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Eswari S Abstract

Professor and Head, Centre for Nerve injuries, irrespective of tissue involvement, disrupt the continuity of nerve fibers, leading to
Stem Cell Research and compromised functionality. Mesenchymal stem cells (MSCs) have emerged as promising candidates for
Regenerative Medicine, Madras cell therapy across a spectrum of diseases, owing to their unique functional attributes including potent
Veterinary College, Chennai, differentiation capacity, immunomodulation, and growth support. In particular, the secretome produced

Tamil Nadu, India by Wharton's Jelly Mesenchymal Stem Cells (WJ-MSCs) plays a pivotal role in their trans-differentiation

into neural stem cells, thus creating a conducive microenvironment for nerve regeneration. Through the
secretion of trophic factors, WJ-MSCs provide a nurturing, protective, and activating milieu that fosters
the regeneration of damaged nerves, engaging both neuronal and non-neuronal cells. This synergistic
interplay holds immense potential for accelerating nerve regeneration processes and augmenting
functional recovery. This review underscores the therapeutic promise of WJ-MSCs in the realm of nerve
regeneration, offering insights into their mechanisms of action and future directions for clinical
applications.
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Introduction

Stem cells, distinguished by their ability for self-renewal, proliferation, differentiation, and
tissue regeneration, play a pivotal role in biomedical research and therapeutic applications.
They are broadly classified into embryonic and non-embryonic stem cells. Embryonic stem
cells (ESCs), particularly pluripotent stem cells, possess the remarkable capacity to
differentiate into various cell types. Despite their considerable therapeutic potential, concerns
regarding their tumorigenicity and ethical considerations have hindered their clinical
utilization (Blum and Benvenisty, 2008) [,

Non-embryonic stem cells, also known as adult stem cells, exhibit multipotent or limited
pluripotent capabilities compared to ESCs. These cells are derived from adult tissues such as
bone marrow, fat, muscle, liver, skin, brain, dental pulp, retina, and orbicularis, as well as less
mature sources like cord blood, cord tissue, placenta, and fetal body tissues such as pancreas
and liver. The therapeutic potential of these cells is immense (Pittenger et al., 1999; Uchida et
al., 2000; Gronthos et al., 2000; Minguell et al., 2001; Tuch, 2006) [46. 58. 20.37.56]

Initially, haematologists primarily concentrated on bone marrow mesenchymal stem cells
(MSCs) because of their regenerative and immunomodulatory properties. However, MSCs
derived from alternative sources, particularly Wharton's jelly of the umbilical cord tissue (WJ-
MSCs), have garnered attention for several reasons. These include their primitive nature, ease
of expansion in vitro, capacity for multi-lineage differentiation, immunomodulatory and
antioxidant actions, as well as their release of trophic factors (Fong et al., 2007; Garzon et al.,
2012; Lian et al., 2016) [14.19.32],

Wharton's jelly, the gelatinous connective tissue found in the umbilical cord, comprises
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These include neurons, osteocytes, adipocytes, chondrocytes,
cardiomyocytes, and hepatocytes (Wang et al., 2004; Saben et
al., 2014; Ranjbaran et al., 2018; Mitchell et al., 2003; Fu et
al., 2006; Fong et al., 2007; Moshrefi et al., 2010; Cardoso et
al., 2012; Venugopal et al., 2011; Puranik et al., 2012; Singh
et al., 2013; Sreekumar et al., 2014; Uranio et al., 2014;
Eswari et aL’ 2016) [62, 49, 48, 38, 17, 14, 39, 7, 61, 47, 53, 53, 59, 13]_

In various diseases, including neurodegenerative disorders,
MSC-based therapies have shown promising potential for
immune modulation and tissue repair (Uccelli et al., 2006;
van Velthoven et al., 2010; Satheesan et al., 2020) [57: 6%, This
versatility and therapeutic potential make WJ-MSCs an
exciting prospect for regenerative medicine and the treatment
of a wide range of medical conditions.

