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Abstract
Problems: Tissue engineering (TE) is one of the modern strategies to provide a functional

biological tissue equivalent to restore or improve the function of human tissues that lost by
disease, traumatic events, or congenital abnormalities. Some essential factors in TE are tissue type
and appropriate scaffold. suitable influence on cell viability and proliferation is One of the most
important characteristics of a appropriate scaffold for tissue engineering. The purpose of this
research was to comparative evaluation of adipose derived stem cells (ADSCs) proliferation rate
and their viability on the five different scaffolds. Experimental approach: six different scaffolds were
prepared including Alginate, Poly Lactic Glycolic Acid (PLGA), Fibrin glue (FG), Inactive
Platelet- Rich Plasma (IPRP), Active Platelet- Rich Plasma (APRP) and Hydroxyapatite/ β261
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tricalcium phosphate (HA/β-TCP). Human adipose tissue was applied as mesenchymal stem cells
source. These cells were seeded in the targeted scaffolds. After 48 hours, the proliferation and
viability of mesenchymal stem cells were assessed by MTT assay. The obtained results were
analyzed statistically by SPSS software (p < 0.05). Findings: Significant differences between cell
proliferation and viability of different scaffolds have been shown. Alginate and active PRP were
shown to be the most and least suitable scaffolds in terms of enhancing cell proliferation and
maintaining cell viability respectively (p < 0.05). Conclusion: Our study indicated that active PRP
could be the best scaffold for support of Adipose-derived stem cells proliferation in comparison
with others.
Key words: adipose-derived mesenchymal stem cells, MTT assay, alginate, PRP, PLGA, Fibrin

Glue, Hydroxyapatite/ β-tricalcium phosphate (HA/β-TCP)
Introduction
Tissue engineering (TE) is one of the modern strategies to provide a functional biological tissue
equivalent to restore or improve the function of human tissues that lost by disease, traumatic
events, or congenital abnormalities. (1,2) Beside this main aim, it offers some additional benefits;
the ex vivo systems provided by TE can be used to study human disease formation and
therapeutic interventions, filling the gap between in vitro human cell researches and human
clinical trials where currently animal models are used. (3) Although some TE approaches are
based on cell-free materials and/or factors, but the standard approach of TE entail seeded of a
three-dimensional (3D) biomaterial scaffold or carrier with cells which this construct can either
be delivered to and retained within the damaged site or be pre-cultured to generate the needed
tissue and later transplanted to the needed location. Thus, the choice of suitable cells and
scaffolds are the major challenges in TE. (4, 5, 6, 7) To understand the importance of scaffolds, it
is useful to consider studies that provide evidence of the ability of some biomaterial scaffolds to
directly control stem cell differentiation. (8) In fact the choice of appropriate scaffold is very
more complex than the cell type and depends on many factors. One of essential factors is the
tissue type; the scaffolds for different TE applications should have distinct biological and
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physical requirements. A number of other properties that have been shown to affect the eventual
developed (resulted) tissue involve, but not restricted to chemical composition and architecture of
scaffold, its porosity and pore size, hydro-phobicity and charge. PLGA is a type of synthetic
polymer with the characteristics of biocompatibility, low immunogenicity and absolute
biodegredablity and can be processed into any shape and size, and encapsulate molecules of
virtually any size.(9,10,11) A fibrin scaffold is known as a network of protein that together and
protected a different kinds of living tissues. Fibrin glues are mainly exploited from pooled plasma
and consist of different amounts of purified and virally inactivated human proteins: Fibrinogen,
thrombin, factor XIII, anti-fibrinolytic agents and calcium chloride. Fibrin scaffold can be used as
a principal element in tissue engineering approaches and provide complete autologous
construction.(12,13) Alginate is shown as a nontoxic hydrogel scaffold and hence has been used
in tissue engineering for culturing of chondrocytes.(14) Other natural scaffolds, Platelet-rich
plasma (PRP) are known as a new technology in treatment of various diseases. The first
description of PRP was in the early 1990s, when science was focused on developing new
“biological glues.” PRP therapy is a safe alternative to surgery for mild to moderate tendon,
ligament, and certain muscle injuries and often helps patients with decreased functionality and
chronic pain, but who may not be candidates for surgery but offers benefits such as cast saving
and shorter recovery time. Autologous (patient derived) Platelet Rich Plasma (PRP) Therapy is
started more than 30 years for various medical purposes. (15-20) Nowadays, Hydroxyapatite
(HA) is one of the most abundant bioceramics, Because of its important biochemical properties in
mineral constituents of human teeth and bones. Also It is a biocompatible ceramics widely used
in biomedical applications including tissue engineering. HA has ideal biocompatibility with hard
tissues. (43, 39) However, it is also used in soft tissue engineering application such as cartilage.
(21) Hydroxyapatite and Hydroxyapatite/β-tricalcium phosphate (HA/β-TCP) based bone graft
materials are both "biocompatible" and "bioactive". Hopefully the results of this work and other
similar work will lead to identification of better scaffold that has a major role in maintaining cells
viable. Clearly the second step is to find correct scaffolds that can direct viable stem cells in
wanted fate.
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Materials and methods
Materials

