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Abstract. 
Background. Cerebral palsy (CP) is a severe disabling disease with worldwide incidence being 2 to 3 per 1000 live births. CP was considered as a noncurable, nonreparative disorder, but stem cell therapy offers a potential treatment for CP. Objective. The present study evaluates the safety and efficacy of autologous bone-marrow-derived mononuclear cell (BMMNCs) transplantation in CP patient. Material and Methods. In the present study, five infusions of autologous stem cells were injected intrathecally. Changes in neurological deficits and improvements in function were assessed using Gross Motor Function Classification System (GMFCS-E&R) scale. Results. Significant motor, sensory, cognitive, and speech improvements were observed. Bowel and bladder control has been achieved. On the GMFCS-E&R level, the patient was promoted from grade III to I. Conclusion. In this study, we report that intrathecal infusion of autologous BMMNCs seems to be feasible, effective, and safe with encouraging functional outcome improvements in CP patient.
 

1. Introduction
CP is the commonest cause of severe neurological disability in children. The general prevalence is 2-3 per 1000 live births and has slightly increased in recent years. This is due to the decreased mortality of low-birth-weight infants together with an increased rate of cerebral palsy in the survivors [1]. CP describes a group of permanent disorders of the development of movement and posture, causing activity limitations. The motor disorders of cerebral palsy are often accompanied by disturbances of sensation, perception, cognition, communication, and behavior, by epilepsy, and by secondary musculoskeletal problems [2].
Treatment programs for CP encompass physical and behavioral therapy, pharmacologic and surgical treatments, mechanical aids, and management of associated medical conditions. While many of these treatments are helpful, none facilitate in reparative recovery of damaged brain. Recent advances in stem cell therapy provide the hope of developing more effective interventions in treating CP. Research has shown that bone-marrow-derived cells could develop into neural tissue [3, 4]. Woodburyetal. claimed that adult rat and human bone marrow stromal cell differentiate into neurons [5]. Stem cell transplantation has been reported to be effective in animal models as well as in patients with other degenerative neurological disorders such as stroke and demyelination [6–8]. 
The present case study reports the intrathecal infusion of autologous BM-MNCs in a six-year-old CP patient. Thus, we hypothesize that using autologous bone-marrow-derived stem cells will provoke multiple regenerative responses and treat the underlying disease condition. 
2. Material and Methods
2.1. Patient Enrollment
A six-year-old girl diagnosed with CP was enrolled for the study. The patient was tested for various infectious disease markers. The study was initiated in May 2009 and the followup was taken for 24 months. A written informed consent was obtained from the patient’s parents before the therapy. Permission for the present study was granted from the Institutional and Hospital ethics committee. Rehabilitation intervention like physiotherapy was continued after the stem cell therapy, which included self-range of motion, strengthening exercises, and balance exercises.
2.2. Procurement of Autologous Bone Marrow Cells
Bone marrow of the patient was extracted under general anesthesia (GA) from the posterior superior iliac crest by multiple aspirations in the operation theatre under aseptic conditions. 120 mL of bone marrow was collected in Bone Marrow Collection Bag containing sufficient volume of anticoagulant to avoid coagulation of the sample. 
2.3. Stem Cell Isolation
Microbiology testing of autologous bone marrow sample was done by an internationally accredited third party laboratory and was found to be negative. The sample was then sent to the laboratory for processing during which the BM-MNCs were separated using density gradient centrifugation method and characterized using BD FACS caliber flow cytometer (Figure 1 and Table 2). 
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(l)
Figure 1: FACS characterization of transplanted cells. (a): (B:0%, T:100%), (b): HU(B:65, T:124), (c1): (B:0%, T:100%), (c2): (B: 85, T:165).


2.4. Mode of Infusion
The separated mononuclear cells were infused intrathecally (L4-L5) in aseptic conditions under short general anesthesia (GA). The transfusion lasted for 30 minutes and the child was discharged after 7-hour observation. No serious adverse effects after intrathecal infusions were observed (Table 1). 
Table 1: Infusion details.
	

	Infusion number	Infusion	Cell count	Cell viability
	

	1st	Day 1	129.6 
	
		
			

				×
			

		
	
 106	95.1%
	2nd	Day 7	132.8 
	
		
			

				×
			

		
	
 106	90.39%
	3rd	Day 14	90.6 
	
		
			

				×
			

		
	
 106	93.53%
	4th	Month 6	121.5 
	
		
			

				×
			

		
	
 106	91.16%
	5th	Month 12	86.9 
	
		
			

				×
			

		
	
 106	89.03%
	



Table 2: FACS analysis for surface markers expressed on BM-MNCs.
	

	Infusion number	Mesenchymal cells	Epithelial cell	Endothelial cells	Monocytes	Lymphocytes
	

	1	+	++	+	++++	+
	2	+	+	+	++++	+
	3	−	+	+	++++	+
	4	−	+	+	++++	+
	5	−	+	+	++++	+
	


(++++): highest percentage; (+): small percentage; (+): very small percentage; (−): cells absent.


2.5. Posttherapy Assessment
Posttherapy followup was done using the GMFCS-E&R scale on 1st, 3rd, 6th, and 12th month, and up to 2 years. Changes in neurological deficits and improvements in function were compared between pre- and post-therapy assessments using Gross Motor Function Classification System (GMFCS) scale between 6th and 12th birthdays.
3. Results 
3.1. Pretherapy Observations 
3.1.1. History of Patient
An Indian first born female of G1-P1-L1-D0 was delivered via an uneventful caesarean section at 36 weeks with birth weight of 3.15 Kg. Her genetic studies showed 46 XX normal patterns. Neurosonography reports at second week showed tiny choroid plexus cyst. Magnetic resonance imaging (MRI) brain was performed which showed clinical impression of large head circumference, persistent cavum septum pellucidum, and no focal lesions within brain parenchyma. She had delayed milestones when examined at the age of 11 months and was diagnosed with cerebral palsy. In addition to hydrocephalus, tonsillar herniation was also seen, probably due to trans foraminal herniation secondary to increased intracranial pressure. At the age of 3 years, she showed the complain of convulsion, first in right upper limb and lower limb and later generalized. Continuous tonic/clonic with uprolling of eyeballs and twitching of angle of mouth episode lasted for 45 minutes. Electroencephalogram (EEG) showed bilateral epileptic form activity. Central nervous system (CNS) examination showed hypotonic muscle tone in left upper and lower limb.
3.1.2. General Examination
General examination showed that the patient used to walk with support characterized by valgus deformity and was unable to hold things in hand. No bowel/bladder control was present. She was not able to recognize relatives. Speech was deformed; she suffered from word finding difficult