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Abstract

Introduction: There is no effective therapy for amyotrophic lateral sclerosis (ALS). Safety and feasibility of intrathecal autologous stem cell injections in ALS patients

is described.

Methods: Fifteen ALS patients were enrolled. ALS functional rating scale revised (ALSFRS-R) was performed. They received subcutaneous filgrastim (600 pg) for
3 days. Then, CD34+ stem cells (150 ml) were bone marrow obtained and intrathechally injected. Patients were followed up for 1-year.

Results: Eight females and 7 males were included (mean 47.6 years). Interval between onset and stem cell injection was 23.8 months. Mean ALSFRS-R at inclusion
and six months was 33 and 32, respectively. Four patients died, mortality was associated to scores lower than 30 points at inclusion.

Discussion: Intrathecal stem cell injection is safe, and well tolerated in ALS patients. Further studies with a greater number of patients are necessary to define the

usefulness of intrathecal stem cell therapy in ALS patients.

Abbreviations: ALS: Amyotrophic lateral sclerosis; ALSFRS-r:
Amyotrophic lateral sclerosis functional rating scale revised; BM:
Bone marrow; CBC: Complete blood cell count; CSF: Cerebrospinal
fluid; CTCAE: Common terminology criteria for adverse events; FVC:
Forced vital capacity; IT: Intrathecal; LMN: Lower motor neuron;
MMSE: Mini mental state examination; MN: Motor neuron; MNC:
Mononuclear cells; MRI: Magnetic resonance imaging; OD: onset to
diagnosis; OI: Onset to inclusion; UMN: Upper motor neuron

Introduction

Amyotrophiclateralsclerosis (ALS)isalate-onsetneurodegenerative
disorder characterized by rapid deterioration and selective death of
motor neurons (MNs) in the cerebral cortex, brain stem, and spinal
cord [1-3]. Clinical features are attributable to the superimposition of
motor deficits occurring in the upper motor neuron (UMN) and lower
motor neuron (LMN). Motor phenotypes are highly heterogeneous and
are defined by: 1) the body region of onset; 2) the relative mix of UMN
and LMN involvement; and 3) the rate of progression [4]. According to
different series, mean survival of ALS patients ranges from 15.7 months
to 47 months after presentation [5,6].

There is no effective therapy for ALS patients. Riluzole is the only
medication approved by the FDA. However, this drug only slightly
delays disease progression [7]. Stem cell therapy is considered another
method for treating neurodegenerative disorders, including ALS. Stem
cell infusion could be a potential therapeutic strategy, based not only
on cell replacement but also on the modification of the extracellular
motor neuronal environment, through trophic and neuroprotective
effects [8]. A variety of cell sources have been considered for cell
therapy, adult and embryonic stem cells can differentiate into several
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specialized lineages [8-10]. Adult stem cells are found within many
tissues of the body. These cells can be more easily isolated from the
peripheral blood or bone marrow (BM), and they remain the main
source of stem cells capable of differentiation into several types, such as
osteoblasts, chondrocytes, endothelial cells, glia, neurons, and skeletal
and cardiac myocytes [8-19]. Several adult stem cells are available
including mesenchymal stromal cells (MSCs) [11] and hematopoietic
stem cells (HSCs) [12,16,17] derived from several sources, including
BM, adipose tissue and umbilical cord blood.

Clinical studies using stem cells in humans have been described in
Huntington’s disease, Parkinson’s disease, spinal cord injury, stroke,
and Batten’s disease [18-23]. Current clinical trials are based on two
main administration strategies: the systemic [24] and local approaches
[25-28] Stem cell delivery into the spinal cord and the placement into
the frontal motor cortex have been described and reported as safe
methods [23,26,27] After introducing stem cells into the subarachnoid
space of the spinal cord, these cells can be transported by cerebrospinal
fluid (CSF) and delivered more accurately to the injured areas than is
expected by using the systemic route [25]. Furthermore a theoretical

Correspondence to: Hector R. Martinez, Av. Madero Pte. y Av. Gonzalitos S/N,
Col. Mitras Centro 64460, Monterrey, N.L. México, Tel: (+5281) 83489266,
E-mail: drhectormtz@yahoo.com

Key words: Amyotrophic lateral sclerosis (ALS), safety, stem cells, bone marrow,
hematopoietic stem cell transplantation

Received: January 02, 2017; Accepted: January 10, 2017; Published: January 13,
2017

Volume 10(1): 1-6



Martinez HR (2017) Intrathecal delivery of bone marrow stem cells in ALS: A preliminary report

framework exists suggesting that cells injected directly into the
subarachnoid space can be a safe approach [29-31]. There are several
published studies regarding the safety of subarachnoid cell placement
by intrathecal (IT) injection, with various cell types, methods of
procurement, doses administered and acceptable adverse rates [30,31].

