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PASPABOTKA BAKUMHHOIO AAbIOBAHTA HA OCHOBE

CKBAJIEHA U UBYMEHUE EFO ALbIOBAHTHbIX CBOUCTB

Boaocaukora E.A, lllepoakos /I.H., Epmonaes B.B., Boaikosa H.B,,
Rangamuna O.H., Boprosakosa M.B., lanniaenko E.JI.

DBYH «locyoapcmeentbiil HayuHblil yeHmp supycoroeuu u buomexnonroeuu “Bexmop”» Pocnompebnadsopa,
n. Koasyoso, Hosocubupckas o6a., Poccus

Pesome. Vcnonb3oBaHUE COBPEMEHHBIX CYOBEIMHUYHBIX BaKIIUH TIPEANoaracT BBEAEHUE B UX COCTAB
aIbIOBaHTOB. B HacTosIiee BpeMsi aKTUBHO BeJIeTCsI TIOMCK HOBBIX U YCOBEPIIIEHCTBOBAHUE CYIIIECTBYIOIINX
aIbIOBAHTHBIX CUCTEM. ATBIOBAHTHI HA OCHOBE CKBaJIEHA W3BECTHBI U Pa3pellieHbl B psifie CTpaH IS KJIU-
HUYECKOTO MPUMEHEHMs B COCTaBe BaKIIMH MPOTUB rpuIia. Haira padora mocpsiieHa pa3padoTKe aablo-
BaTHOUW KOMITO3UIIMM, COEPKAIEl B CBOEM COCTaBe CKBajieH. [losydeHHbIe HAMU aIbIOBAHTHBIE KOMIIO-
3ULUU TIPEACTABIISIIM COO0I MAaCIISTHYIO SMYJIbLCUIO, COAepXKaIlylo TuapoduibHYyI0 U THaApodoOHy0 (da3sy.
CTabWJIbHOCTU 3MYJIbCUU JOOUBAUCH ITyTEM 00pabOTKU €€ yIbTpa3ByKoMm ¢ yactoToi 22 kIi1. OueHky pas-
MEPOB YaCTUILL MOTYUYCHHBIX OIMYIbCUI MTPOBOAWIIM C TIOMOIIIBIO 3JIEKTPOHHOTO MUKpockona. [TokazaHo, 4yTo
pa3mep yactull 0oJbinnHCTBa YyacTull (84%) cocraBuit ot 50 1o 80 HM. OLIEHKY aaAblOBAHTHON aKTUBHOCTHU
npoBoauiv Ha 100 camiax Mmbimei imaun BALB/c maccoit 16-18 1. J1j1s1 OLIeHKY T'yMOPaJIbHOTO UMMYHHO-
TO OTBETa MMMYHM3AIINIO TIPOBOAMIN ABYKPATHO C MHTEPBAIIOM 14 CYTOK, BHYTPUMBIIICYHOU MHBEKIINEH
oobemom 200 MKIT Ha 3KMBOTHOE. B KauecTBe aHTUIeHa UCIOJIb30BaIM PELENITOP-CBI3bIBAIOLINI JOMEH T10-
BepXHOCTHOTO Oejika KopoHaBupyca SARS-CoV-2 (BapuaHT B.1.617.2 (Delta)) 1160 0BalbOYyMUH U3 KypH-
HBIX Aull. Perientop-cBsa3bIBaloONInii JOMEH MOBEpXHOCTHOTro 6esika KopoHaBupyca SARS-CoV-2 BBoauiu B
no3e 50 MKT Ha >)KUBOTHOE, OBaJIbOYyMUH — 1 M 5 MKT Ha XXUBOTHOe. B KauecTBe MOJIOKUTEIbHOTO KOHTPOJISI
MCMOJIb30BaJIM aHTUTEH C TUAPOKCUIOM aJIIlOMUHUsSI. B KauecTBe oTpULIaTeIbHOTO KOHTPOJISI — (hU3HUOJIOTU -
YeCKH pacTBOp. DPGHEeKTUBHOCTD ITOJYICHHBIX aIbIOBAaHTOB OMNPEACIISIIIN U3MEPEHUEM TUTPOB CIICII(DI-
YECKMX aHTUTEJI B CBIBOPOTKAxX Mblleil MetogoM MDA ¢ ucnoib3oBaHEM PEKOMOMHAHTHOIO PELENTOP-
CBSI3BIBAIOIIETO JIOMEHA MMOBEPXHOCTHOTO Oejika KopoHaBupyca SARS-CoV-2 (BapuaHT B.1.617.2 (Delta))
JINOO OBaJILOYMUH U3 KYPMHBIX sIMIl. B Xome pa®oThl MOKa3aHO, YTO MCIIOJb30BaHUE adbIOBAaHTOB Ha OC-
HOBE CKBaJIeHa MO3BOJIMJIO YBEJIMYUTh MMMYHOTEHHOCTh aHTUTEHOB. B cirydae ¢ perenTop-CBI3bIBAIOIINM
JIOMEHOM TIOBEPXHOCTHOTO OeJjika KopoHaBupyca SARS-CoV-2 cpeaHue TUTPHI crielU(pUUIeCKUX aHTUTE B
ONBITHOM TPyMIICc B 4 pa3a IPEeBBIIAIN TUTPHI KOHTPOJIBHOU TPYIIThI, UMMYHU3UPOBAHHOM aHTUTEHOM C
TUIPOOKHUCHIO amfoMuHUs. [ToBbIIIEeHMEe UMMYHOT€HHOCTU aHTUTeHa ¢ 100aBJIeHMEM CKBajJieHa HabJIrogaaIun
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B OTBITHOM rpyIine HaOM0AalIu U B ciydae ¢ oBaibOyMUHOM. Takum oO6pa3oM, rmokasaHo, 4TO pa3paboTaH-
Has albIOBAHTHASI CCTEMa Ha OCHOBE CKBaJICHA SIBJISICTCS aJIBTEPHATUBOM TPaAUIIMOHHBIM aTblOBaHTaM Ha
OCHOBE COJIE ATIOMUHMA.

