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Abstract 

Background: Fetal bovine serum (FBS) is widely used in cell culture laboratories, 

risk of zoonotic infections and allergic side effects create obstacles for its use in 

clinical trials. Therefore, an alternative supplement with proper inherent growth-

promoting activities is demanded. 

Objective: To find FBS substitute, we tested human umbilical cord blood serum 

(hUCS) for proliferation of human umbilical cord matrix derived mesenchymal stem 

cells (hUC-MSCs) and human bone marrow-derived mesenchymal cells (hBM-

MSCs).  

Materials and Methods: Umbilical cord blood of healthy neonates, delivered by 

Caesarian section, was collected and the serum was separated. hUC-MSCs and 

hBM-MSCs were isolated and characterized by assessment of cell surface antigens 

by flow cytometry, alkaline phosphatase activity and osteogenic/adipogenic 

differentiation potential. The cells were then cultured in Iscove's Modified 

Dulbecco's Medium (IMDM) by conventional methods in three preparations: 1- with 

hUCS, 2- with FBS, and 3- without serum supplements. Cell proliferation was 

measured using WST-1 assay, and cell viability was assessed by trypan blue 

staining. 

Results: The cells cultured in hUCS and FBS exhibited similar morphology and 

mesenchymal stem cells properties. WST-1 proliferation assay data showed no 

significant difference between the proliferation rate of either cells following hUCS 

and FBS supplementation. Trypan blue exclusion dye test also revealed no 

significant difference for viability between hUCS and FBS groups. A significant 

difference was detected between the proliferation rate of stem cells cultured in 

serum-supplemented medium compared with serum-free medium. 

Conclusion: Our results indicate that human umbilical cord serum can effectively 

support proliferation of hBM-MSCS and hUC-MSCs in vitro and can be used as an 

appropriate substitute for FBS, especially in clinical studies. 

 
Key words: Bone marrow, Cell proliferation, Cord blood, Mesenchymal stem/stromal cells, 

Umbilical cord, Wharton jelly. 
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Introduction 
 

uman stem cells (HSCs) are 
characterized by their potency for 
self-renewal and their capacity to 

differentiate into various cells types (1, 2). Up 
to now, the most common sources of HSCs 
for transplantation were bone marrow and 
peripheral blood cells. But emerging 
evidences have recommended human 
umbilical cord blood hematopoietic stem cells 
(hUC-HSCs) and human umbilical cord matrix-
derived mesenchymal stem cells (hUC-MSCs) 
for allogenic transplantation (2-4). However, 

collection of bone marrow is an invasive and 
painful procedure. In addition, the numbers of 
bone marrow mesenchymal stem cells 
decreases significantly with age and infirmity. 
Furthermore, there is a high risk of viral 
contamination during mesenchymal stem cells 
(MSCs) collection. All these factors limit the 
use of bone marrow, thus, there is a need for 
cells with higher proliferative potency and 
differentiation capacity with lower risk of viral 
contaminations (2, 5, 6).  

Compared with bone marrow stem cells, 
hUC-MSCs and hUCB cells are more suitable 
sources of stem cells with minimum, if any, 

H 
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immune response following 
xenotransplantation, as well as a higher 
proliferation capacity and possible in vitro and 
in vivo differentiation into various cell types, 
including muscle cells, neurons, 
cardiomyocytes, etc. (7-9).  

Serum, in general, is one of the crucial 
elements in animal cell culture to support 
survival and proliferation of the cells. Fetal calf 
serum (FCS) and fetal bovine serum (FBS) 
are the most popular types of serum which are 
using routinely in animal cell culture 
laboratories (10). Serum-free medium and 5% 
FBS supplementation of medium has resulted 
in 88% and 12% proliferation rate of cultured 
cells, respectively. Also, by increasing the 
amount of FBS from 10-20%, proliferation rate 
of cultured cells has increased at later 
passages (11).  

In most culture systems, FBS/FCS is an 
essential component for cells growth and 
maintenance. It contains low and high 
molecular weight biomolecules and a variety 
of factors that promote or inhibit growth. Low 
toxicity and growth-promoting properties of 
FBS/FCS make it a common supplement for 
in vitro culture of most mammalian cells. 
However, animal sera are a potential source 
of microbial and viral contaminants, 
particularly mycoplasma, bovine viruses, and 
other pathogens (21). Suppliers use a variety 
of techniques, including irradiation, filtration, 
and/or heat-inactivation to reduce any 
microbial contamination but the use of 
FBS/FCS is not recommended in human cell 
transplantation (12-15). Moreover, application 
of FBS/FCS in clinical procedures may lead to 
local inflammation, stimulation of immune 
responses against xenoproteins, and tissue 
rejection due to xenogenic immune reactions. 
The disadvantages of FBS/FCS cast doubt on 
its biosafety in cell therapy procedures (21). 

