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Abstract
Up to now most of the cells used in cell therapeutics have been mesenchymal stem cells (MSCs). However,
mononuclear cells (MNCs) from cord blood (CB) or G-CSF (granulocyte-colony stimulating factor)-mobilized peripheral
blood (mPB) MNCs could be an alternative option because MNCs contain both HSCs (hematopoietic stem cells)
and MSCs. In addition, cellular components other than purified HSCs or MSCs could play important roles in tissue
regeneration. The optimal route of administration in cell therapy is another important issue. The therapeutic benefits
and clinical availability of intravenous infusion of CB- or mPB-MNCs in the field of cell therapy will be briefly reviewed.
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Introduction
Cell therapy has emerged as an advanced medical technology for
restoring damaged tissues and organs. Of the various possible cell types,
MSCs have been used most frequently in experiments and in clinical
trials in the field of regenerative medicine [1]. Since the technical
difficulties of manufacturing MSCs and the regulatory restrictions
imposed tend to be barriers to clinical application [2], only a few MSCbased new drugs have been developed so far. Compared with MSCs,
MNCs derived from bone marrow (BM), CB, or mPB, has not been
frequently used for studying tissue regeneration. Increased efforts to
examine the therapeutic benefits of MNCs could provide greater choice
for cell therapy, because MNCs are easily obtained and are subject to
few regulatory restrictions.

MSCs vs. MNCs for Cell Therapy
Ongoing efforts to restore damaged tissue have employed the
currently available stem cells. Recently, the ethical issues surrounding
the use of embryonic materials have prompted research using adult
stem cells [3]. Hematopoietic stem cells (HSCs) were the first adult
stem cells to be discovered followed by MSCs. MSCs are the adult
stem cells most often used in clinical studies for the treatment of
degenerative diseases. They are multipotent, self-renewing cells that
can be found in almost all postnatal organs and tissues [4]. MSCs,
which are directly injected into damaged tissues or migrate to them
by various routes, can differentiate into multiple cell types, including
nerve, bone, cartilage, tendon, and muscle. In addition to the effects
of the cells into which the MSCs differentiate, MSCs have been shown
to exert paracrine actions that promote the repair of damaged tissues.
In the neurologic field, many paracrine effects related to neurogenesis,
myelination, angiogenesis, synaptogenesis, apoptosis, etc. have been
demonstrated [5]. Although MSCs are generally isolated from BM or
CB, these cells have also been reported to exist in PB. Indeed Ukai et
al. have suggested that PB-derived multipotent precursor cells could
be an important source for cell therapy of stroke [6]. While only small
numbers of stem cells exist in PB compared to the number in BM, more
numbers can be obtained from the PB-MNC fraction after mobilizing
them from BM with G-CSF and/or chemotherapeutic agents [7].
There have been many suggestions that MNCs might also be
used for tissue regeneration because it was found that MSCs could be
cultured and isolated from the MNC fractions of BM, CB, and mPB
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[7-9]. The effects of MSCs and MNCs have been compared in various
experimental settings (Table 1) [10-13]. Iwase et al. observed that MSC
transplantation caused significantly greater improvement in hindlimb
ischemia than MNC transplantation [10]. Mazo et al. also demonstrated
that MSCs provided superior long-term benefits to whole BM-MNCs
in a rat model of chronic myocardial infarction [11]. On the other
hand, Mathieu et al. revealed that cell therapy with autologous BMMNCs resulted in better cardiac recovery than unmodified MSCs in
a canine model of chronic myocardial infarction [12]. In a doubleblind, randomized, controlled trial, Lu et al. concluded that BM-MSCs
appeared more effective than BM-MNCs in increasing lower limb
perfusion and promoting foot ulcer healing in diabetic patients. They
observed that human BM-MSCs used for transplantation secreted
significantly higher levels of angiogenic factors than BM-MNCs under
conditions of normoxia as well as hypoxia [13].
There have recently appeared clinical reports demonstrating the
therapeutic potential of autologous BM- or mPB-MNC transplantation
in patients with limb ischemia or myocardial infarction. The data
suggest that the main benefit of the MNCs results from paracrine
effects via secretion of cytokines, fibroblast growth factors, and vascular
endothelial growth factors involved in angiogenesis [14-17], inhibition
of cardiomyocyte apoptosis [18] and cell-cell interactions [19-21]. The
end results of these effects are the replacement of lost myocardial tissue
and rescue of ischemic and hibernating tissue, and improvement of left
ventricular function. Horie et al. recently showed that patients with
limb ischemia given the large number of CD34-positive cells present
among G-CSF-mobilized autologous PB-MNCs had a notably better
prognosis than other patients [22].
To investigate the possible use of autologous MNCs in the field
of neurological disorders using mPB-MNCs as well as CB-MNCs,
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Experimental model

Administration route

Effect of cell types on the regenerative potential

Reference number

Iwase et al.

