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Pesome. OTHUM M3 COBPEeMEHHBIX METOHOB JICUYCHHSI OOJBHBIX C IIEPBUYHBIMUA U PEIUINBUPYIOITNMUT
OIYXOJISIMU TOJIOBHOTO MO3Ta sIBJISIETCS PaaloXUpypruiyeckoe ooydeHure Ha arnmapaTte [aMmMa-HOX, TTO3BO-
Jsolee 3a 1-2 ceaHca MOABECTU TeparneBTUUECKYIO 103y K OIYyXOJIU, He TMpeBhIlIaollei 2,5 cM B J1uaMeTpe.
Krerku onyxoiau Ha niepugepun 3Toro oobema moJiydyaroT MeHbIIUe J03bl 00JyUYeH1sI, MOTYT BO30OHOBJISITh
nposmdepannio u CIyXUTh UCTOYHUKOM PELIMIMBOB. YBEJIUUYESHHE J103bI O0TyYeHUs YpeBaTO 00pa3oBaHUEM
HEKPO30B M yXyIIlIeHueM IporHo3a. CBOMCTBA KJIETOK MIMOOJIAaCTOM, BBDKMBAIOIIUX M BO30OHOBIISIIOIINX
nposmdepanuio mocjae odjydeHusT Ha ycTaHOBKe [aMMa-HOX, O HACTOSIIETO BPEMEHM Majio MU3BECTHHI.
Llenb paGoThl cocTosiia B oleHKe sKkcnpeccuu 1L-6 u 1L-8 xierkamu rino6iactom auHuii A172, R1, T2
u T98G, KoTOopble BO30OHOBWJIM Mpoaudepaldio rmocije cyoeTalbHOro CTEpeOTaKCUUECKOro o0JlydyeHu s .
KiteTku o061ydany OGJHOKPATHO B J03ax oT 6 10 16 Ip, 3aTeM KyJsTUBUPOBaIU B TedeHue 40 CyTOK, IMOACYM-
ThIBasi €XXEHEIEeIbHO KOJIMYECTBO KJIETOK W OIpenesisiss TaKUM 00pa3oM JIETAIbHYIO M CYOJIeTalbHYIO 1035l
IUTSL KasKIOM JIMHUY TIro0JiacToM. B KyJIbTypax, BOSHUKIIMX B pe3y/bTaTe Mpoaudepaln eTMHUIHBIX Hall-
OoJiee pagUOPE3UCTEHTHBIX KIeTOK, MeTogoM MDA ormpenessuim KOJTUIecTBO MHTEPJICHKMHOB (HT), CEKpe-
TUPOBAHHEIX 3a 96 yacoB B pacuere Ha 1000 kireTok. KireTki Bcex YeThIpeX JTMHHUN TIMOOJIACTOM CEKpPEeTH-
poBanu IL-6 u IL-8 B cpeny KyJIbTMBMpOBaHMSI. MaKCMMaJIbHO BHICOKOW MPOAYKIIMEN [IUTOKMHOB, KOTOpast
paHee He Obla U3BECTHA ISl IIMobaacToM, oTinyanach TUHUA R1. Beicokoii mpoaykiineil odiagana Takxke
ravobactoma T2. KoHTpacT a3TUM JIMHUSIM MpeacTasisiia rivoodiaactoma Al172, HauboJiee UyBCTBUTEIbHAS
K JIEeMCTBUIO LIMTOCTATUKOB U 00JydeHus1, cekpelus I1L-6 B koropoii 6b1a B 30 pa3 HMXeE, YEM B KJIETKaxX
R1. Ilinodnacroma T98G, n3BecTHAsI CBOEI BLICOKOM YCTOMUYMBOCTBIO K JIEMCTBUIO XMMUOIIpEIiapaToB U 00-
JIy4eHMUs, TakKe obyiagana HU3KOU mpoaykuueil nHrepaeiikuHoB. Kietku rnmuobiaactom R1, T2 u TI98G,
BO300OHOBUBIINE TTpOoJIMdepalnio Iociae odrydeHUsI, o0Jlanaad yCUJIeHHOU cekpenueii I1L-6 u, B MeHbIIei
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mepe, IL-8. 3aBucuMOCTb yBeIUYEHUSI TIPOAYKLIUY LIMTOKMHOB OT 103bl O0YyUYEeHUSI IJIs1 9TUX KJIETOK HEe HO-
cwila JIMHeHoro xapakrepa. Kiietku A172 non aeiicTBUeEM O0Iy4eHMs, HAO0OPOT, CHU3WIM cekpenuio 11L.-6
u IL-8. PasHoHamnpaBlieHHbIe U3MeHeHUs B poayKunu 1L-6 u IL-8 kiieTkaMu pa3HbIX TUHUM [IM06JaCTOM
ObLIM TOJTOBPEMEHHBIMU 1 COXpaHSUIMCh 00jiee Mecsa. [IpeacraBieHHbIe pe3yJabTaThl CTaBAT MO COMHE-
HIUE BO3MOXHOCTb MCIIOJIb30BaHMsI IToKa3aresieit mponykuuu IL-6 u IL-8 kiaeTkaMu riimno0J1acTOM B Ka4eCTBe
MOTEeHLIMAJbHBIX OMOMapPKEPOB JJIs1 paHHEN IMarHOCTUKU, MOHUTOPUHTA TepaIliu, a TAKXKe B KAUeCTBE MPO-
THOCTUYECKMX MapKepOB TeUeHM s 3a001eBaHUsI.

