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INTRODUCTION proliferate in a second time either for self-renewal or after a
trauma. There are also stem-like cells known as cancer stem
cells (CSCs) that can lead to the initiation of a cancer type.

The first experiments with these cells began during the 1950s
with a bone marrow transplantation in animal models. Since
then, this therapy has been used to treat many blood disorders.

However, we have to say that this regenerative effect is
) . et a direct consequence of their produced molecules and espe-
This type of cells has some major characteristics such as cially growth factors, therefore the main goal would be to
self-renewal, clonality, and a differentiation potential, which ;1o advantage of these structures avoiding using the cells.
are different among the cells going from the embryonic stem  \We must consider that among the different types of stem
cells (ESCs) with a high self-renewal potential and potency  cells just the adult stem cells can avoid ethical and legal is-
to somatic stem cells with a low self-renewal chance and  syes. These cells can be found in all tissues of the body, and
less potency. While ESCs origin from the blastocyst and especially the adipose tissue-derived stem cells (ASCs) can
can differentiate into specific tissues, some of the progenitor  be isolated from the subcutaneous tissue and their use is very
cells in organs do not differentiate completely and are able to ~ encouraging in regenerative medicine.

Generally, such types of cells are undifferentiated cells de-
riving from a single cell that is able of a clonal proliferation
differentiating into different cells and tissues.

It is possible to find these cells in the different stages of
life. In fact, even in adults, it is possible to find some of them
in tissues with the aim to repair future injuries to that organ.

Published by Australian International Academic Centre PTY.LTD.
Copyright (c) the author(s). This is an open access article under CC BY license (https://creativecommons.org/licenses/by/4.0/)
http://dx.doi.org/10.7575/aiac.abcmed.v.10n.3p.1



ABCMED 10(3):1-10

Graphic 1. Cell cycle

Regenerative medicine is very important for treatment,
and to study the etiopathogenesis of many diseases. Despite
the many ethical issues in stem cell research, these cells have
been very useful to many scientists to develop the tissue re-
generation in many neurological as well other diseases (1).

To fully understand the cell cycle regulation, we must go
back to the phases of the cell division, which are G1 as Gap
1, S as synthesis, G2 as Gap 2 and M as Mitosis like shown
in the graphic 1 below.

Normally, in the Gap 1, there is a production of proteins
for the DNA replication. In the S phase, DNA replication oc-
curs, and in the G2 phase, the produced DNA is examined.
And finally, in the Mitosis, the is the cell division. Afterwards,
the produced cells are blocked into the G1 phase also known
as GO phase, that is very important for cellular homeosta-
sis in term of ability to either block the proliferation or go
back to the cell cycle and self-renew. Each of these phases is
normally variable among different cells, being, for instance,
longer in murine somatic cells and shorter in murine ESCs
(mESCs). On the other side, human ESCs (hESCs) have a
shorter G1 (3 h) than human somatic cells (10 h). Since G1
phase duration varies so much, it represents the key for cell
determination. Exactly, it was found out that, in the G1 phase,
there is a high level of a protein called cyclin D, that binds
enzymes called CDK4/6 forming heterodimers. For instance,
in this case, it is important to mention the genes known as
E2F, that encode some transcription factors, that the RB uses
as targets. On the other side, a RB tumor suppressor protein
(pRb) regulates negatively these genes. When E2F transcrip-
tion factors are hypophosphorylated, they block the cell cycle
at the G1 phase. By hyperphosphorylation instead the transi-
tion into S phase occurs. This E2F/pRb activity is very im-
portant for ESCs progression. In general, a cyclin dependent
kinase protein (CDK), and exactly a cyclin E-=CDK2 complex
and a cyclin B-CDK1 complex are responsible for the cell
cycle regulation (2).

STEM CELL CLASSIFICATION

These cells can be divided into two main groups considering
main characteristics such as origin and differential potential.