Hindlimb ischemia, Rat

Intramuscular

Autologous, BM-MSC>BM-MNC

[10]

Lu et al.

Limb ischemia, Clinical

Intramuscular

Autologous, BM-MSC>BM-MNC

[13]

Mazo et al.

Chronic MI, Rat

Intramyocardial

Allogeneic, BM-MSC>BM-MNC

[11]

Mathieu et al.

Chronic MI, Canine

Intramyocardial

Autologous, BM-MSC < BM-MNC

[12]

MSCs: Mesenchymal Stem Cells; MNCs: Mononuclear Cells; MI: Myocardial Infarction; BM: Bone Marrow
Table 1: Comparative functional studies between MSCs and MNCs for regenerative therapy in various experimental settings.

my colleagues compared levels of inflammatory cytokines and
neurotrophic factors in PB-MNCs and mPB-MNCs from children
with cerebral palsy (CP) with those from healthy adult donors and
from CB-MNCs donated from healthy newborns (unpublished data).
Higher levels of interleukin (IL)-6 and lower levels of IL-3 were noted
in the mPB-MNCs as compared to the PB-MNCs of the children with
CP. The level of brain-derived neurotrophic factor (BDNF) in the
mPB-MNCs from the CP children was significantly higher than in the
CB-MNCs or mPB-MNCs from healthy adults. The level of G-CSF in
the mPB-MNCs from CP children was comparable to that in CB but
significantly higher than in the mPB-MNCs from healthy adults. Lower
levels of IL-1β, IL-3, and IL-6 and higher levels of IL-8 and IL-9 were
obtained from the CB-MNCs and mPB-MNCs from CP children than
from healthy adults. A lower level of IL-1β, and a higher level of IL-8
were observed from mPB-MNCs from CP children than from healthy
adults. Based on these findings, we proposed that the different levels
of neurotrophic factors and anti-inflammatory cytokines in the mPBMNCs of CP children and the CB-MNCs of healthy children suggested
that these cells had potential as new sources for cellular therapy for
individuals with neurologic diseases.
These studies also indicated that CB-, BM- and mPB-MNC
preparations, without any ex vivo manipulation, could be useful
for tissue regeneration, because they contain immunomodulatory
lymphocytes expressing various cytokines as well as progenitor cells
such as MSCs [23].

Routes of Administration for Cell Therapy
There is no consensus with a few comparative functional studies
regarding the optimal route of administration for the treatment of
acute tissue damage. Forest et al. analyzed the distribution of injected
cells in damaged and undamaged myocardium after intracoronary or
intravenous BM-MNC delivery. They observed a significant number of
cells retained within the heart after intracoronary injection, whereas
following peripheral intravenous cell injection no cardiac homing was
observed at 24 hours and the injected cells were mainly detected within
the lungs [24]. Nevertheless, other functional study demonstrated that
intravenous BM-MSCs injection can significantly improve myocardial
function, as do intraventricular and intramyocardial MSCs injections
[25].
For refractory neurological diseases, intracerebral, intrathecal,
intra-arterial, intravenous, and also peri-lesional administration
of various stem cells has been tried. A recent meta-analysis of preclinical studies of the use of MSCs for ischemic stroke revealed that
the effect of MSC therapy varied significantly depending on the
administration route (intracerebral > intra-arterial > intravenous,
although the effect of the intravenous route was nonetheless very
large [26]. Comparative functional studies by administration routes
in various experimental settings are summarized in Table 2. Although
intravenous administration is less effective than other techniques, it
has been reported that intravenously administered CB-MNCs could
enter the brain, survive, migrate, and improve functional recovery in
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an experimental stroke model [27] as well as in a child with Krabbe
disease [28]. Liu et al. also recently demonstrated that intravenously
infused mPB-MNCs could survive in the brain of hosts, migrate to the
damaged area and express neural markers. In addition, a reduction in
motor function impairment, lesion volume and neural cell apoptosis
was observed in hypoxia-ischemia rats that received mPB-MNCs [29].
Korf-Klingebiel et al. suggested that a hypothetical paracrine effect
of intravenous MNC infusion was responsible for myocardial functional
improvement, because MNCs in a quiescent or non-differentiated
state were capable of releasing many types of growth factor into the
peri-infarction tissue [30]. Others have shown that intravenous
administration of murine MSCs improved the outcomes of neural
and lung injuries in experimental animal models primarily through
paracrine effects and a reduction in the production of pro-inflammatory
cytokines at the sites of injury [31,32]. These observations would appear
to justify the use of an intravenous route for cell therapy because, in
contrast to HSC transplantation, non-hematopoietic applications such
as those for cardiovascular or neurological indications do not require
permanent graft survival and many of the therapeutic effects of MSCs
and MNCs are believed to be due to immunomodulatory mechanisms,
such as the secretion of neuroprotective, angiogenetic, and antiinflammatory cytokines [33-35].