Several alternatives for FBS/FCS have yet 
been suggested. These include 
supplementation of culture media with growth 
factors such as IL-6, IL-11, IL-12, 
thrombopoietin, leukemia inhibitory factor and 
granulocyte colony-stimulating factor which 
are not cost effective (16, 17). Some human 
autologous serum derivatives such as platelet 
lysate, a safer and less expensive substitute, 
were successfully used for the culture of 
MSCs and corneal epithelial cells (18-22). 
Peripheral blood plasma was also used for 
culture of rat stem cells, but the results were 

not reasonable (23). Another alternative could 
be human umbilical cord serum (hUCS), but 
studies on hUCS are limited (14). 

To the best of our knowledge, there is no 
published report in the literature to describe 
the effects of hUCS on the proliferation of 
hUC-MSCs cells. We designed this study to 
investigate the potential of hUCS, in 
comparison with FBS, as a supplement for the 
proliferation of hUC-MSCs and human BM-
MSCs. To assess this hypothesis, we cultured 
two different types of mesenchymal stem cells 
in serum-free, FBS-supplemented and hUCS-
supplemented conditions and the results were 
evaluated with a proliferation assay kit and 
trypan blue staining. 
 

Materials and methods 
 

In the present experimental study all the 
chemicals were purchased from Sigma 
(Sigma Aldrich Chemical Company, St Louis, 
MO, USA) unless stated otherwise. The Ethics 
Committee at Kerman University of Medical 
Sciences approved this study. The written 
consent was obtained from all participants. 
 
Human umbilical cord serum preparation 

To prepare the hUCS, hUCB was taken 
from neonates whose mothers had no medical 
history of serious disease. Cord blood 
samples were centrifuged at 450 gr for 10 min 
and supernatant was then collected and 
stored at -20oC. Samples were examined for 
mycoplasma contamination. 
 
Culture of human BM-MSCs 

Bone marrow samples from healthy 
individuals were obtained after fully informed 
consent. 20 ml bone marrow was aspirated 
from the iliac crest into sterile heparinized 
tube and immediately transferred to the 
laboratory, mixed with an equal volume of 
phosphate buffered saline (PBS) and 
centrifuged at 350 gr for 10 min. The 
nucleated cells at the interference between 
the red cells and PBS were removed carefully 
and transferred into a 75 cm2 flask. 15 ml 
complete culture medium was added to the 
flask.  

The complete culture medium consisted of 
Iscove's Modified Dulbecco's Medium (IMDM) 
supplemented with 10% FBS (Gibco, Grand 
Island, NY, USA), 100 IU/ml penicillin, 60 
µg/ml streptomycin sulfate, and 50 µg/ml 
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amphotericin B. Culture flasks were incubated 
at 37oC in the humidified air with 5% CO2. 
After 24 hr, the floating cells were removed, 
while the attached cells were washed three 
times with pre-warmed PBS. The flasks were 
then filled with 15 ml of complete medium 
supplemented with 1:100 insulin-transferrin-
selenium solutions and incubated at the same 
conditions.  

The medium was refreshed every 4-6 days 
according to the rate of cell propagation. After 
reaching >90% confluence, the cells were 
detached from the substratum by 3 ml 0.25 g/l 
trypsin and 0.2 g/l EDTA.  
 
Culture of hUC-MSCs 

hUC-MSCs were harvested using a 
previously reported method (8, 24). Briefly, 
umbilical cords of neonates that were 
delivered by Cesarean section were 
transported in PBS to laboratory. Umbilical 
cord vessels and amniotic membrane were 
separated under sterile conditions. The 
remaining matrix was divided into small pieces 
(>1 mm) and loaded onto the bottom of 6 cm 
petri dishes.  

1 ml complete medium was added to each 
petri dish and the dishes were incubated at 
37oC humid atmosphere with 5% CO2 in the 
air for 24 hr. 7 ml of complete medium was 
then added to each petri dish and after 1 wk, 
matrix pieces were removed. We used cells at 
passage 2-7 in our experiments. The mitotic 
index was calculated as the proportion of the 
number of cells undergoing mitosis to total 
number of cells present in the microscopic 
field. 
 
hUC-MSCs characterization 

hUC-MSCs were characterized according 
to their capacity to form colonies, alkaline 
phosphatase activity and the expression of 
cell surface markers. We used a frozen batch 
of hUC-MSCs with confirmed cell surface 
markers for the experiments (3, 24). Cell 
surface markers of BM-MSCs were also 
characterized in a previously published study 
(25). 
 
Adipogenic and osteogenic differentiation 
Osteogenic assay 

hBM-MSCs and hUC-MSCs were seeded 
at 2×104 cells/cm2 in culture dishes. After 72 
hr, the medium was replaced by osteogenic 
medium; DMEM-F12 with 10% FBS, 50 µg/ml 

gentamycin, 10 µM β-glycerophosphate, 10-7 
M dexamethasone and 0.2 mM ascorbic acid. 
The medium was refreshed every 3-4 days 
and on day 21, the cells were processed for 
differentiation analysis by Alizarine red 
staining. 
 
