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Rapunena A.C., Cuaknna M.B., Turapesa I'M., Kom6aposa T.J.,
Mwuponosa P.J1., Pupcrosa B.B.

DEHYH «locydapcmeennulil HayuHbLil yeHmp NPUKAAOHOU MUKpobuosoeuu u buomexronroeuus, n. Qbonexck,
2. 0. Cepnyxoe, Mockoeckas oba., Poccus

Pesiome. Bakimunelit mramm F. tularensis 15 HUNU DT naaynupyeT IIMTEAbHBIN KISTOYHBIM UMMYHU-
TET, OJHAKO IIPOSIBISCT OMpPEISICHHYIO PEaKTOTCeHHOCTbh M T€HETUYECKYI0 HecTaOmiIbHOCTh. IIporpecc B
pa3paboTKe HOBBIX MPOTUBOTYISIPEMUNHBIX BaKIIMH C YIYYIIEHHBIMH XapaKTepPUCTUKAMU 3aTPyIHEH 13-3a
HeIoCTaTKa 3HAaHUI 0 MexaHU3Max (h)OPMHUPOBAHUS U MOMICPKAHUS MTPOTCKTUBHOIO UMMYHHUTETa. MBI
muHuu BALB/c saBisiroTcst Hanbosiee Moaxoasimieii MOASIbIO ITPY 9KCTIEPUMEHTAIBHOM TYISIpEeMUN U3-3a OT-
HOCUTEJIbHO HU3KOW CTOMMOCTH, XOPOIIIO OXapaKTepPU30BaHHOM NreHEeTUKM, JOCTYITHBIX UMMYHOJIOTUYECKIX
MHCTPYMEHTOB M Hanbosiee 0JIM3KO UMUTUPYIOT MH(PEKIITMOHHBIN TPOIIeCC MPHU 3apaskeHUU BUPYJICHTHBIMUA
mramMmMaMu F. tularensis.

H3BectHO, yTo CD4" 1 CD8*T-kieTK HeoOXoaAUMBI 4151 (POPMUPOBAHUS 3aIIUTHOTO UMMYHUTETA, OJI-
HAKO POJIb ONPEACIICHHBIX CyONOMyJ st T-KJIeTOK MaMsTH B IJIUTEJIBHOM 3allIMTE OT BUPYJICHTHBIX IIITAM-
MOB F. tularensis He ycTaHOBIIEHA. MBI TIPEIITOJOXUIIN, YTO 3aIIMTHBII UMMYHUTET 3aBUCHUT OT LICHTPAJIbHBIX
(Tem) 1 addexTopubix T-kiterok mamstu (Tgy,) 1 X GyHKIIMOHATBHO aKTUBHOCTU. B nanHoit paboTe ObLI
usydeH T-KJIeTOYHbIA UMMYHHBII OTBeT y Mblliieii BALB/c uepes 30, 60 u 90 nHeli mocjie MoaKOXHOM BaK-
umHauuu F. tularensis 15 HUUDT.

AHanM3 UMMYHHOTO OTBETa CIUICHOLIMTOB ITPOBOIMIN METOIOM MHOTOIIapaMeTPUIYSCKON MPOTOUHOM
OUTOMETPUM, CTUMYJMPYS KIIETKU in vitro anHTureHoM F. tularensis. Ty, KIeTKN MASHTU(MUIIMPOBAIN KaK
CD3"CD4"CD44*CD62L - u CD3"CD8*CD44*CD62L", Ty, kiiletku kak CD3"CD4*CD44*CD62L" u
CD3*CD8"CD44"CD62L", coorBeTcTBeHHO. DYHKIIMOHAIBHYIO aKTUBHOCTH T -KJIETOK ITaMSITH OLIEHUBaJIN
O CJIEAYIOIIMM IapaMeTpaM: YPOBHIO 3KcIipeccuu Mapkepa aktuBalyuu CD69 v LHUTOKUH-TIPOAYLIMPYIO-
LIEN aKTUBHOCTU IMYTEM OKPAIUWBAHUS BHYTPUKIETOYHbIX HUTOKMHOB [FNy u TNFa.

