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Abstract. Despite numerous efforts of the global community, it is still not possible to stop the HIV/AIDS pandemic. To
stop the spread of the virus, an effective preventive vaccine is needed, as well as the search for new antiviral agents.
In order to be able to quickly and adequately evaluate the developed vaccine constructs, characterize HIV-specific
antibodies and potential drugs, a reliable testing method is needed. In this regard, pseudotype neutralization assays
using a panel of Env-pseudoviruses of different HIV-1 subtypes has proven itself well. Currently, separate panels of
Env-pseudoviruses of the main genetic subtypes of HIV-1 (A, B, C and a number CRFs) have been created. These
panels are necessary to obtain standardized data sets that can be used to rank the effectiveness of the vaccine and
identify promising candidates for further study. Currently, the HIV-1 subtype A6 dominates in the European part
of Russia, and the recombinant form CRF63_02A6, which has currently been detected in more than 80 % of new
HIV-1 cases in Siberia, dominates in Siberia. The aim of this work was to expand and characterize the collection of
Env-pseudoviruses obtained on the basis of the recombinant form CRF63_02A6 of HIV-1 circulating in Siberia. In this
study, two new variants of Env-pseudoviruses based on CRF63_02A6 of HIV-1 were obtained, characterized, and in-
cluded in our collection. At present, the collection includes 13 Env-pseudoviruses that are CCR5-tropic. Phylogenetic
analysis of the full-length nucleotide sequences of the env gene confirmed that all 13 pseudoviruses cluster with
the reference sequences of the recombinant form CRF63_02A6. The Env-pseudoviruses were characterized using
broadly neutralizing antibodies (bnAbs) targeting different regions of vulnerability of HIV-1 located on the surface
of Env glycoprotein complexes. It was shown that the Env-pseudoviruses are sensitive to neutralization by bnAbs
VRCO1 and 10E8; moderately sensitive to neutralization by bnAbs PG9 and PGT126; and resistant to neutralization by
antibodies 2G12 and 2F5. The resulting collection is an important addition to the existing panels of pseudoviruses
against other HIV-1 subtypes in the world.

Key words: HIV-1; CRF63_02A6; Env-pseudoviruses; bnAbs; virus neutralization assay

For citation: Rudometova N.B., Fando A.A., Shcherbakov D.N., Zaitsev B.N., Rudometov A.P, Karpenko L.I. Env-pseu-
doviruses based on the HIV-1 genetic variant circulating in Siberia. Vavilovskii Zhurnal Genetiki i Selektsii=Vavilov J
Genet Breed. 2025;29(4):600-607. doi 10.18699/vjgb-25-63

Funding. The study was funded by the state assignment of FBRI SRC VB “Vector” of Rospotrebnadzor.

Env-1iceBAJOBMPYChI Ha OCHOBE reHeTYeckKoro BapuaHTa,
IVPKYINPVIOIIEro Ha Tepputopumn Cubupu
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AHHOTaLmA. HecMOTpA Ha MHOTOUMC/IEHHbIE YCUIMA MMPOBOrO COOOLeCTBa, OCTaHOBUTL NaHaemuto BUY/CMNA
noka He ygaetca. Ytobbl OCTaHOBUTL pacnpocTpaHeHre BUpYCa, TpebyroTca adpdekTnBHas npodurnakTmyeckas Bak-
LIMHA, @ TaKXXe MOUCK HOBbIX NMPOTMBOBUPYCHBIX areHToB. 1151 TOro YTo6bl MUMETb BO3MOXKHOCTb ObICTPO U aieKBaTHO
oLeHMBaTb pa3pabaTbiBaeMble BaKLUVHHbIE KOHCTPYKLMK, XapakTepusosatb BUY-cneundudeckne aHtutena v no-
TeHUMasbHble IeKapCTBEHHbIe NpenapaTbl, HE0OXOAVMM HaAEXHbI MeTof TECTUPOBaHKA. B 3TOM acnekTe XopoLuo
3apeKomMeHfoBan ceba aHann3 HelTpanu3aunMm BUPYCHOro MCeBAOTMMNA C UCMONb3oBaHMeM naHenu Env-ncespo-
BMPYCOB pa3Hbix cy6Tunos B/Y-1. B HacToALee Bpema co3faHbl OTAeNbHbIe NaHeNN NCeBLOBUPYCOB OCHOBHbIX re-
HeTnyeckux nogtunos BUY-1: A, B, C n paga CRF. 3Tn naHenn Heob6xoanMbl AnA NonyyeHna CTaHAAPTU3NPOBAHHDBIX
HaboPOB JaHHbIX, KOTOPbIE MOTYT ObITb NCMOb30BaHbI ANs PaHXPOoBaHNA 3GHEKTUBHOCTY BaKLMHbI U1 BbIIBNIEHUS
nepcnekTUBHbIX KaHAWAATOB ANA AaNbHeNLWero nccnefoBaHus. Ha cerogHAWHUI AeHb B eBponenckon yactu Poc-
cun poMmuHupyet cy6tnn A6 BMY-1, a B Cnbupu — pekombuHaHTHasa dopma CRF63_02A6, KoTopasa obHapyXmBaeT-
cA 6onee yem B 80 % HOBbIX criyyaes B/Y-1 B Cnubupn. Lienb paboTbl cocToAna B pacluMpeHnn 1 XapakTepuctmke
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Env-nceBRoBMpYycbl Ha OCHOBE reHeTNYECKOTO BapraHTa,
LMpKynupytoLiero Ha Tepputopumn Cnbupm

