
Introduction
Cartilage is a specialized connective tissue containing 
extracellular matrix (ECM) rich in GAG and proteoglycans. 
This matrix can cause the cartilage to withstand mechanical 
pressure without permanent deformation. Also, these 
compounds create an appropriate smoothness and sliding 
in joints.1 Cartilage tissue does not have a high regenerative 
power due to its lack of blood flow unlike the bone, which has 
a more efficient mechanism for repairing itself.1 The damaged 
or eroded cartilage has limited ability to repair itself. It has 
also less power in malicious and wider damage.2-6 Nowadays, 
cartilage diseases such as osteoarthritis are the most common 
skeletal diseases. These diseases  are especially common 
in older people or athletes. According to a report,  over 39 

million people over 25 years in Europe and 26 million people 
in America experience osteoarthritis and have estimated 
this number to be doubled by 2020.7,8 Today, the treatment 
of cartilage diseases is one of the biggest problems in the 
medical society. A series of new therapies has been taken into 
consideration based on tissue engineering in recent years for 
the treatment of cartilage diseases. The procedure requires 
proper scaffold, repairing cells, and growth factors. Tissue 
engineering of cartilage using stem cells is to either produce 
cartilage in the laboratory or to produce cartilage producing 
cells in the body. In the occasion that the cartilage is synthesized 
in the laboratory, it must be transplanted into the body and in 
the joints. In this type of treatment, the patient will not need 
artificial joints anymore. Among the appropriate treatment 
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Abstract
Introduction: Damages to cartilage are one of the most challenging issues of orthopedist in medicine as the healing of defects in the tissue has a 
very slow process and is extremely difficult. Tissue engineering (using scaffold), cells and growth factors can be used as alternatives to improve 
healing. Alginate is an ideal scaffold which has been also approved by the Food and Drug Administration (FDA). The transforming growth factor β3 
(TGF β3) increases the viability of the chondrocytes and secretion of extra cellular matrix. The aim of this study was to evaluate the effects of TGF 
β3 in the viability and production of glycosaminoglycan (GAG) and aggrecan by rib chondrocytes.
Materials and Methods: In this experimental study, isolated costal chondrocytes were encapsulated in alginate and cultured for 3 weeks. Then, 
samples were divided into 2 groups: TGF-β3 treated and control groups. Finally, the viability of chondrocytes and production of GAG and aggrecan 
in both groups were evaluated by MTT, GAG and enzyme-linked immunosorbent assay (ELISA).
Results: By 14 days, the results of the MTT showed that viability had significantly increased in the control group in compared to the TGF-β3 
treated group. This is while by 21 days, the TGF-β3 treated group the viability had increased After 14 and 21 days, the GAG production in the 
TGF-β3 treated group had significantly increased in compared to the control group. The ELISA technique revealed that the production of aggrecan 
significantly increased in the TGF-β3 treated group at 14 days.
Conclusions: Results indicate that TGF-β3 can increase the growth of costal cartilage and the production of extracellular matrix (ECM). Accordingly, 
TGF-β3 is necessary for the regeneration of cartilage.
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methods, transplanted chondrocytes in combination with a 
special scaffold or alone can be very effective.7,8 Chondrocyte 
transplant was firstly performed in 1968, but its successfulness 
was only 40%. The chondrocyte transplant faces problems 
such as the movement of the cell from the lesion site, and 
placing in the joint space. Thus, using a special scaffold like 
alginate can help improve these problems.9,10 One of the 
problems associated with chondrocyte transplantation is 
the required cell source that is normally extracted from rib 
cartilage or joints that do not weigh much but this method 
has limitations as well. For example, due to the limitation 
in the achieved tissue, access to a sufficient number of cells 
is not easily possible. Also, it has been observed in previous 
studies that chondrocytes proliferation by single layer culture 
would lose their differentiation and secretory properties. In 
addition, it would need continuous use of immunosuppressive 
drugs that have their own side effects which is considered 
as another problem for patients.11-13 Alginate is a natural 
biopolymer that is mainly extracted from brown algae and 
bacteria. This material includes less than 40% of the dry 
weight of algae. In the ECM of the algae, alginate exists in 
combination with calcium, sodium and magnesium cations. 
Alginate is a dual polymer of glucuronic acid and monotonic 
acid that are arranged like chains in a counter-clockwise 
pattern. Alginate can be used as a suitable ECM because 
this gel prepares a three-dimensional scaffold that provides 
a proper place for cell proliferation and on the other hand 
facilitates the release of the nutrient materials.9 In addition, 
the scaffold should have the ability to absorb in the body after 
transplantation. For this purpose, the speed of absorption 
should coordinate the speed of matrix production. Also, the 
used scaffold should not cause an immune and inflammatory 
response in the body and should be biodegradable. Alginate 
has all these characteristics and other studies have shown that 
chondrocytes retain their differentiated phenotype within 
it and its ability to be secreted 13,14 Paige et al’s study which 
was conducted in 1995 took alginate on chondrocytes and 
grafted it to the damaged cartilage.15 Kurth et al also studied 
the transformation of mesenchymal cells taken from the knee 
joint into the chondrocytes in alginate scaffold in 2007.16 
In addition, in the study of Eslaminejad et al mesenchymal 
cells seeded in alginate gel differentiated after subcutaneous 
transplantation of hyaline cartilage cells where there were 
signs of bone formation process.17 In addition to the scaffold 
and appropriate culture environment, various growth factors 
are required to regulate the differentiation process. The TGF-β 
protein families are multi-functional proteins and control 
the proliferation, secretion of ECM and chondrogenesis 
process. Cals et al showed the effect of TGF-β on the in vitro 
differentiation of bone marrow-derived mesenchymal cells 
into chondrocytes in a study in 2012.18 In another study it has 
also been shown that when mesenchymal cells are exposed 
to high doses of TGF-β; it differentiates into chondrocytes 
that help in vivo cartilage repair.19 Since achieving the best 
conditions for chondrocytes’ growth and proliferation is taken 
into consideration by researchers, this study aimed to survey 
and compares the viability and ECM secretion of cultured rib 
chondrocytes with and without TGF-β3.