PLGA 50/50 (poly lactic-co-glycolic acid) and alginate were purchased from Sigma. DMEM was
purchased from Sigma and fetal bovine serum and penicillin-streptomycin were purchased from
Gibco in order to preparation of cell culture medium.
Cell isolation and expansion of human stem cells

Adult stem cells were isolated from adipose tissue in liposuction surgery. Previously, consent was
obtained from each patient. Briefly, the adipose tissue was enzymatically digested with
collagenase I (Sigma) at 37°С for 45-60 min. After that, we centrifuged the isolated
mesenchymal stem cells and resuspended them with DMEM supplemented with 10% fetal calf
serum and 100U/ml penicillin/streptomycin. Then they were placed into cell culture flasks and
cultured at 37˚С, 5% CO2 and 95% air. When reaching 90% confluence at passage 2, then
ADSCs were harvested with 0.25 trypsin/ EDTA and were used for every one of scaffolds.
Preparation of PLGA scaffold

5% PLGA particles was dissolved in Methylene Chloride (CH2CL2) then mixed with NaCl. A
plastic mold, 3mm in height and 6mm in diameter was then filled with the polymer/NaCl
particles and frozen at -20˚С. The frozen polymer scaffold placed in distilled water for 2 days in
order to remove the particles. Finally samples were sterilized by use of UV light. Cultivated
ADSCs were trypsinized in the secondary passage (P2), and seeded into the scaffolds.
Preparation of alginate scaffold

To prepare alginate solution (1.2%), at first we dissolved alginate powder in 5 ml of %0.9 NaCl.
Alginate solution was passed through 0.22 µm filter. After trypsinization, the cell-alginate
mixture at cell densitiy of 5×106 cells/ml was dropped into 105 µm CaCl2 solution for 15 min.
Then alginate beads were washed with NaCl solution and added DMEM. Ultimately they were
placed at in an incubator (37°С, 5% CO2. 99% humidity and PH 7.4) for 48h. (21)
Preparation of fibrinogen and thrombin

Fresh frozen plasma (FFP) and fibrinogen were obtained from Blood Transfusion Organizations
of Qom branch. Thrombin was separated by centrifugation of FFP at 2200 rpm for 10 min. In this
way FFP was added to calcium gluconate 5:3 ratio and incubated at 37˚С for 1h. In the next level
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supernatant was removed after centrifugation. Then fibrinogen and thrombin solution were ready
for cell seeding. The isolated hADCs were suspended in thrombin at a density of 5×106 cells/ml
and cryoprecipitation

was added to them and then incubated in 37°С, 5% CO2 and 99%

humidity for 48h.
Preparation of platelet-rich plasma (PRP)

PRP was prepared from peripheral blood into silicones tubes containing 3.8% sodium citrate at
ratio 9:1 and subsequently were centrifuged at 1000 rpm for 5 min. The number of platelets was
determined by a cell counter system. 3 distinct layers are visible in obtained product: the beneath
layer consist of erythrocytes; the middle layer contains leukocytes and inflammatory cytokines;
and the top layer content plasma, platelets and growth factors. Prepared PRP was divided to two
groups: one activated by 10% solution of CaCl2 and the other was labled as inactivated PRP.
Preparation of Hydroxyapatite/ β-tricalcium phosphate (HA/β-TCP)