Adipogenic assay 

hBM-MSCs and hUC-MSCs were seeded 
at 2×104 cells/cm2 in culture dishes. After 24 
hr, the medium was replaced by Adipogenic 
medium; DMEM-F12 with 10% FBS, 0.01 µM 
dexamethasone, 0.5 mM IBMX (3-isobutyl-1-
methyl xanthine) and 60 µM indomethacin. 
Adipogenic medium was refreshed every 3-4 
days and on day 14, the cells were processed 
for differentiation analysis by oil red staining. 
 
WST-1 cell proliferation assay 

The WST-1 assay was designed to 
evaluate the rate of cell proliferation, growth 
and viability. We cultured 1×104 viable cells in 
each of the 96-well plates with a final volume 
of 100 μl IMDM medium supplemented with 
10% FBS, hUCS or no supplement as control. 
Plates were incubated at 37oC and 5% CO2 
for 48 hr. At the end of the incubation period, 
10 μl WST-1 cell proliferation reagent was 
added to each well and the plates were 
incubated in humid atmosphere at 37oC for 1 
hr.  

Plates were vortexed slowly and 
absorbance of the samples was measured 
using an ELISA reader instrument (BioTek 
Elx800, USA) with 450 nm wavelength and a 
reference value of 630 nm (26). Experiments 
were replicated at least 4 times in 
quadruplicate. To nullify the effects of culture 
media absorbance during WST-1 assay, we 
measured the absorbance of 100 µl IMDM 
with 10% FBS or hUCS and subtracted it from 
the absorbance of cell-containing assay. 
 
Trypan blue cell viability assay 

The cells cultured for 48 hrs in different 
treatment groups at standard culture condition 
were disaggregated using trypsin/EDTA and 
total cell count was determined using a 
haemocytometer chamber after staining the 
cells with 0.4% trypan blue. An equal volume 
of cell suspension was mixed with 0.4% 
trypan blue and the mixture was loaded onto 
an improved Neubauer haemacytometer. 
Unstained cells were considered viable and 
those colored blue were considered dead.  
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Experimental design 
The proliferation of hBM-MSCs and hUC-

MSC cells was compared in different groups 
as follows. 1) hUCS/BM-MSCs group in which 
BM-MSCs were treated with IMDM medium 
supplemented with 10% hUCS, 2) FBS/BM-
MSCs group in which BM-MSCs were treated 
with IMDM supplemented with 10% FBS, 3) 
IMDM/BM-MSCs in which BM-MSCs were 
treated with IMDM without serum supplement 
as control, 4) hUCS/hUC-MSC group in which 
hUC-MSCs were treated with IMDM 
supplemented with 10% hUCS, 5) FBS/hUC-
MSC in which hUC-MSCs were treated with 
IMDM supplemented with 10% FBS and 6) 
IMDM/hUC-MSC in which hUC-MSCs were 
treated with IMDM without serum supplement 
as control.  
 
Statistical analysis 

Data were expressed as mean±SEM. 
Normality of the data was assessed by 
Shapiro-wilk test. One way ANOVA was used 
for comparison of the data in the different 
groups followed by Tukey post-hoc test. The 
proportion of viable cells in the different 

groups was statistically analyzed by 2 test. A 
statistical difference of p<0.05 was considered 
significant. 

 

Results 
 
Cells isolation and alkaline phosphatase 
activity 

The hUC-MSC cells isolated from 
Wharton's jelly appeared with a fibroblast like 
shape (Figure 1A). Also, the bone marrow 
cells demonstrated fibroblastic like 
morphology and spindle shape (Figure 1B). 
Both groups of the cells were positive for 
alkaline phosphatase activity as determined 
by R87 kit (Figure 1C, 1D). 
 
Cell propagation and colony formation 

BM-MSCs propagated slowly in culture with 
a heterogeneous morphology of different cell 
types. After three days of culture, fusiform 
cells with abundant cytoplasmic processes as 
well as few round small shiny cells were 
appeared. BM-MSCs that were cultured in 
serum-free medium (Figure 2A), in 10% FBS 
(Figure 2B) or in 10% hUCS (Figure 2C), 
showed nearly similar morphology but the rate 
of proliferation was much slower in serum-free 

culture. Also, more fusiform cells were 
detectable in serum-free group. 

In addition, mitotic index was calculated as 
the proportion of cells undergoing mitosis to 
the total number of the cells. Mitotic index was 
not high in BM-MSCs. However, by increasing 
the cell number, mitotic index increased. 
These cells scarcely showed tendency to 
make colonies in both hUCS and FBS 
supplemented media. A confluence of >80% 
was reached after 2-3 wks of primary culture. 
hUC-MSCs propagated more rapidly 
compared with BM-MSCs, and a higher 
mitotic index was detected compared to BM-
MSCs.  

