Meoduyunckas ummyHonoeus
2023, T. 25, Ne 3,
cmp. 605-610

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023, Vol. 25, No 3, pp. 605-610

Kpamxkue coobuenus
Short communications

OKCMNMPECCUA TEHOB PD-L1 U PD-L2 B KJIETKAX
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Pesiome. MemOpaHHbie MoJieKysibl PD-L1 u PD-L2, nuranasl peuentopa PD1 T-numM@oLuTOB, BBITTOJ-
HSIIOT UMMYHOPETYJISITOpHBIE (YHKIMU. VX CBA3bIBaHUE C PELIEITOPOM IMPUBOAUT K MHTMOUPOBAHUIO MTPO-
Judepalii, CHIKEHUIO MPOAYKIIMN IMTOKMHOB, IIMTOTOKCUYECKOIN peaKIIuy U anonTo3y T-1uMdOoIIMTOB.
Knerkn MHOrux omnyxoJjeii, BHe 3aBUCMMOCTU OT TMCTOTeHe3a, 9KCIIpeccupytoT moJiekyabl PD-L1, Tem ca-
MBbIM OIpaHMYMBasl pa3BUTHUE MPOTHUBOOITYXOJIEBOM MMMYHHOI peakliuu. [J11061acTOMBI — BBICOKO 3JI0Ka-
YeCTBEHHbIC PELIUIMBUPYIOIIKE OIyXOJIHM LIEHTPAJIbHOM HEPBHOM crcTeMbl. OCHOBHBIM MCTOUYHUKOM PELIM-
JIMBOB TJIMOOJIACTOM CJIyXKaT PE3UCTEHTHBIC OITyXOJIEBbIe KJIETKU, UMEIOIIMECS. UCXOAHO B T€TE€POreHHbBIX I10
KJIETOYHOMY COCTaBYy IVIMOMax, a TakxkKe (hOpMUPYIOILIMECS B MPOLECCe Tepaluu. YBeJIMYeHUe 103bl LIUTO-
CTaTUMKOB WJIM OOJIydeHUSI MpPY Tepaluu PelMIUBOB OoKa3bIBaeTcs He d(M(MEKTUBHBIM. B oTHOLIeHUU psiia
OIyXOJIeii, B TOM YMCJIe paKa SIMYHUKOB M HEMEJIKOKJIETOYHOrO pakKa JIerkoro, moka3aHo, 4To IIpernaparhl,
npenoTBpaiatinmue B3aumoaeiictsue PD-L1/PD1, oka3sbiBatoTcst 3(HEKTUBHBIMU TIPU JIEYSHUU HOBOOO-
pa3oBaHUii, PE3UCTEHTHBIX K XUMHUO- U paauoTepanuu. MMMyHOTepaIuio, B YaCTHOCTU C MCIIOJIb30BaHU-
eM TIperapaToB, MHTMOUPYIOIIUX CBs3bIBaHME MoyieKyal PD-L ¢ penentopom, paccMaTpuBaloT B KauecTBe
crnocoba MpeonoieHUsT Pe3UCTEHTHOCTH T1M00J1acTOM K Teparuu. Llesib paboThl COCTOSIIa B OLICHKE YPOBHSI
aKcnpeccuu reHoB PD-L 1 u PD-L2 B pe3uCTEHTHBIX KJeTKax rianoodiaactoM auHuii A172, R1, T2 u T98G,
BO300HOBUBIIMX Hposndepaiuio Imocje ASUCTBUSI MAaKCUMAaJIbHbBIX JUISI KaXKI0W JTMHUU CyOJIeTallbHbIX 103
LATOCTAaTUKOB ((hOTEMYCTHHA M TEMO30J0MM/IA), a TaKXKe (PpaKIIMOHUPOBAHHOTO WJIM OAHOPA30BOIO ram-
Ma-oonyueHust. JIunus A172 OTHOCUTCS K YMUCIY ITMOOJaCTOM, BHICOKOUYBCTBUTEILHBIX K MCITOJIb30BaH-
HBIM Bo3neicTBUsIM, 198G — BBICOKOPE3UCTeHTHAs JUHUS; TUMHUM R1 1 T2 3aHMMAaIOT B 9TOM psiay Mpo-
MEXYTOYHOE TMoJoXeHUe. B MHTaKTHBIX KiaeTKax rianoodjgactoM Al172, R1 u T2 ypoBeHb 9KCIIPECCUM TeHOB