Intravenous Infusion of MNCs for Cell Therapy
The availability of adequate sources of cells and effective routes
of administration are central priorities in regenerative medicine.
Unfortunately, these two requirements are not often both fulfilled at
the same time. However, MNCs are more easily and safely applied in
the clinical setting because they are easily obtained and do not provoke
the same kinds of legal debates as MSCs whose clinical applications
are strictly regulated. In addition, the use of MNCs is based on the
therapeutic effect of their paracrine actions rather than requiring the
survival of any graft, as well as by their availability and the safety of
their administration [14-21,23].
In cases of acute cellular injuries, at which most of experimental
and clinical trials have been directed, the migration and homing
followed by differentiation of infused MNCs can be explained by the
fact that the endothelial barrier is disrupted. However, it is difficult to
explain the therapeutic effect of cell therapy as simply due to homing
of intravenously administered MNCs because most endothelial
junctions remain intact in chronic injury and do not permit cells to
migrate into damaged tissues. Suárez de Lezo et al. also explained the
therapeutic efficacy of intravenously administered MNCs in chronic
myocardial infarction as due to a reversed gradient of chemokines and
their receptors [25]. Thus, intravenously administered MNCs may not
enter the brain of CP patients in the absence of some challenge such
as chemo-radiotherapy that can cause permeability changes in the
blood brain barrier (BBB). However, as we learned in experimental
work, cytokines that are consistently expressed by CB-MNCs may
be able to alter endothelial cells in such a way as to cause alterations
in tight junction structure (BBB) and permit the entry of leukocytes
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Wang et al.

Myocardial ischemia, Rat

BM-MSCs

Intravenous=Intraventricular=Intramyocardial

[25]

Mathieu et al.

Ischemic stroke, Animal (Meta-analysis)

MSCs

Intracerebral>Intra-arterial>Intravenous

[12]

BM: Bone Marrow; MSCs: Mesenchymal Stem Cells
Table 2: Comparative functional studies among administration routes for regenerative therapy in various experimental settings.

after intravenous infusion of CB-MNCs [23,27]. In these inflammatory
conditions, there can be both intrinsic activation and proliferation of
parenchymal microglia. Activated microglial cells could then release
neurotrophic factors such as BDNF and glial cell-derived neurotrophic
factor (GDNF), remove synapses from damaged neurons and influence
the synaptic connectivity of newly-formed neurons [36]. I have also
emphasized the importance of the neurotrophic effects of the CBMNCs for improving neurologic outcomes, because most of the
patients that responded showed clinical changes within 1 month after
CB-MNC infusion [37], and many reports have demonstrated that CBMNCs consistently express neurotrophic factors such as nerotrophin
(NT)-5, NT-3, BDNF, and other growth factors [33].

