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Background and Aims: Cartilage is a very specific tissue, which does not have 

the capacity to heal and renew itself. Although the invention of the method of 

surgery with autologous chondrocyte transplantation, developed tools to treat the 

cartilage lesions, it couldn’t gain a great success due to problems such as damage 

to the area of donation. Using the mesenchymal stem cells derived from adipose 

and culturing and differentiating them on scaffolds was considered appropriate as 

a successful research and clinical strategy.  

Materials and Methods: In the present study, the mesenchymal stem cells were 

separated from adipose tissue and cultured in two scaffolds of fibrin glue and 

alginate medium. After 1, 7 and 14 days of cell differentiation, the survival 

ability of the differentiated cells were analyzed by Chondrogenic MTT. 

Moreover, type I and II collagen, aggrecan and Sox9 expression were measured 

via real time-polymerase chain reaction. In addition, cartilage reconstruction on 

scaffolds was shown by a histological investigation.  

Results: Our results showed that the expression of CD90 and CD105 as 

mesenchymal markers is at a high level whereas the expression of CD34 and 

CD45 reaches a low level. The LSD test demonstrated that there was no 

remarkable difference among the chondrogenic MTT, scaffolds groups and 

control in 7 and 14 days after cell differentiation (p<0.05), although, fibrin glue 

had the highest expression in chondrogenic gens.  

Conclusions: Finding suggests that in order to utilize a new strategy for tissue 

regeneration utilization of inherent scaffolds such as fibrin glue can act as a 

protector for mesenchymal stem cells. 
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Introduction 

Over the recent decades, the limited capacity 

with the self- renewal ability of cartilage tissue 

has been an obstacle in the way of repairing and 

regenerating the injuries in this tissue. In recent 

years, by means of suitable cell source and 

transplantation systems, new technology such 

as tissue engineer is being developed for 

repairing cartilaginous defects [1]. Although 

autologous chondrocyte transplantation is an 

approved treatment, this method is rarely used 

due to the low proliferative capacity of these 

cells in vitro as well as the side effects produced 

by it in the chondrocytes. However, now the 

clinical application of cell in vitro and the side 

effects it has in the chondrocytes have made 

this method to be less employed. Nevertheless, 

currently, the clinical application of bone 

marrow-derived mesenchymal stem cells (BM-

MSC) has been considered a challenge due to 

damage to the place of donation and the 

invasive nature of this method, as well as the 

pain it imposes on the donor [2]. Adipose-

derived mesenchymal stem cells (ADSCs) are 

becoming increasingly popular as an alternative 

for b BM-MSC in the field of cartilage tissue 

engineering [3]. These cells can be gained by 

simple liposuction from subcutaneous fat tissue 

with the least side effects and the least pain  

for the donor. The reports suggest that 

regarding the ability to differentiate into several 

categories and growth and aging, the MSCs are 

analogous to mesenchymal stem cells of bone 

marrow [4, 5]. In addition, morphological 

analysis and markers expression has been 

shown that ADSCs are similar to the cells 

obtained from bone marrow [6]. It is understood 

that there is a need for three dimensional culture 

conditions in order to guide the differentiation 

of ADSCs into cartilage [7]. Therefore, these 

cells are cultured on scaffolds in vitro. The 

scaffolds are bio-based materials divided into 

two categories. First, these materials were used 

to transfer drug and hormones in the body; 

however, the next experiments showed that 

these materials have the ability to provide  

the best conditions for maintenance and 

differentiation of cells for designing a scaffold 

with a suitable physical structure, the possibility 

of adhesion, movement, expansion, and 

differentiation of cells, as well as growth and 

amendment of the new tissue [8]. In tissue 

engineering, at first, you need a porous material 

as the extracellular matrix or scaffold for cell 

growth to be produced. Therefore, the hydrogel 

scaffolds derived from biological materials that 

are capable of creating favorable conditions for 

growth and differentiation of cells can be used 

to amend soft tissues such as cartilage [9]. 

