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Abstract

Background: According to the guidelines for cGMP, strictly regulated procedures and quality control
(QC) tests are required. However, none of the regulations by authorities suggested have B-galactosidase
and Annexin V/PI assays as QC tests. In this study, we aimed to demonstrate the feasibility of Annexin
V and B-galactosidase assays as valid cGMP-compliant QC tests.

Methods: Wharton’s Jelly derived mesenchymal stem cells (WJ-MSCs) were isolated, characterized
and screened as valid QC tests. In this study, in addition to routine QC tests, -gal assays were
performed to confirm telomerase activity and Annexin V methods were used to confirm cell viability
assays.

Results: It was concluded that one donor (WJ-MSC-3) has higher telomerase activity and it has lowest
B-gal activity at the same time (p<0,001). Only one donor showed significant difference in annexin V
viability tests, indicating the importance of using automatic devices and Annexin V to manual tests for
cell viability analysis (Muse: 92,48 + 0,487% Flow Cytometry: 90,76 + 1,116% p<0,01).

Conclusion: With these existing data, telomerase activity and senescence levels may correlate and
affect MSC quality in cell based therapy. In order to determine the viability values by adding Annexin

V based automated methods could give more guaranteed results.

Key words: Good Manufacturing Practice, SA-b-galactosidase, cell senescence, telomerase activity,
Annexin V, cell based medicinal products.
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1. Introduction

Mesenchymal stem cells (MSCs) isolated from different sources are promising therapeutic elements
used in cellular therapy procedures [1, 2]. Human MSCs (hMSCs) are commonly used in clinical cell
transplantation studies, because of these cells have anti-inflammatory, anti-apoptotic, anti-angiogenic,
regenerative and immunomodulatory abilities [1, 3, 4]. There are more than 500 studies about the
safety and efficacy of MSCs in the clinical trials [5].

MSCs can be isolated from placenta and its derivatives, such as amniotic membrane, amniotic fluid,
chorionic villi, umbilical cord blood and Wharton's Jelly (WJ). MSCs are abundant in WJ and it is the
most preferred stem cell source because of its immunogenicity-lowering effect, high telomerase level
and high level of HLA-G [6-10]. This expression profile, helps to the fetus for avoid from the attack of
the immune system of mother against it during pregnancy and improves graft acceptance [11]. High
expression of HLA-G in WJ-MSCs, makes these cells ideal for third-party/allogeneic applications in
neurodegenerative disease in clinical trials [12-14]. Furthermore, WJ-MSCs are thought to preserve
immature phenotypes in ex vivo cultures, due to sustained telomerase activity in later passages[10]. It
has been demonstrated that WJ-MSCs can proliferate and differentiate in culture medium for a long
time without showing genetic instability or oncogenicity [15].

Existing current Good Manufacturing Practice (cGMP) principles ensure certain procedures for
preparation, manufacturing, processing, packaging and quality control of final product for clinical
applications [16, 17]. cGMP guidelines strictly regulate the procedures and quality control measures for
manipulation of stem cells as “medicinal products” and aim to make safer and more successful
engraftments [18]. Many highly standardized microbiological, immunophenotypic, and genetic quality
control tests are in compliance with GMP [19, 20].

hMSCs are present in several tissues but they are scarce in the body [21]. For successful cell therapy
and fulfill the need of hundreds of millions of hMSCs per treatment, an extensive ex vivo cell
expansion is required. However, hMSC proliferation is limited and it is likely that long-term culture
may cause continuous changes in MSCs, a significant amount of cells may undergo senescence [21,
22].

Detection of stem cell senescence and viability are also critical for successful cellular therapy [23, 24].
However none of the regulations by authorities suggested have senescence associated B-galactosidase
(SA-b-gal or B-Gal) and Annexin V/PI staining as quality control tests [25-28]. Annexin V is a Ca
2"dependent phospholipid binding protein with high affinity to phosphotidylserine. Membrane integrity
is impaired in apoptotic cells, so that Annexin V spreads into the cell and stains phosphotidylserine
molecules [29].

