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Introduction

Considering the devastating effects of the ALS (Amyotrophic lateral sclerosis) we have designed a trial in order to treat a 
series of 24 patients implanting their own stem cells, in the spinal cord and in the cerebrospinal fluid, through a neuroendoscopic 
procedure. We utilized stem cells implants in 4 patients with traumatic spine injury combining haemathopoietics types of 
precursors. Neuronal death and degeneration occurs prematurely in spinal cord trauma and in neurodegenerative diseases such 
as amyotrophic lateral sclerosis (ALS), among others. The low CNS repair potential has led to the development of therapeutic 
strategies focused on maintaining the viability of damaged tissue, limiting the area of injury or halting the progression of a 
neurodegenerative disease.

Materials and Methods

 We have designed a treatment protocol for these patients who have autologous stem cells implanted in the spinal cord and 
CSF, immediately after being selected and purified [1-5]. To improve functional rehabilitation and quality of life in the injured 
spinal cord by means of the repetitive grafting hematopoietic stem cells.

Methods 

24 patients with (ALS) and 4 patients with traumatic spine injury in the last 6 months met the inclusion criteria for this 
study. Mean follow up of 18months. Spirometry not inferior to 60% was required. All patients were measured with an (ALS) scale. 
No patients with less than 17 points were included. Bone Marrow was stimulated with Filgrastim 10mg/kg Peripheral blood stem 
cells were collected CD34+cells were tested and selected under general anesthesia. A spinal needle in the intervertebral space L4-L5 

is introduced to obtain four milliliters of Cerebrospinal fluid and to suspend 2ml of Stem Cells in it, injecting in the subarachnoid 
space. Then between D8 and D9 we introduce percutaneously a semiflexible 0.9mm Neuroendoscope 1ml. of concentrated stem 
cells are transplanted. 2ml of concentrated stem cells are injected in the perispinal space. The remaining Stem Cells were injected 
through the central venous catheter. The last 4 patients were included in the haemathopoietics stem cells grafting group.

Results

 No complications were observed. Periodically assessment of the evolution of the score points of the ALS function and ASIA 
scale revealed at 18 months that 15 patients improve their initial scores while 9 keep the same condition with no progressive 
deterioration. A decrease of the muscular fasciculations was observed. Two patients with long survival more than 6 months 
were considered to be re-transplanted withsame results. Three patients died with pulmonary insufficiency in the first 18 months. 
Patients with spine injury showed improvement of motor and sensitive-vegetative performances in 3 cases with no changes in 
one patient, (improve of ASIA scale from A to B and C) and will be considered to be part of a new protocol combining OEC and 
haemathopoyetics SC.

Discussion

The term “stem cell” (SC) was coined in 1868 by Ernst Haeckel, a German biologist who used “Stammzelle” (stem cell in 
German) to designate the single-celled organism as the ancestor of all multicellular organisms. Today, SC also called progenitor, 
mother or Stem Cells are a group of cells characterized by their capacity for self-renewal throughout life, developing functions 
of cellular homeostasis and in the repair and regeneration of tissues and for responding to signals or stimuli present in the 
microenvironment where they are found, inducing their differentiation towards cell lines with specialized characteristics and 
functions [6-8]. To date, there is no ideal SC for regenerative medicine, since they present great heterogeneity [9-11]. It has been 
considered that the ideal SC for tissue regeneration are those obtained from internal cells of the blastocyst. However, its use in 
human therapy is ethically complex since it involves the destruction of donor embryos and has potential risks, since there is 
evidence of development of teratomas in vitro and in vivo. On the other hand, adults SC have the ability to differentiate into 
cells of different lineages, without developing teratomas and without ethical impediments [12-14]. Until two decades ago, it was 
thought that there was no neuronal replacement in adult mammals. However, today we know that neurogenesis exists from SC 
located in the neurogenic niches of the subgranular zone of the hippocampus, the subventricular area of the olfactory bulb and 
the subependymal area of the spinal cord. Neurogenesis is limited and depends on the activity of the astrocytes that secrete factors 
and cytokines, generating a microenvironment that induces neuronal development and differentiation in the hippocampus area, 
but that at the same time would fulfill an inhibitory role in the proliferation of Neural CT´s in the rest of the central nervous 
system (CNS). This dual effect translates into a restricted CNS repair response to injury and neurodegenerative diseases. One 
of the most interesting effect was observed in the disappearance of the fasciculations immediately after the procedure. Same as 
observed with pharmacological treatment with Riluzol and Gabapentin [15]. We suppose a cytokinerelated effect over the target.