Among these biological materials, natural 

polymers such as alginate and fibrin glue are 

known to be used in the clinical and 

experimental study of cartilage. Alginate is a 

linear polysaccharide with duplicate blocks of 

Mannuronate and Glucuronate. Due to proper 

thickness as well as a stem cell delivery system, 

it is used for recovery of cartilage injuries and 

the research field related to cartilage tissue 

engineering [10, 11]. Used for more than 20 

years, fibrin is a combination of physiological 

blood [11]. In recent years, owing to its unique 
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characteristics, such as compatibility, cell 

degradation, as well as being autologous fibrin 

has had different utilizations in the tissue 

regeneration field. In addition, fibrin glue  

has been approved by the Food and Drug 

Administration [12-16]. 

Materials and Methods 

In this study, for culturing cells, Alginate and 

DMEM medium (modified eagle's medium  

of Dulbecco) were acquired from Sigma 

Company. Fetal bovine serum and penicillin-

streptomycin antibiotics were acquired from 

Gibco Company. This study was approved by 

the Ethical Committee of the Razi Drug 

Research Center, Iran University of Medical 

Sciences, Tehran, Iran.  

Proliferation of the MSCs derived Adipose 

tissue 

In order to isolate MSCs, adipose obtained by 

liposuction with the patient’s consent was 

transferred from hospital to laboratory in saline 

containing antibiotic at 4°C, and after several 

rinses with phosphate-buffered saline and 

saline, it was divided into smaller pieces. 

Subsequently, the MSCs were extracted from 

adipose tissue by digestion with collagenase I 

enzymes. Then, samples were divided into 3 

groups: (Control, Alginate and Fibrin Glue); 

firstly, 1.5 mg of type I collagenase enzyme per 

1 gram of adipose were added and incubated for 

45 to 60 min. Then samples was centrifuge at 

1400 rpm for 8 min and finally pellet in  

the culture medium containing penicillin/ 

streptomycin and 10% fasting blood sugar was 

transferred to cell culture flask. It was then 

placed in an incubator containing 5% CO2 and 

99% humidity at 37°C. After one day, cells not 

attached to the bottom of the flask were 

removed and replaced by fresh medium. The 

cells were removed every 3 days. Then at 

passages 3 stage, the cells were prepared to be 

used [4, 11, 17, 18]. 

Preparation of chondrogenic medium  

In this study, DMEM-High glucose supple-

mented with insulin- transferrin- 1% selenium, 

100 nM dexamethasone, 1% bovine serum 

albumin, Ascorbate-2-phosphate 50 mg and 

linoleic acid 50 mg, growth factor transforming 

growth factor β (TGF-β) (Sigma, Germany) and 

penicillin- streptomycin 1% were used in order 

to prepare a medium for the chondrocyte 

differentiation [4, 5, 11, 18-23]. 

Fibrinogen and thrombin 

Fresh-frozen plasma and fibrinogen were 

obtained from Qom Organization of Blood 

Transfusion. Fresh-frozen plasma was added to 

calcium Gluconate at a ratio of 5 to 3, incubated 

at 37°C for one hour and centrifuged for 10 

min. at 2200 rpm. Next the supernatant was 

removed and thrombin was isolated. The 

resulting thrombin and fibrinogen were 

prepared to be used for culturing the cells. 

Finally, the ADSCs were first dissolved in 

thrombin of a concentration of 5×106 per one 

mL; fibrinogen was then, added to them and, 

after adding the chondrogenic, the medium 

was put into the incubator at 37°C for 14 days 

[17, 18]. 

Preparation of Alginate scaffold 

First, Alginate powder (1.2%) was suspended in 

0.15 mole/L chloride sodium and then sterilized 

by filtering. Afterwards, the ADSCs at passage 

3 were centrifuged for 8 min. at 1400 rpm after 
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being plucked off and again suspended in 

alginate solution. Then, samples were added to 

chloride calcium 105 Mm solution and placed 

at room temperature for 15 min. Alginate beads 

were then rinsed by chloride sodium and 

DMEM; later, a chondrogenic medium was 

added followed by addition of 5% CO2; it was 

finally put at 37°C for 14 days [10, 11]. 

Determining cell viability by chondrogenic 

MTT assay 

The viability of cells after 14 days of 

culturing cells on scaffolds and in the 

presence of the medium for differentiation  

to cartilage was assessed and 0.5 mL culture 

medium of DMEM and 50 mL of MTT 

reagent (3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide), 5 mg/ml 

was added to scaffolds. After 5 hours of 

incubation, 0.5 mL Dimethyl sulfoxide was 

added to the solution. After 20 min, the 

optical density of the cell/scaffold was 

determined by the microplate reader at a 

wavelength of 570 nm (Nanodrop, Biotek, 

USA). 

