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Abstract
 Fetal bovine serum (FBS) is a widely used supplement for growth and ex-
pansion of stem cells. However, several ethical and scientific issues are related with 
its use. It is therefore, important to use alternative supplements to support stem cell 
growth especially for clinical use. The present study aims to evaluate the suitability 
of cord blood serum (CBS) as an alternative to FBS.
 In the current study, Mesenchymal Stem Cells (MSCs) were isolated from 
cord tissues by explant culture technique and were propagated in complete culture 
media supplemented with either CBS (CCM-CBS) or FBS (CCM-FBS). MSCs were 
characterized by fibroblastic morphology and plastic adherent growth. Different pa-
rameters such as cell saturation density, number and time of population doublings, 
and plating efficiency were used to compare growth kinetics of these cells in two 
types of culture media. In addition, MSCs were differentiated into osteocytes and 
adipocytes to evaluate the effect of serum on differentiation potential. 
 MSCs cultured in both types of media i.e. CCM-CBS and CCM-FBS 
showed comparable morphology and plastic adherent properties. However, cells cul-
tured in CCM-CBS showed better growth in cultures as indicated by high number of 
population doublings, CFUs and saturation density time. Cells cultured in CCM-CBS 
and CCM-FBS were successfully differentiated into adipopogenic and osteogenic 
potential. Based on the results of the study, it is concluded that stem cell culture me-
dium can be supplemented with CBS as an alternative to FBS.
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Introduction

 Recent achievements in the field of tissue engineering 
and regenerative medicine are very promising. Several hundred 
preclinical and clinical trials using mesenchymal stem cells 
(MSCs) are at various stages of completion (see www.clinical-
trials.gov). Although these technological advancements have 
opened new possibilities for the treatment of various diseases, 
there are a number of issues still to resolve[1]. For example, re-
quirement of serum for cell culturing and expansion is one such 
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issue. Usually fetal bovine serum (FBS) is used to supplement 
the stem cell culture medium which is acceptable for research 
purpose but its use in clinical applications has several limita-
tions including transmission of prions, viral and bacterial diseas-
es. Therefore it is desirable to replace FBS with other suitable 
supplement to ensure proper cell growth[2,3,4].
 Possible serum sources may include umbilical cord 
blood and peripheral blood. However, it is difficult to obtain se-
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rum in large quantities from peripheral blood especially from 
patients that are undergoing cell based therapies[3,5]. The other 
possibility might be umbilical cord blood serum (CBS) to use as 
a substitute of FBS. It is readily available, easy to isolate, lack 
ethical controversy and free of animal based bacterial and viral 
pathogens[2]. In addition it is possible to harvest it from patients 
after screening for major diseases such as HIV, HCV and HBV. 
Further it will be equally good not only for basic research but 
also for clinical use.  
 In the current study MSCs were isolated from cord tis-
sue as it is a preferred MSC source for cell based therapies due to 
volunteer availability in large quantities. Cord tissues have large 
number of MSCs as compared to other cell sources[6]. MSCs can 
easily be identified in culture on the basis of their fibroblastic 
morphology, plastic adherent growth and positive expression 
of CD44, CD73, CD90 and CD105[3,7]. Further MSCs have im-
mune-modulatory and immune-suppressor properties that make 
them a good candidate in tissue engineering and regenerative 
medicine applications[8]. In current study CBS and FBS were 
compared in terms of their effects on growth characteristics and 
differentiation potential of stem cells.
 In the current study, MSCs were isolated from human 
cord tissue and were characterized using various parameters 
such as morphology and plastic adherent growth. Further CBS 
and FBS were compared in terms of their effect on growth char-
acteristics (such as saturation density, number of population 
doublings, doubling time, and plating efficiency) and differen-
tiation potential (into bone and adipose) of MSCs. MSCs cul-
tured in both types of media showed comparable morphology 
and plastic adherent properties. Culture media supplemented 
with CBS showed better growth and differentiation as compared 
to cells cultured in FBS-medium. This study provides evidence 
that CBS is suitable for culturing, expansion and maintenance of 
stem cells differentiation potential and therefore could be used 
to substitute stem cell culture medium.

