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Introduction. Laboratory production of viral material in small quantities is performed, as a rule, using adherent cell lines and culture flasks of
varying surface area. The need to increase product yield leads to either an increase in the number of flasks or a switch to other accumulation
systems, such as roller bottles. One factor influencing the efficiency of cell adhesion and homogeneous monolayer formation is the rotation
frequency of the roller bottle. There is a lack of available research data on the impact of rotation frequency on these parameters and determi-
nation of its optimal value, particularly based on cellular morphology.

Objective. To optimize the initial stage of roller cultivation for Vero and HEK293 cell lines, taking into account the effect of roller bottle rotation
frequency on cell adhesion during seeding and monolayer formation.

Materials and methods. Experiments were conducted using two monolayer cell lines, Vero and HEK293. Seeding concentrations were
taken from the cell line passports, amounting to 4x10* cells/cm?. Each cell line was seeded onto roller bottles and cultured according to the
range of rotation frequencies (0.2, 0.3, 0.4, 0.5, and 0.6 rpm) using a Celrol Mid roller (Wiggens) in a RWD D180 CO, incubator. Following 1, 2,
and 3 days of cultivation, the quality of cell adherence to the growth surface and monolayer formation was assessed by a TC5400 microscope
(Meiji Techno).

Results. During cultivation of the Vero cell line, the rotation frequency up to 0.6 rpm did not significantly affect cell adhesion to the surface.
The most homogenous cell distribution was observed at rotation frequencies of 0.4-0.5 rom. The HEK293 cell culture is more sensitive to
mechanical disturbances of the nutrient medium; as a result, at rotation frequencies above 0.2 rpm, abnormally rounded cell shapes and
impaired adherence to the growth surface were observed. Furthermore, continued cultivation at this rotation frequency did not lead to the
formation of a homogenous monolayer due to slow alternation between the respiration and nutrition phases. Consequently, after cell adher-
ence to the surface, the rotation frequency of the roller bottle should be increased.

Conclusions. For the Vero cell line, the optimal rotation frequency was established to be 0.4-0.5 rpom. For the HEK293 cell line, the rotation
frequency should be at least 0.2 rpm during the first day followed by its increase to 0.5 rpm after 24 h. The tested cultivation conditions enable
an efficient growth of these cell lines for the production of viral biomass.
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ONTUMUSALUNA HAYATIBHOIO STAMA KYNLTUBUPOBAHUSA KNETO4HbIX JIMHUNA VERO
N HEK293

.. Tysosa™, T.W. HYupkuHa, V.A. HypkuH, AH. Nax, KM. Medhén, B.A. MakcrumoB

LleHTp cTpaTermnyeckoro nnaHMpoBaHKs 1 ynpaBieHrst MeamnKo-01oorM4eckuMm puckamm 3aopoBsblo PeaepanibHoro Meamnko-
6uonorudeckoro areHTcTea, Mocksa, Poccust

BeepeHune. HapaboTtka B n1abopaTopusx BUPYCHOrO Matepuana B Masbix KOMHeCTBax, Kak Npasuio, MPOBOAUTCS C UCMOb30BaHVEM af-
FePEHTHBIX JIMHWIA 1 KYNTYpasibHbIX (hIakOHOB pasnnyHoi niowaan. HeobxognmMocTb yBeNMYeHNs BbIXOAa NPOoLyKTa NpUBOAUT UL K yBe-
JIMYEHNIO KONM4ecTBa PakoHOB, MM CMEHE CUCTEMbI HaKOMIEHNS, HanpUMep Ha posinepHble 6y Toinn. OfHVM 13 (hakTopoB, OKa3blBato-
LLMX BANSHME Ha 3PdPEKTUBHOCTb aAre3nm KNeTok 1 opMmMpoBaHne 0gHOPOAHOIO MOHOCOSN, SBAETCA YacToTa BPALLEHVS PONIEPHOM
ByTbINN. [pK 3TOM OTMEYEHO HEDONbBLLOE KONMHYECTBO UCCNEA0BAHNI, KaCatOLLMXCS OLIEHKIN BAVSIHUS YaCcTOTbl BpaLLeHNst 1 onpeaeneHns
ee onT1MasIbHOro nokaaarensi, 0CO6eHHO Ha OCHOBE MOPONOTN KNETOK.