Analysis chondrogenic mRNA expression 

by real time-Polymerase chain reaction 

(PCR) 

First, scaffolds were destroyed with liquid 

nitrogen and total RNA was extracted by using 

AccuZol™ Total RNA extraction solution kit 

(Bioneer) after 14 days of differentiation of 

chondrogenic, according to manufacturer’s 

instructions for each scaffold, separately. The 

reverse transcription from RNA to DNA was 

fulfilled by means of the AccuPower® 

CycleScript RT Premix kit (Bioneer) and 

according to the related guidelines. The primers 

were designed for each gene using the Primer3 

software according to the following sequence 

(Table 1): the gene was normalized based on the 

β-actin housekeeping gene; real time-PCR was 

done by using the SYBR Green PCR master mix 

(Amplicon) Rotor-Gene 6000 Series (Corbett 

Life Science, Mortlake, NSW, Australia). [19, 

22]. 

 

Table 1.  Primer sequences used for real time-PCR 

Primer name Sequences (5' - 3') 
The Genbank (Refseq) 

accession number 

Collagen, type I, alpha 1  
F:TGCTAAAGGTGCCAATGGT 

XM_011524341.1 
R:ACCAGGTTCACCGCTGTTAC 

Aggrecan (ACAN)  
F:GAATCAACTGCTGGAGACCA 

XM_011521314.1 
R:CCACTGGTAGTCTTGGGCAT 

SRY-box 9 (SOX9)  
F:AGTACCCGCACTTGCACAAC 

NG_012490.1 
R:CGTTCTTCACCGACTTCCTC 

Collagen, type II, alpha 1  
F:CTCCTGGAGCATCTGGAGAC 

XM_011537935.1 
R:GTCTCACCACGATCACCCTT 

Beta-actin  
F:TTCTACAATGAGCTGCGTGTG 

NM_001101.3 
R:GGGGTGTTGAAGGTCTCAAA 
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Flow cytometry  

ADSCs in passage 3 were harvested and surface 

markers of cells measured by using flow 

cytometry. Antibodies against surface antigens 

included: CD45, and CD105. Cells were stained 

via the primary and secondary antibodies 

(Dako). ASDCs were directly dyed by anti-

CD45 and anti-CD105. Cells were analyzed on 

FACS flow cytometry using Cell Quest 

Software. 

Histological analysis 

For histological analysis, the cells grown  

on scaffolds in 10% volume phosphate  

buffered formaldehyde were fined. Then, the 

concentration sample in different concentrations 

of ethanol (50%, 70% and 100%) were 

dehydrated and immersed in paraffin and then 

cut into pieces of 4 mm thickness. At last, for 

morphological analysis the pieces were stained 

by Hematoxylin/Eosin order. 

Statistical analysis 

In this study, the significance of the differences 

in the expression level 4 genes between 2 

scaffolds was tested using the Least Significant 

Difference (LSD) test employing Microsoft 

Excel 2013. The real time-PCR analysis was 

repeated for each sample 4 times. The statistical 

analysis was presented by using the SPSS 

software (version 17). The level of significant 

analyses was set at a value of p<0.05. 

