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Isolation of mesenchymal stromal cells (MSCs) from adipose tissue is a relevant topic in regenerative medicine
and cell therapy. MSCs have significant potential for treating various diseases due to their ability to differen-
tiate, self-renew, and secrete biologically active molecules. However, the isolation process faces challenges
like variations in tissue collection methods, quality, sample transportation, laboratory sterility, and incubation
stability. Insufficient coverage of these issues in scientific publications complicates their resolution, particularly
under the conditions in Ukraine.

The aim is to identify and discuss the key problems associated with the isolation of adipose-derived mesenchy-
mal stromal cells, as well as the experimental search for potential solutions to overcome these obstacles for the
optimization of the isolation methodology.

Materials and methods. A literature review was conducted using PubMed and Google Scholar, selecting key
publications on isolation methods, MSCs characteristics, and good manufacturing practice (GMP) principles.
Inclusion criteria: full-text articles on adipose MSCs isolation, comparison of enzymatic methods of isolation,
GMP standardization, and cell characteristics. Following this, a pilot study was conducted using lipoaspirate and
fragments of subcutaneous adipose tissue (SAT) with the patients’ consent. Processing in Zaporizhzhia State
Medical and Pharmaceutical University’s GMP-compliant lab: mechanical grinding (for SAT), DPBS washing with
antibiotics, enzymatic digestion (collagenase or trypsin) at 37 °C, 600 g centrifugation, filtration, DMEM / FBS
cultivation. Viability was assessed in Goryaev chamber with trypan blue; passaging at 6070 % confluency.

Results. Abdominal lipoaspirate yielded larger MSCs volumes with higher proliferation than thigh or excised
SAT. Collagenase is considered the “gold standard” in terms of efficiency, but trypsin has been shown to be
a cost-effective alternative with similar viability, adhesion, and differentiation (chondro-, osteo-, adipogenic).
Cultivation with medium changes supported growth; passaging prevented senescence.

Conclusions. Optimization of the methodology for isolating mesenchymal stromal cells of adipogenic origin under
GMP-compliant conditions can be achieved by using lipoaspirate from the abdominal area, using trypsinization
as an effective and cost-effective alternative to collagenase for enzymatic isolation, and strictly adhering to
cultivation, passage, and quality control protocols.
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Mpo6AeMHi NUTaHHA BUAIAEHHA Me3eHXiMaAbHUX CTPOMAAbHUX KAITHH
YKMPOBOro NOXOAXKEHHA: HOBi METOAOAOriUHI acneKTH (NIAOTHE AOCAIAXKEHHSA)

C. 0. MacneHHikoB, M. I. IcaueHko, M. B. AaHykano, M. A. TonoBaxa, O. B. laHueBa, 0. M. KonecHuk

BupineHHs me3eHxiManbHux ctpomanbHux knituH (MCK) i3 )KupoBOT TKaHWHM € aKTyanbHOK TEMOK B pereHe-
paTWBHIN MeauLuHi Ta KniTuHHIN Tepanii. MCK maioTb 3HauHWit noTeHwian Ans NikyBaHHS Pi3HUX 3aXBOPOBaHb
3aB[sKM 30ATHOCTI 0 AndepeHLiaLlii, CaMOOHOBIEHHS Ta cekpeLlii GionoriyHo akTuBHMX Monekyn. OaHak npoLec
BMAINEHHS CYNPOBOKYETLCS YACIIEHHUMU BUKNMKAMU, TakUMW sk BapiaLlii B MeTopax 360py TkaHuHm, ii skocTi,
TpaHCNopTyBaHHi 3pa3kis, CTepunbHOCTI TabopaTopii Ta cTabinbHOCTi yMoB iHkybaLjii. HegoctaTHe BUCBITIEHHS
LUMx Npobnem y HaykoBWx Ny6nikaLisx ycknagHHe ix BUpILLEHHS, 0cobnuBo B ymoBax YkpaiHu.

MeTa po6oTH - BUSIBNEHHS Ta OOTrOBOPEHHS! KIHOYOBKX NPOBneM, NoB’sA3aHmMX i3 BUAINEHHAM Me3eHXiManbHUX
CTPOMAsIbHMX KITiTUH i3 )XMPOBOI TKAHWHM, @ TAKOX EKCNEPUMEHTANbHWIA MOLLYK NOTEHLAHNX PilUeHb ANs NOf40-
NaHHS LMX nepeLukos Ans onTuMisaLlii MeTogonorii BUAINeHHs.

