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Abstract

Background: Large scale high quality and low cost production of clinical grade mesenchymal stem cells (MSCs) is critical
for facilitating clinical research and potential stem cell therapies. Use of Fetal Bovine/Calf serum (FBS/FCS) for the clinical
application carries a risk for transmission of zoonosis, therefore alternative xeno-free cell culture techniques have been
evaluated. The commercial products for the culture of MSCs in xeno-free and/or serum free media such as STEMPRO® MSC
SFM and MesenGro® are available but possibly not cost effective for large scale production of MSCs. The usage of human
serum and pooled human platelet lysate (pHPL) present xeno-free alternatives as growth supplements.
Methods: In this report, we analyzed the growth potentials of human tissue derived MSCs from bone marrow (BM),
umbilical cord tissue (UCT) and umbilical cord blood (UCB) in presence of xeno-free, serum free commercial culture media
(STEMPRO® MSC SFM and MesenGro®) and serum containing media supplemented with pHPL, FBS and human serum. We
also evaluated the role of surface of culture flasks for the optimal production of MSCs from these tissues by comparing the
expansion potential of MSCs in culture flasks from Costar®, CellBIND®, Greiner® and Tarsons® brands.
Results: We compared the growth potentials of these MSCs derived from these human tissues and found that pHPL
supplemented culture media serves as an efficient, cost effective xeno-free media to produce clinical grade human MSCs for
clinical applications. Interestingly, out of two commercial media, MesenGro® demonstrated better isolation and expansion
potential than STEMPRO® MSC SFM indicating that composition of commercial media affected the MSCs isolation
and expansion although MSCs showed similar phenotypic characteristics and post cryopreservation viability. The MSCs
production was at best in culture flasks with CellBIND® surface treatment.
Conclusion: We conclude that pHPL supplemented media provide cost effective and efficacious way to produce clinical grade
MSCs from various human tissues as opposed to commercial media. We showed that UCT can be an alternative option for
large number of MSCs and unique surface treatment of cell culture flasks such as CellBIND® facilitates large scale production
of MSCs from various human tissues.
Keywords: Mesenchymal stem cells (MSCs), fetal bovine serum (FBS), pooled human platelet lysate (pHPL), human serum
(HS), cryopreservation, viability

Introduction

Mesenchymal stem cells (MSCs)-based therapies are becoming
backbone for the regenerative medicine. Multiple clinical
studies confirm the safety of allogenic and autologous human
MSCs for treatment of human diseases [1,2] MSCs are multipotent, non-hematopoietic stem cells with anti-inflammatory,
immunomodulatory and regenerative properties, and are
explored for their therapeutic potential in inflammatory,
autoimmune and degenerative conditions in preclinical and
clinical studies [3-5]. Autologous and allogenic MSCs can be
isolated from bone marrow (BM), umbilical cord tissue (UCT),
umbilical cord blood (UCB), adipose tissue (AT), periosteum,
trabecular bone, synovium, skeletal muscle, deciduous teeth,
fetal pancreas, lung, liver, amniotic ﬂuid and placenta [6,7].
The characteristics of MSCs are defined using three criteria:
plastic-adherence; expression of specific surface markers (CD73,
CD90, CD105) along with lack of expression of ‘hematopoietic
markers (CD14, CD34, CD45) and human leukocyte antigen,

HLA-DR; and capacity to self-renew and differentiate into
various mesodermal lineages in vitro, including bone, cartilage,
and adipose [8].
The promise of MSCs as a therapeutic agent for wide range
of human conditions demands for the optimization of culture conditions to obtain large scale clinical grade MSCs with
defined safety standards [9,10]. Human serum, platelet rich
plasma and human platelet lysate show similar or even
enhanced growth potential for UCB, UCT, BM or AT derived
MSCs than FBS [11,12]. Addition of serum to culture media
provides the cells with vital nutrients, attachment factors,
and growth factors. The presence of FBS/FCS in the growth
media for MSCs is a source of xenogeneic antigens leading to
a risk of infusion reactions and poses the risk of transmitting
zoonotic diseases [13]. Human derived alternatives to animal
origin supplements are human serum (autologous or allogenic),
human plasma, cord blood serum, human platelet derivatives
including platelet lysate, and platelet released factors [14-18].
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Table 1. The table showing the different media and their
composition used to compare the growth potential of
MSCs derived from BM, UCB and UCT.
Media

