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ABSTRACT Mesenchymal stem cells (MSCs) hold a great promise for tissue regeneration due to the ease in isolation, 
expanded capability, high plasticity, wide multi-lineage potential with attractive immunosuppressive properties and 
transplanted applicability. MSCs therapy relies on a large quantity of stem cells from derivative sources. The study of 
human Wharton’s Jelly MSCs (hWJMSCs) from umbilical cord matrix has brighten the field of MSCs with the advantage of 
its availability, ethically free, easily harvested, non-invasive and accessible resources. Biomaterials such as Graphene 
Oxide (GO) can further enhance the yield of hWJMSCs while sustaining the proliferation potential, multi-potency and 
phenotype of the cells in vitro with potential applications in tissue engineering and regenerative medicine. The purpose of 
this mini review is to specify the unique properties of hWJMSCs and GO functionalization and the characterizations of 
hWJMSCs-GO cell-material interactions including morphology, proliferation, differentiation, and phenotype.  
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INTRODUCTION  

Mesenchymal stem cells (MSCs), also known as marrow stromal cells, encompass a rare 

population of multipotent progenitor cells that possess high self-renewal ability and multipotential 

differentiation into tissues of mesenchymal lineages including bone, adipose, cartilage, tendon, 

skeletal muscle (Pittenger et al., 1999; Reyes et al., 2001). MSCs hold a great promise for tissue 

regeneration due to the ease in isolation, expanded capability, their high plasticity, wide multi-

lineage potential with attractive immunosuppressive properties and transplanted applicability 

(Anderson et al., 2016, Zhao et al, 2016). MSCs therapy relies on a large quantity of stem cells from 

derivative sources (Dominic et al., 2006 and Upadhyay et al., 2016). The common sources of MSCs 

include umbilical cord (from the blood and Wharton’s Jelly (WJ)), bone marrow (Zhao et al., 2015), 

placenta, fat, amniotic fluid (Tsai et al., 2004), and urinary membrane (Bharadwaj et al., 2011). In 

contrast to bone marrow MSCs, hWJMSCs could be isolated easily, have greater expansion 

capability, faster growth in vitro, and may synthesize different cytokines (Troyer and Weiss, 2009). 

 

Schneider et al. (2010) reported that there is a need of an instructive biomaterial-based scaffold 

to direct stem cell (including WJMSCs) differentiation, proliferation, paracrine activity as well as 

regulation of extracellular matrix (ECM) deposition. The ability to dynamically vary cell–material 

adhesiveness (Collier & Mrksich, 2006; Kloxin et al., 2009), stiffness (Guvendiren & Burdick, 2012; 

Young & Engler 2011) and ECM degradability (Khetan, 2013) has recently induced readily 

observable changes in cell behavior. Stem cells in contact with materials are able to sense their 

properties, integrate cues via signal propagation and ultimately translate parallel signaling 

information into cell fate decisions (Murphy et al. 2014; Hiew et al., 2018). 

 

https://www.sciencedirect.com/science/article/pii/S0142961210008446#!
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Graphene-family nanomaterials include few layer graphene, graphene nanosheet, graphene 

oxide and reduced graphene oxide (Figure 1), have been studied in the area of biomedicine 

(Jastrze ̨bska et al., 2012). Graphene Oxide (GO) is a unique material especially for in vivo implanted 

applications such as orthopedic therapies (Chen et al., 2012; Li et al., 2016). It is a chemically 

modified graphene, containing oxygen functional groups, namely carboxyl, epoxide and hydroxyl 

groups with amphiphilic properties (Figure 1). Chemical exfoliated GO of single or multilayer 

atomic sheets are highly potential for biomedical application due to its physicochemical stability, 

high electrical conductivity, tunable amphiphilicity (Liu et al., 2013; Kim et al., 2013; Saravanan et al., 

2017), mechanical strength (Yang et al., 2016) and good biocompatibility.  The unique properties of 

GO also support the cellular behavior such as cell adhesion, spreading, proliferation, differentiation 

and polarization (Nishida et al., 2016). Lee et al. (2011) reported that Graphene and GO show 

differences in inducing stem cell differentiation. Akhavan et al. (2013) observed an excellent 

proliferation of MSCs on reduced graphene oxide nanogrids (rGONG) through rapid asteogenic 

differentiation that is attributed to both capability of the rGONG material in high adsorption of the 

chemical inducers and the physical stress induced by surface topographic features of the nanogrids. 