Result 

In the first cell culturing, ADSCs grew with the 

appearance like fibroblast or spindle with the 

obtained special core (Fig. 1). Freshly AD-MS 

cells were stained with CD45, CD34, CD90, and 

CD105 antibodies. Flow cytometric analysis of 

cells showed the expression of CD90, CD105 

conventional Mesenchymal markers levels were 

high, and the expression of CD34 and CD45 

hematopoietic cell surface markers levels were 

low (Fig. 2). In order for the differentiation 

process of chondrocyte to start, at passage 3, 

1×106 cells per mL were seeded into the 

scaffolds and differentiation culture media. The 

differentiation of stem cells into cartilage was 

examined through investigating the expression of 

Aggrecan, type I and II Collagen and Sox9 

mRNAs in differentiated cells at days 0, 1, 3, 7 

and 14. The results demostrated the expression 

of ColII and Aggrecan in Fibrin Glue to be more 

than the Alginate, and expression of ColI lower 

in Alginate; however, Sox9 increased in 

Alginate. According to LSD test, regarding the 

chondrogenic MTT, there was no remarkable 

difference between the scaffold of fibrin glue and 

control as well as between the scaffold of fibrin 

glue and scaffold of alginate in 7 and 14 days 

after cell differentiation (p<0.05), )Fig. 3 & 4(. In 

addition, the viability and proliferation of 

ADSCs seeded onto two differentiated scaffolds 

and adipose-derived stem cells scaffold-free was 

assessed by MTT at days 0, 7, 14 and 28 after 

cell differentiation (p<0.05). MTT assay showed 

a significant difference between the fibrin glue 

group and the control at days 14 and 28 after cell 

differentiation. Based on real time PCR analysis 

and according to LSD test, the expression level 

of type I and II Collagen, Sox9, and Aggrecan in 

the presence of fibrin glue with ADSCs (as 

control) was significantly different in 7 and 14 

days after cell differentiation (p<0.05) )Fig. 4(. 
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Moreover, the expression level of Aggrecan, 

Sox9 and Collagen type I was statistically 

significant in Alginate with control at 14 days 

after cell differentiation (p<0.05). Furthermore, 

the real time-PCR evaluation revealed the 

difference between type I Collagen gene 

expression, Alginate and control at 7 days  

after cell differentiation. The existence and 

development of chondrocytes on the scaffolds 

were approved by histological analysis. 

Hematoxylin and eosin staining has showed no 

detected type II Collagen and Aggrecan in 

control samples (Fig. 5). Light positive staining 

of type II collagen and Aggrecan was detected in 

ADSCs seeded in the fibrin glue and Alginate 

scaffold within the differentiation medium 

culture. 

 

 

 

 

 

Fig. 1. Adipose-derived mesenchymal stem cells morphology 

under  an Olympus  OLY28-10-CB inverted  Microscope 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Flow cytometry analysis. Characterization of AD-MSCs: CD90, 

CD105 as mesenchymal markers and CD45, CD34 as hematopoietic cell 

surface markers have shown the high expression of CD90, CD105 and low 

expression of CD34, CD45. 
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Fig. 3. The MTT analysis of the differentiated ADSCs into cartilage in fibrin glue and 

Alginate scaffolds. Data showed that the percentage of survival cells increase in fibrin glue 

compared with Alginate and control groups. D= Day 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The expression of type I Collagen (A), SOX9 (B), type II Collagen (C)  Aggrecan 

(D) genes in differentiated cells on 2 different scaffold and control at days 0, 7, 14 and 28 

after cell differentiation. The results showed that the expression of ColII and Aggrecan in 

Fibrin Glue is more than Alginate and expression of ColI was lower in Alginate but Sox9 

increased in Alginate, The value was normalized with respect to the level of β-actin 

mRNA. The results represented means±SD from duplicate determinations, representative 

of 3 independent experiments compared with the control. The statistical difference in 

comparison with the control group was analyzed by LSD test and differences were 

statistically significant at p ≤0.05; D= Day 

 

C 

B A 

D D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir 
at

 1
7:

56
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

2n
d 

20
19

http://ijml.ssu.ac.ir/article-1-248-en.html


M. Ghiasi et al. 

 

International Journal of Medical Laboratory 2019;6(3): 207-218. 214  

 

           

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. The histological analysis of the differentiated cells (cartilage) on the fibrin glue (A) 

and Alginate (B) scaffolds in 14 days after cell differentiation. (H and E stain).  N=Nucleus 

 

Discussion 

Tissue engineering is a field integrating 

different branches of science and engineering, 

trying to create tissues and organs with natural 

normal functions in order to treat human 

diseases and repair injuries [12, 13]. Tissue 

engineering includes culturing cells and 

establishing interconnections among them via 

suitable scaffolds in order to provide the 

conditions favorable to the growth, migration 

and differentiation of cells into a special tissue 

[14, 17, 30]. Selecting a biological material as 

an extracellular matrix depends on the kind 

and characteristics of the tissue in question; 

and the used scaffolds in tissue engineering 

must have special characteristics essential for 

the cell regeneration and should be able to 

provide the required mechanical strength [13]. 