Karouesvie crosa: enuoonacmomet, IL-6, IL-8, Tamma-noxnc, A172, R1, T2, T9SG

IL-6 AND IL-8 SECRETION BY HUMAN GLIOMA CELLS
PROLIFERATING AFTER GAMMA KNIFE IRRADIATION

Samoilovich M.P.2" Pinevich A.A.**, Smirnov L.V.2 Vartanyan N.L.2,
Krutetskaya I.Yu.?, Kiseleva L.N.?, Makarov V.E.?, Kartashev A.V.?

¢ A. Granov Russian Research Center for Radiology and Surgical Technologies, St. Petersburg, Russian Federation
b St. Petersburg State University, St. Petersburg, Russian Federation

Abstract. One of the modern methods of treating patients with primary and recurrent brain tumors is
radiosurgical irradiation using Gamma Knife, which allows therapeutic doses to be delivered to tumors not
exceeding 2.5 cm in diameter in 1—2 sessions. Tumor cells on the periphery of this tissue volume that receive
lower radiation doses can resume proliferation and serve as a source of recurrence. The increase of radiation
dose may cause necroses formation and a worsening prognosis. The properties of glioblastoma cells that survive
and resume proliferation long after stereotactic irradiation are still poorly known. The aim of the work was
to evaluate the expression of IL-6 and IL-8 by glioblastoma A172, R1, T2, and T98G cell lines that resumed
proliferation after sublethal Gamma Knife irradiation. Cells were irradiated once at doses ranging from 6 to 16
Gy, and then cultured for 40 days. Cell number was counted weekly; lethal and sublethal irradiation doses for
each glioblastoma cell line were determined. In cultures descendant from proliferation of single most resistant
cells, the level of IL-6 and IL-8 secretion after 96 hours cultivation (ng/1000 cells) was determined by ELISA.
The cells of all four glioblastoma lines secreted I1L-6 and IL-8 into culture medium. The highest production of
cytokines, never before demonstrated for glioblastomas, was discovered in R1 cells. Glioblastoma T2 also had
high interleukin production levels. In contrast to these lines, glioblastoma A172 (highly sensitive to the action of
cytostatic drugs and radiation) secreted IL-6 at 30 times lower level than R1 cells. Glioblastoma T98G (highly
resistant to the action of cytostatic drugs and radiation) also exhibited low interleukins production level. R1,
T2, and T98G glioblastoma cells that resumed proliferation after irradiation had increased secretion of I1L-6
and, to a lesser extent, IL-8. The dependence of cytokine production increase on irradiation dose for these cells
was not linear. In contrast, A172 cells reduced IL-6 and IL-8 secretion under irradiation. The multidirectional
changes in I1L-6 and IL-8 production by cells of different glioblastoma lines were long-term and persisted for
more than a month. The presented results cast doubt on the possibility to use IL-6 and IL-8 production by
glioblastoma cells as potential biomarkers for early diagnosis, therapy monitoring as well as prognostic markers
of the disease course.