It is important to note that there is successful experience in
hematopoietic BM transplantation through the use of granulocyte
colony-stimulating factor (G-CSF) in order to increase the number of
stem cells in BM and peripheral blood. Several types of progenitor cells
can be obtained from human marrow, including MSCs, endothelial
and very small embryonic stem cells [30,31]. Nowadays, mobilized
peripheral blood is the more attractive source of cells for allogeneic
and autologous stem cell transplantation, however, G-CSF stimulated
BM has several advantages in the setting of cell therapy, higher
concentration of different cells can be obtained in a lower volume from
the BM, and it has been reported that MSCs among others, increase
their numbers in situ after G-CSF administration without mobilization
to the peripheral blood [31].

To assess both safety and feasibility, we have performed and
uncontrolled, open-label non-randomized clinical trial in ALS patients.
The scientific rationale of this study was aimed to improve motor
neuron function in ALS subjects by means of intratechal BM nucleated
and HSCs infusion.

Methods and patients
Study subjects

This study was designed as a prospective, open-label, non-
randomized clinical trial in a single center for ALS patients 18 to 70 years
of age. All patients were recruited and evaluated for their eligibility at
the neurology service of the “Dr. José E. Gonzalez” University Hospital
of the Universidad Auténoma de Nuevo Le6n, (UANL) in Monterrey,
Meéxico, between June 2012 and March 2013. The Institutional Review
Board approved the protocol. Procedure risks were explained in detail
to all patients enrolled and were required to sign an informed consent
form. This trial was registered in Clinical Trials.gov (registration
number NCT 01933321). A board certified and trained neurologist
conducted examinations to confirm the diagnosis of ALS, according to
the El Escorial clinical and neurophysiologic criteria [32,33]. Patients
with a current or past history of neurological disease other than ALS
and those enrolled in other clinical trials were excluded. The inclusion
criteria were: (a) confirmed ALS according to the El Escorial clinical
and neurophysiologic criteria; (b) no structural damage to the brain or
spinal cord on cervical and cranial magnetic resonance imaging (MRI);
(c) pulmonary function test showing a forced vital capacity (FVC) of at
least 30; and (d) appropriate nutritional status, with a body mass index
of at least 19. The exclusion criteria were: (a) severe bulbar affection;
(b) inadequate nutritional status or a body mass index lower than 18;
(c) tracheostomy; (d) presence of systemic disorders, such as malignant
neoplasm, cardiovascular disease, previous stroke, or coagulation
abnormalities; and (e) evidence of cervical spondylotic myelopathy
or structural abnormalities on MRI. An electrocardiogram, complete
blood count, routine coagulation studies and biochemical profile were
performed. Infectious diseases such as viral hepatitis B and C, and HIV
were also ruled out by standard methods.

The neurological examination consisted of testing for muscle
tone, stretch reflexes, pathological reflexes, and the Medical Research
Council scale for grading muscle power and strength [34]. The ALS
Functional Rating Scale Revised (ALSFRS-R) [35], which is the most
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widely used and extensively validated global scale for assessing motor
function in ALS, was used in our patients. This scale is weighted toward
limb and bulbar function, and gives a total severity score out of 48
possible points. Patients with greater disability have a lower score. A
mini mental state examination (MMSE) was performed for all patients.
The entire clinical evaluation lasted 30-min and was performed at
baseline at the first visit, followed by evaluations at 1,2,3,6, and 12
months after transplantation.

Stimulation and harvesting of BM cells

After their informed consent was obtained, included patients
received a subcutaneous daily dose of 10 pg/ kg of filgrastim
(Neupogen, Basel, Switzerland) for a period of three days on an
outpatient basis [36,37]. The day following the final dose of G-CSF,
patients were admitted to hospital, and their white blood cell count
was measured. After admission, BM collection was carried out. The
patient underwent light sedation with IV midazolam (5 mg) and 1%
xylocaine as local anesthesia. After asepsis of posterior iliac crest and
the patient in prone position, Jamshidi needles were inserted on both
iliac crests and 150 ml of BM as total volume was obtained. BM was
collected in a mixture of ACD-A anticoagulant and 1000 U heparin. To
remove micro aggregates, fat and bone fragments, a 170-micron filter
in a laminar flow hood was used. An aliquot of BM was obtained and
a complete blood cell count (CBC) was performed on a hematology
analyzer Sysmex XT4000i and flow cytometry enumeration of CD34+,
CD45+ plus viability with 7AAD (7-aminoactinomycin D) assessment
were made using the single-platform counting on a flow cytometer
(FACS Canto II Beckton Dickinson).