The key advances of graphene oxide on controlling stem cell growth and various types of stem cell 

differentiation and the possible molecular mechanisms of graphene oxide in controlling stem cell 

growth and differentiation have been reviewed by Halim et al. (2018). 

 

 
Figure 1. Structure of graphene-family nanomaterials. (A) Few- layered graphene, (B) Graphene 

nanosheet, (C) Graphene oxide, (D) Reduced graphene oxide.  Source: Jastrze ̨bska et al. (2012). 

 
 

PREPARATION AND FABRICATION OF GRAPHENE OXIDE 

The oxidation of graphite is the thresholds to produce GO. Potassium permanganate (KMnO4) 

with a ratio of 9:1 mixture of H2SO4/H3PO4 is used to improve the efficiency of the oxidation process 

(Zhu et al., 2012). The method possesses advantages like free generation of toxic gas and ease 

temperature control throughout the synthesis process. Mechanical exfoliation of water using 

sonication is applied to produce a single or few layers of GO (Lee et al., 2011). This process is 
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frequently used by scientist because it is cheaper, simpler, more efficient, better in both quantity and 

quality compared to the current method used in industries.  

 

GO thin film can be prepared by depositing small amount of GO solution onto a substrate. 

There are many methods to prepare GO thin film such as spin -coating (Yamaguchi et al ., 2010), 

drop-casting (Gómez-Navarro et al., 2007), dip-coating (Wang et al., 2008), spray coating (Gilje et al., 

2007) and Langmuir-Blodgett (L- B)/Langmuir-Schaefer (Gengler et al., 2010). The film uniformity, 

surface morphology, thickness and surface coverage of GO thin film are mainly depending on the 

deposition methods and parameters used. The surfaces of glass substrates can be treated with acid 

or (3-aminopropyl)triethoxysilane (APTES) prior to deposition for improvement of adhesion on 

glass substrates. 

 

 

PROPERTIES OF GRAPHENE OXIDE  

GO is also known as a flake material that can be visible in yellowish suspension. Physically, GO 

suspension is soluble in water and will turn from dark brown to light yellowish regardless of any 

concentration. The solubility and dispersibility of GO in water and organic solvent is due to the 

ionizable edge –COOH affected by pH change. GO synthesized by oxidation and exfoliation of 

graphite (Liu et al., 2013; Rosa et al., 2016; Upadhyay et al., 2016) is with excellent amphiphilic 

properties.  

 

The unique properties of GO especially as a carbon-based material leads to the elevation of 

hydrophilicity and large surface areas to be loaded with large energy. GO is widely utilized as 

electrical insulator, physicochemical stability, mechanical strength, and it is biological compatible.  

Particularly, GO is made up of three Reactive Oxygen Functional Group (ROFG), which has the 

properties of electrical insulator including that of the epoxide, carboxyl and hydroxyl groups as 

shown in Figure 1C.  Electrically, GO is a great insulating material due to the characteristics of 

saturated sp3 orbital coordinate, the missing carbon atom and negatively charged density species 

bound to carbon engendered GO as a super capacitor material (Li et al., 2015; Sharma et al., 2015; 

Becerril et al., 2008).  

 

GO can be dispersed in physiological media making GO purposely applied in biomedical fields 

(Cote et al., 2011; Kim et al., 2010) and potentially used for drug delivery (Saravanan et al., 2017).   

Other than that, GO (Wang et al., 2011) is a biocompatible material that organizes the cellular 

behavior concisely as reported by Luo et al. (2011) in which the GO-incorporated Poly(lactic-co-

glycolic acid) known as PLGA enhances the cellular metabolism and osteogenic differentiation 

through the unique surface interaction. Due to these unique properties, GO is preordained to be a 

favour candidate in its functional modification. GO in low dose (0.1mg/ml) and mild dose (0.25 

mg/ml) are enough to activate cell growth which is considered as high biocompatibility (Luo et al., 

2015; Wang et al., 2011). 

