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OLEHKA BJINAHUA KYKYPBUTYPUJ10B HA MOHOLIUTDI
U NK-KJIETKUA 300POBbIX AOHOPOB

AxkrTanoBa AA., Ilamknua E.A., Ko3ziaos B.A.

DIbHY «Hayuno-uccaedosamenvckuii uHCmumym (GyHOamenmanbHol U KAUHUYECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

Pesome. HaHOoTeXHOIOTMU B UMMYHOJIOTUM — TIEPCIIEKTUBHO pa3BUBAlOIEecs HalpaBjieHue B pyHIa-
MEHTAJILHOM U MpakThuecKoit meauiinHe. KykypOuTypusbl siBISIIOTCS MAaKPOLUMKINYECKMMU KaBUTAHIaMU
C OMpeaeSIeHHBIM KOJIMYECTBOM INIMKOJIYPUWIBHBIX (hparMeHTOB (n), ONpeaesiolnx pa3Mep MoJIOCTA JaH-
HOro coearHeHus. Ha JaHHBIII MOMEHT CYIIECTBYET IIECTh CUHTE3MPOBAHHBIX TOMOJIOIOB: 5, 6, 7, 8, 10 n
14. OtauyaroTcst Apyr OT Apyra MopTaJbHBIM pa3MepoM 1 pa3MepOoM IOJOCTe. XapaKTepUu3ylTcsl 0COObI-
MU (HUUKO-XUMUUECKUMHU U OMOJOTMUYECKMMU CBOMCTBAMU, TAKMMU KaK OMOCOBMECTUMOCTb, CTAOWIIb-
HOCTb, BBICOKasi CHOCOOHOCTh K UHKATICYJISIIIUA XUMUYECKUX coeNuHeHU . I3BeCTHO, UTO KYKYpOUTYpPUIIbI
WHKAMCYJIUPYIOT MOJEKYIbI ITyTeM (hOPMUPOBAHUS KOMILIEKCOB I10 TUITY «TOCTb—XO3SIMH», YTO ITO3BOJISCT
BBICBOOOXIATh BEIIECTBO M3 KOMILIEKCA, MOBBIIIATh PACTBOPUMOCTb COEAUHEHUIN U UCIOJIb30BaTh KYKyp-
OUTYpPMIIBI KaK CUCTEMBI JOCTAaBKU JIEKAPCTBEHHBIX BelleCTB. UMMYyHOMOMY/ISITOPHASI aKTUBHOCTh 3aBUCUT
OT ero cneuuduIeckux HaHOPa3MEPHBIX XapaKTepUCTUK: (DYHKIIMOHAJIbHBIE TPyMNbl, hopma, pa3mep, Mo-
BEPXHOCTb, PACTBOPMMOCTD B pa3IMYHbIX cpemax. Kaxmas HaHOYacTUIIa, B 3aBUCUMOCTU OT 3TUX CBOMCTB,
oKasbIBaeT paszinuyHble 3(HEKThl Ha KIETKU. DPdHeKThl KyKypOUTYPUIOB MOTYT ObITh Pa3IMYHBIMU Jaxe
IUISI OMHOM CYOITOITYJISIIMU KJIETOK B 3aBUCMMOCTHM OT TOMOJIOTa WU JO3UPOBKU. B3anmomeiicTBre KIeTOK
BPOKAEHHOIO UMMYHUTETA ¢ KyKYPOUTYpUJIaMU TTOKa €lle HeJOCTATOYHO U3YyUYEHHBI.

Llenbio 3TOrO UCCaeAOBaHMS OblLla OLIEHKA BIMSIHUSI KyKypOuT[n|ypuiaoB (n = 6, n = 7, n = 8) Ha KJIETKU
BPOXAEHHOro uMMyHUTeTa — MOHOUMUTHI, NK-kietku, NKT-kneTku.

