Am J Stem Cells 2022;11(1):1-11
www.AJSC.us /ISSN:2160-4150/AJSC0139516

Original Article

Optimization of human myoblasts culture
under different media conditions for
application in the in vitro studies

Natalia Rozwadowska'?, Maria Sikorska?, Katarzyna Bozyk!, Klaudia Jarosinska®, Anna Cieciuch?, Sonia
Brodowska?, Marcin Andrzejczak®, Maria Siemionow**

1Dystrogen Therapeutics SA, Poznan 60-316, Poland; 2Institute of Human Genetics, Polish Academy of Sciences,
Poznan 60-479, Poland; *Medical Center HCP, Poznan 61-485, Poland; “Department of Orthopaedics, University
of lllinois at Chicago, Chicago, lllinois, IL 60607, USA

Received September 30, 2021; Accepted December 30, 2021; Epub February 15, 2022; Published February 28,
2022

Abstract: Human primary in vitro cell cultures are among the most challenging procedures in cellular biology labo-
ratory practice. Myoblasts-progenitor of skeletal muscle origin represent a promising therapeutic cell source since
the procedure of their isolation is not technically demanding, and the in vitro culture is relatively straightforward.
Myoblasts could be considered as the candidates for clinical applications due to their regenerative potential, and
as the carriers of therapeutic proteins introduced through genetic modifications. The main goal of this prospective
study was to evaluate different myoblasts isolation strategies based on the pre-plating technique and cells den-
sity characteristics. Moreover, testing of different myoblast media formulations-both commercially available and
in-house made was performed. Our goal was to establish the in vitro protocol of myoblasts culture allowing for
preservation of the proliferative potential and desired phenotype. Our results revealed that in culture of myoblasts
of human muscle origin, the pre-plate technique and cell density differences did not correlate with changes in the
proliferative potential, however it was observed that low density cells maintained expression of the CD56 marker up
to the higher passages. Assessment of different types of culture media confirmed the best performance for DMEM
based media without Chicken Embryo Extract (CEE) addition. Cells cultured in DMEM+FBS medium revealed high
expression of CD56 and CD90 antigens, absence of the hematopoietic markers and presented stable proliferation
profile. This finding is in line with guidelines of regulatory agencies recommending removal of the xeno-derived
reagents from the manufacturing process of Advanced Therapy Medicinal Products (ATMP). In this study, human
myoblasts culture was optimized in vitro under different media conditions. The next approach in assessment of
myoblasts propagation for potential clinical applications will be testing of the clinical grade human platelet lysate
(hPL) instead of the FBS.
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Introduction tissue damage such as myocardial infraction or
sphincters injury [2-4].

Human primary myoblasts (MB) derived directly

from patient’s skeletal muscle tissue biopsy
and cultured in vitro could serve as an impor-
tant tool to study myocytes biology, metabolism
and regulation of myogenic cell differentiation
[1]. Despite of their unipotent characteristics,
myoblasts could serve as a valuable source for
stem cell-based therapies not only for patients
with neuromuscular disorders such as muscu-
lar dystrophies or other types of myopathies,
but also for treatment of other types of muscle

Skeletal muscle is a rich source of stem/pro-
genitor cells. Among them two main types could
be distinguished: satellite cells and non-satel-
lite cells. Satellite cells (SC), well-known myo-
genic precursor cells, discovered over 50 years
ago are located between muscle fibers and
remain quiescent in their niche until activation
signal is delivered. After activation, their gene
expression profile and physiological properties
change and begin interaction with other compo-
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nents of muscle tissue including extracellular
matrix and other cell types to initiate muscle
regeneration. The activation, proliferation, myo-
tube and myocytes formation is accompanied
by secretion of different growth factors, orches-
trated by expression of MRF family transcrip-
tion factors [5].

