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ABSTRACT

Purpose of the study. To study the effect of SIEL 159-330 coating on the cell clusters formation rate in a hanging drop method
in combination with the use of methylcellulose (MC) and collagen as cell aggregation improving agents.

Materials and methods. BT20 breast cancer cells were cultured in drops of 20 uL (10* cells per drop) on the lid of a polysty-
rene Petri dish coated with SIEL 159-330 silicone elastomer (GNIIKHTEOS, Moscow, Russia) or without coating. The study
tested three concentrations of MC (0.1 %, 0.25 % and 0.4 %) and collagen (150 pug/ml, 300 pg/ml and 600 pg/ml). The rate of
formation of cell conglomerates was assessed by evaluating their area after 4, 24, 48, and 72 hours of cultivation.

Results. The use of SIEL 159-330 coating made it possible to obtain spheroids of the same size as the addition of 0.4 %
MC over a time interval of 72 hours. The silicone coating additionally reduced the size of cell spheroids in the medium with
0.1 % MC at all time points; however, this effect disappeared with increasing concentration of MC. In addition, the use of SIEL
159-330 reduced the relationship between the size of cellular spheroids and the concentration of MC, which allows us to
consider the use of this coating as an alternative to MC or a way to reduce its concentration. In the experiment with the addition
of collagen to the culture medium, the sizes of cell conglomerates formed on the silicone coating were significantly smaller
than on uncoated plastic in all variants of the experiment and time points. The effect was more pronounced for a collagen
concentration of 600 pg/ml. The use of SIEL 159-330 coating, in addition, reduced the variability in the size and shape of the
resulting cell conglomerates.

Conclusion. Accelerated aggregation of cells and fibers of the extracellular matrix in hanging drops, as well as a reduction in
the variability in the size and shape of the resulting cell clusters on SIEL 159-330, allows us to reduce the time of experiments
and material costs, as in experiments with the addition of substances that accelerate the formation of spheroids (MC and
collagen), as well as in their absence.
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OPUTUHATIbBHASA CTATbA

NPUMEHEHWE CUTMKOHOBOT0 NOKPLITUA ANA ONTUMU3ALIMK NMPOLLECCA
MONYYEHUA KJTETOYHBIX COEPOMI0B METOZ0M BUCAYEN KATIU

C. 10. dununnoea™, A. 0. Cutkoeckas, C. B. Tumodeera, T. B. LLlamoea, U. B. Mexxesoea, H. B. leHHas, . A. HoBukoBa
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X filsv@yandex.ru

PE3IOME

Llenb uccnepoBanus. MiccnepoBatb BAMsiHWE NOKpbITUA M3 CU3JT 159-330 Ha cKOpOCTb M XxapaKTep 06pa3oBaHus KI1eTOY-
HbIX CKOMJIEHWI B BUCSYEN KanJie B COYETaHWUU C MpUMeHeHneM MeTunuenntonosbl (ML) v konnareHa B Ka4eCTBE areHToB,
ynyyLaloLWwmx arperaumio KneTok.

MaTtepuanbi u MeTogbl. KneTku KynbTypbl paka MonioyHom xenesbl BT20 B konnyecTtse 10* nomellany B Kannsix 06bEMOM
20 MK/ Ha KpbILUKY NOMMCTUPOOBOI YaLlku MeTpu ¢ NOKpbITUEM U3 CUAMKOHOBOTO anacToMepa CUAJT 159330 (AO «THU-
MXT3I0C», r. Mockea, Poccusi) nnu 6e3 NokpbITUs. B uccnefoBaHnM TeCTUPOBaIM No Tpy KoHueHTpauumn ML, (0,1 %, 0,25 %
1 0,4 %) v konnareHa (150 Mkr/mn, 300 MKr/Mn 1 600 MKr/Mi1). CKOpocTb GOPMUPOBAHUS KIIETOYHbIX KOHTTIOMepaToB
oLEeHMBaNn Yepes n3aMeHeHue nx nnowaam cnycta 4, 24, 48 n 72 yaca KynbTUBUPOBaHUS.