2. Ilic N, Brooke G, Murray P, Barlow S, Rossetti T, et al. (2011) Manufacture of
clinical grade human placenta-derived multipotent mesenchymal stromal cells.
Methods Mol Biol 698: 89-106. [PubMed]

Given this background, my colleagues have obtained positive
results for the infusion of intravenous autologous CB-MNCs in
children with CP in terms of the safety and feasibility of the procedure,
as well as its potential efficacy in countering neurological impairment
[37]. Another group also recently reported that intravenous infusion
of allogeneic CB-MNCs has therapeutic potential in CP [38]. They
suggested that infusion of allogeneic CB-MNCs could be an effective
procedure, accompanied by structural and metabolic changes in the
brain, for ameliorating motor and cognitive dysfunction in children
with CP. However, the use of immunosuppressants such as cyclosporin
in CP patients receiving allogeneic CB-MNCs must be justified and
its potential neurotoxicity must be carefully monitored. This is the
reason why my colleagues instituted a double blind, randomized,
cross-over study using G-CSF-mobilized autologous PB-MNCs for
CP patients. Although the study is ongoing, we have confirmed that
G-CSF mobilization and the collection of stem cells in CP children can
be carried out safety and the treatment appears to have some positive
clinical and radiologic efficacy [39]. mPB-MNCs would have a lot of
advantages over CB-MNC therapy in the treatment of CP children
provided the efficacy of mPB-MNCs is not inferior to that of CBMNCs. Potential advantages of mPB-MNCs over CB-MNCs for cell
therapy are as follows: first, G-CSF used for stem cell mobilization is
already known to have neuroprotective effects, second, separate stem
cell preparations could be pooled and aliquots cryopreserved for
repeated infusion, third, they can be given to all candidates even if they
do not have autologous CBs.

6. Ukai R, Honmou O, Harada K, Houkin K, Hamada H, et al. (2007) Mesenchymal
stem cells derived from peripheral blood protects against ischemia. J
Neurotrauma 24: 508-520. [PubMed]

Conclusions
Trials of cell therapy using various manufactured stem cells
including MSCs need to be continued in order to develop new cell
therapeutics and new techniques for overcoming refractory diseases.
Furthermore, as we learned from the transplantation of HSCs,
experimental and clinical investigations using MNCs should not be
overlooked prior to manufacturing particular types of stem cells.
Acknowledgements
This study was supported by a Grant of the Korea Healthcare Technology
R&D Project (A101712), Ministry for Health & Welfare, Republic of Korea.

References
1. Brooke G, Cook M, Blair C, Han R, Heazlewood C, et al. (2007) Therapeutic
applications of mesenchymal stromal cells. Semin Cell Dev Biol 18: 846-858.
[PubMed]

J Stem Cell Res Ther
ISSN: 2157-7633 JSCRT, an open access journal

3. De Lázaro I, Yilmazer A, Kostarelos K (2014) Induced pluripotent stem (iPS)
cells: A new source for cell-based therapeutics? J Control Release 185: 37-44.
[PubMed]
4. Porada CD, Zanjani ED, Almeida-Porada G (2006) Adult mesenchymal stem
cells: a pluripotent population with multiple applications. Curr Stem Cell Res
Ther 1: 365-369. [PubMed]
5. Castillo-Melendez M, Yawno T, Jenkin G, Miller SL (2013) Stem cell therapy
to protect and repair the developing brain: a review of mechanisms of action
of cord blood and amnion epithelial derived cells. Front Neurosci 7: 1-14.
[PubMed]