Isolation, culture and expansion of WJ MSCs in vitro
Various protocols are available for isolating cells from
Wharton's jelly (WJ), which differ based on the removal of
the umbilical artery and vein and the method of enzymatic or
mechanical dissection. Enzymatic disruption involves the use
of collagenase, trypsin, or hyaluronidase, followed by
purification and culture of dissociated cells (Wang et al.,
2004) 52, On the other hand, mechanical dissection entails
cutting tissue into small pieces or segments, which are then
transferred to culture plates until cells migrate to the plastic
bottom of the plate (Mitchell et al., 2003; La Rocca et al.,
2009) (38 291,

Cells derived from WJ require specific culture conditions,
with media containing either low or high glucose levels and
supplemented with platelet-rich plasma or other additives
such as bovine fetal bovine serum (Mitchell et al., 2003;
Eswari et al., 2016; Ranjbaran et al., 2018; Satheesan et al.,
2020) [38.13.48.501 gtydies have highlighted the faster doubling
rate of umbilical cord Wharton's jelly-derived MSCs
compared to fetal fibroblasts (Moshrefi et al., 2010) B9,
Additionally, it has been observed that WJ-MSCs have
shorter doubling times than adult bone marrow mesenchymal
cells, suggesting a relatively immature nature of WJ-MSCs
compared to adult stromal cells (Campagnoli et al., 2001;
Baksh et al., 2007; Karahuseyinoglu et al., 2007; Troyer and
Weiss, 2008) [6:2 23.55],

In efforts to optimize isolation procedures, Venugopal et al.
(2011) 1 replaced porcine trypsin with TrypLE Express, a
trypsin alternative devoid of animal and human components,
eliminating the need for neutralization with serum-containing
media. Garzon et al. (2012) [ reported fluctuating cell
viability across passages, with the highest viability observed
at the 5th and 6th passages. Liang et al. (2016) 3 emphasized
the stability of early and intermediate-stage WJ-MSCs,
cautioning against the effects of serial passaging on lineage-
specific differentiation.

Regarding morphology, WJ-MSCs exhibit diverse shapes,
including  spindle-shaped, rectangular, cuboidal, and
fibroblast-like cells, as well as parallel arrays of confluent
cells (Eswari et al., 2016; Ranjbaran et al., 2018; Satheesan et
al., 2020) [38 48 50 which align with observations in bone
marrow-derived MSCs (Colter et al., 2001; Hanabdari et al.,
2016) 1124,

Clonogenicity of WJ-MSCs

The formation of cell colonies from single cells serves as a
tangible demonstration of the self-renewal capacity inherent
in stem cell populations (La Rocca et al., 2009) !, Factors
such as coating density and oxygen content play crucial roles
in determining the frequency and rate of colony formation
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from Wharton's jelly mesenchymal stem cells (WJ-MSCs).
Studies involving WJ-MSCs derived from goat, buffalo, and
sheep  consistently  demonstrate  significant  alkaline
phosphatase activity and colony formation, underscoring the
robustness of these cells (Sreekumar et al., 2014; Eswari et
al., 2016; Satheesan et al., 2020) [53. 13 60],

Wharton's jelly MSCs induced NSCs in vitro

Mitchell et al. (2003) 8, Fu et al. (2004; 2006) [*& 171, and
Satheesan et al. (2020) B have noted distinctive
morphological  transformations in  Wharton's  jelly
mesenchymal stem cells (WJ MSCs), such as cell body
retraction and process elaboration by the third day of
cultivation. By the fifth day, numerous WJ MSCs exhibited
granular formations resembling Nissl bodies, indicating the
initiation of neural differentiation.

Various protocols have successfully induced human umbilical
cord (UC) WJ MSCs into neural stem cells (NSCs).
Murakami et al. (2017) [ I employed commercial
Mesenchymal Stem Cell Neurogenic Differentiation Medium,
while Kruminis-Kaszkiel et al. (2020) 8 utilized NSCs
induction medium composed of DMEM/F12 with Glutamax
supplemented with FBS, Penicillin/Streptomycin, N2
supplement, and EGF.