Pesynbratbl. MNpumeHeHune nokpbiTusi us CU3J1 159-330 no3Bonuno nonyuymtb cheponabl TakKMX XKe pa3MepoB, YTo U Jo-
6aBnenHue 0,4 % ML, Ha BpeMeHHOM npomexyTke 72 yaca. CUIMKOHOBOE NOKPbITUE JOMNONHUTENBHO YMEHbLUUIIO pasMepbl
KNeTouHbIX chepounpos B cpege ¢ 0,1 % ML, Bo Bcex BpeMeHHbIX Toukax, 0fiHaKo C POCTOM KOHLUeHTpauuu ML aaHHbIR
addekT ncyesan. Kpome toro, ncnonobsosaHne CU3J1 159-330 ymMeHbLUWNIIO CBA3b pa3MepPOB KJIETOYHbIX cheponoB
C KOHUeHTpauuei ML, 4To no3BonsieT paccMaTpuBaTb NPUMEHEHWe aHHOrO NOKPbITUSA, KakK anbTepHaTuBy MLL nnu cnoco6
COKpaTUTb eé KOHLEeHTpaLuto. B onbiTe ¢ fo6aBneHneM B cpefly KyNbTUBUMPOBAHUS KOMnareHa pasmepbl KNEeTOYHbIX KOH-
rnoMepaToB, 06pasyHOLLMXCA Ha CUIMKOHOBOM MOKPbITUW, 6bININ AOCTOBEPHO MEHbLLIE, YEM Ha MacTUKe 6e3 NoKpbITUS BO
BCeX BapuaHTax oMbiTa U BpeMeHHbIX Toukax. [pu aTom addekT 6b11 60nee BbipaXKeHHbIM AN KOHLEHTPaLumM KosiareHa
600 mkr/mn. MpumMeHeHne nokpbiTua 3 CU3J 159-330, Kpome TOro, COKpaTUIO BapnaTUBHOCTb padMepoB 1 hOopMbl
06pasyroLLMXCA KNETOYHbIX KOHTTOMepaToB.

3akntoyeHne. YCKopeHHas arperaums KeToK 1 BONIOKOH BHEK/IETOYHOMO MaTpMKCa B BUCAUYMX KamJisx, @ TaKXKe COKpaLleHue
BapMaTMBHOCTU B pa3Mepax U popme 06pasyoLmxcs KNeTouHbix ckonneHnini Ha CU3J1 159-330 no3BossieT COKpaTUTb
BpeMs NPOBeAEHUS SKCNEPUMEHTOB U MaTepuasbHble 3aTpaThbl, Kak B OMNbITax ¢ f06aBIeHNEM BELLECTB, YCKOPSAOLWMUX
tdopmupoBaHme chepongos (ML, u KonnareH), Tak U B UX OTCYyTCTBUE.

KnioyeBble cnoea:
TpEXMepHas KneTouYHas KynbTypa, KNETOYHbI chepoua, METoA BUCSYEN Kaniu, METUNLIENIIION033, KOJINareH,
CUJIMKOHOBBII 3n1acToMep
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RELEVANCE

High-performance methods of drug screening tra-
ditionally rely on two-dimensional cell cultures grown
on plastic in the wells of multipath tablets. Recently,
the trend has shifted towards three-dimensional drug
screening, especially in cancer therapy, due to the
unique characteristics provided by these cultivation
platforms. It is known that the cultivation of cancer
cells in two-dimensional cultures leads to a change
in their phenotype and a loss of the properties that
these cells possess in vivo in the body of patients, in
particular, to a loss of expression of molecules of key
signaling pathways [1]. Nevertheless, the phenotype
of tumor cells is able to recover in three-dimensional
cultures due to increased adhesion and signaling in-
teractions between cells and the extracellular matrix,
a decrease in the rate of proliferation to the corre-
sponding physiological growth rate, the formation of
limited nonlinear metabolic gradients corresponding
to the natural growth environment of tumor cells and
other factors [2].