Takum o6pazom, 1Jis1 pa3pabOTKU HOBOM BaKILIMHBI TPeOYyeTCs BhISIBJIEHUE UMMYHOJIOTMYECKUX KPUTEPUEB
OIIEHKM ITPOTEKTUBHOTO MMMYHUTETA, KOTOPbIe MPUCYTCTBYIOT HE TOJIBKO B PaHHIOIO (ha3y Mocje BaKIIMHa-
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LU, HO TTOcJie OKOHYaHUS 3¢ hEeKTOPHOU (ha3bl UMMYHHOTO oTBeTa. [Toka3zaHo, UTO WIS TOAEPXKaHWS 1IN -
TEJILHOTO MPOTEKTUBHOTO UMMYHUTETA, UHULIMUPOBAHHOTO BakuuHaluueit F. tularensis 15 HUWNST, tpedy-
ercsl Hamnuue aHtureH-cnenudundeckux CD4* u CD8*T-knetok namsatu, npoayuupyooimux [IFNy u TNFa
U 9KcIpeccupyomnx Mmapkep aktusauny CD69. B otnajeHHbIE CPOKM T10C/IE BAKLIMHALMN ObLIO BBISIBJICHO
CHUXXKEHME KOJIMYeCTBa U yracaHue yHKIMOHAIbHOU aKTUBHOCTU cyonomnyiasuuii CD8* Ty, u CD8 Ty,.
BrisiBiieHHbIe TapamMeTpbl PYHKIIMOHATBHON aKTUBHOCTU T-KJIETOK MaMSITU MOTYT CIYXUTbh KPUTEPUSIMU
OLIEHKU MTPOTEKTUBHOTO UMMYHUTETA B OTHOILIEHUW BUPYJIEHTHBIX IITAMMOB F. fularensis.

Karouesvie crosa: Fransicella tularensis, éaxyunnoiii wmamm, T-kremrxu namamu, CD69, IFNy, TNFo., kaemounbiii ummyHumem

EVALUATION OF THE LONG-TERM MEMORY T CELL IN MICE
AFTER IMMUNIZATION WITH A LIVE TULAREMIA VACCINE

Kartseva A.S.,, Silkina M.V, Titareva G.M., Kombarova T.I.,
Mironova R.I., Firstova V.V.

State Research Center for Applied Microbiology and Biotechnology, Obolensk, u. d. Serpukhov, Moscow Region,
Russian Federation

Abstract. The vaccine strain F. tularensis 15 NIIEG induces long-lived cell-mediated immunity but exhibits
a certain reactogenicity and genetic instability. Progress in development of a vaccine against tularemia has been
limited by a lack of information regarding the mechanisms required to protect against this disease. The BALB/c
mouse is the most commonly used animal to study tularemia due to its relatively low cost, well-characterized
genetics, available immunological tools and mouse infection with virulent F. fularensis recapitulates human
disease.

CD4* and CDS8"T cells are known to be critical for the formation of protective immunity but the relative
roles of memory T cell subpopulations in long lived protection against virulent strains of F. fularensis are not
well established. We hypothesized that this immunity depends on central (T) and effector memory (Tgy)
T cells and their functional activity. In this study we have dissected the T cell immune response in BALB/c mice
30, 60 and 90 days after subcutaneous vaccination with 15 NIIEG.

Multiparametric flow cytometry were used to characterize in vitro recall responses of splenocytes to
F. tularensis antigen. Ty cells were identified as CD3*CD4*CD44*CD62L" and CD3*CD8*CD44*CD62L",
Ty cells as CD37CD47CD44*CD62L" and CD3*CD8*CD44*CD62L", respectively. The functional activity
of memory T cells was assessed by the following parameters: the level of expression of the activation marker
CD69 and cytokine-producing activity by staining with the intracellular cytokines IFNy and TNFa.

Thus, development of a long-lived vaccine directed against F. tularensis is dependent on identifying not only
the correlates of immunity present early after vaccination, but also those that persist in the host after the effector
phase has ended. The maintenance of long-term protective immunity initiated by vaccination with F. fularensis
strain 15 NITEG has been shown to require the presence of antigen-specific CD4" and CD8" memory T cells
producing IFNy and TNFa and expressing the activation marker CD69. A decrease in count and functional
activity of CD8*T,, and CD8*Typ,, was detected in the long term after vaccination. The detected parameters
of functional activity of memory T cells can be used as criteria for evaluation of protective immunity against
virulent strains of F. fularensis.