According to their origin, we can differentiate four cat-
egories of cells: embryogenic, fetal, adult and induced plu-
ripotent stem cells (iPSC) (Table 1). Embryogenic stem cells
(ESCs) origin from the blastocyst. In this case, it is import-
ant to mention that transcription factors such as Nanog and
Oct4 can maintain them in an undifferentiated state. In these
conditions, it is possible after freezing them to make fur-
ther experimentations. However, embryonic fibroblast cells
(MEFCs) or a medium containing the leukemia inhibitory
factor (LIF) are needed to avoid the formation of typical em-
bryoid bodies. On the other side, there are the adult stem
cells present in differentiated tissues, such as Mesenchymal
stem cells (MSCs) and human amnion epithelial cells, and
they are anti-inflammatory and can ameliorate the repair in-
jury in animal models. These autologous cells do not cause
ethical controversies. The transplantation of adult stem cells
has been proved to restore some injured organs. Moreover,
cultured adult stem cells can help in repair producing mole-
cules with many different properties. In this way, adult stem
cells can renew and repair tissues after an injury. During on-
togenesis, they are produced and then are dormant till local
stimuli activate them. Normally, they can be found in an the
so called “niche”, which is a special environment consist-
ing of various signals from different mediators, where their
self-renewal and differentiation is actively controlled. Fol-
lowing a symmetrical division, a stem cell will then produce
identical daughter cells to repair damaged cells after injury.
However, it is also possible an asymmetric division with an
identical daughter cell and a differentiated daughter cell. In-
stead, the induced pluripotent stem cells (iPSCs) derive from
genetically modified adult stem cells like ESCs. In 2007, Ya-
manaka and colleagues generated human iPSCs from adult
human dermal fibroblasts using four factors called Oct3/4,
Sox2, KIf4, and c-Myc. Since then, such cells are useful
for the research. However, since the reprogramming factors
are introduced using retroviral vectors and oncogenes like
c-Myec, that can cause cancers, the use of these cells in a clin-
ical study is limited. Safe methods have been investigated.

Their differentiation potential is important for a further
differentiation into more 5 groups starting from totipotent
or omnipotent and going through pluripotent, multipotent,
oligopotent, and finally to unipotent (Tab. 1). Normally, to-
tipotent, or omnipotent cells are very undifferentiated cells
present in fertilized oocyte and can give origin to embryo
and placenta. Pluripotent stem cells can instead differentiate
into the 3 germ layers. As it was already mentioned above,
iPSCs were created by Takahashi and Yamanaka and have
similar characteristics to ESCs.

Multipotent stem cells differentiate from a single germ
layer. The most important example of such cells is offered
from mesenchymal stem cells (MSCs), that can differentiate
into tissues derived from mesoderm such as muscle, bone,
cartilage, adipose tissue, and into lung and neuronal tissue.
The last one is an example of transdifferentiating because
a cell from mesoderm can differentiate into ectoderm - neu-
ronal tissue. Oligopotent stem cells can self-renew forming
two or more cellular types in one tissue, such as, for instance,
corneal and conjunctival cells in the ocular surface of the



Stem Cells and their Extensive uses in Multiple Medical Fields and Especially in Neurological Diseases 3
Table 1. Stem cell classifications
Stem cells classifications
Origin Embryogenic Fetal stem cells Adult stem cells (ASCs)  Induced pluripotent
stem cells (ESCs)  (FSTs) or somatic stem cells stem cells (iPSC)
Differentiation ~ Totipotent or Pluripotent Multipotent Oligopotent Unipotent
potential omnipotent
pig, or myeloid and lymphoid cells, or also bronchiolar epi-
thelium and alveolar epithelium. miRNA gene
Finally, unipotent stem cells can just differentiate into } :
one cell type such as muscle stem cells or type I pneumo- Prl-mIRNA%
tes (1). Nucl :
cytes (1) ucleus l
Pri-miRNA (i
THE IMPORTANCE OF MIRNA IN CELL CYCLE TEOIER
REGULATION OF STEM CELL l
MicroRNAs (miRNAs) are small non-coding RNAs. The Pn-ninl:::E RA W
first miRNA was discovered in 1993 and, until now, different
miRNAs were described in plants, animals, and viruses. In 1 RISC
humans, a number of 1881 miRNAs that can modulate the Cytoplasm T
activity of many protein-coding genes in different phases of bbb

the cell cycle. Moreover, an alteration of their expression can
lead to tumor formation and cardiovascular disease.

Normally, miRNAs are first transcribed in the nucleus
as primary transcripts called pri-miRNA, that secondarily
under the action of Drosha, RNasell, endonuclease III, and
Pasha/DGCRS proteins give origin to pre-miRNAs. Then, it
follows their transportation to the cytoplasm by Exportin 5,
where they are transformed in double-stranded miRNA by
Dicer and TRBP/PACT proteins. Additionally, the RNA-in-
duced silencing complex (RISC) in the guided strand makes
possible the interaction with a target mRNA (Figure. 1). In
general, miRNAs are very important in cell cycle regulation
in stem cells as well as in many other cells.