One of the most common types of three-
dimensional cell culture are cellular spheroids. At
the moment, there are many methods for obtaining
spheroids, of which the "hanging drop" method is con-
sidered the most affordable, which does not require
special equipment or consumables [3]. The essence
of this method is that the cells are placed in a sus-
pended drop of the medium, and as a result of the
action of gravity and the meniscus that occurs at the
air-liquid interface, the cells are localized at the bot-
tom of the hanging drop [4]. One of the weak points
of the culture of spheroids obtained by the "hanging
drop" method is the variability of the morphology
and structure of the resulting cellular conglomer-
ates, which reduces the accuracy of reproduction of
natural profiles of metabolic gradients and makes it
difficult to compare the effectiveness of drugs. The
introduction of additives that accelerate cell aggre-
gation contributes to improving the reproducibility of
compact round spheroids. Currently, both biological
and synthetic additives are used, which are based on
the ability to cross-link cells with each other, stimu-
late cell adhesion or modify the rheological proper-
ties of the medium to accelerate the sedimentation
of cells in the lower part of the drop. Extracellular
matrix components such as collagen, fibronectin or
a preparation of the basement membrane formed
by the culture of mouse sarcoma cells — Matrigel®

are usually used as crosslinking agents [5]. Various
cellulose derivatives, in particular, methylcellulose
(MC), are most often used as additives that change
the rheological properties of the media [6].

The disadvantages of MC and collagen include the
possible effect on the interaction of cells with each
other and other components of the medium. Thus,
collagen is an active participant in cell signaling [7],
so its presence can change the behavior of cells that
interact with the extracellular matrix of a different
chemical composition under natural conditions, such
as brain tumor cells [8]. Methylcellulose, according
to the general idea, is an inert agent that does not
interact with cells, however, due to the large number
of coordination bonds with other molecules of the
medium, MC can lead to an unpredictable change in
their properties [9].

Due to the existing disadvantages of additives
accelerating cell aggregation, researchers pay at-
tention to the modification of the surface and giving
it hydrophobic properties, which contributes to the
creation of a higher curvature of the drop surface,
leading to accelerated aggregation of cells in its
lower part. For these purposes, Parafilm® laborato-
ry film is most often used [10; 11] and a coating of
polydimethylsiloxane (PDMS) [12] - one of the vari-
eties of silicone. Earlier we showed that the coating
made of biologically inert silicone elastomer SIEL
159-330, produced for medical purposes (GNIIKH-
TEOS, Moscow, Russia) [13] after modification of the
curing mode for working with culture plastic does
not have cytotoxic properties and is not inferior to
Parafilm® film in its ability to accelerate the formation
of cellular spheroids [14]. In this paper, we continued
to study the possibilities of this silicone coating in
the context of improving the protocol for obtaining
spheroids by the hanging drop method.

The purpose of the study was to investigate the
effect of SIEL 159-330 coating on the rate and nature
of the formation of cell clusters in a hanging drop
in combination with the use of methylcellulose and
collagen as agents that improve cellular aggregation.

MATERIALS AND METHODS

BT20 breast cancer culture cells were grown in
DMEM (Gibco, USA) with the addition of 10 % fetal
cow serum (HyClone, USA) without the addition of
antibiotics. Spheroids from BT20 culture cells were
obtained by the hanging drop method, namely by
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applying droplets of culture medium with cells to the
inner surface of the Petri dish lid, followed by turning
over and covering the bottom of the cup, into which
a phosphate buffer was introduced to create a wet
chamber and thereby prevent the droplets from drying
out too quickly. The volume of applied drops was 20
ul, each drop contained 10* VT20 culture cells. The
study tested the coating of culture plastic (polysty-
rene) with silicone elastomer SIEL 159-330, cured at
a temperature of 60 °C for 18 hours, in combination
with the addition of methylcellulose in 3 concentra-
tions (0.1 %, 0.25 % and 0.4 %), as well as collagen in
3 concentrations (150 pg/ml, 300 pg/ml and 600 pg/
ml). In total, 35 repetitions were laid for each version
of the experience and controls. Petri dishes with ap-
plied droplets were kept in a CO, incubator at a tem-
perature of 37 °C and a CO, content of 5.0 % without
changing the medium for 72 hours and photofixation
of the resulting cell conglomerates was performed
after 4, 24, 48 and 72 hours using an inverted Axio
Vert microscope. A1 (Carl Zeiss Microscopy, Ger-
many). The resulting images were used to measure
the area of the resulting conglomerates. The data
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RESEARCH RESULTS AND DISCUSSION

The use of a SIEL 159-330 coating by itself led
to a reduction in the size of the formed cell con-
glomerates, which is clearly seen in the graphs in
samples without MC (Fig. 1A, B) The result obtained
corresponds to the data we previously published [14]
and is confirmed by statistical analysis (Table 1). The
addition of methylcellulose further reduced the size
spheroids on both tested surfaces, which is also con-
sistent with the literature data [6; 15]. Nevertheless,
after 72 hours of cultivation on a silicone coating,
the difference between the control and the medium
with the addition of 0.4 % MC became statistically
insignificant (t = 0.68, t_, = 1.995, df = 68, a = 0.05),
therefore, at this time interval, SIEL 159-330 can be
a replacement for MC.