Materials and Methods
Study Design
The present study was designed as an experimental study. 
The cells were divided into 2 treatment groups. The TGF-β3 
treated group and a control group. The MTT GAG and ELISA 
assays were used for the viability and secretion of ECM.

Isolation of Chondrocytes From Costal Cartilage
Samples of costal cartilage of human beings were removed by 
arthroscopy from three patients. The patients had signed a 
written consent form before the beginning of the experiment. 
The cartilaginous samples were cut to 1 mm pieces. Type II 
collagenase enzyme solution (Sigma, Germany) 350 μg/mL) 
was applied to digest the tissue for 4 hours at 37°C. The resultant 
suspension was centrifuged at 1400 rpm for 10 minutes and 
the chondrocytes were cultivated in DMEM/F12, penicillin/
streptomycin 1%.and FBS 10% medium. After trypsinization, 
106 cells of passage 2 cultured in 1.5% alginate solutions in 
2 groups: chondrogenic medium containing TGF-β3 growth 
factor and without TGF-β3 cells and produced extracellular 
matrix evaluated in 14 and 21 days.

MTT Assay
The MTT assay has been applied for investigating the cell 
viability of encapsulated chondrocytes in alginate at 0, 14 
and 21 days. Cells were transferred in 12 wells for 24hr. The 
medium was removed and washed by Phosphate buffered 
saline (PBS). After on, the medium was added with MTT to 
each well for 4hr and incubated in CO2 5% and 37ºC. In the 
next step, the medium was removed and DMSO and pipetting 
were added. The rate of absorbance read by the ELISA reader 
was 570 nm.

GAG Assay
For the evaluation of GAGs the GAG assay was used. The 
samples were homogenized and digested in papain solution 
containing phosphate buffer, cysteine, EDTA in 60ºC for 
18 hours. Concentration of GAG obtained by adding of 
DMMB dye to samples and compared with standard curve of 
chondroitin sulfate.

