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INTRODUCTION
Cardiovascular diseases are the leading cause of 
mortality and morbidity worldwide, especially 
in the developing country.1-3 Coronary Heart 
Disease incidence in the low-income country 
is twice compared to the high-income country, 
approximately 10.1 per 1000 person per year in the 
low-income country and 5.2 per 1000 person-year 
in the high-income country.2 It is estimated that half 
of the global cardiovascular burden is happened in 
Asia, mostly from South East Asia countries.4,5 On 
the other hand, the mortality rate of coronary heart 
disease in the high-income country is predicted 
continuing declined from 34,4% from 2005 into 
27% by 2030.2 Differences in medical management 
are considered to be the cause of higher mortality 
in the low-income country.1

Coronary artery disease is the major cause of 
increased heart failure prevalence.2,3,6 Heart Failure 
prevalence is continued to rise over time from 
5,7 in 2009 into 6,5 in 2019.2 Despite the fact that 
current management of coronary artery disease 
with angioplasty and thrombolytic agents may 
able to revascularize the area of infarction, these 
treatments cannot replace scarred cardiac tissues 
with impaired functional contractility.3 Cardiac 
transplantation is the preferred treatment for end-
stage heart failure; however, only a few donors are 
available and there are many ethical debates.

Mesenchymal stem cells (MSCs) has been proven 
able to regenerate cardiomyocyte and easier to be 
harvested from autologous source.7-9 MSCs have 
pro-angiogenic potential, antiapoptotic effect, and 
homing capabilities which contributes toward cell 

regeneration.8,10 However, regeneration using MSCs 
usually have low cell retention and survival. Hence, 
several techniques are developed to prevent low 
cell retention, such as the usage of pharmacological 
agents, trophic factor, and physical factors.3,8 

Mesenchymal Stem Cells isolated from unhealthy 
individuals have an impaired self-renewal ability 
which is caused by the imbalance of Reactive 
Oxygen Species (ROS) and antioxidant availabilities 
inside MSCs.11-14 Hypoxic preconditioning  (HPC), 
a sublethal hypoxic state that can stimulate the 
endogenous mechanism of MSCs, is responded 
to by several cellular processes such as protein 
expression that can protect these cells from lethal 
hypoxia and other ischemic conditions. Hypoxic 
preconditioning was shown to increase stem 
cell viability and angiogenesis, thus decrease cell 
damage and apoptosis.15,16 It is suggested that 
hypoxic preconditioning with 1% Oxygen may 
inhibit cell apoptosis via increasing the secretion 
of angiogenic factors, VEGF, and basic fibroblast 
growth factor.17 Hypoxic preconditioning may also 
alter the antioxidant balance inside AMSCs which 
may also affect its survival. Hence, in this research, 
we evaluated the effect of hypoxic preconditioning 
on the ROS and superoxide dismutase (SOD) level 
of the AMSCs.

MATERIALS AND METHODS

Materials 
Human adipose-derived MSCs obtained from a 
healthy donor and isolated in Stem Cell Research 
and Development Laboratory, Airlangga University. 
α-MEM Medium (STEMCell Technologies, Canada), 
Collagenase (Thermo Fisher Scientific, USA), Fetal 
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Bovine Serum (Sigma-Aldrich, USA). Mouse anti-human CD90, CD-
105 and CD45 monoclonal antibody (Abcam, UK), alexa Fluor 488 
labelled-secondary goat anti-mouse antibody (Abcam, UK), Cyflow 
Cube 8 kit (Partec, Germany), formaldehyde (Sigma-Aldrich, USA).

Methods

Experimental design and research procedure

This true experimental research use post-test control group design 
which compares the ROS and SOD level of AMSCs in hypoxic group (O2 
1%) with normoxia group (O2 21%). AMSCs was obtained from healthy 
volunteer which has been screened for any acute and chronic diseases. 
Donor has signed written informed consent and all information about 
personal details are omitted. All research protocol has been approved 
by Soetomo General Hospital local ethics committee.

Cell culture

Briefly, adipose tissues were extracted with local anaesthesia and 
collected in the tube. Adipose tissue then mixed with buffer, collagenase 
solution and 1% antibiotic solution then washed to twice to remove 
blood vessel and connective tissue. Adipose then digested with 5 ml 
fetal bovine serum until only 5% remained, separated and platted into 
8 well plates. Cells then mixed with α-MEM and grown in a humidified 
incubator with 5% CO2 at the temperature of 37°C. 

AMSCs characterization

To examine the expression of CD90+, CD105+ CD45- under normoxic 
or hypoxic culture for 12 h at 37°C, cells were harvested and stained 
with anti-CD90 and anti CD45 and evaluated using a Cyflow Cube 8 
kit. Indirect immunofluorescence was used to evaluate CD90, CD105 
and CD45 expression.

Hypoxic preconditioning 

AMSCs were divided into hypoxic preconditioning group with O2 1% 
in 24 hours and normoxia group with O2 21% in 24 hours. AMSCs then 
fixed in object-glass with 10% formaldehyde. 

Immunofluorescence

ROS and SOD level was evaluated using immunofluorescence. Briefly, 
AMSCs were prepared in 5 × 105  concentrations in 1 mL of culture 
media. 100 µL of cell suspension was added onto each well of a 96-well 
plate and incubated overnight in 37 ºC, 5% CO2. Subsequently, 50 µL 

of 10% buffered formalin solution was added onto the cell layer and 
incubated for 20 min. Primary antibody solutions were added directly 
after the aspiration of the blocking solution. After 30 min or 1 h of 
incubation, the primary antibody was removed, the wells were washed 
three times with PBS, and secondary goat anti-mouse (Alexa Fluor 
488) was added and incubated for 40 min. In order to obtain double 
staining, the secondary antibody was removed. Immunofluorescence 
staining was analyzed using an Olympus IX51 fluorescence microscope 
and images were obtained using an Olympus DP21 camera. 

