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1. Introduction 

Tissue engineering is a novel approach which seeks 

to develop methods to replace or repair damaged 

organs and tissues. In this method, tissues can be 

engineered using cells which are grown in a porous 

scaffold biomaterials [1]. 

Design of biomaterials that can mimic the structural 

and biochemical function of natural extracellular 

matrix (ECM) play an important role in cell adhesion, 

migration, proliferation, and differentiation [2]. In 

addition to the natural and synthetic scaffolds in tissue 

engineering [3], decellularization of tissues is pursued 

as a new strategy to produce ECM-derived 

biomaterials [4]. The use of ECM derived from 

decellularized tissue has been shown to influence cell 

viability and efficiency in vitro and induce 

regenerative healing in vivo [5]. It should be 

understood that many agents including thickness, 

density, and cellularity of desired tissues affect the 

outcome of decellularization of tissue [4] (for more 

details see Carpo et al.). The studies conducted to date 

have highlighted the importance of mechanical 

properties of the scaffold which it will be incorporated 

[6] on the differentiation of MSCs [7]. They explored 
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that seeding MSCs onto decellularized lung tissue 

influence the differentiation into epithelial 

phenotypes. In another study, Young et al. have 

demonstrated that decellularized lung matrix scaffold 

is a promising tool to produce in vitro smooth muscle 

[8]. They concluded the benefits of cell- ECM 

interaction in the contraction of bronchial smooth 

muscle. As airway cartilage plays a key role in the 

action of lung, in this study, we investigated the 

effects of decellularized lung tissue on the 

chondrogenic differentiation of MSCs [9]. 

 

2. Materials and Methods 

2.1. Isolation and culture of MScs 

MSCs were isolated from femur and tibia bone 

marrow of Wistar rats using flashing method and 

cultured under standard condition (37°C, 5% CO2 

and humidified chamber) with DMEM containing 

FBS 10%. Only MSCs of three to sex passages were 

used to seed.  

 

2.2. Decellularization of lung tissue  

Male Wistar rats were obtained from animal facility 

of Hamadan University of Medical Sciences and kept 

in the controlled environment until using. 

 

2.3. MSCs isolation and lung decellularization 

We used SDS- triton x method to decellularise the 

lung. The lungs of anesthetized rats were dissected 

out and washed in PBS for 20 min. the lung was 

incubated in SDS 1% (48 h) and triton x- 100 1% (1 

h). Next we washed lungs in disterilized water for 48 

h followed by PBS for 3 h.  

 

2.4. Hematoxylin and Eosin (H&E) staining 

Native and decellularized lungs tissue (DLT) were 

fixed in paraformaldehyde 4% and after tissue 

processing were sectioned in 5M diameter. Sections 

were stained using H&E. 

 

2.5. Scanning electron microscopy 

After primary fixation in glutaraldehyde 2.5 %, the 

samples were postfixed in secondary fixation (1% 

osmium tetroxide). Following uranyl acetate staining 

and embedding in EPOS, the 70 nm sections were 

obtained and after uranyl acetate and lead citrate 

staining were observed with a scanning microscope.  

 

2.6. DNA content assay 

The total DNA content was assessed using phenol/ 

chloroform extraction method as a protocol described 

by Köchl et al. [10]. 

 

2.7. Cell seeding and Chondrogenic cell 

differentiation 

DLT were cut into 200 mg hydrated scaffolds and 

incubated in antibiotics (1% gentamicin, 10% 

penicillin/ streptomycin) for 24 h. Decontaminated 

DLT scaffolds were transferred into the 24 wells 

plates and exposed to the medium. MSCs were seeded 

at a density of 5 x 104 cells onto the DLT. To assess 

the impact of the DLT scaffolds on the cellular 

behaviour, we used a control group that MSCs were 

seeded into tissue culture plates and incubated by 

medium. After 24, 72 hours and one week, the cell 

viability was examined using MTT (0.5 mg/ ml) assay 

test according previous protocol [11]. 

