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The aim of this study was to obtain hybridomas producing monoclonal antibodies (Mabs) to the G-protein of the
respiratory syncytial virus (RSV), and to evaluate their immunological characteristics and virus-neutralizing activity.
Material and methods. Mouse Mabs were obtained using hybridoma technology. The properties of Mabs were studied
by enzyme-linked immunosorbent assay (ELISA), immunofluorescence staining (IF) of infected cells, as well as by
biological neutralization test in vitro (NT). To identify epitopes recognized by the Mabs on G protein ELISA additivity test
was used.

Results. Hybridization of splenocytes with Sp2/0 myeloma cells and primary screening showed that 75 hybridomas
produce antibodies interacting with purified virus, 17 of them also react with the recombinant G-protein in ELISA. In NT 4,
hybridomas suppressed in vitro RSV infection by more than 50%. Cloning of these hybridomas revealed 4 monoclones
producing the most active Mabs. Mab 1C11 was IgG2a, 3 others (5D4, 5G11 and 6H4) were IgM. Three IgM Mabs
actively reacted with both RSV A2 and Long, and with G-protein; Mab 1C11 was less reactive with all antigens tested.
All Mabs suppressed RSV infection, while Mab 5D4 supressed it almost completely (98%). IF analysis showed that all
Mabs detected RSV G-protein in the cell cytoplasm, the largest number of infected cells was detected using Mab 5D4
(80%). It was shown that the isolated Mabs were directed to two non-overlapping epitopes on the RSV G-protein.
Conclusion. The isolated Mabs can be used to detect RSV in clinical samples by ELISA and IF. The isolated Mabs can
be used for humanized recombinant antibodies construction and for the treatment of RSV infection in future.
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Llenb paboTbl cocTosina B NonyyYyeHuy ruépmuaom, NpoayLmpyroLwmnx MoHoknoHanbHble aHtutena (MKA) k G-6enky pe-
CNMpaTopHO-CMHUMTUanbHoro Bupyca (PCB), u B M3yYeHUN MX MIMMYHOSOTMYECKUX XapakTePUCTUK U BUPYCHENTpanu-
3yloLler aKTUBHOCTW.
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MaTtepuan u metoabl. MbiwmHbie MKA nonyyanu ¢ nomoupto rmbpugomMHon texHonorun. Ceorictea MKA nayyanu
MeTofamun MMMyHopepMeHTHoro aHanmaa (MPA), MMMYyHOMMHOOPECLEHTHOIO OKpalumMBaHus (MPn) 3apaxeHHbIX Kne-
TOK KynbTypbl, @ Takke B peakummn buonornyeckon Hemtpanuaaumm in vitro (PBH). BaaumHoe pacnonoxeHue anMTonos,
BbisiBnsieMbix MKA Ha G-6enke, onpefensinu ¢ NoMoLLbio TecTa aganTuBHocT B DA,

Pesynbratbl. [MOpyan3aumns CnneHouMToB C Knetkamu muenombl Sp2/0 v NepBUYHBIA CKPUHUHE nokasanu, 4To 75
rmbpugom npoayumpytoT MKA, B3aumMoaencTByoLWmMe ¢ OYMLLEHHBIM BUPYCOM, 17 13 KOTOPbLIX pearvpyloT Takke u ¢
pekoMOuHaHTHbIM G-6enkom B MDA, B PBH 4 rmbpugomsl nogaensnu PCB-uHdekuuto in vitro 6onee yem Ha 50%.
KnoHvnpoBaHue aTnx rmubprvaom No3Bonumo BbiBUTL 4 MOHOKIOHA, Npodyumpytowmx Hanbonee aktmeHble MKA. MKA
1C11 npuHagnexanu k IgG2a, 3 apyrux (56D4, 5G11 n 6H4) — k IgM. 3 MKA IgM akTtueHo pearvposanu kak ¢ PCB A2
n Long, Tak un ¢ G-6enkom, MKA 1C11 6binn MmeHee akTuBHbI co BcemMun aHTureHamu. Bce MKA nogasnsnu PCB-uHdek-
unio, npndem MKA 5D4 — npakTtundecku nonHocTbio (98%). Ndn-aHanna nokasan, 4to Bce MKA BoisBnsanm G-6enok
PCB B uutonnasme KneTok KynbTypbl, HAnbombLUEe KONMYECTBO 3apaXKeHHbIX KNETOK AeTeKTupoBanu ¢ nomowsto MKA
5D4 (80%). MNony4eHHble MKA HanpaBsneHbl K ABYM HenepekpbiBatoLwmMMces anutonam Ha G-6enke PCB.