For example, hydrogels are a group of 

biopolymers with advantages like a high level 

of water (usually more than 30% of its 

weight), efficient material and the ability to 

encapsulate the cells uniformly [9]. These 

materials contain a hydrophilic polymer chain 

and consist of natural hydrogels such as 

Alginate and fibrin, thus offering structural 

similarities to human tissues. From a 

macromolecular point of view, they are 

biocompatible, relatively inexpensive, having 

low toxicity and widespread availability and 

acceptance. Fibrin glue has been widely used 

to repair and regenerate the cartilage tissue in 

tissue engineering [9, 13, 14, 24]. Accepted as 

a suitable biological environment for cell 

transplantation due to its biocompatibility, 

degradation, and capacity of cell connections, 

fibrin glue is a mixture of fibrinogen and 

thrombin [17, 18, 25- 27]. In addition, 

immunologically not toxic, alginate is another 

hydrogel that has wide applicability in tissue 

engineering. Alginate is widely used in culture 

cartilage tissue [31]. The Alginate has no 

special interaction with mammalian cells and 

this is one of its problems [10, 11]. Generally, 

growth factors, cell, and the scaffold are the 

most effective issues in the tissue culture field. 

The MSCs have many advantages compared to 
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chondrocytes in such a way that they can be 

produced with the lowest level of invasion and 

injuries, in the autologous form by a very 

simple method [5]. In the 1970s, multipotential 

MSCs were introduced for the first time as 

bone stromal cells [22]. These cells can be 

produced in a lot of body fissures because of 

their availability, ability in self-renewal and 

differentiation into different lineages such as 

cartilage, so they have been turned into a very 

important means and tools in regenerative 

medicine [4]. The ADSCs are counted as a 

suitable candidate in cell therapy and injuries 

of cartilage tissue [4]. In cell therapy 

strategies, transplantation requires many cells 

while the cartilage tissue samples contain  

few chondrocytes and have no suitable 

angiogenesis to repair and amend this tissue. 

That is why the chondrocytes taken from the 

cartilage tissue do not have the required 

potential to repair and rebuild the injuries of 

the tissue [17]. The MSCs are a suitable 

alternative for these cells. Recently, due to 

their invasive nature and the pain and injuries 

they have for the donor as well as their high 

risk for the donor in the process of isolation, 

the MSCs taken from bone marrow is less 

used. Instead, the ADSCs are used due to their 

advantages such as lack of damage to the 

donor, simple isolation procedure, loss of 

gaining cells, availability and the ability to 

change into different cell levels [5,11,32]. 

Besides, the results from different studies 

reveal that the ADSCs are similar to the (BM-

MSC) regarding the growth capability and 

differentiate into various cell lineages [5]. 

Some studies had demonstrated the fibrin glue 

use as a scaffold to grow and differentiate the 

MSCs. The results of these studies suggest that 

when the MSCs are put in three-dimensional 

culturing condition, they can differentiate into 

cartilage cell [18]. Some studies have shown 

human ADMSCs can differentiate into 

cartilage cells provided that they are cultured 

on a three-dimensional matrix and in a 

medium containing special regulator materials 

(dexamethasone, TGF-β) capable of solving 

[8]. In a study conducted by Ahmed et al. in 

2011, it became clear that the encapsulation of 

MSCs on the fibrin glue scaffold can cause an 

augment in the expression of the type II 

Collagen gene [17]. In this study, after 

encapsulation of producing cartilage, a large 

number of cartilage chondrocyte-shaped cells 

were observed in fibrin glue scaffolds 

[12,17,33]. These results were approved by 

histological analyses. Furthermore, it was 

shown that when mixed with chondrocytes, the 

fibrin glue can be used as a promising method 

to repair tissue in cartilage tissue engineering 

and cause collagen accumulation, especially 

under the culture condition of low oxygen 

[14]. In the study of Ho et al., they showed 

that the MSCs derived from bone marrow have 

higher ability for differentiation into cartilage 

on fibrin glue scaffolds and in a medium 

containing TGF-β1 factor, compared to the 

scaffold hybrid fibrin glue/Alginate, and 

produce more type II collagen as well [23]. Li 

et al. (2009) demonstrated that polyurethane 

scaffold can induce the production of cartilage 

by MSCs [20, 21]. Jung et al. proved that by a 

hydrogel fibrin scaffold and in a medium 

containing TGF-β3 factor respectively, we can 
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differentiate ADSCs into cartilage, express 

cartilage-specific genes and proteins; the 

results of our study also proved this [15, 18]. 