Lenb. OnTMmn3npoBaTth HadasnbHbI 3Tan POIEPHOrO KyNLTUBMPOBAHNSA KNETO4HbIX MHUA Vero n HEK293 ¢ y4eToM BAVSHNS 4acToTbl
BpaLLeHNs ponnepHor ByTbin Ha MPUKPENeHne KNeTOoK Npu nocese 1 hopMUpoBaHME MOHOCIIOS.

Martepuansl n metopbl. [1ns npoBefeHNst aKCNepUMeHTanbHOM paboTbl Bbinn NCMONb30BaHbl 2 MOHOCOMHbIE KNETOYHble NHUK: Vero
1 HEK298. NoceBHble KOHLEHTpaLMN Oblnvi B3ATbI U3 MACMOPTOB KJIETO4HBIX IMHWUI 1 cocTaBnsnm 4x104 kn/cm?. KneTouHyto nnHu 3ace-
Basn Ha posnepHble OyThiNn N KYNETUBUPOBAM COrMacHo AMana3oHy 4acToT BpalleHus 0,2, 0,3, 0,4, 0,5 1 0,6 06/M1H ¢ CNONb30BaHNEM
ponnepHon yctaHoeku Celrol Mid, Wiggens B CO,-nHky6aTtope D180, RWD. Hepes 1, 2 1 3 cyT Ky/IETUBMPOBaHWS OLEHUBAN Ka4eCTBO
NPVIKPENNEHNS KNETOK K POCTOBOW MOBEPXHOCTU 1 (hOPMUPOBAHNE MOHOCIOA MyTEM MPOCMOTPa Mo Mykpockonom TC5400, Meiji Techno.
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Pesynbtatbl. [Mpy KyNsTMBMPOBAHUN KNETOYHOW NHUK Vero YactoTa BpalleHns 0o 0,6 06/MnH He okadblBana 3HaYUTENbHOMO BANSHNUS
Ha afre3uio KNeTok K MoBEPXHOCTU. Hanbonee paBHOMEPHOE pPacrnonoXeHve KNETOK Habnoaanu npu YactoTe BpalleHns 0,4-0,5 06/MuH.
Kynbtypa knetok HEK293 6onee 4yBCTBUTENBHA K MEXAQHNHYECKM BO3AENCTBUSAM NUTATENBHOW Cpedbl, U NP YacToTe BpalLeHMs CBbille
0,2 06/MVH HabnfaNM aTUNUYHO OKPYIble (DOPMbI KNETOK 1 HAPYLLEHME MOHOLEHHOIO NX MPUKPENIEHNS K POCTOBOW NOBEPXHOCTU. [pun
5TOM AanbHeliLlee KynbTUBMPOBaHVE Ha faHHOW YacToTe BpaLLeHWst He MpUBOAMI0 K (hOPMUPOBaHIMIO OAHOPOAHOrO MOHOCOS 13-3a Mef-
JIEHHOrO YepenoBaHnsg «dadbl AblXaHus» U «dadbl NuTaHus». CnegoBaTtenibHO, Mocie NPUKPENIEHVS KETOK K MOBEPXHOCTU HEOBXOANMO
YBEJIMYEHNE YaCTOTbI BPALLEHVS POSINIEPHON By ThINN.

BbiBogbl. [1ns1 KNeTo4HOW nnHWK Vero onTuMasbHOM YacToTol BpatlleHus sensetcs 0,4-0,5 06/MuH, Ans knetodHon nuHum HEK293 B nep-
Bble CyTKM HEOOX0AMMO ycTaHasAmBaTh 0,2 06/MuH, a 4Yepes CyTkM yBenninTsb o 0,5 06/MUH. ANpobrpoBaHHbIE YCIOBUS KYNBTUBMPOBaHNS
NMO3BOSIAOT BblpaLLMBaTh JaHHbIE KNETOYHbIE NIMHIK A5 HAPaOOTKM BMPYCHOM B1OMAacCChI.

