Meoduyunckas ummyHonoeus
2023, T. 25, Ne 3,
cmp. 697-702

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023, Vol. 25, No 3, pp. 697-702

Kpamxkue coobuenus
Short communications

CYMNPAMOJIEKYJIAPHbIE KOMMJIEKCbl HA OCHOBE
KYKYPBUT[7]YPUJIA U COEAUHEHUN NNATUHBDI
BJIUAIOT HA SKCIMPECCUIO MOJIEKYJ1bl CTLA-4
HA T-PEINYJIATOPHbIX KJIETKAX

Axranosa A.A.l, Beikosa M.B.}, Boesa O.C."2 ITamkunna E.A.L,
I'pummua JI.B.Y, Kozaor B.A.!

'@I'BHY «Hayuno-uccaedosamenvcKuii uHCMumym @QyHOAMEHMAAbHOU U KAUHUYECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

2DIAOY BO «Hosocubupckuii HayuoHAAbHbLL UCCAC008AMEAbCKUL 20CY0aPCMEEHHbLIL YHUGEPCUMem»,
2. Hoeocubupck, Poccus

Pesome. OmmyxoJiv 3aHUMAOT JUAUPYIOIIEE MECTO IO YaCTOTe BCTpeyaeMOCTH B ronyisiiinu. He Bce mpo-
TUBOOITYXOJIEBbIE JIEKAPCTBEHHBIE TIpernapaThl NepBOl JIMHUM MO3BOJISTIOT aIeKBaTHO U 3P eKTUBHO n3Jie-
YMBaTh MallMEeHTOB. J1JIS1 HEKOTOPBIX TIperapaToB, HapuMep, IIMTOCTATUKOB, XapaKTePHbI IIUPOKUM CIIEKTP
Mo60YHBIX 2(D(DHEKTOB U Pe3UCTEHTHOCTD OITyX0JIell K TIPOBOAMMOM MU Tepanuu. Ha cerogHsmHUN 1eHb
OMUCAaHbI MEXaHU3MBI JEMCTBUS TaKMX IMPerapaToB U MpeAriogaraloTcs Haubojee BepOsITHbIC TIPUYUHBI pe-
3UCTEHTHOCTH. JJIsSI MUHUMM3alMK TTOOOYHBIX 3 (HEKTOB U MPEOAOJICHUS PE3UCTEHTHOCTH MCTIOIb3YEeTCS
cHCTeMa JOCTaBKM JIEKapCTBEHHBIX TIpernapaToB Ha ocHOBe KyKypouT[7]ypuna (CB[7]), koTtopast o6pa3oBbI-
BaeT CyMpaMOJIeKYJISIpHbIE KOMIUIEKCHI C OKCAJTUTIIIATUHOM U KapOOTIJIaTUHOM.

BaxxHo mpuHMMAaTh BO BHUMaHUE, YTO OOIBIION BKJIad BHOCUT MMMYHHAasI CUCTEMa, COCTUHEHUS TIaTHu -
HBI CITOCOOHBI OKa3bIBaTh UMMYHOMOIYJIMPYIOIIee IeCTBUE HA UMMYHOKOMITETEHTHBIE KJIETKU U BCE OOJTb-
1IIe TaHHBIX TOBOPUT O TOM, YTO IIMTOTOKCUYECKUI OTBET B OTHOIIICHUU OITyXOJIEBbIX KJIETOK CBSI3bIBAIOT U C
9TUMU cBoiicTBaMu. OIyXoJib co3maeT crenuieckoe MUKPOOKpPYKeHNe, B KOTOPOM COCPEIOTaunBaCTCS
OTPOMHOE KOJIMUECTBO CYNIPEeCCOPHBIX KIeTOK. FoxP3*T-perynsiTopHble KIETKN PEKPYTUPYIOTCSI OMyXOJIbIO,
YBEJIMUYEHHOE KOJIMYECTBO ATUX KJIETOK U MOBBIIEHHbIEe ypoBHU 3KcTipeccun CTLA-4 u PD-1 criocoG¢cTBy-
IOT TIPOTPECCUPOBAHUIO OMYyXOJIEBOTO Mpoliecca. JlaHHbIe MoKa3aTe I KOPPEIUPYIOT C TIOXOM BBIXKMBAEMO-
CThIO TTalMeHTOB. [ToaTOMY HEOOXOIMMO, YTOOBI TPOTUBOOITYXOJIEBbIE aT€HTHI 00JIaaIy BIMSTHUEM Ha JTaH-
HYIO CyOTIOMYJISILIUIO KJIETOK U MX (DYHKIIMOHAIBbHYIO aKTMBHOCTb. B TaHHOM HMCCIeq0BaHUU OLIEHUBAJIOCH
BJIMSTHUE KyKypOuT|7]ypuiia, coeqMHEHU TIATUHBI U CyTTPaMOJIEKYISIPHBIX KOMITJIEKCOB Ha PETYJISITOPHBIE
T-KJIeTKM 1 BKCIPECCUIO0 MOJIEKYI UMMYHHBIX KOHTPOJbHBIX TOUEK.

