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Abstract

Introduction. Identity is an important quality attribute of products containing viable human cells, to be tested during the quality control. The
verification of identity includes, among other things, determination of the proliferative activity of the cell lines included in such products. The
Agilent xCELLigence real-time cell analysis (RTCA) DP (dual purpose) instrument (USA) for continuous, label-free in vitro analysis can be used to
assess the cell proliferative activity.

Aim. Demonstration of reproducibility of the RTCA profiling technique as a test method for primary verification of the cell line identity.

Materials and methods. An xCELLigence RTCA DP cell analyzer (Agilent Technologies, USA) was used to obtain RTCA profiles of dermal fibroblast
(DF-2) and adipose tissue-derived mesenchymal stromal (MSC AT_D122) cell lines. The experiment was carried out in triplicate after thawing three
different vials from the same batch for each cell line.

Results and discussion. The RTCA profiles were obtained for DF-2 and MSC AT_D122 cell lines. The statistical processing of the results was carried
out using the Friedman test, confidence intervals, and growth curve parameters obtained by the instrument (doubling time, proliferation rate, and
maximum cell index). The obtained data demonstrate no differences in the RTCA profiles after parallel sampling of the contents from three vials for
each cell line.

Conclusion. The RTCA profiling reproducibility was confirmed in order to assess the cell analyzer’s applicability to cell line identity.
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Pesiome

BBepeHmne. OgHVIM 13 BaXKHbIX MOKa3aTesieil KauecTBa npenapaTtoB Ha OCHOBE »KM3HECNOCOOHbIX KNeTOK YenoBeka, onpefenseMblX B pamKax
3KCNepTM3bl KauyecTBa, ABNAETCA MOAJIMHHOCTb. XapakTepucTKa MOAJIMHHOCTU BK/IOYaeT B TOM uyucie onpepenieHve nponndepaTuBHON
AKTMBHOCTW K/IETOUYHOWN JIMHWK, BXOAALEN B COCTaB TakuMx MpenapatoB. [na oueHKn nponndepaTUBHON aKTUBHOCTM KJIETOK MOXET OblTb
ncrnonb3osaH npnbop xCELLigence RTCA DP (Agilent Technologies, CLLA), KoTopbiii npefcTaBnAeT co60i KNeTOUHbIV aHanM3aTop B pexunme
peanbHoro BpemeHu (RTCA), N03BONAOWMNIA NPOBOANTL HEMPEPbIBHbINA aHAaNM3 in vitro 6e3 NCNonb3oBaHUA METOK.

Llenb. MokasaTb BocnpousBoaumoctb metoauku RTCA-npodunmpoBaHusi B KauecTBe MeToAa NepPBUYHON OLEHKM MOAMHHOCTY KJIETOUHbIX
NNHWUIA.

Matepuanbl n metoabl. [onyyanu RTCA-npodunm KneTouHbiX NMHUIA fepManbHbix ¢prnbpobnactoB DF-2 n me3eHxyManbHbIX CTPOManbHbIX
KneTok »upoBoi TkaHn MCK XT_D122 ¢ nomouibto KnetouHoro aHanmsatopa xCELLigence RTCA DP (Agilent Technologies, CLLA). SkcnepumeHT
NPOBOANNN NOCIe Pa3MOPaXMBaHWA TPeX Pa3HbiX G1akOHOB OAHOWN NAPTUN KaXXAOW KNEeTOYHOM IMHUY B TPEX NOBTOPaX.

Pe3synbTaTtbl n 06¢cyxaeHme. MonyueHbl RTCA-npodunm ana KneTouHbix nuHuMn DF-2 n MCK XT_D122. Cratuctyeckas o6paboTka pe3ynbraTos
aHanv3a nposefeHa NpuM UCNonb3oBaHuK KpuTepua OpuamaHa, fOBepUTENbHbIX MHTEPBANiOB U NMapaMeTpoB KPMBbIX POCTa, MOSyYEHHbIX C
nomoLybto nprbopa (Bpems yaBOeHMWs, CKOPOCTb Nponndepal iy 1 MakCUManbHbIA KNETOYHbIN MHAEKC). Ha 0CHOBaHMU NOYYEHHbIX AaHHbIX 6b110
nokasaHo oTcyTcTBume pasnnumin RTCA-npodunen Ana Kax[on KNeTouHoM NMHUM NPU NapanfienbHOM B3ATUM MaTepuana u3 Tpex ¢pnakoHoB.
3aknwueHmne. O60CHOBaHa M NoOKa3aHa BOCMPOU3BOANMOCTb MeTofaukn RTCA-npodunvmpoBaHus ANsA OUEHKU NMPUMEHUMOCTU KIeTOUYHOro
aHanusartopa npu NoATBEPKAEHUN NOJANHHOCTA KNETOUHbIX IMHUIA.

