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Introduction
Stroke is the second most important death cause after ischemic 
heart disease [1]. To this day, there is no definite treatment for 
brain stroke [2]. Stroke is mostly caused by sudden occlusion of 
brain arteries by an embolism or a thrombosis; this will result in 
a decrease in brain blood flow and consequently a shortage in 
oxygen and glucose [3]. Cerebral ischemia causes inflammation 
and oxidative stress which can result in secondary damage and 
an excessive amount of apoptosis that is not a direct result of the 
hypo-perfusion but it affects neurogenesis [4,5]. Stroke leads to 
different pathologies and is the 6th common cause for reducing 
disability adjusted life years [6]. A major factor of apoptosis 
initiation is the activation of caspase-3, which can trigger the 
apoptosis cascade [7]. Caspases are the most important group 
of cytokines involved in apoptosis; and caspase-3 is the activated 
death protease that catalyzes the definite cleavage of many 
important cellular proteins [8]. Stem cell therapy has opened 
a new horizon for treating neurodegenerative diseases due to 
regenerative capacity and anti-inflammatory effects of stem cells.

Mesenchymal stem cells
Mesenchymal stem cells (MSCs) could be isolated from different 
sources such as bone marrow, adipose tissue and Wharton's 
jelly [9,10]. MSCs could be used in stem cell therapies because 
of their anti-inflammatory effects and their ability to reduce 
apoptosis and their role in protection against oxidative stress. 
MSCs exert their anti-inflammatory effects via attenuating 
inflammatory cytokines such as TNF-α (tumor necrosis factor α), 
IL-17, IL-23, IL-1β ,P-IκB-α, P-IKKβ, p53 protein and increasing the 
expression of TGF-β,IκB-α,and Bcl-2 which result in modulation 
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of the inflammation [11,12]. Furthermore, locally transplanted 
MSCs could reduce the level of IL-6 and (IL)-1β and increase IL-
10; these effects of MSCs result in diminishing the inflammation 
[13]. This decrease in inflammation could lead to differentiation 
of the neural stem cells and it may help neural stem cells to 
regenerate damaged area of ischemic brain [14]. MSCs through 
enhancing Bcl-2 gene expression and decreasing the by-products 
of lipid peroxidation, could reduce apoptosis and oxidative stress 
[15]. As we showed in our study, the administration of MSCs 
reduce caspase-3 activity; meaning a reduction in apoptosis. 
Mesenchymal stem cell therapy can significantly diminish 
cerebral infarct volume, reduce apoptosis and caspase-3 activity, 
and thereby improve neurological function [16,17]. MSCs might 
make some neural regenerations by secreting some neuro-
trophic factors (cytokines) including basic fibroblast growth 
factor (bFGF), endothelial growth factor (EGF), brain derived 
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neuro-trophic factor (BDNF), vascular endothelial growth factor 
(VEGF), GDNF, PDGF [18-21].

Neural stem cells
Neural stem cells (NSCs) could be isolated from the sub-ventricular 
zone (SVZ) of the lateral ventricles, the sub granular zone (SGZ) 
of the hippocampus dentate gyrus (DG) in the adult, and the 
ganglionic eminence in the embryo [22-24] and human breast-
milk stem cells [25]. Neural stem cells (NSCs) could be used in cell 
therapies for they can promote angiogenesis via secreting VEGF 
and neurogenesis after cerebral ischemia [26]. NSCs are capable 
to protect cells against apoptosis by decreasing the level of 
caspase-3 activity and increasing Bcl-2 [27,28]. NSCs could show 
bystander effect, meaning they can exert direct neuroprotection 
effects through neutralization of free radicals, inflammatory 
cytokines, excitotoxins, lipases peroxidases and other toxic 
metabolites that are released following an ischemic event [29]. 
NSCs can show immunomodulatory actions by a down-regulating 
inflammatory T cells and macrophages within inflamed areas of 
the ischemic brain [30-36]. The most important characteristic of 
NSCs could be their ability to promote regeneration due to their 
capability to differentiate into three neural lineage cells (neurons, 
oligodendrocytes and astrocytes). NSCs can differentiate into 

diverse neuronal subtypes like cholinergic, serotonergic and 
GABAergic neurons, as well as into striatal neurons expressing 
substance P and DARPP32 [37]. Furthermore, NSCs might be able 
to suppress the adverse glial activation in the brain after stroke; 
they could make neurogenesis faster and more feasible [38]. 
NSCs as well as MSCs can diminish inflammation in the infracted 
area by repressing COX-2 [39] (Table 1).