7. Wexler SA, Donaldson C, Denning-Kendall P, Rice C, Bradley B, et al. (2003)
Adult bone marrow is a rich source of human mesenchymal 'stem' cells but
umbilical cord and mobilized adult blood are not. Br J Haematol 121: 368-374.
[PubMed]
8. He Q, Wan C, Li G (2007) Concise review: multipotent mesenchymal stromal
cells in blood. Stem Cells 25: 69-77. [PubMed]
9. Tondreau T, Meuleman N, Delforge A, Dejeneffe M, Leroy R, et al. (2005)
Mesenchymal stem cells derived from CD133-positive cells in mobilized
peripheral blood and cord blood: proliferation, Oct4 expression, and plasticity.
Stem Cells 23: 1105-1112. [PubMed]
10. Iwase T, Nagaya N, Fujii T, Itoh T, Murakami S, et al. (2005) Comparison of
angiogenic potency between mesenchymal stem cells and mononuclear cells
in a rat model of hindlimb ischemia. Cardiovasc Res 66: 543-551. [PubMed]
11. Mazo M, Gavira JJ, Abizanda G, Moreno C, Ecay M, et al. (2010)
Transplantation of mesenchymal stem cells exerts a greater long-term effect
than bone marrow mononuclear cells in a chronic myocardial infarction model
in rat. Cell Transplant 19: 313-328. [PubMed]
12. Mathieu M, Bartunek J, El Oumeiri B, Touihri K, Hadad I, et al. (2009) Cell
therapy with autologous bone marrow mononuclear stem cells is associated
with superior cardiac recovery compared with use of nonmodified mesenchymal
stem cells in a canine model of chronic myocardial infarction. J Thorac
Cardiovasc Surg 138: 646-653.
13. Lu D, Chen B, Liang Z, Deng W, Jiang Y, et al. (2011) Comparison of bone
marrow mesenchymal stem cells with bone marrow-derived mononuclear cells
for treatment of diabetic critical limb ischemia and foot ulcer: a double-blind,
randomized, controlled trial. Diabetes Res Clin Pract 92: 26-36. [PubMed]
14. Giannotti G, Doerries C, Mocharla PS, Mueller MF, Bahlmann FH, et al. (2010)
Impaired endothelial repair capacity of early endothelial progenitor cells in
prehypertension: Relation to endothelial dysfunction. Hypertension 55: 13891397. [PubMed]
15. Sieveking DP, Buckle A, Celermajer DS, Ng MK (2008) Strikingly different
angiogenic properties of endothelial progenitor cell subpopulations: Insights
from a novel human angiogenesis assay. J Am Coll Cardiol 51: 660-668.
[PubMed]
16. Gnecchi M, Zhang Z, Ni A, Dzau VJ (2008) Paracrine mechanisms in adult
stem cell signaling and therapy. Circ Res 103: 1204-1219. [PubMed]
17. Fazel S, Cimini M, Chen L, Li S, Angoulvant D, et al. (2006) Cardioprotective
c-kit+ cells are from the bone marrow and regulate the myocardial balance of
angiogenic cytokines. J Clin Invest 116: 1865-1877. [PubMed]
18. Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, Burkhoff D, et al. (2001)
Neovascularization of ischemic myocardium by human bone-marrow-derived
angioblasts prevents cardiomyocyte apoptosis, reduces remodeling and
improves cardiac function. Nat Med 7: 430-436. [PubMed]

Volume 4 • Issue 8 • 1000224

Citation: Lee YH (2014) Regenerative Potential of Intravenous Infusion with Mononuclear Cells in Cord Blood and G-CSF-Mobilized Peripheral Blood.
J Stem Cell Res Ther 4: 224. doi:10.4172/2157-7633.1000224

Page 4 of 4
19. Gruh I, Beilner J, Blomer U, Schmiedl A, Schmidt-Richter I, et al. (2006) No
evidence of transdifferentiation of human endothelial progenitor cells into
cardiomyocytes after coculture with neonatal rat cardiomyocytes. Circulation
113: 1326-1334. [PubMed]
20. Murry CE, Soonpaa MH, Reinecke H, Nakajima H, Nakajima HO, et al. (2004)
Haematopoietic stem cells do not transdifferentiate into cardiac myocytes in
myocardial infarcts. Nature 428: 664-668. [PubMed]
21. Nygren JM, Jovinge S, Breitbach M, Säwén P, Röll W, et al. (2004) Bone
marrow-derived hematopoietic cells generate cardiomyocytes at a low
frequency through cell fusion, but not transdifferentiation. Nat Med 10: 494501. [PubMed]
22. Horie T, Onodera R, Akamastu M, Ichikawa Y, Hoshino J, et al. (2010) Long-term
clinical outcomes for patients with lower limb ischemia implanted with G-CSFmobilized autologous peripheral blood mononuclear cells. Atherosclerosis 208:
461-466. [PubMed]
23. Takahashi N, Uehara R, Kobayashi M, Yada Y, Koike Y, et al. (2010) Cytokine
profiles of seventeen cytokines, growth factors and chemokines in cord blood
and its relation to perinatal clinical findings. Cytokine 49: 331-337. [PubMed]
24. Forest VF, Tirouvanziam AM, Perigaud C, Fernandes S, Fusellier MS, et al.
(2010) Cell distribution after intracoronary bone marrow stem cell delivery in
damaged and undamaged myocardium: implications for clinical trials. Stem
Cell Res Ther 1: 4. [PubMed]
25. Wang T, Tang W, Sun S, Ristagno G, Huang Z, et al. (2007) Intravenous
infusion of bone marrow mesenchymal stem cells improves myocardial function
in a rat model of myocardial ischemia. Crit Care Med 35: 2587-2593. [PubMed]
26. Vu Q, Xie K, Eckert M, Zhao W, Cramer SC (2014) Meta-analysis of preclinical
studies of mesenchymal stromal cells for ischemic stroke. Neurology 82: 12771286. [PubMed]
27. Chen J, Sanberg PR, Li Y, Wang L, Lu M, et al. (2001) Intravenous administration
of human umbilical cord blood reduces behavioral deficits after stroke in rats.
Stroke 32: 2682-2688. [PubMed]
28. Escolar ML, Poe MD, Provenzale JM, Richards KC, Allison J, et al. (2005)
Transplantation of umbilical-cord blood in babies with infantile Krabbe's
disease. N Engl J Med 352: 2069-2081. [PubMed]
29. Liu YX, Guo XM, Li JF, Meng Y, Zhang HT, et al. (2014) Restoration of tissue