KnioueBble cnoBa: KyieTouHas IMHWA, NOAJMHHOCTb, IKCMEPTU3a KauecTBa, OIOMEAULHCKAIA KNEeTOYHbIN NPOAYKT, BbICOKOTEXHOMOMMYECKUIA
NeKapCTBEHHbIN Npenapat

KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBME ABHBIX U MOTEHLMANbHBIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C MybnuKaumeid HacToALen
cTatbm.

Bknap aBTopoB. M. A. BogskoBa u E.B. MenbHvKOBa npuaymanu, paspaboTany 3KCMEePMMEHT U Hanucanu TekcT ctaTbu. M. A. Boaskoga,
O. A. PaunHckas n W. C. CemeHoBa nposenu nccneposaHne. M. A. Bogsakosa n H. C. [TokpoBcKuil yuacTBoBanv B 06paboTke faHHbIX. B. A. Mepkynos
KOHCYNbTMpPOBas MO NOMyYeHHbIM pe3ynbTaTaM. Bce aBTopbl yyacTBOBanu B 06CYKAEHUM pe3yNbTaToB 1 BHECAN BK/1aJ B OKOHYaTesIbHbIN TeKCT
pykonucu.

BnaropapHocTb. PaboTa BbiMosNHeHa B pamKax rocygapcteeHHoro 3apanua OIBY «HU3CMM» MunsgpaBa Poccum N2 056-00001-22-00 Ha
nposefeHve NPUKNaaHbIX HaYUYHbIX UCCnefoBaHnin (Homep rocygapcTBeHHoro yyeta H/P 121021800098-4).

Ana yntuposaHua: Boagakosa M. A., PaunHckan O. A., MokpoBsckuii H. C., CemeHoBa U. C., MenbHuKoBa E. B., Mepkynos B. A. OueHKa NoAnMHHOCTK
KNeTOYHbIX MHWIA ¢ nomolbio RTCA-npodunupoBaHms ana sKCnepTr3bl KauecTBa NpenapaTtoB Ha OCHOBE KM3HECMOCOOHbIX KNeTOoK YenoBekKa.
Paspabomka u pecucmpauyus nekapcmeaeHHoix cpedcma. 2023;12(3):104-110. https://doi.org/10.33380/2305-2066-2023-12-3-104-110

INTRODUCTION The complex composition of products containing

. . . . . iable human cells dictates the necessity to use specific
Stringent quality control is a prerequisite for obtai- Vi u ! 'ty o use specii

ning cell lines with consistent quality characteristics
across all the batches of products containing viable
human cells (biomedical cell products' and high-tech ~ determination of particular quality attributes (or sets
drugs? during manufacturing, quality control, as well ~ of attributes), which would involve minimal cell line
as pre-clinical and clinical trials. manipulations.

approaches to the cell line quality control. Therefore,
it is important to implement new techniques for the

The real-time cell analysis (RTCA) profiling could be
' As defined in the Federal Law No. 180-FZ of June 23, 2016

"On Biomedical Cell Products" Available at: https://minzdrav.
gov.ru/ministry/61/23/stranitsa-967/federalnyy-zakon-ot-23-
iyunya-2016-g-180-fz-o-biomeditsinskih-kletochnyh-produktah. ~ Ciple consists in measuring the cell index (Cl) which is
Accessed: 08.06.2022. proportional to the cell adhesion rate to the electrode

