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Abstract: Background: Since there is no cure for amyotrophic lateral sclerosis (ALS) currently, it is very
important for searching diagnostic biomarkers and novel treatments to reduce the severity of this disease; one
of these treatment approaches is stem cell transplantation. This study aims to evaluate the safety and efficacy
of repeated transplantation of autologous bone marrow-derived mesenchymal stem cells (BM-MSCs) in
patients with ALS by analyzing molecular data. Methods: In this single-centre, open-label, phase II clinical
trial, retrospective study, fifteen confirmed ALS patients entered the study based on defined inclusion and
exclusion criteria and underwent repeated stem cell transplantation (3 times BM-MSCs transplantation
(1x10"6) , MSC/Kg BW per injection) concurrently intrathecally (IT) and intravenously (IV), with one-month
interval). Clinical assessment of molecular investigation by evaluating specific microRNAs expression (Mir206,
133a-3p, 338-3p) in the patient's serum and Cerebra spinal fluid (CSF) samples were done three times during
the 3-month follow-up. Statistical analysis includes paired T-test or Wilcoxon signed ranks. Results: No serious
adverse effects were reported following stem cell transplantation. Besides, the mentioned microRNA
expression slightly increased but still non-significant (P>0.05). Conclusions:  Although Our study
demonstrated non-signifying results. However, the still increasing of these MircRNAs in serum and CSF
overall, can indicate that repeated transplantation of BM-MSCs was a safe procedure in ALS patients, leading
to delay in disease progression and improvement in clinical symptoms. Future studies are needed to confirm
these results.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is described as a destructive neurodegenerative disease with
multifarious causes ending with upper and lower selective loss of motor neuron function [1]. One of
the characterizations of ALS disease is the progressive wasting of skeletal muscle due to neuronal
deterioration, leading to respiration failure and death in the first five years of diagnosis [2]. Due to
overlapping with similar neurodegenerative disease mimickers, unfortunately, patients are often
misdiagnosed with other conditions before ALS is finally identified[3].

Until now, there has been no certain treatment for ALS disease, so there is an urgent need to find
ways to diagnose it sooner to stop the progression of the disease [4]. One of the reliable biomarkers
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that critically takes part in the relevance of ALS with the definitive predictive role is microRNAs
(miRNAs), which help rapidly identify ALS disease [5]. MicroRNAs are small noncoding RNAs with
an average length of 18 to 25 nucleotides that critically control gene expression at the
posttranscriptional level in a se-quence-specific manner[6]. Due to high accumulations in specific cells
and tissues and having an essential role in biological processes, the regulation number of coding
genes can contribute to disease diagnosis, particularly in the early stages[7]. Several studies have
confirmed that Cerebra spinal fluid (CSF) and blood miRNAs are potentially useful biomarkers of
illnesses of the central nervous system (CNS) [8].

Several studies have shown the effects of stem cell transplantation, as a new thera-peutic
approach for ALS disease, on alteration in clinical and molecular biomarkers[9]. Many different stem
cell types have been used in experimental ALS models. Mesenchymal stem cells (MSCs) have
attracted much more attention due to easy accessibility and lack of ethical concerns[10]. Recently,
these cells and their derivatives have been considered good therapeutic strategies for various diseases
like diabetes[11], Parkinson's[12], and ALS[13], which can play a role in the inhibition of neural and
glial cell apoptosis[14] due to the secretion of neurotrophic factors [15], and numerous other
immunomodulatory properties[13].

Respecting the above information, in this research, we examined ALS patients' clinical and
molecular data following repeated bone marrow-derived mesenchymal stem cell transplantation
during a 3-month follow-up period, aiming to find a new therapeutic strategy by targeting valid
prognostic and diagnostic biomarkers in ALS patients.

2. Materials and Methods

2.1. Study Design

This experiment was designed as a single-centre, prospective, open-label, retro-spective trial
without a placebo-control group conducted at Pastoor Hospital, Mashhad, Iran, passing all
international standards [16].

2.2. Participants

Fifteen patients entered the study and completed the treatment process. All patients were of
Iranian nationality and had forced vital capacity (FVC) > 65% of the predicted average value for
gender, body size, and age. The patients were followed three months after the intervention as
published previously[16]. The characterization of inclusion and exclusion properties is as follows:

2.2.1. Inclusion Criteria

Individuals (from both genders) with the age range of 18 to 75 years, signing an in-formed
written consent form, established ALS disease based on the EI scoria[17] approved by a specialist
neurologist, having ALS history for at minimum one year.