In the current study, we aim to investigate the quality controls test results of the WJ-MSCs carried out
as described in related standard operation procedures (SOPs) of the Center for Regenerative Medicine
and Stem Cell Research & Manufacturing (LivMedCell) in Liv Hospital, Istanbul, Turkey, and also
demonstrate the results of both Annexin V (using two devices) and senescence tests and we want to
offer these tests as a valid cGMP quality control tests.It is important to increase the quality of cells in
order to achieve high yield in clinical trials.For improving cell quality, B-gal tests were studied to
confirm telomerase activity and Annexin V methods were performed to confirm cell viability assays in
addition to routine QC tests.

2. Materials and Methods

2.1. Cell Processing (Isolation, Culture, and Characterizations of WJ-MSCs)

Human umbilical cord tissue samples were obtained from 4 healthy donors with their written informed
consent. Under sterile conditions, each umbilical cord unit was manipulated. Isolation protocols were
performed in parallel for all of WJs. Briefly, cord units were cut into sections about 5 cm. Pieces were
washed with DPBS solution to remove blood. For prevention from endothelial cell contamination,
arteries and vein were removed. Then, WJ pieces were cut into smaller pieces and these pieces were
adhered in 100 mm? cell culture plates. They were cultured in MSC NutriStem® XF Basal Medium and
MSC NutriStem® XF Supplement Mix (Biological Industries, Cromwell, CT, USA) cell culture media
supplied with 2% human serum (Seracare, Milford, MA, US) and 50U/ml penicilin-streptomycin
(Biological Industries, Cromwell, CT, USA). Cells were grown in a humidified atmosphere containing
5% CO, at 37°C and have been subcultured until the third passage.

Characterization tests were performed to prove that the isolated cells were human stem cells as routine
QC tests in our laboratory. Immunophenotypic and differentiation potential (adipogenic, chondrogenic,
osteogenic) assays of MSCs were performed in accordance with our previous studies [30-33].
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In order to manufacture the cell based therapy products, flow cytometry analysis, cell viability
assessment, mycoplasma detection, gene expression, telomerase activity; endotoxin and sterility tests
were performed mentioned below as “Valid Quality Control Tests”.

2.2. Valid Quality Control Tests

Certain QC tests of medicinal products must be performed before applying to the patient.These tests
determine whether the cells are suitable for application to the patient or not. They also help scientists to
improve the quality of cells and thus the success rate of treatments might be increase. Manufacturing
and quality control tests of WJ-MSCs have been performed in a ¢cGMP cell production facility;
LivMedCell, authorized by the Ministry of Health of Turkey with the cGMP license rules.

2.3. Flow cytometry analysis

The immunophenotype of cultured WJ-MSCs were determined by FACSCalibur with the human MSCs
analysis kit hMSC positive cocktail (FITC-CD90, PerCP-cy5.5-CD105, and APC-CD73), and the PE-
hMSC Negative Cocktail (CD11b, CD19, CD34, CD45, and HLA-DR) (BD Biosciences)[1, 16, 34].
All experiments were carried out for 4 times.

2.4. Cell viability assay

Cell viability was determined using the Muse Count & Viability Kit (Merck KGaA, Darmstadt,
Germany) and Annexin V dye with muse and flow cytometry device. Viable cells were counted and
percentage of cells were analyzed as early apoptotic, apoptotic and necrotic.

Muse Count & Viability Kit and flow cytometric analysis have almost the same working principles.
According to Muse Count & Viability Kit, a DNA-binding dye stains the nucleus of dead and dying
cells that have lost their membrane integrity.In flow cytometry method, Annexin V is used for staining
membrane phosphatidyl serine of apoptotic cells that have lost their membrane properties.

2.5. Mycoplasma detection
Sensoquest Labcycler and e-Myco Mycoplasma PCR Detection Kit (Intron Biotechnology, US) was
used for mycoplasma detection according to manufacturer’s instructions.

2.6. Endotoxin
Endotoxin levels were analyzed using Cape Cod Pyros Kinetix Flex and Pyrogent 25 Single Test
(Lonza) according to the manufacturer’s instructions.