MMMyHOJIOTMYECcKOE UCCIIeIOBaHNE BKITIOUAIO BBIICICHUE MOHOHYKJIEAapPHBIX KJIETOK TeprudepuIecKoi
KPOBHU YCJIOBHO 300POBBIX JOHOPOB (N = §8) Ha rpagudeHTe IIOTHOCTU (DUKOJUI-yporpadriHa U MPOTOUYHYIO
LATOMETPUIO C OIpPEeAcICHUEM KOJIMYEeCTBA UMMYHOKOMIIETECHTHBIX KJIETOK MO KJIACCUYECKUM MapKepam
muddepenHumanuu 3tux Kietok — CD3-CD16"CD56" mig NK-kierok, CD3*CD16"CD56% mns NKT-
xietok 1 CD3-CD14" o1 MOHOIIMTOB. AKTUBAIINIO MOHOIIUTOB ONPEISIISIIIN 110 SKCIIPECCHUIO TTOBEPXHOCT-
Horo mapkepa HLA-DR.

Knetkn xyapruBupoBaiu 72 yaca ¢ no6asneHneM Kykypoutypmios CB[6], CB[7] B koHuenTpauusx 0,1,
0,3, 0,5 MM u CBJ8] B koHueHTpauuu 0,01 MM, MOCKOJIbKY OH UMEET IJI0XYI0 PACTBOPUMOCTb.

brino orMeueHo mocroBepHoe cHumzkeHue koymuectBa NK-kierok (p < 0,01 mis mcclienyeMbIX KOH-
uentpauuii CB[7]), yBenuuenne konmdectBa NKT-knetok (p < 0,04 u p < 0,02 mns koHueHTpanuii CB[6] u
CB|[7] cootBercTBeHHO). Takske HaOMOMaaCh TeHASHIIMS K MMOBBIIIeHUIO 3Kcrpeccun HLA-DR Ha MoHO-
mutax (p = 0,06 nasg CB[6]).
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YaurteIBas TaKoe Pa3HOCTOPOHHEE ACUCTBUE KyKYpOUTYPWJIOB, B ITEPCIICKTUBE MOXHO pacCMaTpuBaTh
BO3MOXHOCTh HCIIOJIb30BaHUSI KYKypOUTYPMJIOB B KauyeCTBE MMMYHOMOMOYJISITOPOB, IIPOTUBOOITYXOJIEBBIX
areHTOB, IIPU ayTOUMMYHHBIX 3a00JIeBAaHUSIX.

Karouesvie crosa: KyKypoumypuasl, MaKkpouyukiuyeckue coeOuHeHUs, UMMYHUMenm, 8POACOeHHbI UMMYHUMeN, MOHOUUMDYL,
NK-knaemxu, NKT-kaemxu, npomounas yumomempus

ASSESSING EFFECTS OF CUCURBITURILS ON MONOCYTES
AND NK-CELLS IN HEALTHY VOLUNTEERS
Aktanova A.A., Pashkina E.A., Kozlov V.A.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Nanotechnology in immunology is a prospectively developing area in fundamental and practical
medicine. Cucurbiturils are macrocyclic cavitands with a definite amount of glycoluril fragments (n) that
determine the size of the cavity of these compounds. Nowadays, there are six synthesized homologues: 5, 6, 7,
8, 10 and 14. They differ from each other in the portal size and the size of the cavities. They are characterized by
special physicochemical and biological properties, such as biocompatibility, stability, high ability to encapsulate
chemical compounds. It is known that cucurbiturils encapsulate molecules by forming guest-host complexes,
which allow the substance to be released from the complex and increase the solubility of the compounds. These
advantages allow using cucurbiturils as drug delivery systems. Immunomodulatory activity of cucurbiturils
depends on its specific nanoscale characteristics: functional groups, shape, size, surface, solubility in various
media. Each nanoparticle depending on these properties has different effects on cells. The effects of cucurbiturils
can be different even for one subpopulation of cells, depending on the homologue or dosage. The interaction of
innate immune cells with cucurbiturils are not yet sufficiently characterized.

The aim of this study was to assess the effects of cucurbit|[n]urils (n = 6, n = 7, n = 8) on innate immune
cells — monocytes, NK-cells, NKT-cells.

The immunological recearch included the isolation of peripheral blood mononuclear cells from healthy
donors (n = 8) on the density gradient of ficoll-urografin and flow cytometry with the determination of the
amount of immunocompetent cells according to the classic markers of differentiation of these cells — CD3-
CD167CD56" for NK-cells, CD3*CD16"CD56" for NKT-cells and CD3-CD14* for monocytes. Monocyte
activation was determined by the expression of surface HLA-DR.

