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Background: The aim of this study was to investigate repeated intrathecal injection of autologous bone marrow-derived

mesenchymal stem cells (BM-D MSCs) to patients for treatment of sporadic amyotrophic lateral sclerosis (ALS).

Material/Methods: Autologous MSCs were isolated from the patients’ bone marrow, plated, expanded, harvested, and passaged.
Stem cells from a single bone marrow collection were used for 3 injections per patient, given over a 3-month
period. Outcomes were measured with the Revised Amyotrophic Lateral Sclerosis Functional Rating Scale
(ALSFRS-R). Participants were observed for a minimum of 6 months before transplantation to assess the nat-
ural course of ALS and for the same amount of time after transplantation to compare the rate of disease pro-
gression, estimated based on average monthly changes in ALSFRS-R scores. Data from 8 of the 15 participants
eligible for the study were analyzed.

Results: The safety of the MSC injections was confirmed and various effects of the therapy were documented. In pa-
tients who had ALS with an inherently slow course, there were no significant changes in the rate of disease
progression. In patients who had ALS with an inherently rapid course, slowing of the disease was noted follow-
ing treatment with MSCs. However, because that subgroup was so small, it was not possible to assess wheth-
er the changes were statistically significant.

Conclusions: Identifying groups of patients who are not responding or potentially responding negatively to injection of MSCs
may help prevent it from being offered to individuals who may not benefit from the therapy. One of the limi-
tations of this treatment method is the amount of time required for long-lasting preparation of bone marrow-
derived MSCs for a disease that is rapidly progressive. Therefore, it is worth looking for other allogeneic sourc-
es of stromal cells for these types of injections.
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Background

Amyotrophic lateral sclerosis (ALS) is an uncommon neurode-
generative disease that is rapidly fatal. The main symptoms —
limb weakness, muscle atrophy, disturbance in speaking and
swallowing, and respiration insufficiency — are a result of mo-
tor neuron damage. Riluzole and edaravone are the only 2
drugs approved for ALS [1]. Therefore, there is a great need
for new treatment options.

Since 2003, attempts have been made to use mesenchymal
stem cells (MSCs) to stop the degenerative process of neu-
rons [2]. Different sources of MSCs have been tested in many
trials, and different forms of administration (intramuscular, in-
travenous, intracerebral, and intrathecal) [3-5]. The authors
of these studies have consistently noted the relative safety of
the therapy and a transient clinical effect in slowing the natu-
ral course of ALS [6-9]. Given these results, an obvious exten-
sion of the research would be to perform repeated stem cell
transplantation and assess the effects of treatment over time.

Our previous study [10] showed the possible existence of a
group of patients who responded to a single administration of
MSCs. Inspired by those outcomes, we conducted a study of
repeated administration of MSC from the same source, using
the same procedures for preparation and administration as in
the earlier research, to confirm the transient effect that we had
reported and to verify the presence of the responder group.

Material and Methods

The study protocol was approved by the Ethics Committee of
the University of Warmia and Mazury in Olsztyn, Poland, on
March 8, 2012 in decision 4/2012. Written informed consent
was obtained from each patient. All laboratory processes were
clearly defined and controlled to ensure compliance with the
specifications. The laboratory is fully certified, as required by
Polish and European law. The same procedures were used in
every patient to create a reproducible medical product; ensure
the safety, content, potency, and pharmaceutical grade of the
MSCs; and to satisfy the criteria for the Good Manufacturing
Practice (GMP) regulatory process.

Participants and inclusion criteria

Patients between 18 and 65 years old with a definitive di-
agnosis of sporadic ALS, according to the El Escorial criteria,
and a force vital capacity >50% were enrolled in the study.
Individuals who had inflammatory disorders; active infections;
an active neoplastic process in the last 5 years; tested posi-
tive test for HIV, hepatitis C, hepatitis B, or Treponema palli-
dum infection; who were on long-term treatment with aspirin,
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steroids, or antibiotics; or who were pregnant or breastfeed-
ing were excluded.

Fifteen patients with a mean age of 54.06 years and a mean
Revised Amyotrophic Lateral Sclerosis Functional Rating Scale
(ALSFRS-R) score of 38.7 points were enrolled. Three patients
presented with bulbar signs on enrollment and 12 had limb
onset ALS.

MSC preparation and administration and procedure
follow-up

Autologous MSCs, which have plastic-adherent properties in
tissue culture, were isolated from the patients’ bone marrow
under sterile conditions. Nucleated cells were collected, dilut-
ed with 2 volumes of phosphate-buffered saline, centrifuged
twice at 100G for 10 minutes, and finally resuspended in cul-
ture medium [11].

Cells were plated, expanded, and grown at 37°C and 5% CO,,
until they reached confluency, then harvested and passaged
(<30 days in culture and 2 passages). The MSC samples were
tested with a fluorescence-activated cell sorter (BD FACSAria Il)
for features described in the International Society for Cellular
Therapy guidelines [12].