BM separation method of the mononuclear cells (MNC) was
performed by centrifugation at 18°C in an open system and into the
laminar flow hood. This procedure allowed us to obtain a product with
a high concentration of MNC. Residual erythrocytes were removed
with a lysing solution of ammonium chloride 1:10 for 5 minutes and
subsequent washings with 0.9% saline; this washing procedure was
repeated once to remove as much ammonium chloride as possible. The
pellet was re-suspended in 10 ml saline solution. A 0.5-ml sample of
this product was used to perform a CBC, bacterial cultures and flow
cytometry for CD45+, CD34+ and viability determination.

Intrathecal stem cell injection

The same day after BM was obtained nucleated and HSCs were
delivered into the IT space. The patient was placed in lateral position and
skin in the lumbar region was cleaned. The L3-L4 intervertebral space
was located and 1% xylocaine (3 ml) was used as a local anesthetic. A
number 22 Quincke needle was placed into the subarachnoid space and
a sample of 10 ml CSF was extracted. Then, BM nucleated and HSCs
(10 ml saline containing at least 5 million CD34+ HSCs) were infused
into the subarachnoid space in about 5 minutes (Table 1), after cell
infusion the needle was removed. All patients were kept under medical
supervision until recovery from anesthesia. They were discharged in
the same day of hospital admission, when they were fully awake and
tolerating oral fluids. Patients were instructed to remain horizontally
for at least 24 hours and to report if pain, fever, nausea or vomiting
occurred.

Adverse events

All the ALS patients included in this study were followed for a year;
the adverse events (AEs) were monitored from inclusion (baseline) up
to one year after stem cells injection. During hospitalization, all AEs
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Table 1. Demographic characteristics in ALS patients.

Subject Demographics
Patient Number Age Gender oD Ol Total Volume CD34 (X10°) FVC (%) LMN/UMN
1 55 F 12 17 40.44 - LMN/UMN
2 46 F 1 24 6.9 3.78 ml (87%) LMN
3 38 M 29 39 17.1 5.08 ml (80%) LMN/UMN
4 50 F 12 21 5.09 2.16 ml (93%) LMN
5 53 M 6 13 16.69 3.03 ml (79%) LMN/UMN
6 54 M 12 15 8.47 2.35 ml (96%) LMN/UMN
7 50 M 1 12 5.09 5.03 ml (92%) LMN/UMN
8 40 M 42 49 8.30 4.04 ml (83%) UMN
9 63 M 12 27 21.46 2.46 ml (73%) LMN/UMN
10 66 M 21 36 16.18 3.37 ml (77%) LMN
11 41 F 6 25 11.8 3.68 ml (82%) LMN
12 33 F 5 32 13.25 1.13 ml (90%) UMN
13 49 F 12 17 9.8 4.14 ml (79%) LMN/UMN
14 67 F 14 21 11.35 2.1 ml (76%) LMN/UMN
15 37 F 24 57 591 3.95 ml (82%) LMN
Mean Values 13.9 27 5.09-40.44 3.30 ml (84%)
OD: Onset to diagnosis, OI: Onset to Inclusion, FVC: Forced Vital Capacity, LMN: Lower Motor Neuron, UMN: Upper Motor Neuron
Table 2. ALSFRS-r scores (mean values) follow up from basal, 1 month, 3 months, 6 months and 12 months.
ALSFRS-r scores
Patient Number Basal 1M 3M 6M 12M Death MAI
1 35 41 42 33 22 -
2 37 44 40 38 32% -
3 34 37 33 34 33* -
4 40 39 33 27 + 8M
5 43 43 43 41 27 -
6 20 26 24 25 22% -
7 20 26 22 16 + 10M
8 45 48 48 46 36 -
9 29 28 28 + + 6M
10 35 38 33 * * -
11 45 47 43 38 36 -
12 31 35 40 43 37 -
13 29 42 19 16 14 -
14 35 39 38 30 33 -
15 22 23 + + + 3M
Mean 333 37.07 34.71 32.25 29.2
MAI: Months After Injection, *Information obtained by phone, + Death
were recorded sequentially after every intervention, as described in the 48 -
protocol: 1. Filgrastim injection; 2. MRI study; 3. BM aspiration under
local anesthesia; 4. Lumbar puncture; and 5. Intrathecal injection. 6. 42 -
Intravenous infusion. During follow-up presence of adverse events
were registered according to the common terminology criteria for 36 1
adverse events (CTCAE) that it is used to standardize the severity of 30
the AEs (grades I-V) and to classify them appropriately [38].
. 24
Data analysis
Descriptive statistics were used for all variables. Normality 18
was assessed with the Shapiro-Wilks test. The t-test was used for all 12
variables as well as comparisons among ALS patients who survived or
died during follow up. For multiple comparisons we used Bonferroni 6 -
correction analysis. All statistical analyses were performed with the
SPSS 22.0 software package (IBM, Chicago IL, USA). 0 - Basal im 6m 12m