The non-satellite cells found in skeletal muscle
could serve as the tissue homeostasis safe-
guards. Several authors showed that non-SC
population could include mesenchymal pro-
genitor, PW1+PAXT7-interstitial cells (PICs), fibro-
cyte/adipocyte progenitors (FAPs), side popula-
tion cells (SP) and pericytes [6]. Mesenchymal
progenitors’ role is to coordinate the environ-
ment required for legitimate regeneration pro-
cess via immunomodulation supported by tro-
phic and mechanical factors [7]. PICs are th-
ought to be the bi-potent cells and are involved
in both, the smooth muscle and skeletal mus-
cle regeneration. They are distinguished from
the SC based on their location in the intersti-
tium instead of the basal lamina and by the
molecular markers, since the PICs are negative
for Pax7-one of the key regulators of myogene-
sis. PICs derived from the mice muscle show-
ed expression of some pluripotency markers
including Sox2, Oct3/4 and Nanog [8]. FAPs
according to several studies are critical for the
efficient muscle repair. They share mesenchy-
mal cell markers and have ability to differenti-
ate into osteo-, chondro- and adipogenic line-
ages. Quiescent FAPs reside close to the bl-
ood vessels and during regeneration support
satellite cells in both proliferation and mainte-
nance of the SC pool. After acute phase of
regeneration, the activated FAPs are cleared
from the tissues by the apoptosis process. It
was noticed, that in pathological conditions
such as the dystrophic or atrophic alterations,
the population of FAPs increases and augments
tissue deterioration [9]. Pericytes are associat-
ed with capillaries of the skeletal muscle and
are in close contact with the endothelial cells
[10]. The clear link was presented between
pericytes and tissue specific MSC found in the
skeletal muscle. The definition of pericytes was
based on the CD146 and other pericyte mark-
ers as reported in details by Crisan et al. [10]
and was associated with hematopoietic anti-
gens absence. These investigators have sh-
own that the same cell population expresses
the MSC markers such as the CD73, CD90 and

CD44 [10]. The complexity, diversity and myo-
genic potential of non-satellite cells represents
an unrecognized field, and the interspecies
differences and distinctive cell populations in
relation to the muscle type makes this topic
extremely difficult to study.

NCAMI (Neural Cell Adhesion Molecule 1) is a
gene coding the transmembrane protein which
is @ member of superimmunoglobulin family.
This protein is widely known as CD56 and is
expressed in the nervous system, im-
mune cells (mostly on NK cells surface) as well
as in the muscle tissue. As the protein involv-
ed in cell-to-cell interactions and cell-to-ECM
(extracellular matrix) interactions, its role is
crucial for neurogenesis and neurite growth.
CD56 was defined as the myogenic cell mark-
ers almost 40 years ago and still is one of the
most recognized antigen for the myoblast isola-
tion and characterization [11, 12]. The function
of this protein is not fully defined but expres-
sion of CD56 as the marker of myoblasts is
widely approved by many researchers [13]. The
CD56 was used as a reference in the study pub-
lished by Thurner et al. and was considered
as the critical parameter for development of
potency assay based on acetylcholinesterase
activity in myoblasts [13]. Establishment of
potency assay as the quantitative measure of
crucial biological function of cell-based ATMP is
essential for presentation of cell-based therapy
candidates to the regulatory agencies such as
European Medicines Agency (EMA) or Food and
Drug Administration (FDA). It is worth to men-
tion that lack of CD56 on the muscle-derived
cell's surface correlates with diminished ability
of myotube formation [13].

The limitations of the previous studies reported
in the literature included: separate evaluation
of the pre-plate method; optimization of media
formulation, or conduction of studies on the
rodent models rather than on the human tis-
sues [12, 14, 15]. Thus, our goal was to evalu-
ate the effect of myoblast isolation procedure
on the stablity of myoblasts phenotype and pro-
liferation potential as well as to assess the
effect of different culture media on the repro-
ducibility and stability of the CD56 marker dur-
ing myoblast propagation up to 6 passages.
These two features are crucial for propagation
of myoblasts with top quality and quantity and
would serve as the predictive values for op-
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Figure 1. Schematic summary of the timeline of myoblasts isolation and pre-plating procedure from muscle biopsy
to the creation of myoblasts subpopulations via subsequent passages. Four fractions were extracted based on two
features: cell density and rate of cell adhesion: Q1-fast adherence; high density; Q2-fast adherence; low density;
Q3-slow adherence, high density; Q4-slow adherence; low density. Created with BioRender.

timization of the myoblast culture for future
development of the myoblast-based cellular
therapies.