Knrouesvie crosa: adsroeanm, ckeaneHr, UMMYHHbLI omeem, S-0e410K, 08an1b0YMUH, UMMYHU3AYUS

DEVELOPMENT OF AVACCINE ADJUVANT BASED ON
SQUALENE AND STUDY OF ITS ADJUVANT PROPERTIES

Volosnikova E.A. Shcherbakov D.N., Ermolaev V.V,, Volkova N.V,,
Kaplina O.N,, Borgoyakova M.B., Danilenko E.D.

State Research Center of Virology and Biotechnology “Vector”, Koltsovo, Novosibirsk Region, Russian Federation

Abstract. The use of modern subunit vaccines involves adjuvant introduction into their composition.
Currently, the search for new and improvement of existing adjuvant systems is actively underway. Squalene-
based adjuvants are well-known and approved in a number of countries for clinical use in influenza vaccines.
Our study was devoted to the development of an adjuvant composition on the basis of squalene. The resulting
adjuvants were composed in a form of oil emulsion containing a hydrophilic and hydrophobic phase. The
stability of the emulsion was achieved by treating it with ultrasound at a frequency of 22 kHz. Particle sizes of
the obtained emulsions were examined with the use of an electron microscope. The particle size was calculated
to be 50-80 nm for the majority of particles (84%). Adjuvant activity was evaluated in 100 male Balb/C mice,
weighing 16-18 g. To assess the humoral immune response, immunization was performed twice, with a 14-day
interval, by intramuscular injection of 200 nL per animal. The receptor-binding domain (RBD) of the surface
S protein of the severe acute respiratory syndrome coronavirus 2 (Delta variant (B.1.617.2)) or ovalbumin
(OVA) from chicken eggs were used as antigens. RBD was administered at a dose of 50 pg/animal; OVA was
administered at two doses (1 pg or 5 pg/animal). An antigen with aluminum hydroxide was used as a positive
control; a saline solution was used as a negative control. The effectiveness of the obtained adjuvants was
determined by measuring the titers of specific antibodies in mouse sera in ELISA assays using the recombinant
RBD of SARS-CoV-2 S-protein or ovalbumin from chicken eggs. It was shown that the use of squalene-based
adjuvants increased the antigens’ immunogenicity. The average titers of specific antibodies against RBD in the
experimental group were 4 times higher than in the group immunized with RBD adjuvanted with aluminum
hydroxide. An increase in immunogenicity of the antigen adjuvanted with squalene was also observed in the
experimental OVA-group. Thus, it was shown that the developed squalene-based adjuvant compositions could
be an alternative to the traditional adjuvants based on aluminum salts.