Supplement

Alpha MEM

10% FBS

Alpha MEM

10%pHPL

Alpha MEM

10% Human Serum

STEMPRO® MSC SFM Xenofree

N/A

MesenGro®

N/A

Some studies comparing the effects of pHPL supplemented
media and the FBS supplemented media on the growth of
MSCs have been published; however, there are only few
studies comparing the effect of commercially available serumfree and xeno-free media and the human serum or blood
products containing media on the growth of MSCs [ 19-21].
The commercially available MSC growth media are expensive
but chemically defined. Such media are also devoid of any
donor related variability as they are supplemented with
human recombinant or synthetic growth factors/cytokines
shown to support the growth potency of human MSCs [20-21].
In this report, we compared the phenotype, growth potential
and functional characteristics of MSCs derived from different
human tissues (BM, UCT, UCB) on commercially available media,
StemPro® MSC SFM XenoFree (Invitrogen) and MesenGro®
(StemRD) with media supplemented with human serum,
pHPL or FBS.
Our data demonstrate the differential effects of these
media on isolation and growth potential of MSCs derived
from BM, UCB and UCT. Especially, MesenGro® supported
the expansion potential of MSCs better than StemPro® MSC
SFM XenoFree media. Growth of UCT derived MSCs was best
supported by pHPL supplemented growth media. Overall, our
data suggest that platelet derived growth factors are optimum
way to provide convenient and economical production of
large scale clinical grade MSCs for clinical application with
inherent safety form xenogenic immunological reactions.
In addition, the surface treatment of culture flasks plays an
important role in facilitating large scale production of MSCs
from human tissues.

Materials and methods

Cell culture media and supplements

Alpha MEM (α-MEM) with Glutamax without nucleosidases
(Life Technologies, USA) was used as the basal cell culture
medium. It was supplemented with various serum supplements
as mentioned below:
a) 10% FBS (Life Technologies)
b) 10% human serum
c) 10% pHPL
The commercial products, STEMPRO® MSC SFM (Invitrogen)
and MesenGro® (StemRD) (supplied as basal media and
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supplementary growth media) were prepared according to
the manufacturer’s directions. The culture flasks were coated
with CELLstart™ xeno-free substrate prior to STEMPRO® MSC
SFM xeno-free and serum free medium for optimal growth of
MSCs. The culture flasks (25 cm2 or 75 cm2) were purchased
from Corning, USA (CellBIND® and Costar®), Tarsons™ Pvt. Ltd.,
India (Tarsons™) and Greiner Bio-One, USA (Greiner®) in order
to evaluate the importance of CellBIND® surface treatment
for improved MSCs growth. Three samples of BM, UCT and
UCB were assigned for each culture condition as mentioned
in (Table 1). All experiments were performed in cGMP facility
under Class 100 Biosafety cabinet in a Class 10,000 core clean
room. The culture media and other reagents were kept at 37°C
water bath before adding to the tissue or cell samples. The
flasks were maintained in humidified atmosphere set at 37°C
with 5% CO2 (170 S Galaxy®, Eppendorf/New Brunswick, USA).

Preparation of Human serum

Human serum was obtained using the published protocol
with slight modification [12]. Three hundred and fifty milliliters
of blood from each of the six healthy human donors with
AB blood group was collected in the collection bags and
immediately aliquoted into 50 ml centrifuge tubes. Each blood
sample was screened for Hepatitis A, B and C, and HIV I and II.
The centrifuge tubes were left undisturbed overnight at 4°C.
Then tubes were centrifuged at 2,000 g for 15 minutes and
supernatants were pooled together, filter sterilized with
0.22 µm syringe filters (Celltreat®, USA) and stored at minus
80°C until used.

Preparation of Pooled Human Platelet Lysate (pHPL)

pHPL was prepared from pooled platelet rich plasma (PRP)
with some modification of the protocol described previously
[22]. Human peripheral blood (n=10) was collected in 350
ml blood bags containing 49 ml of CPDA from O positive
blood group healthy donors. All samples were screened for
Hepatitis A, B and C, and HIV I and II. Platelet counts were
conducted for all samples. Blood bags were centrifuged in a
refrigerated centrifuge (REMI KBM 70 plus, REMI®) at 110 g at
4°C. The plasma was collected in 50 ml centrifuge tubes and
again centrifuged at 2000 g to give two layers designated as
upper and lower layers for platelet poor plasma (PPP) and
platelet rich plasma (PRP), respectively. Platelet rich plasma
were pooled together and allowed to undergo four freezethaw cycles to release platelet derived growth factors after
platelet lysis. The lysed platelet debris was removed through
centrifugation at 2000 g for 15 min. The pooled HPL were
filter sterilized with 0.22 um filter (Celltreat®, USA) and stored
at minus 80°C until used.

Collection and isolation of MSCs from BM, UCT and
UCB

Approval of protocols for collection of bone marrow, umbilical
cord tissue and umbilical cord blood was obtained from the
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Ethics Committee.