KnioueBble cnoBa: KynbTypbl KNETOK; KYNbTUBMPOBAHWE KETOK; afArepPeHTHbIE KyNbTYPbl; KNETOYHAaa NHWUS Vero; KNeTodHas NVHKA
HEK293; ponnepHble OyTbinu; ponnepHoe KynsTUBMpPOBaHWE; aaredunsi; opMmMpoBaHne MOHOCHOS; MOPGOSorsa KNeTok; HapaboTka
KIETO4HOM BriomMacchl

Ons untupoBaHus: Tysosa V.., HYupkuHa T.A., HypkuH WA, Jlax AH., Medén K.M, Makcumos B.A. OnTrMmaaums Ha4anbHoro atana
KYNBTUBMPOBaHNS KNeTOo4HbIX NHWUA Vero n HEK293. MeauymHa akcTpemasibHbix cutyaumii. 2025. https:/doi.org/10.47183/mes.2025-324

duHaHcupoBaHue: paboTa BbiNofiHeHa 6e3 CrIOHCOPCKOM MOAAEPIKKM.

CooTBeTCTBME NPUHLMNAM 3TUKU: UCCNEO0BaHNe He TPeHOBASO 3aK/OHEHS NTOKaNbHOr0 61MO3TMYECKOro KommTeTa. B paboTe ncnosb-
30BaHbl kKneTo4Hble nuHMn HEK293 1 Vero, npepocTaBnerHble VIHCTUTYTOM CUHTETUYECKON BUONorm 1 reHHon nHxerHepun ey «LICTM»

OMBA Poccun.

MoTeHumanbHbINA KOH(NKT MHTEPECOB: aBTOPbI 3aABNAOT 06 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

<1 Tysosa MpuHa WropesHa [Tuzova@cspfmba.ru

Ctatbs noctynuna: 04.06.2025 NMocne popabotku: 03.09.2025 MpuHsaTa k ny6nukayum: 01.10.2025 Online first: 27.10.2025

INTRODUCTION

The majority of modern biotechnological processes rely
on the use of adherent cell lines, such as MRC5, Vero,
MDCK, and HEK293, as substrates for virus accumula-
tion [1].

The Vero cell line was derived in 1962 from kidney
cells of a female African green monkey. This is a con-
tinuously cultivable cell line suitable for long-term main-
tenance without acquiring tumorigenic properties [2].
Due to the low expression of interferon and biosafety,
this was the first cell line among those approved by the
World Health Organization for use as a substrate for vac-
cines, continuing to maintain its significance up to the
present [3].

The HEK293 cell line represents immortalized hu-
man embryonic kidney cells transformed by adenovirus
serotype 5 genes. This transformation made HEK293
cells particularly useful as a substrate for accumulat-
ing recombinant proteins that require post-translational
modifications. The presence of integrated E7TA and
E71B genes on chromosome 19 allows for the generation
of recombinant adeno-associated particles. Unlike the
Vero cell line, HEK293 exhibits genomic instability [4, 5].

Economic and social factors, such as the SARS-
CoV-2 pandemic, have stimulated the demand for large
volumes of antigen-accumulation substrate biomass
and new preventive biopreparations [6, 7].

One of the main challenges in scaling up monolayer cell
lines for industrial purposes consists in the need to increase
the amount of harvested cell biomass [8]. Four methods for
growing large volumes of cell cultures currently exist: static
[9], dynamic [10], suspension-based [10, 11], and the use of
micro- and macronutrient carriers [10, 12].

In comparison with other cultivation methods, roller
(dynamic) cultivation offers a number of advantages:

e economical use of nutrients and reagents with high-
er titers of virus-containing material per unit volume
compared to cultivation in culture flasks and cell fac-
tories. The increase in growth surface area by sev-
eral times is achieved through ribbed vessel walls,
while maintaining a compact size of the culture flask
and minimal increase in medium volume. The manu-
facturers recommend filling a roller bottle (1900 cm?)
with 300-400 mL of nutrient medium. For compari-
son, a smooth-wall roller flask of similar volume (area
850 cm?) contains up to 250 mL; therefore, more
than doubling the surface area increases the medium
volume by less than 1.5 times;

e |ower cost of required equipment for biomass pro-
duction, especially when using roller installations that
fit into a standard CO, incubator or thermostat, com-
pared to systems employing bioreactors and micro-
nutrients;

e comparable number of operations performed by per-
sonnel when working with rollers and when working
with culture flasks, yet providing for a larger growth
surface area [13].