Following standard lumbar puncture, the MSCs were intrathecal-
ly injected into each patient 3 times, at 3-month intervals. For
the procedure, 2 mL of cerebrospinal fluid (CSF) was collected
and the same volume of BM-MSC solution, containing a mean
of 10x10° cells, was injected with a needle into the spinal ca-
nal. The same neurosurgeon performed all of the treatments.

In 2 patients, the third administration contained allogen-
ic Wharton’s jelly-derived MSCs because the patients’ own
bone marrow had become depleted. In 2 other patients, for
humanitarian reasons, the decision was made to withdraw
from the next invasive bone marrow collection and to com-
plete MSC delivery from another source. Another 3 patients
terminated the therapy after the second MSC injection. One
other patient remained stable from the beginning of the trial,
with tetraplegia and mutism, and had consistently low scores
on the functional scale.

Methods of assessing outcome

For outcome measurement in ALS, ALSFRS-R has been used.
It is a revised functional rating scale that reflects disease sta-
tus and level of disability specifically in patients with ALS. The
scale is based on the answers to 12 questions, which assess
functions of speech and swallowing that correspond to bul-
bar ability, self-care, and patient mobility as it applies to per-
forming gross and fine motor tasks, and expanded respiratory
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function [13]. The answers correspond to scores from 0 to 4,
where 0 is the largest deficit in a given area and 4 is lack of a
deficit. The total score ranges from 0 to 48 points. ALSFRS-R
scores show a linear progressive decline in the natural course of
the disease [14]. The methodological experience gained in this
and other research has supported the process of validating the
ALSFRS-R scale for use in medical experiments in Poland [15].

To estimate the baseline rate of disease progression in each
patient, the participants were observed for at least 6 months
before treatment.

Telephone interviews were conducted with the patients to re-
view the questionnaires for the ALSFRS-R scale. All of them
were interviewed by the same rater neurologist every 2 months.
Patients who received MSCs were followed up with observa-
tion for at least 6 months. One patient who had only a sin-
gle ALSFRS-R score after treatment was excluded. The results
from 8 patients were analyzed.

Statistical analysis

Patients who received at least 3 injections of MSCs and were
assessed at least 3 times after beginning treatment were includ-
ed in the analysis. Data for the statistical analysis were from
3 women and 5 men. Their median age was 53 years (range
41-72 years; interquartile range 44.5-55 years).

Five patients had the limb onset form of ALS and 3 had the
bulbar form of the disease. All patients were also treated with
riluzole. Two participants had disease that was rapidly progres-
sive (loss 1.0 point per month on ALS-FRS-R) and 6 had dis-
ease that was slowly progressive (loss <1 point per month on
ALS-FRS-R). When the patients were evaluated, their predict-
ed ALSFRS-R scores were estimated using linear regression,
in part because the intervals at which some of them received
MSCs varied, for reasons such as infection or other random
situations. The average monthly decrease in ALSFRS-R score
for the 6-month period before and after treatment was calcu-
lated. In all cases, P<0.05 was defined as significant, whereas
P=0.05 to P=0.1 was interpreted as a tendency towards sig-
nificance. The analysis was performed in Microsoft Excel and
with Statistica software, version 13 (TIBCO Software Inc.).

Results

Safety

The safety of treatment with MSCs was assessed by regularly
checking the clinical state of patients and analyzing adverse
events (AEs) during every transplantation. Patients were in-
formed about the necessity of immediately reporting any
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Figure 1. The monthly decrease in Revised Amyotrophic Lateral
Sclerosis Functional Rating Scale scores before and
after treatment for all participants (P=0.57).

medical events that occurred during the study, including their
nature and severity, timing, and duration. Any AEs were as-
sessed for their relationship with treatment.

None of the patients had AEs after bone marrow collection.
However, in 1 patient, bone marrow aspiration was conduct-
ed twice because the biological material obtained during the
first procedure was infected. No immediate or chronic surgical
or local complications were observed after the MSC injections.

One patient had a post-dural puncture headache, which re-
solved spontaneously without complications or a need for med-
ication. Moreover, no major AEs associated with bone marrow
collection or lumbar puncture were reported by any of the pa-
tients during the 6-month follow-up period.

Efficacy

The differences between the monthly rate of progression (loss
of points per month) before treatment versus during and af-
ter treatment, as assessed with the Wilcoxon test, were not
statistically significant (P=0.57) (Figure 1). The reason for this
is that in 2 cases (Patients 3 and 8), the monthly rate of pro-
gression decreased, but in 2 other cases (Patients 1 and 5),
the rate increased. The rate of increase was unchanged in the
other 4 patients. Patient 7 experienced a sharp decrease in
score around the time of the first treatment, but there was no
change in the rate of progression during the subsequent in-
jections. Therefore, the initial decrease was probably not as-
sociated with the use of MSCs.