Hydroxyapatite/β-tricalcium phosphate (HA/β-TCP) block and cell seeding Hydroxyapatite/βtricalcium phosphate block (ARTOSAL®) with dimensions of 1 mm× 4mm were purchased. The
ceramic Block rinsed twice with distilled water . Each block was set in 4-well plate, and then 1
mL cell suspension was added to each well of 4-well plate and incubated for 48 h.
Cell viability using MTT assay

After 2 days (48h), MTT (3-(4, 5-dimethyl) thiazol-2-yl-2, 5-dimethyl tetrazolium bromide)
assay was used for the cells viability and proliferation measurement. MTT solution (5mg/ml) was
added to scaffolds/cells for 4h and then intra cellular formazan was solubilized by adding 1 mL
dimethyl sulfoxide for 20min. Absorbance at 570 nm was measured on microplate reader.
Statistical Analysis
Viability of cells in different scaffolds was analyzed by use of SPSS software (P < 0.05).
Result
Cell viability was significantly different among scaffolds while in fibrin glue it was significantly
lower than active PRP and more than alginate. The Cell viability was minimum in alginate and
maximum in active PRP group (P< 0.05) (Table1 and Figure1). PLGA and HA/β-TCP had just
significant difference with alginate (p < 0.05). finally, According to our results, between active
PRP, inactive PRP, PLGA and control groups, no significant difference was observed
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Table 1- Comparison of mean ± standard
deviation of proliferative activity of human
Adipose Stem Cells Seeded in the different
Scaffolds
Groups

Mean

minimum

maximum

1.17

Std.
Deviation
0.38

Control

0.5

1.63

1.19
1.07
0.98
0.88
0.68
1.032

0.41
0.2
0.37
0.21
0.1
0.2

0.76
0.74
0.6
0.53
0.55
0.81

1.8
1.42
1.43
1.15
0.82
1.35

scaffolds

Figure 1- Viability of adipose-derived
mesenchymal stem cells seeded on different
scaffolds analyzed by MTT assay

PRP(active)
PLGA
PRP(inactive)
Fibrin Glue
Alginate
HA/β-TCP

Discussion
Stem cells present a great therapeutic potential due to their capacity of differentiation to many
cell lineages. These cells are able to self renew and proliferate for long period in vitro (22, 23).
Mesenchymal stem cells -in particular- present great potentials to the treatment of several
diseases due to their low immunogenicity, immunomodulatory properties, possibility of
autologous transplantation, easy isolation and in vitro proliferation possibility (24).
Already, the major source of stem cells for tissue engineering applications was bone marrowderived stem cells but recently adipose-derived stem cells (ADSC) are attractive, abundant, and
readily available cells that are used in many applications in tissue engineering [25,26].
Tissue engineering has been researched and developed to use in the repair or reconstruction of
defective or injured organs. In tissue engineering, living cells by use of suitable scaffolds produce
an artificial tissue. This chosen scaffold should provide the cells with the space for function and
support their activities. Every scaffold has specific properties that fit some kind of cells or mimic
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other tissues in mechanical strength, so we should regard all the characteristics of the target cells
and tissues to choose the optimal scaffold (27). In this survey, we evaluated five scaffolds,
considering cell viability and proliferation.
Active PRP in comparison with fibrin glue and alginate had the best effect on the cell
proliferation and viability. Although alginate is used commonly as a scaffold in tissue
engineering, but we showed lower ability of alginate in cell proliferation and viability. Active
PRP was better than inactive PRP and PLGA scaffolds in the cell proliferation and viability but
without significant difference.
Our result can be related to the advantages of PRP over other artificial or natural-derived
scaffolds using in tissue engineering. PRP is defined as a sample of plasma with a twofold or
more increase in platelet concentration above baseline level or greater than 1.1×106 platelets/µL
(28).
Platelets physiological role in healing has led to the concept that PRP may improve cartilage
restoration. Additionally, the multitude of growth factors stored within the platelets alpha
granules are believed to improve the biological environment within which cartilage may heal
(29). Multiple in vivo and in vitro studies are present in the literature delineating the potential of
PRP to improve chondrogenesis in ankle cartilage repair (30, 31).
It is documented that bone-marrow derived mesenchymal stromal cells (BMSC) in PRP scaffolds
are distributed properly (32, 33). Also it has been demonstrated that PRP acts as a powerful
substitute of various growth factors in the culture of different kinds of cells, including
mesenchymal stem cells, fibroblasts, dental stem cells and osteoblasts (34). Lee et al. showed an
increase in growth and differentiation of PRP-treated periodontal ligament cells and stromal stem
cells as type I collagen gene expression (35). Beside, the growth factors in PRP have a supportive
role in cell migration, proliferation and differentiation, which all of them are critical for wound
healing and soft-tissue augmentation. Hydrogel structure of PRP facilitate nutrition perfusion for
pre-seeded and newly migrated cells and because of its plasticity and adhensive fixation to
designated sites, it is so convenient. The other advantage of using PRP is that because every ones
blood is used, there is no risk of transmissible infection, no side effects and a very low risk of
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allergic reaction (36).
PLGA is a biopolymer that have been widely used as a common scaffold because of its distinct
advantages