Marepianu i meToau. 34iCHUNN KOMNIEKCHW OFNSAA HAYKOBOI NiTepaTypy, Lo iHaekcyeTbes B 6asax PubMed
i Google Scholar. Obupanu kntovoBi nybnikauii Wwoao MeToaiB BUAINEHHs!, xapaktepuctuk MCK i npuHumnis
HanexHoi BupobHuyoi npaktuku (GMP). [lo aHanidy 3anyyany NoOBHOTEKCTOBI CTaTTi Lwofo BuaineHHs MCK i3
XMPOBOI TKAHWHM, MOPIBHAHHS EH3UMATUYHUX METOAIB, CTaHAapTM3aLii npotokonis (GMP) i xapakTepucTukm
KniTuH. Nicns uboro 34iNCHUAM NiNOTHE AOCAIMKXEHHS 3 BAKOPUCTaHHSAM finoacnipaty Ta gparmMeHTiB NigLLKIpHOT
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KMPOBOI TKaHWHW 3a 3rofoto nauieHTiB. Obpobka, Ky 3giicHunm B nabopatopii 3anopiabkoro fepkaBHOro Me-
[JMKO-(hapMaLieBTUYHOTO YHIBEPCHUTETY, LLO Bianosigae Bumoram GMP: MexaHiuHe nogpibHeHHs, NpoMUBaHHS B
DPBS 3 aHTubioTUKaMK, eH3MMaTYHa AnrecTis (konareHasa abo Tpuncut) npu 37 °C, ueHTpudyrysaxHs (600 g),
insTpadis, kynstueysaHHs B DMEM i3 FBS. XXutteanartHicTs oviHioBanu B kamepi lopsieBa 3 TpUNaHOBUM CUHIM;
nacaxysaHHs npu 60-70 % KOHIIOEHTHOCTI.

Pesyabtatu. Jlinoacnipat 3 abaomiHanbHUX AinsHok aaeas Ginblumnii 06'em MCK i3 BuLLoto nponidepallieto, Hix
3i CTEroH UM eKCLM30BaHUX parMeHTiB. KonareHasa — «30M0TWi CTaHaapT» 3a eeKTUBHICTIO, ane TPUMCUH
BM3HAYEHO SIK EKOHOMIYHY anbTepHaTVBY 3 NOLIOHOK XUTTENATHICTIO, aaresieto Ta AndepeHLiaLlieto (XoHapo-,
ocTeo-, aaunoreHHa). KynsTuByBaHHs 3 3aMiHOKO cepefioByLLa 3abe3neyyBarno picT, a nacaxyBaHHs 3anobirano
CEHeCLIEHLIi.

BucHoBku. OnTuMi3aLlis MeTogonorii BUAINEHHs Me3eHXiManbHUX CTPOMArbHUX KIiTUH aaunOreHHOro noxo-
[DKEHHS1 B yMOBaX, LLO BignosigatoTb Bumoram GMP, moxe GyTu gocsrHyTa LWsxoM BUKOPUCTaHHS ninoacnipaty
3 YepeBHOI MOPOXHMHW, 3aCTOCYBaHHS TPUMCUHI3aLii K e(heKTUBHOI Ta eKOHOMIYHO BUFigHOI ankTepHaT1Bm
konareHasi 415 (hepMEHTaTUBHOTO BUAINEHHS, @ TaKOX YiTKOro AOTPUMAHHS MPOTOKONIB KyNbTUBYBaHHS, naca-

KYBaHHS! Ta KOHTPOIO SIKOCTI.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 2(69). C. 112-121

The isolation of mesenchymal stromal cells (MSCs) has be-
come a relevant topic in the field of regenerative medicine and
cell therapy. MSCs possess significant potential for the treatment
of various diseases due to their ability to differentiate, self-renew,
and secrete biologically active molecules [1].