The minimum size and stabilization of the size of
the spheroid were not observed on uncoated plas-
tic and without the addition of MC, up to 72 hours
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Fig. 1. Size of cell conglomerates with the addition of various concentrations of methylcellulose. A — uncoated polystyrene. B — coated

with SIEL 159-330. Mean 95 % conf. interval.
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of cultivatio (Fig. 1A, control). The use of a coating
from SIEL 159-330 reduced the formation time of
a compact spheroid to 48 hours (Fig. 1 B, control),
and the additional introduction of MC accelerated the
stabilization of the sizes of spheroids to 24 hours. At
the same time, the addition of a coating from SIEL
159-330 did not affect the final size of the spher-
oids — after 72 hours of cultivation, there was no
statistically significant difference in the values of
the area of the spheroids between the two coatings
(Table 1).

The data obtained by us also indicate that the
silicone coating makes a significant contribution
to accelerating the formation of spheroids at low
concentrations of MC. This can be judged by the dif-
ference between the average values of the area of
spheroids formed on uncoated plastic and silicone
coating after 4 hours of cultivation (t = 6.53) and after
48 hours of cultivation (t = 2.32) at a concentration of
0.1 % MC. At other time points, the Student's criterion
value, although close to the critical value (t_, = 1.995,
df = 68), nevertheless did not exceed it (Table 1). For
concentrations of 0.25 % and 0.4 % MC, significantly

significant differences in the average sizes of spher-
oids were observed only after 4 hours of cultivation
(t,s5 = 248, 1, = 3.09), with a sharp decrease in the
Student's criterion value at subsequent time points.
Shortening the time for the formation of spheroids in
the hanging drop method would make it possible to
move earlier to manipulations with them - transfer,
replacement of the medium, introduction of addition-
al components, etc.

The graphs show that on uncoated plastic, the size
of the spheroid clearly correlates with the concentra-
tion of MC - the higher the concentration, the smaller
the size of the spheroids at each time point (Fig. 1A).
At the same time, the difference was statistically
significant, since the values of the Fisher criterion for
all variants exceeded the critical value (F_, = 3.087,
k, =2, k, =102, a = 0.05) with a gradual decrease
by 72 hours (Table 2). On the SIEL 159-330 coat-
ing, the difference between variants with different
concentrations of MC is reduced, but also remains
reliably significant.

The observed pattern corresponds to the data
known from the literature [15]. These observations

Table 1. The Student's t test value of for pairwise comparison of the average values of the area of spheroids formed on the

plastic coated with SIEL 159-330 and uncoated plastic

Cultivation time, hrs.

Cultivation media

4 24 48 72
Control n/a 71.03 11.4 31.18
MC 0.1 % 6.53 1.91 2.32 1.98
MC 0.25 % 2.48 1.87 0.75 1.86
MC 0.4 % 3.09 1.56 0.66 0.37
Collagen 150 pg /ml 6.46 10.55 10.41 9.05
Collagen 300 pg/ml 6.0 12.57 3.15 3.02
Collagen 600 pg/m 4.17 13.58 8.31 5.1

Note: values of the t criterion exceeding the critical value for the significance level adopted in the study a = 0.05 (t_, = 1.995, df = 68) are
highlighted in bold.

Table 2. The Fisher F criterion values of the analysis of variance of the average values of the area of spheroids formed at
three concentrations of methylcellulose for each time point

Cultivation time, hrs.

Coating type

4 24 48 72
Polystyrene without 112.76 26.09 298 14.29
coating

SIEL 159-330 67.86 26.94 3.71 8.12
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allow us to conclude that the use of a coating from
SIEL 159-330 can contribute to a decrease in the
concentration of MC for short exposures and a com-
plete rejection of MC during cultivation for 72 or more
hours in cases where MC can interfere with the ex-
periment.