Im et al. (2005) compared the ADSCs 

differentiation potency into cartilage as  

BM-MSC [5]. In another study, Yang et al. 

used a hydrogel fibrin scaffold containing 

genes like SOX5, SOX6, and SOX9, that  

could differentiate the ADSCs into mature 

chondrocytes and show the expression of 

special cartilage genes and production of the 

proteins resulting from these genes in the 

differentiated cells [19]. Proulx et al. reported 

that the MSCs can grow in a kind of scaffold 

derived from fibrin, keep and protect their 

growth and their multipotent on these scaffolds 

[29]. The results from other studies suggest 

that TGF-β3 can increase the expression of 

type II collagen gene in encapsulated MSCs in 

Alginate scaffold; nevertheless, Estes et al. 

demonstrated that TGF-β3 is not able to 

change the gene expression and production of 

cartilage proteins in ADSCs cultured in 

alginate scaffold [4, 25, 28]. However, the 

increased production of cartilage markers in 

MSCs in the presence of TGF-β3 has been 

proven. Some studies have indicated that type 

II collagen in ADSCs is similar to natural 

chondrocytes in hyaluronic acid scaffolds [28]. 

In some studies, the alginate was referred to as 

a cell carrier in order to support the process of 

cartilage production by cells and cartilage 

genes expression [10] in such a way that when 

the MSCs are put into Alginate, they gain the 

ability to express high levels of type II 

collagen compared to plate. Some previous 

studies showed their ability to grow quickly, 

hold their phenotype and have the potential to 

be differentiated into different categories. In 

Bauge and et al studies, the expression of two 

genes including Aggrecan and type II Collagen 

in both of the scaffolds highly increased [2]. 

However, the expression level in the three-

dimensional hydrogel of fibrin glue was higher 

than that in alginate, which is pursuant to the 

results of ours. In this study, it was revealed 

that in comparison with Alginate, fibrin glue is 

able to provide suitable conditions for the 

ADSCs to grow and differentiate into cartilage 

category [22]. To sum up, ADSCs have shown 

high capacity in producing and developing the 

cartilage. This study was in line with the 

previous investigations. 

Conclusion 

The results of our study suggests that the 

selection of scaffold cells affects the growth 

and differentiation of stem cells. Natural 

hydrogels like fibrin have shown unique 

characteristics that enable them to provide a 

suitable background for growth the MSCs and 

differentiate into cartilage in order to be used 

as a promising and essential factor in tissue 

engineering. 

Conflicts of interest  
The authors declare that they have no conflict of 

interest. 

Acknowledgment 
We express our gratitude to Mr. Zare and Mr. 

Rajaei for helping us in doing this research. 

            

 

 

D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir 
at

 1
7:

56
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

2n
d 

20
19

http://ijml.ssu.ac.ir/article-1-248-en.html


MESENCHYMAL ADULT STEM CELL FOR CARTILAGE REGENERATION 

 

217 International Journal of Medical Laboratory 2019;6(3):207-218. 

References 

[1]. Esteves Vieira Branquinho M, Caseiro AR, 

Santos Pedrosa S, Damásio Alvites R, Colette 

Maurício A. Synovia-derived mesenchymal stem 

cell application in musculoskeletal injuries: a 

review. Tissue Regenera. 2018; 6: 77. 

[2]. Baugé C, Boumédiene K. Use of adult stem 

cells for cartilage tissue engineering: current 

status and future developments. Stem Cells Int. 

2015; 2015: 438026.  

[3]. Francis SL, Duchi S, Onofrillo C, Di Bella C, 

Choong PFM. Adipose-derived mesenchymal 

stem cells in the use of cartilage tissue 

engineering: the need for a rapid isolation 

procedure. Stem Cells Int. 2018; 2018: 8947548.  

[4]. Estes BT, Diekman BO, Gimble JM, Guilak F. 