In a recent investigation by Satheesan et al. (2020) %, wWJ-
MSCs at passages 3 to 5 were cultured to near confluence and
subjected to treatment with Neuronal Conditioned Medium
(NCM) collected from ovine fetal brain suspension culture.
This intervention effectively facilitated the transition of WJ-
MSCs into neurons, yielding swift and substantial outcomes.
Regarding the morphology of WJ MSCs induced NSCs, cell
body contraction and process elaboration were observed, with
numerous cells showing granular formations akin to Nissl
bodies by the fifth day. Murakami et al. (2017) “% cultured
UC WJ MSCs using commercially available mesenchymal
stem cell neural gene differentiation medium and NSCs
induction medium, following the approach outlined by
Kruminis-Kaszkiel et al. (2020) 2¢1,

In another recent study by Satheesan et al. (2020) 5, WJ-
MSCs at passages 3 to 5 were exposed to neuronal-
conditioned medium (NCM) obtained from fetal sheep brain
suspension cultures. This treatment led to the transformation
of WJ-MSCs into neurons, characterized by rounded cell
bodies with multiple neurite-like extensions, resembling the
morphology of neural stem cells. GFAP-positive cells
exhibited a stellate morphology without the elongated
processes of neuronal marker-positive cells. Peng et al. (2011)
4 induced a spindle-like shape in WJ-MSCs akin to
Schwann cells by treating them with basic fibroblast growth
factor, platelet-derived growth factor, and forskolin.
Documented notable morphological changes in MSCs within
hours after neural induction, including the assembly and
extension of long dendritic processes. Guan et al. (2014) 21
and Satheesan et al. (2020) D% observed significant
morphological alterations in WJ-MSCs during neural
induction, including the emergence of multiple dendrites and
a singular axon-like process extending from the cell body,
along with granular structures reminiscent of Nissl
substances. Please refer to Figure 1 for a visual
representation.

Expression of neuronal markers by UCT-WJMSCs and
induced NSCs

Mitchell et al. (2003) 81 observed that Human UC-MSCs
spontaneously produced Nestin, a biomarker indicative of
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neural progenitors, even without exposure to differentiation
cues. Additionally, WJ-induced NSCs displayed GFAP-
positive cells, whose expression was detected in untreated WJ
cells but was notably elevated post-induction. Satheesan et al.
(2020) B9 found that upon induction of neuronal
differentiation in WJ-MSCs, there was an increase in the
expression of neuronal marker genes such as [ III tubulin,
nestin, and GFAP.

Frausin et al. (2015) ** reported the capability of WJ-MSCs
to differentiate into neuron-like cells in vitro, demonstrating
both neuronal morphological and biochemical properties and
expressing typical neuronal proteins like nestin and B-tubulin.
Chen et al. (2016) 1'% noted high expression of Nestin and
NeuroD1 in developed neural stem cells derived from human
UC, contrasting with low expression in undifferentiated
MSCs, suggesting the activation of molecular mechanisms
related to neuronal function in differentiated MSCs.

Lian et al. (2016) B2 showed that at early (P7) and
intermediate (P14) stages, WJ MSCs exhibited positivity for

https://www.veterinarypaper.com

nestin or PBIII tubulin, with neural induction significantly
enhancing the expression of these markers in both groups,
confirmed via immunofluorescence and quantitative PCR.
Expression of nestin was highlighted as crucial for MSC
differentiation into neurons, with serum in the medium found
to reduce nestin expression, as determined by RT-PCR to
assess the expression of NSE and GFAP genes (Zhu et al.,
2002) 91,

Murakami et al. (2017) “° demonstrated the expression of
neurogenic markers such as Ill-tubulin and Notch in cells
before and after induction of neurogenic differentiation, with
higher levels observed in differentiated cells through RT-PCR
analysis.

Satheesan et al. (2020) B further indicated that WIMSCs
underwent a mesenchymal-to-nervous fate change in the
presence of neuronal-conditioned medium, as confirmed by
immunocytochemistry and RT-PCR, showing elevated
expression of nestin, Ill-tubulin, and neural lineage GFAP
markers in induced NSCs compared to uninduced WJ-MSCs.