Collection and Isolation of Bone Marrow Mesenchymal
Stem Cells (BMMSC)

5 ml of bone marrow (n=21) was extracted from the posterior
iliac crest of healthy volunteers at the hospital with appropriate
donor informed consents. Mononuclear cells (MNCs) were
isolated from each BM sample using Ficoll Paque Premium
(GE Life sciences, USA, density=1.078 g/ml) density gradient
method according to the supplier’s protocol. Briefly, collected
BM aspirates were diluted with equal volume of DPBS (Life
Technologies) and layered onto Ficoll paque and then
centrifuged at 400 g for 30 min at 20°C. The mononuclear
cell layer present at the interphase of upper layer of plasma
and platelets and lower layer of Ficoll paque and RBCs was
collected by a sterile pipette and washed twice in DPBS. The
collected MNCs were further processed with Ficoll Paque
Premium (GE Life sciences, USA, density=1.073 g/ml) to
enable the selective isolation of MSCs. The isolated MSCs
enriched were then seeded into tissue culture treated T75
(75 cm2) flasks (Costar®, CellBIND®, Greiner® and Tarsons®)
at a cell concentration of 1×104 cells/cm2 using different cell
culture media as summarized in (Table 1).

Collection and Isolation of Umbilical cord blood (UCB
MSC)

Umbilical cord blood (n=21) was collected from the healthy donors
after CS deliveries after obtaining donor informed consents in
CPDA containing collection bags. MNCs were isolated from CB
samples using density gradient method as described above with
Ficoll Paque Premium. MNCs were seeded into tissue culture
treated T75 flasks (Costar®, CellBIND®, Greiner® and Tarsons®)
at a cell concentration of 1×104 cells/cm2 using different cell
culture media as summarized in (Table 1).

Collection and Isolation of Umbilical Cord Tissue/
Wharton’s Jelly Mesenchymal Stem Cells (UCTMSC)

Umbilical cord tissues (n=21) from cesarean section (CS)
deliveries were collected after obtaining donor informed
consents. Tissue was collected in the medium consisting
of alpha MEM (α-MEM) with Glutamax, supplemented with
5ug/ml Gentamicin, 2.5 ug/ml Amphotericin B (all from Life
Technologies, USA) and 2 units/ml heparin (Sigma Aldrich,
USA). Tissue was washed in DPBS supplemented with 5 ug/ml
Gentamicin and 2.5 ug/ml Amphotericin B and then blood
vessels form the tissue were dissected. The tissue was cut
into 0.5 cm2 pieces normalized for their length and weight
before placing into T25 (25 cm2) flasks (Costar®, CellBIND®,
Greiner® and Tarsons®) 2 cm apart under different cell culture
media as summarized in (Table 1).

Propagation and Subculture of MSCs

The cell culture media with appropriate serum supplements
or STEMPRO® MSC SFM or MesenGro® (Table 1) were replaced
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72 hrs from flasks implanted with MNCs from BM and UCB
and after 7 days from UCT implanted flasks. Subsequently,
same media were changed every alternate day until cells
were 70-80% confluent. The fibroblastoid cells from BM,
UCB and UCT were incubated with 1X TrypLE™ Select
(Life Technologies), harvested and then counted using
hemocytometer in duplicates. For subculture of MSCs, the
cells with 70% confluence were separated using 1X TrypLE™
Select and then seeded at a density of 1×104 cells/cm2 in 75 cm2
flasks with the culture medium without the antibiotics and
grown in humidified atmosphere at 37°C and 5% CO2. The
cells were studied till passage 7.

Evaluation of MSC Proliferation

The proliferation of MSCs under different culture media was
assessed using appropriate kinetic for calculation of population
doubling (PD) rate and generation time as described by
Biebek et al., (2008). The passaged cells were allowed to
reach confluence of 80%. The PD rate was determined using
the following formula.
χ=

log10(NH)-log10(N1)

log10(2)
where NH is the harvested cell number and N1 is the plated
cell number. Cumulative population doublings (CPD) was
calculated by adding the PD of each passage to the PD of
previous passages.
The generation time (average time between two cells
doublings) for the BM, UCT and UCB on different media was
calculated for P2 and P6 using the following formula.

