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APPLICATION OF SILICONE COATING TO OPTIMIZE THE PROCESS OF 
OBTAINING CELLULAR SPHEROIDS BY THE HANGING DROP METHOD 

S. Yu. Filippova�, A. O. Sitkovskaya, S. V. Timofeeva, T. V. Shamova, I. V. Mezhevova,
N. V. Gnennaya, I. A. Novikova

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
� filsv@yandex.ru

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 μL (104 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 µg/ml, 300 µg/ml and 600 µg/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 μg/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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ПРИМЕНЕНИЕ СИЛИКОНОВОГО ПОКРЫТИЯ ДЛЯ ОПТИМИЗАЦИИ ПРОЦЕССА 
ПОЛУЧЕНИЯ КЛЕТОЧНЫХ СФЕРОИДОВ МЕТОДОМ ВИСЯЧЕЙ КАПЛИ

С. Ю. Филиппова�, А. О. Ситковская, С. В. Тимофеева, Т. В. Шамова, И. В. Межевова,  Н. В. Гненная, И. А. Новикова 

НМИЦ онкологии, г. Ростов-на-Дону, Российская Федерация
� filsv@yandex.ru

РЕЗЮМЕ

Цель исследования. Исследовать влияние покрытия из СИЭЛ 159–330 на скорость и характер образования клеточ-
ных скоплений в висячей капле в сочетании с применением метилцеллюлозы (МЦ) и коллагена в качестве агентов, 
улучшающих агрегацию клеток.
Материалы и методы. Клетки культуры рака молочной железы ВТ20 в количестве 104 помещали в каплях объёмом 
20 мкл на крышку полистироловой чашки Петри с покрытием из силиконового эластомера СИЭЛ 159–330 (АО «ГНИ-
ИХТЭОС», г. Москва, Россия) или без покрытия. В исследовании тестировали по три концентрации МЦ (0,1 %, 0,25 % 
и 0,4 %) и коллагена (150 мкг/мл, 300 мкг/мл и 600 мкг/мл). Скорость формирования клеточных конгломератов 
оценивали через изменение их площади спустя 4, 24, 48 и 72 часа культивирования.
Результаты. Применение покрытия из СИЭЛ 159–330 позволило получить сфероиды таких же размеров, что и до-
бавление 0,4 % МЦ на временном промежутке 72 часа. Силиконовое покрытие дополнительно уменьшило размеры 
клеточных сфероидов в среде с 0,1 % МЦ во всех временных точках, однако с ростом концентрации МЦ данный 
эффект исчезал. Кроме того, использование СИЭЛ 159–330 уменьшило связь размеров клеточных сфероидов 
с концентрацией МЦ, что позволяет рассматривать применение данного покрытия, как альтернативу МЦ или способ 
сократить её концентрацию. В опыте с добавлением в среду культивирования коллагена размеры клеточных кон-
гломератов, образующихся на силиконовом покрытии, были достоверно меньше, чем на пластике без покрытия во 
всех вариантах опыта и временных точках. При этом эффект был более выраженным для концентрации коллагена 
600 мкг/мл. Применение покрытия из СИЭЛ 159–330, кроме того, сократило вариативность размеров и формы 
образующихся клеточных конгломератов.
Заключение. Ускоренная агрегация клеток и волокон внеклеточного матрикса в висячих каплях, а также сокращение 
вариативности в размерах и форме образующихся клеточных скоплений на СИЭЛ 159–330 позволяет сократить 
время проведения экспериментов и материальные затраты, как в опытах с добавлением веществ, ускоряющих 
формирование сфероидов (МЦ и коллаген), так и в их отсутствие.

Ключевые слова:
трёхмерная клеточная культура, клеточный сфероид, метод висячей капли, метилцеллюлоза, коллаген, 
силиконовый эластомер
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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 
µl, each drop contained 104 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 µg/ml, 300 µg/ml and 600 µg/
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 CO2 incubator at a tem-
perature of 37 °C and a CO2 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 

is given as an average value of ± 95 % confidence 
interval for the average value.

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, tcrit = 1.995, df = 68, α = 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 

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.

А B
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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 (tcrit = 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 
(t0.25 % = 2.48, t0.4 % = 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 (Fcrit. = 3.087, 
k1 = 2, k2 = 102, α = 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 media
Cultivation time, hrs.