Fig 1: Diagram showing isolation and neuronal induction of umbilical cord tissue-wharton jelly mesenchymal stem cells. A. Processing of
umbilical cord B. Collagenase Trypsinisation of extracted Wharton jelly C. Plating/culturing D. Migration of WJ- MSCs (200x) E. Induced
Neuronal stem cell (200x) using neuronal conditioned medium
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Potential of WJ induced NSCs in neurodegenerative
disorders: Fu et al. (2006) ') reported that the transplantation
of human umbilical cord MSCs partially alleviated
amphetamine-induced rotational behavior caused by lesions,
suggesting a potential application of UC-MSCs in Parkinson's
disease treatment. When administered intravenously, UC-
MSCs were shown to migrate spontaneously to damaged or
inflamed areas (Chamberlain et al., 2007) [l enabling
targeted action with limited side effects, while most cells were
retained in the lungs. Lim et al. (2007) B4 demonstrated that
transplanting canine UC blood-derived MSCs restored
neurological function in spinal cord-injured dogs, suggesting
a therapeutic approach for spinal cord injury.

MSCs are known for their low immunogenicity and ability to
modulate immune activation and provide trophic signals for
tissue healing (Kurtz, 2008; van Velthoven et al., 2010) [28. 601,
Although the identification and characterization of neural
stem cells (NSCs) in companion animals remain largely
unexplored, studies have successfully isolated and cultured
NSCs from various animal sources (Agarwal et al., 2014;
Kumar et al., 2014; Lija et al., 2019) [* 2 31 However,
traditional methods of obtaining NSCs from brain tissue have
limitations due to purity issues, technical difficulties, and
ethical concerns.

MSC-induced NSCs have emerged as a promising alternative
source for NSC transplant studies due to their low
immunogenicity, multiple sources, and minimal ethical
controversies. Umbilical cord MSC transplantation has shown
promise in repairing the injured central nervous system.
Enhancing the differentiation of MSCs into neuron-like cells
is crucial in regenerative medicine and tissue engineering
(Fong et al., 2007; Lian et al., 2016) [*4 %2, Satheesan et al.
(2020) B9 demonstrated that umbilical cord tissue-derived
WJ-MSCs possess stem cell properties, exhibit neuronal
phenotypes in vitro, and are readily available and expandable.
While each methodology for MSC differentiation into
neurons has its advantages and disadvantages, improving
trans-differentiation efficiency is essential for the success of
future clinical applications of WJ MSCs. Further research is
needed to ensure that neurons derived from MSCs using
specific protocols retain normal nerve function.

Conclusion

Umbilical cord Wharton's jelly-derived MSCs possess several
advantageous  characteristics, including their  ready
availability, stem cell properties, abundance of progenitor
cells, and ability to be expanded and maintained in culture.
Additionally, these MSCs have demonstrated the capacity to
develop neuronal phenotypes in vitro. Moreover, research
suggests that WJ MSCs exhibit trans-differentiation potential,
and their secretomes indicate their suitability as candidates for
advanced cell-based therapies targeting neurodegenerative
diseases.

Given these attributes, WJ MSCs and their derived NSCs hold
significant  promise  for  various therapeutic  and
biotechnological applications in neuroregenerative medicine.
Their potential to differentiate into neural cell types opens
avenues for innovative treatments targeting neurological
disorders. Additionally, their ability to secrete beneficial
factors further underscores their potential for facilitating
tissue repair and regeneration in the central nervous system.
Therefore, harnessing the capabilities of WJ MSCs and their
derivatives represents a promising approach in the ongoing
quest to develop effective therapies in neuroregenerative
medicine.

https://www.veterinarypaper.com

Conflicts of Interest
Authors declares no conflicts of interest.

References

1. Agarwal P, Manish K, Kuldeep K, Renu S, Puspendra
SM, Ajay K, et al. Isolation and propagation of neural
stem cells in caprine (Capra hircus). Cell Biol Int.
2014;38(10):1142-1152. DOI: 10.1002/cbin.10282

2. Baksh D, Yao R, Tuan RS. Comparison of proliferative
and multi-lineage differentiation potential of human
mesenchymal stem cells derived from umbilical cord and
bone marrow. Stem Cells. 2007;25(5):1384-1392.

3. Bierlein M, Sharma AD, Mallapragada SK, Sakaguchi
DS. Trans differentiation of brain-derived neurotrophic
factor (BDNF)-secreting mesenchymal stem cells
significantly enhances BDNF secretion and Schwann cell
marker proteins. J Biosci. Bioeng. 2017;124(5):572-582.