like

controllable

biodegradation

rate

and

mechanical

properties,

good

biocompatibility and ease of processing into desired shapes (37). It is shown that PLGA
nanofiber scaffolds accommodate the survival and proliferation of MSCs (37). Also by culturing
composites of human bone marrow mesenchymal stem cells and porous PLGA scaffold tissue
engineering of bone constract can be improved (38). However, the surface of synthetic polymers
are hydrophobic, which limits cell adhesion and growth in 3D architecture (37).
As it is shown one of the important characteristics of fibrin is its increasing instability and
solubility over time, due to fibrinolysis. Although it could be an advantage in wound healing or
other surgical applications, when it is used as a shape-specific scaffold in tissue-engineering
becomes a problem. Beside, cell adhesion is a problem in using these scaffolds. About 30-40% of
the early seeded cells do not attach to the scaffold and their uses would be limited in future (39).
Alginate is a nontoxic hydrogel scaffold and hence it has been used in tissue engineering for
culturing of chondrocytes. But one of the problems of alginate is that any significant interaction
is not seen between mammalian cells and alginate gel (14).
Hydroxyapatite/ β-tricalcium phosphate (HA/β -TCP) composite scaffold has shown great
potential for tissue engineering applications. In this study, we assess the potential of ceramic
scaffold with different HA/ β-TCP compositions (pure HA, 60 HA/40 β- TCP, and 20 HA/80 βTCP) as a scaffold in order to providing a suitable substrate for maintaining mesenchymal stem
cells viability and causing their proliferation. Jiang et al revealed that β-TCP scaffolds are
appropriate for mesenchymal stem cell survival and in vitro proliferation. Hashemibeni et al.
have demonstrated an increase in growth of human osteoblast cells seeded on HA-TC scaffold
more than monolayer culture, as well as obtained result of jiang et al expriement using β-TCP
scaffold (5, 17 , 24). Also, Jalota et al have reported that cells were able to bind and proliferate
well on the HA/ β -TCP composite (60HA/40 β - TCP) scaffold (16). By Using MTT assay, the
HA- β – TCP Scaffold was proven to be a non-cytotoxic scaffold. beside, it would have
Relatively suitable biocompatibility in vitro. Our results indicate that HA/β-TCP could be used as
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suitable environment for growth and proliferation of adipose mesenchymal stem cells.
Therefore long term stability and mechanical integration of scaffold will be necessary for cells
requiring enough stability and determined time for producing their tissue-specific matrix.
Conclusion
The obtained results show that active PRP can be consider as the best scaffold which supply a
appropriate condition for adipose tissue derived stem cells that support their proliferation and
viability in compare with the other four scaffolds(Alginate- inactive PRP- PLGA- Fibrin glueHA/β-TCP). It seems that growth factors within PRP with their supportive role in cell
proliferation can enhance its capability as a scaffold. On the other hand, Alginate was not as
successful as the active PRP in supporting cell viability and proliferation.
Acknowlegment
We would like to express our gratitude to Mr Rajaei and Mr zare and Dr Farhang for adipose
tissue preparation.
References
1. Akeda K, An HS, Okuma M, Attawia M, Miyamoto K, Thonar EJ, Lenz ME, Sah RL,
Masuda K. Platelet-rich plasma stimulates porcine articular chondrocyte proliferation and
matrix biosynthesis. Osteoarthritis Cartilage. 2006 Dec; 14(12):1272-80.
2. Alipour R, Sadeghi F, Hashemi-Beni B, Zarkesh-Esfahani SH, Heydari F, Mousavi SB,
Adib M, Narimani M, Esmaeili N. Phenotypic characterizations and comparison of adult
dental stem cells with adipose-derived stem cells. Int J Prev Med. Summer 2010;
1(3):164-71.
3. Mishra A, Tummala P, King A, Lee B, Kraus M, Tse V, Jacobs C.R. Buffered PlateletRich Plasma Enhances Mesenchymal Stem Cell Proliferation and Chondrogenic
Differentiation. TISSUE ENGINEERING. 2009 Sep; 15(3):431-5.
4. Hashemibeni B, Jafary F, Esmaeil N, Goharian V, Feizi G, Heidary F, Moosavi-nejad
S.Z, Zarkesh S.H.Comparison of Phenotypic Characterization between Differentiated
Osteoblasts from Stem Cells and Calvaria Osteoblasts In vitro Int J Prev Med. 2013
Feb;4(2):180-6.
5. Hashemibeni B, Ali Akbari F, Sadeghi F, Esfandiary E, Bahramian H, Sadeghi H. The
Comparison of Characteristics of Human Osteoblast Cells in Two Methods, Monolayer