2.7. Sterility Test
MSC sterility was assessed by Bactalert for 14 days (BacT/Alert™ bioMérieux Corporate—Durham,
USA).

2.8. Gene Expression

Gene expression analyses were performed for characterization of isolated cells as our routine QC tests.
Total RNA was isolated from P4 cell cultures (WJ-MSCs) using Qiagen RNA isolation kit and cDNA
was synthesized using RT2 First Standard Kit (Qiagen). PCR studies were performed with Syber Green
PCR Master Mix. Specific stem cell markers and genes such as ZFP42 (stemness), CD44 (MSC
specific marker), POUSF1 (stemness), SOX2 (stemness), VCAM1 (MSC specific marker), NES (Gene
associated with MSC), ICAM1 (gene associated with MSC), RUNX2 (osteogenesis, adipogenesis),
THY1 (MSC specific marker), TERT (stemness)), BMP2 (osteogenesis, chondrogenesis,
tenogenesis,MSC specific marker), VIM (gene associated with MSC), LDHA (housekeeping) were
performed to analyzed to determine gene expression levelsof WJ-MSCs. In this study GAPDH was
selected as the internal control. The cycle threshold (Ct) values are inversely proportional with the
amount of nucleic acid in the sample and associated with the number of copies in the sample. If Ct
values are lower than 29, these genes are identified as strong positive genes. If Ct values are between of
30-37, genes are considered positive according to reactions indicative of moderate amounts of target
nucleic acid. In the case of samples between of 38-40, it is possible that there is a weak expression or
environmental contamination [35].

2.9. Telomerase Activity
Telo TAGGG Telomerase PCR-ELISA Kit (Roche) and conventional telomeric repeat amplification
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protocol (TRAP) were used for measure to telomerase activity according to the manufacturer’s
protocol. Briefly, 2x10° cells were washed and lysed in ice-cold lysis buffer. Briefly, 2x105 cells were
washed and lysed in ice-cold lysis buffer. After the incubation, cell debris was removed and 3 ml of
supernatant was incubated with pre-mixed buffer containing biotin-labeled and unlabeled primers,
dNTPs and Taq DNA polymerase. Reaction mixture was incubated for 20 min at 25°C [33].

2.10. Annexin V/PI

Percentage of apoptotic and viable cells were detected using Annexin V Apoptosis Detection kit on a
FACSCalibur flow cytometer, according to the manufacturer’s instructions. Cell population analyses
were performed using Annexin V-FITC and PI (BD Biosciences, San Diego, CA 92121) staining.
Annexin V-FITC and PI stock solutions were added to the sample and incubated for 15 min at room
temperature. After the incubation, cells were washed with PBS. A total of 10.000 events were analyzed
by BD FACSCalibur and CellQuest Software was used for the analyses.

2.11. Cellular Senescence Assessment

Cytochemical staining for SA-b-galactosidase was performed using a Senescence f-Galactosidase
Staining Kit (Cell Signaling Technology, #9860) at pH 6.0. All the experiments were repeated three
times.

2.12. Statistical Analysis

Results are presented as meantSEM. GraphPad Prism 5 software was used for statistical analyses. The
data was analyzed by one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests.
The level of significance was set at p<0.05, p<0.01 and p<0.001 for all statistical analyses.

3. Results

3.1. Cell Processing (Isolation, Culture, and Characterizations of WJ-MSCs)

3.1.1. Differentiation Potential of WJ-MSCs

Osteogenic, adipogenic and chondrogenic differentiation assays for all WJ-MSC donors were carried
out according to our previous study [36]. Oil Red O, Alizarin Red S and Alcian Blue staining protocols
were performed for demonstration of adipogenic, osteogenic and chondrogenic differentiation potential
respectively. According to our results, all of WJ-MSCs have differentiated into three main lineages
which are essential for stem cell characterization analysis (Figure 1).

OSTEOGENIC DIFF.