4. Blum B, Benvenisty N. The tumorigenicity of human
embryonic stem cells. Adv Cancer Res. 2008;100:133-
158.

5. Bongso A, Fong CY. The therapeutic potential challenges
and future clinical directions of stem cells from the
Wharton's jelly of the human umbilical cord. Stem Cell
Rev. 2012;9(2):226-240.

6. Campagnoli C, Roberts IA, Kumar S, Bennett PR,
Bellantuono I, Fisk NM, et al. Identification of
mesenchymal stem/progenitor cells in human first-
trimester fetal blood, liver, and bone marrow. Blood.
2001;98(8):2396-2402.

7. Cardoso TC, Ferrai HF, Garcia AF, Novais JB, Frade CS,
Ferrarezi MC, et al. Isolation and characterization of
Wharton’s  jelly-derived multipotent mesenchymal
stromal cells obtained from bovine umbilical cord and
maintained in a defined serum-free three-dimensional
system. BMC Biotechnol. 2012;12:18-29.

8. Chamberlain G, Fox J, Ashton B, Middleton J. Concise
review: Mesenchymal stem cells: their phenotype,
differentiation capacity, immunological features, and
potential for homing. Stem Cells. 2007;25(11):2739-
2749,

9. Chan JKY, Lam P. Human mesenchymal stem cells and
their paracrine factors for the treatment of brain tumors.
Cancer Gene Ther. 2013;20(10):539-543.

10. Chen S, Zhang W, Wang JM, Duan HT, Kong JH, Wang
YX, et al. Differentiation of isolated human umbilical
cord mesenchymal stem cells into neural stem cells. Int J
Ophthalmol. 2016;9(1):41-47.

11. Colter DC, Sekiya I, Prockop DJ. Identification of a sub-
population of rapidly self-renewing and multipotential
adult stem cells in colonies of human marrow stromal
cells. Proc Natl Acad Sci USA. 2001;98(14):7841-7845.

12. Drago D, Cossetti C, Iraci N, Gaude E, Musco G, Bachi
A, et al. The stem cell secretome and its role in brain
repair. Biochimie. 2013;95(12):2271-2285.

13. Eswari S, Monisha M, Vijayarani K, Gomathy VS.
Isolation of ovine multipotent mesenchymal stem cells
from umbilical cord tissue Wharton’s jelly. Indian Vet J.
2016;93(12):27-29.

14. Fong CY, Richards M, Manasi N, Biswas A, Bongso A.
Comparative growth behavior and characterization of
stem cells from human Wharton's jelly. Reprod Biomed
Online. 2007;15(6):708-718.

15. Frausin S, Viventi S, Falzacappa LV, Quattromani MJ,
Leanza G, Tommasini A, et al. Wharton’s jelly derived
mesenchymal stromal cells: Biological properties,

~ 746~


https://www.veterinarypaper.com/

International Journal of Veterinary Sciences and Animal Husbandry

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

induction of neuronal phenotype and current applications
in  neurodegeneration research. Acta Histochem.
2015;117(4-5):329-338.

Friedenstein AJ, Gorskaja JF, Kulagina NN. Fibroblast
precursors in normal and irradiated mouse hematopoietic
organs. Exp Hematol. 1976;4(5):267-274.

Fu YS, Cheng YC, Lin MA, Cheng H, Chu PM, Chou S,
et al. Conversion of human umbilical cord mesenchymal
stem cells in Wharton’s jelly to dopaminergic neurons in
vitro: potential therapeutic application for Parkinsonism.
Stem Cells. 2006;24(1):115-124.

Fu YS, Shih YT, Cheng YC, Min MY. Transformation of
human umbilical mesenchymal cells into neurons in
vitro. J Biomed Sci. 2004;11(5):652-660.

Garzon |, Perez-Kohler B, Garrido-Gomez J, Carriel V,
Nieto-Aguilar R, Martin-Piedra MA, et al. Evaluation of
the cell viability of human Wharton's jelly stem cells for
use in cell therapy. Tissue Eng Part C Methods.
2012;18(6):408-419.

