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Abstract: Background: Amyotrophic lateral sclerosis (ALS) is an incurable disease. There are no defined valid
biomarkers for evaluating therapeutic outcomes of this disease. Numerous approaches have been made to meet
this impact. Stem cells, one of these approaches, that might give various hopeful results that can be interpreted
as a treatment for ALS This study aims to evaluate Mesenchymal Stem Cell (MSC) therapy as a promising novel
treatment modality by estimating some parameters, such as immunological and biochemical factors. Methods:
This study course involved 15 confirmed patients with ALS and was designed as an open-label, one-arm
retrospective study to evaluate potential diagnostic biomarkers of repeated infusions of autologous bone
marrow-derived mesenchymal stem cells (BM-MSC) administered at a dose of 1x106cells/kg BW with 1-month
interval, in equal amounts in both intravenous (IV) and intrathecal (IT) simultaneously, by various biochemical
and immunological parameters were evaluated during the three-month follow-up period. Results: Our study
indicated that in the case of Immunological biomarkers ,Tumor Necrosis Factor-alpha (TNF-a) levels in the
Cerebrospinal fluid (CSF) showed a significant decrease at month three after transplantation compared to
levels at month zero, and the P-value was (P<0.01). No statistically significant changes were observed for other
immunological and biochemical parameters and P-value (P>0.05). Conclusions: These results can indicate the
benefit of stem cell transfusion in patients with ALS and suggest some diagnostic biomarkers. Several studies
are required to approve these results.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a disease characterized by an adult neurodegenerative
onset with progressive deterioration and loss of cortical and spinal motor neurons. The disease begins
as an insidious localized muscle weakness and gradually spreads to impair most skeletal muscles,
eventually resulting in total paralysis. Death occurs after a few years due to respiratory failure [1]. To
date, there has been no defined treatment for ALS patients, and the available drugs have
complementary roles without desirable outcomes[2]. Therefore, it is urgent to find new treatment
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strategies and specific prognostic and diagnostic biomarkers to speed up treatment in this area. Stem
cell therapy is a promising approach in this course[3].

Taking into account that, and according to the cellular and molecular mechanisms involved in
this disease's pathogenesis, like neuronal network dysregulation[4]and immune dysfunction[5]. Thus,
some related immunological and biochemical parameters might help those with ALS through various
mechanisms. Revision of the ALS functional rating scale (ALSFRS) and forced vital capacity (FVC)
are considered clinical biomarkers[6]. Furthermore, one of the primary proinflammatory cytokines
produced by reactive glia and lead to neuroinflammation are Tumor Necrosis Factor-alpha (TNF-a),
interleukin IL-6, and reactive oxygen (RO) [7]. In ALS, many cells, like astrocytes and microglia, can
express receptors for TNF-a and excrete this marker [8]. Another significant factor that can be
exploited to help identify ALS Neurofilaments (NFs), consisting of Heavy (H), medium (M), and light
(L) heteropolymer-based intermediate filament proteins[9], Which expressed by many neurons and
serve as intracellular signalling, structural support, and axon development regulation[10]. A
neuroprotective factor impact in several neurodegenerative diseases and also enrolled in this study
is a glial cell-derived neurotropic factor (GDNF) [11], which increases during embryonic
development and gradually decreases in level during adulthood [12] and can participate in axon
regeneration, neuropathic pain reduction, and inflammation reduction [13]. On the other hand, iron
and its various forms, such as storage form (ferritin) and total iron binding capacity (TIBC), are other
indicators of ALS because studies show that iron can be collected in the spinal cord and cerebrospinal
fluid in ALS patients [14] and within the skeletal muscles in rat models of ALS[15]. Creatine kinase
(CK) is another valuable biochemical indicator of muscle injury in ALS patients [16].

Concerning the above information, the area focus of this study is to estimate the effectiveness of
using stem cells as a therapy to help the decline of damaging neurons by estimating some
immunological and chemical parameters that can help interpret this type of therapy clinically.

2. Materials and Methods

2.1. Study Design

This study was a single-centre, open-label, retrospective trial without a control group, carried
out in 15 defined patients with ALS. All international standards were followed during the trial
execution at Pastoor Hospital, Iran [17].

2.2. Participants

Fifteen defined ALS patients, according to El Escorial criteria [18], confirmed by a neurologist's
diagnosis, were considered eligible and entered the study. All patients were in the (23-60) years age
range, having FVC (> 65%) and a history of ALS disease at least 1 year at the time of admission, and
signed an informed written consent form. Additionally, ventilator dependency, any malignancy, or
infection 1 week before transplantation were considered exclusion criteria[17].