The cells were cultured for 72 hours with the addition of cucurbiturils CB[6], CB[7] at concentrations of
0.1 mM, 0.3 mM, 0.5 mM and CBjJ8] at concentration of 0.01 mM, due to its poor solubility.

There were a significant decrease in the quantity of NK-cells (p < 0.01 for the test concentrations of CB[7]),
an increase in the quantity of NKT-cells (p < 0.04 and p < 0.02 respectively for the concentrations of CB[6]
and CBJ7]). There was a tendency to increase the expression of HLA-DR on monocytes (p = 0.06 for CB[6]).

Considering a variative effects of cucurbiturils, in the future it is possible to consider a possibility of using
cucurbiturils as an immunomodulators, antitumor agents, in autoimmune diseases.

Keywords: cucurbiturils, macrocyclic compounds, immunity,innate immune system, monocytes, NK-cells, NKT-cells, flow cytometry

This study was supported by the Russian Scien- The quantity of glycolurii monomers determines
ce Foundation according to the research project the serial number (n) of cucurbiturils. CB[n] have a

No. 19-15-00192. cavity surrounded by highly reactive oxygen atoms.
. Cucurbituril through oxygen atoms interact with
|ntrOdUCt|0n positively charged compounds, which are placed

Cucurbiturils (CB[n]) consists of 5 to 14 glycoluril into CB[n]. Thermal and chemical stability, non-
molecules, which are linked via methylene bridges. covalent interactions with guest-molecules, the cavi-

636



2021, T. 23, No 4
2021, Vol. 23, No 4

Ieiicmeue CB[n] na monouyumot u NK
Effect of CB[n] on monocytes and NK

ties of different sizes and the most importantly is a
biocompatibility of these macrocyclic-hosts allow
using of cucurbiturils as delivery systems. These
properties distinguish cucurbiturils from other organic
nanostructures [3]. For example, the solubility of
poorly soluble drug molecules can be significantly
increased by complexation with CB[n] [6]. Nano-
toxicity is determined by the structure of the nano-
molecule and its functional groups. The toxicity of
the cucurbituril should be examined for its potential
pharmacological application. Cucurbiturils mainly
at the concentrations up to 1 mM are not toxic to
host tissues and immune cells [2, 10, 14]. However,
the immunomodulatory activity of cucurbiturils has
not been well studied. For example, it is known that
CB[n] has an immunostimulatory effect enhancing
cell proliferative activity and increasing the expression
of HLA-DR on lymphocytes [11]. However, few
published data on the interaction of cucurbiturils with
other cells of innate immunity are available.

Natural killer cells (NK-cells) are cytotoxic
cells of innate immunity with the classic phenotype
CD3-CDI16"CD56". Functional NK-cells exert ac-
tivity corresponding to that of adaptive cytotoxic
T-lymphocytes (T-killers), however, NK-cells recog-
nize infected cells without involving membrane major
histocompatibility complex (MHC) molecules. NK-
cells destroy infected cells and also actively take part
in events of anti-tumor immunity. The main function
of these cells is killing target cellsvia one of the two
ways: through the secretion of perforin and granzymes
or through membrane-bound death receptors.
The molecular signatures of nanomaterials can be
recognized by pattern recognition receptors (PRP)
expressed on the surface of innate immune cells. The
function of NK-cells can be altered by interaction
with nanoparticles. For example, the interaction
between NK-cells and nanocarbon tubes reduces
viability of NK-cells and the production of perforins
and granzymes, but elevates production of ROS and
cell apoptosis, which led to the suppression of NK-
cell functions [1].

Natural killer T-cells (NKTs) are a subpopulation
of T-lymphocytes expressing NK-cells markers and
T-cells differentiation antigens (CD3*CD16"CD56™).
NKTsare the most important regulators of the immune
response that protect from emergence, growth and
metastasis of tumors, intracellular infections of
various nature, and development of autoimmune
diseases. NKT-cells maintain the induction of
anti-tumor immune response by producing IFN-g,
which activates NK-cells, CDS8*T-lymphocytes
and macrophages. Basically, nanoparticles are used
to selectively activate NKT-cells. For example,

PLGA-based nanoparticle systems designed to
modulate the activity of NKT-cells to improve their
antitumor function [5]. However, the effect of organic
nanoparticles such as cucurbiturils on the viability of
NK-cells and NKT-cells should be investigated to
determine synergistic effects of cucurbiturils.