269

SMU Medical Journal, Volume – 1, No. 2, July 2014

6. Culture and Hydroxyapatite-Tricalcium Phosphate Scafold. Journal of Isfahan Medical
School. Feb 2011; Vol 28, No 119.
7. Berghoff W.J, Pietrzak W.S, Rhodes R.D. Platelet-rich plasma application during closure
following total knee arthroplasty. Orthopedics 2006 Jul; 29(7):590-8.
8. Cheng X, Lei D, Mao T, Yang S, Chen F, Wu W. Repair of critical bone defects with
injectable platelet rich plasma/bone marrow-derived stromal cells composite:
experimental study in rabbits. Ulus Travma Acil Cerrahi Derg 2008; 14: 87 – 95.
9. Tabélé C, Montana M, Curti C, Terme T, Rathelot P, Gensollen S, Vanelle P. Organic
Glues or Fibrin Glues from Pooled Plasma: Efficacy, Safety and Potential as Scaffold
Delivery Systems. J Pharm Pharmaceut Sci. 2012; 15(1):124-40.
10. Eppley B.L, Woodell J.E, Higgins, J. Platelet quantification and growth factor analysis
from platelet rich plasma: implications for wound healing. Plast Reconstr Surg, 2004
Nov; 114(6):1502-8.
11. Gamradt S.C, Rodeo S.A, Warren R.F. Platelet rich plasma in rotator cuff repair. Tech
Orthop Surg. 22(1):26–33.
12. Dickneite G, Metzner H, Pfeifer T, et al. A comparison of fibrin sealants in relation to
their in vitro and in vivo properties. Thrombosis Research. 2003; 112(1-2):73-82.
13. Chen G, Ushida T, Tateishi T. scaffold Design for Tissue Engineering. Macromol.Biosci.
2002, 2:67-77.
14. Hashemibeni B, Goharian V, Esfandiari E, Sadeghi F, Fasihi F, Alipur R, Valiani A,
Ghorbani M, Emami ZM, Shabani F, Goharian M.J Pediatr Surg. An animal model study
for repair of tracheal defects with autologous stem cells and differentiated chondrocytes
from adipose-derived stem cells. 2012 Nov; 47(11):1997-2003.
15. Hirenkumar K. Makadia; and Steven J. Siegel. Poly Lactic-co-Glycolic Acid (PLGA) as
Biodegradable Controlled Drug Delivery Carrier, Polymers. 2011 Sep 1; 3(3):1377-1397.
16. Hisayo Y,,Hirotaka A, Toru O,Satoru N,Tsuguharu T,Takashi N,Isao K,Kozo N,Hiroshi
K,Ung-il Ch,Tsuyoshi T,Kazuto Hoshi. Cartilage tissue engineering using human
auricular chondrocytes embedded in different hydrogel materials. Wiley Inter Science.
2006 Jul; 78(1):1-11.