MSCs are defined by their ability to self-renewal and differ-
entiation into various cell lineages [2]. In this regard, MSCs have
attracted significant attention due to their ability to differentiate
into various cell types, including osteoblasts, chondrocytes,
myocytes, and adipocytes [3]. These cells can be isolated from
various tissues, such as bone marrow, adipose tissue, synovial
membrane, and perinatal tissues, each of which demonstrates
unique regenerative properties [4]. To date, abdominal fat is
considered a reliable source of MSCs due to the technical and
methodological ease of identifying them, high cell concentration
and homogeneity, as well as high differentiation potential and
secretory activity [5]. However, the process of their isolation
is accompanied by numerous challenges that may affect the
quantity, quality, and subsequent viability of the obtained cells.

The main problems encountered by researchers include
variations in methods of adipose tissue collection, its quality and
quantity, as well as external influences on cell culture (sample
transportation, laboratory sterility, stability of incubation conditions
and reagent storage) [6]. Furthermore, the insufficient coverage
of specific difficulties associated with MSCs isolation in scientif-
ic communities and publications complicates the resolution of
these issues, particularly under the conditions in which Ukraine
finds itself.

In this article, we will examine the main methodological chal-
lenges in isolating adipose-derived MSCs, as well as possible
solutions for overcoming them. The analysis of these issues and
the proposed approaches may contribute to the improvement of
the methodology, which, in turn, will impact on the efficiency of
further research and clinical applications of MSCs.

Aim
The aim of the research is to identify and discuss the key

problems associated with the isolation of adipose-derived mes-
enchymal stromal cells, as well as the experimental search for

potential solutions to overcome these obstacles for the optimi-
zation of the isolation methodology.

Materials and methods

In this work, a comprehensive literature review was conducted
regarding the current state of knowledge on the isolation of adi-
pose-derived MSCs, and these protocols and recommendations
were compared with our own experience. The analysis was based
on searches of databases PubMed and Google Scholar. Keywords
used: mesenchymal stem/stromal cells, lipoaspirate, subcutaneous
adipose tissue, abdominal fat, protocol, incubation. The search pe-
riod was 5 years; however, key historical publications (2006, 2011,
2014, 2016, and 2017) were also included in the final analysis,
due to fundamental importance for understanding the methods
of isolation and characterization of adipose-derived MSCs and
the principles of good manufacturing practice (GMP). Inclusion
criteria: full-text articles and protocols focused on the isolation of
MSCs from adipose tissue; comparison of enzymatic and non-en-
zymatic methods of their isolation; study of protocol standardization
(GMP) and cell characteristics (phenotype, proliferation, viability).
Exclusion criteria: documents that were focused on the isolation
of MSCs from sources other than adipose tissue (for example,
bone marrow or placenta); did not contain original data regarding
isolation protocols or GMP; duplicates or conference abstracts.

All found publications initially underwent screening by title
and abstract to assess their compliance with the above-described
criteria, after which a full text review was conducted for final inclu-
sion. To ensure objectivity and comparability of data, results from
different articles were summarized, with particular attention paid to
quantitative indicators. The results of our own research published
in the article were approved by the local bioethics commission
(Protocol No. 15 dated December 10, 2025).

Pilot experiment. For MSCs isolation, lipoaspirate or a frag-
ment of subcutaneous adipose tissue (SAT) of abdominal region
and lateral surface of the thigh were obtained during surgeries in
healthy patients who provided written informed consent prior to
the surgical intervention for the use of biomaterial for experimental
purposes. Groups for the pilot study were formed with 5 individuals
each, aged from 23 to 55 years, with a body mass index (BMI)
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Fig. 1. Laboratory of “Cell Cultures and Bioengineering of Zaporizhzhia State Medical and Pharmaceutical University” (original picture).

corresponding to the first degree of obesity Each patient sample
was divided into two equal parts for collagenase- and trypsin-
based isolation, with three replicates performed for each method
(n=15in each group).

After the surgery, the lipoaspirate or SAT fragment was deliv-
ered within 1 hour for in vitro research to the specially equipped
laboratory “Cell Cultures and Bioengineering of Zaporizhzhia
State Medical and Pharmaceutical University”, which is a struc-
tural subdivision of the Center for Collective Use Training Medical
and Laboratory Center of Zaporizhzhia State Medical and Phar-
maceutical University under conditions of compliance with high
standards of equipment quality, asepsis conditions, sterility, and
biological safety (Fig. 1).