For example, ESCs have many miRNAs such as miR-290-
295, miR-302, miR-17-92, miR-106b-25 and miR-106a-363
clusters, that can allow the progression in Dgcr8 knockout
ESCs and the transition into the S phase, and control p21/
Cipl and cyclin E-CDK2 regulatory molecules. MiRNAs are
also important in the cell cycle regulation in somatic stem
cells and can also lead to the differentiation of specific hema-
topoietic lineages. However, there are issues about toxicity
and delivery to solve before they can be used in patients.

As it was already mentioned above, mesenchymal stem
cells (MSCs) are present in various tissues. In these cells,
miRNAs such as MiR-16 and miR-143 can regulate their dif-
ferentiation into specific cell types. An abnormal expression
of pRB, p53, CDKs, CDKIs and cyclins can lead to cancer
initiation and progression. Cancer stem cells (CSCs) lead
to tumor formation, metastasis and chemoresistance. Tran-
scriptional levels of many miRNAs are very different be-
tween the typical stem cells and these cells. For example,
miR-17-92 cluster targets E2F-1 and cyclin D and can avoid
apoptosis working together with the oncogene MYC. Let-7
is a very important miRNA for tumor progression and che-
moresistance.

Downregulations of MiR-34a, b and ¢ were demon-
strated in many cancer cells such as lung, colon, and liv-

Figure 1. The maturation of miRNA by drosha ribonuclease I11
(DROSHA). Soo Jung Cho, et al. Drosha-Dependent miRNA and
AIM2 Inflammasome Activation in Idiopathic Pulmonary Fibrosis.
Int. J. Mol. Sci., 2020, 21 (5), 1668.

er cancer. In addition, considering that a high expression
of MiR-31 in liver cancer leads to a bad prognosis, it is
possible to understand how it is inversely correlated with
metastasis. MiR-15a/16 family has an important oncogen-
ic role in chronic lymphocytic leukemia (CLL), but itis a
tumor suppressor in a type of B cell lymphoma. If MiR-21
is upregulated, it can lead to some tumors such as lung,
breast, pancreatic, brain and colon cancers. The overex-
pression of MiR-26a represents a negative oncological
regulator in human liver cancer in vitro (2).

CLINICAL PRACTICE AND REGENERATIVE
MEDICINE

In general, stem cells are very important in the clinical field
and regenerative medicine. For example, ESCs have been
used to study human development; iPSCs are critical for
the investigation of new therapies, especially allowing to
study the etiopathogenetic mechanisms and improving the
treatment of many diseases such as diabetes mellitus, chron-
ic myeloid leukemia, liver cirrhosis, Crohn’s disease, heart
failure, and neurological disorders. As it was already men-
tioned above, stem cells may also regenerate injured tissue
or organs. However, immune rejection is still a problem, al-
though mesenchymal stem cells, placental tissue and iPSCs
have overcome this issue. Additionally, a genetic instability
can produce different types of tumors. Especially teratomas
and related tumors have been described in association with
the application of embryogenic or IPSCs; and moreover,
there are many cthical issues regarding ESCs because of the
destruction of embryos (1).
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In general, adult stem cells can differentiate into few spe-
cific cell lineages avoiding ethical and legal issues. Espe-
cially, adipose tissue-derived stem cells (ASCs), also called
adipose-derived adult stromal (ADAS) cells, can be found in
subcutaneous tissue and therefore are easy to use.

In an article of 2010 published by Farshid, et al (8.) in
Clinical orthopedics and related research, it was demonstrat-
ed that ASCs have some characteristics of different cells
and, therefore in particular conditions, can differentiate into
one type of cells such as adipocytes, chondrocytes, osteo-
blasts, neuronal or muscle cells. For example, under low
oxygen tension and particular growth factors or biomaterial
scaffolds, it is possible to differentiate these cells in chon-
drocytes. Additionally, they can even be used to develop a
biomaterial scaffold with mechanical properties like native
cartilage.