Materials and methods
Cells isolation and in vitro culture

Tissue samples were obtained from patients
(n=27) who underwent ACL procedure after
signing informed consent in accordance with
the ethical committee guidance and approval.
All procedures employed in this study were
approved by the Bioethical Committee of Po-
znan University of Medical Sciences (permis-
sion no. 672/18) and were conducted in accor-
dance with the principles of Good Laboratory
Practice. Human myoblasts were isolated ac-
cording to our established procedure describ-
ed in detail in previous publication [1, 16] and
the literature reports [14, 17, 18].

Briefly, remnants of muscle tissue were collect-
ed after ACL surgery and were placed into 50
ml vial, suspended in HBSS solution, and trans-
ported to the R&D laboratory. Next, the con-
comitant connective and adipose tissue was
discarded, and only skeletal muscle part of tis-
sue was minced and subjected to collagenase

treatment for 45 min. After digestion, cells and
tissue debris were filtered through 70 ym mesh
and centrifuged. Cells were suspended in cul-
ture medium (four different formulations) and
plated on gelatin covered T25 flask. The modi-
fied pre-plate method of in vitro culture system
was applied to isolate fast and slow adherent
cell sub-populations [17, 18]. Additional cen-
trifugation step performed during cells isola-
tion procedure was applied for the distinction
of low- and high-density sub-populations. The
scheme of preplate-density isolation approach
is shown on Figure 1. The isolation medium
was transferred to new gelatin covered T25
flask every other day (pO flask 1-4) whereas
fresh culture medium was added to the original
T25 flask.

The following culture media were tested: (1)
Skeletal medium (Sigma); (2) SKGM-2 Bullet Kit
(LONZA); (3) DMEM (4500 g/I glucose) supple-
mented with 20% of FBS (Fetal Bovine Serum;
LONZA), antibiotics (LONZA), ultraglutamine
(LONZA) and 1% CEE (Chick Embryo Extract)
and (4) DMEM (4500 g/l glucose) supple-
mented with 20% of FBS (Fetal Bovine Se-
rum; LONZA), antibiotics (LONZA), ultragluta-
mine (LONZA). The bFGF (Sigma) growth factor
was added to both DMEM-based culture media.
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Cell viability was evaluated by ADAM cell co-
unter (NanoEntek) or Countess cell counter
(Invitrogen).

Population doubling time

Population doubling time was counted accord-
ing to the following formula:

Population doubling time =
duration * log(2)
log (final concentration) - log (initial concentration)

Where: duration = number of days; final con-
centration = final cell count; initial concentra-
tion = number of cells seeded.

Flow cytometry evaluation cell phenotype

Each cell line before passage was checked for
the presence of the following surface markers:
CD56 (APC mouse anti-human CD56, clone
B159, BD Pharmingen), CD90 (PE/Cy7 anti-
human CD9O0, clone 5E10, BioLegend), CD34
(APC anti-human CD34, clone 581, BioLegend),
CD45 (PE/Cy7 anti-human CD45, clone HI30,
BioLegend). Although this panel was chosen
based on the literature, the criteria are not the-
oretical-since human myoblasts from muscle
tissues used and assessed in this study are
obtained from the human tissue remnants fr-
om surgical procedures. 10° of cells were sus-
pended in 50 yl 1% FBS (Fetal Bovine Serum,
Biological Industries) in PBS (Dulbecco’s Ph-
osphate Buffered Saline w/o Ca, Mg 1x, Bio-
logical Industries) and labeled with antibodies
for 20 min RT. Double washed samples were
fixed in 1% PFA and measured by flow cytome-
tery (BriCyte E6, Mindray or FACSCallibur, BD).