3akntoyeHume. MNonyyeHHble MKA mMoryT ncnonb3oBatbes Ans obHapyxeHus PCB B knmHu4eckoMm maTtepuane mMerto-
namn NPA n Udn. AktueHocTb B PBH co3gaeT npegnocbinku onsa nonydeHns Ha ocHoBe MKA rymaHuM3nMpoBaHHbIX
PEKOMOUHAHTHBIX @HTUTEN U BO3MOXHOCTb X UCMOMb30BaHUs ans Tepanuu PCB-uHgpekumm.

Knroyeenlie cnoea: pecnupamopHo—CUHuumuaanb/U supyc, G-6€es10K; MOHOKIIOHallbHble aHmumerna; UMMYHO-
qbepmeHmeIU aHarnus; UMMyHOd)ﬂlOOpeCL{eHmHOO OKpauwiusaHue 3apa)xXeHHbIX KITemok, HelepeKpbisarowuecs 3ru-
moribl.

McmoyvHuk dhuHaHcuposaHus. Pabota BeinonHeHa npv nogaepxke rpaHta PH® 17-15-01525.

KOH(pﬂUKm UHmMepecos. ABTOpr AEKNapupyrT OTCYTCTBME ABHbIX U NOTEHUMarnbHbIX KOHCbJ'IVIKTOB NHTEpecoB, CBA-

3aHHbIX C Nybnukaumen HacTosILLEN cTaTbu.

Ansi yumupoeanus: Jemunposa H.A., Knumosa PP, Kyw A.A., JlecHoBa E.N., Macanosa O.B., Jopodeesa A.l.,
HukoHoBa A.A., ®egopoBa H.E., 3BepeB B.B. [NonyyeHne n xapakrepucTka MOHOKMOHasbHbIX aHTuTen k G-6enky
pecnmMpaTopHO-CUHLMTUANbLHOTO BUpYyca. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(1):

7-14.
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Introduction

Acute respiratory infections are among the lead-
ing causes of morbidity in Russia. Childhood mor-
bidity rates are on average 3.5-4 times as high as the
rates among adults, and the number of respiratory
cases among children keeps increasing. From 2004 to
2016, the number of acute respiratory infection cases
increased by 33.4% [1].

Respiratory syncytial virus (RSV) is the most
common pathogen identified in young children with
acute lower respiratory infection (ALRI) [2]. Those at
greatest risk of severe RSV cases include premature in-
fants with a very low birth weight and extremely low
birth weight, senior people (older than 65), and people
with cardiovascular diseases and impaired immune sys-
tem. Based on the data from the World Health Organi-
zation, globally, RSV affects an estimated 64 million
people and causes 160 thousand deaths each year [3].

Palivizumab is currently the only approved agent
for prevention of RSV infection; it is based on human-
ized monoclonal antibodies (MAbs) specific for the
RSV F-protein. Palivizumab administration reduces
the rate and severity of RSV infections. The efficacy
of palivizumab administered to premature infants with
bronchopulmonary dysplasia was confirmed by Russian
researchers who conducted multicenter studies: Among
the infants who were at high risk of severe RSV infec-
tion because of their premature birth, the hospitaliza-
tion rate decreased to 0.3% after 3 injections of palivi-
zumab [4]. However, Palivizumab does not prevent the
risk of recurrent disease; the efficacy of Palivizumab is
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much lower when administered to mature newborn in-
fants and older children; the antibodies having a higher
binding affinity to the F-protein (motavizumab) caused
allergies [5]. In addition, the preparation is too expen-
sive for many people to afford. The emergence of re-
sistant strains is another disadvantage of the F-protein
specific antibody-based drugs [6].