Gronthos S, Mankani M, Brahim J, Robey PG, Shi S.
Postnatal human dental pulp stem cells (DPSCs) in vitro
and in vivo. Proc Natl Acad Sci U S A
2000;97(25):13625-13630.

Guan M, Xu Y, Wang W, Lin S. Differentiation into
neurons of rat bone marrow-derived mesenchymal stem
cells. Eur Cytokine Netw. 2014;25(4):58-63.

Hsieh JY, Wang HW, Chang SJ, Liao KH, Lee IH, Lin
WS, et al. Mesenchymal stem cells from human
umbilical cord express preferentially secreted factors
related to  neuroprotection,  neurogenesis, and
angiogenesis. PLoS One. 2013;8(8):e72604.
Karahuseyinoglu S, Cinar O, Kilic E, Kara F, Akay GG,
Demiralp DO, et al. Biology of stem cells in human
umbilical cord stroma: In situ and in vitro surveys. Stem
Cells. 2007;25(2):319-331.

Khanabdali R, Saadat A, Fazilah M, Bazli KFK, Qazi
RM, Khalid RS, et al. Promoting effect of small
molecules in  cardiomyogenic and  neurogenic
differentiation of rat bone marrow derived mesenchymal
stem cells. Drug Des Devel Ther. 2016;10:81-91.
Kobayashi K, Kubota T, Aso T. Study on myofibroblast
differentiation in the stromal cells of Wharton’s jelly:
expression and localization of alpha-smooth muscle actin.
Early Hum Dev. 1998;51(3):223-233.

Kruminis-Kaszkiel E, Osowski A, Bejer-Olenska E,
Dziekonski M, Wojtkiewicz J. Differentiation of Human
Mesenchymal Stem Cells from Wharton's Jelly Towards
Neural Stem Cells Using a Feasible and Repeatable
Protocol. Cells. 2020;9(3):739.

Kumar K, Singh R, Kumar M, Agarwal P, Mahapatra PS,
Kumar A, et al. Isolation and characterization of neural
stem cells from buffalo. Int J Neurosci. 2014;124(6):450-
456.

Kurtz A. Mesenchymal stem cell delivery routes fate. Int
J Stem Cells. 2008;1:1-7.

La Rocca G, Anzalone R, Corrao S, Magno F, Loria T,
lacono ML, et al. Isolation and characterization of Oct-
4+/HLA-G+ mesenchymal stem cells from human
umbilical cord matrix: differentiation potential and
detection of new markers. Histochem Cell Biol.
2009;131(2):267-282.

Li J, Li D, Ju X, Shi Q, Wang D, Wei F, et al. Umbilical
cord-derived  mesenchymal  stem  cells retain
immunomodulatory and anti-oxidative activities after
neural induction. Neural Regen Res. 2012;7:2663-2672.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

~ 747

https://www.veterinarypaper.com

Li Q, Zhang S, Zheng S, Wen H, Han X, Zhang M, et al.
Differentiation potential of neural stem cells derived from
fetal sheep. Anim Cell Syst. 2017;21:233-240.

LianJ, Lv S, Liu C, Liu Y, Wang S, Guo X, et al. Effects
of serial passage on the characteristics and cardiac and
neural differentiation of human umbilical cord Wharton’s
jelly-derived mesenchymal stem cells. Stem Cells Int.
2016;2016:1-12.

Lija S, Eswari S, Monisha M, Vijayarani K. Isolation and
Characterization of neural stem cells from ovine foetal
cerebral cortex. Indian J Anim Res. 2019;53(10):1335-
1339.

Lim JH, Byeon YE, Ryu HH, Jeong YH, Lee YW, Kim
WH, et al. Transplantation of canine umbilical cord
blood-derived mesenchymal stem cells in experimentally
induced spinal cord injured dogs. J Vet Sci.
2007;8(3):275-282.

Lindholm D, Carroll P, Tzimagiogis G, Thoenen H.
Autocrine-paracrine regulation of hippocampal neuron
survival by IGF-1 and the neurotrophins BDNF, NT-3
and NT-4. Eur J Neurosci. 1996;8(7):1452-1460.
Margossian T, Reppel L, Makdissy N, Stoltz JF,
Bensoussan D, Huselstein C, et al. Mesenchymal stem
cells derived from Wharton's jelly: Comparative
phenotype analysis between tissue and in vitro expansion.
Biomed Mater Eng. 2012;22(4):243-254.