In addition to accelerating the formation of spher-
oids at the early stages of the experiment, the SIEL
159-330 coating had a noticeable effect on the
shape of the formed cellular conglomerates in the
experiment with MC. So, after 72 hours of cultivation,
the cellular spheroids obtained on SIEL 159-330 had
a more even contour, which is especially noticeable
in the control samples (Fig. 2). Smooth contours
indicate uniform formation of the spheroid and, as
a consequence, its homogeneous structure. The ho-
mogeneous structure of spheroids, in turn, is the key
to a smaller spread of data obtained on such cellular
models when testing various physical and chemical
influences.

In the experiment with the addition of collagen to
the culture medium, the sizes of cellular conglom-

erates formed on silicone coating were significantly
smaller than on uncoated plastic in all variants of
the experiment and time points (Table 1). Compared
with the control, the addition of collagen led to the
formation of conglomerates, the size of which directly
depended on the concentration of collagen (Fig. 3A,
B). First of all, the observed effect is due to the fact
that the resulting fibers of the extracellular matrix are
themselves the material of the conglomerate, and,
therefore, directly determine its volume. To an even
greater extent, the concentration of collagen deter-
mines the observed area of conglomerates, since the
fibers are collected on the surface of the drop and
the cluster formed in this case is a disk, not a ball.
In contrast to the MC experiment, the addition of
a silicone coating led to a significant reduction in
the size of cell clusters at all time points and in all
samples with the addition of collagen. Attention is
also drawn to the change in the regularity of the for-
mation of cell clusters when using a coating from
SIEL 159-330. Thus, in uncoated plastic samples,
the size and concentration are linearly related, as

=

Polystyrene

Methylcellulose

SIEL 159-330

Collagen
Polystyrene

SIEL 159-330

Fig. 2. View of cell spheroids obtained with the addition of methylcellulose or collagen to the medium after 72 hours of cultivation on
polystyrene coated with SIEL 159-330 and uncoated polystyrene. Magnification x20. Scale bar 1000 pm.
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indicated by the increase in the size of the disc in
proportion to the increase in the amount of collagen,
which is most clearly seen after 72 hours of culti-
vation (Fig. 3A). At the same time, when cultured
on a silicone coating, the gap between 300 ug/ml
and 600 pg/ml was significantly reduced, with an
almost unchanged difference between 150 pug/mi
and 300 pg/ml (Fig. 3B). This behavior of cellular
conglomerates most likely indicates the accelerated
formation of conglomerates in the early hours after
the experiment was started, which allowed a more
compact cluster to form before the completion of
collagen polymerization, all other things being equal.
This is also evidenced by the high optical density of
the clusters formed on the SIEL 159-330 coating
compared to uncoated plastic at the same collagen
concentrations (Fig. 2).

One of the disadvantages of collagen observed in
our experiment is the long-term stabilization of the
size of spheroids. Regardless of the concentration of
collagen, the area of aggregates formed on uncoated
plastic continues to decrease between 48 and 72
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hours of cultivation (Fig. 3A), which increases the
time for experiments with such 3-dimensional cell
models. However, the use of silicone coating led to
a reduction in the stabilization time of the size of
aggregates from cells and fibers of the extracellular
matrix up to 48 hours, regardless of the concentration
of collagen (Fig. 3B).

Attention is also drawn to a sharp decrease in
the variation in the size of cellular conglomerates
when using a coating from SIEL 159-330 for all time
points. Thus, the standard deviation on uncoated
plastic averaged 0.9 compared to 0.18 on SIEL
159-330 in all variants of the experiment with the
addition of collagen and time points. As in the case
of a uniform surface and structure of spheroids, the
reduced variability in the size of 3-dimensional cell
models makes it possible to reduce the spread of
experimental data in subsequent studies.

CONCLUSION

The use of a coating made of silicone elastomer
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Fig. 3. The size of cell conglomerates with adding different concentrations of collagen. A — uncoated polystyrene. B — coated with SIEL

159-330. Mean + 95 % conf. interval.
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SIEL 159-330 makes it possible to improve the prac-
tice of obtaining cellular spheroids by the hanging
drop method. Accelerated aggregation of cells and
fibers of the extracellular matrix, which we observe
in the first hours of cultivation of drops on SIEL 159-
330, allows us to reduce the time of experiments,

both with the addition of substances that accelerate
the formation of spheroids (MC and collagen), and in
their absence. In addition, the tested silicone coating
also reduces the material costs of conducting studies
in which collagen is used by reducing the variability
in the size of the formed cellular conglomerates.
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