χ=

log2 x Δt
log10(NH)-log10(N1)

Immunophenotyping with Flowcytometry

Immunophenotypic analyses were performed on three
batches of BM-MSC, UCT-MSC and UCB-MSC from all the
groups (Table 1). Cells from P3 stage were used for performing
Flowcytometry. The cells were dissociated with 1X TrypLE™
Select and washed with DPBS before analysis. 1×106 cells were
re-suspended in the 100µl buffer (10 mM HEPES, 140 mM
NaCl, 2.5 mM CaCl2, pH 7.4). Cells were incubated with the 5µl
of following conjugated-antibodies: CD 45 (Anti-Human
CD45 (LCA) FITC), CD 73 [Anti-Human CD73 PE (AD2)], CD
90 [Anti-Human CD90 (Thy1, Thy-1) PE], CD 34 (Fluorescein
isothiocyanate (FITC) anti-human CD34), CD 105 (anti-human
CD105 PE), and HLA-DR (anti-human HLA-DR FITC LN3) (all
from eBioscience, USA) at room temperature in dark. Cells
were analyzed with Guava® EasyCyte™ Flowcytometer for
cell surface markers and the data was processed in CytoSoft
5.3 version (CA, USA).

Viability analysis

The viability of MSCs prior to cryopreservation and after
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Table 2. The table showing the protocol followed to cryopreserve
the MSCs derived from BM, UCB and UCT (Adapted from Can
and Balci, 2011).
Step

Temperature (˚C)

Rate (˚C/min)

Time (min)

Start

5

0

0

1

0

2

2.5

2

0

0

10

3

-6

1

6
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and statistical differences were calculated using analysis of
variance (ANOVA) with Bonferroni post-test or paired t-test
wherever applicable.

Results

Comparison of plastic surfaces from different brands
for optimal growth of MSCs

The adherence capability of MSCs depends on the plastic
surface of the flasks. We first compared four different brands
4
-45
60
0.65
of culture flasks to evaluate the role of plastic surfaces on
5
-26
10.96
1.73
the adhesion and growth potential of MSCs. The MNCs from
6
-15
3
3.67
BM and UCB were plated at concentration of 1×104 cells/cm2
in duplicates on Costar®, CellBIND®, Greiner® and Tarsons™
7
-35
1
22
culture flasks from each samples (n=3 for each tissue) and
8
-80
5
9
cultured in FBS, HS and pHPL added media and MesenGro®.
9
-120
10
4
The quantification of the P2 cells derived from P1 cells obtained
from BMMSCs, UCBMSCs and UCTMSCs was performed on
these four types of culture flasks. The growth of MSCs derived
cryopreservation was determined after harvesting cells from all the tissues in presence of MesenGro®, and FBS, HS
with 1X TrypLE™ Select and staining them with 0.4% Typan and pHPL supplemented media on CellBIND® culture flasks
Blue stain (Invitrogen) for 1 min. The cell count for stained outperformed Costar®, Greiner® and Tarsons™ flasks (Figure 1A).
(dead cells) and unstained (live cells) was performed with The differential adherence and growth potential of MSCs
hemocytometer. The percent viability was calculated as
from BM and UCB MNCs cultured with pHPL supplemented
Number of live cells X 100
media on the four different plastic flasks showed that almost
Number of dead cells
50% BM and 70% UCB MNCs cultured in Tarsons™ flasks failed
to adhere to the plastic surface even after 15 days while
Cryopreservation
almost all the MNCs from BM and UCB cultured on Costar®,
The expanded MSCs are usually cryopreserved before admini- CellBIND®, Greiner® culture flasks demonstrated uniform
stration to patients. We wondered whether the culture of monolayer of MSCs within 15 days period (Figure1B). All the
MSCs in different media affects the pre and post cryopreser- data presented henceforth were recorded from experiments
vation viability of MSCs. MSCs from P4 culture upon reaching performed using CellBIND® flasks. The culture conditions
70-80% confluence underwent treatment with 1X TrypLE™ mentioned in (Table 1) were used to compare the isolation and
Select, the harvested cells were centrifuged at 200 g for 2 expansion characteristics, morphology, immunophenotype
min and then counted using hemocytometer. The viability and viability of the cells before and after cryopreservation
of cells was calculated using Trypan Blue stain before (n=3 in duplicates for each culture condition).
cryopreservation. For cryopreservation, the desired final cell
concentration of 1×106 cells/mL was achieved using 1.350 Isolation of BM, UCT and UCB derived MSCs
ml pre-warmed media under experimentation as mentioned The initial plating of MNCs from BM and UCB in media with
in (Table 1). The vials were transferred to 4°C for 10 min and different serum supplements (FBS, HS, pHPL) and in STEMPRO®
then kept in Controlled Rate Freezer (CRF) (Planer™, UK) set MSC SFM and MesenGro® media showed differential isolation
with temperature conditions adapted from Can and Balci [23] efficiency where pHPL supplemented media demonstrated
followed by storing the cells at -196°C in liquid nitrogen tank the favorable environment for fibroblastoid MSCs isolated
(MVE™, USA) (Table 2). The cells were removed after 4 weeks from BM andUCB. Similarly, the isolation and growth of
and post cryopreservation viability was calculated using Trypan fibroblastoid cells derived from UCT cultured in media with
Blue after following the thaw conditions for MSCs published FBS, HS, pHPL and STEMPRO® MSC SFM and MesenGro®
previously [23]. The conditions include thawing the frozen media were also variable where UCT MSCs required 12-15
cell vial in water bath for about 30 sec/until ice disappears days to attend 90% confluency of monolayer of fibroid
from the wall of the vial. Then vial was centrifuged at 1000 cells of the implanted tissues on the 25 cm2 culture flask
rpm for 1 min and after removing the supernatant, the MSCs in presence of pHPL added media while almost 20-25
were re-suspended in freshly prepared culture media before days on FBS and HS supplemented media (Figure 2A).
assessing post cryopreservation viability with Trypan Blue. In general, STEMPRO® MSC SFM media supported the least
growth of MSCs from all the tissues under investigation
Statistical Analysis
whereas pHPL supplemented media provided the highest
Statistical tests were performed using Prism GraphPad 5 rate of isolation and proliferation to MSCs (Figures 2B and 2C).
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*