Conclusion
Both mesenchymal stem cells and neural stem cells can improve 
neurological function and reduce brain lesions after brain stroke. 
Each stem cell type (MSCs and NSCs) has synergic effects on the 
other and they can benefit each other in cell therapy. Therefore, 
combination stem cell therapy is more efficient for recovering 
after brain stroke [16]. We showed that the optimal time for 
transplantation of MSCs is 12 hours after ischemic stroke [17]. 
In conclusion, administration of MSCs in acute phase after 
cerebral ischemia might be helpful due to the secretion of the 
neurotrophic cytokines, neuroprotection, anti-oxidant, and anti-
inflammatory effects of MSCs. We take advantage of NSCs ability 
in neural regeneration in subacute phase after MSCs make the 
microenvironment suitable.

Type of stem cell therapy Advantages Most important role

Mesenchymal stem cell
(MSC)

•	Reducing apoptosis and oxidative stressthrough enhancing Bcl-2 gene 
expression, reducing Caspase-3 activityand decreasing the by-products 
of lipid peroxidation(15)

•	Making neural regenerations by secretingbFGF, EGF, BDNF, VEGF, 
GDNF, PDGF(18-21)

•	Anti-inflammatory effects via attenuating 
inflammatory cytokines such as TNF-α , IL-6 
, IL-17, IL-23, IL-1β ,P-IκB-α, P-IKKβ, p53 
protein and increasing the expression of 
TGF-β,IκB-α, IL-10 and Bcl-2(11-13)

Neural stem cell
(NSC)

•	Angiogenesis via secreting VEGF(26)

•	Anti-apoptotic effect bydecreasing the level of Caspase-3 and 
increasing Bcl-2 (27,28)

•	Direct neuroprotecting effects through neutralization of free radicals, 
inflammatory cytokines, excitotoxins, lipases peroxidases(29)

•	Immunomodulatory actions by downregulating inflammatory T cells 
and macrophages(30-36)

•	Diminishing inflammation in the infracted area by repressing COX-2(40)

•	Promoting regeneration and neurogenesis 
due to their ability to differentiate into 
three neural lineage cells (neurons, 
oligodendrocytes and astrocytes) (26,37,38)

Combination of
 NSCs and MSCs •	Synerginc effects of both MSCs and NSCs (16)

•	Acute phase: anti-inflammatory effects of 
MSCs

•	Sub-acute phase: neural regeneration 
ability of NSCs 

Table 1 Stem Cell therapy and its role.

http://stemcells.imedpub.com/archive.php


3

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 1 No. 1: 5

© Copyright iMedPub                                                   		             	                         

Insights in Stem Cells

References
1	 Murray CJ, Lopez AD (1997) Mortality by cause for eight regions of 

the world: Global Burden of Disease Study. Lancet 349: 1269-1276.

2	 Donnan GA, Fisher M, Macleod M, Davis SM (2008) Stroke. Lancet 
371: 1612-1623.

3	 Lakhan SE, Kirchgessner A, Hofer M (2009) Inflammatory mechanisms 
in ischemic stroke: therapeutic approaches. J Transl Med; 7-97.

4	 Broughton BR, Reutens DC, Sobey CG (2009) Apoptotic mechanisms 
after cerebral ischemia. Stroke 40: e331-339.

5	 Dirnagl U, Iadecola C, Moskowitz MA (1999) Pathobiology of 
ischaemic stroke: an integrated view. Trends Neurosci 22: 391-397.

6	 Murray CJ, Lopez AD (1997) Global mortality, disability, and the 
contribution of risk factors: Global Burden of Disease Study. Lancet 
349: 1436-1442.