Konnekummn Env-nceBaoBMpycoB, NonyyeHHbIX Ha OCHOBe pekombrHaHTHoM dopmbl CRF63_02A6 BUY-1, unpkynu-
pytouiein B permoHax Cnbrpu. B HacTosALeM UccieAoBaHMM MOMTyYEHbl U OXapaKTepu3oBaHbl ABa HOBbIX BapuaH-
Ta Env-nceBpoBupycos Ha ocHoBe CRF63_02A6 BIY-1, koTopble BOWAM B Hally Konnekuuio. Konnekuus BkaoyaeT
13 Env-nceBgosupycos, asndaowmxca CCR5-TponHbiMy. OrnoreHeTMYeCKnin aHanmn3 NoaHopasMepHbIX HyKneotTua-
HbIX MOC/IeAOBaTeNIbHOCTEN FeHa env NOATBEPAWS, YTO Bce 13 NceBAOBMPYCOB KNacTepusyoTca ¢ pepepeHCHbIMU
nocnefoBaTenlbHOCTAMU peKoMOUHaHTHoM popmbl CRF63_02A6. Env-nceBaoBrpychl 6binn oxapakTepusoBaHbl C No-
MOLLbIO LUMPOKO HelTpanum3ytowwmx aHtuTen (bnAb), HaueneHHbIX Ha pa3Hble pernmoHbl yassumocTtn B/Y-1, pacnono-
KEeHHbIX Ha MOBEPXHOCTU MMKOMNPOTENHOBbIX KOMMNIeKCoB Env. MokasaHo, 4to Env-nceBaoBmnpychl YyBCTBUTESbHDI K
HewTpanusauum bnAb VRCO1 1 10E8; ymepeHHO UyBCTBUTENbHbI K HelTpanusaummn bnAb PG n PGT126; n yctoinum-
Bbl K HenTpanu3sauumn aHtutenamm 2G12 n 2F5. MNonyyeHHaa Konnekyma — BaxHOe AOMOSIHEHME K CYLeCTBYIOLWNM B
MUpe NaHenAamM NCceBfoBMPYCOB NPOTUB APYTX NoATUNoB BAY-1.

Kntouesbie cnosa: BUY-1; CRF63_02A6; Env-nceBpoBupychl; bnAb; aHann3 BUpycHo HelTpanmsauum

Introduction

Human immunodeficiency virus type 1 (HIV-1) remains a
major global public health problem. Despite the successes
of antiretroviral therapy (ART), it is still not possible to stop
the spread of HIV. According to WHO, about 1.2 million
people are infected with HIV-1 annually'. This is largely due
to the fact that the use of drugs to treat HIV infection is ac-
companied by the emergence of resistance mutations in the
virusZ. As a result, the development of more effective drugs is
required. Vaccination of the population could provide reliable
protection against HIV/AIDS, but, unfortunately, an effective
vaccine has not yet been created (Levy, 2024). Developing a
vaccine against HIV-1 is a very difficult task due to the high
variability of the virus and its ability to integrate into the hu-
man genome. Research in this area is currently focused on
the development of immunogens capable of inducing anti-
bodies that neutralize a broad range of HIV-1 isolates (bnAbs)
(Trkola, Moore, 2024).