Minguell JJ, Erices A, Conget P. Mesenchymal stem
cells. Exp Biol Med. 2001;226(6):507-520.

Mitchell KE, Weiss ML, Mitchell BM, Martin P, Davis
D, Morales L, et al. Matrix cells from Wharton's jelly
form neurons and glia. Stem Cells. 2003;21(1):50-60.
Moshrefi M, Babaei H, NematollahiMohani SN. Isolation
and characterization of mesenchymal cells isolated from
caprine umbilical cord matrix. Anim Reprod.
2010;7(4):367-372.

Murakami T, Saitoh I, Sato M, Inada E, Soda M, Oda M,
et al. Isolation and characterization of lymphoid enhancer
factor-1-positive deciduous dental pulp stem-like cells
after transfection with a piggybac vector containing LEF1
promoter-driven selection markers. Arch Oral Biol.
2017;81:110-120.

Nakano N, Nakai Y, Seo TB, Yamada Y, Ohno T,
Yamanaka A, et al. Characterization of conditioned
medium of cultured bone marrow stromal cells. Neurosci
Lett. 2010;483(1):57-61.

Nekanti U, Mohanty L, Venugopal P, Balasubramanian
S, Totey S, Malancha T, et al. Optimization and scale-up
of Wharton's jelly-derived mesenchymal stem cells for
clinical applications. Stem Cell Res. 2010;5:244-254.
Patel AV, Krimm RF. BDNF is required for the survival
of differentiated geniculate ganglion neurons. Dev Biol.
2010;340:419-429.

Peng J, Wang Y, Zhang L, Zhao B, Zhao Z, Chen J, et al.
Human umbilical cord Wharton's jelly-derived
mesenchymal stem cells differentiate into a Schwann-cell
phenotype and promote neurite outgrowth in vitro. Brain
Res Bull. 2011;84(3):235-243.

Pires AO, Neves-Carvalho A, Sousa N, Salgado AJ. The
secretome of bone marrow and Wharton jelly derived
mesenchymal stem cells induces differentiation and
neurite outgrowth in SH-SY5Y cells. Stem Cell Int. 2014.
DOI: 10.1155/2014/438352.

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,
Douglas R, Mosca JD, et al. Multilineage potential of
adult human mesenchymal stem cells. Science.


https://www.veterinarypaper.com/

International Journal of Veterinary Sciences and Animal Husbandry

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

ST7.

58.

59.

60.

61.

62.

1999;284:143-147.

Puranik SB, Nagesh A, Guttedar RS. Isolation of
mesenchymal-like cells from Wharton’s jelly of
umbilical cord. Int J Phar Chem Biol Sci. 2012;2(3):218-
224,

Ranjbaran H, Abediankenari S, Mohammadi M, Jafari N,
Khalilian A, Rahmani Z, et al. Wharton's Jelly Derived-
Mesenchymal Stem Cells: Isolation and Characterization.
Acta Med Iran. 2018;56(1):28-33.

Saben J, Thakali KM, Lindsey FE, Zhong Y, Badger TM,
Andres A, et al. Distinct adipogenic differentiation
phenotypes of human umbilical cord mesenchymal cells
dependent on adipogenic conditions. Exp Biol Med.
2014;239:1340-1351.

Satheesan L, Soundian E, Kumanan V, Kathaperumal K.
Potential of ovine Wharton jelly derived mesenchymal
stem cells to trans-differentiate into neuronal phenotype
for application in neuroregenerative therapy. Int J
Neurosci. 2020;130(11):1101-1108.

Shen C, Lie P, Miao T, Yu M, Lu Q, Feng T, et al.
Conditioned medium from umbilical cord mesenchymal
stem cells induces migration and angiogenesis. Mol Med
Rep. 2015;12(1):20-30.

Singh J, Mann A, Kumar D, Duhan JS, Yadav PS.
Cultured buffalo umbilical cord matrix cells exhibit
characteristics of multipotent mesenchymal stem cells. In
vitro Cell Dev Biol. 2013;49:408-417.

