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Introduction

Ghoblastoma (GBM) 15 the most ag-
gressive prmary bram tumor onginating
from ghal cells [1] GBM accounts for
about 75% of all malignamt bram mumors.
The mmor 5 characterized by the mfil-
trative prowth and poor prognosis. Stan-
dard GBM therapy with surgical resec-
1o, radiotherapy and temozolenude treat-
ment achieves an average survival of 15
months, while a S—year survival reaches
less than 5% [2]. Given hmuted affective-
ness of the standard therapy, alternative
tresiment strateges are requered and maor
expactations we connectad with ths tmemn-
notherapy [3, 4] Cliscal studies used a
wide range of immunclogic agents, such
a5 miterleukn-2 (IL-2) and other sumilar
products, as well as novel checkpomt mn-
hubitors and adoptive immunotherapies
with actrvated and genetscally modified
bymphocytes [5].

IL-2 in the GBM treatment

In the 1990s, several clinscal tnals
were mutiated to evalute the effective-
ness of high-dose IL-2 mtitumor immu-
notherapy, IL-2 15 a pleiotropic cyiokme
that has a3 stimulating effect on the effec-
tors of mnate and adaptive immumity [6,
7] IL-2 stmulates lymphocyte prolifer-
ation, induces expansion of cytotesuc T
tymphocyies (CTL), and activates natural
keiller cells (NK) [&] m:nwhmpl:}!
an important ol i the homeostasis of
memary T cells by regulating their mum-
bers and stumulates the generation of an-
tgen-specific T cells, contributing to the
survival of CDE+ memory T cells [9]. IL-
mhm;ﬁm#m
hibators, and promotes the generation of
tnor-specific mmmune clones [10, 11]
Taking into account these functions, IL-2
is considered a key cytokme in the regu-
lation of antitemer unmunsty. High doses
of TL-2 were recommended for the treat-
ment of advunced renal cell carcinom 1 mnd
melanoma Following FDA approval, IL-2
systemic therapy was mtroduced in chini-
cal settings; however, it faled to achieve
the expected antitumor effects doe to fis
short half-life and poor sccisnulation in
the mmar [12] Moreover, frequent svs-
temic admimistration of high doses of TL-
2 could lead to fatal adverse events [13].

Another approach of local IL-2 mjec-
tions o the bed of the removed temor or
directly into the lesion was also practiced
and showed good tolerance, but it was
proved meffective for the GBM treatment
[14] However, a case of mmor necross
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was described o a GBM patent after -
effectrve standard therapy who recerved
10 subcutanecus mjections with genet-
cally modified amologous tumor cells and
fibeoblasts secretng IL-2. The antitumor
immune response was determuned by the
activation of IL-2 cytotoxic T-killers [15].
Combmatsons of cytokines interferon-a 2b
(INF-a 2h) and IL-2 (in concentrations
10%10° T and 9x10° TU, respectively) in-
jected mito a tumor in ten patients with
GBM were also meffective, neither was
the local admenistration of -2 m a sin-
gle mode [16].

At the same time, the potential use of
IL-2 15 sull an amportant approach m can-
cer ireatment; in particular, it s considered
fior the mmmmatherapy with IL-2 in com-
bination with other rmmuonologic agents,
especially with checkpoint ihibitors (TCT)
The use of such combmation 15 based on
the results of the experimental studies. It
was shown that [L-2 pretreatment of lym-
phocyizs led 1o an enhanced exp of

CXC 10 chemokne hg and (CXCL10) and
PD-L1 mto the bramn mereased the con-
centranion of umor mfiltratng cytotoxe
CDE-T cells in 3 umes compared 1o the
PD-L1 action alone. The therapeutic ef-
ficacy of ICI in combimation with IL-2
significantly increased and led to the fu-
maor regression, extended survival nme
and the formation of long-tenm mmune
memory in mice with GBM. According
to the authors, this combination presented
a promusing strategy for emmunotheragy
of bram tumers [17]. Kartashew AV et al
[18] performed a course of [L-2 mmmuno-
therapy (Roncoleukin®) at the end of the
chemo-radvotherapy cycle, admumstenng
atotal of 10 mallson ME IL-2. A compara-
tive analysis of the data of the patients in
the control group who recerved standard

, 35 well as paty who ded mot
nlil:rgnﬂrﬁ:dl cjd:nfchmm—immn—
notherapy, and patients receiving accel-
erated chemo-rachotherapy showed that

CTLA-4 and PD, and the combination of
IL-2 (Roocolenkm®) and ICT signific antly
inrreased the cyiotoxic fanction of lym-
phocytes aganst tumor cells [11] Another
experimental study on mice with orthotopd-
cally implanted GBM demonstrated that
low-miensty focused ultrasound-pmded
delvery of TL-2 i combsnation with the

the Jerated cyele of chemo-mmuno-

i  resulted 10 a longer survival
as compared to the standard chemo-radio-
therapy regmmens.