Several approaches have been studied to overcome
these drawbacks both to improve the F-protein-specif-
ic MAbs and to develop MAbs specific to other RSV
proteins such as nucleoprotein (N), polymerase (L),
surface G protein [7]. The G-protein is considered the
most promising option; it is one of the two RSV pro-
teins (along with the F-protein) that induce neutralizing
antibodies. Animal studies showed that antibodies spe-
cific for the G-protein have a therapeutic effect, even in
conditions where F-protein-specific antibodies are not
efficient [8].

The purpose of this study was to develop RSV G
protein specific MAbs and to study their immunologi-
cal properties and virus-neutralizing activity.

Materials and methods

Two reference strains of RSV were included in
this study (A2 and Long, subgroup A) from the collec-
tion of the Mechnikov Research Institute for Vaccines
and Sera. The RSV A2 strains were cultured in a contin-
uous HEp-2 cell line (a human, laryngeal cancer), in the
RPMI medium containing 5% of fetal calf serum, glu-
tamine and gentamicin (PanEco LLC, Russia), at 37°C
and 5% CO,. The RSV Long strains were cultured with
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a continuous MA-104 cell line (the embryonic rhesus
monkey kidney) in the Eagle’s MEM medium.

The viruses from the culture media (CM) of in-
fected cells were concentrated and purified [9]. The
virus titration was performed by using MA-104 cells,
which are ideal for demonstration of the RSV classical
cytopathogenic effect (formation of syncytia) that can
be visualized under microscope.

The virus titer was calculated by using the Spear-
man-Kéarber method. After the concentration, the RSV
A2 titer was 9 lg of the tissue 50% cytopathic dose per
1 ml(TCD, /ml); the PSV Longtiterwas 71gof TCD, /ml.
The protein concentration in the virus preparation
was measured with the NanoDrop spectrophotometer
(Thermo Scientific, USA) at the 280 nm wavelength
against 20% sucrose or with the Bradford reagent (Sig-
ma, USA) in accordance with the manufacturer’s in-
structions.

The BALB/c mice (females of 18-20 grams in
weight) received from the Pushchino breeding farm
(Moscow Region) were immunized intraperitoneally
3 times at a 2-week interval: the 1* immunization —
RSV with complete Freund's adjuvant; the other im-
munizations were performed with incomplete Freund's
adjuvant (Sigma, USA). In each injection, the dose
of RSV A2 was 100 pg/mouse. The studies were per-
formed in compliance with the Guidelines for Care and
Use of Experimental Animals'.

Myeloma and hybridoma cells were cultured in
the RPMI-1640 medium containing 4.5 g/l of glucose,
3 mM of glutamine, 60 pg/ml of gentamicin (PanEco
LLC, Russia) with supplement of 20% fetal calf serum
(Gibco, Invitrogene, USA) and 0.2 U/ml of insulin (Lil-
ly, France). The cells were cultured in the CO,-incuba-
tor at 37°C and 5% CO,. The Sp2/0 mouse myeloma
cells were used for fusion, as they do not produce their
own immunoglobulins.

The suspension of mouse splenocytes was mixed
with the Sp2/0 cells at 2:1 and diluted with PEG/DM-
SOSolution (Hybri-Max™, Sigma, USA). After the
fusion, the cells were resuspended in the selective
hypoxanthine-aminopterin-thymidine medium (Hy-
bri-Max™, Sigma, USA), placed onto 96-well plates
and incubated at 37°C and 5% CO.,. The cells were cul-
tured in the selective hypoxanthine-aminopterin-thymi-
dine medium for 14 days after the fusion. CL from the
wells containing hybrid cells was tested for antibodies
specific for RSV and the G-protein by using the en-
zyme-linked immunoassay (ELISA).

The ELISA test of RSV-specific antibodies in
mouse blood sera, in CL from hybrid cells as well as
MADbs was conducted in its indirect version: RSV in
the amount of 50 pl and in concentration of 10 pg/ml in
0.1 M of the phosphate-buffered saline, pH 7.2
were added to each well of the 96-well MAXISORP

! Decree No. 266 of the Ministry of Health of Russia, 19/6/2003.

