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Abstract

Introduction. There is a large variety of licensed influenza vaccines worldwide, but their common limitation
is rather narrow specificity and inability to protect against antigenic-drift variants of influenza virus. Therefore,
optimization of immunogenic and cross-protective properties of licensed influenza vaccines is an urgent priority of
public health agenda. One such approach is to modulate the immunogenic properties of live attenuated influenza
vaccine (LAIV) by truncating the open reading frame of influenza virus non-structural protein 1 (NS1). The main
objective of this study is to evaluate the immunogenic properties of the H1N1 seasonal LAIV strain by truncation
of the NS1 protein to 126 amino acides.

Materials and methods. Using reverse genetics technique, two H1N1 LAIV strains with full-length and truncated
NS1 protein with three consecutive stop codons added after the 126" amino acid residue were obtained.C57BL/6J
mice were immunized intranasally with the vaccine candidates, twice at a three-week interval. Seven days after
the second immunization, cells were isolated from spleen and lung tissues and stimulated with whole wild-type
H1N1 influenza virus. Levels of systemic and tissue-resident cytokine-producing CD4* and CD8* memory T cells
were assessed by intracellular cytokine staining assay with flow cytometry. Replication of engineered vaccine
strains in in vitro and in vivo systems was also evaluated.

Results. Truncation of NS1 protein of the LAIV strain significantly increased the levels of virus-specific CD4*
effector memory T cells in spleens and the levels of CD4* tissue-resident memory T cells in lungs of mice after
two-dose immunization, indicating a higher potential for protection against influenza infection of the LAIV NS,
vaccine strain compared to the classical variant of LAIV. Importantly, the LAIV NS, strain also had a more
pronounced attenuated phenotype in mice than its classical counterpart.

Keywords: influenza virus, live attenuated influenza vaccine, NS1 protein, memory T cells, tissue-resident
memory T cells, tissue-resident memory T cells, CD4* T cells, CD8* T cells
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YcuneHune cMCTeMHOro 1 1I0Kann3oBaHHOro B JIErKNX
CD4*-T-KneTo4yHOro MMMYHHOIO OTBeTa PN YKOPOUYEHNN
6enka NS1 wramma ce30HHON XXKNBOW rPUNMNO3HON BaKLNHbI
Mpokonexko MN.U.*%, CrenaHoBa E.A., MaTioweHKko B.A., Pak A 1., Ynctakosa A.K.,

KoctpomutuHa A.[., KotomuHa T.C., Kyapasues U.B., PybuHwTrenH A.A.,
Komnes A.C., PyaeHko J1.I., UcakoBa-CuBak U.H.

NHCTUTYT 3KCnepumeHTanbHom meauunHbl, CaHKT-NeTepbypr, Poccua

AHHOMauus

BeepeHue. B mupe cyuiecTByeT 6onbLuoe pasHoobpasne nuMueH3npoBaHHbIX BaKLMH MPOTUB rpunna, Ho nx ob-
LLMMW HegoCcTaTKaMuy SBMSOTCA AOCTATOYHO y3Kasi CneumMpuyHOCTb 1 HECMOCOBHOCTb 3alumLaTb OT ApendoBbIX
BapuaHToB Bupyca. COOTBETCTBEHHO, OMTUMMU3aLNA MMMYHOIEHHbIX U KPOCC-MPOTEKTUBHbLIX CBOWCTB NULIEH-
3MPOBaHHBIX TPUMMO3HbIX BakUMH — akTyarnbHas 3ajada npakTMyeckoro 3gpaBooxpaHeHus. OgHWM 13 Takmx
NOAXOA0B SABMNSETCH MOAYNAUMSA MMMYHOTEHHbIX CBOMNCTB XXUBOW rpunnosHorn BakumHel (XKIMB) 3a cuéTt yceveHus
paMKuM cYMTbIBaHUSI HeCTPYKTypHoro 6enka 1 Bupyca rpunna (NS1). OcHOBHOW Lienbio 4aHHON paboThbl SBnNAeTCA
oueHKa MMMYHOreHHbIX CBOMCTB ce3oHHoW XKIB noatuna H1N1 npu yceyeHun pamkmn cumntbiBaHms 6enka NS1
no 126 aMMHOKMUCIOT.