As it was published by Yue Xu et Al (9.) in an article of
2021 in World J. Stem cells, many stem cells lineages can be
used to heal the tendon-bone in tendon-bone insertion inju-
ries after a reconstructive surgery. However, MSCs are the
most promising cells to promote the healing.

Another disease, in which the stem cells are studied, is
Osteoarthritis. Considering that the existing OA symptom-
atic treatments can’t promote the regeneration of the degen-
erated cartilage or decrease the joint inflammation, embryo-
genic and induced pluripotent or mesenchymal stem cells
can be used as injectable treatments in the Osteoarthritis
joint cavity. However, research on mesenchymal stem cells
is the most promising (10).

In general, umbilical cord mesenchymal stem cells are
useful as allogeneic stem cell drugs in the injured tissue im-
proving cartilage recovery and restoring healthy joints. How-
ever, more studies with randomized controls are still needed
for the optimization of MSC therapy in osteoarthritis (11).

In many clinical trials, MSCs have been using for the ther-
apy of inflammatory diseases, including Crohn’s disease (12).

Stem cells research, innate immunity and microbiome are
important to produce diagnostic tools such as biomarkers,
for therapeutic uses, and even for prognostic measurements.
In general, stem cells and their progenitors can be used for
the etiopathogenesis and treatment of some gastrointestinal
diseases (13).

Stem cell therapies have been also described in degen-
erative eye diseases. In fact, retinal progenitor phenotypes
derived from embryonic stem cells/induced pluripotent stem
cells and endogenous retinal stem cells can help to restore vi-
sion. Additionally, MSCs produce paracrine factors that can
regenerate their axons in the degenerated optic nerve. Final-
ly, NSCs can be a source of mediators of paracrine treatment
and of replacement cells (14).

In cardiology, ESCs are found to be useful in treating
myocardial infarctions through a cell replacement therapy,
but some ethical and practical issues must be still solved be-
fore their clinical use (24). Especially, it would be very im-
portant to find the best cell type and the most effective way
to prepare cells and avoid adverse effects (15). Embryonic
and adult stem cells can also be used in tissue engineering
in urology (25).

STEM CELLS IN NEUROLOGICAL
DEGENERATIVE AND INFLAMMATORY
DISEASES AS WELL AS IN SPINAL CORD
TRAUMA

Stem cells therapy has been applied in many neurological
degenerative diseases such as Alzheimer’s and Parkinson’s
as well as in neurological inflammatory conditions, such as
multiple sclerosis. Moreover, many studies on spinal cord in-
juries were conducted. Unfortunately, this promising cellular
therapy has not yet been studied in arachnoiditis.

Extensive research about the above-mentioned diseases
will be discussed in detail below.

PARKINSON’S DISEASE

Since the 1980s, stem cells experiment for PD with have
been conducted. The result was that the transplanted fetal
dopaminergic cells from the ventral mesencephalic tissue of
fetuses survived improving the symptoms, but many patients
had a sever dyskinesia maybe due to an excessive dopamine
production and release. Later, the attention was focused on
the discovery that embryogenic and adult stem cells can also
differentiate in dopaminergic cells (22).

Since 2004 many articles about stem cells therapy in Par-
kinson’s disease have been published.

As PD is a progressive, neurodegenerative disease
caused by loss of the dopaminergic neurons in the substantia
nigra. This leads to many motors and nonmotor symptoms
and amongst them respectively dyskinesia and psychosis,
both responsible for the dramatic reduction of the quality of
life in affected patients. Medical treatments for the psychosis
as well as nonpharmacological approaches and a dementia
treatment have been used to reduce the symptoms and im-
prove patient’s life (21).

Then NSCs have also been studied and can differentiate
into neurons, astrocytes, and oligodendrocytes. In laborato-
ry, it was possible to generate a F3 human NSC line that was
genetically modified to produce L-DOPA. These cells were
transplanted into rat striatum and helped the host cells to sur-
vive against a neuronal injury. Then, they were administered
intravenously in rat stroke models and were able to migrate
into ischemic lesions and differentiate, improving the defi-
cits. Even human derived bone-marrow MSCs can differen-
tiate into neurons, and this makes them become promising in
neurodegenerative diseases (23).