Anpec A5 nepenyucKu:

[Tluneeuu Aenus Anexcanoposna

DI'BY «Poccutickuii Hay4Hblil YeHmMp paouosocuu

U Xupypeu1ecKkux mexHonoeuil UMeHu aKaoemuka
A.M. Ipanosa» Munucmepcmea 30pasooxpanenus PO
197758, Poccusi, Cankm-Ilemepbype, noc. [lecounwii,
ya. Jlenunepadckas, 70.

Ten.: 8(812) 596-66-53.

Daxkc: §(812) 596-66-53.

E-mail: agniapinevich@gmail.com

Address for correspondence:

Agniia A. Pinevich

A. Granov Russian Research Center for Radiology
and Surgical Technologies

70 Leningradskaya St

Pesochny, St. Petersburg

197758 Russian Federation

Phone: +7(812) 596-66-53.

Fax: +7(812) 596-66-53.

E-mail: agniapinevich@gmail.com

O0pa3zen IUTHPOBAHUS:

A.A. Iluneeuu, H.JI. Bapmausu, JI. H. Kucenesa,

HU.U. boos, U.IO. Kpymeukas, A.B. Kapmauwes,

B.E. Makapos, T.E. Ilonexca, U.B. Cmuphos,

M.I1. Camotinoeuu «Dxcnpeccus eenoé PD-L1u PD-
L2 6 knemikax eauobaacmom uenoeexa, pe3ucmeHmubix
K Xumuo- u ayueeoil mepanuuy» // Meouuunckas
ummynonoeus, 2023. T. 25, Ne 3. C. 605-610.

doi: 10.15789/1563-0625-PLA-2693

© [Munesuu A.A. u coasm., 2023
Dma cmamos pacnpoCmMpaHsiemcst No AUUEH3UU
Creative Commons Attribution 4.0

For citation:

A.A. Pinevich, N.L. Vartanyan, L.N. Kiseleva, I.1. Bode,
1.Yu. Krutetskaya, A.V. Kartashev, V.E. Makarov,

T.E. Ponezha, 1.V. Smirnov, M.P. Samoilovich “PD-L1
and PD-L2 gene expression in human glioblastoma cells
resistant to chemo- and radiotherapy”, Medical Immunology
(Russia)/Meditsinskaya Immunologiya, 2023, Vol. 25, no. 3,
pp. 605-610. doi: 10.15789/1563-0625-PLA-2693

© Pinevich A.A. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-PLA-2693

605



Iunesuu A.A. u op. Meoduyunckas Ummynonoeus
Pinevich A.A. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

PD-L1wv PD-L2 06bl1 0AMHAKOBO BBICOKMM, B KjieTKax T98G oH ObLIT 10CTOBEpHO MeHbIIUM. Bo3nelicTBue
LIUTOCTATUKOB MJI O0JTydeHMs Ha riInooaacToMbl TMHUM A172 11 R1 cyliecTBEHHO He M3MEHSIIO DKCIPECCU M
reHoB PD-L 1w PD-L2, cBOMCTBEHHOU MHTAKTHBIM KJjieTKaM. B kiieTkax riamoo6yactoMbl T2, 1 B 0COOEHHO-
ctu B KIeTKax T98G, BBHISIBIICHO 3HAUNTEIIBHOE YBEIMUCHNE YPOBHS 3KCIIPECCUM 3TUX TCHOB, HanOOJIce BhI-
paxeHHoe 1Jist reHa PD-L2. DTo ycuiaeHue 3KCIIPECCUU MOKET CBUAETEIbCTBOBATh 00 YBEJIMUYEHHOM 3710Ka-
YECTBEHHOCTHU pe3UCTeHTHBIX KJIeTOK T2 1 T98G. Bricokast akcripeccusi reHOB, OTBEYaIOIIMX 3a MPOAYKIIAIO
PD-L1 u PD-L2, orpaHn4ynBamonMX IIMTOTOKCUYECKYIO PEaKIIMIO OpraHu3Ma IIPOTUB OMYXOJIEBBIX KJIETOK,
SIBJISIETCSI TIPEINOCHUTKOM IJIsT UCTTOTb30BaHUS JICKAPCTBEHHBIX ITpeItapaToOB, MUIIIEHSIMHU KOTOPBIX SIBJISTIOTCS
ATU OEJIKM, IJIs SJTUMHUHAIINY PE3UCTCHTHBIX K TePalui KJICTOK ITPH TJIMO0IacTOMAaX.

