric particles. Further modifications of plasmids
encoding SHIV,, ., proteins (Fig. 1, c), performed by
other researchers and aimed at enhancing encapsula-
tion of the chimeric virus genome and expression of the
SHIV, ., protease for particle maturation, improved the
ability of chimeric lentivirus-like particles to proliferate
in cell culture [17].

The studies performed here and previously led to
RNAs capable of self-reproduction, and upon transfec-
tion with these RNAs, recVLPs are formed. Expression
of lentivirus antigens by these recVLPs is observed on-
ly in the cytoplasm. Because there is no integration into
the host genome, vaccination with these VLPs should
not result in persistent or chronic infection. Alphavi-
ruses are sensitive to interferon. Therefore, attenuat-
ing mutations can be incorporated into the genome to
increase sensitivity to interferon [22, 23]. The VEEV
vaccine strain approved for use in high-risk groups is

ORIGINAL RESEARCHES

able to penetrate the CNS of model animals through the
BBB [12, 13, 27]. In our opinion, the data presented in
the present study and those obtained earlier, as well as
the analysis of published studies, allow us to believe
that further research on the improvement of such vac-
cines is justified and should include, first of all, the use
of adequate animal models, the study of the intensity of
induced immunity and the evaluation of the safety of
such vaccines.

In the case of sTRNA production, the stage of ob-
taining viral progeny for subsequent immunization is
not required. This seems to allow the use of mucosal
or intradermal (ID) immunization methods, which are
more effective, economical and immunogenic com-
pared to intramuscular infection [28-30].

Our study and the data of the authors who used
plasmids created by D.A. Moshkoff [17] provide evi-
dence of the ability of our chimeric constructs to ex-
press structural proteins of lentivirus and to assemble
into infectious particles to present lentivirus immuno-
gens in their native and functional conformation.

HIV is capable of infiltrating the CNS, infecting
immunocompetent cells that are able to cross the BBB.
In this manner, HIV can infiltrate by circumventing the
biological barrier that limits the entry of most other
foreign molecules. Antiretroviral drugs are generally
unable to effectively penetrate the BBB or are rapidly
eliminated from the brain parenchyma, resulting in inef-
ficient elimination of HIV from the brain and formation
of viral reservoirs. Heterogeneous cellular reservoirs
exist in the brain that can contain resting HIV. Such ac-
cumulation in the CNS can lead to virus rebound and
recurrence of infection. There is a paradox in that for-
eign viral components cross the BBB and are transmit-
ted to the CNS, while essential therapeutic drugs cannot
penetrate it [3].

In both nonhuman primates and cats, neurovir-
ulent variants have been isolated from CNS tissue or
cerebrospinal fluid [31, 32], causing more rapid dis-
ruption of behavioral reactions and accelerated death.
The isolation and cloning of lentivirus variants that
cause death of animals in a short period of time opens
the possibility of rapid testing of the effectiveness of
protective drugs. SIVsmmPBjl14 isolate (SIV-PBjl14)
is one of the most virulent known primate lentiviruses
which causes acute disease and death within 6—10 days
after intravenous inoculation into pig-tailed macaques
[33, 34]. SIV-PB;j14 replicated more efficiently than the
initial virus pool in human peripheral blood mononu-
clear cells (PBMC) and also replicated in chimpanzee
PBMC. Normal macaque PBMCs infected in vitro with
SIV-PBjl4 formed syncytia with human T-lympho-
blasts from human lymphoma (Sup-T1), whereas the
initial virus pool did not result in syncytia formation
with these cells [36]. Infection of normal macrophages
with SHIV , _ VLPs also resulted in syncytia forma-

. 89.6P .. . ..
tion, which, in our opinion, is a positive property for
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further development of a vaccine capable of suppress-
ing HIV neuroinfection.

The increased reactogenicity of the TC-83 strain,
usually regarded as an undesirable trait [35], in the case
of controlling the inevitable entry of HIV into the CNS
will apparently be a positive property. It is pertinent to
recall the situation with fixed rabies virus, where high
and rapid virus accumulation in the CNS and neuro-
nal destruction, which is not observed in infection of
rodents with the wild strain, involves inflammatory
and immune responses, leading to the establishment
of a distinct and robust defense [36]. The aim of the
US studies was apparently to obtain attenuated variants
of VEEV that had lost their ability to be transmitted
by mosquitoes and were suitable for immunization of
horses and were unable to revert to the wild type [37],
as periodic outbreaks of VEEV resulted in the deaths
of tens of thousands of horses [38]. Introduction of
additional attenuating mutations into the TC-83 strain
of VEEV resulted in variants with reduced cytopath-
ic effects. Viremia was not detected in adult mice, and
viremia in suckling mice, if detected, was low. Fail-
ure to induce viremia had a negative effect on the ti-
ters induced by neutralizing antibodies. They became
10 times lower than when immunized with the TC-83
strain. When the mutated nucleocapsid protein was
placed under the control of the internal ribosome land-
ing site of mouse encephalomyocarditis virus, although
the variant became less virulent to suckling mice, it was
less effective in inducing neutralizing antibodies. It did
not induce viremia and did not penetrate the brains of
adult mice [40]. The inactivated vaccine based on the
highly attenuated TC-83 strain 230 did not protect ani-
mals from aerogenic infection, in which virulent strains
easily penetrate into the brain. At the same time, a strain
similar in characteristics to the TC-83 strain (with lost
neurovirulence but preserved neuroinvasiveness) pro-
tected even against intracerebral infection with enceph-
alitogenic strain of VEEV [12]. The conclusion that it
is advisable to use vectors based on the VEEV platform
for advanced CNS protection and that the TC-83 strain
is the most suitable for the creation of a candidate vac-
cine [1] seems to be true at present. The feasibility of
using the VEEV replicon to create effective vaccine
candidates against a number of viruses is discussed in a
review by A.A. Petrov et al. [18].