UCB (HS)
UCT (HS)

*

BM (HS)
UCB (FBS)
UCT (FBS)
BM (FBS)

Costar
Griener
Tarson
CellBIND

*

UCB (Mesengro)
UCT (Mesengro)

*

BM (Mesengro)

*

UCB (pHPL)

*

UCT (pHPL)
BM (pHPL)
1000

0

Costar

CellBIND

Greiner

Tarsons

Umbilical cord blood MSCs

Bone marrow MSCs

B

2000

Number of P2 cells/104 P1 cells per cm2

Figure 1. Effect of plastic surface on the growth of MSCs derived from BM, UCB and UCT. (A). The number of P2 cultured in
FBS, HS, pHPL supplemented media and MesenGro® in four different plastic flasks, Costar®, Griener®, Tarsons™ and CellBIND®
were harvested after seeding at 1×104 cells/cm2. The cells cultured using CellBIND® flasks supported the highest number of
MSCs from all tissues cultured under different media. (B). Photomicrographs of representative cultures at primary culture of
BM and UCB MNCs at day 15 for pHPL supplemented media cultured in plastic brands from Costar®, CellBIND®, Greiner®
and Tarsons™ demonstrated the differential effect of plastic brands on the growth of MSCs. Error bars represent standard error
of mean and *=P<0.05 represents the significant difference between MSCs cultured on CellBIND and other culture flasks in
different types of media as evaluated with one-way ANOVA.

Growth characteristics of BM, UCT and UCB derived
MSCs

The growth characteristics of BM, UCB and UCT derived MSCs
were evaluated by assessing the cumulative population

doubling and generation time in presence of different media
described in (Table 1).
The MNCs were plated at concentration of 1×104 cells/cm2
in duplicates on CellBIND® from each samples (n=3) for
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culture conditions to evaluate the morphology and growth
characteristic of the MSCs derived from BM, UCB and UCT. The
MNCs from BM and UCB were devoid of hematopoietic cell
contamination due to double density gradient centrifugation
with Ficoll Paque Premium (1.077 g/ml and 1.073 g/ml).
The HS supplemented media showed relatively enhanced
expansion rate of MSCs though it was not significantly different
than that of FBS. However, pHPL supplemented media led
to significantly higher expansion rate of MSCs than that
of media supplemented with FBS/HS and STEMPRO® MSC
SFM. The expansion rate of MSCs on MesenGro® was almost
equivalent to that of pHPL, although growth in pHPL was
superior in all the culture conditions (Figures 3A, 3B and 3C). In
addition to expansion rate, the generation time assessed for
P2 and P5 were minimal in pHPL supplemented media for all
the types of MSCs under investigation (Figures 3D, 3E and 3F).
The morphology of growing MSCs under serum containing
media varied from those growing in serum free media. The
FBS, HS and pHPL supplemented media supported the growth
of MSCs with elongated spindle shaped morphology from
primary culture and the passages thereafter.

Immune phenotype

The MSCs derived from all samples were analyzed at P4 for
typical MSCs positive markers, CD 70, CD 90, CD 105 and
negative markers CD 45, CD 34 and HLA-DR derived from
BM, UCB and UCT. We evaluated the expression of these
markers on P4 the MSCs derived BM, UCB and UCT cultures
in various culture media and confirmed that despite the
difference in the culture media, the expression of positive
markers were more than 95% while that of negative markers
were less than 5% (Table 3). Furthermore, there was no
statistically significant difference for any marker among
MSCs derived from BM, UCB and UCT which were cultured
in FBS, HS, pHPL supplemented media, STEMPRO® MSC SFM®
and MesenGro® media.

