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ABSTRACT 
 
Background : Mesenchymal Stem Cells secrete various anti-inflammatory and 

regenerative SAMs-MSCs that possess immunomodulatory properties and may 
accelerate wound healing. As potential agent for therapeutic, SAMs-MSCs 

should be stable in any condition, including under X-Ray Scanning. Previous 
study reveal that X-Ray Scanning may induce protein damage. However, the 
investigation regarding the stability of SAMs-MSCs under X-Ray Scanning is 

limited 
Objective : This study aimed to investigate the stability of SAMs-MSCs after 
X-Ray Scanning 

Methods : Mesenchymal Stem Cell medium was filtrated using TFF method at 
300 and 5 kDa filter cut off and sterilized using 0,1 um syringe. The SAMs-

MSCs was underwent X-ray Scanning using public Air Port X-Ray twice. The 
SAMs-MSCs concentration was measured using ELISA. T-test analysis was 
performed for the statistical analysis with P<0,05.  

Results: X-ray scanning reduce the concentration of SAMs-MSC. Previous 
study found that x-ray irradiation may damage protein at 6–18 keV caused by 
the energy deposited by photoelectrons that are generated by the interaction of 

X-ray photons and the protein leading photoelectron-induced damage. 
Conclusion: SAMs-MSCs should not be scanned using x-ray since it was 

damaged through scanning. Radioprotective agent should be investigated to 
reduce the effect of x-ray irradiation 
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  INTRODUCTION 

Mesenchymal Stem Cells (MSCs) are plastic-adherent cells that exhibit a fibroblast-like 
phenotype that were able to secrete various bioactive protein including anti-inflammatory and 
regenerative soluble active molecules (SAMs-MSCs) including Interleukin 10 (IL-10), Interleukin 6 
(IL-6) and Transforming growth factor β (TGF-β).1–4 Recent studies revealed that SAMs-MSC possess 

immunomodulatory properties that may alter the function of B cells, natural killer (NK) cells, and T 
cells.5,6 Furthermore, SAMs-MSCs may accelerate wound healing by triggering fibroblast activation 
and promote cell proliferation1,7. Thus, SAMs-MSCs have promising applications as drug targets and 
therapeutic agents. Previous research reveals that tangential flow filtration (TFF) effectively separate 

and concentrate SAMs-MSCs based on molecular size8,9.  

As potential agent for therapeutic, SAMs-MSCs should be stable in any condition, including 

under X-Ray Scanning since it should be delivered across the world as soon as possible using air freight 
service. Previous study reveal that X-Ray Scanning may induce protein damage10. However, the 
investigation regarding the stability of SAMs-MSCs under X-Ray Scanning is limited, thus this study 
aimed to investigate the stability of SAMs-MSCs after X-Ray Scanning. 

investigation regarding the stability of SAMs-MSCs under X-Ray Scanning is limited, thus this 
study aimed to investigate the stability of SAMs-MSCs after X-Ray Scanning. 
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regarding the stability of SAMs-MSCs under X-Ray Scanning is limited, thus this study aimed to 

investigate the stability of SAMs-MSCs after X-Ray Scanning. 

In MSCs case, a previous study has been revealed that oxidized cell-free DNA may serve as a 

mediator of MSC response to low doses of X-ray radiation through mitochondria-related genes10. Low-
dose ionizing radiation results in upregulation of genes controlling respiratory chain, fusion/fission, and 
increasing the number of copies of DNA which plays a role of a stress signaling molecule11. A previous 
study in MSCs suggests that irradiation damaged the DNA may be correlated with the development of 

senescence in these cells12. Senescent cells display a host of aberrant biological characteristics, 
including an inability to proliferate and migrate, increased pro-inflammatory protein secretion, and 
genomic instability13. Different cells and molecules display variations in tolerance to radiation-induced 
damage, but the underlying mechanisms of these interpretations are not completely comprehended, and 

this deviation remains an essential query in radiation biology 14. Although radiation evidence reveals 
that X-ray rays can increase damage to MSCs, the mechanism underlying radiation in MSCs secretomes 
is not known. Therefore, we aimed to determine the effect of X-ray radiation on the content of IL-6, IL-
10 and TGF- β in SAMs-MSCs. 