In order to be able to rapidly and reliably evaluate vaccine
constructs under development, characterize HIV-specific
antibodies and search for potential drugs (entry inhibitors), a
reliable testing method is needed. Env-pseudovirus technology
has proven itself to be the best in this regard. Neutralizing
activity assays using pseudoviruses have several advantages
over traditional replicating virus systems in peripheral blood
mononuclear cell cultures. First, pseudoviruses are incapable
of replication and can be safely handled outside an expensive
biosafety level 3 laboratory. Second, neutralization or inhibi-
tion assays can be performed using a continuous cell line,
thereby reducing the need for primary donor cells. Together,
these elements ensure the accuracy, reproducibility and stan-
dardization of pseudovirus-based assays (Rudometova et al.,
2022a).

Currently, separate panels of pseudoviruses of the main
HIV-1 genetic subtypes (A, B, C and a number of CRFs)
have been created (Li et al., 2005; Hraber et al., 2017; Wang
et al., 2018; Stefic et al., 2019). These panels are needed to
obtain standardized data sets that can be used to rank vaccine
efficacy and identify promising candidates for further study
(de Camp et al., 2014).

It should be noted that in the Russian Federation, the genetic
diversity of HIV-1 has regional specificity (Antonova et al.,
2023). In the European part of Russia, the HIV-1 subtype A6

THIV statistics, globally and by WHO region, 2024
2 HIV drug resistance: brief report, 2024.

dominates (Antonova et al., 2023; Kuznetsova et al., 2023),
and in the Siberian region, the HIV-1 recombinant form
CRF63 _02A6 (Maksimenko et al., 2020; Rudometova et al.,
2021), which is currently detected in more than 80 % of new
HIV-1 cases in Siberia (Sivay etal., 2022). Some data indicate
that HIV-1 CRF63 02A6 is more infectious and may have
higher replicative activity than other subtypes, which may
lead to an increase in the number of people infected with this
variant of the virus (Bogacheva et al., 2017). In connection
with the above, there is a need to develop a separate collection
of pseudoviruses for HIV-1 CRF63 02A6.

Previously, we described the production of a number of
HIV-1 CRF63 02A6 Env-pseudoviruses (Rudometova et al.,
2022b). However, to ensure the relevance of the collection,
ongoing work is required to obtain new pseudoviruses based
on circulating HIV-1 strains.

The aim of this work was to expand and characterize
the collection of Env-pseudoviruses obtained based on the
recombinant form CRF63 02A6 of HIV-1 circulating in the
Siberian region of Russia.

Materials and methods

For the study, 63 serum samples taken from HIV-infected
blood donors from the Kemerovo Region and the Altai Re-
public were selected. They were provided by regional AIDS
centers in accordance with the decisions made by the ethical
committees of the above-mentioned organizations. Each
sample was assigned an anonymous number in accordance
with the requirements of the ethical standards of the Russian
Federation. Then, RNA was isolated from individual serum
using the MAGNO-Sorb reagent kit (Amplisens, Russia) ac-
cording to the manufacturer’s recommendations. The isolated
RNA samples were stored at —80 °C.

To obtain amplified variants of the HIV-1 env gene, a re-
verse transcription — PCR reaction (RT-PCR) was performed
using the Env_S-1 and Env_02A_AS 1 primers (5-TTGG
GTGTCAACATAGCAGAATAGG-3" and 5'-CCTGTGGC
CTGACTGGAAAGC-3") and the SuperScript™ IV One-Step
RT-PCR System reagent kit (Invitrogen, USA) according to
the manufacturer’s recommendations. After RT-PCR, the
amplification products were analyzed by electrophoresis in
a 1 % agarose gel.

Amplified variants of the HIV-1 env gene were cloned
into the commercial expression vector pcDNA3.1/V5-His
TOPO TA (Invitrogen). Transformation of chemically com-
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petent Escherichia coli strain Stbl3 cells (Thermo Fisher
Scientific, USA) was performed using the heat shock method
(Chang et al., 2017) and clones carrying a plasmid with the
integrated env gene were selected.