CONTROL

WJ-MSC 1

WJ-MSC 2

WJ-MSC 3

WJ-MSC 4

Figure 1: Demonstrate the differentiation of WJ-MKHs into different cell types.
The osteogenic differentiation of all WJ-MSCs was performed by Alizarin red s staining. Adipogenic
differentiation of all WJ-MSCs was demonstrated by immunofluorescence with oil red (dapi: blue, oil
red o: red) and inverted microscope. The chondrogenic differentiation of MSCs was demonstrated by
alcian blue staining.
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3.1.2. Immunofluorescence and Immunohistochemical Characterization of WJ-MSCs

Our results indicated that all of WJ-MSCs expressed vimentin, CD105, CD44 (Figure 2), nestin,
fibronectin (Figure 3), desmin and alpha (a) Smooth Muscle Actin(a-SMA) (Figure 3) without
stimulation towards differentiation and negative for CD34 and CD45 (hematopoietic markers) (Figure
2).

CD44 CD105 VIMENTIN

WJ-MSC 1

WJ-MSC 2

<

WJ-MSC 3

WJ-Msc4(‘ 3 s

Figure 2: Immunophenotype of cultured WJ-MSCs.
Studies based on immunoperoxidase reactivity were performed with passage 3 cultures of WJ-MSCs.
Representative staining patterns are shown for: CD44, CD105 and Vimentin. Nuclei were
counterstained with haematoxylin (Scale bars: 50 um).
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Figure 3: Fluorescence microscopy analysis for expression of cell markers for mesenchymal stem cells
characterisation.
Almost all WJ-MSCs expressed fibronectin, a-SMA, nestin and desmin in their cytoplasm. WJ-MSCs
did not stain positive with antibody against CD34 and CD45 which are accepted to be hematopoetic
markers. Nuclei were labeled with DAPI (blue) (Scale bars: 50 um).
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3.2. Valid Quality Control Tests

3.2.1. Flow Cytometry Analysis of WJ-MSCs

Our data indicated that isolated WJ-MSCs were consistent with the immunophenotypic MSC
characteristics mentioned in the literature[37] (data not shown).

3.2.2. Gene Expression Profiles for WJ-MSCs

The gene expression levels of four different WJ-MSCs were determined by real-time PCR (data not
shown). The expression of transcripts for VIM, VCAM, THY 1, NES, ICAM1, POU5F1, ZFP42, SOX2
and TERT were found positive. The cells were also found as positive for glyceraldehydes 3-phosphate
dehydrogenase (GAPDH) as positive control. The expression of osteogenesis and adipogenesis
(RUNX?2), chondrogenesis, tenogenesis gene (BMP2) markers by WJ-MSCs were found positive.

3.2.3. Sterility Tests

WI-MSCs from four donors were compliance with all quality control test values. As a result of these
analyzes, WJ-MSCs were negative for endotoxin and mycoplasma tests. Sterility tests were performed
for all stem cells and the results showed that all cells were aseptic (Table 1.).

Table 1: Results of Sterility Analysis for all WJ-MSCs donors

MSCs Endotoxin Mycoplasma Sterility/
Microbiological Analysis
WJ-MSC-1 Negative Negative Negative
WJ-MSC-2 Negative Negative Negative
WJ-MSC-3 Negative Negative Negative
WJ-MSC-4 Negative Negative Negative

3.3. Comparison of Assessments of Cell Viability with Flow Cytometry and Cell Analyzer

The percentage of viability of WI-MSCs from four different donors at P4 were generally proper with a
mean of 9248 =+ 0487 % and 90,76 £+ 1,116 % as cell counting with cell analyzer
(MUSE® Cell Analyzer, Millipore, Billerica, USA) and Flow Cytometryrespectively. Only WJ-MSC-3
has significant measurement difference between two different methods (Figure 4).
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E3 Flow
Cytometry
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WJ-MSC-1 WJ-MSC-2 WJ-MSG-3 WJ-MSC-4

Figure 4: Annexin V cell viability assay by using Muse Cell Analyzer and Flow Cytometry.
Only WJ-MSC-3 has significant cell viability difference with automated cell analyzer and Flow
Cytometry using Annexin V.
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3.4. Cellular Senescence and Telomerase Enzyme Activity Assessment