Knrouesuie cnosa: enuooaacmomot, PD-L 1, PD-L2, pezucmenmuvie knemiu, homemycmur, memososomud, lamma-noorc,
¢pakyuonuposantoe ooayuenue, A172, T98G, T2, R1
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Abstract. Membrane molecules PD-L1 and PD-L2, ligands of T lymphocytes PD1 receptor, perform
immunoregulatory functions. Their binding to the receptor leads to inhibition of proliferation, reduction of
cytokine production, cytotoxic response, and apoptosis of T lymphocytes. The cells of many tumors, regardless
of their histogenesis, express PD-L1 molecules, thus limiting the development of an anti-tumor immune
response. Glioblastomas are highly malignant recurrent tumors of the central nervous system. The main
sources of glioblastoma recurrence are resistant tumor cells initially present in gliomas with heterogeneous
cellular composition, as well as resistant cells that are formed during therapy. Increasing the dose of cytostatic
drugs or radiation during relapse therapy is not effective in glioblastomas. It has been shown for a number
of tumors, including ovarian cancer and non-small cell lung cancer, that drugs preventing PD-L1/PD1
interaction are effective in the treatment of neoplasms resistant to chemo- and radiotherapy. Immunotherapy
using drugs that inhibit the binding of PD-L molecules to their receptor is considered as a way to overcome
the resistance of glioblastomas to therapy. The aim of this work was to assess the level of PD-L1 and PD-L2
gene expression in resistant glioblastoma cells lines A172, R1, T2 and T98G, which resumed proliferation after
exposure to the maximum for each line, sublethal doses of cytostatic drugs (fotemustine and temozolomide),
fractionated or single gamma irradiation. A172 line belongs to glioblastomas that are highly sensitive to these
influences, T98G is a highly resistant cell line, while R1 and T2 lines occupy an intermediate position. In
intact glioblastoma A172, R1, and T2 cells the level of PD-L1 and PD-L2 gene expression was equally high,
while in T98G cells it was significantly lower. Exposure of A172 and R1 glioblastoma lines to cytostatic drugs or
irradiation did not significantly change the level of PD-L 1 and PD-L2 genes expression typical for intact cells.
In T2 glioblastoma cells, and especially in T98G cells, a significant increase in expression of these genes was
found, most pronounced for PD-L2 gene. This increase in expression may indicate an enhanced malignancy of
resistant T2 and T98G cells. High expression of the genes responsible for the production of PD-L1 and PD-L2,
which limit the cytotoxic response against tumor cells, is a prerequisite for the use of drugs targeted against
PD-L1 and PD-L2 for the elimination of resistant cells in glioblastoma.

Keywords: glioblastoma, PD-L 1, PD-L2, resistant cells, fotemustine, temozolomide, Gamma Knife, fractionated irradiation, A172,
T98G, T2, R1
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The work was performed according to Government
Order “Study of resistant tumor cells on glioblastoma
cultures in the simulation of stereotactic radiosurgery
of recurrent glioblastoma” at the A. Granov Russian
Research Center for Radiology and Surgical Tech-
nologies (St. Petersburg, Russia).