Immunofluorescence analysis

The 10* of cells per well were seeded on non-
coated (DES) or Matrigel-coated (DMD, MyHC)
coverslips. After 24 h or 7-days differentiation
cells were fixed in 4% PFA (Sigma-Aldrich) for
15 min at 4°C. The cell membranes were per-
meabilized with 0,1% Triton X-100 (15 min, RT)
(Sigma-Aldrich), and blocked in 5% albumin
(Alburex20, CSL Behring) with 0.5% Triton
X-100 for an hour in RT. Primary antibodies
were diluted according to the protocols pro-
vided by Vendors: anti-desmin 1:200 (Sigma-
Aldrich); anti-myosin heavy chain 1:400 (Sig-
ma-Aldrich); anti-DMD 1:100 (Sigma-Aldrich),

and incubated overnight with the specimens at
4°C. Then cells were washed three times in
PBS (Biological Industries) and were incubated
on the coverslips with a secondary anti-mouse
IgG antibody conjugated with AlexaFluor 488
1:500 (Invitrogen). A DAPI anti-fade solution
was used as a counterstain to visualize the
nucleus (Sigma-Aldrich).

Fusion index

Cells were seeded in concentration of 5x10*
per well on Matrigel-coated 12-well plates. The
cells after differentiation in 2% HS (horse se-
rum) based medium were fixed in cold metha-
nol for 3 minutes, stained by May-Grunwald dye
for 3 min and then stained by 10% Giemsa
solution for 20 min. Fusion index has been
defined as a ratio of nuclei number present in
differentiated myotubes and nuclei in undiffer-
entiated cells.

Statistical analysis

Results were reported as a mean value *
Standard Error of the Mean (SEM). The Kruskal-
Wallis test was performed to compare the pop-
ulation doubling time (PDT) and cells phenotype
depending on the cell passage. Difference in
the phenotype of cells derived from 4 subpopu-
lations, as well as cell count, PDT and pheno-
type of myoblast cultured in four different me-
dia was evaluated using the Mixed-effects
model (REML) with Tukey post-hoc multiple
comparisons test. P values were considered
significant below 0.05. All analyses were per-
formed using GraphPad Prism 9.10 software.

Results

Expression of the CD56, CD90, CD34 and
CD45 markers during myoblasts culture

Standard myoblast isolation and in vitro culture
was performed for n=27 muscle tissue biop-
sies according to the previously published pro-
tocol [1]. The isolated myoblasts presented
expression of the myogenic markers such as
desmin and after differentiation formed mul-
tinucleated myotubes which were positive for
myosin heavy chain and dystrophin proteins.
The typical panel of myoblasts characteristics
is shown on Figure 2. The average fusion index
calculated for the cultured in vitro myoblasts
reached 53% as shown in Figure 3.

Am J Stem Cells 2022;11(1):1-11
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Figure 2. Immunofluorescence assessment of myogenic markers expression in myoblasts cultured in DMEM+
FBS+FGF medium (A) and myocytes (B, C). Myosin heavy chain (A), dystrophin (B) and desmin (C). Cells were seeded
on non-coated (DES) or Matrigel-coated (DMD, MyCH) coverslips, differentiated and incubated with the use of rel-
evant antibodies. A DAPI anti-fade solution was used as a counterstain to visualize the nucleus. Magnification:
%200, scale bar 100 um.
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Figure 3. Example of myotubes formation in differentiated myoblasts cul-
tured in DMEM+FBS+FGF medium and stained with Pappenheim staining
method (May-Grunwald/Giemsa staining). Myotubes formation is shown un-
der two magnifications: A. x200, scale bar 100 um; B. x954. Arrows indicate

examples of differentiated multinuclear myotubes.

The myoblasts culture in medium was carried
on until the cells reached passage 6. The cell
phenotype was evaluated by flow cytometry
and data are presented in Figure 4. All obtain-
ed myoblasts populations show high expres-
sion of CD56 (82.03+6.51%) and CD90
(66.32%+11.34%) antigens and very low pres-
ence of hematopoietic markers (<5%) on the
pl. We next assessed if the cell’'s phenotype

\ underwent a change during in
- vitro culture from p1 to p6.

The CD56 antigen showed su-
bsequent reduction of expres-

™ sion on the myoblasts surface

B and after p4 this difference
- reached statistical significan-

- ce in relation to the expres-

- sion recorded on the starting
population. The CD90 antigen
presence showed similar ex-
pression pattern from 60%
positive cell on pl (66.32%+
11.34%) to 50% (46.46%+
7.39%) on p5 but this obser-
vation did not reach statistical significan-
ce.