B uccienoBaHM UCMOMB30BAIUCH KIETKU TlepUdepriecKoil KpPOBU YCIIOBHO 3I0POBBIX JOHOPOB (n = §,
cpenHuit Bo3pact 29,0+2,4). [TonydeHHbIe cTaHAAPTHBIM IIyTeM MOHOHYKJIeapbhl MHKyOMpoBaau 72 yaca B
KoHueHTpauusx 0,3 MM u 0,1 MM mis kapOoriaTuHa U OKCAJIMIUIATUHA COOTBETCTBEHHO, a TaKXKe KOM-
ninekcamu 1 CB[7] B aKBUBaJIeHTHBIX JO3UPOBKAX, 3aTeM IMPOObI OKpAIIMBAJIM MOHOKJIOHAJIBHBIMU aHTH-
TeJIaMU JJIsT oTipeiesieHusT (heHOTUTIA U 9KCITPECCUN UMMYHHBIX YeKTTOMHT-MOJIEKYJI.
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MpI nosyduau ciienyrolmue pe3yasrarbl: Kommuieke CB[7]-kapOormiaTuH B CTUMYJIMPOBAHHOM U HECTU-
MYJIMPOBAHHOW KYJIBTYpax TOCTOBEPHO CHUXKaI KOn4ecTBO FOxP3*T-peryisiTOpHBIX KJIETOK MO CPABHEHUIO
¢ KoHtposieM. [Tpu aToM kKap6ormiatuH u komruieke CB[7]-kapoonnatun cHukanu sakcnpeccuto CTLA-4 B
HECTUMYJIMPOBAHHOU KyJbType 1o cpaBHeHUIo ¢ CB[7].

KoMmmekcrl KykypouT|7]ypuiioB ¢ COEIUHEHUSIMU MJIATUHBI SIBJISIIOTCS MEPCIEKTUBHBIM MPOTUBOOITYXO-
JIEBBIM CPEJICTBOM C UMMYHOMOYJIUPYIOIIUMU CBOMCTBAMMU.

Karouesnie cnosa: kykypoumypuasl, MaKpouyuKiueckue KOMNAEKCcol, Kapooniamun, okcaiuniamun, T-pecyaamopHoie kaemku,
KOHMPOAbHbIE MOYKU UMMYHHO20 0meema, NPOMoYHas YUmomempus

CUCURBITURIL-BASED SUPRAMOLECULAR COMPLEXES
WITH PLATINUM COMPOUNDS INFLUENCE EXPRESSION
OF CTLA-4 ON REGULATORY T CELLS
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Abstract. Tumors are a leading pathology in the population. Chemotherapy cannot provide adequately
and effectively to cure patients. Some medicine, such as cytostatic, are characterized by a wide range of side
effects and resistance of solid tumors to chemotherapy by these medicines. In recent research, the mechanisms
of action of cytotoxic agents have been described, and the most appropriate causes of resistance have been
suggested. Drug delivery system based on Cucurbit[7]uril (CB[7]) was used to minimize side effects and
overcome resistance. CB[7] has ability to form host-guest supramolecular complexes with oxaliplatin and
carboplatin.

It is important to consider the immune system maintain to a great role, and platinum compounds are
able to have an immunomodulatory effect on immunocompetent cells. There is convincing evidence about
the cytotoxic response against tumor cells is also associated with immunomodulating properties. A specific
immune microenvironment with high frequency of suppressor cells is made by tumors. FoxP3" regulatory
T cells are recruited by the tumor, an increased number of these cells and expression levels of CTLA-4 and
PD-1 on them contribute to the progression of the tumor process. These markers correlate with recurrence
and poor survival of the patients. Therefore, it is necessary that antitumor therapy agents have an effect on a
subpopulation of regulatory T cells and their functional activity. This study evaluated the effects of cucurbit[7]
uril, platinum compounds, and supramolecular complexes on FoxP3" regulatory T cells and the expression of
immune checkpoint molecules.