Keywords: adjuvant, squalene, immune response, S protein, ovalbumin, immunization
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Introduction

Subunit vaccines continue to play an important
role in the vaccination to prevent infectious diseases.
One of the recent examples is the WHO approval of
the subunit Mosquirix vaccine against malaria [6].
Long-term studies show that subunit vaccines,

while possessing an unsurpassed safety profile, ease
of production and high stability, nevertheless have
relatively low immunogenicity. Therefore, adju-
vants are an obligatory component of the vaccine
preparations based on recombinant proteins. Through
the use of adjuvants, it can be possible not only to
increase immunogenicity, but also to induce mucosal
immunity or trigger/stimulate cellular response
mechanisms [4].

The most commonly used adjuvants in vaccines
nowadays are aluminum salts. Their mechanisms of
action are still not completely clear [1]. One of the
main versions is the induction of a local inflammatory
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process at the site of vaccine administration, which
can elicit the development of a pronounced local and
systemic reaction [5].

In addition to aluminum compounds, among
those officially approved, adjuvants based on Quillaja
saponaria saponins, CpG and squalene are being
currently used [7]. The latter, in the form of MF59
adjuvant, has been successfully used in influenza
vaccines for more than 15 years, with its high efficacy
and safety being confirmed [2].

The purpose of the present work was to develop an
adjuvant composition based on squalene and to study
its effect on the vaccination effectiveness.

Materials and methods

Adjuvant composition assembly

The formulation of adjuvant compositions was
calculated for the final preparation to have squalene
at the concentration of 4.3 or 8.6% of the volume.
The hydrophobic phase consisted of phospholipids
dissolved in squalene (0.5 — 1% of the final volume),
the hydrophilic phase — the Twin 80 emulsifier
dissolved in PBS (pH 7.6). The emulsion was obtained
by treating the combined hydrophilic and hydrophobic
phases with ultrasound with a frequency of 20-60 kHz.
The resulting emulsion was sterile filtered through
0.22 pm bacterial filters.

For the control, an incomplete adjuvant was
obtained, which comprised all the components of the
composition described above except squalene.

Animal immunization

Ovalbumin (OVA) from chicken eggs or the
receptor-binding domain (RBD) of the surface
S-protein of the severe acute respiratory syndrome
coronavirus 2 (Delta variant (B.1.617.2), obtained
at the SRC VB “Vector” using CHO-KI1 cells, were
chosen as antigens.

The study of the adjuvant properties of the drug
was carried out in male Balb/C mice, weighing 18-
22 g, aged 6-8 weeks, obtained from the Nursery of
the SRC VB “Vector” of Rospotrebnadzor, Koltsovo,
Novosibirsk Region. Animal experiments were
approved by the Bioethics Committee of the State
Research Center of Virology and Biotechnology
“Vector” (SRC VB Vector/September 10, 2020, ap-
proved by the protocol of Bioethics Committee No. 5
as of October 1, 2020). Mice of the positive control
groups were administered intramuscularly twice, with
a 14-day interval, with 1 and 5 ug OVA or 50 ug RBD
in a volume of 200 nL/mouse (100 pL in each hind
paw).

Mice of the experimental groups were administe-
red with OVA at the doses of 1 and 5 pug/mouse or
RBD at the doses of 25 and 50 pug/mouse (in a volume

of 200 uL/mouse) in combination with the obtained
adjuvant composition comprising4.3 or 8.6% squalene.
The mice of the negative control group were injected
with an equivalent volume of the saline solution.
Mice of the comparison groups were immunized
intramuscularly twice, with a 14 day interval, with
50 ug RBD mixed with aluminum hydroxide or with 1
and 5 ug OVA mixed with aluminum hydroxide or an
incomplete adjuvant.

Blood sampling was performed on day 7 after the
second immunization as described in [3].

To detect the titer of specific antibodies in the sera
of immunized mice, the 96-well plates were coated
with 100 pL of OVA (5 ng/mL) or RBD (1 pg/mL)
in phosphate-buffered saline (PBS), pH 7.4-7.5. The
plates were incubated for 2 hrs at 37 °C and then for
16 hrs at 4 °C. OVA (or RBD) solution was removed
by shaking, followed by adding to the wells 200 uL
of blocking buffer (1% BSA solution in PBS, pH
7.4, supplemented with 0.05% Twin-20). After the
incubation (2 hrs at 37 °C) and three washes with the
washing buffer, 100 uLL of 5-fold diluted sera (from
1:200 to 1:15625) were added to the wells. A diluting
solution for serums was used to control the conjugate.
The plates were incubated at 310 rpm in a thermosha-
ker (1.5 hrs at 37 °C), and then washed four times as
described above. Next, the plates were incubated with
a conjugate solution of goat anti-mouse IgG-HRP
antibodies (Sigma, USA), (100 uL/well), at a dilution
of 1:5000 at 37°C for 1 hr and washed five times as
described above. For the color reaction manifestation,
asolution of chromogen-TMB (3,3’,5,5’-tetramethyl-
benzidine liquid substrate, slow kinetic form, for
ELISA, SIGMA) was used. The plates were incubated
for 30 min at RT protected from light. The reaction
was stopped using a stop solution (1M sulfuric acid) in
a volume of 50 nL/well. Absorbance was measured at
450 nm using a Varioskan Lux multimode microplate
reader (Thermo Fisher Scientific, USA). The results
were processed using GraphPad Prism 6.0 software.