Although rotation frequency is one of the key fac-
tors affecting cell adhesion and monolayer formation
[14], studies on this topic are scarce. When develop-
ing a methodology for rabies virus cultivation on Vero
cell culture using roller bottles, the study [15] indicated
an indirect relationship between rotation frequency
and the quality of cell adhesion to the growth surface.
This work evaluated changes in cell morphology dur-
ing cultivation stages relying solely on proliferation index
measurements. This study provided an assessment of
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relationships between rotation frequency and the final
cell number and division intensity [15]. For the HEK293
cell line, a specific cultivation protocol was mentioned:
starting at 0.25 rpm followed by switching to 1 rpm for
transfection with adeno-associated virus. At the same
time, the authors offered no justifications for altering the
rotation frequency range [16].

It should be noted that information on optimal rota-
tion frequency rates during cultivation, their influence on
cell adhesion during initial growth stages, as well as on
increasing cell biomass growth and ultimate cell yield, is
rather limited.

In this work, our objective was to optimize the initial
stage of roller cultivation for Vero and HEK293 cell lines,
taking into account the effects of roller bottle rotation fre-
quency on cell adhesion during seeding and monolayer
formation.

MATERIALS AND METHODS

In this study, HEK293 and Vero cell lines provided by the
Institute of Synthetic Biology and Genetic Engineering
of Centre for Strategic Planning of FMBA of Russia
were used. Roller bottles with a growth surface area of
2125 cm? (maximum capacity of 2300 mL, diameter of
122 mm, ribbed walls, TC-treated polystyrene produced
by Greiner) and culture flasks with an area of 175 cm?
(TC-treated polystyrene, ServiceBio, China) were used
as vessels for cultivation.

For the HEK293 cell line, Dulbecco’s Modified Eagle
Medium (ServiceBio, China) was used as the nutrient
medium, supplemented with 10 mL of penicillin-strep-
tomycin antibiotic solution (PanEko, Russia) per liter of
ready-to-use medium, 1% v/v GlutaMAX solution (Gibco,
UK), and 10% fetal bovine serum (Capricorn, UK).

For the Vero cell line, Earle’s salt-modified medium
(PanEko, Russia) was used, supplemented with 1%
gentamicin sulfate (PankEko, Russia), 146 mg glutamine
(PanEko, Russia), and 7.5% Embryo Replacement
FetalClone Ill (HyClone, USA).

Initial seeding concentrations for both studied cell
lines, determined according to recommended data in
the cell culture passports, were identical and comprised
4 x 10* cells/cm? or 213 x 108 cells/mL. A cell suspension
containing 85 x 10° + 10% cells was added to each roller
bottle. The total volume of complete nutrient medium in
the roller bottle was 400 mL (working volume according to
manufacturer recommendations). Cultivation was carried
out in a CO, incubator D180 (RWD) using a Centrol Mid
roller assembly (Wiggens) at constant rotational speeds of
0.2,0.3,0.4, 0.5, and 0.6 rpm. These ranges were select-
ed based on previously conducted studies on cultivating
various cell lines in roller bottles [15, 16]. The presence of
adherent cells, their morphology, and monolayer forma-
tion were assessed using microscopes, models TC5600
and TC5400 (Meiji Techno, Japan) at magnifications
of x10 objective lens and x10 ocular lens.
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The final cell count was determined using a C200FL
cell counter and viability analyzer (Life Science, China).
Prior to counting, the cells were dissociated with a
0.25% trypsin solution (PanEko, Russia) and resuspend-
ed in the appropriate nutrient medium described earlier
for each cell culture. A sample of the cell suspension
was diluted with 0.4% trypan blue dye (AbiDye, Russia)
in a ratio of 1:1. Counting was repeated three times, and
the average concentration of viable cells was calculated.