MATERIAL AND METHODS  

MSCs isolation and characterization 

Human primary mesenchymal stem cell at 6 passages were used for the following study. Human MSCs 
were maintained in complete medium containing low glucose Dulbecco’s modified eagle’s medium (DMEM) 

(Sigma, St. Louis, MO, USA), supplemented with 10% fetal bovine serum (FBS) (Sigma, St. Louis, MO, USA), 

1% penicillin/streptomycin (Sigma, St. Louis, MO, USA), and 1% glutamine (Sigma, St. Louis, MO, USA). For 

the sterilization 0,1 um syringe (Sartorius Stedim Biotech, Göttingen, Germany) filter was hired. Tangential Flow 

Filtration was performed using uPulse device (Formultarix, Salatiga, Indonesia) at 300 and 5 kda filter.  
 

The procedure in this study were reviewed and approved by the Ethics Committee of Ethical 
Committee of Medical Faculty Sultan Agung Islamic University Semarang in compliance with the 

Helsinki Declaration. The donors were fully informed regarding the purpose of study, their informed 
consent was obtained in written form. All protocols were performed in accordance with previous 
study.15 Briefly, the umbilical cord blood from a healthy donors were stored in heparin vacutainer for 
mononuclear cell isolation procedures.  

Mononuclear cells from umbilical cord blood were separated using Ficoll-Paque (GE 
Healthcare, USA) and density-gradient centrifugation at 450 xG for 30 minutes without breaking. Then, 

the mononuclear cell suspension layered on the top of Ficoll, centrifuged for 20 min at 840×g with low 
acceleration and no brake at 4 °C. The buffy coat was collected and then washed with phosphate buffer 
saline (PBS, Gibco, Grand Island, NY, USA) two times by centrifugation  at 280×g for 8 min. 
Mononuclear cells were planted in complete medium contained Dulbecco’s Modified Eagles Medium 

(Gibco, 11885084, NY, USA) with 10%  fetal  bovine serum (Gibco, 10270106, South American) and 
100 IU/mL penicillin-streptomycin. 

MSC Characterization and Validation 

 The MSCs differentiation capacity into osteocyte and adipocyte was performed to characterize 

and validate the isolated cells. Briefly 4×104 cells were planted six well plate  using osteogenic 
differentiation kit medium (Stemcell Technologies, 05465, Germany) and adipogenic differentiation kit 
medium (Stemcell Technologies, 05412, Germany) for 21 days with 3 days changing medium interval. 
Alizarin Red (Sigma Aldrich, USA) and Oil Red O staining (Sigma Aldrich, USA) was performed to 

evaluate calcium depostion and oil droplet formation. 
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SAMs-MSC isolation 

For SAMs-MSC isolation, the medium from HMSC on 90% confluent was collected and 
centrifuged at 800× g for 30 min to discard cellular debris. For the sterilization 0,1 um syringe (Sartorius 
Stedim Biotech, Gotingen, Germany) filter was used after centrifugation. The sterile medium was 
filtered using uPulse TFF Device using 300 kda and the waste was filtered using 5 kda to gain 5 -300 

kda SAMs-MSCs. The SAMs-MSCs was packed in 1,5 mL cryovial tube for the X-ray Scanning using 
public Air Port X-Ray (Ahmad Yani International Airport, Semarang, Indonesia) twice.  

IL-10, TGF-β and IL-6 Concentration Analysis 

The concentration of IL-10, TGF-β and IL-6 β in SAMs-MSCs pre and post X-Ray irradiation 

was determined with Enzyme-linked Immunoabsorbance Assay (ELISA) based on manufacture 
protocol at 450 nm wavelength.  

Statistical Analysis  

Statistical analysis was performed with T-test analysis using SPSS 22 (SPSS Inc.; Chicago; 
USA) with a significance value of p<0.05). The results of  the descriptive analysis were expressed in 
terms of mean ± standard deviation. 