Martepuanbl n Mmetogbl. Metogamy obpaTHON reHeTUKM CKOHCTpyMpoBaHbl 2 wtamma XKIMB nogtuna HIN1 ¢
NorHOpa3MepHbIM U € ycedéHHbIM 6enkom NS1, rae nocne 126 ammHokncnoTt gobasneHbl 3 NocneaoBaTenbHbIX
cton-kogoHa. Meiwewn nuHun C57B1/6J nMMyHU3poBanu MHTpaHasanbHO ABYKPaTHO C 3-HedenbHbIM MHTepBa-
nom. Yepes 7 gHen nocrne NoBTOPHON UMMYHU3aLUN Y MbILLEN BbIAENANN KNETKN N3 TKaHeN Cenes3éHkn 1 Nérkux,
CTUMYNUpOBanu uenbHbiM AnkMM Bupycom H1N1 1 oueHuBany ypoBHU CUCTEMHBIX N TKaHEPE3MOEHTHbIX Liu-
TOoKMHNpoayumpyowmnx CD4*- n CD8*-T-kneTok namsaT METOAOM BHYTPUKIETOYHOIO OKPALUMBAHUSA LIUTOKUHOB.
Takxke Oblna npoBefeHa oLeHKa penpoayKLmMmn WTaMMOB B cucTemax in vitro v in vivo.

PesynbraTbl. YkopoyeHue G6enka NS1 B KB 3HauMTenbHO noBbilwano ypoBHW Bupyccneundunydeckmx CD4*-T-
KNeToK 3 (peKTOpHOM NamMATH B CeNneséHke 1 YpoBHM TKaHepesnaeHTHbIX CD4*-T-kneTok B NErkMx MblLLen nocne
ABYKPaTHOM MMMYHM3aLMm, YTO yKa3blBaeT Ha Gornee BbICOKMUIA NOTeHLMan 3aluTbl OT rPUNMNO3HON MHEeKLnn y
XKI'B ¢ yce4éHHbim 6enkom NS1 no cpaBHeHuto ¢ knaccuyeckum BapuaHtom XKIMB. BaxHo otmeTuTb, 4Tto XKIMB
C yceyéHHbim 6enkom NS1 Takke nmena 6ornee BbipaXKeHHbIN aTTEHYMPOBAHHBLIN PEHOTUM B 3KCNEPUMEHTE Ha
MbILLAX, YeM €& KracCU4ecKnin aHanor.

KnroueBble cnoBa: supyc epunna, xxusas epurnrnosHasi eakyuHa, 6enok NS1, T-knemku namsamu, T-knemku a¢p-
pekmopHoU namsimu, mkaHepedudeHmHbie T-knemku, CD4*-T-knemku, CD8*-T-knemku

Omuyeckoe ymeep)xdeHue. ABTOPbI NOATBEPXAAIOT COOMIOAEHNE UHCTUTYLIMOHANBHBLIX U HaLMOHAaMNbHLIX CTaHAap-
TOB MO MCMOMb30BaHNIO NTabopaToOPHbLIX XUBOTHBLIX B cooTBETCTBUM C «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). MNMpoTokon nccnepoBaHus ogobpeH TUYecknM KOMUTETOM MIHCTUTYTa aKCnepuMeHTanbHom Me-
anumHel (npotokon Ne 1/20 ot 27.02.2020).

UcmoyHuk ¢pbuHaHcuposaHusi. Pabota BbinonHeHa B pamkax npoekta MuHobpHayku Poccun FGWG-2022-0001.

KoHgbniukm uHmepecoeg. ABTOpbI AEKNapUpyOT OTCYTCTBME SBHbIX M NOTEHLMArbHbIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosiLLen cTaTbi.