C

Pre and Post cryopreservation viability

Figure 2. Effect of different culture conditions on the isolation of
MSCs from BM MNCs, UCB MNCs and UCT implants. (A) The
representative photomicrographs showing the morphology and
differential growth potential of UCT derived MSCs cultured in
FBS, HS and pHPL supplemented media and commercial media,
STEMPRO® MSC SFM and MesenGro® by day 15. Scale bar= 200
µm. (B) The number of MSCs derived from BM and UCB MNCs
when seeded at the density of 1×104 cells/cm2 of CellBIND®
flasks (n=6 for each) in different culture media. (C) The number
of MSCs derived from 20 implants of UCT in presence of
different culture media conditions. Overall, pHPL supplemented
media yielded highest number of MSCs as compared to FBS,
HS supplemented and commercial media from BM, UCB
and UCT. Error bars represent standard error of mean where
*/**=P<0.05/0.01 and represents significant difference between
FBS supplemented media and other media under investigations.

Before MSCs administration, viability of stored MSCs is assessed
as cells tend to lose their viability during cryopreservation. In
most clinical settings, cryopreserved MSCs are used for infusion.
Therefore, we evaluated the viability of the samples cultured
using five different culture conditions as mentioned in (Table 1)
which were cryopreserved for one month. The MSCs were
stained with Trypan blue and viability was calculated using
hemocytometer. Even though, the expansion potentials
vary for different culture condition, there was no significant
difference in the viability of the MSCs before and after one
month long cryopreservation among these samples indicating
that culture and storage of cells in different media lack effects
on viability. (Figures 4A and 4B).

Discussion

Mesenchymal stem cells have emerged as the key cellular
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A

D

B

E

C

Passages

F

Passages

Figure 3. Effect of different culture conditions on the expansion rate of MSC from BM, UCB and UCT. (A, B, C) Mean cumulative
population doublings of MSCs grown in FBS, HS, pHPL, STEMPRO® MSC SFM ® and MesenGro® for MSC derived from BM (A),
UCB (B) and UCT (C). (D, E, F) The generation time was assessed at P2 and P5 for MSCs derived from BM (D), UCB (E) and
UCT (F) where pHPL supplemented media lead to significantly reduced population doubling time for MSCs expanded from BM
and UCT derived MSCs. *=P< 0.05 and **=P< 0.01 and represents significant difference among other media in comparison to FBS
supplemented media using analysis of variance (ANOVA).

agents for the regenerative, immune and reparative
therapies. MSCs inherit unique properties, ease of accessibility
from various tissue sources, multipotency and rapid ex vivo
expansion capability. The limitation in the number of stem
cells in BM aspirates (the most common source for MSCs) and
the concurrent need of large number of MSCs for therapeutic
applications require ex vivo culture. In order to achieve the
production of safe and clinical grade MSCs in sufficient
quantity to meet the therapeutic dosage, the optimization
of culture conditions in the laboratory are necessary. The
ex vivo culture involves appropriate selection of culture
conditions such as culture media, serum supplementation,

plastic surface and cell density for optimized production of
clinical grade MSCs [9,10]. Initially, FBS supplemented media
were added for fulfillment of growth factors. However, use
of FBS consists of risk for transmission of zoonotic diseases
along with immunological allergic reactions [24-27]. Hence,
humanized system based on incorporation of human serum
or blood products as growth supplement for propagation
of MSCs were introduced [14-17].
Many groups have published their success in isolation and
expansion of MSCs from UCB, UCT, BM and other tissues using
human serum, pHPL, platelet rich plasma and cord blood
[14,16,17,29]. In addition, there have been several studies
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Figure 4. Assessment of viability of MSCs derived from UCT. (A, B) The pre and post cryopreservation viability of P4
UCT-MSCs cultured with different media. There was no significant difference in the viability of the MSCs isolated and
expanded in presence of media supplemented with FBS, HS, pHPL, STEMPRO® MSC SFM and MesenGro® before and after
cryopreservation. Overall, there was 10-20% decrease in the viability after cryopreservation of UCTMSCs.
Table 3. The expression profile of positive and negative
markers for MSCs derived from BM, UCB and UCT cultures
in presence of different culture media.