These cells also showed a mesenchymal 
appearance in serum-free culture medium 
(Figure 2D), 10% FBS- supplemented medium 
(Figure 2E) and 10% hUCS- supplemented 
medium (Figure 2F). These cells formed 
colonies following confluence of ≥80% in the 
presence of hUCS (Figure 2F). 
 
Cell surface markers 

hUC-MSCs and hBM-MSCs had expressed 
mesenchymal stem cell markers  
 
Adipogenic and osteogenic differentiation 
Adipogenic differentiation 

After 14 days of incubation in the 
adipogenic medium, hBM-MSCs and hUC-
MSCs showed fibroblastic morphology with 
more rounded contours and intracellular shiny 
lipid droplets, as seen in phase contrast 
microscopy. These lipid droplets stained red 
following Oil Red O staining (Figure 3B, 3E). 
 
Osteogenic differentiation 

To induce osteogenic differentiation, hBM-
MSCs and hUC-MSCs were cultured in 
osteogenic medium for three weeks, after 
which the cells showed a more polygonal 
shape with extensive cytoplasmic processes. 
Alizarin red staining demonstrated that 
calcium phosphate mineralization was formed 
as a response to the inductive signals (Figure 
3C, 3F). Mineralization was not observed in 
the control slides (phase contrast view), 
(Figure 3A, 3D). 

 
Effect of FBS and hUCS on proliferation of 
hBM-MSCs 

hBM-MSCs were cultured in the presence 
of FBS and hUCS or serum-free medium for 
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48 hr after which WST-1 assay was carried 
out. Results are presented in Figure 4. Mean 
absorbance was 0.777±0.512 for FBS/hBM-
MSCs and 0.806±0.48 for hUCS/hBM-MSCs. 
We found no statistically significant difference 
between these groups (p=1). The cell 
proliferation was greatly dependent on serum 
supplementation.  

A significant decrease in cell proliferation 
rate was detected when the absorbance in 
serum-free medium was compared with the 
absorbance in serum-supplemented media 
(Figure 4). 

 
Effect of FBS and hUCs on cell viability of 
hBM-MSCs 

Trypan blue assay results with hBM-MSC 
are demonstrated in Figure 5. The proportion 
of viable cells was 80% in FBS/hBM-MSC, 
and 82% in hUCS/hBM-MSC. The difference 
between the studied groups was not 
statistically significant but was significantly 
(p<0.001) higher than serum-free medium 
(Figure 5).  
 

Effect of FBS and hUCS on proliferation of 
hUC-MSCs 

hUC-MSCs were also cultured in the 
presence of FBS, hUCS and serum-free 
IMDM medium for 48 hr and WST-1 assay 
was carried out. The mean absorbance of 
different samples is presented in figure 6. 
Mean absorbance readings was 2.029±0.509 
for FBS/hUC-MSC and 1.841±0.422 for 
hUCS/hUC-MSC. But a significant difference 
(p<0.05) was observed between serum-
supplemented (hUCS/hUC-MSC; FBS/hUC-
MSC) and serum-free (IMDM/hUC-MSC) 
groups.  
 
Effect of FBS and hUCS on viability of 
hUC-MSCs 

The results of trypan blue assay with hUC-
MSCs are demonstrated in figure 7. Cell 
viability was 80% in FBS/hUC-MSC and 77% 
in hUCS/hUC-MSC. Cell viability was nearly 
identical in the serum supplemented groups, 
and there was no significant difference 
between serum supplemented groups and 
serum-free group (IMDM/hUC-MSC). 

 
 

 

 
Figure 1. Cells morphology and alkaline phosphatase activity in cultured cells. The isolated cells derived from Wharton' s jelly, 

exhibited fibroblastic like form (A). The BM-MSCs also appeared spindle shape and fibroblast-like in the culture (B). Positive 

alkaline phosphatase activity in hUC-MSCs (C) and BM-MSCs (D) was noted. 

 

 

 
Figure 2. Morphology and colony formation properties of hBM-MSCs and hUC-MSC. 

Morphology of the hBM-MSCs cultured either in serum-free IMDM (A), in 10% FBS (B) or in 10% umbilical cord blood serum (C), 

was nearly similar. Morphology of the hUC-MSCs cultured either in serum-free IMDM (D), in 10% FBS (F) or in 10% umbilical 

cord blood serum (G) was also nearly the same.  
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Figure 3. Adipogenic and Osteogenic differentiation of hBM-MSCs and hUC-MSCs. 

Phase contrast picture of hBM-MSCs (A) Oil red staining following adipogenic differentiation (B) and Alizarin red staining 

following osteogenic differentiation (C). Phase contrast picture of hUC-MSCs (D) Oil red staining following adipogenic 

differentiation (E) and Alizarin red staining following osteogenic differentiation (F). 