In this study peripheral blood cells from volunteers (n = §, average 29.0+2.4) were used. Mononuclear cells
obtained in the standard protocol were incubated for 72 h at concentrations of 0.3 and 0.1 mM for carboplatin
and oxaliplatin, respectively, as well as complexes and CB[7] in equivalent dosages. Next, the samples were
labeled with monoclonal antibodies to determine the phenotype and expression of immune checkpoint
molecules by flow cytometry.

We obtained the following results: The CB[7]-carboplatin complex in stimulated and non-stimulated
cultures significantly reduced the number of FoxP3* regulatory T cells compared to the control. At the same
time, carboplatin and the CB[7]-carboplatin complex reduced the expression of CTLA-4 in an non-stimulated
culture compared to CB[7].

Complexes of Cucurbit[7]urils with platinum compounds are a perspective antitumor agent with
immunomodulatory properties.

Keywords: cucurbiturils, macrocyclic complexes, carboplatin, oxaliplatin, Tregs, immune checkpoint molecules, flow cytometry

This study was supported by Russian Science
Foundation according to the research project No. 19-
15-00192.

Introduction

Nowadays tumors are the leading pathology
among the population. There are many treatment
regimens for different tumors, including those

based on platinum agents (drugs include cisplatin,
oxaliplatin, carboplatin, etc.). However, platinum
agents have a lot of specific and common side effects
from hematotoxicity, ototoxicity to neurotoxicity,
cardiotoxicity, and there are some tumors as ovarian
cancer, melanoma, and colon which resistant
to platinum treatment [2, 6]. There are several
mechanisms of resistance, and an important role is
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played by the low accumulation of platinum in cells
and detoxification components, which don’t allow to
bind DNA by platinum. Multiple transporters for the
active transport of platinum-based antitumor agents
also may be responsible for platinum resistance [13].
Therefore, it is necessary to isolate platinum from
enzymes and use drug delivery system to accumulate
platinum into cells. CB[7]-based drug delivery system
was used for this. Cucurbiturils are nanomolecular
system for binding with cations, small peptide etc.
with forming host-guest complexes. CB[7] is known
to protect the drugs from biodegradation [5] and to
cross the cell membrane [7]. The mechanisms of
cellular cytotoxicity for a large amount of antitumor
drugs have been well described. Also, the effects of
cytostatic against cells of the immune system have been
characterized. For example, oxaliplatin selectively
depleted the pool of myeloid suppressors, directed
the differentiation of myeloid cells towards a mature
phenotype and diminished their immunosuppressive
activity [4]. Carboplatin reduced the number of
cells with immunosuppressive activity and increased
the level of IFNy [12]. It should also be noted that
the effect of chemotherapy has not considered as
effect associated to the immunological component.
Although there are a lot of data not about the direct
cytotoxic effect of drugs for chemotherapy on tumors,
but about a greater effect on the immune response.

It is necessary to considered that the immune
system plays a key role in the development of the
tumor process and its maintenance or progress
tumor growth. It is known, the cells of the immune
system are recruited by tumor for creation a specific
immunosuppressive environment [3]. At the same
time, the role of T-regulatory cells FoxP3" in tumor
microenvironment have been uncertain. It is described
that tumor cells recruit Tregs FoxP3* and the amount
of these cells’ high increases with tumor growth. Also,
patients with increased levels of expression of CTLA-4
and PD-1 have a worse prognosis compare to patients
with low levels of expression these molecules. High
levels of expression CTLA-4 and PD-1 can promote
of metastasis and malignancy [8].

CTLA-4and PD-10on TREG are immune response
suppressor molecules influencing through different
signal ways. Applying of checkpoint inhibitors
improves survival with some solid tumors [10]. Since
cells of the immune system contribute significantly
to the antitumor response, it is necessary to study an
ability of potential and well-known chemotherapy
agents to influence the immune response. The aim of
the study was to evaluate the effect of cucurbit[7]uril,
platinum compounds and supramolecular complexes
on regulatory T-cells and expression of immune
checkpoint molecules on Tregs.

Materials and methods

Heparinized peripheral blood was isolated from
8 volunteers (average 29+2.4 years) after signing in-
formed consent form. Peripheral blood mononuclear

cells (PBMCs) were obtained by centrifugation in a
density gradient ficoll-urografin according to proto-
col. Isolated PBMCs at a quantity of 1 x 10°cells/mL
were incubated with CB[7], platinum compounds
(carboplatin, oxaliplatin) and supramolecular com-
plexes (CBJ[7]-carboplatin, oxaliplatin-CB[7]) using
the culture medium RPMI-1640, supplemented with
10% FCS, 50 mg/mL gentamicin and 25 mg/mL
thienam in 48-well plate (TPP, Switzerland) during
72 h in a standard culture conditions with 37 °C, 5%
CO,. Anti-CD3 monoclonal antibodies (aCD-3) and
IL-2 were used as stimulants for cells. Carboplatin
and complex CB[7]-carboplatin were added at the
concentrations of 0.3 mM, while oxaliplatin and
complex oxaliplatin-CB[7] at 0.1 mM. CBJ[7] was
used as control for platinum compounds, complexes
and respectively added at equivalent concentrations.
Also, we used control with only culture medium as
negative control.