Introduction

Membrane molecules PD-L1 and PD-L2, li-
gands of T lymphocytes PD1 receptor, perform im-
munoregulatory functions. Binding of these molecules
to the receptor leads to proliferation inhibition,
reduction of cytokine production, cytotoxic response,
and apoptosis of T lymphocytes. Many tumor cells,
regardless of histogenesis, express PD-L1 molecules,
thus restricting the development of an anti-tumor
immune response. In addition to PDI1, PD-LI1
molecules bind to costimulatory molecules CD28,
CD80, and CTLA-4. PD-L2 expression in tumors is
detected much less frequently than PD-L1 expression,
and PD-L2 molecules are only able to bind to PDI.
Preventing PD-L1 and PD-L2 from interacting with
their receptors can abolish T cell unresponsiveness to
tumor antigens.

Glioblastomas are highly malignant tumors of
the central nervous system. Despite the ongoing
aggressive treatment, including surgical removal of
the tumor and chemoradiotherapy, glioblastomas
recur, the prognosis remains unfavorable, and the
life expectancy of patients is measured in months.
The main source of glioblastoma recurrence are
resistant tumor cells initially present in gliomas that
are heterogeneous in cell composition, as well as
tumor cells whose resistance is formed during therapy.
Increasing the doses of radiation or cytostatic drugs
can’t help to overcome the resistance of such glioma
cells. Alternative ways of elimination of tumor cells
resistant to chemoradiotherapy are being developed.
For a long time, it was believed that the central
nervous system was an immunologically privileged
system. However, the discovery of the antigen-
presenting function of microglia, possible ways of
immune cell penetration through the blood-brain
barrier, and increased vessel permeability in tumors
changed the primary understanding. The issue of
glioblastoma immunotherapy possibilities came up for
discussion [11].

Most glioblastomas, especially of the mesenchy-
mal subtype, are known to express PD-L1 [2, 7, 10].
Little information is available about the presence of
PD-L2 in glioblastomas. However, a high expression
level of this biomarker has been shown to correlate
with an unfavorable prognosis [9]. High expression
of PD-L1 and PD-L2 on tumor cells is a prerequisite
for the use of drugs directed against PD1 ligands [1].
There are single indications that temozolomide-
resistant glioblastoma cells have a high level of PD-L1

expression [8]. At the same time, there are no data
about the level of expression of these target molecules
in resistant cells of different glioblastoma lines that
resume proliferation after cytostatic treatment, frac-
tionated or single dose gamma irradiation.

The aim of the present work was to assess the
expression levels of PD-L1 and PD-L2 genes in
human glioblastoma cells resistant to chemotherapy
and radiation therapy.

Materials and methods

Glioblastoma A172, R1, T2 and T98G cell lines
with different properties, including various responses
to irradiation and chemotherapy, were selected as
research objects [3, 4]. Cells were cultured in plastic
plates or ventilated vials at +37 °C, 6% CO,, and 100%
humidity, in a-MEM growth medium containing 5%
fetal calf serum. Trypsin-EDTA solution was used for
cell detachment.

Glioblastoma cells were treated with 0.1-5 mM
temozolomide (Temodal pharmaceutical) for 24 h
in growth medium, washed twice and cultured for 56
days under normal conditions. Every 3-4 days, half of
the growth medium was replaced.

Glioblastoma cells were also treated with fote-
mustine (Mustophoran pharmaceutical) at drug con-
centrations of 0.5-750 ug/mL. Cells were incubated
for 1 h in serum-free a-MEM medium containing fo-
temustine, washed three times, and cultured for two
months more in standard growth medium.

Fractionated irradiation was performed on an
Elekta Precise Treatment System™ Linear Accele-
rator (6 MeV, 460 cGy/min dose rate). Cells were
irradiated with a single dose of 2 or 3 Gy/day or twice
with 30 Gy, until a total dose of 36 or 51 Gy was
reached. After irradiation, cells were cultured for two
months.

Single stereotactic irradiation of glioblastomas
with doses of 6-16 Gy was performed on a Leksell
Gamma Knife® with 201-focused ®Co radiation
source at a dose rate of 3.236 Gy/min, 1.17 MeV
energy, using a specially designed device for fixation
and positioning of cell cultures during precision
irradiation (patent for invention No. 2778859). The
cells were then cultured for one month under normal
conditions and their number was counted weeKkly.