2.3. Bone Marrow Extraction and Product Preparation

The patient's bone marrow was aspirated under sterile conditions and local anaesthesia to
harvest the stem cells used in the injections; a specialist doctor aspirated the samples, and the patients'
aspiration sites were examined the day after withdrawal to rule out any adverse reactions.

Mesenchymal stem cells were isolated, cultured, and analyzed in conditions consistent with
grade B clean room with good manufacturing practices (GMP). Bone marrow mononuclear cells were
isolated using a special centrifugation known as Ficoll density gradient centrifugation (Ficoll-Paque
Premium; GE Healthcare Bio-Sciences, Uppsala, Sweden). Peripheral mononuclear cells (PBMC)
were raised in special culture media (a-MEM, Lonza, Basel, Switzerland) that had fetal bovine serum
(10%) (Life Technologies, Grand Island, USA) and 1% penicillin-streptomycin (Biochrom, Berlin,
Germany). Changing the liquid culture medium eliminated cells that did not adhere to the flask. After
the non-adherent cells were removed, the culture medium was changed twice a week. When primary
BM-MSC cultures reached 80% confluence, cells were harvested, passaged, and treated with 0.125%
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trypsin-EDTA (Life Technologies, Darmstadt, Germany) based on routine methods. The cell viability
rate was between 95% and 98% before transplant. The samples were tested for sterility using
endotoxin, Reverse transcription-polymerase chain reaction (RT-PCR), and Bactec tests. Furthermore,
the flow cytometry method and differentiation tests were used for MSC characterization based on
our previous work. Finally, at a temperature between 2 and 8 C° and in sterile conditions, the product
was transferred to the clinical site.

2.4. BM-MSC Transplantation and Sampling

Stem cells were transplanted to patients in the simultaneous IT (via a lumber puncture in the L3-
L4 region, suspended in 2 ml of normal saline) and IV (suspended in 50-60 ml of normal saline) routes
at a rate of 1x 10°cells/kg BW). All patients received their routine pharmacotherapy during the
study, as well.Stem cells were transplanted three times in the patients with a 1-month interval. Also,
for biological evaluation, blood samples from patients were collected three times (months -1 (1 month
before intervention), 1, and 3), and CSF samples were collected three times (months 0, 1, and 3).

2.5. Immunological Factor Estimation

This study was estimated to have three immunological factors: TNF-a, NFL, and GDNF.
Estimation was performed using an Enzyme-Linked Immunosorbent Assay (ELISA) kit for each
factor (ZellBio GmbH, Origen; Germany).

2.6. Biochemical Evaluation

Serum iron (Fe), transferrin, ferritin, total iron binding capacity (TIBC), and serum creatine
kinase (CK) were evaluated in our study .

The ELISA kit was used for ferritin estimation (DiaMetra, Italy), and the microplate was read at
450 nm. For CK and iron, reagents were used from (Parsazmun, IRAN), and TIBC (biorexfars, IRAN)
was tested on an autoanalyzer (Tokyo BoEKI MEDI SYS INC, Japan). Iron was read at 600 nanometers
(nm), TIBC at 660 nm, and CK at 340 nm. Transferrin saturation as a percentage was calculated as
serum iron / TIBC x100[19].

2.7. Outcomes

In this study we investigate the safety of repeated transplantation of BM-MSC in ALS patients
through evaluate specific immunological and biochemical factors to find diagnostic and/or
prognostic biomarkers in this area.

2.8. 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. Generalized Linear Model
(GLM) and Repeated Measure ANOVA (RM ANOVA) analysis were used to test the effect of time
on normally distributed data. Non-normally distributed continuous variables are reported as the
median (interquartile range, IQR). The comparison of the medians between two related groups was
made by paired T-test or Wilcoxon signed ranks. Continuous variables are expressed as the mean
(for normally distributed data) or median (for non-normally distributed data) + SEM (standard error
of the mean/median). Comparison of the statistical differences of the patient's data was done 3 times
(before the intervention, months 1 and 3) for serum, and (months 0, 1, and 3) for CSF samples. The
correlation was also estimated by the Spearman test. P-values less than 0.05 were considered as a
level of significance. The statistical graphs were created using the Graph Pad Prism8.1 software
program (Graph Pad Software, San Diego, CA, USA).
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3. Results

3.1. Patients” Characterization and Safety Evaluation

Fifteen patients (11 male and 4 female) participated as published previously . The results were
encouraging, demonstrating that MSC transplantation was safe with no significant patient side
effects. However, temporary headaches were among the most frequent transplant-related side effects
of patients that quickly subsided with supportive therapies. Moreover, the clinical evaluation of
ALSFRS showed stability throughout the study (P-value <0.05) , and FVC indicating increasing in
trend with significant difference (P-value >0.05), as published previously [17].