Results

Eight females and 7 males suffering from ALS were enrolled in
the study. Mean age at inclusion was 47.4 years (range 33-67). Motor
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Figure 1. ALSFRS-r scores (mean values) follow up from basal, Imonth, 3 months, 6
months and 12 months.

phenotypes at baseline were heterogeneous. In 8 patients LMN and
UMN were equally affected, 5 patients presented with predominant
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LMN involvement and only 2 had a predominantly UMN phenotype
(Table 1). There were no differences in outcome in relation to motor
phenotypes. The mean interval between clinical onset to diagnosis
(OD) was 13.9 months in all subjects (range 1-42) and the mean
interval among onset to inclusion (OI) to treatment protocol was 27
months (range 12-57). The pulmonary function test at baseline showed
a median forced vital capacity (FVC) of 3.38 ml (range 1.61-5.08)
corresponding to mean of 84% of the FVC expected (range 73-96). The
median baseline ALSFRS-R score in the whole group was 33.3 (Table
2). There were no abnormalities on laboratory at inclusion. No adverse
events were observed during MRI. Back pain and pain in the posterior
iliac crest were the only adverse events registered after lumbar puncture
(LP) and BM extraction (CATCAE, grade I) which were controlled
by analgesics; meningism, meningitis and headache due to LP or IT
injections were not observed during follow up in these patients.

We injected 5.0 x 10° BM CD34+ HSCs in 10 ml of saline solution
by IT route. We controlled that the infused sample was free of red
blood cells. The viability of stem cells of each ALS subject included in
our research protocol was confirmed. These BM stem cells were viable
for up to 4 h after dilution. In our protocol the time elapsed between
the enrichment of the sample and the IT injection was less than 1 h.

Increments in ALSFRS-R scores were observed in 13 out of 15
patients at one month after IT injections. Follow-up scores showed a
mean of 37.07, 34.7, 32.2 and 29.2 at one month, 3 months, 6 months
and 12 months after BM nucleated and hematopoietic stem cell
injections, respectively (Table 2). Although there was an increment in
the clinical scale during the first three months after treatment, there were
no statistically significant differences among scores (Figure 1 and Table 2).

Mortality occurred in 4 cases, due to respiratory insufficiency
in two, pneumonia in one and myocardial infarction in one patient.
Deaths occurred at 3, 6, 8 and 10 months after the therapeutic procedure
(mean 6.7) mean survival rate in these patients was 36 months (range
22-60). In 3 cases, information about survival and ALSFRS-R was
obtained by phone in the 12 months evaluation (Table 2). Among
dead patients, 3 had basal ALSFRS-R less than 30 points (20, 22 and
29 points). Surviving patients had a shorter OI interval of 19.2 months
(range 13-49) in comparison to dead ALS patients for whom the OI
interval was 29.2 months (range 12-57). Cytochemical evaluations in
CSF including protein and cells were normal in all 15 ALS patients.
CSF cultures were negative.

Discussion

There are no effective therapeutic interventions for ALS. Delivery
of BM nucleated cells to achieve neuroprotective and neurorestorative
effects is an attractive goal [39], since BM provides several kind of cells,
as previously noted, with regenerative potential besides CD34+ stem
cells [28,30,31]. Other advantages of this kind of source for stem cells
include fewer days of G-CSF stimulation, no need for central catheter
placement or apheresis procedures, and therefore low complication
rate in this kind of very sick patient [31]. We treated 15 ALS patients
by injecting IT stem cells aimed to improve MN function. Human
intrathecal transplantation of peripheral blood stem cells have been
previously attempted in patients with ALS [25] as well as BM derived
stem cells in other neurological disorders like cerebral palsy, stroke,
autism and spinal cord injury, with promising results and no relevant
complications [8,18,23,30,31]. Although Janson in 2001 described IT
transplantation of human stem cells obtained from peripheral blood
25 to our knowledge this is the first study that includes IT G-CSF
stimulated BM cells for the treatment of patients suffering from ALS,
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and the more important goal of this study was to clarify the safety of
IT administration of BM cells without the use of apheresis, selection,
or ex-vivo cell-expansion methods, using a simplified and affordable
procedure in an ambulatory setting. A previous study [40] describes an
optimum number of CD-34+ autologous stem cell transplantation (5.0
x 10°) therefore we decided to infused at least 5 million CD34+ HSCs
by IT route in our ALS subjects.