Gene activity was studied by real-time polyme-
rase chain reaction as described previously [4].
PD-L1 gene was amplified using direct primers:
TGGCATTTGCTGAACGCATTT and reverse
primers: TGCAGCCAGGTCGTAATTGTTTT. The
nucleotide sequences used for PD-L2 amplification
were ACCGTGAAAGAGCCCCACTTTG (forward)
and GCGACCCCATAGATGATTATGC (reverse).
The level of gene expression in intact cells was
represented as the difference (ACt) between the
threshold cycle of the studied gene and the compa-
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Figure 1. PD-L1 and PD-L2 gene expression in intact glio-
blastoma cells

Note. Horizontally — glioblastoma lines. Vertically — ACt, difference
between threshold cycle of the studied gene and GAPDH housekeeping
gene. Dark columns represent PD-L1, light columns represent PD-L2.
Dots indicate individual values; bars denote the 95% confidence
intervals. *, differences are significant at p < 0.05; ***, differences are

significant at p < 0.001.

rison gene GAPDH. AACt value, the difference in
the gene expression level in resistant and intact
cells, served as an indicator of the difference in gene
expression in the cells before and after the exposures.
R language (version 4.1.2) was used for data processing
and visualization. Statistical analysis was performed
by creating linear regression models.

Results and discussion

PD-L1and PD-L2 gene expression was detected in
all four tumor lines, which confirms the previous data
about the activity of these genes in glioblastomas [9,
10]. In A172, R1 and T2 glioblastomas the level of
PD-L1 and PD-L2 gene expression was equally high.
In T98G, despite being considered the most aggressive
and resistant to chemotherapy or radiation cell line,
the level of PD-LI1 and PD-L2 gene expression
was significantly lower than in the other three lines
(Figure 1) [5].

To date, there is no consensus which cells are
considered resistant, and that causes certain difficul-
ties when comparing data from different publications,
especially in cases when the method of obtaining
resistant cells is not specified [6].

In this work, the resistant A172, R1, T2, and
T98G glioblastoma cells obtained in our laboratory
earlier were examined. These cells were descendants
of single cells that recovered their proliferative
capacity after exposure to the highest sublethal doses
of chemotherapeutic drugs or irradiation. The doses
of exposures used to produce resistant cells (Table 1)
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Figure 2. Changes in PD-L1 and PD-L2 gene expression
in A172, R1, T2, and T98G glioblastoma cells resistant to
chemotherapy and irradiation.

Note. Horizontally — effect on the cells, vertically — AACY, the difference
in the gene expression level in resistant and intact cells. Horizontal
lines correspond to the level of gene expression in intact cells. Dots
indicate individual values; bars denote the 95% confidence intervals. *,
differences are significant at p < 0.05; **, differences are significant at
p < 0.01; *** differences are significant at p < 0.001.

varied significantly, and were determined by the
individual sensitivity of each glioblastoma cell line.

In resistant populations of A172 and R1 glio-
blastoma lines, which are among the more sensitive to
the action of cytostatic drugs and irradiation, changes
in PD-L1 and PD-L2 gene activity proved to be
minimal. Resistant A172 cells that underwent single
Gamma Knife irradiation had decreased PD-L [ gene
activity compared to intact cells, and proliferating
cells after temozolomide action had slightly increased
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TABLE 1. DOSES OF EXPOSURE TO CHEMOTHERAPY OR RADIATION AT WHICH RESISTANT CELL POPULATIONS WERE
ISOLATED

Cell lines
Exposure
A172 R1 T2 T98G
Temozolomide, mM 0,1 1 1 5
Fotemustine, pg/mL 100 100 300 300
Fractionated irradiation, Gy 50 (2)* 36 (2) 51 (3) 60 (30)
Single irradiation with Gamma Knife, Gy 9 11 12 14

Note. *, total dose of fractionated irradiation; single dose of irradiation in brackets.

activity of the same gene. Some changes in PD-L2
gene expression were detected in resistant R1 cells.
PD-L2 gene activity decreased in R1 cells exposed
to temozolomide and slightly increased after a
single irradiation. In T2 and T98G lines, which
are considered to be more resistant to chemo- and
radiotherapy and differ from A172 and R1 lines in their
ability to form “dormant” polyploid cells, the resistant
proliferating cells showed increased expression of the
studied genes [5]. In T2 glioblastoma the increase in
activity affected predominantly PD-L2 gene, while
in T98G line there was a significant increase in the
expression of both genes (Figure 2).