Investigation of the Level of Produced Aggrecan by ELISA
Human direct ELISA kit was used for investigating the level 
of produced aggrecan in culture medium. The aggrecan in the 
supernatant media produced by chondrocytes was measured 
by the ELISA kit (Invitrogen Cat. No. KAP1461) according to 
their manufacturers’ protocols. Finally, samples were read in 
the ELISA reader (Hyperion, Micro plate reader) with a 450 
nm wave length.

Results
MTT Assay
The cell viability was evaluated with the MTT assay. Figure 
1 shows the percent of cell viability for the TGF-β3 treated 
group in comparison to the control group at 1, 14 and 21 days 
post seeding. The TGF-β3 treated group had a significant 
increase of cell viability at 21 days compared to 1 and 14 
days. The cell viability in the control group was significantly 
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decreased in day 21 compared to 1 and 14 days.

GAG Assay
The total GAG production was determined at 14 and 21 days 
using the GAG assay. Result indicated that the TGF-β3 treated 
group, produced GAG was significantly increased than none 
treated group (P≤0.05) (Figure 2). The produced GAG in 
the TGF-β3 treated group significantly decreased at 14 to 21 
days (P ≤0.05). At 14 to 21 days, the produced GAG had none 
significantly decrease in none treated group (P ≥0.05).

ELISA Assay
The results of ELISA assay show that the TGF-β3 treated 
group had significantly produced more aggrecan compared 
to the control group (P ≤0.05) (Figure 3).

Discussion
Cartilage tissue does not have the ability to repair due to the 
lack of blood vessels and nerves. Therefore, new therapies for 
the treatment of cartilage lesions need to achieve the cartilage 
tissue in vitro. Research has shown that high cell density is 
required for the development of cartilage tissue.1-6 So, the best 
conditions for the growth and proliferation of chondrocytes in 
the laboratory is an important issue. The pellet culture system 
and 3D scaffold provide ideal conditions for cell interaction, 
but different growth factors are required to achieve acceptable 
results.20-22 Many studies have used natural and synthetic 
scaffolds for chondrogenic differentiation. These scaffolds 
have some disadvantages such as lack of biodegradability and 
reduced cell adhesion.22,23 Natural scaffolds also have problems 
including short-term stability, absence of appropriate 
mechanical characteristics and a high speed destruction of 
them.24,25 In this study, an alginate scaffold that converts into 
gel in the laboratory without the need for organic solvents and 
has a porosity that will facilitate the release of macromolecules 
was used.25,26 Due to its hydrophilic properties, alginate could 
play the role of extracellular material  .The other advantages 
of alginate scaffolds include the fact that it makes the cells not 

de-differentiate. This issue has been examined in previous 
studies under different conditions. For example in the study 
conducted by Domm et al, it was shown that type 1collagen in 
the chondrocytes encapsulated on alginate can be synthesized 
at low oxygen pressure.27 Growth factors in tissue engineering 
are needed  for the proliferation and differentiation of 
chondrocytes. In this study, the TGF-β3 growth factor was 
used for evaluating its effects in viability and ECM production 
of rib chondrocytes. The TGF-β3 family consists of 5 groups; 
its first 3 groups have the ability to induce the synthesis of 
type 2 collagen and proteoglycans in chondrocytes.28 Barry 
et al also showed that TGF-β2 and β3 cause accumulation of 
glycosaminoglycan’s more than type 1 collagen in the process 
of chondrogenesis.29

In this study, the effect of TGF-β3 on the viability of the 
rib chondrocytes and the secretion of proteoglycan and 
aggrecans was assessed. The MTT results showed significant 
differences between the TGF-β3 treated and control groups 
but some studies reported that the viability of chondrocytes in 

Figure 1. Mean percentage of alive cell numbers in different groups. 
+ TGF-β3 14: Mean percentage of alive cell numbers in the TGF-β3 
treated group at day 14. +TGF-β3 21: Mean percentage of alive cell 
numbers in the TGF-β3 treated group at day 21. TGF-β3 14: Mean 
percentage of alive cell numbers in the control group at day 14.  
TGF-β3 21: Mean percentage of alive cell numbers control group at 
day 21.