Ansi yumupoeanusi: MpokoneHko M.U., CtenaHoBa E.A., MaTioweHko B.A., Pak A.A., Ynctakosa A.K., Koctpomu-
TmHa A.[., KotomuHa T.C., KygpsisueB W.B., PybuHwrenn A.A., Komnes A.C., Pygenko J1.I., VcakoBa-CuBak W.H.
YcuneHvne CMCTEMHOTO M NlokanuaoBaHHOro B nerkux CD4*-T-kneTo4yHoro MMMYHHOTO OTBeTa Npu yKopoyeHun benka
NS1 wramma Ce30HHON XMBOW rPMNMNO3HON BaKUUHbL. XKypHan Mukpobuonoauu, anudemuono2uu u UMmyHobuonoauu.
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Introduction

Influenza viruses pose a constant threat to the
global population due to their high contagiousness
and ability to cause severe epidemics, which kill up to
650,000 people annually [1]. The most effective means
of fighting influenza infection remains vaccination,
which is mainly aimed at preventing the development
of severe cases of the disease, as well as its complica-
tions. There is a sufficiently large variety of licensed
influenza vaccines, but their effectiveness in different
epidemic seasons varies greatly due to the narrow spec-
ificity of the induced immune response to vaccination
[2]. In this regard, the search for new approaches to im-
prove the immunogenicity and broaden the spectrum of
action of seasonal influenza vaccines is of paramount
importance for global health care.

The non-structural NS1 protein of influenza A vi-
rus is multifunctional protein and participates in vari-
ous stages of virus-cell interaction: it is an antagonist
of the antiviral cellular response and a regulator of viral
and cellular gene expression [3, 4]. In particular, the
NS1 protein of influenza virus acts as an interferon
(IFN) antagonist and thereby promotes productive in-
fection by disrupting one of the most important links of
antiviral immunity [5]. Furthermore, the C-terminus of
NSI1 protein is attributed to the function of decreasing
dendritic cell activation and, consequently, impairing
the stimulation of naive T cells [6]. Accordingly, the
immunogenicity of live attenuated influenza vaccine
(LAIV) can be enhanced by truncating the NS1 protein
from the C-terminus to attenuate its anti-IFN activity.
Previously, we constructed a vaccine strain of H7N9
subtype LAIV that encoded an NS1 protein shortened to
126 amino acids. Experiments in mice showed that this
modification resulted in a significant enhancement of the
T-cell response to the immunodominant epitope NP,
compared to immunization with full-length NS1 [7].

The aim of the present study was to evaluate the
modulation of immunogenic properties of the seasonal
HINI subtype influenza vaccine strain by truncation of
the NS1 protein reading frame to 126 amino acids. The
systemic and local T-cell response to all influenza virus
antigens was studied by stimulating immune cells with
whole live epidemic influenza HIN1 virus.

Materials and methods

Viruses

Experimental reassortant strains of the HINI
subtype were obtained by standard reverse genetics
methods based on the attenuation donor of the domes-
tic LAIV A/Leningrad/134/17/57 (H2N2) (Len/17)
[8]. The parental epidemic influenza virus was
the A/Guangdong-Maonan/SWL1536/2019 (HIN1)
[HIN1/wt] strain obtained from the NIBSC collection
(UK). The HIN1 LAIV vaccine strain with full-length
NS1 protein contained PB2, PB1, PA, NP, M and NS

genes from the attenuation donor Len/17, and hemag-
glutinin and neuraminidase genes from the epidemic
HINI1/wt virus. To obtain a recombinant influenza vi-
rus expressing a truncated NS1 protein, 3 consecutive
stop codons were added after 126 amino acids of the
open reading frame of the NS1 protein of Len/17 virus
by site-directed mutagenesis using the Q5 Site-Direct-
ed Mutagenesis Kit (New England Biolabs) and spe-
cific primers (Evrogen Ltd.). Viruses were cultured in
10-11-day-old embryonated chicken eggs (ECE) (Sin-
iavinskaya poultry farm) at 33°C (for vaccine strains of
LAIV) or at 37°C (for epidemic strain HIN1/wt) and
stored at —70°C in aliquots.