3.2. Immunological Assessment

Changes in the level of specific cytokines were investigated three times (months -1, 1, and 3) in
serum samples and three times in CSF samples (months 0, 1, and 3) of patients, and the results were
as follows.

3.2.1. Tumor Necrosis Factor-Alpha (TNF-a) Levels

As presented in Figure. 1 (A), the initial measurement showed that the serum levels of TNF-a
cytokine in patients 1 month before intervention (month -1) were (16.19+1.05) compared to 1 month
(16.95+0.40) and 3 months (15.44+1.65) after cell transplantation, the P value was (0.68, 0.66)
respectively, which did not change significantly and remained constant.

Furthermore, as shown in Figure. 1 (B), the amount of this cytokine in the CSF of the patients
remained statistically constant at month 1 (20.29+ 0.68) compared to the beginning of the experiment
(19.46+ 0.41). However, significant differences were observed between month 3 (16.41+1.49, P=0.003)
and month 0 (baseline), and between month 1 and month 3 (P = 0.007), respectively.
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Figure 1. Schematic diagram of the immunological parameters through months in serum and CSF (
A, B; Tumor Necrosis Factor-alpha (TNF-a), C, D; Neurofilaments light chain (NFL), and D, E; glial
cell-derived neurotropic factor (GDNF), respectively. In serum, tested in three times (before as (month
-1), after 1 and 3 months of transplantation). In CSF, tested as (before (month 0), after 1, and 3 months
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of transplantation). Levels tested done in ELISA kit, ** (P-value <0.01). ng/ml; nanograms per
milliliter. CSF; Cerebrospinal fluid (CSF)This is a figure. Schemes follow the same formatting.

3.2.2. Neurofilament Light Chain (NFL) Levels

Analysis of NFL serum levels showed statistically non-significant differences (’=0.90) at the end
of the study (7.62+ 1.00) compared to baseline (7.75+ 0. .82), and this was the same when comparing
month -1 to month one (8.49+0.25), (P=0.56). Indeed, as shown in (Figure 1. C). Serum levels of this
cytokine remained stable during the three-month follow-up period of patients after cell
transplantation.

Furthermore, measurement of this cytokine in the patient's CSF during the follow-up period
showed a non-significant decrease (P=0.23) in its levels at the end of the study (8.28+0.27) compared
to baseline (9.41+ 0.38). The same results noted in the case of month one (8.31+0.94) compared to
month three were observed. (Figure 1. D).

3.2.3. Glial cell-derived neurotrophic factor (GDNF) levels

Serum measurement of GDNF cytokine levels showed that there was no statistically significant
change (P=0.90, 0.56) in the amount of this cytokine at the beginning (2.43+0.17) and the end of the
experiment (2.44+ 0.25) and after one month of receiving the MSCs (2.47+0.23) ( Figure 1. E).

Also, as shown in (Figure 1. F), a slight and non-significant increase (P = 0.21) in month one of
transplantation in the amount of this cytokine (3.20+ 0.51) compared to the initial amount (2.90+0.02)
has been observed in the level of CSF during the follow-up period. For month one (2.91+0.18), non-
statically differences were observed compared to baseline.

3.3. Biochemical Evaluation

Changes in the level of specific biochemical factors were investigated three times (months -1, 1,
and 3) in serum samples from the patients, and the results were as follows.

3.3.1. Iron (Fe) Levels

Statistical analysis of iron (Fe) levels with a normal range of (23-149 pg/dl) showed that the level
of this factor in months -1 (74.55+9.42) in comparison to monthl (67.40+9.16) and month 3 (56.85+
9.91) did not change statistically, (P = 0.62, 0.19), respectively. However, this test showed a gradual
decrease in means over these three months, but it was still within the normal range, as mentioned
above (Figure 2. A).
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Figure 2. Schematic diagram of the biochemical serum levels during the study. (A) Iron (Fe), (B)
Ferritin, (C) Total Iron Binding Capacity (TIBC), (D) Transferrin (as percentage %), and (E) Creatine
kinase(CK)), respectively. Three times were estimated as before (month -1), after 1 and 3 months of

transplantation). P value >0.05, ug/dl; Microgram per deciliter, u/l; units of enzyme activity per Liter,
ng/ml; nanograms per milliliter.