 

 

WHARTON’S JELLY DERIVED MESENCHYMAL STEM CELLS 

Fetal stem cell is a possible derivative from multiple tissues and organs like placenta (In‘t Anker 

et al., 2004), amniotic fluid (Tsai et al., 2004), umbilical cord (Martin-Rendon et al., 2008), and 

umbilical cord blood (Jang et al., 2006). Bharti et al. (2018) concluded that hWJMSCs derived from all 

the parts of umbilical cord are valuable sources and can be efficiently used in various fields of 

regenerative medicine. MSCs parentage is from a layer of mesoderm that has been proven to have 

high capacity for self-renewal and great in multi-lineage differentiation into adipocytes, osteoblasts, 
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chondrocytes and smooth muscle cell (Zhao et al.; 2015; Pittenger et al., 1999; Wang et al., 2004; 

Kundrotas, 2012; Kalbacova et al., 2010; Zeddou et al., 2010; McMurray et al., 2011; Ku & Park, 2013; 

Kalaszczynska & Katarzyna, 2015; Koroleva et al., 2015).  

 

True MSC must at least have three minimal criteria. Firstly, MSC must be plastic-adherent when 

maintained in standard culture conditions.  Secondly it must be enable to express CD105, CD73 and 

CD90, and lacking expression of CD45, CD34, CD14 or CD11b, CD79 alpha or CD19 and HLA-DR 

surface molecules. Lastly MSC must be able to split osteoblasts, adipocytes and chondrocytes in vitro 

(Dominici et al., 2006). 

 

The study of human Wharton’s Jelly from umbilical cord matrix has brighten the field of MSCs 

with the advantage of its availability, ethically free, easily harvested, non-invasive and accessible 

resources (Edwards, 2007; Nagamura-Inoue & He, 2014 ). Successful stem cell therapy requires 

billions of hWJMSC in their application. However, there is an inevitable factor which may lead to the 

loss of multi-potent ability and this depends very much on the cell senescence.  Thus, effort is 

needed towards the development of an innovative method such as the use of biomaterials that can 

enhance the yield of hWJMSC in sustaining the proliferation potential and multi-potency of the cells. 

 

 

CHARACTERIZATION OF hWJMSCs-GO INTERACTIONS 

Despite the various studies on MSCs and GO interactions,  there are relatively fewer reports on 

the hWJMSCs-GO interfaces. Herein, this mini review summarizes the characterizations of 

hWJMSCs-GO cell-material interactions including morphology, proliferation and differentiation, 

and phenotype.  

 

GO has demonstrated fascinating interactions with living cells. The distinct ability of GO with 

great loading capacity and higher electrostatic interaction presence in the oxygenated groups 

functionalization plays a major role in facilitating stem cell adhesion and attains higher adsorption 

of proteins serum, induced cell proliferation and osteoblast differentiation (Lee et al., 2011).  

 

The hWJMSCs retain their morphology of fibroblast-like or in the start-like shape on GO as 

analyzed using microscopic methods (Nayak et al., 2011; Puah et al., 2018, Figure 2). The short-term 

in vitro culture studied by Puah et al. (2018) showed an evidence that hWJMSCs were able to grow 

on GO-coated substrate at day 1 and 6 with no significant difference on the proliferation of GO 

compared to the glass cover slip control as analyzed using PrestoBlueTM assay and no apoptosis was 

observed (Puah et al., 2018). Recently, Puah et al. (2019) reported that hWJMSCs growth on 

multilayer GO films (6.25 µg, 12.5 µg and 25 µg) prepared using a simple and inexpensive drop-

casted fabrication strategy enhanced the osteogenic differentiation. Parallel to the study, hWJMSCs 

successfully prolonged its growth on the GO substrates up to passage five (Hanim et al., 2018). They 

concluded that GO shows excellent performance in regulating the self-renewal and differentiation 

processes of stem cells including MSCs in which GO has the ability to control the differentiation of 

MSCs towards osteoblasts and adipocytes.  
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Figure 2. Fibroblast-like morphology of hWJMSC on GO-coated coverslip. Source: Puah et al. (2018). 