* As defined in the Decision of the Council of the Eurasian  ¢,rface. The advantages of this technique are non-inva-
Economic Commission No. 78 of November 3, 2016 (as amended
on March 17, 2022) "On the Rules of Marketing Authorization
and Assessment of Medicinal Products for Human Use"
Available at: https://docs.eaeunion.org/docs/ru-ru/01431480/  that occurs during the measurement (e.g., microbiolo-
err_18032022_36. Accessed: 08.06.2022. gical or viral contamination) [1-3].

one such technique, performed using the xCELLigence
real-time cell analyzer. The instrument’s operating prin-

sive measurements, the ability to obtain an RTCA profi-
le of virtually any cell line and to record any variation

105



106

Analytical Methods
Memode! ananusa nekapcmeeHHbIX cpedcme

Currently, there are few publications on RTCA
profiling for quality control [4, 5], and no publications
whatsoever on RTCA profiling for cell line authen-
tication. Thus, RTCA could be proposed as a test me-
thod for primary verification of cell line identity based
on the comparison of the RTCA profiles, to be used
in the quality control of products containing viable
human cells.

Aim. Demonstration of reproducibility of the RTCA
profiling technique as a test method for primary verifi-
cation of the cell line identity.

MATERIALS AND METHODS

Cell line culture

The DF-2 (human dermal fibroblast) cell line was
obtained from the Russian Cell Culture Collection
(RCCC) - a collection of cell cultures of vertebrates main-
tained by the Institute of Cytology of the Russian Aca-
demy of Sciences (RAS). The MSC AT_D122 (adipose
tissue-derived mesenchymal stromal cells) line was ob-
tained from the Collection of Cell Cultures for Biotech-
nological and Biomedical Research (general biological
and biomedical fields) maintained by the Koltzov Insti-
tute of Developmental Biology of the RAS.

The DF-2 cells were cultivated in the DMEM/F-12
(Gibco, USA) medium with 10% fetal bovine serum (FBS)
(Hyclone, USA), 1% penicillin-streptomycin (Gibco, USA).
The MSC AT_D122 cells were cultivated in the DMEM/F-12
medium (Gibco, USA) with 10% FBS (Hyclone, USA) and
2 mM L-alanine-L-glutamine (Gibco, USA), 1% penicil-
lin-streptomycin (Gibco, USA). The cells were cultivated
in 5.0% CO2 at 37°C and 90 % humidity. The experi-
ments were performed with the cell lines at passage 12.

RTCA profiling

The proliferative activity was determined using the
xCELLigence RTCA DP cell analyzer (Agilent Technol-
ogies, USA) in a CO, incubator (NuAir, Inc., USA). The
analysis was performed using 16-well E-plates (Agilent
Technologies, USA). For background measurements,
100 pl of the medium was added to each well on the
plate and incubated for 30 min at room temperature.
After that, at the first stage, 100 yl of both DF-2 and
MSC AT _D122 was added, with the concentrations ran-
ging from 2500 to 20000 cells/well. At the second

stage, 100 pl of each cell line was added, with the con-
centration of 2500 cells/well. The medium with 10 %
FSB was added as a control. The E-plates were left at
room temperature, and then loaded into the analyzer.
The Cl was being measured for 120 hrs in the follo-
wing mode: every 15 min for the first 4 hrs and every
30 min after that. Each cell concentration was measured
in triplicate. The experiment was carried out in triplicate
after thawing three different vials from the same batch
for each cell line.

The Cl, the doubling time (DT), which is calculated
from the logarithmic growth phase (LOG), and the Slope
parameter were calculated automatically by the cell

analyzer's software.

Statistical analysis

The statistical analysis of the results and the plot-
ting were performed using OriginPro (v. 2021) (Ori-
ginLab Corporation, USA). The normal distribution hy-
pothesis was tested using the Lilliefors-corrected Kol-
mogorov — Smirnov test. The statistical significance
of sample differences was evaluated by the non-para-
metric ANOVA (the Friedman analysis of variance by
ranks) as well as the confidence interval analysis. The
differences were considered statistically significant
when p < 0.05. All the data were presented as a mean +
standard deviation, n = 3.

RESULTS AND DISCUSSION

Since no products containing viable human cells are
currently authorized in the Russian Federation, two cell
lines were chosen as model lines for the study. These
cell lines have been used in medical practice as part of
new medical technologies, or are included in products
authorized abroad" %3 [6, 7].