2.2.2. Exclusion Criteria

If they have an active infection within a week before injections, severe underlying diseases at
present or in the previous six months (cancer, myocardial infarction, liver, heart, or kidney
dysfunction), failure to fully receive all three injections, simultaneous participation in other clinical
trials, Pregnancy, or ventilator dependency

2.3. Bone Marrow Aspiration

The stem cells used for injections were aspirated from the patient's bone marrow under septic
conditions and by local anaesthesia. The specialist doctor aspirated approximately 12 ml of samples,
and the site of aspiration was checked one day after the procedure to ensure no serious complications.
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2.4. Stem Cell Preparations and Characterization

Good manufacturing practice (GMP) conditions were used for the isolation, culture, and analysis
of the MSCs. Using a Ficoll density gradient centrifugation technique (Ficoll-Paque Premium; GE
Healthcare Bio-Sciences, Uppsala, Sweden), peripheral blood mononuclear cells (PBMCs) were
separated from the bone marrow by special centrifugation method and were grown in medium
enriched with essential elements (Lonza, Basel, Switzerland) that contains 10% fetal bovine serum
(FBS) (Life Technologies, Grand Island, USA) and 1% penicillin-streptomycin (Biochrom, Berlin,
Germany) and incubated in a humidified incubator at 37 °C with 5% CO2. The culture media was
changed after 24 hr. to remove debris and non-adherent cells. The culture media was also changed
twice weekly. Cells were digested and re-plated for expansion to passage 3 when the primary cultures
of BM-MSCs reached 80% confluence using 0.125% trypsin-EDTA (Life Technologies, Darmstadt,
Germany).

To ensure sterility, the samples were tested with Endotoxin, Reverse transcription-polymerase
chain reaction (RT-PCR), and Bactec tests for bacteria, mycoplasma, and fungal or yeast infection.
Before transplantation, the cell viability rate was >95% using the Trypan blue staining method. The
autologous BM-MSCs products were then released and transported to the place of investigation at a
temperature of between 2 and 8 degrees Celsius. Harvesting, processing, and releasing the BM-MSCs
were all carried out in a cleanroom (Grade B) that met GMP standards.

Characterization of stem cells was done according to the International Society for Cellular
Therapy (ISCT) and based on flow cytometry and the differentiation test of cells into bone and fat. In
more detail, Alizarin red S staining (Kia zist, Iran) was used to evaluate the osteogenic differentiation
of MSCs. Furthermore, oil red O staining (Kia zist, Iran) was used to evaluate the differentiation
ability of MSCs to adipogenic lineage[16] .

2.5. Procedure

Stem cells were transplanted three times into patients simultaneously intrathecally (IT) (by
lumber puncture in the L3-L4 region) and intravenously (IV) routes (1 x10® MSC/Kg BW). The
intervals between injections were one month. For biological assessment, the patient's blood samples
were collected three times (1 month before intervention, 1 and 3 months after cell transplantation),
and CSF samples were taken three times (months o, 1 and 3 after cell transplantation). A clinical assay
using the ALS functional rating scale-revised (ALSFRS) and FVC score was applied three times (1
month before intervention, 1 and 3 months after cell transplantation). All patients also received their
routine pharmacotherapy based on their physician's opinion. Investigation of possible systemic and
local infections is done through paraclinical tests on two occasions (one week and one day before the
intervention), and patients were examined in terms of inflammatory factors and liver profile [16].

2.6. Stem Cell Transplantation

Stem cells were suspended in 2ml of normal saline for each IT transplantation, which took
approximately 2 minutes. For IV transplantation, cells were suspended in 50-60 ml of normal saline,
and transplantation time was approximately 30-40 minutes.

2.7. Molecular Assay

For molecular analysis, two types of samples were used: serum samples (collected three times
in months -1 (before), 1 and 3) and CSF samples (collected three times in months 0, 1 and 3). In this
study, three miRNAs were measured, which include Mir206, Mir 338-3p, and Mirl33a-3p.
Measurement occurs in three steps that include:

a-miRNAs isolation: Briefly, 200 pl of samples were used for miRNAs isolation based on the kit
manufacturer’s protocol (Favor Prep BIOTECH; IRAN).

b-cDNA Synthesis using the kit protocol (Stem cell TECHNOLOGY, IRAN)

c-Amplification uses SYBR GREEN RT-PCR Master Mix (Parstous; Iran). Briefly, specific primers
and thermal cycles are as mentioned below (Tables 1 and 2):

do0i:10.20944/preprints202404.0301.v1
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Table 1. Specifications of the primer used in this test.
NO Name Sequence -(5-3) Tm °C Perl3pL(total concentration
volume)
1 U6-F AAGGATGACACGCAAAT 60 0.5uL 10 p/mol
2 MiR-206-3P-F TGGAATGTAAGGAAGTGT 60 0.5uL 10 p/mol
3 MiR-338-3P-F CGGTCCAGCATCAGTGA 60 0.5uL 10 p/mol
4 MiR-133-3P-F TAGGTCTCCTTCAACCA 60 0.5uL 10 p/mol

Tm; melt Tm; melting temperatures, pL; microliter , p/mol; picomole.