SA-b-gal activity was found not at a critical level in any donor’s cells for stem cell applications (Figure
5). Blue-dyed precipitate technique was performed to stain the cells with blue color which result from
the cleavage of the chromogenic substrate 5-bromo-4-chloro-3-indolyl-beta-d-galactopyranoside (X-
Gal) (Figure 6). According to our results, only WJ-MSC-3 showed a significant difference in RTA level
from other WJ-MSCs (p<0,001) (Figure 7). It is known that, there is a relation between cell senescence
and telomerase activity on cultured cells. Thus we have found that telomerase activities were correlated
with all different WJ-MSC donors.
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Figure 5: % B-Gal Activity of four different WJ-MSCs donors.

Senescence levels of our four donors were significantly different. One of the four WJ-MSCs (WJ-MSC3)
has showed lower senescence level.

Loy L el B N
Figure 6: Senescent cell morphology (blue-stained cells) of 4 different donors at passage 4.
A) WJ-MSC-1 B) WJ-MSC-2 C) WJ-MSC-3 D) WJ-MSC-4
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Figure 7: % RTA value of four different WJ-MSCs donors

4. Discussion

The precision and accuracy of quality control tests strongly depend on the ability to generate high-
quality and functional cell based medicinal product with a high level of standardization. This study
showed that, Annexin V assay which is performed for cell viability analysis and -Gal assay which is
used for determination of cell senescence level were important tests for GMP grade cell based
medicinal products. As the result, only WJ-MSC-3 showed significant difference in two different
viability methods using Annexin V, and WJ-MSC-3 was have higher telomerase activity against low
senescence level. Most of the regulations from several regulatory institutions in developed countries for
clinical cell-based therapy product manufacturing, accepted the same criteria for quality control tests.
Valid QC tests generally include quality control parameters such as cell viability, endotoxin control,
mycoplasma control, telomerase activity, gene expression, flow cytometry and microbiological analysis
as international standards[38]. However Annexin V and B-Gal assays should be evaluate as “must”
instead of “need”.

Along with ISCT criteria, MSCs should have characteristic properties such as differentiation potential
to chondrocytes, adipocytes, osteoblasts and also they should have specific cell surface markers [17].
Our results show that obtained WJ-MSCs from 4 donors can differentiate into chondrocytes,
adipocytes, and osteoblasts as well as express MSC specific cell surface markers. Gene expression
analyses have also supported these results via expression of stem cell specific genes.

As another QC analysis, telomerase activity test screens the telomerase level. Our results show that WJ-
MSC-3 telomerase activity was significantly higher than others (p<0,001) and this result is compatible
with reference values [33]. Furthermore, other WJ-MSCs have showed no difference in telomerase
activity among each other.

However, these tests are not enough to represent cell based medicinal products as “safe”. Besides these
cell characteristics, we have to be sure of the microbiological safety features of the cell products [1].
Along with endotoxin test; mycoplasma and microbiological sterility tests are necessary. In our study,
all the microbiological test results were negative. Thus, WJ-MSCs, from 4 different donors,
manufactured in our GMP grade laboratory are confirmed to be safe according to GMP grade cell based
medicinal product regulations.

Characteristics of MSCs should be appropriate for cell-based medicinal treatment. Some of the
significant changes in cell characteristics could be observed with senescence assays[39]. Cellular
senescence may occur after a certain number of cell divisions as a result of decrease in telomerase
activity that leads to inability of cell regeneration and stem cell function[40]. Our results show that
senescence levels of our four donors were significantly different. However, one of the four WJ-MSCs
(WJ-MSC-3) has showed lower senescence level from others. Literature showed that despite the
enhanced cell viability at later passages, the expression of senescence level was significantly increased
[41]. Enlarged and irregular cell morphology can be seen in in vitro cell culture in morphological
assessment as well [42]. It is known that, donor age differences may influence proliferative
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characteristics and differentiation capacity of MSCs [34]. Age related differences are minimal in WJ
derived MSCs samples as compared to other adult sources. MSCs harvested from the WIJ are
considered “young”, much more proliferative, immunosuppressive, and even more therapeutically
active than those isolated from “’older”, adult tissue sources [43, 44]. Our results together with the
previously reported studies in the literature suggest that adult-derived mesenchymal stem cells will
have more significant differences in senescence levels. Surprisingly, although RTA level of 3 of 4
different WJ-MSCs were very close to each other; telomerase activity of WJ-MSC-3 is significantly
higher than others. With the present data in mind, telomerase activity and senescence levels may
correlate and also may affect MSC quality in cell based therapy.