Figure 2. Results of the produced GAG in different groups. + TGF-β3 
14: Mean of GAG production in TGF-β3 treated group at day 14. + 
TGF-β3 21: Mean of GAG production in TGF-β3 treated group at day 
21. TGF-β3 14: Mean of GAG production in the control group at day 
14.  TGF-β3 21: Mean of GAG production in the control group at day 
21.

Figure 3. Results of total production aggrecan at day 14: - TGF-β3. 
Mean of produced aggrecan in the control group at day 14. + TGF-β3. 
Mean of produced aggrecan in TGF-β3 treated group at day 14.
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the alginate increases over time.30,31 This is while other group 
of studies revealed a decrease of chondrocytes encapsulated 
in alginate over time.32 In addition, a group of researchers 
reported an increase in the proliferation of chondrocytes, 
influenced by TGF-β but some also observed a decrease in 
the percent of cells by TGF-β.33 Another study has reported 
that the proliferation of encapsulated nucleus pulposus of 
intervertebral disc in alginate significantly increases in the 
early days of cultivation and significantly decreases through 
time but secretion of extracellular matrix significantly 
increases.34 Bahramian Renani et al seeded the nucleus 
pulposus (NP) cells of intervertebral disc in alginate and 
chitosan-gelatin scaffolds and reported that the percent of 
growth and proliferation of NP significantly decreased over 
time while the secretion of extracellular matrix significantly 
increased. They reported this decrease of growth and increased 
secretion due to both inherent properties of the cells and lack 
of nutrient exchanges which is due to the buried cells in their 
secretion matrix.34 The results of this study are similar to the 
findings of the present study. Many studies have suggested 
that TGF-β increases the secretion of extracellular matrix 
in chondrocytes, but it is controversial whether this growth 
factor increases or decreases cell growth and proliferation.30-32 
In the present study, it has been observed that at 21 days, the 
secretion of glycosaminoglycan’s and aggrecan significantly 
increased in the TGF-β3 treated group.

Conclusions
According to the results of the present study it can be concluded 
that TGF-β3 has positive effects on viability and secretion of 
costal chondrocyte proteins. This is while, since the tissue 
engineering treatment process needs high cell density, other 
growth factors in addition to TGF-β3 are required to increase 
the growth and proliferation of the harvested cells to obtain 
better results. It is advised to evaluate the effect of alginate 
without TGF-β3 in separate groups in further studies.

Authors’ Contributions
BH designed, coordinated, conceived and analyzed the experiments. 
MG performed and wrote the first draft of the manuscript. MMA, AK, 
MG, PN and MA performed the study. All the authors reviewed the 
results and approved the final version of the manuscript.

Conflict of Interest Disclosures
The authors declare they have no conflicts of interest.

Acknowledgments
The authors would like to gratefully thank the members of the 
Anatomical and Molecular Sciences Department of Isfahan University 
of Medical Sciences for their insights and kind assistance.

References
1. Junqueira LC, Carneiro J. Basic histology: Text & atlas. McGraw-

Hill Education; 2018:74-166.
2. Makris EA, Gomoll AH, Malizos KN, Hu JC, Athanasiou KA. Repair 

and tissue engineering techniques for articular cartilage. Nat Rev 
Rheumatol. 2015;11(1):21-34. doi:10.1038/nrrheum.2014.157.

3. Slynarski K, Widuchowski W, Snow M, et al. Primary chondrocytes 
and bone marrow cells on a 3D co-polymer scaffold: 2-year results 
of a prospective, multicenter, single-arm clinical trial in patients 
with cartilage defects of the knee. Rev Chir Orthop Reparatrice. 