Monocytes are mononuclear cells of innate immu-
nity displaying classic phenotype CD14*CD16, ex-
pressing pattern recognition receptors and chemokine
receptors allowing to migrate to the inflammation
focus. Monocytes secrete pro-inflammatory cyto-
kines in inflammation focus and participate in
phagocytosis. The main functions of monocytes are to
enable phagocytic and cytolytic activity. Monocytes
express human leukocyte antigen-DR molecules
(HLA-DR), which are responsible for presenting
antigen to adaptive T-cells. The expression of HLA-
DR indicates about cell activation and presence of
foreign agents in the organism. Nanostructures can
persist for some time in the systemic circulation and,
apparently, affect monocytes function. Inorganic
nanoparticles can be phagocytosed by monocytes
and cause the production of pro-inflammatory cyto-
kines, while the viability of monocytes is reduced [8].
However, modified inorganic nanoparticles by an
organic component and organic nanoparticles can
be used as darts for monocyte-targets to improve the
diagnosis and treatment of diseases [7].

The purpose of the study is to assess an effect of
cucurbiturils on monocytes, natural Kkiller cells and
nature killer T-cells.

Materials and methods

Heparinized peripheral blood was collected from 8
healthy donors (average 2912.4 years) after obtaining
their informed consent. Peripheral blood was
placed on Ficoll-urografin density gradient medium
according to the protocol. Cells were centrifuged
at 2.7xrpm for 20 minutes, followed by washing out
peripheral blood mononuclear cells (PBMCs) twice
in the appropriate phosphate-buffered saline (PBS).
The among of cells was counted in a hemocytometer
added with 2% acetic acid.

After isolation, PBMCs at a quantity of
1 x 10¢cells/ml were cultured with CB[6], CB[7] and
CBJ8] using the complete culture medium RPMI-
1640, supplemented with 10% FCS, 50 mg/ml gen-
tamicin and 25 mg/ml thienam in 24 well plate
(TPP, Switzerland) for 72 h at 37 °C, 5% CO,, 90%
relative humidity. CB[6], CB[7] were added at the
concentrations of 0.1 mM, 0.3 mM, 0.5 mM. CBJS8]
was added at a concentration of 0.01 mM due to its
very low solubility in the media.
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After 72h-incubation the cells were washed 2x in
PBS. Fluorochrome-conjugated monoclonal antibo-
dies were used to determined phenotypes of monocytes
and NK-cells by CD3* (BioLegend, USA), CD14*
(BioLegend, USA), CD16*CD56" (BioLegend, USA)
and HLA-DR (BioLegend, USA). The cells were
labeled with 4 fluorochrome-conjugated antibodies by
combining two monoclonal antibodies recognizing the
human CD16* and CD56"-cell surface antigens. NK-
cells were identified by the classical phenotype CD3-
CD167CD56%, NKT-cells — CD3*CD16"CD56" and
monocytes by the CD14* marker.

Samples were analyzed by flow cytometry using
cytometer FACS Canto II (BD, Franklin Lakes, NJ,
USA) with Diva 6.0 software (BD). Expression of
cell surface receptor HLA-DR was analysed gated on
CD3-CD14" monocytes.

Statistical analysis was performed using Statistica
6.0 software (StatSoft, USA). Differences between
groups were determined using non-parametric Wilco-
xon matched-pairs test. P value of < 0.05 level was
considered statistically significant.