Materials and Methods

Cord blood and cord tissue sample collection 
 All samples (cord blood and cord tissues) were col-
lected after informed consent from the delivering mothers. The 
samples were collected from the Lady Aitchison Hospital, La-
hore according to the instructions provided by institutional re-
view board at King Edward Medical University. Samples were 
collected after cesarean births from prescreened mothers (nega-
tive for HCV, HBV, diabetes and/or mothers with intra uterine 
deaths)

Isolation of serum from cord blood
 Cord blood was collected in sterilized container direct-
ly from umbilical cord (while it was attached to placenta). Cord 
blood was placed at room temperature for at least 1 hour in or-
der to complete the process of coagulation. The clotted blood 
was centrifuged at 1,000 g for 30 minutes at RT (room tempera-
ture) and clear serum was collected into new sterile tubes[5]. This 
procedure was repeated twice in order to eliminate all cellular 
components from serum. Serum samples collected from several 
donors were pooled (̴ 500 ml) to eliminate donor to donor varia-
tions. The pooled sera were filtered by passing through 0.45 um 
filter and then 0.22 um filter. Serum sample were aliquoted in 50 

ml falcon tubes at −20°C until use.

Isolation of MSCs
 MSCs were obtained from cord tissue samples by us-
ing explant culture method as described previously by Choud-
hery et al.[9]. Briefly, cord tissue (approximately 2 inches) was 
washed thoroughly with PBS. After washing, cord tissue pieces 
were minced using sterilized surgical blades to get small piec-
es. Minced tissue pieces were mixed properly and were divided 
equally into two culture flasks. Complete culture medium supple-
mented with 10% FBS (CCM-FBS) was added to one flask and 
complete culture medium supplemented with 10% CBS (CCM-
CBS) was added to other flask. Both types of culture flasks were 
kept in incubator under the following conditions: 37°C, 5% CO2 
and in humidity. After 24 hours medium was vented and respec-
tive fresh medium was added in each flask. The medium was 
changed after every 3 days. When sufficient number of colonies 
was observed, the tissue pieces were removed along with medi-
um and fresh medium was added. After 10 - 14 days cells were 
detached using Trypsin-EDTA solution (Hyclone, USA). Cells 
were counted with a hemocytometer and reseeded as passage 1 
(P1). 

Growth Characteristic
 In order to determine growth characteristics of cells 
(cultured in CCM-FBS and CCM-CM), following parameters 
were used.

Plating efficiency (PE)
 Plating efficiency is a measure of the number of cells 
growing into colonies. Briefly, passage 1 cells cultured either in 
CCM-CBS and CCM-FBS were trypsinized using 0.25% Tryp-
sin-EDTA and counted using hemocytometer. Cells were plated 
at a density of 20 cells/ cm2 in culture flasks. Respective medium 
was added and flasks incubated under standard conditions. After 
14 days, medium was removed and resultant colonies washed 
with PBS were fixed with absolute methanol and treated with 
crystal violet. After washing with distilled water, colonies were 
counted (with >30 cells) under microscope[9]. Following formula 
was used for measuring the plating efficiency
 

Cumulative population doublings and doubling time
 To determine population doublings cell cultured in both 
types of media (CCM-FBS & CCM-CBS) were serially pas-
saged as described earlier[9,10]. When the cells attained 70% to 
80% confluency, they were harvested with Trypsin, counted and 
10% cells were re-plated. Number of cells plated and harvest-
ed, and culture time were recorded at each passage. Following 
formulae were used to determine the number of population dou-
blings and time for doublings[9]:

cPDs = Log N/ No ×log 2

DT = CT/cPDs
 Where, cPDs are cumulative population doublings, No 
is the cell number plated, N is the number of cells harvested, DT 
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is doubling time and CT is the time in culture.

Saturation density: The number of cells at cell saturation densi-
ty was determined as described previously[9]. Briefly, 1000 cells/
cm2 (passage 1) were re-plated in culture flasks in either CCM-
CBS or CCM-FBS. The cells were counted every other day us-
ing a hemocytometer. This process was stopped when no further 
increase in cell number was observed.

Differentiation: To assess the effect of serum (CBS and FBS) 
on differentiation potential of MSCs, they were induced to dif-
ferentiate into adipocytes and osteocytes. 

Adipogenesis: Cord tissue derived MSCs cultured in CCM-
CBS and CCM-FBS were induced to differentiate into adipo-
cytes. Briefly, passage 2 cells were trypsinised and plated in 12 
well tissue culture plate at a density of 4000 cells per well and 
propagated in expansion medium supplemented with either FBS 
or CBS. When cultures become confluent, adipogenic differen-
tiation medium was added for 3 weeks. Differentiation was as-
sessed using morphological changes and histochemistry using 
Oil O red stain[9]. 

Osteogenesis: In order to determine osteogenic potential, 
cells cultured in CCM-FBS and CCM-CBS were treated with os-
teogenic differentiation medium (at passage 2) as described[5,9]. 
After trypsinization, 4 x 103 cells were plated in each well of 
a 12-well plate and respective expansion medium (CCM-FBS 
or CCM-CBS) was added. When cells become confluent osteo-
genic induction medium was added. Induction medium was re-
placed with fresh medium every 3 - 5 days and experiments were 
terminated after 21 days.