Table 2. Thermal cycles used in this protocol.

Cycle time Temperature °C
1 10 minutes 94
15 sec 95(denaturation)
45 30 sec 60(Annealing)
30 sec 72( extension)

It should be noted that the sequence of Reverse primers is exclusive to the manufacturing
company (Universal Reverse Primer...100 Reaction ...BN-0011.17.5).

2.8. Endpoints

The main endpoint of this trial was to investigate the effectiveness of three doses of injection of
autologous BM-MSCs concurrently via IT & IV routes in ALS patients through molecular analysis by
measuring specific miRNAs done for efficacy evaluation.

2.9. Statistical Analysis

Statistical analysis was done using the SPSS 23.0 software package (SPSS GmbH Software,
Germany). Testing normality was done by using the Shapiro-Wilk test. Test the effect of time For
normally distributed data done by Generalized Linear Model (GLM) and Repeated Measure ANOVA
(RM ANOVA) analysis. Continuous variables, as non-normally distributed, are described as the
median (interquartile range, IQR). The comparison of the medians between two related groups by
paired T-test or Wilcoxon signed ranks. For Continuous variables, normally distributed data are
illustrative as the mean or as median (for non-normally distributed data) + SEM (standard error of
the mean/median). The statistical differences in the patient's data were compared three times (before
the intervention, months 1 and 3) for serum and (months 0, 1, and 3) for CSF samples. P-values less
than 0.05 were considered to be a level of significance. The Chi2 test was used also. The statistical
graphs were created using the Graph Pad Prism8.1 software program (Graph Pad Software, San
Diego, CA, USA).

3. Results

3.1. Patients’ Clinical Description and Safety Results

As previously published, 15 patients participated (4 female and 11 male) with an average age of
45.8 years, and a duration of disease 39.9 months. The outcomes showed that MSC transplantation
was safe with no serious side consequences in patients [16]. The highest percentage of patients were
male within the age group (>51 years) as 88.9% (n=8) while females accounted as 11.1% (n=1), and in
the case of the age group (31-40 years) represented as 50% (n=2) for male and female, and P.value
non-significant (P=0.14) (Figure 1), Additionally, FVC indicating significant increasing (P-value
<0.05), ALSERS exposed stability (P-value >0.05)[16].



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 April 2024 d0i:10.20944/preprints202404.0301.v1

8
Gender
o 6
5, =M
0 F
O 2
- ml W=

21-30 31-40 41-50 >51
age-group
Figure 1. Gender distribution according to age group.

3.2. microRNA Expression

The expression of specific MicroRNAs (mir206, mir133a-3p, and mir338-3p) was measured three
times in serum- (before (-1); month 1, and month 3), and three times in CSF- (month 0, month1, and
3) samples of the patients by RT -PCR technique and the results are as follows.

3.2.1. Mir206 Expression Levels

As shown in Figure 2. A serum Mir 206 showed a non-significant increasing level after one
month of injection (2.74+1.41) in comparison with month -1 (1.25+0.25, P=0.14) and month 3 (0.85+0.42,
P=0.08), respectively. However, a slow and insignificant increasing trend was observed in CSF Mir
206 at the end of the study (4.64+2.34, P= 0.33) in comparison with month 1 (1.94+0.57, P= 0.94) and
month 3 (3.40+1.63, P=0.66) (Figure 2B).
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Figure 2. Schematic diagram of microRNA parameter in serum and CSF ( mir-206, mir-133-3p, mir-
338-3p ), respectively. Serum is represented as (-1 (before transplantation), 1, and 3 months after
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transplantation), and in CSF, tested as (0, before administration, 1, and 3 (after transplantation). Non-
significant differences were observed, and the P-value was adjusted as >0.05. CSF: cerebrospinal fluid
; Mir: MicroRNA.

3.2.2. Mir 133a-3p Expression Levels

The expressed levels of Mir 133a-3p in serum increased significantly during the follow-up
period. In detail, its level was (2.18+1.01) at the end of the 3 months, compared to before injection
(1.57+0.49, P=0.53) and month 1 (1.73+1.04, P=0.72) (Figure 2C).

On the other hand, as shown in (Figure 2D), the expression levels of this Micro-RNA in the
patient's CSF fluctuated between times of intervention, as at the end of the study was (1.28+0.28) in
compression with months 0 (1.24 + 0.26, P=0.75), and 1 (2.10+0.71, P=1.00).

3.2.3. Mir 338-3p Expression Levels

Equally in (Figure 2E), a non-significant difference was noted in serum measurement of Mir 338-
3p expression levels in patients before (0.91+0.24) and after one month (1.23+0.43) and three months
(3.51 #2.67, P= 0.20) of stem cell transplantation, respectively. In the CSF, similar results were
observed in the constant level of mir338-3p expression in month 3 (1.91+0.52, P=0.59) in comparison
with month 0 (0.965 + 0.269) and month1 (0.985 + 0. 197, P=0.41) after the intervention (Figure 2F).