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 μg /ml 6.46 10.55 10.41 9.05

Collagen 300 μg/ml 6.0 12.57 3.15 3.02

Collagen 600 μg/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 α = 0.05 (tcrit = 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

Coating type
Cultivation time, hrs.

4 24 48 72

Polystyrene without 
coating 112.76 26.09 29.8 14.29

SIEL 159-330 67.86 26.94 3.71 8.12

Южно-Российский онкологический журнал 2022, Т. 3, № 3, С. 15-23
Филиппова С. Ю.�, Ситковская А. О., Тимофеева С. В., Шамова Т. В., Межевова И. В., Гненная Н. В., Новикова И. А. /  Применение 

силиконового покрытия для оптимизации процесса получения клеточных сфероидов методом висячей капли



20

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 

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 ×20. Scale bar 1000 μm.
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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 μg/ml 
and 600 μg/ml was significantly reduced, with an 
almost unchanged difference between 150 µg/ml 
and 300 µg/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 

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 

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.

А B
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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.

Reference

1. Kit OI, Shatova JuS, Novikova IA, Vladimirova LJu, Uljanova EP, Komova EA, et al. P53 and BCL2 expression in different breast
cancer subtypes. Fundamental Research. 2014;(10-1):85–88. Available at:
https://fundamental-research.ru/ru/article/view?id=35219, Accessed: 16.03.2022. (In Russ.).
2. Timofeeva SV, Shamova TV, Sitkovskaya A.O. 3D bioprinting of tumor microenvironment: recent achievements. Biology Bul-
letin Reviews. 2021;82(5):389–400. (In Russ.). https://doi.org/10.31857/S0044459621050067
3. Liu D, Chen S, Win Naing M. A review of manufacturing capabilities of cell spheroid generation technologies and future de-
velopment. Biotechnol Bioeng. 2021 Feb;118(2):542–554. https://doi.org/10.1002/bit.27620
4. Kelm JM, Timmins NE, Brown CJ, Fussenegger M, Nielsen LK. Method for generation of homogeneous multicellular tumor spher-
oids applicable to a wide variety of cell types. Biotechnol Bioeng. 2003 Jul 20;83(2):173–180. https://doi.org/10.1002/bit.10655
5. Ivascu A, Kubbies M. Diversity of cell-mediated adhesions in breast cancer spheroids. Int J Oncol. 2007 Dec;31(6):1403–1413.
https://doi.org/10.3892/ijo.31.6.1403
6. Leung BM, Lesher-Perez SC, Matsuoka T, Moraes C, Takayama S. Media additives to promote spheroid circularity and com-
pactness in hanging drop platform. Biomater Sci. 2015 Feb;3(2):336–344. https://doi.org/10.1039/c4bm00319e
7. Huang H, Wright S, Zhang J, Brekken RA. Getting a grip on adhesion: Cadherin switching and collagen signaling. Biochim Bio-
phys Acta Mol Cell Res. 2019 Nov;1866(11):118472. https://doi.org/10.1016/j.bbamcr.2019.04.002
8. Shamova TV, Sitkovskaya AO, Rostorguev EE, Kuznetsova NS, Kavitskiy SE. Preparation of Primary Glial Tumor Cell Lines.
Perm Medical Journal. 2020;37(5):79–89. https://doi.org/10.17816/pmj37579-89
9. Dalir Abdolahinia E, Jafari B, Parvizpour S, Barar J, Nadri S, Omidi Y. Role of cellulose family in fibril organization of collagen for 
forming 3D cancer spheroids: In vitro and in silico approach. Bioimpacts. 2021;11(2):111–117. https://doi.org/10.34172/bi.2021.18
10. Oliveira MB, Neto AI, Correia CR, Rial-Hermida MI, Alvarez-Lorenzo C, Mano JF. Superhydrophobic chips for cell spheroids
high-throughput generation and drug screening. ACS Appl Mater Interfaces. 2014 Jun 25;6(12):9488–9495.
https://doi.org/10.1021/am5018607
11. Fu JJ, Lv XH, Wang LX, He X, Li Y, Yu L, et al. Cutting and Bonding Parafilm® to Fast Prototyping Flexible Hanging Drop Chips
for 3D Spheroid Cultures. Cell Mol Bioeng. 2021 Apr;14(2):187–199. https://doi.org/10.1007/s12195-020-00660-x
12. Kuo CT, Wang JY, Lin YF, Wo AM, Chen BPC, Lee H. Three-dimensional spheroid culture targeting versatile tissue bioassays
using a PDMS-based hanging drop array. Sci Rep. 2017 Jun 29;7(1):4363. https://doi.org/10.1038/s41598-017-04718-1
13. Nanushyan SR. Organosilicon Materials of Rapid Curing: History of Trend Development. Chemical Industry Journal Today.
2015;(11):21–26. (In Russ.).
14. Filippova SYu, Sitkovskaya AO, Vashchenko LN, Kechedzhieva EE, Dashkova IR, Ausheva TV, et al. Application of Sil-
icone Coating for Obtaining Cell Spheroids Using the Hanging Drop Method. Journal of Medical and Biological Research.
2022;10(1):44–51. https://doi.org/10.37482/2687-1491-Z089
15. Ware MJ, Colbert K, Keshishian V, Ho J, Corr SJ, Curley SA, et al. Generation of Homogenous Three-Dimensional Pancre-
atic Cancer Cell Spheroids Using an Improved Hanging Drop Technique. Tissue Eng Part C Methods. 2016 Apr;22(4):312–321.
https://doi.org/10.1089/ten.TEC.2015.0280