To produce Env-pseudoviruses, HEK293 cell culture was
transfected with the constructed recombinant pEnv plasmids
together with the pSG3Aenv core plasmid (NIH Reagent
Program) using Lipofectamine 3000 (Invitrogen) in a 6-well
plate format. Forty-eight hours after transfection, pseudo-
virus particles were collected by filtering the culture medium
through a 0.45-micron filter; concentrated in 20 % sucrose
solution for 3 hours at 25,000 rpm; aliquots of 1 ml were made
and stored at —80 °C.

Electron microscopic images were obtained by the nega-
tive contrast method using a JEM-1400 electron microscope
with an accelerating voltage of 80 kV, at magnifications from
10,000 to 80,000x.

The functional activity of pseudoviruses was determined
using the TZM-bl cell line (NIH Reagent Program, USA)
according to the method described previously (Revilla et al.,
2011). Pseudovirus clones were considered functional and
suitable for further work if the luminescence level of TZM-bl
cells carrying these clones was at least 50 times higher than
the luminescence level of cells without the addition of pseu-
dovirus particles.

The nucleotide sequences of the amplified variants of the
HIV-1 env gene were determined by sequencing using the
Sanger method (Genomics Collective Use Center, Institute
of Chemical Biology and Fundamental Medicine, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk).
The resulting sequencing chromatograms were analyzed using
the BioEdit program.

The subtype of HIV-1 env gene variants was determined
using the HIV BLAST online resource (https://www.hiv.lanl.

Env-pseudoviruses based on the HIV-1 genetic variant
circulating in Siberia

gov/content/sequence/BASIC_BLAST/basic_blast.html).
Phylogenetic tree construction was performed using IQ-TREE
on the portal https://www.hiv.lanl.gov/content/sequence/
IQTREE/iqtree.html. Reference sequences from the Los
Alamos HIV Sequence Database (http://www.hiv.lanl.gov/)
were used to construct phylogenetic trees. Tropism of the
obtained HIV-1 Env pseudoviruses to the coreceptor (CCRS
or CXCR4) was determined by the nucleotide sequence of
the V3 loop using the geno2pheno online program (http://
coreceptor.geno2pheno.org/).

Neutralization assay was performed according to the
method described previously (Revillaetal., 2011). In the work,
monoclonal bnAbs to HIV-1 were used, targeting different
regions of vulnerability on the surface of trimeric gp120/gp41
complexes —2G12, VRCO1, PG9, PGT126, 2F5, 10E8 (NIH
HIV Reagent Program). Samples were tested in duplicate; the
experiment was repeated twice. Statistical data processing
and IC50 calculation were performed using the GraphPad
Prism 9 software.

Results

Obtaining new HIV-1 Env-pseudoviruses variants

As a result of the study, five full-length variants of the env
gene were amplified using RT-PCR and cloned into an ex-
pression plasmid vector. For each env gene variant, one to
six genetic constructs with an insert were obtained and used
for co-transfection.

Next, we produced Env-pseudoviruses and determined their
functional activity. The formation of pseudovirus particles was
recorded using electron microscopy (Fig. 1, a). Functional
analysis of the obtained pseudovirus variants showed that the
assembly of functionally active pseudovirus particles occurs
for two pseudovirus variants: 22RUAR13 (clone 16) and
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Fig. 1. Characteristics of HIV-1 Env-pseudoviruses.

a - electron micrograph of HEK293 cells after transfection with budded pseudoviral particles of the recombinant form CRF63_02A6; b - functional activity of the
obtained variants of HIV-1 Env-pseudoviruses (data are presented as mean * standard deviation); Env-pseudovirus SF162.LS subtype B from the international
reference panel of pseudoviruses was used as a positive control; ¢ — characteristics of functionally active HIV-1 Env-pseudoviruses.
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Fig. 2. Maximum likelihood phylogenetic tree of the env gene of HIV-1 pseudoviruses (visualized using the iTOL online

tool).

Green dots mark the env genes of clones 22RUAR13 (clone 16) and 22RUKR21 (clone 14). Purple dots mark the env genes of
pseudoviruses obtained earlier (Rudometova et al., 2022b).