7	 Fan TJ, Han LH, Cong RS, Liang J (2005) Caspase family proteases and 
apoptosis. Acta Biochim Biophys Sin (Shanghai) 37: 719-727.

8	 Porter AG, Jänicke RU (1999) Emerging roles of caspase-3 in 
apoptosis. Cell Death Differ 6: 99-104.

9	 Bang OY, Lee JS, Lee PH, Lee G (2005) Autologous mesenchymal stem 
cell transplantation in stroke patients. Ann Neurol 57: 874-882.

10	 Hosseini SM, Samimi N, Farahmandnia M, Shakibajahromi B, 
Sarvestani FS, et al. (2015) The Preventive Effects of Neural Stem 
Cells and Mesenchymal Stem Cells Intra-ventricular Injection on 
Brain Stroke in Rats. N Am J Med Sci 7: 390-396.

11	 Cheng Q, Zhang Z, Zhang S, Yang H, Zhang X, et al. (2015) Human 
umbilical cord mesenchymal stem cells protect against ischemic 
brain injury in mouse by regulating peripheral immunoinflammation. 
Brain Res 1594: 293-304.

12	 Gu N, Rao C, Tian Y, Di Z, Liu Z, et al. (2014) Anti-inflammatory and 
antiapoptotic effects of mesenchymal stem cells transplantation in 
rat brain with cerebral ischemia. J Stroke Cerebrovasc Dis 23: 2598-
2606.

13	 Mert T, Kurt AH, Arslan M, Çelik A, Tugtag B, et al. (2015) Anti-
inflammatory and Antinociceptive Actions of Systemically or Locally 
Treated Adipose-Derived Mesenchymal Stem Cells in Experimental 
Inflammatory Model. Inflammation 38: 1302-1310.

14	 Song J, Cho KJ, Cheon SY, Kim SH, Park KA, et al. (2013) Apoptosis 
signal-regulating kinase 1 (ASK1) is linked to neural stem cell 
differentiation after ischemic brain injury. ExpMol Med 45: e69.

15	 Calió ML, Marinho DS, Ko GM, Ribeiro RR, Carbonel AF, et al. (2014) 
Transplantation of bone marrow mesenchymal stem cells decreases 
oxidative stress, apoptosis, and hippocampal damage in brain of a 
spontaneous stroke model. Free Radic Biol Med 70: 141-154.

16	 Seyed MH, Mohammad F, Zahra R, Somayeh D, Benafsheh S, et al. 
Combination cell therapy with mesenchymal stem cells and neural 
stem cells for brain stroke in rats. Int J Stem Cells 8: 99-105.

17	 Hosseini SM, Farahmandnia M, Razi Z, Delavarifar S, Shakibajahromi 
B (2015) 12 hours after cerebral ischemia is the optimal time for 
bone marrow mesenchymal stem cell transplantation. Neural 
regeneration research 10: 904.

18	 Dharmasaroja P (2009) Bone marrow-derived mesenchymal stem 
cells for the treatment of ischemic stroke. J Clin Neurosci 16: 12-20.

19	 Chung TN, Kim JH, Choi BY, Chung SP, Kwon SW, et al. (2015) Adipose-
derived mesenchymal stem cells reduce neuronal death after 

transient global cerebral ischemia through prevention of blood-brain 
barrier disruption and endothelial damage. Stem Cells Transl Med 4: 
178-185.

20	 Paradisi M, Alviano F, Pirondi S, Lanzoni G, Fernandez M, et al. (2014) 
Human mesenchymal stem cells produce bioactive neurotrophic 
factors: source, individual variability and differentiation issues. Int J 
ImmunopatholPharmacol 27: 391-402.

21	 Mead B, Logan A, Berry M, Leadbeater W, Scheven BA (2014) 
Paracrine-mediated neuroprotection and neuritogenesis of 
axotomised retinal ganglion cells by human dental pulp stem 
cells: comparison with human bone marrow and adipose-derived 
mesenchymal stem cells. PLoS One e109305.

22	 Gage FH (2000) Mammalian neural stem cells. Science 287: 1433-
1438.

23	 Doetsch F (2003) A niche for adult neural stem cells. Curr Opin Genet 
Dev 13: 543-550.

24	 Martino G, Pluchino S (2006) The therapeutic potential of neural 
stem cells. Nature Reviews Neuroscience 7: 395-406.