3.3.2. Ferritin Levels

The statistical results of ferritin with the normal range of (16.8-276.4 ng/ml), showed that this
factor had a decreasing trend during the three months, so its amount at baseline (383.62+92.73) had a

statistically non-significant difference compared to month 3 (266.27+ 67.07, P=0.34), and this is the
same for month 1 (375.40£109.25, P=0.95) (Figure2.B).

3.3.3. Total Iron Binding Capacity (TIBC) Levels

Analysis of TIBC serum levels with the normal range of (239-450 ug/dl) showed statistically non-
significant differences (P=0.61) at the end of the study (296.60£14.01) compared to baseline

(277.26+25.15). A non-significant increase was also observed during month one (335.36+109.25) was
observed as well (Figure 2. C).

3.3.4. Transferrin Levels

For transferrin in the normal range of (25%-35%)[20], a gradually non-significant decrease in
mean percentage was observed compared to month -1 (27.29+3.34) with month 1 (20.42+3.26) and
month 3 (19.96+3.81). The P value was (0.21, and 0.14), respectively (Figure 2. D).

3.3.5. Creatine Kinase (CK) Levels

As shown in (Figure 2. E), there was a non-significant difference in serum CK levels (24-195 /1)
in patients before injection (391.77+152.59) and after one (383.80+195.35, P=0.97) and three (270.13+
171.71, P= 0.60) months of stem cell transplantation, respectively.
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3.4. Correlation between Biochemical and Immunological Factors

A significant negative correlation was found between ferritin and TNF-a, the P-values were
(0.01). Fe and CK revealed a positive correlation with NFL, and the P value was statically significant
(0.02, 0.04), as illustrated in Table (1).

Table 1. Correlations between the biochemical and the immunological parameters. .

Immunological parameters
NFL(ng/ml) TNF-a (ng/ml) GDNF(ng/ml)

Biochemical parameters

Ferritin (ng/ml) ... -(0.52%) -(0.48%)
Fe (ug/dl) 048 .
CK (u/l) 044* ...

NFL; Neurofilaments light, TNF-o; Tumor Necrosis Factor-alpha, GDNF; glial cell-derived neurotropic factor,
Fe; Iron, CK; Creatine kinase. *The correlation is significant at the 0.05 level (2-tailed). * P-value <0.05, ng/ml;
nanograms per milliliter, ug/dl; Microgram per deciliter, u/l; units of enzyme activity per Liter.

4. Discussion

As published previously [17], the IT and IV transplantation of the bone marrow-derived
mesenchyme stem cell (BM-MSC) were safe for ALS patients, did not cause any significant adverse
effects, and resulted in early clinical improvement. The most frequent adverse reaction to therapy
was a slight headache during observation. Furthermore, during a 3-month follow-up period after cell
therapy, FVC levels increased by percentage, while ALSFRS-R did not change statistically. In this
study, we further evaluated the effect of stem cell transplantation through estimation of the
concentrations of specific immunological and biochemical factors in ALS cases.

Several studies have shown the importance of stem cell transplantation. Mesenchyme stem cell
MSCs can play a vital role in controlling immune response through the up-regulation of
neuroprotective cytokines like IL-10 and down-regulating proinflammatory cytokines, TNF-a and
IL-1 by releasing neurotropic factors and enhancing neurogenesis[21], and this is the same note in
different neurological disease[22],[23]. Others showed that Endogenous neural stem cells (NSCs) can
differentiate directly into a mature neuron or indirectly into neural progenitor cells (NPCs) [24],
according to a study by Zhang, Qi, et al. 2016, Using NSC implantation dramatically led to decline
microgliosis and glial markers, proinflammatory cytokine (TNF-a, IL-6, IL-1) expressions and (TLR4)
toll-like receptor 4 [25]. Our investigation showed the outcomes regarding TNF-«a that decreased in
concentration in the case of CSF and was stable in serum samples. One of the important features of
muscle atrophy is the destruction of the neuromuscular junction, which leads to motor neuron
depletion and accumulation of macrophage and other immunological elements, such as TNF-a that
play a principal role in the relapsing of motor neurons [26].