 

 

 

 
Figure 4. Effects of hUCS and FBS on proliferation of hBM-MSCs. Proliferation assay by WST-1 reagent showed similar 

proliferation rate in hUCS/hBM-MSC and FBS/hBM-MSC groups. A significant difference (P<001) was observed between 

IMDM/hBM-MSC and serum-supplemented groups. 

 

 

 

 
Figure 5. Tripan blue viability assay in hBM-MSC. Supplementation of culture medium with hUCS resulted in higher number of 

viable cells but it was not statistically different in comparison with FBS supplemented medium and serum-free medium. 
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Figure 6. Effects of hUCS and FBS on proliferation of hUC-MSCs. Proliferation assay by WST-1 reagent showed similar 

proliferation rate in hUCS/hUC-MSC and FBS/hUC-MSC groups. A significant difference (P<001) was observed between 

IMDM/hUC-MSC and serum-supplemented groups. 

 

 

 
Figure 7. Tripan blue viability assay in hBM-MSCs. More viable cells were detected in FBS supplemented (FBS/hUC-MSC) group 

than other groups. However, it was not statistically different when compared with hUCS supplemented (hUCS/hUC-MSC) and 

serum-free (IMDM/hUC-MSC) groups.  

 
Discussion 

 
In this study hBM-MSCs and hUC-MSCs 

were cultured in media supplemented with 
either hUCS or FBS. hUC-MSCs have 
recently been introduced as a promising 
source of stem cells in order to use in 
regenerative medicine (2, 8, 27). Compared 
with other different types of MSC including 
BM-MSCs, hUC-MSCs are not well described 
and the proliferative capacity of various 
natural sera has not been evaluated for these 
cells. Till now, hUCS efficacy has been 
examined for the culture of BM-MSCs from 
different species (28). Also, it was 
successfully used for proliferation of human 
limbal epithelial cells, neural precursor cells, 
skeletal mesenchymal cells, synovial 
mesenchymal stem cells, adipose stem cells 
and adipogenic differentiation, but no study 
has addressed umbilical cord serum efficacy 
for hUC-MSCs (29-33).  

According to our results, cell growth 
intensity and proliferation capacity was highly 
dependent on serum supplementations. The 
proliferation rate of hBM-MSCs and hUC-
MSCs was considerably lower in the serum-
free groups than theserum-supplemented 
groups. These data support previous findings 
regarding the vital role of serum for cell 
survival and proliferation in vitro (10, 18, 20, 
35). FBS is a type of blood serum which 
contains most of the plasma materials 
including glucose, hormons, carbon dioxide, 
electrolytes (mainly Na+, Ca2+, Mg2+, HCO3-, 
Cl-) and proteins like globulin, albumin and 
fibrinogen except clotting factors (36). FBS is 
important for induction of some adhesive 
molecules expression (37). 

But, zoonose contaminants, having animal 
source and immuno stimulating property are 
FBS controversies which makes it unsafe in 
human clinical trials, but in contrast, might 
suggest sera with human origin safer for 
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clinical managements (12, 14). In addition, 
FBS contains unknown components that may 
carry some materials with advers effects into 
the cells (38).  

Besides, FBS changes the gene 
expression pattern in some group of cells (4). 
In this regard, FBS increases some gene 
expression like mesodermal differentiation-
associated genes and decreases thrombin-
activated platelet plasma (37). Investigations 
has revealed that FBS is unsuitable for 
pancreatic differentiation (34). Human serum 
exhibits higher capacity for adipogenic 
differentiation of adipose derived cells (33). 
But in osteogenic and chondrogenic 
differentiation of human synovium-derived 
mesenchymal stem cells, no significant 
differences between human serum and FBS 
was reported. Therefore when cell 
differentiation is assessed, FBS omission is 
preferable (32). The growth and proliferation 
of hBM-MSCs was slightly higher in media 
supplemented with hUCS determined by 
WST-1 assay. WST-1 assay is usualy used to 
determine in vitro cell proliferation and 
viability.  

In proliferating cells, tetrazolium salts are 
reduced by mitochondrial enzymes present in 
living cells. The higher absorption (higher OD) 
is correlated with greater number of viable and 
active cells in the sample (39). The trypan 
blue assay results were also in favor of this 
observation. But, for hUC-MSCs, the result 
was different, in which the proliferation rate 
was not significantly lower in the hUCS-
supplemented medium compared with FBS. 
However, in all cases the inter-group 
differences were not statistically different.  

It has been shown that swine MSCs did not 
proliferate differently in the presence of hUCS 
or FBS, while human MSCs showed 
significant differences (29). More 
investigations are required to generalize our 
results to the other cell types. However, due to 
the fear of zootonic contaminations it can be 
concluded that animal sera are more 
appropriate for animals cell cultures and 
human sera are more suitable for human cell 
cultures (28).  