Cell lines

MDCK dog kidney cells (ATCC CCL-34) and Ve-
ro green monkey kidney cells (ATCC CCL-81) were
cultured in DMEM growth medium containing 10% fe-
tal bovine serum and supplemented with an antimycotic
antibiotic (Capricorn reagents listed).

Determination of the infectious activity
of influenza viruses

The infectious titers of viruses were determined by
the limit dilution method. To infect ECE, viruses were
diluted in phosphate-salt buffer (PBS) and each dilution
infected 4-6 embryos in a volume of 200 pl. The ECEs
were incubated at 33°C and 38°C for 48 h or at 26°C for
6 days, after which the embryos were cooled; the pres-
ence of virus in allantois fluid was determined by hem-
agglutination assay with chicken erythrocytes. Deter-
mination of infectious titers of viruses on cell cultures
was performed by infecting daily monolayer cultures
in 96-well plates with serial 10-fold dilutions of viru-
ses. After adsorption, the inoculum was removed, cells
were washed, incubated in DMEM medium containing
1 pg/mL TRSC trypsin and antibiotic-antimycotic at
33°C for 4 days. The presence of viruses in the wells
was determined by staining the cells fixed in acetone
with monoclonal anti-NP-antibody conjugated with
horseradish peroxidase (PPDP LLC). Illumination was
performed using TMB substrate (Thermo Fisher Scien-
tific), and optical density was measured on an xMark
flatbed spectrophotometer (BioRad). Wells were con-
sidered positive at optical density values (A = 450 nm)
exceeding the values of negative control wells at least
2-fold. Virus titers in ECE and Vero and MDCK cells
were calculated according to the method proposed by
L.J. Reed et al. [9] and were expressed in 50% infec-
tious doses (log10 EID, /mL and log10 TCID, /mL).

Accumulation and purification of influenza virus
on asucrose gradient

For immunologic tests, HIN1/wt influenza virus
was purified on a sucrose gradient to remove nonspe-
cific proteins from chicken embryos and to concentrate
the virus. Viruses were purified on a 30%/60% density
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gradient using an ultracentrifuge (BeckmanCoulter) in
several steps:

1) clarification of the collected allantois fluid by
centrifugation for 15 min at 4°C at 3500g;

2) sedimentation at 16,000g for 2 h at 4°C and re-
suspension of the formed precipitate in 2 ml of FSB;

3) layering of the resuspended precipitate on a
30%/60% sucrose step gradient followed by ultracen-
trifugation for 2 h and at 4°C at 23,000g;

4) collection of concentrated virus at the bounda-
ries of the gradient and its washing in 10 ml of FSB by
centrifugation for 1.5 h at 23,000g. In the last step, the
viral precipitate was resuspended in 1 ml of PBS and
stored at —70°C in aliquots.

Mice immunization and organ harvesting

Female mice of the C57BI1/6]J line, supplied from
the Stolbovaya Branch Nursery of the National Cen-
ter for Biomedical Research of the Federal Medical
and Biological Agency of Russia, were used. Mice
were immunized twice intranasally with an interval of
21 days with one of the recombinant strains of LAIV at
adose of 10° EID, in a volume of 50 ul using light ether
anesthesia. Control animals received an equal volume
of PBS. On the 3rd day, lungs and nasal passages were
collected from 4 vaccinated mice from each group and
further homogenized using a TissueLyser LT automatic
homogenizer (Qiagen). Lung and nasal tissue homoge-
nates were used to determine the infectious titer of the
virus in the ECE system. At 7 days after re-immuniza-
tion, lung tissue and spleens were collected from 6 mice
from each group for further evaluation of T-cell immu-
nity. The research protocol was approved by the Ethics
Committee of the Institute of Experimental Medicine
(protocol No. 1/20, February 27, 2020).