For NFL, this study indicated the stability of NFL levels after transplantation through months in
serum and CSF. One study showed that MSC-NTF cells were administrated, which led to a decrease
in the level of NFL and pNfH in ALS participants throughout the experimental [27], another revealed
the level of NFL would not change in the early trial of studied ALS patients [28]. However, when
ALS progression was noted, increased levels of NFL in blood and CSF [29], highlighting the severe
impairment to motor neurons and axons [30], and low levels of NFL were linked to functional decline
was slower [31]. Other researchers showed that the NFL and phosphorylated NFL (p-NFL) were
estimated in the CSF sample in other neurological diseases; for example, patients treated with stem
cells in multiple sclerosis revealed stability in concentration [32].In contrast, others showed that the
estimated level of CSF NFL was reduced[33].

As another immunological factor, we evaluated GDNF levels in our study after MSC
transplantation, which shows a non-significantly increasing trend in serum and CSF samples through
the months, which is another promising result. Administration of hematopoietic mesenchymal stem
cells (hMSCs) intra-spinally in an ALS rat model increased the rate of survival and improved motor
neuron (MN) viability, possibly by up-regulating glial cell line-derived NTF (GDNF) [34,35].
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Axon regeneration, reduction of neuropathic pain, reduction of cortical infarction, neurogenesis,
and reduction of inflammation are all facilitated by GDNF[13].

In addition, this study showed that iron (Fe) decreased in trend but remained within the normal
range. It is well-recognized that changes in cellular iron metabolism can cause oxidative stress ( one
of the main causes of ALS pathogenesis)[36]. Iron can be collected in the spinal cord and cerebrospinal
fluid in ALS patients[14]; some studies showed an increased level of Fe in plasma[37] and CSF[38] in
ALS patients. The decreasing trend of Fe levels after MSC transplantation in our study may be due
to the antioxidant properties of these cells[39].

Increased levels of ferritin may be due to inflammation that occurs through the ALS disease. It
is possible to consider ferritin as an indicated marker of inflammation related to the severity of the
disease [40]; in this study, there was a decrease in the level of ferritin throughout the experiment
despite these levels being above the normal range. According to (Goodall EF.etal.,2008). an increased
serum ferritin level may indicate elevated stored iron in the body or result in muscle deterioration
[41]. A meta-analysis study found the possibility of increased levels of Ferritin, CK, TSC, and FBG
and a decrease in the level of TIBC in ALS cases in comparison to control [36], and this may indicate
that ALS diseases have multifactorial causes with degeneration of motor neuron activation. Also,
changes in muscle masses are one of the signs of ALS disease, and one of the biochemical parameters
that can be assessed in this case is CK. According to the study by Hertel et al., increased CK level can
increase survival time and provide a good interpretation of the ALSFRS-R score[42]. However, the
decreased level was indicated in the case of muscle atrophy [16].

Our result showed a gradual decrease in CK (but still above the normal range) after MSC
transplantation, and ALS-FRS showed stability after injection, along with an increase in FVC levels.
A positive correlation was noted in this study, interpreted between Fe, CK, and NFL. NFL was
noted to play an essential role in neurons through the elastic support capacity that controls the axonal
diameter and modulates the stimulation of neuronal response[10]. Furthermore, we also noted a
negative correlation between ferritin and TNF-a in our study, Ferritin can prevent iron from
creating reactive oxygen species(ROS) and has anti-oxidative effects [43], which is effective in
reducing the level of proinflammatory cytokines (like TNF-a). Activated microglia (M1) in ALS leads
to TNF-a release [44], and anti-inflammatory microglia (M2) release ferritin in response, which
promotes neural reparation [45]. Additionally, a negative correlation between ferritin and GDNF
was also indicated in our study, this may be due to Ferritin can participate in inflammation that
occurs throughout ALS disease[40,41], and GDNF acts as the anti-inflammatory effect that improves
nerve ability [34,35,13].

This study has some limitations, such as a small sample size, a need for a control group, and a
short follow-up period. Definitely, larger clinical trials with the control placebo group can confirm
these results with precision.

5. Conclusions

According to this study, a significant decrease in the level of TNF-a in the CSF of ALS patients
after repeated MSC transplantation after three months of follow-up period. Additionally, the
concentration of NFL and GDNF showed stability in levels. Specific biochemical markers also
changed favourably but not significantly. To sum up, overall improvement in patient status after cell
therapy was a promising result of this study. More studies are needed, including an increasing
number of participants and a longer follow-up period, to adequately substantiate the advantageous
long-term effectiveness of our strategy in slowing disease development.
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