2015;101(8 Suppl):e17-e18. doi:10.1016/j.rcot.2015.09.350.
4. Nazempour A, Van Wie BJ. Chondrocytes, mesenchymal stem 

cells, and their combination in articular cartilage regenerative 
medicine. Ann Biomed Eng. 2016;44(5):1325-1354. doi:10.1007/
s10439-016-1575-9.

5. Yong KW, Choi JR, Mohammadi M, Mitha AP, Sanati-Nezhad A, 
Sen A. Mesenchymal stem cell therapy for ischemic tissues. Stem 
Cells Int. 2018;2018:8179075. doi:10.1155/2018/8179075. 

6. Yamawaki T, Fujihara Y, Harata M, Takato T, Hikita A, Hoshi 
K. Electron microscopic observation of human auricular 
chondrocytes transplanted into peritoneal cavity of nude mice 
for cartilage regeneration. Regen Ther. 2018;8:1-8. doi:10.1016/j.
reth.2017.11.002.

7. Walter SG, Ossendorff R, Schildberg FA. Articular cartilage 
regeneration and tissue engineering models: a systematic review. 
Arch Orthop Trauma Surg. 2019;139(3):305-316. doi:10.1007/
s00402-018-3057-z.

8. Zylinska B, Silmanowicz P, Sobczynska-Rak A, Jarosz L, Szponder 
T. Treatment of Articular Cartilage Defects: Focus on Tissue 
Engineering. In Vivo. 2018;32(6):1289-1300. doi:10.21873/
invivo.11379.

9. Niemeyer P, Albrecht D, Andereya S, et al. Autologous chondrocyte 
implantation (ACI) for cartilage defects of the knee: A guideline 
by the working group “Clinical Tissue Regeneration” of the 
German Society of Orthopaedics and Trauma (DGOU). Knee. 
2016;23(3):426-435. doi:10.1016/j.knee.2016.02.001.

10. Wang G, Wang X, Huang L. Feasibility of chitosan-alginate (Chi-
Alg) hydrogel used as scaffold for neural tissue engineering: a pilot 
study in vitro. Biotechnol Biotechnol Equip. 2017;31(4):766-773. 
doi:10.1080/13102818.2017.1332493.

11. Zellner J, Krutsch W, Pfeifer C, Koch M, Nerlich M, Angele P. 
Autologous chondrocyte implantation for cartilage repair: current 
perspectives. Orthop Res Rev. 2015;7:149-158. doi:10.2147/ORR.
S65569.

12. Gugjoo MB, Sharma GT, Aithal HP, Kinjavdekar P. Cartilage tissue 
engineering: Role of mesenchymal stem cells along with growth 
factors & scaffolds. Indian J Med Res. 2016;144(3):339-347. 
doi:10.4103/0971-5916.198724. 

13. Bahrami M, Valiani A, Amirpour N, Zamani Ra Rani M, 
Hashemibeni B. Cartilage tissue engineering via icariin and 
adipose-derived stem cells in fibrin scaffold. Adv Biomed Res. 
2018;7:36. doi:10.4103/2277-9175.225925.

14. Sadeghi H, Bahramian H, Hashemi Beni B, Esafndiari E, Ali Akbari 
F. Comparison of human osteoblast proliferation in alginate and 
Hydroxyapatite-Tricalcium phosphate scaffolds. Journal of Isfahan 
Medical School. 201;28(111):579-590. [Persian].

15. Paige KT, Cima LG, Yaremchuk MJ, Schloo BL, Vacanti JP, Vacanti 
CA. De novo cartilage generation using calcium alginate-
chondrocyte constructs. Plast Reconstr Surg. 1996;97(1):168-178; 
discussion 179-180. doi:10.1097/00006534-199601000-00027.

16. Kurth T, Hedbom E, Shintani N, et al. Chondrogenic potential 
of human synovial mesenchymal stem cells in alginate. 
Osteoarthritis Cartilage. 2007;15(10):1178-1189. doi:10.1016/j.
joca.2007.03.015.