Keywords: glioblastoma, IL-6, IL-8, Leksell Gamma Knife, A172, R1, T2, T98G

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-

the worst prognosis. The formation of tumor cells
resistant to therapy is the main reason for glioblasto-
ma recurrence. One of the most modern methods
of treatment of patients with primary and recurrent
brain tumors is Gamma Knife radiosurgery which

nologies (St. Petersburg, Russia).

Introduction

Primary tumors of the central nervous system
account for about 2% of all human tumors. Among
them, glioblastomas are the most malignant and have

allows delivering a full therapeutic dose to the tumor
center in 1-2 sessions. The distinctive feature of this
radiotherapy method is focusing the photon beam on a
small tissue volume not exceeding 2.5 cm in diameter.
Tumor cells located on the periphery of this volume
receive lower radiation doses. In consequence they

612



2023, T. 25, Ne 3
2023, Vol. 25, No 3

Cekpeyust IL-6 u IL-8 eauomamu
IL-6 and IL-8§ secretion by gliomas

can resume proliferation and serve as an additional
source of recurrence. At the same time, increasing
the radiation dose can lead to the formation of
necroses and a worsening prognosis. The properties
of glioblastoma cell populations that survived and
resumed proliferation after Gamma Knife irradiation
are still poorly known. We are aware of only one work
which contains information about the properties of
these cells [3].

It was shown that glioblastoma cells that under-
went Gamma Knife irradiation have a higher level of
integrin beta-1 expression and consequently a higher
migratory activity than intact cells. The increased
ability of tumor cells to grow by continuation, as well
as to form metastases, is precisely associated with the
increase in their migratory activity.

Interleukins IL-6 and IL-8 play an important
role in the process of carcinogenesis, including
gliomagenesis [4]. Immunohistochemical studies
have shown that glioblastoma cells can express
these cytokines [4, 12]. High IL-8 expression was
demonstrated in approximately 80% glioblastoma
tissue samples. At the same time IL-8 has been shown
to enhance glioma growth by binding to CXCR1 recep-
tor on the cell surface in an autocrine manner [12].
IL-6 has been shown to be directly related not only to
tumor growth, but also to manifestations of therapy
resistance, in particular, multidrug resistance [5, 7,
14]. The possibility of using inhibitors of these cy-
tokines (antibodies, anti-sense RNA) as drugs to
overcome radio- and chemoresistance in tumors of
different histogenesis is on the agenda [7, 10]. The aim
of the work was to evaluate I1L-6 and IL-8 expression
by glioblastoma cells that resumed proliferation after
sublethal Gamma Knife irradiation.

Materials and methods

Glioblastoma A172, R1, T2, and T98G cell lines
were cultured in 12.5 ¢cm? plastic vials and 24-well
platesat 37 °C, 6% CO,, and 100% humidity, in oc-MEM
medium growth medium supplemented with 5% fetal
calf serum and 0.5% gentamicin. Cells were cultured
until reaching 70-90% confluency and reseeded using
0.25% trypsin-EDTA solution. Glioblastoma cells
were irradiated once 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). Two hours after irradiation,
cells were disseminated into 96-well plates and
cultured under normal conditions. During this period
the number of live glioblastoma cells in tissue cultures
was counted weekly; LD,,, and sublethal dose values
for each cell line were determined.

IL-6 and IL-8 production was evaluated in cell
cultures which were progeny of cells that survived

and resumed proliferation after sublethal irradiation.
Culture medium samples for analysis were collected
30-56 days after irradiation depending on irradiation
dose, resumption time, and proliferation rate of
surviving cells in different cell lines.