Although we did not find any significant 
difference between hUCS and FBS in terms of 
cell proliferation, other issues must be 
considered, and might suggest hUCS as a 
more appropriate substitute for FBS. Among 
human sera, fetal sera support cell 

proliferation better than adult sera because of 
higher concentrations of growth and 
differentiation factors and lower 
concentrations of gamma-globulins (14). We 
did not measure the gamma-globulin titer in 
hUCS, neither did we inactivate hUCS; an 
usual process that is commonly applied for 
any type of sera, but the propagation rate of 
hBM-MSCS and hUC-MSCs in the presence 
of hUCS was as high as FBS treatment.  

Umbilical cord matrix-derived cells originate 
early (around day 12 of gestation) in 
embryogenesis from extra-embryonic 
mesoderm. Due to their embryonic nature, 
hUC-MSCs are less likely to induce immune 
responses or produce tumors in the host. It 
has been shown that xenotransplantation of 
porcine hUC-MSCs into rat brain did not 
trigger any immune response after 2-6 wks of 
follow-up (40). If their nonimmunogenic 
properties can be confirmed, hUC-MSC cells 
may potentially serve as a good source of 
stem cells for the repair of damaged tissues in 
humans (2, 8, 14, 42). At such circumstance, 
the ideal type of sera is of importance. Also, 
any difference between human male and 
female fetuses cord blood serum could be of 
importance because it was shown that some 
materials like leptin concentration are different 
in male and female fetuses cord blood serum 
(41).  

In this study, we used 10% hUCS in all 
experiments. In other studies, depending on 
the type of cells and experimental conditions, 
various concentrations of serum supplement 
have been used. When the autologus serum 
and FBS are used, the serum concentration 
and the cell passage number are important 
factors. For example, at lower cell passages 
and higher human serum concentrations, the 
human serum is more effective for adipose 
cell proliferation (33). Most often, a serum 
concentration of 5-20% has been suggested 
(10). Whether a 10% hUCS is the ideal 
concentration or not, cannot be withdrawn 
from this study and needs further 
investigations. In addition, further studies are 
recommended to understand long-term 
changes in hUC-MSCs culture in the presence 
of hUCS and FBS. 
 

Conclusion 
 

We may conclude that serum-free media 
could hardly support cell proliferation, while 
hUCS can be a good substitute for FBS in 
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MSC culture systems. It is more compatible 
with human cell culture, less expensive and 
appropriate for stem cell proliferation 
especially in cell transplantation procedures.  
 

Acknowledgments 
 

Sincere thanks go to GYN/OB operation 
room staffs in Afzalipour Hospital in Kerman 
that provided us with neonate umbilical cords.  
 

Conflict of interest 
 

The authors have no conflicting financial 
interest.  
 

References 
 
1. Walther G, Gekas J, Bertrand OF. Amniotic stem 

cells for cellular cardiomyoplasty: promises and 
premises. Catheter Cardiovasc Int 2009; 73: 917-

924. 
2. Shetty P, Cooper K, Viswanathan C. Comparison of 

proliferative and multilineage differentiation potentials 
of cord matrix, cord blood, and bone marrow 
mesenchymal stem cells. Asian J Transfus Sci 2010; 
4: 14-24. 

3. Salehinejad P, Alitheen NB, Nematollahi-Mahani SN, 
Ali AM, Omar AR, Janzamin E, et al. Effect of culture 
media on expansion properties of human umbilical 
cord matrix-derived mesenchymal cells. Cytotherapy 
2012; 14: 948-953. 

4. Lindroos B, Aho KL, Kuokkanen H, Raty S, Miettinen 
S. Differential gene expression in adipose stem cells 
cultured in allogeneic human serum versus fetal 
bovine serum. Tissue Eng Part A 2010; 16: 2281-
2294. 

5. He S, Nakada D, Morrison SJ. Mechanisms of stem 
cell self-renewal. Ann Rev cell Dev Biol 2009; 25: 
377-406. 

6. Shahdadfar A, Fronsdal K, Haug T, Reinholt FP, 
Brinchmann JE. In vitro expansion of human 
mesenchymal stem cells: choice of serum is a 
determinant of cell proliferation, differentiation, gene 
expression, and transcriptome stability. Stem Cells 
2005; 23: 1357-1366. 

7. Latifpour M, Nematollahi-Mahani SN, Deilamy M, 
Azimzadeh BS, Eftekhar-Vaghefi SH, Nabipour F, et 
al. Improvement in cardiac function following 
transplantation of human umbilical cord matrix-
derived mesenchymal cells. Cardiology 2011; 120: 9-
18. 

8. Aghaee-Afshar M, Rezazadehkermani M, Asadi A, 
Malekpour-Afshar R, Shahesmaeili A, Nematollahi-
mahani SN. Potential of human umbilical cord matrix 
and rabbit bone marrow-derived mesenchymal stem 
cells in repair of surgically incised rabbit external 
anal sphincter. Dis Colon Rectum 2009; 52: 1753-

1761. 
9. Lu LL, Song YP, Wei XD, Fang BJ, Li YF. 