The pre-plate procedure verification

The pre-plate procedure is often applied during
isolation of adherent cells including myoblasts
as a step improving target cells purity. We used
modified protocol assuming collection of four

Am J Stem Cells 2022;11(1):1-11
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Figure 4. Comparison of the percentage of myoblast
cells positive for the following markers: CD34, CD45,
CD56 and CD90 based on the cell passages. Cells
were labeled with relevant antibodies and visualized
with FACS cytometer. The Kruskal-Wallis test showed
a diminish of CD56 and CD90 positive cells during
cell in vitro culture: Data is presented as mean +
SEM, "P<0.05; “"P<0.01.

different myoblasts populations based on their
adherence and density properties (Figure 1)
classified as: Q1-fast adherence, high density;
Q2-fast adherence, low density; Q3-slow ad-
herence, high density; Q4-slow adherence, low
density. We monitored the phenotype (CD56,
CD90, CD34 and CD45) during 6 subsequent
passages. As shown on Figure 5 there was no
difference in evaluated antigens presentation
between myoblasts sub-population during first
passages, but it seems that low density cells
are capable to maintain the expression of CD56
antigen on higher level on the later passages.
The deterioration of expression of the positive
myogenic marker-CD56 was observed during in
vitro culture in all evaluated sub-populations as
presented in Figure 5.

Evaluation of PDT for myoblast subpopulations
(Q1-Q4) was only feasible on p2 and p3 pas-
sages due to the technical reasons. Although,
the shortening of PDT was observed comparing
p2 to p3, however the data analysis has not
confirmed statistical significance (Figure 6A).
Taking this into consideration we conclude that
density and adherence features do not influ-
ence the rate of myoblast proliferation. The
combined analysis of PDT obtained for all ana-
lyzed myoblasts subpopulations showed that
the proliferation rate was increasing (shorter
PDT) when cells reached the p3 (Figure 6B).

The influence of composition of the myoblasts
culture medium on the cell properties

We evaluated four different media formulations
dedicated for myogenic cells. Two of them were
commercially available i.e., Skeletal Cell Me-
dium from Sigma and SkGM-2 Bullet Kit
(LONZA) the following two were the DMEM
based with 20% FBS and bFGF supplementa-
tion. The only difference between latter two
was addition of another animal derived factor-
CEE (Chick Embryo Extract). Similarly, to previ-
ous experiments the two main features of myo-
blasts were evaluated: the proliferation dynam-
ics and presence of the specific surface anti-
gens. As shown on Figure 7 the cells cultured
in tested media did not differ in the passage
pattern although commercially available media
seems to stimulate cell proliferation more in-
tensively. This phenomenon was not confirmed
by statistical analysis, but evaluation of PDT
clearly showed that cells cultured in commer-
cially available medium need significantly less
time to double the population compared to
cells cultured in DMEM based in-house made
medium (Figure 8).

Assessment of hematopoietic stem cell mark-
ers

CD34 and CD45 showed weak expression on
the vast majority of evaluated cells. The expres-
sion of CD45 and CD34 was found to be be-
low 5% in all examined cell populations except
for the myoblasts cultured in Skeletal medium
from Sigma which revealed approximately 10%
on p2>p3 stage. This was the highest CD34
expression across all studied cell populations.
The evaluation of CD56 and CD9O expression
in tested cells revealed significant diversity
between cells cultured in commercially avail-
able and in-house made media. As show in
Figure 9, skeletal medium purchased from
LONZA did not support high level of the CD56
and CD90 marker between passage pl to p5.
The percentage of cells positive for CD56 and
CD90 antigens was relatively low from the p1
and did not show significant changes. The myo-
blast dedicated medium from Sigma showed
preservation of CD90 markers at 53.75%+
9.23% level, however did not maintain higher
levels of CD56 markers (15.43%+3.56%).