Sreekumar TR, Ansari MM, Chandra V, Sharma GT.
Isolation and Characterization of buffalo wharton’s jelly
derived mesenchymal stem cells. J Stem Cell Res Ther.
2014;4-5:207. DOI: 10.4172/2157-7633.1000207.

Tang Y, Yu P, Cheng L. Current progress in the
derivation and therapeutic application of neural stem
cells. Cell Death Dis. 2017;8:€3108.

Troyer DL, Weiss ML. Wharton's jelly-derived cells are a
primitive  stromal cell population. Stem Cells.
2008;26(3):591-599.

Tuch BE. Stem cells-a clinical update. Aust Fam
Physician. 2006;35(9):719-721.

Uccelli A, Moretta L, Pistoia V. Immunoregulatory
function of mesenchymal stem cells. Eur. J Immunol.
2006;36(10):2566-2573.

Uchida N, Buck DW, He D, Reitsmma MJ, Masek M,
Phan TV, et al. Direct isolation of human central nervous
system stem cell. Proc Natl Acad Sci. 2000;97:14720-
14725.

Uranio MF, Dellauilla ME, Caira M, Guaricci AC,
Ventura M, Catacchio CR, et al. Characterization and in
vitro differentiation potency of early passage canine
amnion-and umbilical cord derived mesenchymal stem
cells as related to gestational age. Mol Reprod. Dev.
2014;81:539-551.

van Velthoven CT, Kavelaars A, van Bel F, Heijnen CJ.
Mesenchymal stem cell treatment after neonatal hypoxic-
ischemic brain injury improves behavioral outcome and
induces neuronal and oligodendrocyte regeneration.
Brain Behav Immun. 2010;24:387-393.

Venugopal P, Balasubramanian S, Majumdar AS, Ta M.
Isolation, characterization and gene expression analysis
of Wharton’s jelly derived mesenchymal stem cells under
xeno-free culture conditions. Stem Cell Clon Adv Appl.
2011;4:39-50.

Wang HS, Hung SC, Peng ST, Huang CC, Wei HM, Guo
YJ, et al. Mesenchymal stem cells in the wharton’s jelly
of the human umbilical cord. Stem Cells. 2004;22:1330-

63.

64.

65.

66.

67.

68.

69.

~ 748~

https://www.veterinarypaper.com

1337.

Weiss ML, Medicetty S, Bledsoe AR, Rachakatla RS,
Choi M, Merchav S, et al. Human umbilical cord matrix
stem cells: preliminary characterization and effect of
transplantation in a rodent model of Parkinson's disease.
Stem Cells. 2006;24(3):781-792.

Wen Y, Gu W, Cui J, Yu M, Zhang Y, Tang C, et al.
Platelet-rich plasmaenhanced umbilical cord
mesenchymal stem cells-based bone tissue regeneration.
Arch Oral Biol. 2014;59(11):1146-1154.

Wilkins A, Kemp K, Ginty M, Hares K, Mallam E,
Scolding N, et al. Human bone marrow-derived
mesenchymal stem cells secrete  brain-derived
neurotrophic factor which promotes neuronal survival in
vitro. Stem Cell Res. 2009;3(1):63-70.

Zhang W, Li D, Wei A. Bone marrow-derived
mesenchymal stem cells promote growth and
angiogenesis of breast and prostate tumors. Stem Cell
Res Ther. 2013;4(3):70.

Zhang ZY, Teoh SH, Chong MS, Schantz JT, Fisk NM,
Choolani M, et al. Superior osteogenic capacity for bone
tissue engineering of fetal compared with perinatal and
adult mesenchymal stem cells. Stem Cells. 2009;27:126-
137.

Zhou JF, Chen RX, Deng XJ, Liu TY, Bai Q, Shen XL,
et al. Ovine umbilical cord matrix mesenchymal stem
cells:  isolation, culture, characterization, and
differentiation potential. Cell Reprogram.
2016;18(2):124-134.

Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI,
Mizuno H, et al. Human adipose tissue is a source of
multipotent stem cells. Mol Biol Cell. 2002;13:4279-
4295,


https://www.veterinarypaper.com/