Assessment of the T-cell immune response

Determination of systemic and memory T cells
localized in the lungs was performed according to the
previously described method [7] with minor modifica-
tions. Single splenocytes were isolated in CR-0 medi-
um (RPMI-1640 supplemented with antibiotic-antimy-
cotic, 25 mM HEPES (listed reagents from Capricorn)
and 50 pM 2-mercaptoethanol (Sigma-Aldrich) using
70 um pore size filters (BD Biosciences). Erythrocytes
were then lysed using erythrocyte lysis buffer (BioLeg-
end). For intracellular cytokine staining, 2 x 10° cells
were added to 100 pL of CR-10 medium (CR-0 medium
containing 10% fetal bovine serum) in sterile U-bottom
microplates. Then, 100 pl of CR-10 medium containing
purified whole HIN1/wt virus at a dose of 2 infectious
units per cell was added to each well and incubated for
18 h at 37°C, 5% CO,. GolgiPlug solution (BD Biosci-
ences) was then added to the samples at a final concen-
tration of 1 : 1000 to stop protein transport. Stimulation
with phorbolmyristyl acetate (Sigma-Aldrich) was used
as a positive control; unstimulated control samples and

ORIGINAL RESEARCHES

isotypic control samples were also prepared. Cells were
incubated for 5 h at 37 °C, 5% CO,, then stained for
20 min at 4°C in the dark with ZombieAqua fluorescent
live/dead cell detection dye and a mixture of the follow-
ing fluorescently labeled surface antibodies: CD4-Per-
CP/Cy5.5, CD8-APC/Cy7, CD44-PE, and CD62L-
BV421 (reagents listed are BioLegend). The Cytofix/
Cytoperm kit (BD Biosciences) was used for fixation/
permeabilization, after which cells were stained with
antibodies to cytokines: [IFN-y — FITC, tumor necrosis
factor-a (TNF-a) — APC, interleukin-2 (IL-2) — PE/
Cy7 for 20 min at 4°C in the dark. Samples were fixed
with Cyto-Last buffer (antibodies and buffer — Bio-
Legend) and analyzed using a Navios cytofluorimeter
(BeckmanCoulter).

To detect tissue-resident memory T cells (T, ),
lungs perfused with PBS solution were cut into small
pieces with sterile scissors and treated with a mixture of
DNAase I and collagenase (Sigma-Aldrich) for 40 min
at 37°C. A suspension of individual cells was then pre-
pared using 70 pm pore size filters. Erythrocytes were
lysed as described above and stimulated with whole
HIN1/wt virus followed by detection of virus-specif-
ic effector memory T cells (T,,,; CD44'CD62L") ex-
pressing tissue-resident markers (CD69"CD103"). The
staining kit for surface markers and intracellular cyto-
kines included: CD4 — PerCP/CyS5.5, CD8 — APC/
Cy7, CD44 — APC, CD62L — BV421, CD69-PE/
Cy7, CD103 — FITC, while intracellular staining was
performed for only one cytokine, IFN-y — PE/Dazzle
(listed reagents — BioLegend). The number of cyto-
kine-positive cells in stimulated groups was counted
and the level of spontaneous cytokine secretion in un-
stimulated control samples was subtracted.

Statistical processing of the results

Flow cytometry data were analyzed using Kaluza
Analysis software (BeckmanCoulter). Statistical analy-
sis and preparation of illustrations were performed us-
ing the GraphPad Prism v. 7.0 program. ANOVA with
Tukey's correction or Mann—Whitney U-test was used
to compare data; differences were considered signifi-
cant at p < 0.05.