NUNC-IMMUNO plates (Thermo Scientific, USA)
for 24 hours at 4°C. After the washing with the phos-
phate-buffered saline combined with 0.1% Tween-20
solution, serially diluted mouse sera or CL from the
wells with hybrids were added to the wells and incu-
bated for 1 hour at 37°C. After the washing, peroxi-
dase-labeled goat antibodies were added to the mouse
immunoglobulins (Sorbent, Russia) in a dilution of
1:500. Tetramethylbenzidine hydrochloride was used
as a substrate (US Biomedical, USA). The IN sulfu-
ric acid solution was used to inhibit the reaction. The
optical density (OD) was measured with a Sunrise
ELISA plate reader (Tecan, Switzerland) at the 450 nm
wavelength, where the reference wave is 620 nm. The
antibody titer was expressed as the inverse value of the
highest dilution, where OD was 2 times as high as the
ODs of negative controls — pre-immune mouse sera or
CL from the wells not containing hybrid cells.

To analyze the RSV G-protein, recombinant
G-protein (Sino Biological, Republic of Korea) RSV
A2 was added to the wells of 96-well MAXISORP
NUNC-IMMUNO plates (Thermo Scientific, USA) at
a concentration of 0.5 pg/ml in the phosphate-buffered
saline to be further incubated for 18 hours at 4°C. Then,
CL from the wells with hybrid cells or MAbs was added
for the ELISA test.

The Mab additivity test was conducted as previ-
ously described [10] and was used to determine whe-
ther MAbs recognize different or similar epitopes. The
plates were sensitized with the concentrated purified
RSV A2, as described above. Each pair of MAbs, in
saturating concentrations selected during the previous
tests, was added to separate wells or to the same well
of the plate. The indirect ELISA was used to measure
the quantity of virus-associated MAbs. The results were
expressed as the additivity index (Al), which compares
ODs obtained in both options (for a single MAb and
for combined MAbs) under the standard reaction con-
ditions. Al was calculated for each pair of MAbs by the
following formula:

Al= {[2 x A1+2/(A1 +A2)] - 1} x 100%,

where Al and A2 are the OD of MAbs applied sepa-
rately; A1+2 — the OD of the MADb combination. Al
will tend toward zero, if both MADbs recognize the same
epitope, and will tend toward 100%, if 2 epitopes are
not linked topographically.

To conduct a reaction of biological neutralization
in vitro, CL from the monoclones was incubated with
RSV A2 (the multiplicity of infection 10* TCD, /ml)
for 2 hours at 37°C in the presence of 5% CO, and then
was placed onto an MA-104 cell monolayer. One hour
after, the treated cells were washed with a serum-free
medium; then, the cell culture medium was added in
combination with 2% fetal calf serum containing glu-
tamine in double concentration. The cytopathogenic ef-
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fect produced by the virus on the cells was assessed in
72-96 hours, when it developed in the infected, rather
than in treated culture.

The infected cells were further used for indirect
immunofluorescence assay (IFA). The MA-104 cells
at a concentration of 4 x 10* cells/ml were placed in-
to wells of 24-well plates with cover slips; on the next
day, they were infected with RSV at a multiplicity of
infection equal to 10* TCD, /ml. Four days after the in-
fection, the cells were fixed with methanol for 20 min-
utes at —20°C. The MAbs were applied onto the fixed
preparations and incubated for 1 hour at 37°C. Then,
they were washed with the phosphate-buffered saline
before application of the FITC-labeled anti-mouse se-
rum (Dako, Denmark). The cells were counterstained
with Evans blue (Biochem, France). The staining was
monitored with the Axio Scope Al fluorescence mi-
croscope (Carl Zeiss, Germany) at the wavelength of
520-560 nm. The results were assessed by the number
of the stained cells and were expressed with symbols:
+++ corresponded to the number of stained cells >50%;
++ — 10-50%; + — single stained cells.

