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Abstract

© 2017  Abhishek  Kumar  Singh  et  al.  The  effective  long-term cryopreservation  of  human
mesenchymal  stem cells  (MSCs)  is  an essential  prerequisite step and represents a critical
approach  for  their  sustained  supply  in  basic  research,  regenerative  medicine,  and  tissue
engineering applications. Therefore, attempts have been made in the present investigation to
formulate a freezing solution consisting of a combination of Selaginella bryopteris water-soluble
extract with and without dimethyl sulfoxide (Me 2 SO) for the efficient long-term storage of
human umbilical cord blood- (hUCB-) derived MSCs. The cryopreservation experiment using the
formulated freezing solution was further performed with hUCB MSCs in a controlled rate freezer.
A significant increase in postthaw cell viability and cell attachment of MSCs was achieved with
freezing medium containing Selaginella bryopteris water extract along with 10% Me 2 SO as
compared to the freezing medium containing Me 2 SO (10% v/v)  alone.  Furthermore,  the
decreasing apoptotic  events  and reactive oxygen species production along with increasing
expression of heat shock proteins also confirmed the beneficial effect of Selaginella bryopteris
water extract. The beneficial effect of Selaginella bryopteris water extract was validated by its
ability  to render postpreservation high cell  viability.  In  conclusion,  the formulated freezing
solution has been demonstrated to be effective for the standardization of cryopreservation
protocol for hMSCs.

http://dx.doi.org/10.1155/2017/8530656

References

[1] A. Giordano, U. Galderisi, and I. R. Marino, "From the laboratory bench to the patient's bedside: an update on
clinical trials with mesenchymal stem cells, " Journal of Cellular Physiology, vol. 211, pp. 27-35, 2007.

[2] N. D'souza, J. S. Burns, G. Grisendi et al., "MSC and tumors: homing, differentiation, and secretion influence
therapeutic potential, " Advances in Biochemical Engineering/Biotechnology, vol. 130, pp. 209-266, 2012.

[3] L. A. Marquez-Curtis, A. Janowska-Wieczorek, L. E. McGann, and J. A. W. Elliott, "Mesenchymal stromal cells
derived from various tissues: biological, clinical and cryopreservation aspects, " Cryobiology, vol. 71, pp. 181-
197, 2015.

[4] M. Sasaki and O. Honmou, "Mesenchymal stem cells, " in Cell Therapy against Cerebral Stroke, Springer, Japan,
Tokyo, 2017.

[5] O. W. Gramlich, A. J.  Burand, A. J.  Brown, R. J.  Deutsch, M. H. Kuehn, and J.  A. Ankrum, "Cryopreserved
mesenchymal stromal cells maintain potency in a retinal ischemia/ reperfusion injury model: toward an off-th-
-shelf therapy, " Scientific Reports, vol. 6, article 26463, 2016.

[6] F. Ginani, D. M. Soares, and C. A. Barboza, "Effect of a cryopreservation protocol on the in vitro yield of
adipose-derived stem cells, " Revista Brasileira de Cirurgia Plástica, vol. 27, pp. 359-363, 2012.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197460345?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1155/2017/8530656


[7] K. Luo, G. Wu, Q. Wang, Y. Sun, and H. Liu, "Effect of dimethylsulfoxide and hydroxyethyl starch in the
preservation of fractionated human marrow cells, " Cryobiology, vol. 31, pp. 349-354, 1994.

[8] A. Bissoyi and K. Pramanik, "Effects of non-toxic cryoprotective agents on the viability of cord blood derived
MNCs, " Cryoletters, vol. 34, no. 5, pp. 453-465, 2013.

[9] K. G. Jain, S. Mohanty, A. R. Ray, R. Malhotra, and B. Airan, "Culture and differentiation of mesenchymal stem
cell into osteoblast on degradable biomedical composite scaffold: in vitro study, " The Indian Journal of Medical
Research, vol. 142, pp. 747-758, 2015.