To induce chondrogenesis, after 48 h the medium was 

replaced with chondrogenic supplemented (0.01 mM 

dexamethasone, 50 g/ ml ascorbic acid, 5 g/ ml 

insulin- transferrin- selenium X premix, 100 g/ ml 

sodium pyruvate, and 10 ng/ml TGF- beta 3) 

mediums. The medium was changed every 2 days for 

21 day. 

 

2.8. Fixation of specimens and Alcian blue staining  

Specimen were harvested and fixed by 4% 

paraformaldehyde. The tissues were dehydrated, 

embedded in paraffin, and sectioned at a 5m 

thickness. Cells and tissues were incubated in 1 % 

Alcian blue (pH= 1.0) for 30 minutes at room 

temperature. In this method sulphated proteoglycan 

are stained blue.     

 

2.9. Immunostaining 

Nonspecific sites of fixed specimens were blocked 

using 10% goat serums. Then they incubated in 

primary antibody to Collage II (1:20) for 1 h at 37 °C 

in a humidified chambers and followed by FITC 

conjugated secondary antibody (1:200). DAPI used as 

a counterstain to visualise nuclei. 
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2.10. Statistical analysis  

Data were presented as mean  S.E.M and analysed 

using SPSS 16 with Student's t-test and one way 

ANOVA with Tuckey post hoc comparison test. 

 

3. Results 

3.1. Organ decellularization 

SDS/triton x decellularization method was 

established to isolate ECM of lung tissue that 

successfully produced acellular organ which were 

nearly transplant (Figure 1). The result of H&E 

staining confirmed the absence of cells in DLT at the 

end of decellularization process (Figure 1). The graph 

of SEM indicated a continues three- dimensional 

ECM microstructure (Figure 2). DNA content assay 

showed the efficiency of decellularization method. As 

shown in figure 2, it was optimal to remove the 

cellular contents with  98% reduction. There was 

just 41.59  3.3 ng of DNA / mg in DLT. 

 

Figure1. H&amp;E staining lung tissue confirmed the absence of cells in decellularized lung tissue at the end of 

decellularization process. 

 

 

Figure 2. The graph of SEM indicated a continues three- dimensional ECM microstructure and DNA content assay 

showed the efficiency of decellularization method. 41.593.3 ng of DNA / mg in DLT. 

 

 



 Ebadi M. /Journal of Tissues and Materials 2019;2(2): 42-47 

45 

 

  

 

Figure 3. MTT assay on the first, third and seventh days. Our results showed that when MSCs were cultured on DLT, 

the level of proliferation increased. 

3.2. MSCs seeding and proliferation assay 

MTT assay measures the activity of cellular 

dehydrogenase which is an indicator of the number of 

live and metabolically active cell present. Our results 

showed that when MSCs were cultured on DLT, the 

level of proliferation increased (Figure 3). Significant 

increase in proliferation was time dependent.  

 

3.3. Chondrogenesis differentiation on DLT 

scaffold 

To determine if growth on DLT improve the 

chondrogenesis, we did differentiation on DLT- 

coated scaffolds for 21 days. Alcian blue and 

immunostaining for COL II (as a marker of cartilage) 

showed the positivity in DLT more than uncoated 

wells (Figure 4). 

 

4. Discussion 
In this study, we used LDT as a model to examine the 

hypothesis that the decellularization would enhance 

the differentiation efficiency of MSCs. Seeding of 

MSCs on LDT revealed high levels of viability and 

chondrogenesis when compared to tissue culture 

plates. We used SDS/ triton- x 100 to 

decellularization because SDS disrupts the interaction 

between proteins, affect the ECM glycosaminoglycan 

which reduces the mechanical stability of scaffolds 

[12]. As well, SDS completely remove the nuclear 

and cytoplasmic competent [13].  Tarahani Nia et al. 