Conclusion

The results indicate that glioblastoma cells re-
sistant to alkylating antitumor drugs and irradiation
actively express PD-L1 and PD-L2 genes. High levels
of PD-L1 and PD-L2 molecules are unfavorable
prognostic factors. At the same time, this indicator
allows to consider immunotherapy with drugs that

References

block PD-L1 and PD-L2 binding to their receptor as
a possible means of elimination of therapy-resistant
tumor cells [7, 8]. Several antitumor drugs with the-
rapeutic effect based on inhibition of PD-L1 ligand
binding to the receptors have been registered. These
include Atezolizumab, Durvalumab, and Avelumab.
All of these monoclonal antibody-based drugs block
the interaction between PD-L1 and its receptors (PD1
and B7), but do not affect the interaction between
PD1 and PD-L2.

For several other tumors, such as urothelial
carcinoma, ovarian cancer, and non-small cell lung
cancer, drugs that inhibit PD-L1/PDI1 interaction
have been shown to be effective in the treatment of
neoplasms resistant to chemotherapy and radio-
therapy. High expression of the genes responsible
for the production of PD-L1 and PD-L2, which
limit the cytotoxic response against tumor cells, is
a prerequisite for the use of drugs targeted against
PD-L1 and PD-L2 for the elimination of resistant
cells in glioblastoma.

1. Andrusova N.N., Kolganova M.A., Aleshina A.V,, Shohin I.E. PD-L1 as a potential target in cancer therapy
(review). Drug Development and Registration (Russia), 2021, Vol. 10, no. 1, pp. 31-36.

2. Chen R.Q, Liu E, Qiu X.Y., Chen X.Q. The prognostic and therapeutic value of PD-L1 in glioma. Front.
Pharmacol., 2019, Vol. 9, no. 9, 1503. doi: 10.3389/fphar.2018.01503.

3. KiselevaL.N.,KartashevA.V,, Vartanyan N.L., Pinevich A.A., Filatov M. V., Samoilovich M.P. Characterization
of new human glioblastoma cell lines. Cell Tiss. Biol., 2018, Vol. 12, no. 1, pp. 1-6.

4. Kiseleva L.N,, Kartashev A.V,, Vartanyan N.L., Pinevich A.A., Samoilovich M.P. A172 and T98G cell lines
characteristics. Cell Tiss. Biol., 2016, Vol. 10, no. 5, pp. 341-348.

5. Kiseleva L.N., Kartashev A.V,, Vartanyan N.L., Pinevich A.A., Samoilovich M.P. Multinucleated cells
resistant to genotoxic factors within human glioblastoma cell lines. Cell Tiss. Biol., 2019, Vol. 13, no. 1, pp. 1-7.

6. Kopecka J., Rigant C. Overcoming drug resistance in glioblastoma: new options in sight? Cancer Drug

Resist., 2021, Vol. 4, no. 2, pp. 512-516.

7. Nduom E.K., Wei]., Yaghi N.K., Huang N., Kong L.Y., Gabrusiewicz K., Ling X., Zhou S., Ivan C., Chen ].Q,,
Burks J.K., Fuller G.N,, Calin G.A., Conrad C.A., Creasy C,, Ritthipichai K., Radvanyi L., Heimberger A.B. PD-L1
expression and prognostic impact in glioblastoma. Neuro Oncol., 2016, Vol. 18, no. 2, pp. 195-205.

8. WangS§S., Yao F, Lu X,, Li Q,, Su Z., Lee J.H., Wang C., Du L. Temozolomide promotes immune escape of
GBM cells via upregulating PD-L1. Am. J. Cancer Res., 2019, Vol. 9, no. 6, pp. 1161-1171.

9. WangZ.L, Li G.Z, Wang Q.W.,, Bao Z.S., Wang Z., Zhang C.B., Jiang T. PD-L2 expression is correlated with
the molecular and clinical features of glioma, and acts as an unfavorable prognostic factor. Oncoimmunology, 2018,
Vol. 8, no. 2, e1541535. doi: 10.1080/2162402X.2018.1541535.