4. Discussion

In this study, we further estimate the effect of administering BM-MSCs in ALS patients by
investigating some parameters, including measuring specific miRNA expression. They've found
before, that concurrently administering BM-MSCs in ALS patients through IT and IV routes is safe,
resulting in no serious adverse events. However, the temporary minor headache was recorded
through treatment-related side events throughout the injections, which were eradicated rapidly with
complementary therapies. The results also showed preliminary signs of clinical improvement,
indicating stability, a non-significant decrease in ALSFRS, and a reciprocally significant increase in
FVC values over a 3-month follow-up period[16].

There are several types of miRNAs; one is myo- miRNAs, which include mir-1,133a, 133b, 206,
208a, and 208b, which are indicators of myogenesis and muscle regeneration[18]. Several
investigators studied these miRNAs due to their high accumulation in specific cells and tissues which
can contribute to diagnosing neurodegenerative diseases in their early stages[19]. In this course, the
study of Pegoraro et al. that examined the various miRNAs related to muscle ( Mir-206, Mir-1, Mir-
133a, and Mir-133b) in patients with ALS found an increase in the level of these miRNAs in the early
stage of ALS disease when compared with cases in disease's end-stages or normal individuals,
offering a unique diagnostic marker[20]. In keeping with our results, the study by Sobus, A. et al.
showed an increased expression of Mir-206 in CSF of ALS patients after cell transplant compared to
before cell administration[21]. Mir-206 performs as a myo-miRNA that shows an essential role in the
signalling regulation between skeletal muscle and motor neurons, promoting the formation of new
muscle fibres. Down-regulation of Mir-206 in a mouse model led to faster disease deterioration due
to skeletal muscle denervation, as published previously[22]. In a clinical trial by Bartfomiej et al. 2020.
manifestation of certain miRNAs in plasma and CSF in ALS patients who underwent cell
transplantation before and after seven days showed increased levels of Mir-206 in CSF and not in
plasma(23]. The results of our study in this course align with the studies above, as the repeated
transplantation of bone marrow mesenchymal stem cells led to a rise in the expressed levels of Mir-
206 in both serum and CSF samples of patients. In more detail, in our study, the increase in the
expression of this miRNA in the CSF samples was more than in serum samples. However, this
increase was not statistically significant. Still, in the CSF samples, there was a continuously increasing
trend, and in the serum samples, there was an increasing trend in the first month, which decreased
non-significantly and remained stable during the study follow-up period. This increasing trend
showed a direct correlation with improving patients' clinical symptoms and respiratory function
which was measured by ALS-FRS and FVC, as mentioned earlier.
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Another miRNA that acts as myo-specific is Mir-133, which was noted to increase in ALS and
play a crucial role in protecting synapse function as Mir-206 [24] and can serve as markers to a muscle
problem in ALS patients [25]; the results of an experimental study showed that Mir-133a promotes
muscle stem cell proliferation, resulting in improved neuromuscular junction[26]. Our study
interpreted gradually increased for Mirl33a-3p in serum, and there was the same for CSF samples
overall.

Mir338-3p is another type of miRNA that enrolled in this study, which is a key player in
numerous physiological processes and may participate in the pathogenesis of ALS[27]. Many studies
showed the role of mir 338 -3p in oxidative stress, one of the causes that could lead to ALS
progression [28]. The study of De Felice Bruna. et al. noted the increased level of Mir338-3p in
different samples of ALS: serum, CSF, and blood leukocyte. This type of mir could be a prominent
factor in developing sporadic ALS[29]. Another study in SOD1G93A mice showed an increased level
in the spinal cord of Mir338-3p, which led to affecting decreasing glycogen phosphorylase brain form
(PYGB ); this will lead to increase of glycogen in the spinal cord lumber in mice models with ALS[28].
In our result, this miR increased non-significantly in patients following stem cell transplantation,
suggesting protective inhibitory effects of stem cells in rapid disease progression.

There are certain limitations to this study. Due to the small patient numbers in this clinical trial,
additional research is required to validate our results through increasing sample size. Furthermore,
pre- and post-study monitoring periods and considering control groups will help better discover
therapeutic mechanisms.

5. Conclusions

In conclusion, to sum up, the clinical study results displayed that concurrently (IV and IT)
repeated transplantation of BM-MSCs in ALS patients is a safe procedure leading to delay in disease
progression and improvement in clinical symptoms. Also, the molecular data evaluating specific
microRNAs (Mir 206,133a-3p and 338-3p) demonstrated a close connection with clinical
improvement and patient respiratory functions. Certainly, more trials with greater sample sizes and
elongated follow-up periods are wanted to settle these results.
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