The authors of this article are aware of the com-
plexities of the problem at hand-like any new technolo-
gy, the use of srRNA has its pros and cons. In a review
published in 2021 [39], A.V. Blagov et al. correctly note
that the main advantage of RNA vaccines is the speed
of their development and production. Especially since
new efficient methods of cell-free synthesis of circular
DNA are emerging. Minimizing the use of live bacte-
rial cultures and viruses in vaccine production reduces
the risks of contamination and makes production even
faster and safer. The authors of the review also point

out that the instability of RNA can be both a disadvan-
tage because of the risk of degradation of the molecule
and the development of too strong an inflammatory
response, and an advantage because the mRNA itself
can act as an adjuvant. Instability also affects the stor-
age conditions of mRNA vaccines (—80°C to —20°C),
forcing the maintenance of a cold chain or the use of
lipid nanoparticles to increase the thermostability of
mRNA vaccines [39]. The method of producing the
strRNAs described in this study seems to be scalable,
and the recVLPs themselves are produced in rodent
and primate cells and are characterized by high im-
munogenicity. Recombinant VLPs on the VEEV plat-
form have been well characterized both qualitatively
and quantitatively; moreover, their efficacy against
the highly virulent SIV strain for monkeys has been
demonstrated [16, 17, 40].

At present, conditions appear to have been created
for research to explore the possibility of creating an ef-
fective vaccine against HIV eluding immunity in CNS
reservoirs. At the intermediate stage of research, the
constructs developed by Kazakh researchers based on
the TC-83 vaccine strain of VEEV [19] can be applied
for subcutaneous infection of model animals (mice or
rabbits). If this recombinant virus retained the ability to
penetrate the BBB, a green fluorescent protein would
presumably be expressed in the brains of infected ani-
mals. Since self-replicating VLPs can infect both CNS
cells (glioblastoma) and macrophages, it is reason-
able to introduce a fluorescent marker protein into the
construct and study its expression as part of SHIV,, .,
recVLPs in the CNS of primates. If the marker protein
is expressed, it will be possible to proceed to the final
stage of testing the efficacy of recVLPs expressing Env
and Gag proteins on the SIV model, primates, or on the
cat model, a variant of feline immunodeficiency virus
that causes rapid death of animals.

Thus, the results obtained by us and other re-
searchers make it possible to obtain recVLPs. These
VLPs induce antigen production in monkey cells [17],
are able to replicate in human CNS cells, and induce
syncytium formation in human macrophages. In this
study, lentivirus proteins and recRNAs are synthesized
with stRNAs to form complete viral particles capable
of infecting a susceptible cell line and producing virion
progeny. Therefore, the VLPs obtained in this way are
more correctly referred to as recVLPs. Once again, we
draw attention to the fact that recVLPs infect human
macrophages, which means that there is a system ca-
pable of both delivering target antigens to the CNS and
presenting them to immunocompetent cells.

All of this allows us to consider that it is possible
to present antigens in native and functional conforma-
tion to the CNS. Therefore, we can speak about the fea-
sibility of using such constructs in further studies aimed
at obtaining a candidate vaccine for HIV suppression in
CNS reservoirs.
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This study is part of the research on the develop-
ment of an HIV vaccine capable of elimination of the
virus from the CNS. Naturally, further work should be
carried out under conditions of increased biological
protection.

Conclusion

1. Plasmids containing genes encoding HIV Gag
and Env proteins (Sindbis virus replicon) and Gag and
Env proteins of SIV and HIV-1B recombinant SHIV , .,
(VEEV replicon) were constructed using the alphavirus
replicon platform.

2. RNA transcribed from these plasmids results in
VLPs when cells are transfected.

3. SHIV,, ., recVLPs are capable of infecting hu-
man CNS cells (U87 CD4"CCRS5* and U87 CD4"X4*
glioblastoma cell lines) and macrophages of a healthy
donor.

4. Syncytium formation has been observed
during infection of human macrophages with SHIV
recVLPs.

5. The data obtained during the study of SHIV ,
recVLPs by the authors and other researchers indicate
that presentation of lentivirus immunogens is possible
in native and functional conformation (induction of
specific antibodies, binding to appropriate receptors on
CNS cells, syncytium formation in macrophages), and
support the feasibility of using such constructs in fur-
ther development of a vaccine to suppress HIV in CNS
Teservoirs.

89.6P
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