An interesting potential approach to
GBM therapy is the combination of I1.-2
with encolytic viruses The expermments on
muce with GEM xenographis mvestigat-
ed 3 combination of TL-2 and replicanon-



defective recombmant adencviral vector
encoding p53 (rAd-p53), which was con-
sidered a promising apent for p53-target-
ed gene therapy of GBM. The authors
reporied marked tumor regression and a
significantly increased suraval in GBM
mice treated with IL-2 and rAd-psS3 as
compared with that of the control animal
group and groups of ammals treated with
IL-2 or rAd-p53 in a single mode [2]. An-
other example of the potential use of IL-2
and oncolytic virnuses 1s the recant research
by Bommaredy et al. The authors evalu-
ated the effectrveness of the admimstra-
tion of the oncolytic herpes simplex w1
rus expressing 12 (G47A-mll ) in the
GBM muce. The results showed that the
approach significantly moreased median
survival without any signs of systemic
toxscaty associated with IL-2. The thera-
peutic effect of G47A-mIL? m the GEM
tratunoral mhltration of CDE-T cells due
to the local release of IL-2 m the tumor
mucroenvironment [15]

1L-2 activated ymphocytes: LAK
and CTE

To merease the effectivencss of ani-
tumor immunotherapy, ex vive activated
IL-2 lvmphocytes were used along with
several cytokines, such as lymphokine-
activated kaller cells (LAK) or cyiokane-
activated killer cells (CTK) generated by
culturing hymphocytes with IL-2 or 3 cy-
tokine cocktail of IFN-y, IL-2 and CD3
monoclonal antibodies (CD3mAb). These
strategees demonstrated hugher effective-
ness compared 1o that of IL-2 alone wsed
i vanious types of cancer [20, 21]

IL-2LAK therapy showed 1 higher ef-
ficacy in GBM. After surgical operation,
40 patients with recurrent GEM muln-
the bed of the removed tumor;, LAKSs were
generated i virro by cultiermg peripheral
‘blood mononuclear cells i the presence
of IL-2 for 3-5 days Patients received
an average of 1.0-2.0 x 10 LAK cells.
Some patients addmonally recerved local
myechions of IL-2 The treatment proved
satisfactory tolerance. The median surviv-
al of patients recerving [L-2TAK thera-
Py was 17.5 months compared with 13.6
moaths for the control group of panents
with GBM [22].

Dillman et al performed a clinical
study of 33 patients with GEM wath no
signs of disease progression who received
LAK mpections into the tumor site after
completion of the previous therapy cy-
cles. Previons therapy includad sorgical

tumor resection (97%), partial braun ura-
deation (97%:), gamma knife radiosurpery
(57%%) and temozolomide chemotherapy
(7046, LAK cell treatment was well toler-
ated; median survival reached 20.5 months
with 3 1-year survival rate of 75%. Higher
survival was observed m patients who re-
cemved a larger number of CD3+CD16+
CD356+ LAK cells [23].

Another climcal study evaluated the
effectivensss of a 5-day treatment wath
derect ntratumoral myectien of both LAK
cells and TL-2 m pabents with recurrent
GEM. Ten patients were inchuded in the
study, mne of whom undenvent 15 cycles
of treatment with LAK cells (from 0.9 to
21.0x10° cells) and 112 (49-450x10° U/
ke). Of the niine patients treated, one had
partial tumor responze 1o mmunotherapy.
Neurological zide effects were observed in
all patsents undergomng treatment and wers
associzied with moreased bram edema,
which was apparently determuned by the
mmmunotherapy [24].

Chemykh E R at al camed out 1 sanes
of chmcal stuches m patients with GBM,
in partscula, 3 research on adoptive mmu-
notherapy with LAKs mn combanation with
IL-2 (RoncoleukmE) that were myected
m the bed of the removed tumor i order
to destroy the remamng fumor cells. Ac-
cording to the presented results, this type
of the immuncther apy demonstrated a fus-
Iy high effectiveness. The repont showed
that 24 months after the treatment, 5.1%
of patients survived in the control group,
and 55.5% of patients - in the main group,
with 25% of patients who sunaved a 3-year
follow-up penod [25-27].