The MAD subtypes and types of light chains were
identified by using the ELISA test and the Pierce Rapid
ELISA Mouse mAb isotiping Kit (Thermo Scientific,
USA) in accordance with the manufacturer’s instruc-
tions: CL from MAbs was added to wells of the plate
pre-coated with antibodies specific for mouse immuno-
globulins of class G (IgG1, 1gG2a, 1gG2b, 1gG3), IgA

Optical density at 450 nm, %

129 06 protein

10- @ PCBA2

0,8
0,6
0,4

0,5
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and IgM, as well as for subtypes of the kappa and lamb-
da light chains. After the incubation, the polyvalent con-
jugate was added to peroxidase-labeled IgG+IgA+IgM
to be followed by the tetramethylbenzidine hydrochlo-
ride substrate. The MAb specificity, together with the
immunoglobulin subtype and light chain type, was
identified by the peak signal.

Results

The analysis of the immune response in five mice
to injection of the purified RSV A2 showed that the
minimum activity of RSV-specific antibodies corre-
sponded to the 4x10~titer, while the maximum activity
corresponded to the 7.8x107 titer in ELISA. MAbs in
blood sera of all mice neutralized the RSV infective ac-
tivity in titers ranging from 1:40 to 1:160. Tests in cell
hybridization were performed on 2 mice selected for
their high activity in both reactions. The tests in fusion
of splenocytes of the selected mice with myeloma cells
produced 236 hybrid cultures stable to the selective hy-
poxanthine-aminopterin-thymidine medium. 7-14 days
after, the CL-present MAbs were analyzed by using the
ELISA test, which showed the presence of MAbs inter-
acting with RSV A2 in 75 CL (32%) from hybrid cells.
The analysis of CL from hybrid cells in ELISA with the
G-protein showed that 17 (23%) out of 75 clones were
reactive with the G-protein (Fig. 1, @). CL from these
hybridomes was studied in the reaction of biological
neutralization in vitro (Fig. 1, b).

a

1F6 1H9 2A102A12 2B6 2B10 3C9 3E8 3F5 4A11 4C4 4G6 4F12 5D1 5F1 6B11 6E3

Inhibition of RSV infection, %
100

504. ....................................

A

b

izl

]

1F6 1H9 2A102A12 2B6 2B10 3C9 3E8 3F5 4A11 4C4 4G6 4F12 5D1 5F1 6B11 6E3

Fig. 1. The activity of the interaction of antibodies produced by hybrid cultures, with whole RSV and with RSV G protein.

a — interaction of antibodies in supernatants with whole RSV A2 virus and G protein in ELISA;
b — virus-neutralizing activity of supernatants from hybridomas producing antibodies to the G protein of RSV.
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Table 1. The properties of the Mabs to the RSV G protein

ELISA: optical density with supernatants _
Mabs Ig isotype, Reaction of neutralization in vitro, Img'slég?]f(l:éor
light chain type % inhibition assay™*
PCB A2 PCB Long | G protein
1C11 Ig2a, k 1,48 0,34 0,31 60 +
5D4 IgM, K 2,50 2,39 2,02 98 +++
5G11 IgM, k 2,30 2,58 2,36 60 ++
6H4 IgM, k 2,38 2,46 2,31 50 +

Note. *Optical density indicators in the analysis of Mabs in supernatants from hybridomas; Optical density of negative controls = 0.03;
**Immunofluorescence assay — a comparative evaluation of the detection efficiency of infected cells infected with RSV A2 in the

immunofluorescence reaction.

For the further cloning, we selected 4 hybrid cul-
tures (2B10, 3ES8, 3F5 and 4Go6) interacting with the
G-protein and neutralizing the RSV-infection by more
than 50%. The cloning tests helped select one mono-
clone from each culture — 4 hybridomes producing
MAbs specific for the G-protein. The immunologi-
cal, immunocytochemical and biological characteristics
of MAbs are given in Table 1 and Fig. 2.

The subtypes of monoclonal immunoglobulins
were identified. The MAb isotyping showed that MAbs
1C11 belonged to the IgG2a isotype, while the 3 other
belonged to the IgM class. All the monoclonal Igs had a
kappa-type light chain.