RESULTS 

MSC characterization and differentiation assays 

MSCs isolated from the umbilical cord blood showed monolayers of fibroblast-like cells with 
adherence capability to the plastic surface (Figure 1A). Furthermore, differentiation capacity validation 

showe that isolated cells were able to differentiate into osteogenic and adipose cells after Alizarin red 
and Oil Red O staining (Figure 1B and 1C).  

 

 

 

 

 

 

 

 

X-ray radiation decrease of IL-10, TGF-β and IL-6 Concentration in SAMs-MSCs 

For the experiments reported here, we used TFF methods to separate SAMs-MSCs from micro 

vesicle and then radiated under x-ray to investigate the effect of x-ray Scanning to SAMs-MSCs. This 
study revealed that the concentration of IL-10, TGF-β and IL-6 post X-ray Scanning significantly 
reduced (P<0,05) (Figure 2).  

 

 
 

Figure 1. MSCs Validation and Differentiation Assay. Primary isolated cell showed spindle forms such as fibroblast-like cells 

(100x magnification) (A). The calcium deposition and oil droplet formation confirm the characteristion of MSC to differentiate 

into osteocyte (B) and adipocyte (C). 
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DISCUSSION 

Soluble active molecules of MSCs have shown to affect the niche upon injury, promoting cell 
proliferation, and tissue regeneration.16,17 The proliferative potential is one of particular interest for 

wound healing and tissue regeneration process. Recent technologies using TFF allowed the separation 
of SAMs-MSCs from micro vesicle and any large protein leading to better efficacy.18–20 As future 
medicine, SAMs-MSCs should be shipped using air freight for fastest route and x-ray scanning should 
be undergone as standard safety protocols in airport. Previous research reported that x -ray damage 

protein, however the effect of x-ray scanning to SAMs-MSCs concentration is not clear. 

This study revealed that X-ray scanning reduce the concentration of SAMs-MSC including 

TGF-β, IL-10 and IL-6. Previous study found that x-ray irradiation may damage protein at 6–18 keV 
caused by the energy deposited by photoelectrons that are generated by the interaction of X-ray photons 
and the protein.21–23 Photoelectrons are emitted along with the polarization of the X-ray beam, leading 
to an expectation of anisotropy in photoelectron emission and trigger photoelectron-induced damage. 

Released photoelectrons have sufficient energy to ionize surrounding atoms by direct collisions. For 
carbon, nitrogen, and oxygen this energy is of the order of 300–600 eV, this means that the 
photoelectron will have energy almost equal to the energy of the incoming X-ray, so it will travel rapidly 
through the sample, colliding with and withdrawing many electrons from other atoms until it 

thermalizes22,23. Nevertheless, it will also collide with bound electrons and remove them from atoms, 
directing proportionally fewer collisions than photoelectrons to thermalize21. Consequently, the emitted 
photo provokes photoelectron cascades which rapidly raises the ionization level of atoms in the protein 
sample. 

Other recent studies show that that OH-radical is the greatest active type of ROS liable for most 
damage to biomolecules overexposure to ionizing radiation10,12,24,25. In line with its destructive effect at 

increased concentrations, H2O2 plays a critical signaling and regulatory role, resulting in the activation 
of the protective systems of cells and stimulating their survival under oxidative stress, in case induced 
by ionizing radiation. H2O2 intervenes in diverse responses as a secondary precursor10,24. Recent facts 
on the role of H2O2 in the intra- and intercellular signaling in mammalian cells, including its impact on 

cellular growth, death, and aging. However, the limitation of this study is that we did not examine ROS 
or other DNA damage markers that can prove this theory. 

 
 

Figure 2. X-Ray Scanning significantly reduce SAMs Concentration including TGF β, IL-10 and IL-6. 
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CONCLUSION 

This study demonstrated that SAMs-MSCs should not be scanned using x-ray since it was 
damaged through scanning. Radioprotective agent should be investigated to reduce the effect of x -ray 

irradiation. 
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