 The enveloping cells of the olfactory bulb (CEO), possess regenerative capacities, are part of the glía limitans of the olfactory 
nerve and have the ability to distribute both along the olfactory epithelium in the SNP, and within the CNS, in the layers of 
fibers olfactory and glomerular [16-18] they share phenotypic characteristics with astrocytes and Schwann cells [19-21] and 
within the olfactory nerve, they stimulate the differentiation of neural precursors towards olfactory neurons, enabling them 
to reconnect with the olfactory bulb in the CNS, after injury [22,23]. CEO transplants have been used as an alternative in the 
repair and regeneration of CNS anisomorphic lesions (with destruction of the blood-brain barrier and the glia limitations), 
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mainly at the level of the spinal cord, caused by: dissection, hemisection and contusion 
mechanics. The results obtained demonstrate neuroprotection, regeneration and partial 
functional recovery of the affected area [24,25]. The use of cells of the olfactory bulb 
to promote the repair and regeneration of damaged tissues in various neurological 
pathologies is proposed, for which curative therapies are currently lacking, including, 
among others, ischemia, Parkinson’s and medullary trauma, in which both structural and 
functional benefits were obtained [26,27]. There is evidence of the ability to self-renew 
and differentiate SC as well as their ability to secrete trophic factors, induce signals of cell 
survival, and interfere in the long term with the mechanisms responsible for neuronal 
apoptosis. Furthermore, they directly inhibit cell death by inducing anti-apoptotic and 
anti-oxidant proteins. Until now, there is no effective and bloodless treatment to reverse 
the functional sequelae of the spinal cord injury due to traumatic spinal injury.
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Conclusion 

The procedure was safe, feasible and easy to reproduce. Improvement of neurological 
condition was registered and stabilization of the progressive disease in others. In spite of 
the short follow up we think is a encouraging new approach in restorative neurosurgery.

References

1.	 Cízková D, Rosocha J, Vanický I, Jergová S, Cízek M (2006) Transplants of human 
mesenchymal stem cells improve functional recovery after spinal cord injury in the 
rat. Cell Mol Neurobiol 26(7-8): 1167-1180.

2.	 Parr AM, Tator CH, Keating A (2007) Bone marrow derived mesenchymal stromal 
cells for the repair of central nervous system injury. Bone Marrow Transplantation 
40(7): 609-619.

3.	 Madhavan L, Ourednik V, Ourednik J (2008) Neural stem/progenitor cells initiate 
the formation of cellular networks that provides neuro protection by growth factor-
modulated antioxidant expression. Stem Cells 26(1): 254-265.

4.	 Roberto De Bellis, Alvaro Cordoba, Pablo J Muxi, Laura Bello, Ada Caneiro (2006) 
Treatment of 22 Patients with Amyothrophyc Lateral Sclerosis, Grafting Stem Cells 
through Neuroendoscopy Blood (ASH Annual Meeting Abstracts) 108(11): 278.

5.	 Brodie H (1997) Prophylactic Antibiotics for Posttraumatic Cerebrospinal Fluid 
Fistulae: A Meta-analysis. Arch Otolaryngol Head Neck Surg 123(7): 749-752.

6.	 Snyder EY, Deitcher DL, Walsh C, Arnold-Aldea S, Hartwieg EA, et al. (1992) 
Multipotent neural stem cells lines can engraft and participate in development of 
mouse cerebellum. Cell 68(1): 33-51.

7.	 Erkmar K, Black P (2002) Stem cells to treat neurological diseases-Implication for 
Neurosurgery. Neurosurgical Review  (2): 1-11.

8.	 Westerlund U, Moe MC, Varghese M, Berg-Johnsen J, Ohlsson M, et al. (2003) 
Stem cells from the adult human brain develop into neurons in culture. Exp Cell 
Research 289(2): 378-383.

9.	 Eyleen L, Dengken M, Guon L, Song H (2003) Adult neural stem cells and repair of 
the CNS. J Hematother Stem Cell Res  12(6): 671-679.

10.	 Silani V, Cova L, Ciammola A, Massimo Corbo, Elio Polli (2002) Stem cells in the 
treatment of ALS. The Lancet 364(9429): 200-202.

11.	 Janson CG, Ramesh TM, During J, Leone P, Heywood J (2001) Human intrathecal 
transplantation of human peripheral blood stem cells in ALS. J Hemathoter and 

stem cell research 10(6): 913-915.

