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PERSPECTIVE

Autologous bone marrow 
mononuclear cells as neuroprotective 
treatment of amyotrophic lateral 
sclerosis

Amyothrophic lateral sclerosis (ALS) is a disorder characterized 
by the progressive degeneration of motoneurons and subsequent 
weakness of the skeletal muscles. Respiratory insufficiency is the 
most common cause of death for these patients, and it occurs ap-
proximately within three years. Riluzole is the only drug that has 
shown a survival benefit, although it is limited to 6 months and 
offers no improvement in clinical symptoms (Miller et al., 2007). 
Bone marrow mononuclear cells have been proposed as a treat-
ment for ALS (Deda et al., 2009). They can provide a neurotrophic 
effect and modulate the immune host environment. The benefits 
of bone marrow cells infusion into the spinal cord parenchyma 
of a SOD1-mutant mice, a model of motoneuron degeneration, 
has been tested by our group. After laminectomy, the cells were 
injected at the L5–S1 level, into the anterior horn of the spinal cord 
through the posterior funiculus. The mice experienced functional 
improvement as well as an increase in the number of motoneu-
rons in the anterior horn of the spinal cord when compared with 
sham operated mice. However, no neural differentiation of the 
transplanted cells was observed (Pastor et al., 2012). These data 
generated in animal models support the evidence that the major 
mechanism of action of the bone marrow stem cells is based on 
trophic support by the production of molecules. These trophic 
factors are important in ALS and other diseases characterized 
by degeneration of spinal motoneurons (Suzuki and Sevendsen, 
2008). In the case of the familial ALS mouse model SOD1 G93A, 
the main neurotrophic mediator is the glial derived neurotrophic 
factor (GDNF). It is able to prevent motoneuron degeneration 
although it does not promote muscle reinnervation or recovery of 
muscle function (Suzuki et al., 2007). Further analysis of the mice 
experimental spinal cords showed that the grafted cells formed 
cellular nests surrounding the motoneurons and that they ex-
pressed GDNF at the mRNA and protein level. This graft-derived 
GDNF acted as a neurotrophic signal in the microenvironment of 
spinal motoneurons, increasing neuronal survival, and improving 
the functional performance of the mice after the transplant (Pastor 
et al., 2012), in contrast to Suzuki et al. observations.

We then conducted an open single arm phase I clinical trial. 
Autologous bone marrow mononuclear cells were infused into 
the posterior spinal cord funiculus of eleven patients. Safety was 
the primary endpoint and was defined as the absence of seri-
ous transplant-related adverse events. In addition, pulmonary 
function, breathing pattern, sleep studies, ALS-functional rating 
scale (ALS-FRS), Medical Research Council scale for assessment 
of muscle power (MRC), and Norris scales were assessed for 1 
year after transplant. No acceleration in the rate of decline of 
FVC, ALS-FRS, Norris, or MRC, scales was observed (Blanquer 
et al., 2012). A decline in inspiratory or expiratory pressures in 
patients after procedure was not observed. No significant dif-
ferences in the rate of decline of the neurological scales or the 
FVC measurements before and after infusion were found. The 
breathing pattern and sleep architecture did not change during 
the follow up. Although it is generally accepted that REM sleep 
shortening is present in ALS patients with diaphragmatic dys-
function as an attempt to avoid nocturnal hypoventilation, that 
was not observed in our patients (Ruiz-López et al., 2015). Only 

5 patients needed ventilation in the course of their disease. 7 
patients died at a median of 5.3 and 3 years from the diagnosis 
and the infusion of the cells respectively. 4 patients are still alive 
8.4 years from the diagnosis and 7.5 years after infusion (Ruiz-
López et al., 2015). The pathological studies performed in case of 
death showed that there was a higher number of motoneurons in 
the anterior horns of the transplanted spinal thoracic levels than 
in the upper and lower ones (Blanquer et al., 2012). A significant 
number of small basophilic CD90 spherical cells adjacent to and/
or around the motoneurons were only observed at the grafted 
levels (Blanquer et al., 2012) and the morphology and arrange-
ment of those cells were identical to that observed in our animal 
model in which we had demonstrated a GDNF-mediated neu-
rotrophic effect on the host motoneurons (Pastor et al., 2012). 
Moreover, these motoneurons surrounded by CD90 cells had 
neither ubiquitin deposits nor any other morphological signs 
of degeneration, strongly suggesting that the cellular-mediated 
neurotrophic mechanism observed in the animal model was also 
reproduced in our patients (Blanquer et al., 2012).

Having demonstrated the safety of the procedure, it is neces-
sary to consider two aspect of the therapy that may have some 
influence in its effectiveness:

The route of administration: In our trial, we evaluated the uni-
lateral intramedullary injection in a particular segment in order 
to establish the safety of the intervention (Blanquer et al., 2012). 
Other trials with neural stem cells have evaluated the safety and 
tolerability of the lumbar to cervical spinal injection of cord 
segments closer to the diaphragmatic center targeting potential-
ly clinically relevant objectives. The procedure required several 
vertebral laminectomies to expose the underlying spinal cord 
(Glass et al., 2012).