RESULTS AND DISCUSSION

When cultivating the Vero cell line at roller bottle rotation
frequencies ranging 0.2-0.5 rpm, on day 1, cell adhesion
was observed in all investigated roller bottles, with more
than 90% of the seeded cells attached. At a rotation fre-
quency of 0.6 rpom, fewer cells adhered to the plastic
growth surface, leading to a lower-quality monolayer
characterized by heterogeneity and inability to produce
viral material. The quality criteria included the presence
of a complete monolayer of cells without pronounced
granularity under bright-field microscopy, absence of
defects on the monolayer surface, and multi-layer cell
growth filling the growth space. This high adhesive ca-
pacity of cells is attributed to an elevated integrin expres-
sion associated with tissue origin characteristics, since
epithelial cells tightly arrange themselves together, form-
ing layers.

Cells retained their characteristic morphology con-
sistent with the cell line passport image. Although a
tendency towards monolayer formation was observed
at rotation frequencies of 0.2-0.5 rpm, on days 2 and
3 of cultivation, at a rotation frequency of 0.2 rpm, a
notable aggregation of cells appeared on the monolay-
er surface. At rotation frequencies of 0.3-0.4 rpm, the
number of cell aggregates decreased proportionately
with an increase in rotation frequency. At 0.5 rpom, we
observed the absence of cell aggregates on the sur-
face, which were floating within the medium bulk. This
phenomenon suggests that as an increase in rota-
tion frequency (faster alternating cycles of feeding and
breathing) creates more favorable conditions for cell
growth. However, at rotation rates exceeding 0.5 rpm,
the flow of culture medium induced by gravity and roller
motion might disturb cell aggregates, causing them to
detach from the surface.

For a greater visual clarity, photographs of Vero cells
at a roller installation rotation frequency of 0.5 rpm were
taken, illustrating the process of monolayer formation
during cultivation (Figure 1). The color background dif-
fers in the photos due to different settings of the LED
light source (built-in filter block) of the microscope used
for photography, as well as changes in the color of phe-
nol red in the nutrient medium caused by acid pH.

Figure 1 presents an image of cells 5 h after seeding,
depicting their massive adhesion to the plastic growth
surface and their typical polygonal morphology.
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Figure 2 illustrates the process of monolayer forma-
tion during cultivation. We observed gradual filling of
the growth space by cells and tightening of intercellular
contacts due to limited growth space. The ribbed roller
surface caused blurring closer to the edges of the field
of view; as a result, capturing the entire developing mon-
olayer in a single frame was not possible.

Following three days of cultivation, a dense mon-
olayer with a confluence greater than 90% was obtained
(Fig. 3), with no signs of cell aggregate clusters or degra-
dation of the monolayer observed.

Thus, a roller bottle rotation frequency of 0.4-0.5 rpm
ensured normal cell culture growth, since monolayer for-
mation was associated with the least formation of cell
aggregates. Cells attached and grew more evenly, and
the forming monolayer did not deform. According to the
literature data [15], cells indeed adhere better at a rota-
tion frequency of 0.4-0.5 rpm. Therefore, after the on-
set of monolayer formation, increasing the rotation fre-
quency is unnecessary. When culturing the Vero cell line
within a pH range of 7.0-7.4, no significant differences

Photo taken by the authors

Fig. 1. Adhesion of Vero cells after 5 h of cultivation at
a roller bottle rotation frequency of 0.5 rpom: 1 — cells
attached to the surface; 2 — floating cells; magn. x100

A

Photo taken by the authors

in cell adhesion to the growth surface were observed.
In addition, temperature fluctuations within +2°C of the
standard temperature (37°C) during cultivation of the
Vero cell line had no significant effect on cell adhesion.

The use of the selected optimal rotation frequency of
the roller bottle during cultivation resulted in a cell bio-
mass output reaching 386 x 10° + 10% cells per roller
bottle.