The age and health condition of donor is crucial for optimized
production of MSCs from BM [35]. In our study, the collection
of BM was from healthy donors with age range of 30-40
Markers (%) FBS
HS
pHPL SFM Mesengro
years while UCB and UCT were obtained from healthy
CD 34
1.32
1.92
0.98
1.45
1.84
mothers with age range of 20-30 years screened as negative
CD 45
2.87
1.89
1.97
3.47
1.94
for Hepatitis A, B, HIV 1, 2 and Syphilis and had full term
HLA-DR
1.06
0.76
0.96
1.18
1.65
BM
caesarean section delivery. Due to narrow age difference in
our BM donor population, we fail to detect any significant
CD 73
96.45
97.15 98.45 96.98 96.32
age related variation in the expansion potential of BM MSCs
CD 90
97.32
98.74 97.32 98.63 97.33
among these samples. Moreover, we incorporated dual
CD 105
96.76
95.91 98.79 95.76 97.72
density gradient centrifugation where BM MNCs obtained
CD 34
2.02
3.32
1.98
2.25
3.84
with 1.077 g/ml Ficoll Paque-Premium were processed with
CD 45
4.72
2.59
2.88
3.78
2.98
1.073 g/ml Ficoll Paque Premium so as to obtain MNCs consist
of pure population of low density MNCs comprised of MSCs
HLA-DR
1.56
2.35
1.90
2.18
1.63
UCB
which were subsequently cultured under different culture
CD 73
95.85
95.35 98.15 94.91 95.78
conditions. It is to be noted that Ficoll Paque Premium is
CD 90
97.92
97.86 98.92 96.86 95.26
compliant with GMP manufacturing conditions, possesses
CD 105
94.55
93.91 97.19 95.34 96.42
lower endotoxin levels (www.gelifesciences.com) and is
CD 34
1.12
1.67
0.96
1.65
1.44
reported to yield relatively higher number of MSCs from
CD 45
1.45
1.89
1.17
2.27
1.14
various human and non-human sources including CB and
UCB compared with other density gradient agents [ 36,37].
HLA-DR
1.33
1.32
0.98
1.88
1.65
UCT
Few studies have also compared isolation protocols using
CD 73
97.15
98.17 97.40 96.68 95.69
Ficoll gradient centrifugation with other MSCs enrichment
CD 90
98.72
97.94 99.12 97.50 98.42
strategies like RossetteSep® (StemCell Technologies™, Canada)
CD 105
97.66
96.11 97.96 95.72 97.91
or magnetic-bead based CD 271 sorting (Miltenyi™ Biotech
GmbH, Germany) [12,38] concluded that such strategies help
on comparing different protocols for production of MSCs in obtaining BM MSCs devoid of small, loosely adherent and
from various human tissues. Studies have compared various contaminant round cells but fail to offer any advantage in
culture media, animal origin versus human origin growth terms of proliferation kinetics.
supplements, brand of culture flasks, and seeding densities for
In this report, we have evaluated the effect of some of
cells using BM, UCB, UCT, AT and chorionic villi [11,12,29-34]. the other key parameters on the expansion potential of
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BM, UCB and UCT. The type of the surface coating on the
plastic surfaces used for the isolation and propagation of
MSCs was evaluated using four different brands of flasks,
Costar®, CellBIND®, Greiner® and Tarsons™. According to
the manufactures, all the above flasks were tissue culture
treated; CellBIND® flasks in addition had unique surface
treatment. In general, the tissue culture treatment makes
the polysterene surface hydrophilic and negatively charged
when medium is added. CellBIND® surface undergoes plasma
surface treatment which produces the core polymer chain
and increases oxygen containing functional groups thereby
resulting in improved hydrophilicity and wettability under
both serum and serum-free conditions. Such coating is known
to improve cell spreading and attachment [39-41]. In all the
experiments, CellBIND® surface provided the most favorable
environment for MSCs derived from the primary culture of
BM, UCB and UCT with the media supplemented with pHPL.
The isolation efficiency of MSCs derived from BM, UCB and
UCT varied on the media under investigation. Among these
different media, the isolation of MSCs from BM MNC, UCB
MNC and UCT was best supported with media supplemented
with pHPL. The MesenGro® media led to relatively better cell
attachment than the media supplemented with FBS and HS.
In our study, isolation of MSCs from BM MNC, UCB MNC and
UCT was least supported on STEMPRO® MSC SFM media as
compared to other media. Jung et al., [20] and Hartmann et al.,
[42] also failed to obtain efficient attachment and growth of
primary BM-hMSCs and umbilical cord, respectively. Recent
studies have used STEMPRO® MSC SFM media to investigate
primary cell isolation, expansion potential, mesoderm
differentiation, and gene expression analysis of MSCs derived
from human BM and adipose tissues and found comparable
propagation and differentiation potential with MSCs cultured
with FBS containing media [43,44]. In another study, Patrikoski
et al., [45] reported that initial adhesion of isolated MSCs from
adipose tissues with STEMPRO® MSC SFM media was only
possible on the carboxyl coated plastic indicating the role of
culture conditions on successful isolation and propagation
of MSCs cultured with STEMPRO® MSC SFM media.
We then determined the expansion potential of in-house
produced serum and serum-free commercial culture conditions.
We used alpha MEM as our base medium because it has
been shown to support primary and subsequent isolation
[29]. In addition, we opted the optimum seeding density of
1×104cells/cm2 for BM and UCB MNCs and during subculture of