17. Eslaminejad MR, Taghiyar L, Kiani S, Piryaee A. Subcutaneous 
transplantation of marrow–derived murine mesenchymal stem 
cells cultivated in alginate and their chondrogenesis. The Scientific 
Journal of Iranian Blood Transfusion Organization. 2007;4(2):105-
114. [Persian].

18. Cals FL, Hellingman CA, Koevoet W, Baatenburg de Jong RJ, van 
Osch GJ. Effects of transforming growth factor-beta subtypes on 
in vitro cartilage production and mineralization of human bone 
marrow stromal-derived mesenchymal stem cells. J Tissue Eng 
Regen Med. 2012;6(1):68-76. doi:10.1002/term.399.

19. Kim M, Erickson IE, Choudhury M, Pleshko N, Mauck RL. Transient 
exposure to TGF-beta3 improves the functional chondrogenesis 
of MSC-laden hyaluronic acid hydrogels. J Mech Behav Biomed 
Mater. 2012;11:92-101. doi:10.1016/j.jmbbm.2012.03.006.

http://www.biotechrep.ir
https://doi.org/10.1038/nrrheum.2014.157
https://doi.org/10.1016/j.rcot.2015.09.350
https://doi.org/10.1007/s10439-016-1575-9
https://doi.org/10.1007/s10439-016-1575-9
https://doi.org/10.1155/2018/8179075
https://doi.org/10.1016/j.reth.2017.11.002
https://doi.org/10.1016/j.reth.2017.11.002
https://doi.org/10.1007/s00402-018-3057-z
https://doi.org/10.1007/s00402-018-3057-z
https://doi.org/10.21873/invivo.11379
https://doi.org/10.21873/invivo.11379
https://doi.org/10.1016/j.knee.2016.02.001
https://doi.org/10.1080/13102818.2017.1332493
https://doi.org/10.2147/ORR.S65569
https://doi.org/10.2147/ORR.S65569
https://doi.org/10.4103/0971-5916.198724
https://doi.org/10.4103/2277-9175.225925
https://doi.org/10.1097/00006534-199601000-00027
https://doi.org/10.1016/j.joca.2007.03.015
https://doi.org/10.1016/j.joca.2007.03.015
https://doi.org/10.1002/term.399
https://doi.org/10.1016/j.jmbbm.2012.03.006


              Effects of TGF-B in Chondrogenesis of Costal Cartilage

http://www.biotechrep.ir                                      J Appl Biotechnol Rep, Volume 6, Issue 2, 2019 59

20. Tabatabaei Qomi R, Sheykhhasan M, Kalhor N, Ghiasi M. 
Introduction of Pellet Culture System of Human Adipose- Derived 
Mesenchymal Stem Cells as an In Vitro Model for Cartilage 
Engineering Approaches. Journal of Rafsanjan University of 
Medical Sciences. 2015;14(4):269-282. [Persian].

21. Garcia J, Mennan C, McCarthy HS, Roberts S, Richardson JB, 
Wright KT. Chondrogenic potency analyses of donor-matched 
chondrocytes and mesenchymal stem cells derived from bone 
marrow, infrapatellar fat pad, and subcutaneous fat. Stem Cells Int. 
2016;2016:6969726. doi:10.1155/2016/6969726.

22. Li X, Chen S, Li J, et al. 3D culture of chondrocytes in gelatin 
hydrogels with different stiffness. Polymers (Basel). 2016;8(8). 
doi:10.3390/polym8080269.

23. Nosrati H, Pourmotabed S, Sharifi E. A Review on some 
natural biopolymers and their applications in angiogenesis and 
tissue engineering. J Appl Biotechnol Rep. 2018;5(3):81-91. 
doi:10.29252/JABR.05.03.01.

24. Yucekul A, Ozdil D, Kutlu NH, Erdemli E, Aydin HM, Doral MN. 
Tri-layered composite plug for the repair of osteochondral defects: 
in vivo study in sheep. J Tissue Eng. 2017;8:2041731417697500. 
doi:10.1177/2041731417697500.