Comparative characterization of mesenchymal stem 
cells from human umbilical cord tissue and bone 

marrow. Zhongguo Shi Yan Xue Ye Xue Za Zhi 
2008; 16: 140-146. 

10. Ryan JM. Effect of different fetal bovine serum 
concentrations on the replicative life span of cultured 
chick cells. In Vitro 1979; 15: 895-899. 

11. Fong CY, Biswas A, Tan JH, Gauthaman  K, Chan 
WK, Bongso A. Human Wharton’s jelly stem cells 
have unique transcriptome profiles compared to 
human embryonic stem cells and other mesenchymal 
stem cells. Stem Cell Rev Rep 2011; 7: 1-16. 

12. Meuleman N, Tondreau T, Delforge A, Dejeneffe M, 
Massy M, Libertalis M, et al. Human marrow 
mesenchymal stem cell culture: serum-free medium 
allows better expansion than classical alpha-MEM 
medium. Eur J Haematol 2006; 76: 309-316. 

13. Rahman H, Qasim M, Schultze FC, Oellerich M, A 
RA. Fetal calf serum heat inactivation and 
lipopolysaccharide contamination influence the 
human T lymphoblast proteome and 
phosphoproteome. Proteome Sci 2011; 9: 71. 

14. Phadnis SM, Joglekar MV, Venkateshan V, 
Ghaskadbi SM, Hardikar AA, Bhonde RR. Human 
umbilical cord blood serum promotes growth, 
proliferation, as well as differentiation of human bone 
marrow-derived progenitor cells. In Vitro Cell Dev 
Biol Anim 2006; 42: 283-286. 

15. Nakamura T, Inatomi T, Sotozono C, Anq L, 
Kinoshita S. Transplantation of autologous serum-
derived cultivated corneal epithelial equivalents for 
the treatment of severe ocular surface disease. 
Ophthalmology 2006; 113: 1765-1772. 

16. Heike T, Nakahata T. Ex vivo expansion of 
hematopoietic stem cells by cytokines. Biochim 
Biophys Acta 2002; 1592: 313-321. 

17. van Hensbergen Y, Schipper LF, Brand A, Slot MC, 
Welling M, Nauta AJ, et al. Ex vivo culture of human 
CD34+ cord blood cells with thrombopoietin (TPO) 
accelerates platelet engraftment in a NOD/SCID 
mouse model. Exp Hematol 2006; 34: 943-950. 

18. Lindroos B, Aho KL, Kuokkanen H, Raty S, Huhtala 
H, Lemp1n R, et al. Differential gene expression in 
adipose stem cells cultured in allogeneic human 
serum versus fetal bovine serum. Tissue Eng Part A 
2010; 16: 2281-2294. 

19. Nimura A, Muneta T, Koga H, Mochizuki T, Suzuki K, 
Makino H, et al. Increased proliferation of human 
synovial mesenchymal stem cells with autologous 
human serum: comparisons with bone marrow 
mesenchymal stem cells and with fetal bovine serum. 
Arthritis Rheum 2008; 58: 501-510. 

20. Perez-Ilzarbe M, Diez-Campelo M, Aranda P, Tabera 
S, Lopez T, del Canizo C, et al. Comparison of ex 
vivo expansion culture conditions of mesenchymal 
stem cells for human cell therapy. Transfusion 2009; 
49: 1901-1910. 

21. Rajala K, Lindroos B, Hussein SM, Lappalainen RS, 
Pekkanen-Mattila M, Inzunza J, et al. A defined and 
xeno-free culture method enabling the establishment 
of clinical-grade human embryonic, induced 
pluripotent and adipose stem cells. PLoS One 2010; 
5: e10246. 

22. Mellado-Damas N, Rodriguez JM, Carmona M, 
Gonzalez J, Prieto J. Ex-vivo expansion and 
maturation of CD34-positive hematopoietic 
progenitors optimization of culture conditions. Leuk 
Res 1999; 23: 1035-1040. 



Esmaeli et al 

576                               International Journal of Reproductive BioMedicine Vol. 14. No. 9. pp: 567-576, September 2016 

23. Eslaminejad MB, Rouhi L, Najafi SMA, Baharvand H. 
[Culture of rat mesenchymal stem cell using 
peripheral blood-derived plasma as the culture 
medium supplement]. Sci J Blood Tras Org (Khoon) 
2008; 5: 25-37. (In Persian) 

24. Salehinejad P, Alitheen NB, Ali AM, Omar AR, Mohit 
M, Janzamin E, et al. Comparison of different 
methods for the isolation of mesenchymal stem cells 
from human umbilical cord Wharton's jelly. In Vitro 
Cell Dev Biol Anim 2012; 48: 75-83. 