Keywords: Fransicella tularensis, vaccine strain, memory T cells, CD69, IFNy, TNFa., cellular immunity

and genetic instability [2]. CD4* and CDS8*T cells are
known to play a key role in the formation of protective

Introduction

The live tularemia vaccine used in the Russian

Federation based on the F. fularensis 15 strain NITEG
was developed empirically with limited understanding
of its immunological mechanisms. The F. tularensis
15 NIIEG vaccine strain provides effective immunity
against tularemia but exhibits a certain reactogenicity

immunity against tularemia [5] but the contribution
of central (T¢y) and effector (Tg,) memory T cells
subpopulation in the formation of long-term
protective immunity remains poorly understood. The
detailed knowledge of the mechanisms of long-term
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immunity would allow an objective assessment of the
immunogenic and protective properties of the new
tularemia vaccine strains under development with
improved properties.

The mouse is the most commonly used animal
to study tularemia due to available immunological
tools that allow a detailed study of the T cell
immune response [5]. The study of the mechanisms
of protective immunity to F. tfularensis and the
identification of immunological criteria for its
assessment in a mouse model is an important step in
research on the development of new vaccine strains
and the improvement of laboratory methods for the
evaluation of the T cell immunity.

The purpose of the present study was to investigate
the subpopulation composition and functional activity
of memory T cells in BALB/c mice in the long time
after vaccination with F. tularensis strain 15 NIIEG.

Materials and methods

All animal experiments were performed in
accordance with Directive 2010/63/EU of the
European Parliament and of the Council on the
protection of animals used for scientific purposes.
Specific-pathogen-free, 6-8-week-old BALB/c
mice (H29) were purchased from Laboratory Animal
Breeding Facility (Pushchino, Moscow Region).

Vaccine strain of E tularensis 15 NIIEG was
obtained in the SRCAMB collection (Obolensk,
Moscow Region). Mice were vaccinated subcu-
taneously with F. fularensis 15 NIIEG cells in PBS (30
CFU per mouse) in the inner part of the upper thigh.
A group of unvaccinated mice served as a control.

At 30, 60 and 90 days after immunization animals
were euthanized, spleens were sterilely extracted
and lymphocyte cultures were obtained according
for evaluation of T cell immunological memory as
previously described [4]. Lymphocytes were plated at
2 x 10° cells/well into a 96-well plate and incubated
with 10 pg/mL F. fularensis antigen obtained by the
published procedure [7].

Subpopulation composition and functional
activity of memory T cells were detected by flow
cytometry using commercial monoclonal antibodies
(MADbs) (BD Bioscience, USA) conjugated with the
different fluorochromes: CD3 APC and CD3 BV421
(clone 17A2); CD4 BB700 (clone RM4-5); CDS8
APC (clone 53-6.7); CD62L FITC (clone MELI14);
CD44 PE (clone IM7); CD69 BV421 (clone H1.2F3).

Central (CD4*Tew) and effector
(CD4'Tgy) memory T helper cells were
identified as CD3*CD4*CD44"CD62L* and
CD3"CD4"CD44"CD62L- subpopulations, res-
pectively; cells with CD3*CD8*CD44*CD62L"
and CD3*CD8"CD44*CD62L" phenotypes were
identified as central (CD8'T.y,) and effector
(CD8*Tgy) memory T cells. The functional activity of

the above memory T cell subpopulations was assessed
based on the expression level of the CD69 molecule
on their surface.

Memory T cells were stained intracellular MAbs
against IFNy APC (clone XMG1.2) and TNFa APC
(clone MP6-XT22) to analyze cytokine-producing
activity as previously described [3]. Cells were acquired
and analyzed using a FACSAria 111 (BD Biosciences,
USA) flow cytometer and BD FACSDiva Software
v. 8.0.1.

Statistical processing of the results was
performed using GraphPad Prism 6.00 for Windows
(GraphPad Prism Software Inc., USA). Cytometry
data were presented as a percentage of the target
T cell subpopulation and provided as a median
and interquantile range (Me (Q,,s-Q,+5)). The two
experimental groups were compared using the Mann—
Whitney U test with the significance set at p < 0.05.

Results and discussion

In our earlier study, we demonstrated that the
long-term protective immunity against tularemia in
vaccinated mice depends on the subspecies infecting
strain: infection with the virulent F. fularensis 503 of
the same holarctica subspecies as the vaccine strain
F. tularensis 15 NIIEG provides 100 % protection
for 180 days after vaccination; infection with the
virulent F. tularensis Schu subspecies of fularensis
leads to a decrease in protection with an increase in
the postvaccination period to 60 days [4].