Viable cell counting is crucial for eukaryotic cells in research and clinical applications. There are
several cell counting methods such as manual counting with hemocytometer, semi-automated and full-
automated techniques. Despite the manual and semi-automated methods, full automated methods have
low error margin and allow analyzing early apoptotic and necrotic cells [45]. In our study, we used
Annexin V method with two devices; Muse Cell Counter and Flow Cytometer. With Flow Cytometry,
we also used PI dye which show late apoptotic and necrotic cells [46]. Although it is cheap and widely
used, manual cell counting requires high expertise. Therefore, the viability and apoptotic, early
apoptotic and necrotic cell ratio of cells is important, especially for quality (passage number, donor
selection, isolation methods, used consumables, etc.) of cellular products in clinical cell based therapy.
Based on our data, cell viability results of 4 WJ-MSCs were found higher than 90 % (92,48+ 0,487 %
and 90,76 £+ 1,116 %) with two different methods according to cell based therapy standard. Also, we
found the cells from 3 different donors have almost the same cell viability level, but only WJ-MSC-3
had significant cell viability difference between Muse Cell Counter and Flow Cytometer methods. It is
essential to determine the percentages of cell viability for successful cell based medicinal products in
clinical therapy.

MSCs can be isolated from various tissues and their functional properties and immunophenotypic
characteristics are similar. Fetal MSCs generally perform better than adult MSCs [15]. However
source-dependent differences in cell properties have emerged recently. Previously considered as a
medical waste, umbilical cord seems to be a promising source of MSCs. Reports showing umbilical
cord-derived MSCs being more primitive, more proliferative and more immunosuppressive [47]. In the
senescence stage, MSCs proliferation and differentiation abilities are reduced, therefore senescence
could restrain the use of MSCs in clinical trials[16].

Fetal stem cells (FSCs) are thought to be an intermediate link between embryonic stem cells (ESCs)
and adult stem cells and they have enhanced plasticity, proliferation propensity, and higher expansion
potential compared to adult MSCs [48, 49].

Thus, the findings of this study indicate that there are some differences, such as irregular telomerase
activity and amount of senescent cell, which is related to stem cell source (adult or fetal). Therefore,
Annexin V-based automated methods for determining the viability of cells may result in more reliable
measures.

In the future, for increasing stem cell quality in GMP grade clinical trials, karyotype analysis,
micronucleus detection and cell cycle tests among routine quality control tests will be crucial.

5. Conclusion

In this study, we suggest to add two techniques for QC analysis of MSCs in GMP grade cell based
medicinal products. There are many of tests and parameters for quality control of GMP grade cell based
medicinal products but some of them are not compulsory for regulations. Notably, donor patient’s
clinical history, age and genetic makeup strongly influence the length of cell expansion period and the
quality of the obtained cells [15]. According to up scaled MSC production in GMP facility of cell based
therapy products manufacturer, they could have increased risk of senescent cells and percentage of
apoptotic cells. Thus B-Gal assay and Annexin V based automated methods must be performed within
the QC tests as well, since it directly affects cell quality. Our results point that, the slight difference in
senescence and cell viability results between 4 different donors of WJ-MSCs prove that the differences
in adult sources will be different because WJ-MSCs are naive sources of MSCs. Therefore, we
suggested that automated cell viability counting methods and B-Gal assay must be mandatory in order
not to overlook this in scale up MSC production processes.
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