The research of Bosards et al. studied
who received mjections with amologouos
LAKs and -2 diwectly mto the tumor
throurh an Ommaya tube mstalled du-
mg amgerybiopsy. The immunotherapy
was well tolerated, and the response rate

terminations of IL-2 (Prolenkin) m the
tumor cavity durmg the course of treat-
ment showed that [L-2 concentratons were
sufficient 1o masmtain lvmphoeyte activa-
tion [28]

A randomized phase I clinscal trial m-
volving 180 patients with GBM evaluated
the effsctivensss of CTK immumotherapy
CIKs were generated from mononuclear
blood cells of patents dunng cell cultur-
mg i the presence of IL-2 and mono-
clonal antbody against CD3 for 12-21
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days [29]. The CIK cell product contained
1x10°2x10% cells. CIKs were mfused m-
travenously for 60 minwtes The immumo-
therapy cycle meluded 14 CIR mpections,
namely, 4 mjections once a week, 4 - ev-
ery 2 weeks and, finally, 6 myections ev-
ey 4 weeks) The immmnotheragy with
autologous CIK cells in combination with
standard chemo-radiotherapy with temo-
zolomide (TME) was associated with an
merease m the median progression-free
survival (PFS) by 2.7 months Patients
recerving auiologous CIK. immunother-
apy showed a higher disease control rate
(DDR) than the contral group (82 4% vs.
63 4%, P = 0.0058). In addimon, CIK m-
munctherapy m combmation with THZ
did not worsen the quabiny of hfe
Later, these authors analyzed the re-
sults of weatment of 180 patients wath
GBM. The analysis established that the
mumunothesapy and TMZ treatment coald
mcrease overall sunvval (05) and FPS m
pﬁmwuhﬁﬂ..\d Sude effects of CIK
mmunotherapy mcloded mamly toxicty
of grade 1 or 2, such as fever, clulls, fa-
tigue, headache, and skin rash. Thus, the
study demonsirated the efficacy and safety
of sdjovant CIK mmmuonotherapy m combi-
natron with traditzonal chemo-radiotherapy
m patients with newly diagnosed patho-
logically pure GBM [30]

CAR-T cell therapy

CAR-T cell thempy has demonstrated
revolutionary results in the treatment of
B-cell hemoblastosis and has shown basic
effectiveness i the restment of ghomas,
although signaficant results have not been
achseved, yet The technology of CAR-
T cell wvolves activation
of lymphocytes and expansion of geneti-
cally modified cells. The cell B
stages should use IL-2 for production of
bath LAKs and CIKs. Phase INTI climu-
cal trials of GBM treatment with CAR-T
cells twpeting ghoma-associated antigens,
such as interlenkoin-13 receptor subunit al-
pha-2 (IL13-Ra2) [31], human epidermal
growth factor receptor 2 (HER2) [32] and
the eptdermal growth factor receptor varn-
ant 111 (EGERWTIT) [33], showed the po-
tenitial effectiveness and relative safety of
the strategy

Thus, recent studies have shown thar
locoregional administration of tandem
CAR-T cells targetmg concurrently two
tumor antigens increases the effectnensss
of the immumotherapy. However, addition-
al randormzed chmeal tnals of CAR-T
cells are requared to develop a promismg
strategy for GBA treatment [34].
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Conclusion
Over the last years, IL-2-based thera-

pies ganed an especially high interest. This
cytokine with antitumor activity is under-
gomng remcamation after years of neglect.
Novel stratemes for the clinical use of IL-
2 mply abandoning the high-dose immu-
notherapy, associated with pronounced ad-
verse events, but using the immunostimu-
lating doses of IL-2 in combination with
other immunotropic agents. In particular,
clinical studies found effective combina-
tions of IL.-2 for GBM weatment. such as
the combination of ICI and oncolytic vi-
tuses. IL-2 has its respective place in the
rapidly developing adoptive cell-based im-
munotherapy. This cytokine is an essential
component for the production of activated
kaller cells, LAKs and CIKs, and 1s used in

Locoregional IL2LAK (CIK) therapy

has demonstrated reliable clinical efficacy.
CAR-T cells generated and expanded in
the presence of IL-2 provide a promusing
new strategy in the GBM treatment. The
encouraging results of vet a few clinical
studies gave evidence that the presented
approach can significantly improve GMB
therapy.
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