22RUKR21 (clone 14) (Fig. 1, b). The luminescence level of
the cells carrying these clones was more than 150 times higher
than the luminescence level of pure cells. Sequencing data
and phylogenetic analysis confirmed that the functional Env-

pseudoviruses belong to the recombinant form CRF63 02A6
and are CCR5-tropic (Fig. 1, C).

Characteristics of the HIV-1 CRF63_02A6 Env-pseudoviruses
collection

Previously, we obtained 11 Env-pseudoviruses belonging
to the recombinant form CRF63 02A6 (Rudometova et al.,
2022b). In this work, we added two new pseudoviruses to
the collection and decided to conduct a more detailed cha-
racterization of it. A phylogenetic analysis of the full-length

nucleotide sequences of the env gene was carried out, which
confirmed that all 13 pseudoviruses cluster with the reference
sequences of the recombinant form CRF63 02A6 (Fig. 2).
From the presented data (Fig. 2), it is evident that a certain
genetic heterogeneity is observed due to the presence of dif-
ferences in the nucleotide sequences of the env genes of the
pseudoviruses included in the collection.

Neutralization phenotype

of the HIV-1 CRF63_02A6 Env-pseudoviruses collection
Env-pseudoviruses with functional activity were tested in
a pseudovirus neutralization assay with antibodies capable
of neutralizing a broad range of HIV-1 isolates (bnAbs).
bnAbs recognizing the main sites of HIV-1 vulnerability on
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Side view

+«—— V1/V2(PG9)
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Env-pseudoviruses based on the HIV-1 genetic variant
circulating in Siberia
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Fig. 3. Sites of vulnerability of broadly neutralizing antibodies in the Env trimer model (PDB: 4ZM)J).

The HIV-1 Env trimer model was visualized using the HIV 3D Structure Viewer program. The designations of broadly neutralizing
antibodies (bnAbs) binding to the vulnerability sites of the virus and used in this work are given in brackets.
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Fig. 4. Neutralizing activity of bnAbs against Env-pseudoviruses 22RUAR13, clone 16 (a) and 22RUKR21, clone 14 (b).

the gp120/gp41 trimeric complex were selected for analysis
(Fig. 3): bnAbs VRCO1 —the virus binding to the CD4 cellular
receptor; bnAbs PG9 — the structure of the V1/V2 variable
loops at the top of the trimer; bnAbs 2G12 and PGT126 — the
V3 loop region in the glycan complex; bnAbs 2F5 and 10ES —
the membrane-proximal external region of gp41 (MPER)
(Walsh, Seaman, 2021; Thavarajah et al., 2024).

As an example, Fig. 4 shows typical neutralization curves
of Env-pseudoviruses by monoclonal broadly neutralizing

antibodies for the new variants 22RUAR13 (clone 16) and
22RUKR?21 (clone 14).

According to the obtained data (Fig. 4), Env-pseudovirus
22RUARI13 (clone 16) was highly sensitive to neutralization
by bnAbs VRCO01, PG9 and PGT126, showed moderate sensi-
tivity to neutralization by antibody 10ES8, and was resistant to
neutralization by antibodies 2G12 and 2F5. At the same time,
pseudovirus 22RUKR21 (clone 14) demonstrated moderate
sensitivity to neutralization by bnAbs VRCO1 and 10E8 and
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IC5, values determined for bnAbs against HIV-1 CRF63_02A6 Env-pseudoviruses

Env-pseudovirus 1C50, pg/ml
VRCO1 PG9 2G12

22RUAR13 0.75 0.62 >10
22RUKR21 1.22 >10 >10
16RU12 0.11 >10 >10
16RU13 1.71 4.83 >10
16RU19 2.63 1.61 >10
16RU20 0.1 0.22 >10
16RU21 0.11 4.23 2.31
16RU22 293 6.72 >10
16RU23 3.81 >10 >10
16RU27 0.31 >10 1.71
16RU28 0.31 1.0 1.42
16RU35 0.43 >10 >10
16RU36 0.32 0.22 >10

was resistant to neutralization by antibodies 2G12, PG9, 2F5
and PGT126.

Table shows the ICs, values determined for bnAbs against
our entire collection of HIV-1 CRF63 02A6 Env-pseudovi-
ruses, including 22RUAR13 and 22RUKR21. Comparative
analysis of 1Cs, showed that Env-pseudoviruses of this collec-
tion have rather heterogeneous sensitivity to neutralization by
bnAbs (see the Table), which is probably due to their antigenic
differences (Supplementary Material)®. As can be seen from
Table, HIV-1 CRF63 02A6 Env-pseudoviruses demonstrate
high sensitivity to neutralization by bnAbs VRCO01 and 10ES.