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 25.0 
(IBM Corp, USA). Data were considered to be significantly different 
if p <0.05. Data, presented as mean ± SD, were evaluated for normal 
distribution and compared using an appropriate test.

RESULTS

AMSCs characterization and quantification

AMSCs was obtained from a healthy volunteer. The cultured cell 
was confirmed to express CD105, CD90 but no expression of CD45. 
Suggesting that the cultured cell is characterized as AMSCs (Figure 1).

Identification of AMSCs was based The International Society for 
Cellular Therapy guideline, which showed that AMSCs should 
express CD105, CD90, dan CD73 and not expressing CD45, CD34, 
CD14, CD11b, CD79, CD19 and HLA-DR. In this research, AMSCs 
quantification using flowcytometry analysis showed that the cultured 
cell predominantly express CD90 with very low expression of CD45 
(Figure 2).

The effect of hypoxic preconditioning on ROS and SOD 
expression 

Qualitatively, it can be seen that SOD expression was higher on the 
AMSCs on the hypoxic group (O2 1%) while ROS is higher normoxia 
oxygen (O2 21%) (Figure 3).

Based on statistical analysis using the T-test, it was found that AMSCs 
under hypondic preconditioning had lower ROS expression compared 
to the normoxia group (p <0.001) (Figure 4). whereas AMSCs under 
the hypoxic precondition group had higher SOD expression compared 
to the normoxia group (p <0.001) (Figure 5).

   
 
Figure 1: Characterization of AMSCs under 100x magnification (a) AMSCs showed positive expression of CD105 
(white arrow); (b) AMSCs showed positive expression of CD90 (white arrow); (c) AMSCs showed no expression of 
CD45. White bar represents 100 µm. 
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Figure 2: AMSCs characterization using Anti-CD44, Anti-CD45 and Anti-CD90 through 
flowcytometry analysis. (a) Upper Left region showed cells were predominantly 
express C90; (b) Lower left region showed cells were predominantly did not express 
of CD45.

  

  

  

(a) (b)

(c) (d)

(e) (f)

Figure 3: AMSCs under 100x magnification with an inverted microscope for (a) 
Normoxia group (b) Hypoxic group. ROS expression under 100x magnification 
with a fluorescence microscope for (c) Normoxia group (d) Hypoxic group. SOD 
expression under 100x magnification with a fluorescence microscope for (e) 
Normoxia group (f ) Hypoxic group. White bar represents 100 µm. 
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Figure 4: ROS expression on AMSCs treated with (a) Normoxia condition (21% O2) 
and (b) Hypoxic precondition (1% O2).

Figure 5: SOD expression on AMSCs treated with (a) Normoxia condition (21% O2) 
and (b) Hypoxic precondition (1% O2). 

DISCUSSION
Overexpression of ROS in the stem cells might impair cellular 
proliferation, self-renewal and differentiation of MSCs. Hypoxic 
preconditioning has been proven to have a protective effect against 
necrosis in in-vitro models of ischemia/reperfusion.18 In this research, 
we have confirmed that hypoxic preconditioning is protective against 
oxidative stress in the AMSCs. Hypoxic preconditioning on AMSCs 
with 1% O2 level express significantly lower ROS level compared 
to normoxia group. The similar result was observed on the dental 
pulp cell which showed hypoxic preconditioning is able to decrease 
ROS level significantly.19 Another research also showed that hypoxic 
preconditioning on chicken cardiomyocyte reduces ROS produced by 
mitochondria site III electron transport inhibitor mytxothiazol.20 Other 
oxidative stress product such as H202 also decreased in the cortical 
neuronal cell with hypoxic preconditioning environment.21,22 Hence, 
it is suggested that hypoxic preconditioning may improve AMSCs 
tolerance toward oxidative stress after transplantation. While the exact 
mechanism of the lower ROS level in the hypoxic preconditioning 
groups is not explored in this research, it is suggested that this effect 
may involve an increased level of glycolytic metabolism which reduce 
tricarboxylic acid cycle and oxidative phosphorylation, hence reducing 
mitochondrial ROS production.23

Another possible mechanism of the ROS reduction in AMSCs is the 
increasing levels of antioxidant enzymes. In this research, we found 
that AMSCs in the hypoxic preconditioning group have higher 
SOD expression compared to normoxia group. Similarly, hypoxic 
preconditioning in the cortical neuron increased Cu/Zn SOD and 
Mn-SOD level.21 In the in vivo model, hypoxic preconditioning has 
been proven to increase intracellular SOD level in the lung and kidney 
of rat.24,25 SOD has been proven to be protective against ischemia and 
reperfusion injury through ROS reduction in transgenic mice.26 This 
suggests that higher SOD expression in the hypoxic preconditioning 
group may be involved in the ROS reduction in the AMSCs. SOD 
enables the conversion of ROS to O2 and H2O2 through sequential 
oxidation-reduction of metalloproteins of the enzyme catalytic 
sites, thus counteract the excessive accumulation of ROS in the stem 
cells.27 

While this research proves the beneficial effect of hypoxic 
preconditioning on the AMSCs, this research did not evaluate the 
time-dependent effect of hypoxic preconditioning on the ROS 
and SOD expression of the AMSCs. Further research should be 
directed to evaluate the trend of ROS and SOD changes after hypoxic 
preconditioning and physiological changes which may occur.
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CONCLUSIONS
Hypoxic preconditioning of AMSCs with 1% O2 increases intracellular 
SOD level and decrease ROS, which may benefit AMSCs survival and 
proliferation capability after being transplanted.
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