Results and discussion

First, we evaluated the effect of cucurbiturils on
NK-cells obtained from peripheral blood mononuc-
lear cells from 8 healthy donors in PBMCs cultures
in vitro. The NK-cells frequency was decreased at
all three tested concentrations of CB[7] compared
to the control (0 mM) (Figure 1). Interestingly, the
amount of NK-cells at a concentration of 0.3 mM
is higher compared to concentrations of 0.1 and

NK-cells (CD3-CD16*CD56")
12.0
10.0
8.0
6.0 -
40 -
20 -
0.0 -

* * *

Cells, %

0 CB[6] CB[6] CB[6] CB[7] CB[7] CB[7] CBI8]
01 03 05 01 03 05 0.01
Concentration, mM

Figure 1. The frequency of NK-cells in the presence of
CB[6], CD[7], CB[8]

Note. Human PBMCs were cultured with CB[6] and CB[7] at
concentrations 0.1 mM, 0.3 mM, 0.5 mM and with CB[8] at a
concentration of 0.01 mM for 72h. PBMCs cultured without CB[n]
were used as a control (0 mM). The frequency of CD3-CD16*CD56*
NK-cells were evaluated by flow cytometry. Data presented as median
and interquartile range (n = 8). * — significant differences compared to
control (Wilcoxon test), p < 0.05.

0.5 mM of CB[7]. According to literature data,
some nanoparticles also lower functional activity of
NK-cells and even alter their phenotype [9]. On the
contrary, other nanoparticles were able to increase
NK-cell proliferative and cytotoxic activity [4, 12].

Next, we evaluated the effect of cucurbiturils on
a subpopulation of T-lymphocytes associated with
the innate immunity — NKT-cells. Our data showed
that CBJ[6] at a concentration of 0.3 mM and CBJ7]
at a concentration of 0.5 mM increased the amount
of NKT-cells compared to the control group (0 mM)
(Figure 2). The frequency of NKT-cells was increased
compared to NK-cells, probably due to the fact that
NKT-cellsexpress T-cellantigenreceptors. Inprevious
studies we found an increase in T-lymphocytes during
PBMC treated with cucurbiturils [11]. According to
available literature, nanoparticles are mainly used to
stimulate the NKT-cells [13].

The next step was to assess the frequency of
monocytes and their activation during cultivation
with CB[n]. We found no significant differences in
amount of monocytes (Figure 3A), however, there
was a tendency (p = 0.06) to enhanced expression
of HLA-DR on the surface of monocytes with the
CB|6] at a concentration of 0.1 mM acting probably
in a dose-dependent manner (Figure 3B). This may be
due to the small size of cucurbituril and its ability to
penetrate immunocompetent cells.

Conclusion

To summarize the data obtained, it is clear that
nanoscale compounds interact with the innate im-
mune system, which is important for potential deve-

NKT-cell (CD3*CD16*CD56")

* *

2 80,0 L]

0 CB[6] CB[6] CB[6] CB[7] CB[7] CB[7] CBI8]
01 03 05 01 03 05 001
Concentration, mM

Figure 2. The frequency of NKT-cells in the presence of
CB[6], CD[7], CB[8]

Note. Human PBMCs were cultured with CB[6] and CB[7] at
concentrations of 0.1 mM, 0.3 mM, 0.5 mM and with CB[8] at a
concentration of 0.01 mM for 72h. PBMCs cultured without CB[n] were
used as a control (0 mM). The frequency of CD3*CD16*CD56* NKT-
cells were evaluated by flow cytometry. Data presented as median
and interquartile range (n = 8). * — significant differences compared to
control (Wilcoxon test), p < 0.05.
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Figure 3. The frequency of monocytes and expression of HLA-DR molecules on monocytes in the presence of CB[6],
CD[7], CB[8]

Note. Human PBMCs were cultured with CB[6] and CB[7] at a concentration of 0.5 mM and with CB[8] at a concentration of 0.01 mM for 72h.
PBMCs cultured without CB[n] were used as a control (0 mM). The frequency of CD3-CD14* monocytes (A) and HLA-DR expression (B) were
evaluated by flow cytometry. Expression Data presented as median and interquartile range (n = 8). # — tendency compared to control (Wilcoxon
test), p=0.06

lopment and modification of immunocompatible the innate immune system are not clear. Therefore,
nanomaterials. Nanoconstructions are mainly used more research is needed to understand the interaction
for cancer immunotherapy, vaccines and treatment of cucurbiturils with the innate immune system to
of autoimmune diseases. However, the mechanism develop new prospective strategies for the prevention,
and molecular pathways of how nanomaterials affect diagnosis or treatment of human diseases.
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