Information about authors:
Svetlana Yu. Filippova� – research fellow at the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation. ORCID: https://orcid.org/0000-0002-4558-5896, SPIN: 9586-2785, AuthorID: 878784, ResearcherID: AAH-4408-2020, Scopus 
Author ID: 57189618843
Anastasia O. Sitkovskaya – Cand. Sci. (Biol.), head of the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-
on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-6035-1756, SPIN: 1659-6976, AuthorID: 791081, ResearcherID: E-7496-2018, 
Scopus Author ID: 56381527400

South Russian journal of cancer 2022, Vol. 3, No. 3, P. 15-23
Filippova S. Yu.�, Sitkovskaya A. O., Timofeeva S. V., Shamova T. V., Mezhevova I. V., Gnennaya N. V., Novikova I. A. / Application of silicone coating 
to optimize the process of obtaining cellular spheroids by the hanging drop method 

https://doi.org/10.1002/bit.10655
https://doi.org/10.34172/bi.2021.18



23

Sofia V. Timofeeva – research fellow at the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-on-Don, Russian 
Federation. ORCID: https://orcid.org/0000-0002-5945-5961, SPIN: 5362-1915, AuthorID: 1064599, ResearcherID: AAH-4834-2020, Scopus Author ID: 
57243356500
Tatiana V. Shamova – junior research fellow at the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation. ORCID: https://orcid.org/0000-0002-4555-8556, SPIN: 5426-1873, AuthorID: 1051985, ResearcherID: AAR-3198-2021, Scopus 
Author ID: 57221303597
Irina V. Mezhevova – junior research fellow at the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation. ORCID: https://orcid.org/0000-0002-7902-7278, SPIN: 3367-1741, AuthorID: 1011695, ResearcherID: AAI-1860-2019
Nadezhda V. Gnennaya – junior research fellow at the laboratory of cell technologies, National Medical Research Centre for Oncology, Rostov-on-
Don, Russian Federation. https://orcid.org/0000-0002-3691-3317, SPIN: 9244-2318, AuthorID: 900758, ResearcherID: V-5582-2018, Scopus Author 
ID: 57214806863
Inna A. Novikova – Cand. Sci. (Med.), deputy general director for science, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation. https://orcid.org/0000-0002-6496-9641, SPIN: 4810-2424, AuthorID: 726229, ResearcherID: E-7710-2018, Scopus Author ID: 
57202252773

Contribution of the authors:
Filippova S. Yu. – research concept;
Sitkovskaya A. O. – final conclusions;
Timofeeva S. V. – writing the text;
Shamova T. V. – revision of the text;
Mezhevova I. V. – conducting experiments;
Gnennaya N. V. – conducting experiments;
Novikova I. A. – scientific guidance.
All authors made an equivalent contribution to the preparation of the publication.

Южно-Российский онкологический журнал 2022, Т. 3, № 3, С. 15-23
Филиппова С. Ю.�, Ситковская А. О., Тимофеева С. В., Шамова Т. В., Межевова И. В., Гненная Н. В., Новикова И. А. /  Применение 

силиконового покрытия для оптимизации процесса получения клеточных сфероидов методом висячей капли