[10] C. J. Hunt, "Cryopreservation: vitrification and controlled rate cooling, " Methods in Molecular Biology, vol.
1590, pp. 41-77, 2017.

[11] Z. Yuan, S. D. S. Lourenco, E. K. Sage, K. K. Kolluri, M. W. Lowdell, and S. M. Janes, "Cryopreservation of human
mesenchymal stromal cells expressing TRAIL for human anti-cancer therapy, " Cytotherapy, vol. 18, pp. 860-
869, 2016.

[12] V. P. Varma, L. Devi, N. K. Venna, C. L. N. Murthy, M. M. Idris, and S. Goel, "Ocular fluid as a replacement for
serum in cell cryopreservation media, " PloS One, vol. 10, article e0131291, 2015.

[13] A.  Dogan,  M.  E.  Yalvac,  A.  Y?lmaz,  A.  A.  Rizvanov,  and F.  Sahin,  "Effect  of  f68 on cryopreservation of
mesenchymal stem cells derived from human tooth germ, " Applied Biochemistry and Biotechnology, vol. 171,
pp. 1819-1831, 2013.

[14] M. E. Yalvac, M. Ramazanoglu, M. Tekguc et al., "Human tooth germ stem cells preserve neuro-protective
effects after long-term cryo-preservation, " Current Neurovascular Research, vol. 7, pp. 49-58, 2010.

[15] P. K. Mishra, G. V. Raghuram, A. Bhargava et al., "In vitro and in vivo evaluation of the anticarcinogenic and
cancer  chemopreventive  potential  of  a  flavonoid-rich  fraction  from a  traditional  Indian  herb  Selaginella
bryopteris, " The British Journal of Nutrition, vol. 106, pp. 1154-1168, 2011.

[16] T. S. Gechev, J. Hille, H. J. Woerdenbag et al., "Natural products from resurrection plants: potential for medical
applications, " Biotechnology Advances, vol. 32, pp. 1091-1101, 2014.

[17] N. K. Sah, S. N. P. Singh, S. Sahdev et al., "Indian herb "Sanjeevani" (Selaginella bryopteris) can promote
growth and protect against heat shock and apoptotic activities of ultra violet and oxidative stress, " Journal of
Biosciences, vol. 30, pp. 499-505, 2005.

[18] G. Chandran and Muralidhara, "Insights on the neuromodulatory propensity of Selaginella (Sanjeevani) and its
potential pharmacological applications, " CNS & Neurological Disorders-Drug Targets, vol. 13, no. 1, pp. 82-95,
2014.

[19] O. Kunert, R. C. Swamy, M. Kaiser et al., "Antiplasmodial and leishmanicidal activity of biflavonoids from Indian
Selaginella bryopteris, " Phytochemistry Letters, vol. 1, no. 4, pp. 171-174, 2008.

[20] M. Haack-Sørensen and J. Kastrup, "Cryopreservation and revival of mesenchymal stromal cells, " Methods in
Molecular Biology, vol. 698, pp. 161-174, 2011.

[21] J.  M. Crook and E. Tomaskovic-Crook, "Culturing and cryobanking human neural stem cells, " Methods in
Molecular Biology, vol. 1590, pp. 199-206, 2017.

[22] A. Pavón, I. Beloqui, J. M. Salcedo, and A. G. Martin, "Cryobanking mesenchymal stem cells, " Methods in
Molecular Biology, vol. 1590, pp. 191-196, 2017.

[23] T. A. Lyons, X. F. Amouretti, P. G. Held, and J. J. Naleway, "Development of a live-cell based reactive oxygen
species (ROS) assay for  use in high-content screening of  drug candidates using the BioTek synergy mx
microplate reader, " vol. 807, 2008.

[24] L. Dalcin, R. C. Silva, F. Paulini, B. D. M. Silva, J. P. Neves, and C. M. Lucci, "Cytoskeleton structure, pattern of
mitochondrial activity and ultrastructure of frozen or vitrified sheep embryos, " Cryobiology, vol. 67, pp. 137-
145, 2013.