Results

In the present study, a strain of seasonal HINI
subtype LAIV expressing a truncated nonstructural
protein 1 truncated to 126 amino acids (LAIV HINI1
NS, ,,) was obtained by genetic engineering methods. In
in vitro experiments, it was shown that the classical vac-
cine strain HINT and the modified variant HIN1 NST
had similar growth characteristics in various culture
systems, but the variant with NS1 . was significantly
more weakly propagated at a temperature reduced to
26°C (Table). These results are consistent with the pre-
viously obtained data on the phenotypic characteristics
of vaccine strains of LAIV with NS1 __[7, 10]. Further-

126
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Replicative properties of LAIV vaccine strains in vitro and in vivo systems

Virus titer in ECE, Virus titer in cells, Virus titer in mouse organs,
Vaccine strain Ig EID,,/ml Ig TCID,/ml Ig EID,,/ml
26°C 33°C 38°C MDCK Vero lungs nose
LAIV H1N1 58+0,4 8,7+0,3 1,9+04 72+0,3 6,2+0,2 <12 23+1,2
LAIV HIN1 NS1, 4,4 +0,7 76+0,5 <1,2 58+0,8 54+0,4 <1,2 <1,2

more, the modified strain practically did not propagate
in the upper respiratory tract of mice, in contrast to the
classical strain of LAIV, which is also consistent with
the previously obtained data on the enhancement of the
attenuating properties of the vaccine when the reading
frame of the NS1 protein is truncated.

Two-dose immunization of mice with LAIV and
LAIV with truncated NS, stimulated the induction of
high levels of virus-specific T, cells with CD44"C-
D62L phenotype in the spleens of mice, and truncation
of NS1 protein in the vaccine strain of LAIV significant-
ly increased the levels of polyfunctional CD4*-T, cells
secreting two (IFN-y, TNF-a) or three (IFN-y, TNF-a
and IL-2) cytokines simultaneously (Fig. 1, a). Further-
more, only the group of mice that received LAIV NS
showed significantly higher levels of IFN-y-producing
cytotoxic memory T cells compared to controls (Fig. 1,

b). Thus, the data obtained indicate that the modified
strain of LAIV NS, may have a higher potential for
protection against influenza infection than the classical
LAIV variant.

Further, we investigated subpopulations of vi-
rus-specific T, cells in the lungs with evaluation of the
expression of surface markers of memory T, cells by
these cells. Evaluation of the levels of IFN-y-producing
T,,, cells in the lungs of immunized mice revealed a sig-
nificant enhancement of the CD4" T-cell response in the
group of animals inoculated with the prototype LAIV
NSI,,, compared with the classical version of the vaccine
(Fig. 2, a). For cytotoxic CD8"-T,, cells in the lungs, a
comparable level of immunogenicity of LAIV was shown,
independent of NSI protein modification (Fig. 2, d). At
the same time, the level of expression of tissue residency
markers was comparable in both vaccine groups (Fig. 2,
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Fig. 1. Number of effector memory T cells (CD44*CD62L") with CD4* (a) and CD8" (b) phenotype expressing IFNy (left panel),
IFNy and TNFa (middle panel) and IFNy, TNFa and IL-2 (right panel) in groups of mice immunized with LAIV or LAIV
with truncated NS1 protein, as well as in the control group (PBS).

Significant differences between groups (Mann-Whitney test), *p < 0.05, **p < 0.01.
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Fig. 2. Induction of virus-specific memory T cells in the lungs after immunization of mice with the study vaccine viruses.

(a, d) Number of IFNy-producing effector memory T cells (CD44*CD62L") with CD4+ (a) and CD8" (d) cell phenotype in groups of mice
immunized with LAIV or LAIV with truncated NS, ., as well as in controls. Proportion of virus-specific tissue-resident memory cells with
CD69*CD103- phenotype among IFNy* cells in CD4* and CD8* T cell populations (b and f, respectively). Proportion of virus-specific tissue-
resident memory cells with CD69*CD103* phenotype among IFNy* cells in CD4* and CD8" T cell populations (c and f, respectively).

*p <0.05, ** p <0.01 between groups (Mann—Whitney test).

b, ¢, d, e, f), indicating the localization of the identified vi-
rus-specific cells in the lung epithelium, in close proximity
to the potential site of pathogen entry.