Histochemistry

Oil red O staining: Commercially available oil red O staining 
kit (IHC WORLD, USA) was used to visualize lipid droplets[9]. 
Briefly, cells washed with PBS were fixed with 4% formalin and 
treated with pre-stain solution for 5 minutes. Oil red O solu-
tion was added and cells were incubated at 60º C for 20 min-
utes followed by washing with 60% isopropanol. The cells were 
counterstained with a hematoxylin solution for a minute and ob-
served under microscope.

Von kossa staining: Von Kossa stain was used for the assess-
ment of osteogenic differentiation in cultures as described previ-
ously[9]. Briefly, induced cultures were fixed with formalin (4%) 
and treated with silver nitrate for 60 min at RT under ultraviolet 
light. Cells were washed with water, and sodium thiosulfate was 
used to remove untreated silver nitrate. After counterstaining 
with nuclear fast red stain, the cells were observed under micro-
scope (ZIESS Primo Vert, Germany).

Statistical analysis: Statistical analysis was performed using 
Graph Pad Prism version 5 (www.graphpad.com). The quan-
titative variables like plating efficiency, population doublings, 
doubling time and cell saturation density, and differentiation into 
adipocytes and osteocytes were presented as mean ± standard 
deviation. For comparison of two group’s unpaired t-test was 
used. P value ≤ 0.05 was considered significant. 

Results

Isolation and characterization of MSCs
 MSCs were successfully isolated from all umbilical 
cord tissue samples (n = 5 each). After 8 to 10 days cells start to 
grow out of small umbilical cord tissue segments (Figure 1A). 
After about 2 weeks, several colonies were observed in culture 
flask. At this stage the cells grow rapidly and large colonies were 
observed originating from cord tissue pieces (Figure 1B). The 
tissue pieces were removed and adherent cells were harvested 
by using Trypsin EDTA and re-plated as passage 1 for further 
studies. 
 MSCs cultured in both media i.e. in CCM-CBS and 
CCM-FBS showed fibroblastic morphology as indicated in fig-
ure 1C and figure 1D, respectively. In addition, at late passages 
(P10) there was no difference in morphology between MSCs 
cultured in either CCM-CBS (Figure 1E) or CCM-FBS (Figure 
1F). These results thus indicate that MSCs retain their fibroblas-
tic morphology when cultured in CBS.

Figure 1: Isolation and expansion of MSC.
(A) Explants culture of cord tissue showing outgrowth of MSCs after 1 
week of initial culture. (B) Large MSC colonies originating from cord 
tissue pieces after 14 days. Fibroblastic morphology of MSCs expand-
ed  in CCM-CBS (C) and in CCM-FBS (D). Morphology of MSCs at 
P10 in CCM-CBS (E) and in CCM-FBS (F) MSCs: mesenchymal stem 
cells, CT: cord tissue, CCM-CBS: complete culture medium with 10% 
cord blood serum, CCM-FBS complete culture medium with 10% fetal 
bovine serum.

Plating efficiency 
 Plating efficiency was evaluated to determine the col-
ony forming ability of MSCs. Both types of culture media (i.e. 
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CCM-CBS and CCM-FBS) supported the growth of MSCs into 
colonies as shown in figure 2A and 2B respectively. As indicated 
in Figure 2C, plating efficiency of MSCs cultured in CCM-CBS 
was significantly higher (9.380 ± 2.313) as compared to plating 
efficiency of MSCs cultured in CCM-FBS (3.320 ± 0.741).

Cell saturation density
 In order to determine final cell saturation densities, 
MSCs cultured in either CCM-CBS or CCM-FBS were counted 
with a hemocytometer on alternative days until no further in-
crease in cell number was observed. The saturation density of 
MSCs propagated in CCM-CBS was higher (215111 ± 7249) as 
compared to MSCs cultured in CCM-FBS (184888 ± 10964). In 
addition, cells cultured in CCM-CBS reached saturation density 
sooner (day 10) than cells cultured in CCM-FBS (day 12) (Fig-
ure 2D). 

Cumulative population doublings and doubling time
  When MSCs attained 80% - 90% confluency, they 
were trypsinized and serially passaged at a 1:10 dilution in or-
der to determine the time and number of cumulative population 
doublings. Although both types of media supported growth of 
MSCs, accumulative number of population doublings was sig-
nificantly higher in CCM-CBS (41.35 ± 3.00) as compared to 
cells grown in CCM-FBS (26.90 ± 7.996) (Figure 2E). In con-
trast, the doubling time was significantly shorter for cells cul-
tured in CCM-CBS (1.402 ± 0.4084 days) as compared to cells 
propagated in CCM-FBS(2.538 ± 0.8536) (Figure 2F). 