Am J Stem Cells 2022;11(1):1-11
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cells and other mononuclear
cells such as immune cells.
The aim of this study was to
evaluate the impact of myo-
blasts isolation procedure ba-
sed on the diverse cell density
and adherence properties, on
the proliferation rate and the
phenotype of the propagated
cells assessed by CD56, CD-
90, CD34 and CD45 surface
markers. We were interested

p2>p3 p3>pd

es of myoblasts subpopulation. Evaluation of PDT for myoblast subpopula-

tions (Q1-Q4) was feasible on p2 and p3 passages. (A) Comparison of PDT for
cell subpopulations: Q1, Q2, Q3, Q4. (B) Comparison of PDT between p2>p3
and p3>p4 for all cell subpopulations. PDT = duration * log(2)/(log(Final
concentration)-log(Initial concentration). Statistical analysis was performed
using the Kruskal-Wallis test. Data is presented as mean + SEM: "P<0.05.

Discussion

Skeletal muscle is a complex heterogeneous
tissue constituted of multinucleated myocytes
and plethora of mononuclear cells including,
muscle stem cells (satellite cells), non-myo-
genic mesenchymal progenitors (e.g., fibro-
adipogenic progenitors, or FAPs), endothelial

to evaluate these markers and
characteristics of myoblasts
due to their significance dur-
ing delivery of the myoblasts-
based therapies such as the
Advance Therapy Medicinal Pr-
oducts (ATMP). The CD56 marker is described
as the specific and efficient marker for assess-
ment of myoblasts isolated from a dissociated
human tissue biopsies by fluorescence-activat-
ed cell sorting (FACS). The other markers con-
firm mesodermal origin of isolated cells (CD9O)
and exclude the possibility of contamination of
the isolated myogenic precursors with the cells

Am J Stem Cells 2022;11(1):1-11
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Figure 7. The cell count of myoblasts cultured in vitro
on the subsequent passages in four different media
formulations dedicated for myogenic cells. Statisti-
cal analysis was performed using the Mixed-effects
model (REML) with Tukey multiple comparisons test.
Data is presented as mean + SEM, no significant dif-
ference was observed.

of hematopoietic origin (CD45 and CD34). We
have established basic in vitro culture condi-
tions based on both-the literature reports [14,
19] and our experience [1, 16]. The primary in
vitro culture condition represented the first
step, leading to more detailed and comprehen-
sive optimization of cell culture for future appli-
cation in the clinically relevant ATMP-tailored
conditions.

The pre-plate technique in myoblasts isolation
was introduced by Huard et al. [14, 19] over
twenty years ago. The main goal of the pre-
plate technique was to obtain the most suitable
cell population to improve the survival rate and
proper homing and integration of the injected
myoblasts into dystrophic muscle. Since then,
regardless of the reports on the successful out-
comes of the in vitro and preclinical studies, no
major improvements were proposed for the
cell-based therapies for DMD (Duchenne Mu-
scular Dystrophy) and other muscular genetic
disorders. One of the reasons could be the dif-
ferences between the rodent models for mus-
culoskeletal disorders and the human muscle
physiology and homeostasis. It is worth men-
tioning that not only the molecular pattern of
mouse and human skeletal muscle transcrip-
tome profiles varies [20] but also differences in
muscle function between the two species could
be noticed [21]. Compared to mouse models,
evaluation of progenitor cells of human skeletal
muscle origin is still limited. Many researchers
have introduced the pre-plate method into the
practice and the purity of the isolated cells

have been improved in the recent reports but
mostly in the mice models [18]. Our results
revealed that there were no striking differenc-
es observed between the phenotype of dis-
tinct myogenic cell populations obtained after
human cells isolation using the modified pre-
plate techniques. It could be related to the dif-
ferences between the humans and mice, since
in rodents, significant differences were clearly
noticed between myoblast subpopulations whi-
ch were isolated by different pre-plate meth-
ods. Although, the discrete discrepancy in myo-
blasts phenotype was revealed on p6 as the
low-density cell populations (Q2 and Q4) sh-
owed maintenance of the higher percentage of
CD56 positive cells during long-term (up to p6)
in vitro culture. Since the cell-based therapies
will require propagation of millions or even bil-
lions of cells, thus stability of the CD56 marker
at the high (p6) passage could be considered
as the pivotal asset of our technique.