Results and discussion

Currently, among the adjuvants approved for use,
the leading position is still occupied by preparations
based on aluminum salts. At the same time, there
is a tendency to use new, more efficient and safer
compositions. One of the actively developing direc-
tions is the production of adjuvant systems in the
form of emulsions based on squalene [4]. The use of
squalene as the basis for adjuvant compositions has
undeniable advantages, such as a high safety profile
and biodegradability.

To evaluate immunogenicity, a recombinant
S-protein RBD of SARS-CoV-2 (Delta variant
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Figure 1. Reciprocal titers of RBD-specific antibodies in the
blood serum of immunized BALB/c mice

Note. 1, saline solution; 2, RBD (50 ng); 3, RBD (50 pg) + aluminum
hydroxide; 4, RBD (50 ug) + squalene (4.3%); 5, RBD (50 pg) +
squalene (8.6%); 6, RBD (25 ng) + squalene (4.3%), respectively.
The data are presented as GMTs. The graphics were made using
GraphPad Prism 8.0.

(B.1.617.2)) was used as one of the model antigens
in our study. Analysis of mouse blood sera collected a
week after the second immunization showed that the
use of squalene emulsion elicited significant increase
of antigens immunogenicity. The average titers of
specific antibodies in the experimental group were
4 times higher than those in the group immunized
with RBD with aluminum hydroxide (Figure 1). It is
important to note that in the group of mice injected
with a reduced dose of antigen (25 ug, group 6), the
average indicator value was equivalent to the level of
antibodies in the group immunized with a dose of
50 pg, but with aluminum hydroxide (group 3, Figure
1). A higher dose of squalene (8.6%) slightly increased
the titer level of specific antibodies compared to its
lower dose.

In many ways, similar patterns were observed in the
other model, with the use of ovalbumin as an antigen.
The two doses of OVA, 5 and 1 ug per mouse, were
used for immunization.

Analysis of mouse blood sera after immunization
showed that the use of a higher dose of adjuvant (8.6%

3x10°8 =

2x10°8

1x10°

Titers of OVA-specific antibodies

1 2 3 456 7 8 9 10
Groups of immunized animals

Figure 2. Reciprocal titers of OVA-specific antibodies in the
blood serum of immunized BALB/c mice

Note. 1, OVA (1 ug); 2, OVA (5 ug); 3, OVA (1 pg) + aluminum
hydroxide; 4, OVA (5 ng) + aluminum hydroxide; 5, OVA (1 ug) +
squalene (4.3%); 6, OVA (5 ug) + squalene (4.3%); 7, OVA (1 ug) +
squalene (8.6%); 8, OVA (5 ng) + squalene (8.6%); 9, OVA (1 ug) +
incomplete adjuvant; 10, OVA (5 ug) + incomplete adjuvant. The data
are presented as GMTs. The graphics were made using GraphPad
Prism 8.0.

squalene), regardless of the antigen dose (groups 7
and 8), can significantly, almost by an order, increase
the immune response compared with aluminum
hydroxide. Squalene (4.3%) significantly increased
the level of antibody titers in mice immunized with
OVA (5 ng) (Figure 2). It is important to note that the
administration of an experimental adjuvant allowed
to induce high titers of specific antibodies (more
than 1:1000000), even with the use of a small dose of
antigen (1 pg).

Conclusion

Thus,
experimental adjuvant composition based on squalene.
It has been shown that immunization of mice either
with RBD or OVA proteins in combination with the
obtained adjuvants, makes it possible to elicit a high
level of humoral immune response exceeding the

we have obtained and evaluated an

values achieved with the use of a classical adjuvant —
aluminum hydroxide.
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