reported that decellularization of lung tissue using 

SDS maintains the proteins of ECM that provide 

cellular connectivity [14]. Triton- x 100 is a non- ionic 

detergent that has also been used for decellularization 

of connective tissues with minimised change in tissue 

biochemistry [15]. Importance of 3D tissue 

architecture has been indicated in directing the 

cellular response [16]. Fibrillar basement network of 

ECM composed of proteins such as collagen, 

fibronectin, and laminin which serving as anchoring 

points for the cells and mediating adhesion to 

receptors on the cell surface [17]. Our histological 

studies results showed the preservation of collagen 

within matrix and absence of cells. We observed 

porous matrix that plays an important role in the cell 

infiltration and nutrient movement through the tissue 

[18]. The main advantage of utilizing the 

decellularized ECM is that its microenvironment 

enhances tissue regeneration. The growth factor, 

cytokines, and chemokines contents of ECM provide 

bioactive cues for cell proliferation and 

differentiation [19]. The results of this study showed 

that chondrogenic differentiation capacity of DLT 

was more than the tissue culture plates. Consistent to 

the results of this study, Ji et al. reported that 

decellularization matrix of adipose- derived MSCs 

enhanced the cell viability of retinal progenitor cells 

and promoted the differentiation of progenitor cells 

toward retinal neurons [20]. They used ammonium 

hydroxide triton/ NH4OH method to 

decellularization. In another study, nepherospher cells 

culture on a decellularized kidney scaffold promoted  
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Figure 4. Chondrogenesis differentiation on DLT scaffold by Alcian blue and immunostaining for COL II (as a marker 

of cartilage) showed the positivity in DLT more than uncoated wells. 

 

the differentiation toward the endothelium and 

epithelium[21, 23]. They cultured nepherospher cells 

on the scaffold with basal medium without growth 

factor and observed that cells were able to generate 

proximal and distal tubular structure.  

 

5. Conclusion 
It has been described that decellularized scaffold 

preserves transforming growth factors, insulin- like 

growth factor, and hepatocyte growth factor and 

subsequently influences differentiation [24]. Taken 

together, the results of this study showed that 

Decellularization of lung tissue seems to be a good 

tool to proliferation and differentiation of MSCs. 

 

Acknowledgment 

We are grateful to the staff at the Anatomy 

department of Hamadan University of Medical 

Sciences for their excellent technical assistance. 

 

Conflict of interest statement 

The authors report no conflicts of interest. 

 

 

 

 

References 

[1] Hollister SJJNm. Porous scaffold design for tissue 

engineering. 2005;4(7):518. 

[2] Ayala R, Zhang C, Yang D, Hwang Y, Aung A, Shroff 

SS, et al. Engineering the cell–material interface for 

controlling stem cell adhesion, migration, and 

differentiation. 2011;32(15):3700-11. 

[3] Patel M, Fisher JPJPr. Biomaterial scaffolds in pediatric 

tissue engineering. 2008;63(5):497. 

[4] Crapo PM, Gilbert TW, Badylak SFJB. An overview of 

tissue and whole organ decellularization processes. 

2011;32(12):3233-43. 

[5] Ross EA, Williams MJ, Hamazaki T, Terada N, Clapp 

WL, Adin C, et al. Embryonic stem cells proliferate and 

differentiate when seeded into kidney scaffolds. 

2009;20(11):2338-47. 

[6] Greenwald S, Berry CJTJop. Improving vascular grafts: 

the importance of mechanical and haemodynamic 

properties. 2000;190(3):292-9. 

[7] Mendez JJ, Ghaedi M, Steinbacher D, Niklason 

LEJTEPA. Epithelial cell differentiation of human 

mesenchymal stromal cells in decellularized lung 

scaffolds. 2014;20(11-12):1735-46. 

[8] Young BM, Shankar K, Allen BP, Pouliot RA, Schneck 

MB, Mikhaiel NS, et al. Electrospun Decellularized Lung 



 Ebadi M. /Journal of Tissues and Materials 2019;2(2): 42-47 

47 

 

  

Matrix Scaffold for Airway Smooth Muscle Culture. 

2017;3(12):3480-92. 