Assessment of myoblasts proliferation rate
revealed no difference between myoblast pop-
ulations with low and high density and distinct
adherence properties. We have confirmed that
cells after p3 present shorter PDT which could
be associated with entering of the logarithmic
growth phase observed in the primary cell cul-
ture after isolation and the subsequent pas-
sages. This logarithmic growth is observed un-
til the cells reach senescence. The Nehlin et al.
showed that over 60% of cells showed SA-beta-
Gal expression on pl11 and the slowing of the
proliferation rate based on the days between
the passages was clearly visible after p6 [22].

In addition to different pre-plate techniques
implemented by research laboratories, there
are several protocols for isolation and growth
media design for in vitro culture of the myogen-
ic cells. The goal of our study was to compare
two commercially available media, the SKGM-2
Bullet Kit (Lonza) and Skeletal medium (Sigma-
Aldrich) with the in-house prepared-DMEM bas-
ed media-with or without supplementation with
chick embryo extract (CEE). The rationale for
this approach was to assure the reproducibility
of the in vitro cell culture conditions and remov-
al of not defined and xeno-derived supplement
from the medium content. We found that the
commercially available media have not guar-
anteed maintenance of high percentage of the
CD56 positive myogenic cells, during the long-
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tion). Statistical analysis was performed using the Mixed-effects model (REML) with Tukey multiple comparisons
test. Data is presented as mean + SEM; asterisks: "P<0.05; "*P<0.01.
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Figure 9. The percentage of CD34, CD45, CD56 and CD90 positive cells in myoblasts cultured in four different me-
dia formulations dedicated for myogenic cells. Cells were labeled with relevant antibodies and visualized with FACS
cytometer. Statistical analysis was performed using the Mixed-effects model (REML) with Tukey multiple compari-
sons test. Data is presented as mean + SEM; asterisks: “P<0.05; *"P<0.01; *"*P<0.001; ***P<0.0001.

term in vitro culture. Moreover, the SKGM-2-
Bullet Kit medium has not supported attach-
ment of the myogenic cells. It should be men-
tioned that we used gelatin coated flasks in-
stead of the collagen or ECM-coated flasks as
recommended by the commercial media pro-
ducers. This could potentially explain why we

did not observe beneficial impact of commer-
cially available media on the expression of
CD56 marker in the isolated and cultured
human cells. We have also found that supple-
mentation of culture medium with CEE is not a
critical factor for myogenic cell survival and
phenotype maintenance. This was a crucial
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finding since the presence of any components
of animal origin could negatively affect the pro-
cess of regulatory approval of myoblasts based
therapies such as the ATMP.

Moreover, we found that myoblasts cultured in
the commercially available media showed sig-
nificantly shorter PDT. Fast proliferation in the
in vitro culture resulted in the higher number of
cells obtained during a shorter period of time.
However, this observation has not correspond-
ed with the maintenance of the CD56+ pheno-
type on the collected cells which could be used
to endorse myogenic potential of cells.

As explained above, the presented myoblast’s
evaluation criteria were verified on the human
muscle tissues, thus the provided evaluation
and assessments criteria have a potential
clinical relevance. Moreover, the initial in vitro
culture conditions (DMEM medium, 20% FBS,
CEE) were applied during preparation of cell
population for the intracardiac transplantation
in phase | clinical trial and the applied condi-
tions successfully stimulated proliferation of
both, the native and genetically modified myo-
blasts [23, 24]. The detailed preclinical study of
in vivo cell tracking as well as cell imaging cle-
arly showed that tested conditions guarantee
both, the cell survival and therapeutic effect
[25, 26].

In summary, in this study we have described a
fast, simple and high-yield protocol for the iso-
lation and in vitro culture of myoblasts derived
from the human skeletal muscle biopsies. Our
protocol includes the steps of repeated centrif-
ugation of cells and subsequent plating proce-
dure which allows to maximize the total number
of myoblasts isolated from the tissues. To the
best of our knowledge, the proposed approach
for myoblasts isolation and culture is unique
due to application of the cell’s population pool-
ing. This technique was only feasible after de-
tailed characterization of the specific-Q1-Q4
cell subpopulations which was assessed in th-
is study. Thus, the proposed protocol tested
under R&D conditions could be applied and
tested during myoblast culturing under cGMP
conditions in preparation for future clinical
application of the myoblast-based cellular
therapy.
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