damage, and never activity after hypoxia-ischemia by implantation of peripheral
blood mononuclear cells. Brain Res 1546: 34-45. [PubMed]
30. Korf-Klingebiel M, Kempf T, Sauer T, Brinkmann E, Fischer P, et al. (2008) Bone
marrow cells are a rich source of growth factors and cytokines: implications
for cell therapy trials after myocardial infarction. Eur Heart J 29: 2851-2858.
[PubMed]
31. Zappia E, Casazza S, Pedemonte E, Benvenuto F, Bonanni I, et al.
(2005) Mesenchymal stem cells ameliorate experimental autoimmune
encephalomyelitis inducing T-cell anergy. Blood 106: 1755-1761. [PubMed]
32. Ortiz LA, Gambelli F, McBride C, Gaupp D, Baddoo M, et al. (2003)
Mesenchymal stem cell engraftment in lung is enhanced in response to
bleomycin exposure and ameliorates its fibrotic effects. Proc Natl Acad Sci
USA 100: 8407-8411. [PubMed]
33. Fan CG, Zhang QJ, Tang FW, Han ZB, Wang GS, et al. (2005) Human
umbilical cord blood cells express neurotrophic factors. Neurosci Lett 380: 322325. [PubMed]
34. Bachstetter AD, Pabon MM, Cole MJ, Hudson CE, Sanberg PR, et al. (2008)
Peripheral injection of human umbilical cord blood stimulates neurogenesis in
the aged rat brain. BMC Neurosci 9: 22. [PubMed]
35. Xiao J, Nan Z, Motooka Y, Low WC (2005) Transplantation of a novel cell line
population of umbilical cord blood stem cells ameliorates neurological deficits
associated with ischemic brain injury. Stem Cells Dev 14: 722-733. [PubMed]
36. Stolp HB, Dziegielewska KM (2009) Review: Role of developmental
inflammation and blood-brain barrier dysfunction in neurodevelopmental
and neurodegenerative diseases. Neuropathol Appl Neurobiol 35: 132-146.
[PubMed]
37. Lee YH, Choi KV, Moon JH, Jun HJ, Kang HR, et al. (2012) Safety and
feasibility of countering neurological impairment by intravenous administration
of autologous cord blood in cerebral palsy. J Transl Med 10: 58. [PubMed]
38. Min K, Song J, Kang JY, Ko J, Ryu JS, et al. (2013) Umbilical cord blood therapy
potentiated with erythropoietin for children with cerebral palsy: a double-blind,
randomized, placebo-controlled trial. Stem Cells 31: 581-591. [PubMed]
39. Moon JH, Kim MJ, Song SY, Lee YJ, Choi YY, et al. (2013) Safety and efficacy
of G-CSF mobilization and collection of autologous peripheral blood stem cells
in children with cerebral palsy. Transfus Apher Sci 49: 516-521. [PubMed]

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:

Citation: Lee YH (2014) Regenerative Potential of Intravenous Infusion with
Mononuclear Cells in Cord Blood and G-CSF-Mobilized Peripheral Blood. J
Stem Cell Res Ther 4: 224. doi:10.4172/2157-7633.1000224

J Stem Cell Res Ther
ISSN: 2157-7633 JSCRT, an open access journal

•
•
•
•
•
•
•
•

350 Open Access Journals
30,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at Pubmed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission

Volume 4 • Issue 8 • 1000224