Figure 2: Growth characteristics of MSCs in complete media supple-
mented with FBS and CBS.
Passage 1 cells were cultured at low numbers for 2 weeks and resultant 
colonies were stained with 0.1% crystal violet dye. Colonies ˃30 cells 

were counted by using microscope (n = 5). Insets showing individual 
colonies of MSCs in CCM-CBS and in CCM-FBS, respectively. (C) 
Graph showing plating efficiency of MSCs cultured in CCM-CBS and 
CCM-FBS. (D) Cell saturation density of MSCs in CCM-CBS (n = 5) 
and CCM-FBS (n = 5). Cell saturation density analysis showed that 
MSCs cultured in CCM-CBS reached confluency earlier than MSCs in 
CCM-FBS. The number and time of population doublings of MSCs in 
CCM-CBS (n = 5) and CCM-FBS (n = 5) was compared. MSCs cul-
tured in CCM-CBS showed more population doublings (E) and shorter 
doubling time (F) as compared to MSCs cultured in CCM-FBS. Values 
were expressed as mean ± standard error of mean.* p ˂ 0.05. MSCs: 
mesenchymal stem cells, CCM-CBS: complete culture medium with 
10% cord blood serum, CCM-FBS complete culture medium with 10% 
fetal bovine serum. 

Differentiation
 The differentiation potential of MSCs cultured in me-
dia supplemented with either CCM-CBS or CCM-FBS was 
evaluated by inducing MSCs into adipose- and bone-like cells. 

Adipogenic differentiation: Adipogenic differentiation was 
demonstrated by accumulation of lipid rich vacuoles which 
were stained positive by oil red O. After induction in adipogen-
ic medium, all cultures of MSCs expanded either in CCM-CBS 
or CCM-FBS showed differentiation into adipocytes. Although 
the number of oil red O positive cells was higher in CCM-CBS 
(58.83 ± 24.96) as compared to MSCs grown in medium supple-
mented with FBS (56.50 ± 7.93), the difference was not signifi-
cant (p = 0.83) as shown in Figure 3.

Figure 3: Adipogenic differentiation of MSCs in CCM-CBS and CCM- 
FBS.
(A) Differentiation of MSCs (n = 5 each) was assessed by oil red O 
staining of lipid rich vacuoles. A and B showing MSCs cultured in 
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CCM-CBS and CCM-FBS used as control. Although adipogenic differ-
entiation of MSCs was higher in CCM-CBS (C) as compared to MSCs 
grown in CCM-FBS (D), the difference was not significant (p = 0.83) 
as shown in E. MSCs: mesenchymal stem cells, CCM-CBS: complete 
culture medium with 10% cord blood serum, CCM-FBS complete cul-
ture medium with 10% fetal bovine serum. 

Osteogenic differentiation: Cells cultured in both media 
showed osteogenic differentiation after induction. Cells were 
treated with osteogenic induction medium for 3 weeks and dif-
ferentiation was assessed by von Kossa staining. Cells propa-
gated in respective normal media i.e. CCM-CBS and CCM-FBS 
were used as control (Figure 4A and B). Induced cells showed 
osteogenic differentiation as indicated in Figure 4C and 4D.

Figure 4: Osteogenic differentiation of MSCs in CCM-CBS and CCM-
FBS.
MSCs cultured in CCM-CBS and CCM-FBS were treated with osteo-
genic induction medium and induced cells were stained with von Kossa 
staining kit. A and B showing cells in respective expansion medium 
while C and D represent induced cells in CCM-CBS and CCM-FBS, 
respectively. MSCs: mesenchymal stem cells, CCM-CBS: complete 
culture medium with 10% cord blood serum, CCM-FBS complete cul-
ture medium with 10% fetal bovine serum. 