Statistical analysis was performed using one-way analysis of
variance (ANOVA) for normally distributed data or the Kruskal—
Wallis test for non-normal distributions. Normality was verified
using the Shapiro-Wilk test. All parameters were compared
using one-way ANOVA, followed by Tukey’s post-hoc test (for
ANOVA) or Dunn'’s test (for the Kruskal-Wallis test) for multiple
comparisons where significance was detected. A two-tailed
p-value of <0.05 was considered statistically significant for all
tests. All calculations were performed using Statistica software
(License No. JPZ8041382130ARCN10-J).

Results

The primary challenge for all cell culture laboratories world-
wide is adequate technical equipment and adherence to ISO
14644-1 cleanliness standards [7]. Any laboratory must comply
with the requirements of GMP, which encompasses validation and
calibration of equipment, clear standard operating procedures,
personnel control (requirements for attire (special gowns, caps,
masks, shoe covers) and staff training to ensure aseptic tech-
nique), and environmental monitoring (regular sampling of air,
surfaces, and water to control for the presence of microorganisms
and mycoplasmas) [8].

These standards serve to ensure that the cells used in re-
search or for clinical applications are safe, sterile, and unaltered.
Therefore, the Zaporizhzhia State Medical and Pharmaceutical
University laboratory is equipped with all necessary licensed
equipment, including a biological safety laminar cabinet HR40-
IB2 (Haier Biomedical, China); CO, incubator HCP-80 (Haier
Biomedical, China); inverted microscope ZEISS Primovert with
the capability to switch from phase contrast to fluorescent mode
(Zeiss, Germany); water bath thermostat WB-4MS (Biosan,
Latvia); benchtop centrifuge with interchangeable rotors of var-
ious volumes (LMC Biosan, Latvia); magnetic stirrer MS-3000
(Biosan, Latvia); pH meter LAQUA-PH2000-SR (Horiba, Japan);
pharmaceutical refrigerator HYC-390/F (Haier Biomedical, Chi-
na); ultra-low temperature freezer. All equipment is certified and
undergoes annual metrological control.

Sterility and biosafety conditions are maintained through
trained personnel, adherence to restricted laboratory access, use
of special clothing, stability of temperature conditions and filtration
of incoming air to the premises (presence of a ventilation sys-
tem, temperature relay, and controlled temperature and airflow),
maintenance of sterile conditions (treatment of all surfaces with
70 % ethyl alcohol, constant UV sterilization, autoclaving), and
proper disposal of consumable materials and biological fluids [9].

The collection of lipoaspirate / fragment of subcutaneous
adipose tissue is a crucial stage for obtaining MSCs and requires
adherence to sterility and technical standards. The proper collec-
tion methodology ensures the quality of the obtained material and
increases the likelihood of effective cell seeding and survival [10].
However, some researchers have expressed concerns regarding
the reliability and consistency of methods for collecting lipoaspi-
rate or SAT fragments. Variations in liposuction techniques, ad-
ipose tissue quality, and external influences on cell culture may
affect the quantity and quality of the obtained MSCs [11]. Without
standardized protocols and stringent quality control measures, the
lipoaspirate collection process may not always yield high-quality
cells suitable for clinical application [12].
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Table 1. Results of MSCs isolation from different sites using different enzymes, Me [Q1; Q3]

Parameter,
units of measurement

Abdominal lipoaspirate, n =5

Abdominal fragment, n =5

Thigh fragment, n =5

Patient's age, years 27 [25; 42 27 [27; 51] 27 [25; 52)
Patient's BMI, kg/m? 31[31;32] 32[32; 33 31[31;32]
Indicators Abdominal lipoaspirate, n =15 | Abdominal fragment, n = 15 Thigh fragment, n = 15
Collagenase Trypsin Collagenase Trypsin Collagenase Trypsin
Total cell count, cells in 5 squares | 156 [153; 160] 155[152; 159] 101 [98; 105]* 100 [97; 104]* 65 [62; 69]*¢ 65 [62; 68]*¢
Live cells, count 148 [145; 152 146 [143; 150] 91[88; 94J* 90 [87; 93] 55 [52; 57]*¢ 54 51, 57]*¢
Dead cells, count 818; 8 8189 919; 10f* 10[9; 107* 10[10; 12]* 111218
Cell concentration, x10° cells/mL | 0.624 0.620 0.404 0.400 0.260 0.260
[0.610; 0.638] [0.606; 0.636] [0.390; 0.418]* [0.386; 0.414]* [0.246; 0.274 | [0.246; 0.270]*
Cell viability, % 94.9[94.8;95.0] |94.7[94.594.8] |90.7[90.5;91.0]" |90.2[89.7;90.8]* | 83.9[83.5; 84.5] |82.9[82.6; 83.4]*¢