Discussion

Existing influenza vaccines induce predominantly
neutralizing antibodies targeting hypervariable epitopes
of the main influenza virus antigen, the hemagglutinin
molecule, necessitating almost annual updates of the
vaccine strain composition. Over the past decade, sig-
nificant progress has been made in the development of
influenza vaccines with a broader protective spectrum,
targeting conserved viral antigens such as the hemag-
glutinin stem domain, neuraminidase, or M2e¢; and the
development of T cell-based approaches that have the
greatest potential to induce long-term cross-protective
memory cell responses [11]. To date, a massive amount
of evidence has accumulated on the ability of influ-
enza viruses expressing the truncated NS1 protein to
stimulate the formation of a more pronounced adaptive
immune response while rendering the virus more atten-
vated [12-15]. However, the vast majority of studies
have used a model laboratory strain A/Puerto Rico/8/34
(HIN1) or a strain based on wild-type influenza virus,

which has a significant disadvantage — the probability
of reverting to a virulent phenotype in case of possible
reassortment with other circulating viruses. In this cur-
rent study, the strain of the domestic licensed live influ-
enza vaccine, widely used in public health practice in
Russia and in a number of foreign countries, was used
as the basis for our investigation [16].

We have previously shown that truncation to 126
amino acids of the NS1 protein of the H7N9 LAIV
vaccine strain leads to an enhanced humoral and T-cell
response in a mouse experiment [7]. In contrast to the
above mentioned study, where the T-cell immune re-
sponse was assessed by stimulation of cells with syn-
thetic peptides corresponding to immunodominant
CD8" T-cell epitopes NP, ., in the present study, a
stimulation of immune cells of immunized mice with
whole purified HIN1/wt influenza virus was performed.
Such stimulation better reflects the actual clinical situ-
ation, since during influenza the organism is exposed
to the circulating virus in its natural form, and infected
cells present a large variety of T-cell viral epitopes on
MHC-I and MHC-II complexes.

The present study demonstrated an enhanced
CD4" T-cell response in mice when they were immu-
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nized with a live influenza vaccine strain with modi-
fied NS1 protein, and this effect was expressed both at
the systemic (splenocytes) and local levels (cells from
lung tissues). At the same time, systemic virus-speci-
fic CD4* T cells were characterized by a polyfunctional
phenotype, producing, in addition to IFN-y, other key
proinflammatory cytokines involved in the antiviral
response, such as TNF-a and IL-2. T-lymphocytes ca-
pable of secreting several cytokines simultaneously in
response to antigenic stimulation are known to be more
accurate predictors of the organism's ability to resist
reinfection than monofunctional cells secreting only
IFN-y [17]. For systemic CD8"-T_, cells, no significant
increase in the proportion of cytokine-producing T cells
was detected with NS1 protein shortening, likely due
to the small number of animals in the group and high
dispersion. These data are in general agreement with
previous results obtained for the H7N9 vaccine strain
expressing a shortened variant of NS1 protein, where
CD8" T-cell response was assessed after stimulation of
splenocytes with a peptide corresponding to the immu-
nodominant epitope NP, [7]. It is important to note
that a more pronounced T-cell response formed directly
in the lung tissues of mice immunized with the vaccine
strain of LAIV with NS1  indicates the potential for the
development of an accelerated immune response during
subsequent contact with the pathogen, since T, cells in
the lungs represent the first line of immune defense of the
organism against respiratory pathogens [18, 19].

Conclusion

The present study provides evidence of enhanced
systemic and lung-localized CD4* T-cell immune re-
sponse upon truncating of NS1 protein of a seasonal
HIN1/wt strain. Since virus-specific T cells were de-
tected when lymphocytes were stimulated with whole
live HIN1/wt virus, it can be assumed that upon re-in-
fection with a modern circulating virulent virus of this
subtype, mice immunized with the HINT NS1 , variant
of HIN1 LAIV will be better protected from clinical
manifestations of the disease than animals that received
the classical variant of LAIV.
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