For the HEK293 cell line, adhesion was observed at
rotation frequencies ranging 0.1-0.4 rpm, indicating its
lower adhesion capacity compared to the Vero cell line
and its greater sensitivity to external mechanical distur-
bances due to genetic peculiarities and different tissue
origins. At a rotation frequency of 0.2 rpm, the cells ex-
hibited typical morphology: a flattened, slightly elongat-
ed shape with visible protrusions (Figure 4).

When culturing HEK293 cells for 6 h at a roller bottle
rotation frequency of 0.4 rpm, the cells displayed atypical
morphology (Figure 5). Despite attaching to the growth
surface, their shape remained round, and upon subse-
quent division, small punctuate cell clusters formed. This
phenomenon is presumably linked to strong mechani-
cal impacts exerted by the culture medium, influenced
by gravitational forces during roller rotation, which affect
the cell membrane and destabilize connections between
surface structures and chemical groups of the culture
plastic [17, 18].

Meanwhile, when culturing HEK293 cells for 5 h at
a roller bottle rotation frequency of 0.5 rpm, less than
50% of the seeded cells adhered, with most retaining a
round shape similar to cells grown at rotation frequen-
cies above 0.2 rpm (Figure 6). This is similarly explained
by the strong influence of external mechanical forces
during roller bottle rotation on cell shape and their ability
to adhere to the growth surface. Upon increasing the
rotation frequency to 0.6 rpm, no cell adhesion to the
surface was observed.

Given that a roller bottle rotation frequency of 0.2 rpm
provided the strongest cell adhesion to the growth

B

Fig. 2. Formation of Vero cell line monolayer on day 1 (A) and day 2 (B) of cultivation at a roller bottle rotation
frequency of 0.5 rom: 1 — areas of plastic growth surface; 2 — tight cell-cell contacts; magn. x100
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Photo taken by the authors

Fig. 3. Monolayer formed by Vero cell line after three
days of cultivation at a roller bottle rotation frequency
of 0.5 rpm: 1 — dense cell monolayer; magn. x100

Photo taken by the authors

Fig. 4. Morphology of HEK293 cell line after 8 h of
cultivation at a roller bottle rotation frequency of
0.2 rom: 1 — cells attached to the growth surface; 2 —
cell extensions; magn. x100

Photo taken by the authors

Fig. 5. Morphology of HEK293 cell line after 6 h of
cultivation at a roller bottle rotation frequency of
0.4 rpm: 1 — round clusters of growing cells; magn. x100

surface while preserving cell morphology, monolayer
formation was tracked under these conditions.

Upon culturing the HEK293 cell line at 37 + 2°C
and a rotation frequency of 0.2 rpm for 1 and 2 days, a
tendency toward monolayer formation was observed
(Figure 7). Despite active growth processes, a com-
plete monolayer did not form on the remaining surface
of the culture plastic; instead, multilayer cell growth
occurred.

In the photographs, the color background varies due
to changes in the color of phenol red in the nutrient me-
dium when pH becomes more acidic. Since the roller
surface was ribbed, causing blurred focus in the vicinity
of the field-of-view edges, capturing the entire develop-
ing monolayer in a single frame was impossible.

By day 3, at a constant roller rotation frequency of
0.2 rpom, no complete monolayer formation had been

EXTREME MEDICINE | 2025

Photo taken by the authors

Fig. 6. Morphology of HEK293 cell line after 5 h of
cultivation at a rotation frequency of 0.5 rpm: 1 —
attached cells; magn. x100

observed; simultaneously, areas not occupied by cell
biomass were seen. Individual regions showed foci of
multilayer cell growth with sharply demarcated bounda-
ries between the monolayer and the plastic growth sur-
face. Several detached floating cells in the nutrient me-
dium were noted; the corresponding data is presented
in Figure 8.