The major objective of this study was to identify
immunological parameters characterizing the
duration of protection against virulent F. fularensis
strains. Antigen-specific CD4" and CD8" memory
T cells are heterogeneous in composition and during
immune response are differentiated in Ty, and
Tem [6]. We performed a comparative analysis of the
dynamics of changes in subpopulation composition
and functional activity of CD4* and CD8* memory
T cells by flow cytometry at 30, 60 and 90 days
after immunization with F. tularensis 15 NIIEG
vaccine strain. A fluorescent-labelled monoclonal
antibody panel to CD4, CD8, CD44 and CD62L
surface antigens allows the identification of Ty
(CD44*CD62L") and T, (CD44*CD62L") in
the CD4* and CDS8" lymphocyte pool. Expression
levels of the lymphocyte activation marker CD69 [8]
and cytokine production of IFNy and TNFa were
analyzed to assess the antigen reactivity of memory
T cell subpopulations. The dynamics of changes in the
subpopulation composition and functional activity
of memory T cells as a function of the time after
vaccination is presented in Figure 1.

Comparative analysis of the data has shown that
the percentage of functionally active CD4" T, did not
change and was comparable in all studied periods after
immunization: the cells expressed on their surface the
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Figure 1. Subpopulation composition and functional activity of T, and T, in the pool of CD4* and CD8'T cells in
the spleen of BALB/c mice during early and late time points after inmunization with live tularemia vaccine

Note. (A, B, C, D) T cell subpopulations expressing the activation marker CD69. (E, F, G, H) IFNy-producing memory T cell subpopulations. (I, K, L,

M) TNFoi-producing memory T cell subpopulations.

activation marker CD69 (Figure 1A) and produced
IFNy (Figure 1E) and TNFa (Figure 1I). After
the effector phase has ended (30 days) we observed
a significant decrease in the number of cells with
IFNy*CD4*Tg,, (Figure 1F) and TNFa*CD4'Tg,,
(Figure 1J) phenotype at day 60 aftervaccination; at day
90 no change was detected compared to the previous
post-vaccination period. Therefore, no significant
differences in the percentage and functional activity of
CD4" memory T cells were detected in the long-term
after vaccination with the studied F. fularensis strains.
Antigen-specific CD4" memory T cells with T and
Ty phenotypes produced cytokines TNFa and IFNy
and expressed activation marker CD69 even 90 days
after immunization with the tularemia vaccine strain.

An important difference was found for T, and
Tgy CD8* with phenotypes memory T cells at a
long-term post-vaccination period. Comparative
analysis of CD69* memory T cell subpopulations
has shown to increasing post-vaccination time from

60 to 90 days was observed a decrease in CD8* Ty,
(Figure 1C) and CD8*Tyy (Figure 1D) in immunized
mice. A similar tendency was observed in the
CD8*Ty, (Figure 1G, K) and CD8*Ty,, (Figure 1H, L)
cytokine-producing activities: at 60 days after im-
munization with F. fularensis 15 NIIEG strain, the
cytokine-producing activity of the CD8'T., and
CD8*Tg,, subpopulations was of a low profile; at 90
days after immunization there was no statistically
significant difference in the number of all cytokine-
producing (IFNy"™ and TNFa") CD8" memory cells
compared to the intact group.

One explanation for the waning of protective
immunity over time against intracellular infections
is the decreasing pool of long-lived Ty [1]. Our
results are consonant with earlier published data
about to the end of the effector phase of the T cell
immune response most Ty, undergo apoptosis and
for formation long-term protection it is necessary
for the vaccine to induce the generation of Ty,
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capable of rapidly proliferating and differentiating
into Tgy, which, in turn, successfully eliminate the
pathogen [6]. Therefore, it is possibly that exhaustion
ofthe CD8* Ty pool with increasing post-vaccination
period results in decreased functional activity of
CD8*Tgy on days 60 and 90 after vaccination with
F. tularensis 15 NIIEG.

Conclusion

In summary, antigen-specific T, and T, with
CD4* and CDS8*T cell phenotypes are producing
IFNy and TNFa and expressing CD69 are required to
maintain long-term protective immunity initiated by
vaccination with live tularemia vaccine. The obtained
data on the significant functional activity of Ty and
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