 

The size of the GO flakes and the reduction level of GO have been considered as important 

factors determining the most favourable surface for hWJMSCs growth as reported by Jagiełło et al. 

(2019). Their analysis demonstrated that hWJMSCs cultured on all the tested GO and rGO scaffolds 

showed no alterations of their typical mesenchymal phenotype, regardless of the reduction level and 

size of the GO flakes. They concluded that GO scaffolds and rGO scaffolds with a low reduction 

level exhibit potential applicability as novel, safe, and biocompatible materials for utilization in 

regenerative medicine. 

 

  

CONCLUSION 

GO-based biomaterial is potentially relevant in hWJMSCs proliferation and differentiation with 

no alteration on the mesenchymal phenotype. This promises the GO applications either by direct 

implant injection or indirectly in biomedical and tissue engineering fields for regenerative medicine 

and cell therapy. 
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[13] Gómez-Navarro, C., Weitz, R. T., Bittner, A. M., Scolari, M., Mews, A., Burghard, M. & Kern, K. 

2007. Electronic transport properties of individual chemically reduced graphene oxide sheets. 

Nano Letters, 7(11), 3499-3503.  

[14] Guvendiren, M. & Burdick, J. A. 2012. Stiffening hydrogels to probe short- and long-term 

cellular responses to dynamic mechanics. Nature Communication, 3, 792. 

[15] Halim, A., Luo, Q., Ju, Y. & Song, G. 2018. A mini review focused on the recent applications of 

graphene oxide in stem cell growth and differentiation. Nanomaterials, 8(9), 736. 

[16] Hanim, Y. U., Warda, A. A., How, S. E., Vun, F. C., Lee, P. C., Moh, P. Y. & Teoh, P. L. 2018. 

Characterization and evaluation of human wharton’s jelly derived mesenchymal stem cell on 

graphene oxide substrates: in vitro approach. International Journal of Pharma and Bio Sciences. 

Special Issue SP – 01/Dec/2018, 179-180. 

[17] Hiew, V. V., Fatimah, S. S. & Teoh, P. L. 2018. The advancement of biomaterials in regulating 

stem cell fate. Stem Cell Review and Reports, 14, 43–57. 

[18] In‘t Anker, P. S., Scherjon, S. A., Kleijburg-van der Keur, C., de Groot-Swings, G. M., Claas, F. 

H., Fibbe, W. E. & Kanhai, H. H. 2004. Isolation of mesenchymal stem cells of fetal or maternal 

origin from human placenta. Stem Cells, 22(7), 1338-1345. 

[19] Jagiełło, J., Sekuła-Stryjewska, M., Noga, S., Adamczyk, E., Dźwigońska, M., Kurcz, M., Kurp, 

K., Winkowska-Struzik, M, Karnas, E., Boruczkowski, E., Madeja, Z., Lipińska, L. &  Zuba-

Surma, E. K. 2019. Impact of graphene-based surfaces on the basic biological properties of 

human umbilical cord mesenchymal stem cells: implications for ex vivo cell expansion aimed at 

tissue repair. International Journal of Molecular Science, 20(18), 4561. 

[20] Jang, Y. K., Jung, D. H., Jung, M. H., Kim, D. H., Yoo, K. H., Sung, K. W., Koo, H. H., Oh, W., 

Yang, Y. S. & Yang, S. E. 2006. Mesenchymal stem cells feeder layer from human umbilical cord 

blood for ex vivo expanded growth and proliferation of hematopoietic progenitor cells. Annals 

of Hematology, 85(4), 212-225. 

[21] Jastrzebska, A. M., Kurtycz, P. & Olszyna, A. R. 2012. Recent advances in graphene family 

materials toxicity investigations. Journal of Nanoparticle Research, 14(12), 1320. 

[22] Kalaszczynska, I. & Katarzyna, F. 2015. Wharton’s jelly derived mesenchymal stem cells: 

Future of regenerative medicine? Recent findings and clinical significance. BioMed Research 

International, 2015, Article ID430847 (11 pages). 

[23] Kalbacova, M., Broz, A., Kong, J. & Kalbac, M. 2010. Graphene substrates promote adherence of 

human osteoblasts and mesenchymal stromal cells. Carbon, 48(15), 4323-4329. 