17. Jalota S, Bhaduri SB, Tas AC. In vitro testing of calcium phosphate (HA, TCP, and
biphasic HATCP) whiskers. J Biomed Mater Res A. 2006 Sep 1; 78(3):481-90.
270

SMU Medical Journal, Volume – 1, No. 2, July 2014

18. Jiang XQ, Wang SY, Zhao J, Zhang XL, Zhang ZY. Sequential fluorescent labeling
observation of maxillary sinus augmentation by a tissue engineered bone complex in
canine model. Int J Oral Sci. 2009 Mar; 1(1):39-46.
19. Jinfeng Y,Cheng C,Wei W,Xiangmin T,Dongyan Sh,Fabai W,Qiang Zh,Chunjuan
G,Zhijun P,Changyou G,Jinfu W. Proliferation and osteogenesis of immortalized bone
marrow-derived mesenchymal stem cells in porous polylactic glycolic acid scaffolds
under perfusion culture. Wiley InterScience. 2010 Mar 1; 92(3):817-29.
20. Jockenhoevel S, Zund G, Hoerstrup S, Chalabi Kh, Sachweh J, Demircan L, Messmer B,
Marko T. Fibrin gel- advantages of a new scaffold in cardiovascular tissue engineering.
European journal of cardio-thoracic surgery. 2001 Apr; 19(4):424-30.
21. Julie G.l and Shuichi M.i., Collagen Scaffolds for Tissue Engineering.Biopolymers. 2008
May; 89(5):338-44.
22. Kitahara S, Nakagawa K, Sah R. L, Wada Y, Ogawa T, Moriya H, and Masuda K. Tissue
Engineering Part A. November 2008, 14(11): 1905-1913.
23. Langer R and Vacanti JP. Tissue engineering. Science. 1993 May 14; 260(5110):920-6.
24. Lee JY, Nam H, Park YJ, Lee SJ, Chung CP, Han SB, et al. The effects of platelet-rich
plasma derived from human umbilical cord blood on the osteogenic differentiation of
human dental stem cells. In Vitro Cell Dev Biol Anim. 2011 Feb; 47(2):157-64.
25. Lin FH. The effects of calcium phosphate particles on the growth of osteoblasts. J Biomed
Mater Res. 1997 Dec 5; 37(3):324-34.
26. Liu Y, Zhou Y, Feng H, Ma GE, Ni Y. Injectable tissueengineered bone composed of
human adipose-derived stromal cells and platelet-rich plasma. Biomaterials. 2008 Aug;
29(23):3338-45.
27. Milano G, Sanna Passino E, Deriu L, Careddu G, Manunta L, Manunta A, Saccomanno
MF, Fabbriciani C. The effect of platelet rich plasma combined with microfractures on the
treatment of chondral defects: an experimental study in a sheep model. Osteoarthritis
Cartilage. 2010 Jul; 18(7):971-80.

28. Miller Y, Bachowski G, Benjamin R, Eklund DK, Hibbard AJ, Lightfoot T. Practice
guideline for blood transfusion: A compilation from recent peer-reviewed literature. 2nd
ed. Washington, DC: American Red Cross; 2007.p. 1-56.
271
SMU Medical Journal, Volume – 1, No. 2, July 2014