Isolation of adipose-derived stem cells and their 

induction to a chondrogenic phenotype. Nat 

Protoc. 2010; 5: 1294-311. 

[5]. Im GI, Shin YW, Lee KB. Do adipose tissue-

derived mesenchymal stem cells have the same 

osteogenic and chondrogenic potential as bone 

marrow-derived cells? Osteoarthritis Cartilage 

2005; 13(10): 845-53. 

[6]. Ullah I, Subbarao RB, Rho GJ. Human 

mesenchymal stem cells-current trends and future 

prospective. Biosci Rep. 2015; 35(2): 191.  

[7]. Duan, Bin, Hockaday LA, Das S, Xu C, 

Butcher JT. Comparison of mesenchymal stem 

cell source differentiation toward human pediatric 

aortic valve interstitial cells within 3d engineered 

matrices. Tissue Eng. 2015; 21 (8): 795-807.  

[8]. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, 

Huang JI, Mizuno H, et al. Human adipose tissue 

is a source of multipotent stem cells. Mol Biol 

Cell. 2002; 13: 4279-295. 

[9]. Vinatier C, Bouffi C, Merceron C, Gordeladze 

J, Brondello JM, Jorgensen C, et al. Cartilage 

tissue engineering: towards a biomaterial-assisted 

mesenchymal stem cell therapy. Curr Stem Cell 

Res Ther. 2009; 4(4): 318-29. 

[10]. Cao N. Fabrication of alginate hydrogel 

scaffolds and cell viability in calcium-

crosslinked alginate hydrogel [Master of 

Science Thesis]. Biomedical Engineering 

Department, Saskatchewan University; 2011.  

[11]. Awad HA, Wickham MQ, Leddy HA, Gimble 

JM, Guilak F. Chondrogenic differentiation of 

adipose-derived adult stem cells in agarose, 

alginate, and gelatin scaffolds. Biomaterials 

2004; 25(16): 3211-222. 

[12]. Ahmed TA, Dare EV, Hincke M  . Fibrin: a 

versatile scaffold for tissue engineering 

applications. Tissue Eng Part B Rev 2008; 14(2): 

199-215. 

[13]. Ahmed TA, Griffith M, Hincke M. 

Characterization and inhibition of fibrin 

hydrogel-degrading enzymes during development 

of tissue engineering scaffolds. Tissue Eng. 2007; 

13(7): 1469-477. 

[14]. Ahmed TA, Halpenny M, Atkins H, Giulivi 

A, Dervin G, Griffith M, et al. Stabilization of 

fibrinmesenchymal stem cells (MSCs) constructs 

under hypoxic conditions during tissue 

engineering of articular cartilage. J Bone Joint 

Surg Br. 2010; 92(2): 2-3. 

[15]. Park JS, Shim MS, Shim SH, Yang HN, Jeon 

SY, Woo DG, et al. Chondrogenic potential of 

stem cells derived from amniotic fluid, adipose 

tissue, or bone marrow encapsulated in fibrin gels 

containing TGF-beta3. Biomaterials 2011; 

32(32): 8139-849. 

[16]. Diederichs S, Baral K, Tanner M, Richter W. 

Interplay between local versus soluble TGF-beta 

and fibrin scaffolds: role of cells and impact on 

human mesenchymal stem cell chondrogenesis. 

Tissue Eng. 2012; 18(2): 1140-150. 

[17]. Ahmed TA, Giulivi A, Griffith M, Hincke M. 

Fibrin glues in combination with mesenchymal 

stem cells to develop a tissue-engineered cartilage 

substitute. Tissue Eng. 2011; 17(3-4): 323-35. 

[18]. Jung SN, Rhie JW, Kwon H, Jun YJ, Seo JW, 

Yoo G, et al. In vivo cartilage formation using 

chondrogenic-differentiated human adipose-

derived mesenchymal stem cells mixed with 

fibrin glue. J Craniofac Surg. 2010; 21(2):468-72. 

[19]. Yang HN, Park JS, Woo DG, Jeon SY, Do 

HJ, Lim HY, et al. Chondrogenesis of mesen-

chymal stem cells and dedifferentiated chondro-

cytes by transfection with SOX Trio genes. 

Biomaterials 2011; 32(30):7695-704. 