#: statistically significant difference between trypsin-based and collagenase-based isolation; *: statistically significant difference in indicators of lipoaspirate compared

to the abdominal SAT fragment; $: statistically significant difference in indicators of thigh SAT fragment compared to the abdominal SAT fragment.

2A

2C

2B

Fig. 2. Collection of lipoaspirate from various anatomical sites of SAT (original pictures). A: sites on the anterior abdominal wall; B: sites
on the lateral surface of the thigh; C: collection of a fragment of adipose tissue from the surgical wound site.

Therefore, based on the literature data [5,6,11,12,13,14,16]
and our own experience, various anatomical sites of SAT and
various methods of obtaining MSCs (from lipoaspirate or SAT
fragments) were selected (Fig. 2, Table 1).

The advantages and disadvantages of each method are
determined by its invasiveness, quantitative / qualitative cell
composition, viability, and purity of the final product.

Lipoaspiration is considered a less invasive method than
surgical excision and allows for obtaining a significantly larger
volume of lipoaspirate, which means a greater number of MSCs;
however, one of the drawbacks is the mechanical damage to
cells caused by high negative pressure during aspiration and
turbulence, which reduces their viability [13]. Cells obtained from
a fragment of subcutaneous adipose tissue by excision experi-
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3A

3B

Fig. 3. Washing (A) and centrifugation (B) of the sample (original pictures).

ence minimal mechanical stress. Scientific sources highlight a
higher yield of viable MSCs per unit weight of tissue compared
to lipoaspirate, and these cells are also characterized by a better
proliferative potential [14].

However, the main drawback is the limited volume of tissue that
can be obtained and, consequently, an insufficient amount of cell
mass for scaling up the research as observed in our study. There-
fore, we subsequently focused on articles concerning lipoaspiration.
Zhu R. et al. in their study demonstrated that MSCs isolated from
abdominal fat exhibited higher proliferative capacity and better cell
growth parameters compared to cells isolated from other depots
[15]. As noted above, the quality of cellular material is influenced
not only by the method of adipose tissue harvesting, but also by
the anatomical site, which has been established to hold significant
importance. Thigh adipose tissue, particularly in women, differs in
its hormonal profile and is less metabolically active. This may impair
its suitability for certain regenerative purposes; moreover, from a
practical standpoint, the abdomen is usually easier to access and
allows for obtaining a larger volume of lipoaspirate with less discom-
fort to the donor, especially in the context of cosmetic surgery [16].

The main stages of the protocol for isolating MSCs of adipo-
genic origin, common to all the studied sources [5,6,11,12,13,14,
15,16,17,18,19,20,21,22], are material harvesting, mechanical
washing, enzymatic isolation, and cell culturing. We present the
main provisions of these protocols that were used by us in the
study.

The obtained fragment is mechanically minced using a sterile
scalpel under conditions of a biological safety cabinet, followed by
removal of blood and other components to isolate adipose tissue.
Subsequently, washing is performed in buffer (DPBS, Dulbecco’s
phosphate-buffered saline, without Ca?* and Mg?* ions; Sigma
Aldrich, USA) with the addition of 200 L of antibiotic-antimycotic
solution (x100: 10,000 U penicillin, 10 mg streptomycin, 25 ug
amphotericin B in 1 mL; Sigma Aldrich, USA) until the sediment
wash waters are clear and until the supernatant exhibits a “pearly
sheen” (Fig. 3A).

In case of lipoaspirate, the procedure is the same, except
without mechanical mincing, which significantly simplifies the
process and positively affects cell viability. After visual confirma-
tion of obtaining the desired color of the material, centrifugation
is initiated in DPBS buffer (volume ratio of buffer to lipoaspirate
1:1) at 600 g for 5 min, which helps to separate the adipose cells
from liquids and other components (Fig. 3B).