25	 Hosseini SM, Samimi N, Farahmandnia M, Shakibajahromi B, 
Sarvestani FS, et al. (2015) The Preventive Effects of Neural Stem 
Cells and Mesenchymal Stem Cells Intra-ventricular Injection on 
Brain Stroke in Rats. N Am J Med Sci 7: 390-396.

26	 Tang Y, Wang J, Lin X, Wang L, Shao B, et al. (2014) Neural stem cell 
protects aged rat brain from ischemia-reperfusion injury through 
neurogenesis and angiogenesis. J Cereb Blood Flow Metab 34: 1138-
1147.

27	 Wang L, Jiang F, Li Q, He X, Ma J (2014) Mild hypothermia combined 
with neural stem cell transplantation for hypoxic-ischemic 
encephalopathy: neuroprotective effects of combined therapy. 
Neural Regen Res 9: 1745-1752.

28	 Kim JH, Lee J (2014) Induced neural stem cells protect neuronal cells 
against apoptosis. Med Sci Monit 20: 2759-2766.

29	 Ourednik J, Ourednik V, Lynch WP, Schachner M, Snyder EY (2002) 
Neural stem cells display an inherent mechanism for rescuing 
dysfunctional neurons. Nat Biotechnol 20: 1103-1110.

30	 Park KI, Teng YD, Snyder EY (2002) The injured brain interacts 
reciprocally with neural stem cells supported by scaffolds to 
reconstitute lost tissue. Nat Biotechnol 20: 1111–1117.

31	 Pluchino S, Quattrini A, Brambilla E, Gritti A, Salani G, et al. (2003) 
Injection of adult neurospheres induces recovery in a chronic model 
of multiple sclerosis. Nature 422: 688– 94.

32	 Pluchino S, Zanotti L, Rossi B, Brambilla E, Ottoboni L, et al. 
(2005) Neurosphere-derived multipotent precursors promote 
neuroprotection by an immunomodulatory mechanism. Nature 436: 
266-271.

33	 Chen SH, Chang FM, Tsai YC, Huang KF, Lin CL, et al. (2006) Infusion of 
human umbilical cord blood cells protect against cerebral ischemia 
and damage during heatstroke in the rat. ExpNeurol 199: 67–76.

34	 Zhang J, Li Y, Chen J, Yang M, Katakowski M, et al. (2004) Expression 
of insulin-like growth factor 1 and receptor in ischemic rats treated 
with human marrow stromal cells. Brain Res 1030: 19-27.

35	 Einstein O, Fainstein N, Vaknin I, Mizrachi-Kol R, Reihartz E, et al. 
(2007) Neural precursors attenuate autoimmune encephalomyelitis 
by peripheral immunosuppression. Ann Neurol 61: 209-218.

36	 Bacigaluppi M, Pluchino S, Martino, G, Kilic E, Hermann DM (2008) 



4

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 1 No. 1: 5

Insights in Stem Cells

© Copyright iMedPub                                                                                                                                            Find this article in: http://stemcells.imedpub.com/archive.php

Neural stem/precursor cells for the treatment of ischemic stroke. 
Journal of the neurological sciences 265: 73-77.

37	 Bühnemann C, Scholz A, Bernreuther C, Malik CY, Braun H, et al. 
(2006) Neuronal differentiation of transplanted embryonic stem cell-
derived precursors in stroke lesions of adult rats. Brain 129: 3238-
3248.

38	 Kim HS, Choi SM, Yang W, Kim DS, Lee DR, et al. (2014) PSA-NCAM(+) 
neural precursor cells from human embryonic stem cells promote 
neural tissue integrity and behavioral performance in a rat stroke 
model. Stem Cell Rev 10: 761-771.

39	 Kim JH, Sun W, Han DW, Moon HJ, Lee J (2015) iNSC suppress 
macrophage-induced inflammation by repressing COX-2. In Vitro Cell 
Dev Biol Anim 51: 157-164.

http://stemcells.imedpub.com/archive.php