29. Mishra A, and Pavelko T. Treatment of chronic elbow tendinosis with buffered plateletrich plasma. Am J Sports Med. 2006 Nov; 34(11):1774-8.
30. Molloy T, Wang Y, and Murrell G.A.C. The roles of growth factors in tendon and
ligament healing. Sports Med. 2003; 33(5):381-94.
31. Mountford JC. Human embryonic stem cells: origins, characteristics and potential for
regenerative therapy. Transfusion Medicine. 2008 Feb; 18(1):1-12.
32. Natália MB, Alessandra AZ, Juliana LC, Viviane SG, Dawidson G,Alfredo MG.
Cartilage Tissue Engineering Using Mesenchymal Stem Cells and 3D Chitosan Scaffolds
–In vitro and in vivo Assays. In:Pignatello R, editor. Biomaterials Science and
Engineering, InTech, Open Access Company; 2011. P. 211-226.
33. Ning c. fabrication of alginate hydrogel scaffolds and cell viability in calcium-crosslinked
alginate hydrogel. June 2011: 1-58.
34. Ping W and Yili Q,Yi M. Platelet-rich plasma as a scaffold for injectable soft-tissue
augmentation. Cytotherapy 2010 Sep; 12(5):701-2.
35. Sarah S.u and David LK. Stem cell- and scaffold-based tissue engineering approaches to
osteochondral regenerative medicine. Semin Cell Dev Biol. 2009 Aug; 20(6):646-55.
36. Schnabel M, Marlovits S, Eckhoff G, Fichtel I, Gotzen L, Vècsei V, et al.
Dedifferentiation-associated changes in morphology and gene expression in primary
human articular chondrocytes in cell culture. Osteoarthritis and Cartilage. 2002 Jan;
10(1):62-70.
37. Shengyun H, Shanshan J, Guijun L, Dong F, Dongsheng Z. Osteogenic differentiation of
muscle satellite cells induced by platelet-rich plasma encapsulated in three-dimensional
alginate scaffold. Oral Surg Oral Med Oral Pathol Oral Radiol. 2012 Nov; 114(5
Suppl):S32-40.
38. Smyth NA, Fansa AM, Murawski CD, Kennedy JG. Plateletrich plasma as a biological
adjunct for the surgical treatment of osteochondral lesions of the talus. Techniques in Foot
and Ankle Surgery. 2012; (11): 18-25.

39. Stocum DL and Zupanc GKH. Stretching the limits: Stem cells in regeneration science.
Developmental Dynamics. 2008 Dec; 237(12):3648-71.
40. Suchanek W. and Yoshimura M. Processing and properties of hydroxyapatite-based
biomaterials for use as hard tissue replacement implants. 1998., J. Mater. Res. 13 (1): 94272

SMU Medical Journal, Volume – 1, No. 2, July 2014

117.
41. Tögel F and Westenfelder C. Adult bone marrow-derived stem cells for organ
regeneration and repair. Developmental Dynamics. 2007 Dec; 236(12):3321-31.
42. Tuan RS. Biology of developmental and regenerative skeletogenesis. Clinical
Orthopaedics and Related Research. 2004 Oct ;(427 Suppl):S105-17.
43. Uhrich K.E, Cannizzaro S.M, Langer R.S, Shakesheff K.M. Polymeric systems for
controlled drug release. Chem. Rev. 1999 Nov 10; 99(11):3181-98.
44. Wozney J.M. and Rosen V. Bone morphogenetic protein and bone morphogenetic protein
gene family in bone formation and repair. Clin. Orthop. Rel. Res. 1998 Jan; (346):26-37.
45. Wu X.S, Wang N. Synthesis, characterization, biodegradation, and drug delivery
application of biodegradable lactic/glycolic acid polymers. Part II: Biodegradation. J.
Biomater. Sci. Polym. Ed. 2001; 12(1):21-34.
46. Xin X, Hussain M, Mao JJ. Continuing differentiation of human mesenchymal stem cells
and induced chondrogenic and osteogenic lineages in electrospun PLGA nanofiber
scaffold. Biomaterials. Jan; 28(2):316-25.
47. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizuno H, Alfonso ZC, Fraser JK,
Benhaim P, Hedrick MH. Human adipose tissue is a source of multipotent stem cells.
Molecular Biology of the Cell. 2002 Dec; 13(12):4279-95.

Authors Column

Mohsen Sheykh Hasan is currently engaged as researcher at stem cell
laboratory & cord blood bank - highly specialized jihad daneshgahi infertility
Center, Qom Branch (ACECR), Qom, Iran. He also worked in biotechnology at
agriculture biotechnology research institute of iran(ABRII) before taking up, in
2008 to 2009, a Master of Science Thesis in the same organization. Mohsen Sheykh
Hasan has particular interest in the cartilage tissue engineering and adipose-derived
mesenchymal stem cells research.

SMU Medical Journal, Volume – 1, No. – 2, July, 2014, PP. 261 - 273 , 2014
@ SMU Medical Journal