Motor phenotypes in the study group were highly heterogeneous
as Ravitz and La Spada [4] recently analyzed. Heterogeneity of motor
phenotypes is a clinically well-recognized fundamental aspect of ALS
[2,4,6]. In the present series, 8 ALS patients showed LMN-UMN
equally affected and 5 cases had predominantly LMN. The mean age
at inclusion (47.4 years) was lower than the age reported in different
ethnic populations [6]. It has been described that ALS age of onset in
northern Sweden ranges from 60 to 64 years in males and from 70 to
74 years in females; in Ireland was 66 years and in Scotland the age
of ALS onset was 65.2 years in males and 67.2 years in females [6].
Demographic as well as biologic factors could certainly determine the
early age of onset of ALS in Hispanic population. The clinical onset
to ALS diagnosis in this study had a mean of 13.9 months. This OD
interval is in agreement with previous reports, however in patients
younger than 40 years the OD interval was longer (case 3, 8 and 15)
than in those older than 40 years (Table 1). The ALSFRS-R mean score
presented a small increment in 13 out of 15 patients at one month after
stem cells injections. This non statistically significant increase in the
scale may possibly be related to filgastrim stimulation or growth factors
released by the stem cells injected, however the placebo effect cannot
be dismissed. Average declines of -1.1 ALSFRS-R score per month
(-13.32 per year) have been reported [39,41]. In the present study a
total decrement in ALSFRS-R mean score was of 4 points at one year
in comparison to the mean score at inclusion. We consider that ALS
patients enrolled in this study showed a slower progression of their
disease during a year of follow up. The heterogeneous presentations
of ALS emphasize the need for subject-specific baseline data [39]. This
study has several limitations, we acknowledge that it was not powered
to determine efficacy and there was no control arm, however IT stem
cell injections appeared to be a safe and feasible procedure in ALS
subjects. Another advantage of this study is its prospective nature
and the relatively large group of patients studied. Previous reports
related to stem cell transplantation in ALS patients have included
a smaller number of subjects using the systemic, IT or direct frontal
motor cortices route even by using systemic [16,17,24] or local routes
[23,26,28,39] including stem cell transplantation in spinal cord [23] or
frontal motor cortices [26].

Mortality occurred between 22 and 60 months with a mean survival
of 36 months. Among survivors mean OI interval was considerably
shorter (19.2 months) than in fatal ALS cases (29.2 months). This
finding strongly suggests that only subjects early in the disease course
may experience clinical benefits after stem cells injection. According
to different series, survival of ALS patients ranges from 15.7 to 47
months after presentation with a median of 29.1 months [5,6]. Among
dead patients, 3 had basal ALSFRS-R less than 30 points (20, 22 and
29 points) at the time of inclusion to this protocol. This observation
may be important and suggests that a score lower than 30 points in
the scale may be considered an exclusion criterion in clinical trials.
Life expectancy in the present series was not modified in deceased ALS
cases after IT stem cell injection.

Despite the limitations of the present study, we were able to identify
potential clinical indicators of outcome for this approach. These
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indicators include: ALSFRS-R score lower than 30 points and longer
Ol interval (clinical presentation to stem cell treatment). Mortality was
not correlated with FVC, clinical onset (spinal or bulbar) and UMN or
LMN involvement. However, ALS with severe bulbar affection was an
exclusion criterion in this trial.

Conclusion

IT-BM nucleated and stem cells injection is a safe, feasible and
well-tolerated procedure with minimal and transient adverse events.
Although slight improvement was observed in ALSFRS-R score during
the first trimester after stem cells injection, the placebo effect cannot
be dismissed. Several questions remain to be answered such as: is the
BM the best source of cells for this kind of therapy? How many cells
are needed? Which cell is the most important? Is the intrathecal route
of cell-delivery useful? Controlled clinical trials adequately powered
and including ALS patients at homogeneous clinical stages should be
conducted to definitively establish efficacy of this procedure.
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