[25] I. Roato, D. Alotto, D. C. Belisario et al., "Adipose derivedmesenchymal stem cells viability and differentiating
features for orthopaedic reparative applications: banking of adipose tissue, " Stem Cells International, vol.
2016, Article ID 4968724, 11 pages, 2016.

[26] B. C. Bellagamba, B. R. R. d. Abreu, I.  Grivicich et al.,  "Human mesenchymal stem cells are resistant to
cytotoxic and genotoxic effects of cisplatin in vitro, " Genetics and Molecular Biology, vol. 39, pp. 129-134,
2016.

[27] C. Death and S. Cells, "Role of the apoptosis pathway in cryopreservation-induced from umbilical cord blood, "
Biopreservation and Biobanking, vol. 12, pp. 246-254, 2014.

[28] A. K. Singh, A. Bissoyi, M. P. Kashyap, P. K. Patra, and S. I. Rizvi, "Autophagy activation alleviates amyloid--
-induced oxidative stress, apoptosis and neurotoxicity in human neuroblastoma SH-SY5Y cells, " Neurotoxicity
Research, pp. 1-11, 2017.

[29] S. S. Behera, U. Das, A. Kumar, A. Bissoyi, and A. K. Singh, "Chitosan/TiO2 composite membrane improves
proliferation and survival  of  L929 fibroblast cells:  application in wound dressing and skin regeneration, "
International Journal of Biological Macromolecules, vol. 98, pp. 329-340, 2017.



[30] A. Bissoyi, A. Bit, B. K. Singh, A. K. Singh, and P. K. Patra, "Enhanced cryopreservation of MSCs in microfluidic
bioreactor by regulated shear flow, " Scientific Reports, vol. 6, article 35416, 2016.

[31] A.  Bissoyi,  A.  Kumar,  A.  A.  Rizvanov et  al.,  "Recent  advances and future direction in  lyophilisation and
desiccation of mesenchymal stem cells, " Stem Cells International, vol. 2016, Article ID 3604203, 9 pages,
2016.

[32] E. Bradley, E. Bieberich, N. F. Mivechi, D. Tangpisuthipongsa, and G. Wang, "Regulation of embryonic stem cell
pluripotency by heat shock protein 90, " Stem Cells, vol. 30, pp. 1624-1633, 2012.

[33] G. C. Fan, "Role of heat shock proteins in stem cell behavior, " Progress in Molecular Biology and Translational
Science, vol. 111, pp. 305-322, 2012.

[34] Y.  B.  Chen,  Y.  W.  Lan,  T.  H.  Hung et  al.,  "Mesenchymal  stem cell-based HSP70 promoter-driven VEGFA
induction by resveratrol promotes angiogenesis in a mouse model, " Cell Stress & Chaperones, vol. 20, pp.
643-652, 2015.

[35] F. Gao, X. Hu, X. Xie et al., "Heat shock protein 90 protects rat mesenchymal stem cells against hypoxia and
serum deprivation-induced apoptosis via the PI3K/Akt and ERK1/2 pathways, " Journal of Zhejiang University
Science. B, vol. 11, pp. 608-617, 2010.

[36] C. Munje, L. Shervington, Z. Khan, and A. Shervington, "Could upregulated Hsp70 protein compensate for the
Hsp90-silence-induced cell death in glioma cells?, " International Journal of Brain Science, vol. 2014, Article ID
652643, 9 pages, 2014.

[37] J. A. Park, Y. E. Kim, H. J. Seok, W. Y. Park, H. J. Kwon, and Y. H. Lee, "Differentiation and upregulation of heat
shock protein 70 induced by a subset of histone deacetylase inhibitors in mouse and human embryonic stem
cells, " BMB Reports, vol. 44, pp. 176-181, 2011.

[38] W. Chang, B. W. Song, S. Lim et al., "Mesenchymal stem cells pretreated with delivered Hph-1-Hsp70 protein
are protected from hypoxia-mediated cell death and rescue heart functions from myocardial injury, " Stem
Cells, vol. 27, no. 9, pp. 2283-2292, 2009.