25. He Y, Lu F. Development of synthetic and natural materials for 
tissue engineering applications using adipose stem cells. Stem 
Cells Int. 2016;2016:5786257. doi:10.1155/2016/5786257. 

26. Sundaramurthy A, Sundramoorthy AK. Polyelectrolyte capsules 
preloaded with interconnected alginate matrix: An effective 
capsule system for encapsulation and release of macromolecules. 
Int J Biol Macromol. 2018;107(Pt B):2251-2261. doi:10.1016/j.
ijbiomac.2017.10.096.

27. Domm C, Schunke M, Christesen K, Kurz B. Redifferentiation of 
dedifferentiated bovine articular chondrocytes in alginate culture 

under low oxygen tension. Osteoarthritis Cartilage. 2002;10(1):13-
22. doi:10.1053/joca.2001.0477.

28. Tekari A, Luginbuehl R, Hofstetter W, Egli RJ. Transforming growth 
factor beta signaling is essential for the autonomous formation 
of cartilage-like tissue by expanded chondrocytes. PLoS One. 
2015;10(3):e0120857. doi:10.1371/journal.pone.0120857. 

29. 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. doi:10.1006/excr.2001.5278.

30. Liao J, Wang B, Huang Y, Qu Y, Peng J, Qian Z. Injectable alginate 
hydrogel cross-linked by calcium gluconate-loaded porous 
microspheres for cartilage tissue engineering. ACS Omega. 
2017;2(2):443-454. doi:10.1021/acsomega.6b00495.

31. Ewa-Choy YW, Pingguan-Murphy B, Abdul-Ghani NA, Jahendran 
J, Chua KH. Effect of alginate concentration on chondrogenesis 
of co-cultured human adipose-derived stem cells and nasal 
chondrocytes: a biological study. Biomater Res. 2017;21:19. 
doi:10.1186/s40824-017-0105-7. 

32. van Susante JL, Buma P, van Osch GJ, et al. Culture of chondrocytes 
in alginate and collagen carrier gels. Acta Orthop Scand. 
1995;66(6):549-556. doi:10.3109/17453679509002314.

33. Venezian R, Shenker BJ, Datar S, Leboy PS. Modulation of 
chondrocyte proliferation by ascorbic acid and BMP-2. J 
Cell Physiol. 1998;174(3):331-341. doi:10.1002/(sici)1097-
4652(199803)174:3<331::aid-jcp7>3.0.co;2-p.

34. Bahramian Renani, Ghorbani M, Hashemibeni Beni B, et al. 
Determination and comparison of specifics of nucleus pulposus 
cells of human intervertebral disc in alginate and chitosan–gelatin 
scaffolds. Adv Biomed Res. 2012;1:81. doi:10.4103/2277-
9175.102996.

http://www.biotechrep.ir
https://doi.org/10.1155/2016/6969726
https://doi.org/10.3390/polym8080269
https://doi.org/10.29252/JABR.05.03.01
https://doi.org/10.1177/2041731417697500
https://doi.org/10.1155/2016/5786257
https://doi.org/10.1016/j.ijbiomac.2017.10.096
https://doi.org/10.1016/j.ijbiomac.2017.10.096
https://doi.org/10.1053/joca.2001.0477
https://doi.org/10.1371/journal.pone.0120857
https://doi.org/10.1006/excr.2001.5278
https://doi.org/10.1021/acsomega.6b00495
https://doi.org/10.1186/s40824-017-0105-7
https://doi.org/10.3109/17453679509002314
https://doi.org/10.1002/(sici)1097-4652(199803)174:3%3c331::aid-jcp7%3e3.0.co;2-p
https://doi.org/10.1002/(sici)1097-4652(199803)174:3%3c331::aid-jcp7%3e3.0.co;2-p
https://doi.org/10.4103/2277-9175.102996
https://doi.org/10.4103/2277-9175.102996