The intrathecal route has been used in humans, as a vehicle 
for infusion of proteins, drugs or neurotrophic factors. Some 
authors suggest that this route can be used for cell therapy in 
neurodegenerative diseases: it is a routine technique in medical 
practice, with mild and transient secondary effects, and has a 

Figure 1 Retrograde transport of glial derived neurotrophic factor (GDNF) 
from the muscle to the cerebral cortex after transplanting bone marrow 
mononuclear cells (BMNC) and influence of transplanted cells on spinal 
cord motorneuron (MN).
(A) Transplanted cells (red) in muscle. The cells were detected between the 
muscle fibres. The cells present an elongated morphology, with multiple 
prolongations. (B) Transplanted cells (red) in spinal cord. The cells were 
detected surrounding the motorneurons.
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smaller potential for relevant complications than the intraspinal 
injection (Slavin et al., 2008).

It is therefore important to determine whether these two 
routes are effective. Our group has completed the recruitment 
of a clinical trial (NCT01254539) comparing the safety and effi-
cacy of the intrathecal or intraspinal injection of bone marrow 
mononuclear cells and the normal saline intrathecal injection in 
patients with ALS. 

Another route evaluated by our group was the infusion 
of bone marrow stem cells in the femoral quadriceps of 
SOD1-mutant mice. GDNF transcription was increased in the 
transplanted quadriceps, as compared to the non-transplanted 
ones. The transplant also increased the number of motoneurons 
in the anterior horn of the dependent segments as compared to 
the contralateral horn and control mice. Furthermore, GDNF 
was found in the motoneurons innervating the treated quadri-
ceps, whereas it was absent in the ones innervating non-treat-
ed muscles. This finding was consistent with an increase in 
the amount of GDNF in those spinal segments. However, no 
increase in GDNF transcription was found. The GDNF con-
centration increase in the spinal cord was caused by the moto-
neurons uptake of GDNF at the neuro-muscular plaque and 
its retrograde transport to the soma, preventing their degen-
eration. The cerebral cortex of the brain was analyzed in both 
the control and transplanted mice. An increase in GDNF was 
detected in the transplanted mice, specifically in the caudal area 
of the primary motor and somatosensory areas of the side con-
tralateral to the grafted muscle. That motor area corresponds to 
the area of the hindlimb cortical pyramids, which innervate the 
anterior horn of the contralateral side (Pastor et al., 2013). This 
mechanism of retrograde spinocortical interaction may trigger 
plastic changes in the corticospinal system that might have the 
capability to produce changes in motor activity and functional 
recovery in transplanted mice.

Muscle transplantation of bone marrow stem cells is an at-
tractive route with a possible neurotrophic effect on specific 
spinal neuronal groups and the cerebral cortex (Figure 1). Also, 
it would allow the repetition of the therapy. The effectiveness of 
the intramuscular infusion of autologous bone marrow cells in 
patients with Amyothrophic Lateral Sclerosis is being evaluated 
by our group in a clinical trial (NCT02286011).

ALS phenotypical expressions: ALS is a pleomorphic disease 
that can be classified by the site of its initial symptoms. This fea-
ture tends to correlate with a particular disease evolution. The 
bulbar onset patients present a rapid disease progression with 
early respiratory symptoms that make them less likely to benefit 
from this therapy.

Primary lateral sclerosis or progressive muscular atrophy are 
also two phenotypical expressions that would probably require 
a slower evolution of the disease to allow the neurotrophic effect 
to take place. A sniff nasal-inspiratory force less than 40 cmH2O 
(significantly related to nocturnal hypoxemia) or a FVC < 50% 
are predictive of high levels of mortality at six months and are 
markers of advanced disease (Morgan et al., 2005).This potential 
lack of efficacy in rapid progressing forms or advanced stages of 
the disease is due to the fact that there are less motoneurons to be 
rescued by the neurotrophic effect. Congruently, in patients with 
end-stage lower limb disease, there were no changes before and 
after the transplant of neural stem cells (Glass et al., 2012).

In our first trial the patients had to maintain the inclusion cri-
teria for 6 months before the infusion: FVC had to be > 50% of 
that predicted, and a below 90% fall in oxygen saturation (T90) 
occurring in < 2% of sleep time without change in central drive, 
REM sleep or total sleep time (Blanquer et al., 2012; Ruiz-López 

et al., 2015).
Our data demonstrate that the intraspinal administration of 

autologous bone marrow stem cells is safe in patients with a 
non-advanced disease and stable lung function. Moreover, these 
cells can exert a neurotrophic effect. Assessing the real effective-
ness of this treatment, alternative administration routes of the 
cells and whether a repeated treatment is convenient, are the 
next challenges that we face in our research.
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