10. Wang X., Zhang C,, Liu X., Wang Z., Sun L., Li G,, Liang J., Hu H,, Liu Y., Zhang W,, Jiang T. Molecular
and clinical characterization of PD-L1 expression at transcriptional level via 976 samples of brain glioma.
Oncoimmunology, 2016, Vol. 5, no. 11, e1196310. doi: 10.1080/2162402X.2016.1196310.

609



Iunesuu A.A. u op.
Pinevich A.A. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

11. Yang I, Han S.J., Kaur G., Crane C., Parsa A.T. The role of microglia in central nervous system immunity
and glioma immunology. J. Clin. Neurosci., 2010. Vol. 17, no. 1, pp. 6-10.

ABTOpBI:

Iluneeuu A.A. — K.6.H., cmapuiuii Hay4HwvLi COMPYOHUK
nabopamopuu eubpudomuoil mexrosoeuu PI'bY
«Poccutickuii nayunblii yenmp paduonoeuu u XupypeuueckKux
mexHonoeuil umenu akademuxa A.M. Ipanosa»
Munucmepcmea 30pasooxpanenus PO; cmapuiuii
npenodasamens Kageopsvi YUMOA0UU U SUCION0UL
ouonoeuneckoeo gpaxysomema @I'bOY BO «Cankm-
IlemepOypeckuii eocydapcmeeHHblil yHUBepCUmem»,
Canxm-Ilemep6ype, Poccus

Bapmanan H.JI. — k.6.H., cmapuwiuii Hay4Hbvlil COMPYOHUK
nabopamopuu eubpudomnoii mexrnonroeuu PIbY
«Poccuiickutl Hay4HbLll UeHmp paouosouU U Xupypeu4eckKux
mexHonoeull umenu akademuxa A.M. Ipanosa»
Munucmepcmea 30pasooxpanenuss PO, Cankm-Ilemepbype,
Poccus

Kuceaesa JI. H. — k.6.H., Hay4Hblll cOmPYOHUK
nabopamopuu eennoil unxcenepuu PIbY «Poccuiickuii
HAYMHbLI YeHmp paouoso2uy U XupypeuueckKux mexnHono2uti
umenu akademurxa A.M. Ipanoea» Munucmepcmea
30pasooxparnenus PO, Cankm-Ilemepoype, Poccus

boos> H.U. — achupanm kaghedpwst kageopvl yumonoeuu
u eucmoanoauu 6uonroeuueckoeo gaxysomema OIbOY BO
«Canxm-Ilemepbypeckuil eocydapcmeeHHblil
yHusepcumem», Cankm-Ilemepoype, Poccus

Kpymeuxasa U.IO. — k.0.H., cmapuuii Hay4Hblil

compyoHuk aabopamopuu eubpudomnoi mexuvonroauu PIrby
«Poccutickuii Hayunblii yeHmp paduonoeuu u XupypeuueckKux
mexHonoeuil umenu akademuxa A.M. Ipanosa»
Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemepoype,
Poccusa

Kapmawee A.B. — k.m.1., apau-paduomepanegm,
paduoxupype, Cmapuiull Hay4Hbolii cCompyoHUK omoeneHus
paduoxupypeuu u paduomepanuu Noe 2 PI'bY «Poccuiickuii
HAYMHbL YeHmp paouoso2uy U XupypeuueckKux mexHoao2uti
umenu akademurka A.M. Ipanoea» Munucmepcmea
30pasooxparnenus PO, Cankm-Ilemepoype, Poccus

Makxapoeé B.E. — meduyunckuii pusux omoeneHus
paduoxupypeuu u paduomepanuu Ne 2 PI'bY «Poccuiickuii
HAYMHbLI YeHmp paouoso2uy U XupypeuueckKux mexHoa02uti
umenu akademurxa A.M. Ipanoea» Munucmepcmea
30pasooxparnenus PO, Cankm-Ilemepoype, Poccus