These antibodies are known to have high neutralizing
activity against other HIV-1 subtypes, including A, B, C,
recombinant forms CRF02 AG and CRF01 AE (Wu et al.,
2010; Huang et al., 2012; Hraber et al., 2017; Wang et al.,
2018; Stefic et al., 2019; Wieczorek et al., 2024). In contrast,
Env-pseudoviruses demonstrated moderate or even low sen-
sitivity to neutralization against 2F5, PG9, 2G12 and PGT126
antibodies. This is likely due to the fact that bnAbs PG9, 2G12
and PGT126 recognize conformational epitopes in complex
with glycans, which can interfere with efficient binding and,
as a consequence, neutralization of the virus (Sanders et al.,
2002; Doores, Burton, 2010; Krumm et al., 2016).

Discussion

Recombination and mutational variability of HIV-1 have a
significant impact on the changes in circulating HIV-1 vi-
ruses in Russia. As a result, not only the emergence of new
recombinant forms of HIV is observed, but also their spread
with the formation of new, different phylogenetic clusters of

3 Supplementary Material is available at:
https://vavilov.elpub.ru/jour/manager/files/Suppl_Rudomet_Engl_29_4.pdf

PGT126 2F5 10E8
0.097 >10 241
>10 >10 1.02
>10 >10 0.02
0.11 >10 0.05
0.03 8.43 0.12
0.16 >10 0.12
>10 >10 0.01
0.01 8.0 0.15
>10 >10 0.11
0.19 >10 0.61
0.01 4.51 0.32
0.11 3.52 0.19
0.41 >10 0.26

HIV-1. Such changes in the genetic characteristics of modern
HIV-1 must be considered by developers of antiretroviral
drugs and vaccines (Rashid et al., 2022; Nair et al., 2024).
This requires verification tools, which include collections of
Env-pseudoviruses of different HIV-1 subtypes (deCamp et
al., 2014).

In this study, two new variants of HIV-1 Env-pseudoviruses
were obtained and characterized based on genetic variants
circulating in the Siberian Federal District. Phylogenetic
analysis showed that both variants belong to the recombinant
form CRF63 02A6 and are CCR5-tropic (Fig. 1, c; Fig. 2).
The obtained variants of HIV-1 Env-pseudoviruses expanded
the existing collection. Thus, our collection currently includes
13 Env-pseudoviruses belonging to the recombinant form
CRF63 02A6. Env-pseudoviruses were characterized using
bnAbs targeting different regions of HIV-1 vulnerability
located on the surface of Env glycoprotein complexes. The
analysis results showed that the Env-pseudoviruses included
in the collection exhibit high sensitivity to bnAbs VRCO1 and
10E8; moderate sensitivity to bnAbs PG9 and PGT126 and
resistance to antibodies 2G12 and 2F5 (see the Table).

The advantage of this collection is that it is relatively re-
presentative, as it includes pseudoviruses that differ in both
genetic diversity and sensitivity to bnAbs. According to the
P. Hraber et al. (2017), a collection of 12 pseudoviruses of a
certain HIV-1 subtype may be sufficient for the initial assess-
ment of the efficacy of vaccine candidates.

Due to the fact that the recombinant form of CRF63 02A6
HIV-1 currently accounts for about 80 % in the Siberia and
continues to actively spread (Sivay et al., 2022), the developed
collection is an important addition to existing collections in
the world against other HI'V-1 subtypes.
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Conclusion

This work supplements and characterizes the collection of
Env-pseudoviruses of HIV-1 recombinant form CRF63 02A6,
which will allow to carry out a complex of scientific and
applied works: to study the antiviral activity of created che-
motherapeutic drugs and to evaluate the effectiveness of
vaccines against HIV-1; to study the breadth and spectrum of
neutralizing properties of monoclonal broadly neutralizing
antibodies and to search for new broadly neutralizing anti-
bodies by screening the neutralizing properties of blood sera of
HIV-1 infected people, as well as to study the subtype-specific
features of circulating genetic variants of HIV-1.
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