12.	 Mazzini L, Faglioli F, Boccalletti R, Katia Mareschi, Giuseppe Oliveri (2003) Stem 
cell therapy in ALS: a methodological approach in humans. ALS  other motor 
neurons disords 4(3): 158-161.

13.	 Swash M (2003) Stem cells therapy in human in ALS. Amyotroph Lateral Scler 
Other Motor Neuron Disord 4(3): 133-134.

14.	 Horwitz EM (2003) Stem Cell Plasticity: The growing potential of cellular therapy. 
Arch Med Res  34(6): 600-606.

15.	 Romano J (1996) Reduction of fasciculations in patients with ALS with the use of 
Gabapentin. Arch Neurol 53(8): 716.

16.	 Ratajczak M, Zuba-Surma E, Wysoczynski M, Wan W, Ratajczak J, et al. Hunt for 
pluripotent stem cell-Regenerative medicine search for almighty cell. J Autoimmun 
30(3): 151-162.

17.	 Barkho BZ, Song H, Aimone JB, Smart RD, Kuwabara T, et al. (2006) Identifi 
cation of astrocyte-expressed factors that modulate neural stem/progenitor cell 
differentiation. Stem Cells Dev 15(3): 407-421.

18.	 Gudiño-Cabrera G, Nieto-Sampedro M (1996) Ensheathing cells: Large scale 
purification from adult olfactory bulb, freeze- preservation and migration of 
transplanted cells in adult brain.  Research in Neurology and Neuroscience 10(1): 
25-34.

19.	 Vincent AJ, West AK, Chuah MI  (2005) Morphological and functional plasticity of 
olfactory ensheathing cells. Journal of Neurocytology 34(1-2): 65-80.

20.	 Richard Fairless, Susan C Barnett (2005) Olfactory ensheathing cells: their role in 
central nervous system repair.  The International Journal of Biochemistry and Cell 
Biology 37(4): 693-699.

21.	 Mackay Sim A (2005) Olfactory ensheathing cell and spinal cord repair.  Keio J Med 
54(1): 8-14.

22.	 Verdú E, García-Alías G, Forés J, López-Vales R, Navarro X (2003) Olfactory 
ensheathing cells transplanted in lesioned spinal cord prevent loss of spinal cord 
parenchyma and promote functional recovery. Glia 42(3): 275-286.

23.	 Lopez-Vales R, Fores J, Verdu E, Navarro X (2006) Acute and delayed 
transplantation of olfactory ensheathing cells promote partial recovery after 
complete transection of the spinal cord. Neurobiology Diseases 21(1): 57-68.

24.	 Goldman S (2005) Stem and progenitor cell-based therapy of the human central 
nervous system. Nat Biotechnol 23(7): 862-871.

25.	  Imitola J (2007) Prospects for neural stem cell-based therapies for neurological 
diseases. Neurotherapeutic 4(4): 701-714.

26.	 Arvidsson A, Collin T, Kirik D, Kokaia Z, Lindvall O (2002) Neuronal replacement 
from endogenous precursors in the adult brain after s troke. Nat Med 8(9): 963-970.

27.	 Redmond DE, Bjugstad KB, Teng YD, Ourednik V, Ourednik J, et al. (2007) 
Behavioral improvement in a primate Parkinson’s model is associated with multiple 
homeostatic effects of human neural stem cells. Proc Natl Acad Sci USA 104(29): 
12175-12180.