[20]. Li Z, Kupcsik L, Yao SJ, Alini M, Stoddart 

MJ. Chondrogenesis of human bone marrow 

mesenchymal stem cells in fibrin-polyurethane 

composites. Tissue Eng. 2009; 15(2):1729-737. 

[21]. Li Z, Yao SJ, Alini M, Stoddart MJ. Chond-

rogenesis of human bone marrow mesenchymal 

stem cells in fibrin-polyurethane composites is 

modulated by frequency and amplitude of  

dynamic compression and shear stress. Tissue 

Eng. 2010; 16(3): 575-84. 

[22]. Barry F, Boynton RE, Liu B, Murphy JM. 

Chondrogenic differentiation of mesenchymal 

stem cells from bone marrow: differentiation-

dependent gene expression of matrix components. 

Exp Cell Res. 2001; 268(2): 189-200. 

[23]. Ho ST, Cool SM, Hui JH, Hutmacher DW. 

The influence of fibrin based hydrogels on the 

chondrogenic differentiation of human bone 

marrow stromal cells. Biomaterials 2010; 31(1): 

38-47. 

[24]. Zanetti AS, Sabliov C, Gimble JM, Hayes DJ. 

Human adipose-derived stem cells and three-

dimensional scaffold constructs: A review of the 

biomaterials and models currently used for bone 

regeneration. Journal of Biomedical Materials 

D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir 
at

 1
7:

56
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

2n
d 

20
19

http://ijml.ssu.ac.ir/article-1-248-en.html


M. Ghiasi et al. 

 

International Journal of Medical Laboratory 2019;6(3): 207-218. 218  

Research. Applied Biomaterials 2013; 101(1): 

187-99. 

[25]. Sheykhhasan M, Qomi RT, Kalhor N, 

Mehdizadeh M, Ghiasi M. Evaluation of the 

ability of natural and synthetic scaffolds in 

providing an appropriate environment for growth 

and chondrogenic differentiation of adipose-

derived mesenchymal stem cells. Indian J Orthop. 

2015; 49(5): 561-68. 

[26]. Sheykhhasan M, Qomi RT, Ghiasi M. Fibrin 

scaffolds designing in order to human adipose-

derived mesenchymal stem cells differentiation to 

chondrocytes in the presence of TGF-β3. Int J 

Stem Cell 2015; 8(2): 219-27. 

[27]. Ghiasi M, Kalhor N, Tabatabaei Qomi R, 

Sheykhhasan M. The effects of synthetic and 

natural scaffolds on viability and proliferation of 

adipose-derived stem cells. Frontiers Life Sci. 

2016; 9(1): 32-43. 

[28]. Tigli RS, Cannizaro C, Gumusderelioglu M, 

Kaplan DL. Chondrogenesis in perfusion 

bioreactors using porous silk scaffolds and hESC-

derived MSCs. J Biomed Mater Res. 2011; 96(1): 

21-8. 

[29]. Proulx MK, Carey SP, DiTroia LM, Jones C, 

Fakharzadeh M, Guyette JP, et al. Fibrin 

microthreads support mesenchymal stem  

cell growth while maintaining differentiation 

potential. J Biomed Mater Res. 2011; 96(5): 301-

12. 

[30]. Chaudhari AA, Vig K, Baganizi D, Sahu R, 

Dixit S, Dennis V, et al. Future prospects for 

scaffolding methods and biomaterials in skin 

tissue engineering: a review. Int J Mol Sci. 2016; 

17(12): 1974. 

[31]. Focaroli S, Teti G, Salvatore V, Orienti I, 

Falconi M. Calcium/cobalt alginate beads as 

functional scaffolds for cartilage tissue 

engineering. Stem Cells Int. 2017; 2(5): 2374-

381. 

[32]. Zhang L, Hu J, Athanasiou KA. The role of 

tissue engineering in articular cartilage repair and 

regeneration. Crit Rev Biomed Eng. 2009; 37(1-

2): 1-57. 

[33]. Ahmed TA, Hincke MT. Strategies for 

articular cartilage lesion repair and functional 

restoration. Tissue Eng Rev. 2010; 16(3): 305-29. 

 

D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir 
at

 1
7:

56
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

2n
d 

20
19

http://ijml.ssu.ac.ir/article-1-248-en.html