The ELISA results showed that MAbs 5D4, 5G11
and 6H4 demonstrated equal intensity at OD > 2.0 in
their reaction with their specific RSV A2 strain, the
RSV Long strain and the RSV G-protein. The MAbs
1C11 interacted more actively with the RSV A2 than
with the RSV Long and the G-protein. It should be
pointed out that 3 out of 4 MAbs displayed significant
virus-neutralizing activity, having suppressed the de-
velopment of the RSV-infection by 60-98%.

All the received clones recognized RSV in in-
fected cells, though with different activity (Table 1,
Fig. 2). The IFA test showed that MAbs detected RSV
G-proteins in the cell cytoplasm; most of the infected
cells were detected with MAbs 5D4 and 5G11.

The topographic links between epitopes were
identified by the additivity test (Table 2). The method
requires antibodies used in specially selected concen-
trations to completely saturate antigens. Low Als were
obtained for all MAbs in their self-combinations (from
1.6 to 4.2%), which proves the adequate conditions
of the reaction performance. For the MAbs 5D4-6H4,
5D4-5G11 and 6H4-5G11 pairs, the Als were 8.3—
12.1%, which is indicative of overlapping epitopes or
epitopes closely located on the G-protein. The Als for
MADs 1C11 paired with other MAbs were >40%, there-
fore, the epitope binding to MAbs 1C11 is located at a
distance from epitopes for MAbs 5D4, 6H4 and 5Gl11.

Discussion

During the present study, we received 4 hybrid-
omes producing MAbs specific for the RVS G-protein.
The G-protein is more variable in comparison with the
F-protein, which is frequently used in preparing prod-
ucts for prevention of RSV-infection; at the same time,
when administered, it produces a protective effect. In
the last years, the G-protein has been attracting re-
searchers’ attention due to its properties that make it
a promising candidate for development of therapeutic
products and vaccines. The protein contains a small,
though highly conserved central domain (CCD) [7] and
is immunogenic when administered to healthy people

Fig. 2. IF analysis of the interaction of Mabs with MA-104 cells infected with RSV A2.

a — Mabs for hepatitis virus, negative control; b — Mabs 5D4, the number of stained cells 80% (+++); c — Mabs 5G11,
the number of stained cells 20% (++); d — Mabs 6H4, single stained cells (+); green color — FITC, red — Evans blue.
The picture is duplicated on the cover of the magazine.
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Table 2. Additivity index for Mabs to G-protein of RSV (M £ m, %)

MKA 5D4 6H4 5G11 1C1
5D4 1,6+0,3 83+238 11,3+0,5 41,6 £3,1
6H4 - 2106 12,1+0,8 40,7 £4,2
5G11 - 3507 42,4+26
1C1 - - 42+31

[11]. The CCD of the G-protein has a CX3C chemok-
ine motif, which interacts with the CX3CR1 chemokine
receptor on host cells, thus interfering with the antivi-
ral response [12]. It has been found that MAbs targeted
at CCD produce an antiviral effect on infected mouse
models in RVS-infection by blocking the development
of the disease and improving the immune response
[13]. The G-protein interacts with epithelial cells of
the patients’ respiratory tract and induces an infection
process. It has been found that G-protein specific anti-
bodies efficiently suppress inflammation [14]. The fur-
ther study of the antigenic structure and functions of the
G-protein is required for defining a new strategy in the
battle against RSV-infection [15].

The MAbs received during this study bind to two
epitopes of the G-protein, displaying an additive effect
during the interaction; they detect the virus antigen in
infected cells of the culture and can be used for de-
tection of RSVs in clinical material, in combination
with immunofluorescence assays, immune-peroxidase
staining and ELISA. The virus-neutralizing activity of
MAbs offers opportunities for receiving humanized
recombinant antibodies. Further studies will show
possibilities and feasibility of using G-protein spe-
cific MAbs in combination with MAbs specif-
ic for RSV F-protein for prevention and treatment
of RSV-infection.
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