 

T
R

A
N

S
A

C
T

IO
N

S
 O

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

 
Hanim et al., 2019. Transactions on Science and Technology. 6(4), 357 - 365                                                                 363 

ISSN 2289-8786. http://transectscience.org/ 

[24] Khetan, S., Guvendiren, M., Legant, W. R., Cohen, D. M., Chen, C. S. & Burdick, J. A.   2013 

Degradation-mediated cellular traction directs stem cell fate in covalently crosslinked three-

dimensional hydrogels. Nature Materials, 12, 458–465.  

[25] Kim, J., Cote, L. J., Yuan, W., Shull, K. R. & Huang, J. 2010. Graphene oxide sheets at interfaces. 

Journal of American Chemical Society, 132(23), 8180-8186. 

[26] Kim, J., Kim, Y. R., Kim, Y., Lim, K. T., Seonwoo, H., Park, S., Cho, S. P., Hong, B. H., Choung, 

P. H., Chug, T. D., Choung, Y. H. & Chung, J. H. 2013. Graphene-incorporated chitosan 

substrata for adhesion and differentiation of human mesenchymal stem cells. Journal of 

Materials Chemistry B, 1(7), 933-938. 

[27] Kloxin, A.M., Kasko, A.M., Salinas, C.N. & Anseth, K.S. 2009. Photodegradable hydrogels for 

dynamic tuning of physical and chemical properties. Science, 324, 59–63. 

[28] Koroleva, A., Deiwick, A., Nguyen, A., Schlie-Wolter, S., Narayan, R., Timashev, P., Popov, V., 

Bagratasshvili, V. & Chichkov, B. 2015. Osteogenic differentiation of human mesenchymal stem 

cells in 3-D Zr-Si organic-inorganic scaffolds produced by two-photon polymerization 

technique. PLoS One, 10(2), e0118164. 

[29] Ku, H. S. & Park, C. B. 2013. Myoblast differentiation on graphene oxide. Biomaterials, 34(8), 

2017-2023. 

[30] Kundrotas, G. 2012. Surface markers distinguishing mesenchymal stem cells from fibroblasts. 

Acta Medica Lituanica, 19(2), 75-79.  

[31] Lee, W. C., Lim, C. H. Y. X., Shi, H., Tang, L. A. L., Wang, Y., Lim, C. T. & Loh, K. P. 2011. 

Origin of enhanced stem cell growth and differentiation on graphene and graphene oxide. ACS 

Nano, 5(9), 7334-7341.  

[32] Li, F., Jiang, X., Zhao, J. & Zhang, S. 2015. Graphene oxide: A promising nanomaterial for 

energy and environment applications. Nano Energy, 16, 488-515.  

[33] Li, M., Xiong, P., Mo, M., Cheng, Y. & Zheng, Y. 2016. Electrophoretic-deposited novel ternary 

silk fibroin/graphene oxide/hydroxyapatite nanocomposite coatings on titanium substrate for 

orthopedic applications. Frontiers of Materials Science, 10(3), 270. 

[34] Liu, J., Cui, L. & Losic, D. 2013. Graphene and graphene oxide as new nanocarriers for drug 

delivery application. Acta Biomaterialia, 9(12), 9243-9257. 

[35] Luo, Y., Shen, H., Fang, Y., Huang, J., Zhang, M., Dai, J., Shi, X. & Zhang, Z. 2015. Enhanced 

proliferation and osteogenic differentiation of mesenchymal stem cells on graphene oxide-

incorporated electrospun poly(lactic-co-glycolic acid) nanofibrous mats. ACS Applied Materials 

Interfaces, 7(11), 6331-6339. 

[36] Martin-Rendon, E., Sweeney, D., Lu, F., Girdlestone, J., Navarrete, C. & Watt, S. M. 2008. 5-

Azacytidine-treated human mesenchymal stem/progenitor cells derived from umbilical cord, 

cord blood and bone marrow do not generate cardiomyocytes in vitro at high frequencies. Vox 

Sanguinis, 95(2), 137-148. 