Ilonexnca T.E. — meduyunckuii pusux omoeneHus
paduoxupypeuu u paduomepanuu No 1 DI'BY «Poccuiickuii
HAYYHbLI YeHmp paouoso2uy U XupypeuueckKux mexnHon02uti
umenu axkademurxa A.M. Ipanoea» Munucmepcmea
3dpasooxparnenus PO, Cankm-Ilemepoype, Poccus

Cmupnoeé U.B. — K.0.H., 6edywuil HAy4HbLil COMPYOHUK
nabopamopuu eubpudomnoii mexrnonroeuu PIbY
«Poccutickutl Hay4Hblill UeHmp paouosoul U XupypeuecKux
mexHonoeull umenu akademuxa A.M. Ipanosa»
Munucmepcemea 30pasooxpanenus P®, Cankm-Ilemepoype,
Poccus

Camoiinroeuy M.I1. — 0.6.H., npogpeccop, enaséHbLil HAYUHbLI
compyoHuk aabopamopuu eubpudomtoil mexvonroeuu OIbY
«Poccuiickuil HayuHbill yenmp paduosoeuu U Xupypeuueckux
mexHonoeuil umenu akademuxa A.M. Ipanosa»
Murnucmepcmea 30pasooxparerus PD; enasHblil Hay4HbLil
compyOHUK Kagheopvl yumonoeuu U eucmonocul
ouonoeuneckoeo gaxysomema @I'bOY BO «Cankm-
Tlemepbypeckuii eocydapcmeenHblil yHUgepcumem»,
Canxm-Ilemep6ype, Poccus

Authors:

Pinevich A.A., PhD (Biology), Senior Research Associate,
Hybridoma Technology Laboratory, A. Granov Russian
Research Center for Radiology and Surgical Technologies;
Senior Lecturer, Cytology and Histology Department,
Biological Faculty, St. Petersburg State University,

St. Petersburg, Russian Federation

Vartanyan N.L., PhD (Biology), Senior Research Associate,
Hybridoma Technology Laboratory, A. Granov Russian
Research Center for Radiology and Surgical Technologies,
St. Petersburg, Russian Federation

Kiseleva L.N., PhD (Biology), Research Associate, Genetic
Engineering Laboratory, A. Granov Russian Research Center
Jfor Radiology and Surgical Technologies, St. Petersburg,
Russian Federation

Bode 1.1., Postgraduate Student, Cytology and Histology
Department, Biological Faculty, St. Petersburg State
University, St. Petersburg State University, St. Petersburg,
Russian Federation

Krutetskaya I.Yu., PhD (Biology), Senior Research Associate,
Hybridoma Technology Laboratory, A. Granov Russian
Research Center for Radiology and Surgical Technologies,

St. Petersburg, Russian Federation

Kartashev A.V., PhD (Medicine), Radiotherapist,
Radiosurgeon, Senior Research Associate, Radiosurgery and
Radiotherapy Department No. 2, A. Granov Russian Research
Center for Radiology and Surgical Technologies, St. Petersburg,
Russian Federation

Makarov V.E., Medical Physicist, Radiosurgery and
Radiotherapy Department No. 2, A. Granov Russian Research
Center for Radiology and Surgical Technologies, St. Petersburg,
Russian Federation

Ponezha T.E., Medical Physicist, Radiosurgery and
Radiotherapy Department No. 1, A. Granov Russian Research
Center for Radiology and Surgical Technologies, St. Petersburg,
Russian Federation

Smirnov L.V., PhD (Biology), Leading Research Associate,
Hybridoma Technology Laboratory, A. Granov Russian
Research Center for Radiology and Surgical Technologies,
St. Petersburg, Russian Federation

Samoilovich M.P., PhD, MD (Biology), Professor, Chief
Research Associate, Hybridoma Technology Laboratory,

A. Granov Russian Research Center for Radiology and
Surgical Technologies; Chief Research Associate, Cytology and
Histology Department, Biological Faculty, St. Petersburg State
University, St. Petersburg, Russian Federation

Ilocmynuaa 04.04.2023
IIpunama k neuamu 06.04.2023

Received 04.04.2023
Accepted 06.04.2023

610