MSCs till P7. Several studies have advocated the importance
of the seeding density on optimum expansion potential. The
lower MSCs seeding density leads to higher growth potential
due to maximum availability of nutrients per cell, longer
exponential growth phase and lack of contact inhibition
[29,46,47]. Interestingly, UCT derived MSCs demonstrated
the highest population doubling at the seeding density of
1×104cells/cm2 for all the culture media under investigation
indicating that different tissues required optimization of
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seeding density to gain the highest yield of MSCs. Furthermore,
MSCs cultured in media containing pHPL outperformed
the MSCs cultured in FBS with respect to growth potential
especially for later passages whereas MSCs expanded in
MesenGro® and STEMPRO® MSC SFM showed relatively
lower population doubling than those cultured in pHPL. One
reason could be the lower seeding density because higher
seeding density (1×106 cells/cm2) has been shown to support
optimized growth potential of MSCs with the usage of these
commercial media (www.stemrd.com; www.invitrogen.com)
[19]. The generation time was also significantly improved
with the pHPL supplemented media as compared to other
culture media under investigation.
Despite the differences in the growth conditions, the
MSCs obtained from BM, UCB and UCT displayed similar
characteristics when assessed for immune-phenotypic
properties. We assessed for the presence of positive markers,
CD 70, CD 90, CD 105 and negative markers CD 45, CD
34 and HLA-DR for MSCs derived from BM, UCB and UCT;
the positive markers counted for more than 95% MSCs
and negative markers for less than 5%. This suggests that
supplementation of growth factors through animal origin
human origin or via recombinant growth factors is devoid of
any alteration in immune phenotypes of the cultured MSCs.
Furthermore, the evaluation of pre and post cryopreserved
samples cultured in different culture conditions yielded no
significant difference in viability. It has been indicated that
cryopreservation using controlled rate freezing with 5%
dimethyl sulfoxide (DMSO) is important for obtaining higher
post-cryopreservation viability which is crucial for clinical
applicability of cryopreserved MSCs [24,48].
We were able to isolate MSCs from all the tissues using the
culture conditions under investigation; however, expansion
potential was highest for MSCs cultured in pHPL. Therefore,
our study supports the use of pHPL as an effective alternative
growth supplement for the optimal expansion of MSCs from
BM, UCB and UCT. The different methods for the production
of pHPL are available and easily obtained from whole blood,
buffy coat derived pooled platelet concentrate [ 22,49].
Moreover, pHPL can also be derived from platelet concentrates
after the expiry period (4-5 days) [12]. Our work (data not
provided) also supports that expired platelets can be used to
produce effective pHPL. Furthermore, various studies have
confirmed the implementation of pHPL as a human origin
supplement for GMP-compliant large scale production of
clinical grade MSCs from various human tissues including
BM and UCT [42,49]. Pooled human platelet lysate (pHPL) is a
great source of growth factors and an economical, convenient
and efficient avenue for isolation and expansion of clinical
grade MSCs from various human tissues. The MSCs grown
in pHPL supplemented media demonstrated similar growth
and immunological profile when compared to those growing
in media supplemented with FBS [12,17,22,34]. Moreover,
its supplementation to MSCs failed to induce expression of
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functional class II major histocompatibility complex antigen,
indicator of immune stimulation [51]. In addition, BM MSCs
expanded in culture medium supplemented with human
serum have shown significantly higher property of decreasing
CD3/CD28-mediated T-cell activation and a comparable
morphology and phenotype to the MSCs grown in the fetal
calf serum [31].
In our study, UCT derived MSCs demonstrated lowest
generation time when compared to other media under
investigation for BM UCB and UCT derived tissues. UCT is a
rich source of MSCs and many laboratories have been able to
isolate large number of multipotent MSCs with 100% isolation
ability and capability to originate different cell lineages.
Furthermore, the transcription profile and immunological
characteristics are very well studied [51-54]. Therefore, UCT
can be an atractive alternative source for the off-the-shelf
product of human MSCs for autologous or allogenic treatment
for various pathological conditions.

Conclusion

Our report provides comprehensive evaluation of the serum
containing and serum free media on the morpholical and
growth charateristics of MSCs derived from BM, UCB and UCT
and concludes that pHPL supplemented media provide cost
effective and efficacious way to produce clinical grade MSCs
from various human tissues as opposed to commercial media.
We showed that UCT can be an alternative option for large
number of MSCs and unique surface treatment of cell culture
flasks such as CellBIND® facilitate large scale production of
MSCs from various human tissues.
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