A detailed summary of the demographic data and disease rate
indicators for the study participants is shown in the Table 1.
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Table 1. Demographic and statistical data.
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batent3 Figure 2. The monthly change in the total

Revised Amyotrophic Lateral Sclerosis
Functional Rating Scale scores before
and during treatment, and the linear
trend function for the treatment
period, based on data from the
pretreatment observation period. The
rate of progression decreased. (Arrows
indicate injections.)
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Linear (without treatment) |

Patient 8

The dynamics of the natural course of ALS in individual pa-
tients before therapy and the modifications observed during
and after treatment with MSCs are presented in Figures 2-4.

Because of the very small size of the group, only very limited
subgroup analysis was possible (in subgroups with >5 partic-
ipants). In the men, the differences in the rates of progres-
sion, based on ALSFRS-R scores, were not statistically signifi-
cant (P=0.50). The same was true in the subgroup of patients

with limb onset ALS (P=0.50). A significant difference was
seen in patients with slowly progressive. Overall, the rate of
progression did not decrease in this group, and in 2 patients,
it was greater at the end of the study than during their first
assessment. In this group, the median number of points lost
per month increased from 0.47 before treatment to 0.76 af-
ter therapy (P=0.028) (Figure 5).
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Figure 3. The monthly change in the total
Revised Amyotrophic Lateral Sclerosis
Functional Rating Scale scores before
and during treatment, and the linear
trend function for the treatment
period, based on data from the
pretreatment observation period. The
rate of progression was unchanged.
(Arrows indicate injections.)
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Patient 1

Figure 4. The monthly change in the total
Revised Amyotrophic Lateral Sclerosis
Functional Rating Scale scores before
and during treatment, and the linear
trend function for the treatment
period based on data from the
pretreatment observation period. The
rate of progression increased. (Arrows
indicate injections.)
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Figure 5. The monthly decrease in Revised Amyotrophic Lateral
Sclerosis Functional Rating Scale scores before and
after treatment for the participants with a slow rate of
progression of amyotrophic lateral sclerosis (P=0028).

Discussion

Analysis, in different reviews, of studies of the use of MSCs
for ALS shows that the treatment has a partial influence on
the disease’s development [16-18]. Our team recognized that
an important direction should be analysis of a group of pa-
tients who benefited from therapy with MSCs, a search for

predictors of the clinical efficacy of use of autologous MSCs
in ALS [19], and assessment of the results of repeated admin-
istration of the treatment.

The results of the first study assessing multiple intrathecal in-
jections of autologous MSCs obtained from bone marrow were
published in 2015, and follow-up of those patients was report-
ed in 2018. The first assessment of 2 administrations in 8 pa-
tients confirmed the safety of the method [20].

Another study of a group of more than 30 patients and a com-
parable placebo control group showed that significantly more
patients who received MSCs had declines in development of
clinical features of ALS and in biochemical parameters used to
assess the pathomechanism of the disease’s progression [21].

However, no direct comparison can be made between our re-
sults and those from the previous trials, if only because dif-
ferent methods of cell processing were used. It should also
be pointed out that in our study, a single bone marrow col-
lection from each patient was used. We performed the same
method of cell culture for all 3 administrations. A larger num-
ber of injections means not only a long period of treatment
but also a longer time for cell processing, which was a limi-
tation of our study.
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Moreover, because our study was nationwide, it included pa-
tients from distant cities, which meant repeated travel for them
and a need for us to organize it to meet the requirements of
individuals with disabilities. In future research, to ensure that
participants cooperate with such arrangements, it is worth
considering a logistical support program, which we did not
have for the present study. Unfortunately, that turned out to
be a serious limitation.

Finally, the small number of patients and the relatively high
percentage of them who withdrew from the study are weak-
nesses of the research. Because of the sample size, fewer sub-
groups were available for statistical analysis, limiting our abil-
ity to draw conclusions from the data.

Conclusions

The response of patients with ALS in our study to treatment
with MSCs was variable. The absence of significant AEs in the
course of multiple intrathecal injections of MSCs was a favor-
able result. Patients who benefited from treatment had ALS
that was rapidly progressive before therapy administration.
However, because of the small sample size, it is not possible
to draw a conclusion about whether the rate of progression
prior to treatment is a factor predictive of good response to
therapy with MSCs.

An important conclusion is the fact that the rate of ALS pro-
gression did not decrease after the administration of MSCs in
patients with slowly progressive disease, and in 2 cases, it in-
creased, which influenced our statistical conclusions.
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The results of numerous studies show the transient benefi-
cial clinical effect of intrathecal injection of MSCs. However,
the efficacy of the clinical changes after treatment is not uni-
form among patients.

Identifying groups of patients fail to respond or are respond-
ing negatively to treatment with MSCs may preempt further
testing of the method in patients who are not likely to ben-
efit from the therapy. Subsequent studies in larger groups of
patients with ALS may enable targeting of its use to the “re-
sponders” group, increase its safety and effectiveness.

Finally, we need to stress some limitations of use of autol-
ogous MSCs for therapy, particularly in patients with rapid-
progressing diseases such as ALS. The preparation of bone
marrow-derived MSCs is associated with many challenges for
patients and it takes a lot of valuable time. For that reason, it
is worth looking for other allogeneic sources of stromal cells
for this type of therapy.
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