Discussion

 Stem cells are being used for various regenerative 
medicine applications. Their self-renewal ability and multi-lin-
eage differentiation potential has made it possible to develop 
engineered tissues and organs in vitro for transplantation, or to 
regenerate damaged tissues[11,12]. Due to success in the field of 
tissue engineering and regenerative medicine in recent years, 
the scientists are hopeful to overcome life threatening human 
diseases. Currently, there are several pre-clinical trials investi-
gating the safety of using such modalities for translating stem 
cell applications to clinics[13]. An important challenge for stem 
cell applications is the use of serum in stem cell culture medium. 
Most of the laboratories routinely use FBS as a medium supple-
ment to support and maintain cell growth. However, for clinical 
applications such supplement cannot be used owing to several 
problems such as contamination with animal viruses, bacteria, 

mycoplasma and immunological reactions[14-17]. Therefore use of 
FBS is a major hurdle in translation of stem cell related research 
into clinical applications. Because of these reasons it is required 
to replace FBS with other suitable growth supplements.
 In the current study, two types of sera (as supplement 
of stem cell medium) i.e. CBS and FBS were compared in terms 
of their effects on growth characteristics (population doublings, 
doubling time, plating efficiency and cell saturation density) and 
differentiation (into adipocytes and osteocytes) of cord tissue 
derived MSCs. The effect of serum supplementation was eval-
uated on MSCs isolated from cord tissues as it is a rich source 
of cells[17]. MSCs were isolated from cord tissue pieces with 
anon-enzymatic (explant culture) method as described earlier[18]. 
The explant culture technique was used as it is efficient, gives 
pure MSC cultures and is non-expensive as compared to other 
methods (such as enzymatic digestion methods). This technique 
of MSC isolation from cord tissues has been used previously by 
others[19-22].
 MSCs were comparable in their morphological char-
acteristics in both types of media (supplemented with CBS and 
FBS) as indicated by spindle shaped appearance. Interestingly, 
when cells were cultured for long time (P10) in CCM-CBS, they 
retained their spindle shaped morphology. In addition MSCs 
demonstrated plastic adherent growth irrespective of the medi-
um used for culturing of cells. The results of current study are 
in accordance with other studies that indicate that MSCs exhibit 
fibroblastic morphology and plastic adherent growth[5,23].
 One of the important characteristics of stem cells is their 
potential to replicate in vitro. The current study has employed 
several parameters to evaluate proliferative potential of cord tis-
sue derived stem cells. The results of the current study clearly 
demonstrated that proliferative potential of MSCs expanded in 
CCM-CBS was higher than those cultured in FBS containing 
media. The number of population doublings in CCM-CBS was 
significantly higher (41.35 ± 3.00) as compared to MSCs grown 
in CCM-FBS (26.90 ± 7.996). Similar findings have been report-
ed in literature[23], while others studies indicate that there is no 
effect on growth between cells cultured in CCM-CBS and CCM-
FBS[5]. Plating efficiency of MSCs in CCM-CBS was higher as 
compared to MSCs in CCM-FBS. The number and size of col-
onies was significantly greater in a medium supplemented with 
CBS. In addition cells cultured in CCM-CBS reached saturation 
density earlier than cells cultured in CCM-FBS, showing higher 
proliferative potential of these cells. 
 Cord tissue derived cells have been shown to differ-
entiate into osteocytes, chondrocytes, neurons and other cell 
types[19,21,24-26]. Majority of these studies have used FBS con-
taining medium for MSC expansion and differentiation. In this 
study, MSCs cultured in both types of media (CCM-CBS and 
CCM-FBS) were successfully differentiated into osteocytes and 
adipocytes as shown by von Kossa and Oil Red O staining, re-
spectively. These results indicated that MSCs can be cultured 
and differentiated in CBS as efficiently as in FBS containing 
medium. These results are in line with other studies indicating 
an alternative to supplement stem cell growth medium[17]. 

Conclusion

 FBS which is normally used as cell culture supple-
ment for growth and expansion of stem cells has economical 
and scientific drawbacks including contamination with xeno-
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geneic proteins and animal-origin pathogens. Because of these 
issues MSCs grown in media containing FBS are not suitable 
for clinical applications. Therefore it is important to investigate 
alternative culture supplements. In the current study, MSCs were 
isolated from human cord tissue and were characterized using 
various parameters such as morphology and plastic adherent 
growth. Further CBS were compared with FBS in terms of its 
effect on growth characteristics (population doublings, doubling 
time, plating efficiency and saturation density) and differen-
tiation potential (into bone and adipose) of MSCs. Results of 
this study clearly demonstrated that CBS is as good as FBS for 
proliferation and differentiation of MSCs and can be used as an 
alternative growth supplement for stem cell culture media. 
 Considering ethical and scientific issues, FBS could 
be replaced with CBS. Although there are other suitable sup-
plements (such as platelet lysate, peripheral blood plasma etc) 
for stem cell culture media, CBS is cheap, readily available and 
involves no ethical issues. Therefore as indicated by the results 
of this study, CBS can be used in stem cell culture media instead 
of FBS for better results and safer use for regenerative medicine 
applications.
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