[9] Nemati S, Masudi NSJJoBR. Comparative Scale-Up 

Culture of Human Neural Progenitor Cells Derived from 

Human Embryonic Stem Cell and Transdifferentiated 

Human Foreskin Fibroblast under Defined Condition in 

Stirred Bioreactor. 2019;1(1):1-15. 

[10] Köchl S, Niederstätter H, Parson W. DNA extraction and 

quantitation of forensic samples using the phenol-

chloroform method and real-time PCR.  Forensic DNA 

typing protocols: Springer; 2005. p. 13-29. 

[11] Rahimi A, Amiri I, Roushandeh AM, Choshali ZG, 

Alizadeh Z, Artimani T, et al. Sublethal concentration of 

H 2 O 2 enhances the protective effect of mesenchymal 

stem cells in rat model of spinal cord injury. 

2018;40(3):609-15. 

[12] Gilbert TW, Sellaro TL, Badylak SFJB. Decellularization 

of tissues and organs. 2006;27(19):3675-83. 

[13] Kuttan R, Spall R, Duhamel R, Sipes I, Meezan E, 

Brendel KJL. Preparation and composition of alveolar 

extracellular matrix and incorporated basement 

membrane. 1981;159(1):333-45. 

[14] Nia T, Alizadeh A, Takhshid MA, Sadroddiny EJJoATE. 

Decellularization of lung tissue and analysis of its 

differentiative potential on bone marrow mesenchymal 

stem cells of rat. 2015;2(1). 

[15] Vavken P, Joshi S, Murray MMJJoor. TRITON‐X is most 

effective among three decellularization agents for ACL 

tissue engineering. 2009;27(12):1612-8. 

[16] Flynn LJB. The use of decellularized adipose tissue to 

provide an inductive microenvironment for the 

adipogenic differentiation of human adipose-derived stem 

cells. 2010;31(17):4715-24. 

[17] Schlie-Wolter S, Ngezahayo A, Chichkov BNJEcr. The 

selective role of ECM components on cell adhesion, 

morphology, proliferation and communication in vitro. 

2013;319(10):1553-61. 

[18] Nam J, Huang Y, Agarwal S, Lannutti JJTe. Improved 

cellular infiltration in electrospun fiber via engineered 

porosity. 2007;13(9):2249-57. 

[19] Wei W, Li J, Chen S, Chen M, Xie Q, Sun H, et al. In vitro 

osteogenic induction of bone marrow mesenchymal stem 

cells with a decellularized matrix derived from human 

adipose stem cells and in vivo implantation for bone 

regeneration. 2017;5(13):2468-82. 

[20] Ji J, Zhang D, Wei W, Shen B, Zhang Y, Wang Y, et al. 

Decellularized matrix of adipose-derived mesenchymal 

stromal cells enhanced retinal progenitor cell proliferation 

via the Akt/Erk pathway and neuronal differentiation. 

2018;20(1):74-86. 

[21] Bombelli S, Meregalli C, Scalia C, Bovo G, Torsello B, 

De Marco S, et al. Nephrosphere-derived cells are induced 

to multilineage differentiation when cultured on human 

decellularized kidney scaffolds. 2018;188(1):184-95. 

[22] Ahani A, Montazer M, Toliyat T, Mahmoudi Rad M. A 

novel biocompatible antibacterial product: 

Nanoliposomes loaded with poly(hexamethylene 

biguanide chloride). Journal of Bioactive and Compatible 

Polymers. 2017;32(3):242-262. 

[23] Ahani E, Montazer M, Toliyat T, Mahmoudi Rad M. 

Preparation of nano cationic liposome as 

carriermembrane for polyhexamethylene biguanide 

chloridethrough various methods utilizing higher 

antibacterialactivities with low cell toxicity. Journal of 

microencapsulation.2017;34(2);121-131. 

[24] Caralt M, Uzarski JS, Iacob S, Obergfell KP, Berg N, 

Bijonowski BM, et al. Optimization and critical 

evaluation of decellularization strategies to develop renal 

extracellular matrix scaffolds as biological templates for 

organ engineering and transplantation. 2015;15(1):64-75. 

 