The next stage is enzymatic isolation, which remains con-
troversial and involves various enzymatic treatment options,
including trypsin or collagenase. Thus, experimental studies
have shown that cells isolated by the trypsinization method
retain the classical immunoprofile, are capable of pluripotent
differentiation, and demonstrate higher proliferative activity
compared to cells obtained using collagenase [17]. The use
of type | collagenase, although widespread, has a number of
limitations: high cost, variable duration of enzymatic digestion,
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4A

4B

Fig. 4. Cell counting in the Goryaev chamber, magn. x10. A: cells isolated with trypsin; B: - cells isolated with collagenase.

5

Fig. 5. Visual assessment of culture condition on PrimoVert (original picture).

potential damage to cellular structures and functions, which
complicates the reproducibility of results and their clinical ap-
plication [15]. An additional practical obstacle is the fact that
collagenase is primarily supplied by manufacturers in powder
form; therefore, diluting it to very low concentrations require the
preparation of a stock solution followed by the application of the
serial dilution method (aliquots). This appears impractical due to
the need to store the enzyme solutions at -20 °C, necessitating
thawing of the solutions each time they are used and is further
complicated by the fact that the collagenase solution loses its
enzymatic activity over time [23].

We performed two methods of enzymatic isolation to de-
termine the more suitable approach for further study (Table 1).
According to the standard procedure, cell washing is conducted,
during which the supernatant after centrifugation is aspirated,
and the pellet is resuspended in a solution of type | collagenase
(SCR103, Sigma Aldrich, USA) or a 0.25 % trypsin solution

containing 2.5 g of porcine trypsin and 0.2 g of EDTA-4Na per
liter of Hank’s Balanced Salt Solution (HBSS; Sigma Aldrich,
USA) in a 1:1 ratio with the volume of the lipoaspirate. Incuba-
tion is performed in a water bath at a temperature of 37.0 °C
with regular gentle shaking of the tube every 10 minutes for 40
minutes. The preparation of working solutions of trypsin / col-
lagenase is crucial, involving the dilution of a 0.25 % trypsin
solution in DPBS at a ratio of 1:99 with the addition of a 10 %
antibiotic-antimycaotic solution, and the same method for colla-
genase (0.5-2.0 mg/mL HBSS).

After incubation, the enzyme was inactivated by adding an
equal volume of complete medium (CM), and the suspension
was centrifuged at 600 g for 10 min. Subsequently, the fat frac-
tion was removed, and the liquid portion was resuspended and
passed through Biofill cell filters (China) with pore diameters
of 100 ym and 70 um to remove microfragments of adipose
tissue and erythrocyte conglomerates. The resulting pure cell
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suspension was centrifuged (600 g x 10 min). The liquid phase
was removed using a dispenser with a sterile tip, and the pellet
was resuspended in 1 mL of complete nutrient medium CM,
which consisted of 1 part FBS (fetal bovine serum, Sigma
Aldrich, USA), 9 parts DMEM (Dulbecco’s Modified Eagle Me-
dium (DMEM) containing 4.5 g/L glucose, sodium bicarbonate,
L-glutamine, sodium pyruvate, Sigma Aldrich, USA), and 0.1
part antibiotic-antimycotic solution.

Cell viability assessment and counting were performed using
a Goryaev chamber and 0.4 % trypan blue (Sigma Aldrich, USA),
based on a volume ratio of the dye to the cell suspension of 1:1
(Table 1). Cells stained blue were considered non-viable (Fig. 4).

The “5 squares’ method” was used with the calculation of cell
count (C) and viability (V) according to the formulas:

C=(Nx10000xD)/5 (1),

where (N) —the sum of counted cells in 5 squares; (D) — dilu-
tion factor with trypan blue (2); 10,000 — the volumetric coefficient
of the Goryaev chamber.

V = (Live cells / (Live cells + Dead cells)) x 100 %.  (2)

The results of observations on MSCs cultures isolated using
different enzymes revealed no significant differences between
their studied parameters in our study (Table 1).