[37] McMurray, R. J, Gadegaard, N., Tsimbouri, P. M. Burgess, K. V., McNamara, L. E., Tare, R., 

Murawski, K., Kingham, E., Oreffo, R. O. & Dalby, M. J. 2011. Nanoscale surfaces for the long 

term maintenance of mesenchymal stem cell phenotype and multipotency. Nature Materials, 

10(8), 637-644. 

[38] Murphy, W. L., McDevitt, T. C. & Engler, A. J. 2014. Materials as stem cell regulators. Nature 

Materials, 13, 547-557PU 

[39] Nagamura-Inoue, T., & He, H. 2014. Umbilical cord-derived mesenchymal stem cells: Their 

advantages and potential clinical utility. World Journal of Stem Cells, 6(2): 195-202. 

[40] Nayak, T. R, Andersen, H., Makam, V. S., Khaw, C., Bae, S., Xu, X., Ee, P. L., Ahn, J. H., Hong, 

B. H., Pastorin, G. & Özyilmaz, B. 2011. Graphene for controlled and accelerated osteogenic 

differentiation of human mesenchymal stem cells. ACS Nano, 5(6), 4670–4678.  



 

T
R

A
N

S
A

C
T

IO
N

S
 O

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

 
Hanim et al., 2019. Transactions on Science and Technology. 6(4), 357 - 365                                                                 364 

ISSN 2289-8786. http://transectscience.org/ 

[41] Nishida, E., Miyaji, H., Kato, A., Takita, H., Iwanaga, T., Momose, T., Ogawa, K., Murakami, S,, 

Sugaya, T. & Kawanami, M. 2016. Graphene oxide scaffold accelerates cellular proliferative 

response and alveolar bone healing of tooth extraction socket. International Journal of  

Nanomedicine, 24 (11), 2265-2277.   

[42] Pittenger, M. F., Mackay, A. M., Beck, S. C., Jaiswal, R. K., Douglas, R., Mosca, J. D., Moorman, 

M. A., Simonetti, D. W., Craig, S. & Marshak, D. R. 1999. Multilineage potential of adult human 

mesenchymal stem cells. Science, 284(5411), 143-147.  

[43] Puah, P. Y., Moh, P. Y., Lee, P. C. & How, S. E. 2018. Spin-coated graphene oxide as a 

biomaterial for Wharton’s Jelly derived mesenchymal stem cell growth: a preliminary study. 

Materials Technology, 33(13), 835-843. 

[44] Puah, P. Y., Yusuf, U. H., Lee, P. C., Moh, P. Y. & How, S. E. 2019. Surface characterization, 

biocompatibility and osteogenic differentiation of drop-casted multilayer graphene oxide film 

towards human wharton’s jelly derived mesenchymal stem cells. Materials Technology, DOI: 

10.1080/10667857.2019.1674506. 

[45] Reyes, M., Lund, T., Lenvik, T., Aguiar, D., Koodie, L & Verfaillie, C.M. 2001. Purification and 

ex vivo expansion of postnatal human marrow mesodermal progenitor cells. Blood, 98, 2615–

2625. 

[46] Rosa, V., Xie, H., Dubey, N., Madanagopal, T. T, Rajan, S. S., Morin, J. L. P., Islam, I. & Neto, A. 

H.C. 2016. Graphene oxide-based substrate: physical and characterization, cytocompatibility 

and differentiation potential of dental pulp stem cells. Dental Materials, 32(8), 1019-1025. 

[47] Saravanan, S., Anjali, C., Vairamani, M., Sastry, T. P., Subramanian, K. S. & Selvamurugan, N.  

2017. Scaffolds containing chitosan, gelatin and graphene oxide for bone tissue regeneration in 

vitro and in vivo. International Journal of Biological Macromolecules, 104(Pt B), 1975-1985.  

[48] Schneider, R. K., Anraths, J., Kramann, R., Bornemann, J., Bovi, M., Knüchel, R. & Neuss, S. 

2010. The role of biomaterials in the direction of mesenchymal stem cell properties and 

extracellular matrix remodelling in dermal tissue engineering. Biomaterials, 31(31), 7048-7959. 