IL-6 and IL-8 secretion was assessed by determi-
ning cytokines concentration in the culture medium
using Interleukin-6-1FA-BEST and Interleukin-8-
IFA-BEST kits (Vector-Best, Russia) according to
the manufacturer’s recommendations. Cells were dis-
seminated into 24-well plates and after 96 h cultivation
culture medium was collected for analysis. Then the
number of cells in each well was determined, and the
average amount of cytokines secreted into culture
medium in ng per thousand cells was calculated.

The data were processed and visualized using R
language tools (version 4.1.2). Statistical analysis was
performed by creating linear regression models.

Results and discussion

Cells of all glioblastoma lines secreted 1L-6 and
IL-8 into the culture medium. R1 glioblastoma cells
produced the maximum amount of cytokines — 22.3 ng
of IL-6 and 9.0 ng of IL-8 per 1000 cells in 96 hours.
The secretion of these cytokines by R1 glioblastoma
cells has not been previously evaluated, and we are not
aware of any studies related to glioblastoma cell lines
with such high levels of IL-6 and IL-8 production.
T2 glioblastoma has also been tested for the first time
and showed high levels of both cytokines secretion.
In contrast to these two lines, A172 glioblastoma
secreted only 0.06 ng of IL-6 and 1.31 ng of IL-8 per
1000 cells. These data are consistent with the data
from other researchers [15]. T98G glioblastoma cells
produced average levels of IL-6 and 1L-8 — 3.8 ng and
1.25 ng per 1000 cells correspondingly (Figure 1).

The balance of IL-6 and IL-8 production for
intact R1, T2, and T98G lines was biased towards
1L-6, while IL-8 secretion prevailed in low-secreting
Al172 line.

Sublethal irradiation of glioblastoma lines R1 and
T2 resulted in increased production of 1L-6 and 1L-8
typical of intact cells. Glioblastoma A172 showed
decreased secretion of IL-8 after 9 Gy irradiation
(LD, for A172 was 11 Gy), while initially this cell line
had the lowest production of both cytokines. Nonli-
near dependence of cytokine secretion from radiation
dose was observed in R1 and T98G glioblastomas.
Thus, for R1 line maximum level of IL-6 and IL-8 was
detected in cultures originated from cells irradiated at
a dose of 8 Gy. At sublethal dose irradiation of 11 Gy
(LD, for R1 cells was 12 Gy) cytokine secretion was
lower than after irradiation dose of 8 Gy and did not
differ from its level in intact cells. A similar trend was
revealed for T98G cells; the peak of IL-6 secretion
detected after irradiation dose of 11 Gy. After 14 Gy
irradiation, the level of I1L-6 secretion by T98G cells
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Figure 1. IL-6 and IL-8 level secreted during 96 h cultivation by intact glioblastoma cells A172, R1, T2, T98G, and by cells
that resumed proliferation after sublethal Gamma Knife irradiation

Note. Horizontally — irradiation dose (Gy), vertically — amount of interleukins (ng), secreted by cells in 96 hours into the culture medium per

1000 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.

decreased and 16 Gy irradiation caused a complete
stop of cell proliferation.

The secretion of IL-6 by T2 glioblastoma cell
descendants that survived irradiation was many times
higher than that by intact T2 cells. No decrease in
cytokine production was observed when irradiation
dose was increased up to 12 Gy. The ability of T2 cells
to restore proliferation was abolished irradiation dose
of 14 Gy.

It can be noted that three out of four studied
glioblastoma cell lines, that resumed proliferation after
sublethal Gamma Knife irradiation, demonstrated
increased interleukin secretion although this effect
was not equally dependent on irradiation dose.

The level of 1L-6 and IL-8 expression is thought
to correlate with the degree of gliomas malignancy
[1, 11] but many questions still remain unresolved. In
particular, our results suggest that two glioblastoma
cell lines, A172 and T98G, have low IL-6 and IL-8
secretion. At the same time, according to the criteria
of sensitivity to cytostatic drugs and irradiation,
these lines are completely different. Glioblastoma
A172 does not express MGMT, is highly sensitive to
temozolomide, fotemustine, and radiation, while
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