https://www.ncbi.nlm.nih.gov/pubmed/16897366
https://www.ncbi.nlm.nih.gov/pubmed/16897366
https://www.ncbi.nlm.nih.gov/pubmed/16897366
https://www.ncbi.nlm.nih.gov/pubmed/17603514
https://www.ncbi.nlm.nih.gov/pubmed/17603514
https://www.ncbi.nlm.nih.gov/pubmed/17603514
https://www.ncbi.nlm.nih.gov/pubmed/17962704
https://www.ncbi.nlm.nih.gov/pubmed/17962704
https://www.ncbi.nlm.nih.gov/pubmed/17962704
https://ashpublications.org/blood/article/108/11/278/129154/Treatment-of-22-Patients-with-Amyothrophyc-Lateral
https://ashpublications.org/blood/article/108/11/278/129154/Treatment-of-22-Patients-with-Amyothrophyc-Lateral
https://ashpublications.org/blood/article/108/11/278/129154/Treatment-of-22-Patients-with-Amyothrophyc-Lateral
https://www.ncbi.nlm.nih.gov/pubmed/9236597
https://www.ncbi.nlm.nih.gov/pubmed/9236597
https://www.ncbi.nlm.nih.gov/pubmed/1732063
https://www.ncbi.nlm.nih.gov/pubmed/1732063
https://www.ncbi.nlm.nih.gov/pubmed/1732063
https://www.wfns.org/WFNSData/Document/ClinicalResources/Stem_Cells_to_Treat_Neurological_Diseases.pdf
https://www.wfns.org/WFNSData/Document/ClinicalResources/Stem_Cells_to_Treat_Neurological_Diseases.pdf
https://www.ncbi.nlm.nih.gov/pubmed/14499639
https://www.ncbi.nlm.nih.gov/pubmed/14499639
https://www.ncbi.nlm.nih.gov/pubmed/14499639
https://www.ncbi.nlm.nih.gov/pubmed/14977476
https://www.ncbi.nlm.nih.gov/pubmed/14977476
https://www.sciencedirect.com/science/article/pii/S0140673604166348?showall%3Dtrue#!
https://www.sciencedirect.com/science/article/pii/S0140673604166348?showall%3Dtrue#!
https://www.ncbi.nlm.nih.gov/pubmed/11798518
https://www.ncbi.nlm.nih.gov/pubmed/11798518
https://www.ncbi.nlm.nih.gov/pubmed/11798518
https://www.tandfonline.com/doi/abs/10.1080/14660820310014653
https://www.tandfonline.com/doi/abs/10.1080/14660820310014653
https://www.tandfonline.com/doi/abs/10.1080/14660820310014653
https://www.ncbi.nlm.nih.gov/pubmed/13129797
https://www.ncbi.nlm.nih.gov/pubmed/13129797
https://www.ncbi.nlm.nih.gov/pubmed/14734100
https://www.ncbi.nlm.nih.gov/pubmed/14734100
https://jamanetwork.com/journals/jamaneurology/article-abstract/594131
https://jamanetwork.com/journals/jamaneurology/article-abstract/594131
https://www.ncbi.nlm.nih.gov/pubmed/18243661
https://www.ncbi.nlm.nih.gov/pubmed/18243661
https://www.ncbi.nlm.nih.gov/pubmed/18243661
https://www.ncbi.nlm.nih.gov/pubmed/16846377
https://www.ncbi.nlm.nih.gov/pubmed/16846377
https://www.ncbi.nlm.nih.gov/pubmed/16846377
https://www.ncbi.nlm.nih.gov/pubmed/21551850
https://www.ncbi.nlm.nih.gov/pubmed/21551850
https://www.ncbi.nlm.nih.gov/pubmed/21551850
https://www.ncbi.nlm.nih.gov/pubmed/21551850
https://www.ncbi.nlm.nih.gov/pubmed/16374710
https://www.ncbi.nlm.nih.gov/pubmed/16374710
https://www.sciencedirect.com/science/article/abs/pii/S1357272504003863#!
https://www.sciencedirect.com/science/article/abs/pii/S1357272504003863#!
https://www.sciencedirect.com/science/article/abs/pii/S1357272504003863#!
https://www.ncbi.nlm.nih.gov/pubmed/15832075
https://www.ncbi.nlm.nih.gov/pubmed/15832075
https://www.ncbi.nlm.nih.gov/pubmed/12673833
https://www.ncbi.nlm.nih.gov/pubmed/12673833
https://www.ncbi.nlm.nih.gov/pubmed/12673833
https://www.ncbi.nlm.nih.gov/pubmed/16051494
https://www.ncbi.nlm.nih.gov/pubmed/16051494
https://www.ncbi.nlm.nih.gov/pubmed/16051494
https://www.ncbi.nlm.nih.gov/pubmed/16003375
https://www.ncbi.nlm.nih.gov/pubmed/16003375
https://www.ncbi.nlm.nih.gov/pubmed/17920551
https://www.ncbi.nlm.nih.gov/pubmed/17920551
https://www.ncbi.nlm.nih.gov/pubmed/12161747
https://www.ncbi.nlm.nih.gov/pubmed/12161747
https://www.ncbi.nlm.nih.gov/pubmed/17586681
https://www.ncbi.nlm.nih.gov/pubmed/17586681
https://www.ncbi.nlm.nih.gov/pubmed/17586681
https://www.ncbi.nlm.nih.gov/pubmed/17586681

	Title
	Introduction
	Materials and Methods 
	Methods
	Results
	Discussion
	Acknowledgement
	References