Therefore, after complete cell adherence to the
plastic growth surface, the rotation frequency of the
roller device was increased to 0.5 rpm to acceler-
ate the transition between the feeding phase and
the respiration phase. During slower transitions to-
ward the respiration phase, cells might dry out and
die later, leading to defects in the monolayer. In the
sites with died cells, the absence of a direct physical
contact between the cells leads to reactivated growth
and mitotic processes in the cells. The most optimal
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Photo taken by the authors

e

Fig. 7. Formation of HEK293 cell line monolayer during cultivation on day 1 (A) and day 2 (B) at a rotation frequency
of 0.2 rpm: 1 — sections showing a tendency towards multilayer cell culture growth; magn. x100

Photo taken by the authors

Fig. 8. Disruption of HEK293 cell line monolayer
formation during 3-day cultivation at a roller bottle
rotation frequency of 0.2 rpm: 1 — multilayer cell growth;
2 — plastic growth surface sections; magn. =100

rotation frequency for cell growth was established to
be 0.5 rpm.

Additionally, we determined that, on day 2 of cultiva-
tion after cell seeding, the optimal increase in rotation
frequency should not exceed 0.5 rpm; otherwise, there
is an increased risk of deformation of the forming mon-
olayer due to intense mechanical stress arising from the
rotation of the roller apparatus and gravitational move-
ment of the nutrient medium. The data obtained suggest
that when culturing the HEK293 cell line, the rotation
speed of the roller device should be changed to obtain a
homogeneous monolayer.

Cultivation under the conditions proposed in
this work, i.e., at 37 + 2°C during day 1 at a rota-
tion frequency of 0.2 rpm followed by an increase
to 0.5 rpm on day 2, yielded a complete, high-qual-
ity monolayer (as depicted in Fig. 9). The monolayer
consists of cells exhibiting a characteristic flattened
shape upon attachment to the growth surface, with

a tendency toward the formation of large cell growth
areas.

During the first day of cultivation at a roller bottle rota-
tion frequency of 0.2 rpm, cells adhered to the growth
surface, further forming growth areas of the cell culture
(Figure 9A). Following the change in rotation frequency
to 0.5 rpm, active cell growth was observed across the
entire growth surface (Figure 9B) without areas of mul-
tilayer cell growth or sharp boundaries between the cell
clusters and plastic.

By day 3 of cultivation at a rotation frequency of
0.5 rpm, a dense monolayer had formed, visually homo-
geneous, without focal points of multilayer cell growth or
detached cells from the surface (Figure 10).

Our analysis of the cultivation conditions for the
HEK293 cell line showed that pH values in the range
of 7.0-7.4 and temperature variations within +2°C of the
standard range did not have a significant impact on cell
adhesion to the growth surface. Using the proposed
methodology with an increase in roller bottle rotation fre-
quency on day 2 of cultivation, the yield of cell biomass
reached 825 x 10° + 10% cells per roller by day 3 of
cultivation.

Our results agree well with the data obtained by other
researchers and illustrate a specific case of applying the
cell lines under study. When selecting equipment for cul-
tivation of the HEK293 cell line and lines with similar at-
tachment features to the growth surface, it is advisable
to consider the minimum rotation frequency of rollers in
the roller assembly.

Future studies into cell adhesion to the growth sur-
face for other cell lines will improve the efficiency of ob-
taining cell biomass as a substrate for accumulation and
production of virus-containing materials.

CONCLUSION

As a result of our experimental research, the initial stage
of roller cultivation for two cell lines — HEK293 and
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Photo taken by the authors

Fig. 9. Formation of HEK293 cell line monolayer during cultivation for: A — 1 day (rotation frequency 0.2 rpm); B —
2 days (rotation frequency 0.5 rpm); 1 — areas of cell culture growth with a tendency towards homogeneous monolayer

formation; magn. x100

Vero — was optimized. The optimal rotation frequen-
cy for the Vero cell line was found to be 0.4-0.5 rpm
throughout the entire cultivation period. In order to form
a high-quality monolayer of HEK293, the initial rotation
frequency should be 0.2 rpm, followed by an increase
to 0.5 rpm.

The difference in rotation frequency for these two cell
lines is explained by their tissue-specific characteristics.
The Vero cell line demonstrates a higher degree of ad-
hesion to the growth surface and resistance to exter-
nal mechanical disturbances, compared to the HEK293
cell line.

The data obtained have practical significance for
scaling up processes of cell and viral biomass produc-
tion in monolayer cultivation, thus presenting interest
to specialists involved in developing experimental viral
preparations using adherent cell lines.
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