25. 25. Motamedi B, Ibrahim TAT, Abdul AB, Allaudin 
ZA, Moshrefi M, Hajghani M, Nematollahi-Mahani 
SN. Characteristics of human amniotic epithelial cells 
and bone marrow mesenchymal stem cells in a 
parallel study: hanging drop colony formation and 
doubling time. J Regen Med 2015; 4: 2-10. 

26. Nematollahi-mahani SN, Rezazadeh-kermani M, 
Mehrabani M, Nakhaee N. Cytotoxic effects of 
Tecurium polium on some established cell lines. 
Pharm Biol 2007; 45: 295-298. 

27. Hou T, Xu J, Wu X, Xie Z, Luo F, Zhang Z, et al. 
Umbilical cord Wharton's Jelly: a new potential cell 
source of mesenchymal stromal cells for b1 tissue 
engineering. Tissue Eng Part A 2009; 15: 2325-

2334. 
28. Shetty P, Bharucha K, Tanavde V. Human umbilical 

cord blood serum can replace fetal bovine serum in 
the culture of mesenchymal stem cells. Cell Biol Int 

2007; 31: 293-298. 
29. Chakraborty A, Dutta J, Das S, Datta H. Effect of 

cord blood serum on ex vivo human limbal epithelial 
cell culture. J Ocul Biol Diseases Inform 2012; 5: 77-

82. 
30. Shetty P, Viswanathan C. Growth of neural precursor 

cells using umbilical cord blood serum and a process 
for the preparation for therapeutic purposes. Google 
Patents; 2011. 

31. Aldahmash A, Haack-Sørensen M, Al-Nbaheen M, 
Harkness L, Abdallah BM, Kassem M. Human serum 
is as efficient as fetal bovine serum in supporting 
proliferation and differentiation of human multipotent 
stromal (mesenchymal) stem cells in vitro and in 
vivo. Stem Cell Rev Rep 2011; 7: 860-868. 

32. Tateishi K, Ando W, Higuchi C, Hart D, Hashimoto J, 
Nakata K, et al. Comparison of human serum with 
fetal bovine serum for expansion and differentiation 
of human synovial MSC: potential feasibility for 

clinical applications. Cell Transplant 2008; 17: 549-
557. 

33. Choi J, Chung J-H, Kwon G-Y, Kim K-W, Kim S, 
Chang H. Effectiveness of autologous serum as an 
alternative to fetal bovine serum in adipose-derived 
stem cell engineering. Cell Tissue Bank 2013; 14: 
413-422. 

34. Gallo R, Gambelli F, Gava B, Sasdelli F, Tell1 V, 
Masini M, et al. Generation and expansion of 
multipotent mesenchymal progenitor cells from 
cultured human pancreatic islets. Cell Death 
Differentiation 2007; 14: 1860-1871. 

35. Paranjape S. Goat serum: an alternative to fetal 
bovine serum in biomedical research. Indian J Exp 
Biol 2004; 42: 26-35. 

36. Handin RI, Lux SE, Stossel TP. Blood: principles and 
practice of hematology: Lippincott Williams & Wilkins; 
2003. 

37. Bieback K, Ha VA-T, Hecker A, Grassl M, Kinzebach 
S, Solz H, et al. Altered gene expression in human 
adipose stem cells cultured with fetal bovine serum 
compared to human supplements. Tissue Eng Part A 
2010; 16: 3467-3484. 

38. Van der Valk J, Mellor D, Brands R, Fischer R, 
Gruber F, Gstraunthaler G, et al. The humane 
collection of fetal bovine serum and possibilities for 
serum-free cell and tissue culture. Toxicol Invitro 
2004; 18: 1-12. 

39. Ishiyama M, Tominaga H, Shiga M, Sasamoto K, 
Ohkura Y, Ueno K. A combined assay of cell viability 
and in vitro cytotoxicity with a highly water-soluble 
tetrazolium salt, neutral red and crystal violet. Biol 
Pharm Bullet 1996; 19: 1518-1520. 

40. Weiss ML, Mitchell KE, Hix JE, Medicetty S, El-
Zarkouny SZ, Grieger D, et al. Transplantation of 
porcine umbilical cord matrix cells into the rat brain. 
Exp Neurol 2003; 182: 288-299. 

41. Matsuda J, Yokota I, Iida M, Murakami T, Naito E, Ito 
M, et al. Serum leptin concentration in cord blood: 
relationship to birth weight and gender. J Clin 
Endocrinol Metab 1997; 82: 1642-1644. 

42. Lian R Gao, Yu Chen, Ning K Zhang, Xi L Yang, Hui 
L Liu, Zhi G Wang, et al. Intracoronary infusion of 
Wharton’s jelly-derived mesenchymal stem cells in 
acute myocardial infarction: double-                     
blind, randomized controlled trial. BMC Med 2015; 
13: 162. 

 