The RTCA profiles of the two cell lines at passage 12

were analyzed after thawing three different vials from

! Apligraf. Available at: http://www.apligraf.com/ Accessed:
01.10.2021.

2LAVIV. Highlights of prescribing information. Available
at:  https://www.fda.gov/media/80838/download. Accessed:
01.10.2021.

3EMA/1380/2018. Alofisel (darvadstrocel). European Medi-
cines Agency, 2017. Available at: https://www.ema.europa.eu/
en/documents/overview/alofisel-epar-summary-public_en.pdf.
Accessed: 01.10.2021.
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Figure 1. RTCA profiling of DF-2 (left) and MSC AT_D122 (right) cell lines.
A - RTCA profiles of each cell line in a range of different concentrations; B - RTCA profiles of cell lines at 2500 cells/well for vials A, B and

C.Data are presented as mean+SD,n=3

the same batch, in order to evaluate the reproducibility
of the technique. The data are presented in Figure 1.

At the first stage (Figure 1, A), the RTCA profiles were
obtained for each cell line at different concentrations.
It can be noted that both cell lines have a characteristic
profile during the lag phase (LAG), which is especially
evident at high concentrations, and in the case of DF-
2 the CI__ was observed at the concentration of 20 000
cells/well. The CI__ is a cell index at which the cells reach
maximum adhesion to the plate and form a complete
monolayer. It can be assumed that such an effect at the

adhesion phase is due to the fact that nonadherent cells

have a larger size compared to the adherent ones, and
the cell size decreased with adhesion.

Further evaluation of the technique’s repro-
ducibility was performed with the concentration of
2500 cells/well for both cell lines. At the second stage,
the E-plates were inoculated with the samples from
three different vials of each cell line at a chosen con-
centration (Figure 1, B). The RTCA profiles were obtai-
ned and quantitatively analyzed using the Friedman
test that showed significant differences (p < 0.05). Ho-
wever, this result wasn't confirmed by the confidence
interval analysis, as the intervals did not differ from

one another for the entire curve as well as for the lag
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and log phases (Figure 2, B). The differences calculated
with the Friedman test could be attributed to the small
number of the RTCA profiles. A more precise quantita-
tive estimate would require further comparisons with
growth curves obtained for different passages.
Moreover, the RTCA profiles of the three vials from
the same cell line were similar in terms of several pa-
rameters: DT (39-73 hrs for DF-2 and 54-108 hrs for
MSC AT_D122) (Figure 3, A), CI__ (Figure 3, B), and Slope
(Figure 3,C). The mean DT was 24.5 hrs for the three
DF-2 vials, and 54.2 hrs for MSC AT_D122, which is
2.2 times longer. The Slope parameter is defined as
the slope tangent to the Cl curve and describes the
cell proliferation rate. For DF-2, the average Slope was
0.025, and for MSC AT_D122 it was 0.032. Despite the

fact that the DT was longer for MSC AT_D122, its pro-
liferation rate was higher. The mean Clmax was 3 for
DF-2, and 4.7 for MSC AT_D122, which is about 1.5 times
higher than for DF-2.

Thus, the confidence interval coincidence, the re-
sults of evaluation of the cell line parameters (DT,
Slope, and Cimax), combined with the visual assessment
of the RTCA profiles of the three replicates for the
same cell line, make it possible to conclude the absence
of significant differences. In addition, despite the fact
that dermal fibroblasts are similar in their characteris-
tics to MSC, it should be noted that their RTCA profiles
and tested parameters differed significantly. This con-
firms the possibility of using the technique for prima-
ry verification of the cell line identity during quality
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n=3

control of products containing viable human cells. This
technique, when combined with phenotypic and geno-
typic testing, can be used for the evaluation of identity
and quality of cell lines included in such products.

CONCLUSION

The RTCA profiling reproducibility was confirmed
in order to assess the xCELLigence RTCA DP (Agilent
Technologies, USA) cell analyzer's applicability to cell
line authentication. The unique kinetic profiles of the
DF-2 and MSC AT_D122 cell lines at passage 12, with
the concentration of 2500 cells/well, were obtained

after thawing three different vials from the same batch
and running the analysis for 120 hrs. No differences
were observed between the RTCA profiles of each of

the tested cell lines.
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