Trypsin-isolated cells showed good viability and adhesive
capacity, which enables the formation of a sufficient cell pop-
ulation for its optimal growth in a culture flask; however, cells
isolated with collagenase showed the same parameters. In both
cases, the MSCs property for chondro-, osteo-, and adipogenic
differentiation was preserved. In most studies collagenase is
the “gold standard” for dissociation of adipose tissue, due to the
similarity of key characteristics, it exhibits higher efficiency and
better osteogenic potential (which is important for our further
research) compared to trypsin isolation [18]. Nevertheless, the
obtained results demonstrate that trypsin is an effective and more
economical alternative method.

The next stage of our isolation experience was the seeding of
MSCs into culture flasks with an area of 25 cm?to 1 mL of the cell
suspension, such an amount of CM was added that approximately
1-2 x 106 cells were present in 5 mL of it. Exactly this number of
cells in a volume of 5 mL of CM was seeded into a sterile flask,
placed in a CO, incubator, and cultured under standard conditions
(5% CO,, 95 % humidity, and 37 °C). After 24 hours, the culture
medium was replaced with fresh medium to remove non-adherent
elements, with subsequent replacement twice a week. Visual
monitoring of the culture status was performed using an inverted
microscope PrimoVert (“Carl Zeiss”, Germany) with an AxioCam
208 color camera (“Carl Zeiss”, Germany) (Fig. 5). The described
stage is fully regulated by all the studied protocols [5,6,11-22].

Although the described methodology for MSCs isolation is
widely used, it is not without limitations [24]. The stages of me-
chanical and enzymatic processing may potentially damage or
alter cell properties, leading to an inconsistent quantitative and
qualitative composition of the isolated population, and moreover,
it does not guarantee a “pure line” without the risk of contamina-
tion [25]. Additionally, the use of fetal bovine serum in the culture
medium raises concerns regarding the introduction of xenogeneic
components, which may elicit an immune response or infection
risks in clinical applications [26]. Further research is needed to

develop more standardized protocols that can reliably isolate
high-quality therapeutic-grade MSCs [27].

Special attention should be paid to the mandatory periodic
replacement of the medium in cell cultures, which is crucial for
maintaining cell viability and functionality. Regular medium re-
placement provides essential nutrients and removes metabolic
waste, promoting successful proliferation of the cell culture [28].
It is important to adhere to sterile conditions and to monitor the
stability of reagent storage, as well as their expiration dates [29].
However, excessive or untimely replacement of the medium
may also harm cell cultures [30]. Frequent medium changes can
disrupt cell attachment, induce stress, and lead to undesirable
differentiation or loss of stem cell properties [31]. Furthermore,
over-reliance on monitoring reagent expiration dates may over-
look other important factors that can affect the quality of the cell
culture, such as batch-to-batch variability or the impact of long-
term storage conditions [32]. A balanced approach that considers
the individual needs of the cell line is essential for maintaining
optimal cell viability and functionality [19].

Asignificant stage in the MSCs isolation is the control of cells
quality. After medium replacement, cells are regularly checked
for signs of stress, or contamination. Proper documentation is
important, which involves recording the date and time of medium
replacement, volumes of the used medium, and dates of package
opening. An equally important aspect is monitoring the progress
of cell growth and proliferation (Fig. 6).

The process of maintaining the cell population in the MSCs
culture involves their passage (reseeding cells into new culture
flasks), which was performed upon reaching 60-70 % confluence
of the monolayer. This is an important stage in working with cell
cultures that helps maintain cell viability. Before starting the
passaging, it is necessary to check the readiness of the cells,
which involves examining the flask with the culture under a
microscope for morphological changes, signs of contamination,
or cell death (Fig. 6).

It should be noted that passaging is critical for maintaining the
viability of cell cultures. Proper execution of this procedure en-
sures optimal conditions for their growth, which in turn contributes
to obtaining reliable results in research [20]. Although passaging
is an important stage for maintaining cell viability, the methodology
is not without drawbacks [21]. Repeated passages and subcultur-
ing may lead to genetic and epigenetic changes in cell cultures,
potentially altering their properties [22]. Furthermore, excessive
passaging may cause senescence and reduce the scalability of
the population, which will affect their therapeutic potential [33].