After 72 h incubation, the treated cells were labeled
by fluorochrome-conjugated antibodies to determine
phenotypes cells. Regulatory T cell was determined
as CD3*CD4*CD25*FoxP3* (BioLegend, USA).
The intracellular expression of FoxP3 was estima-
ted according FoxP3-staining protocol using
True-Nuclear™ Transcription Factor Buffer Set
(BioLegend, USA). Expression of immune check-
point molecules was performed by cell staining with
fluorochrome-conjugated monoclonal antibodies
specific to CD279(PD-1), CD274(PD-L1), CD152
(CTLA-4).

Samples were analyzed by flow cytometry using
cytometer FACS Canto I1 (BD, Franklin Lakes, NJ,
USA) with Diva 6.0 software (BD).

Statistical analysis was performed using GraphPad
Prism software (version 9.0.0). Differences between
groups were determined using non-parametric
Friedman test. P value of < 0.05 was considered
statistically significant. Data are presented as median
tinterquartile range with n = 8.

Results and discussion

We evaluated the effect of complexes Cucurbit[7]
uril and platinum compounds on the number of
CD47CD25*FoxP3* regulatory T cells (Tregs
FoxP3"). The CBJ[7]-carb complex was significantly
reduced the amount of Tregs FoxP3* compared to
the control in stimulated and non-stimulated culture.
Also, the complexes CB[7] with carboplatin and
oxaliplatin were significantly decrease the number
of Tregs FoxP3* compared to CB|[7] at an equivalent
dosage in both culture (Figure 1). Significant diffe-
rences in the expression of immune check-point
molecules such as PD-1 and PDL-1 on Treg were not
found (Figure 2). At the same time, carboplatin and
the CB[7]-carb complex were reduced the expression
of CTLA-4 compared to CB|[7] in the non-stimulated
culture. Significant difference in expression of CTLA-
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Figure 1. Number of CD4*CD25'FoxP3* regulatory T cells after 72 h treatment with Cucucrbit[7]uril and complexes: CB[7]-
carboplatin complex, oxaliplatin-CB[7] complex in stimulants (aCD3-antibody and IL-2) and non-stimulants cultures

Note. Data are presented as median + interquartile range with n = 8. *, significant differences are p < 0.05 by employing one-way ANOVA,
Friedman test.
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Figure 2. Expressions of PD-1 and PDL-1 immune checkpoint molecules on CD4*CD25*FoxP3* regulatory T cells after 72 h

treatment with Cucucrbit[7]uril and complexes: CB[7]-carboplatin complex, oxaliplatin-CB[7] complex in stimulants (aCD3-
antibody and IL-2) and non-stimulants cultures

Note. As for Figure 1.
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Figure 3. Expressions of CTLA-4 immune checkpoint molecules on CD4*CD25'FoxP3* regulatory T cells after 72 h
treatment with Cucucrbit[7]uril and complexes: CB[7]-carboplatin complex, oxaliplatin-CB[7] complex in stimulants (aCD3-

antibody and IL-2) and non-stimulants cultures
Note. As for Figure 1.

4 between control and treated groups were not found
(Figure 3).

It is known, Tregs FoxP3* have high frequency
infiltration into tumor and suppress the antitumor
immune response. At the same time, a decrease in
the expression of CTLA-4 and the number of Tregs
FoxP3* improve the prognosis in a tumor [11]. It has
also been reported that increased Treg infiltration into
tumor has been associated with low common survival
and relapse-free survival. Also, patients with high
Treg levels had worse outcomes in tumor [9]. These
results demonstrate that it is required to reduce the
expression of check point molecules and the amount
of Tregs in a tumor, but at the same time check point
inhibitors have not to use, because it increases the
risk of developing autoimmune pathologies, or their
application may be effectless and non-selective, since
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it is necessary to observe correct balance of PD-1
expression on Tregs and CDS8* [1].
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pounds are a perspective antitumor agent with im-
munomodulatory properties. Furthermore, applying
these complexes may provide a treatment with the
greatest efficiency and fewer side effects. However,
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of this kind of therapy in patients.
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