[49] Sharma, D., Kanchi, S., Sabela, M. I. & Bisetty, K. 2015. Insight into the biosensing of graphene 

oxide: Present and futureprospects. Arabian Journal of Chemistry, 9(2), 238-261. 

[50] Troyer, D. L. & Weiss, M. L. 2008, Concise review: wharton's jelly‐derived cells are a primitive 

stromal cell population. Stem Cells, 26, 591-599. 

[51] Tsai, M. S., Lee, J. L., Chang, Y. J. & Hwang, S. M. 2004. Isolation of human multipotent  

mesenchymal stem cells from second-trimester amniotic fluid using a novel two-stage culture 

protocol. Human Reproduction, 19(6), 1450-1456. 

[52] Upadhyay, R., Naskar, S., Bhaskar, N., Bose, S. & Basu, B.  2016. Modulation of protein 

adsorption and cell proliferation on polyethylene immobilized graphene oxide reinforced 

HDPE bionanocomposites. ACS Applied Materials Interfaces, 8(19), 11954-11968. 

[53] Wang, J. F., Wang, L. J., Wu, Y. F., Xiang, Y., Xie C. G., Jia, B. B., Harrington, J. & McNiece, I. K. 

2004. Mesenchymal stem/progenitor cells in human umbilical cord blood as support for ex vivo 

expansion of CD34(+) hematopoietic stem cells and for chondrogenic differentiation. 

Haematologica, 89(7), 837-844. 

[54] Wang, K., Ruan, J.,Song, H., Wo, Y., Guo, S. & Cui, D. 2011. Biocompatibility of graphene oxide. 

Nanoscale Research Letters, 6(1), 1-8. 

[55] Wang, X., Zhi, L. & Mu ̈llen, K. 2008. Transparent, conductive graphene electrodes for dye-

sensitized solar cells. Nano Letters, 8(1), 323-327. 

[56] Yamaguchi, H., Eda, G., Mattevi, C., Kim, H. & Chhowalla, M. 2010. Highly uniform 300 mm 

wafer-scale deposition of single and multilayered chemically derived graphene thin films. ACS 

Nano, 4(1), 524-528. 

[57] Yang, K., Lee, J., Lee, J. S., Kim, D., Chang, G. E., Seo, J., Cheong, E., Lee, T. & Cho, S. W.  2016. 

Graphene oxide hierarchical patterns for the derivation of electrophysiologically functional 



 

T
R

A
N

S
A

C
T

IO
N

S
 O

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

 
Hanim et al., 2019. Transactions on Science and Technology. 6(4), 357 - 365                                                                 365 

ISSN 2289-8786. http://transectscience.org/ 

neuron-like cells from human neural stem cells. ACS Applied Material & Interfaces, 8(28), 17763-

17774. 

[58] Young, J. L. & Engler, A. J. 2011. Hydrogels with time-dependent material properties enhance 

cardiomyocyte differentiation in vitro. Biomaterials, 32, 1002–1009. 

[59] Zeddou, M., Briquet, A., Relic, B., Josse, C., Malaise, M. G., Gothot, A., Lechanteur, C. & 

Beguin, Y. 2010. The umbilical cord matrix is a better source of mesenchymal stem cells (MSC) 

than the umbilical cord blood. Cell Biology International, 34(7), 693-701. 

[60] Zhao, G., Liu, F., Lan, S., Li, P., Li, W., Kou, J., Qi, X., Fan, R., Hao, D., Wu, C., Bai, T., Li, Y. & 

Liu, J.Y. 2015. Large-scale expansion of Wharton’s jelly-derived mesenchymal stem cells on 

gelatin microbeads, with retention of self-renewal and multipotency characteristics and 

capacity for enhancing skin wound healing. Stem Cell Research & Therapy, 6, 38. 

[61] Zhao, Q., Ren, H. & Han, Z. 2016. Mesenchymal stem cells: Immunomodulatory capability and 

clinical potential in immune diseases. Journal of Cellular Immunotherapy, 2 (1), 3-20. 

[62] Zhu, Y., James, D. K. & Tour, J. M. 2012. New routes to graphene, graphene oxide and their 

related applications. Advanced Materials, 24(36), 4924-4955. 