Based on the above, in our study, the passaging procedure
was performed as follows: the nutrient medium was drained from
the flask, the cells were washed twice with warm (37 °C) DPBS
containing a 10 % antibiotic-antimycotic solution, and then 1.5
mL of trypsin solution with EDTA (37 °C) was added to the flask.
The solution was distributed evenly across the flask with careful
circular motions, and after 1.0—1.5 min, the degree of cell rounding
was assessed under an inverted microscope as an indicator of
their disaggregation from the flask bottom. When the majority of
cells detached (but no more than 1.5-2.0 min after the addition of
trypsin), the enzyme was neutralized with an equivalent volume of
CM (37 °C). The resulting cell suspension was centrifuged (600 g
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Fig. 6. MSCs passage 1 on different days. A: 3 days, magn. x10; B: 5 days, magn. x10; C: 9 days, magn. x10; D: 13 days, magn. x4.
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for 10 min). Cell counting was performed in a Goryaev chamber,
with simultaneous assessment of their viability using trypan blue.
Following this, the liquid phase was aspirated and replaced with
such a volume of CM that 5 mL contained 1-2 x 108 cells. Cell
seeding was carried out onto adhesive microscope slides Millicell
EZ Slide 8-well glass (Sigma Aldrich, USA) at a density of 20,000
cells per well (Fig. 5).

Discussion

The aim of this study was to identify key methodological chal-
lenges in the process of isolating adipose-derived MSCs and to
optimize the isolation protocol for our laboratory. The relevance
of the work is underscored by the growing potential of MSCs in
regenerative medicine, particularly considering the advantages
of abdominal fat as a cell source that is easily obtainable, has a
high concentration of MSCs, and possesses a potent differenti-
ation potential. Our results confirm that successful isolation and
cultivation of MSCs critically depend on adherence to high quality
standards regulated by GMP, which includes laboratory technical
equipment, equipment validation, and strict aseptic control [8].
These measures are essential for minimizing contamination
risks and maintaining cell viability, which is one of the primary
challenges in MSC culture.

The choice of biomaterial source (lipoaspirate versus a
fragment of SAT) and anatomical site is a key factor affecting
the yield and quality of MSCs [13,14,16]. Literature data and our
experience indicate the advantages of lipoaspirate as a less inva-
sive method for the cell population, allowing for the extraction of
alarger amount of cell mass, despite the potential for mechanical
damage, in contrast to surgical excision of a SAT fragment, which
limits the amount of material for scaling [13,14,16].

The enzymatic isolation step is the second critical stage of
the protocol. Although collagenase type | is widely used due
to its high efficiency in adipose tissue dissociation and better
osteogenic potential, we also investigated trypsinization as an
alternative approach. Our observations showed that trypsin-iso-
lated cells exhibited viability, high adhesive capacity, and pluri-
potent differentiation potential (chondro-, osteo- and adipogenic
differentiation) compared to those isolated with collagenase.
Given the high cost, instability during storage and difficulties in
preparing working solutions of collagenase, trypsin appears to
be an effective, more economical and practical alternative, that
simplifies protocol standardization, particularly under conditions
of limited funding or logistical challenges [17,15,23]. We have
confirmed that standard cultivation conditions, regular medium
changes, and the use of an antibiotic-antimycotic are effective for
maintaining cell culture. The passaging step is critically important
to prevent cell aging and loss of their properties [20].

Despite the detailed protocol for isolating MSCs from adipose
tissue, commercially available ready-made MSC cultures repre-
sent an alternative approach. The advantages of this approach
are obvious: time savings, guaranteed high initial viability and
standardized quality. However, commercial cultures are financially
expensive and limit the researcher’s control over the origin of the
cells and the number of passages performed, which introduces
additional variability [34].

Adetailed analysis of the scientific literature showed that the
established standard protocols for working in cell culture labo-
ratories with MSCs vary, the stages of implementation depend
on the direction of researchers’ activities, equipment, type of
MSCs used (bone marrow, adipose tissue, umbilical cord blood),
and the purpose of cultivation (for differentiation, expansion, or
cryopreservation).

Conclusions

Optimization of the methodology for isolating mesenchymal
stromal cells of adipogenic origin under GMP-compliant conditions
can be achieved by using lipoaspirate from the abdominal area,
using trypsinization as an effective and cost-effective alternative
to collagenase for enzymatic isolation, and strictly adhering to
cultivation, passage, and quality control protocols.
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