Although many therapies can improve the symptoms, un-
til now, despite the extensive studies conducted on this, there
is not a therapy that can block the disease progression. How-
ever, neural crest coming from dental pulp stem cells (DPSC)
are considered now very advantageous in AD in compar-
ison to the more studied bone-marrow derived MSCs (26).
In younger patients, the cell replacement therapy had more
beneficial outcomes. In fact, in a study, a transplantation of a
type of human stem cells known as hVM1 clone 32 cells was
performed in middle-aged mice with PD showing a preven-
tion from motor and nonmotor impairments. However, con-
sidering that PD is a multifactorial disease, new approaches
should focus on dopamine and nigrostriatal lesions (27).
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There are many etiological factors contributing to the de-
velopment of PD, and the most common are PARK2 muta-
tions. In Northwest India, a genetic screening conducted from
2001 to 2006 on 120,000 patients of the UK Parkinson disease
society brain bank clinical diagnostic criteria (UKPDBBC)
was done. The result was that a high frequency of PARK2
together with a reduced Parkin expression leads to PD (28).

Moreover, in another clinical study, a gene mutation such
as the PARK2 was found in 10% of the patients and is asso-
ciated with a younger onset, severe symptoms, and a longer
disease duration than in PD patients with unknown gene mu-
tations. For disease modeling, iPSCs are very useful. In an
experiment, neural progenitors and terminally differentiated
neurons were derived from iPSCs lines from three healthy
donors and three PD patients. At the end, a comparative tran-
scriptome analysis of all patients was conducted to demon-
strate how PARK2 can contribute to the pathogenesis (29).

As UC-MSCs show a neuroprotective effect in PD, a
study was conducted to try to understand the mechanism
behind it. An intranasal administration of these cells was
used. The result was, on one side, reduction of locomotor
symptoms and inhibition of the neuroinflammation saving
the dopaminergic neurons, and, on the other side, alteration
of the gut microbiota composition and modulation of the
dopamine level in striatum and 5-hydroxytrypamine in the
colon. In addition, these cells reduced some cytokines such
as TNF-a and IL-6 and the conversion of NF-kB in the
colon. Finally, the bacterial invasion of the epithelial cells
as well as the degradation of fluor benzoate and the inva-
sion of a pathogenic E. coli were reduced. In general, this
demonstrates a neuroprotective effect of these cells in the
brain through regulating intestinal microorganisms (30).

However, since the etiology of Parkinson is still not
completely understood, the role of a biallelic mutations
in the phosphatase and tensin homolog induced putative
kinase 1 was studied as a possible cause for this disease.
Exactly, differences between PINK 1-patients and a control
group were analyzed. In the experiment, the PD derived
cells showed features such as an imbalanced proliferation
and apoptosis as well as the reduction of the differentiation
to tyrosine hydroxylase positive (TH+) neurons. The cor-
rection of this mutation could reverse the differentiation
type. Moreover, the PD phenotypes in patient neuronal
cultures and brain organoids showed an improvement after
a therapy with 2-hydroxypropyl-p-cyclodextrin (31).

ALZHEIMER’S DISEASE

Since one of the first articles about vector systems for in vivo
targeted delivery of genes and a suitable stem cell transplan-
tation for Alzheimer’s disease was published in 2004, the
research in this field has been developing constantly (32).

Alzheimer’s disease is a type of dementia and, in USA,
represents the sixth cause of death. It is a progressive neu-
rodegenerative disease responsible for memory loss and be-
havior impairments that leads ultimately to death. Stem cells
therapy is very promising and especially MSCs have been
studied till now. Despite good results in preclinical studies in
AD animal models, clinical trials are limited (33).

Even if the two most important hallmarks of these dis-
eases are an extracellular amyloid plaque and an intracel-
lular neurofibrillary tangle, the AD pathogenesis is still not
well understood. A neuroinflammation was shown to play a
central role in cumulative studies in the development of the
disease. The microglia is the most important player in the
inflammation and different theories for the etiopathogenesis
have been proposed. Even if the MSCs are a promising treat-
ment, a limitation is their short survival in the host and the
fact that, when these cells are administered intravenously,
they are trapped in the spleen and lungs. They work through
a paracrine effect secreting neurotrophic and angiogenic fac-
tors. In this way, they can enhance the microenvironment
promoting the repair of the neurons in the damaged area. An
intranasal administration of the secretome from these cells
may lead to a memory recovery.

Moreover, these cells can modulate the neuroinflamma-
tion. In recent studies, a disbalanced endogenous neurogen-
esis and a loss of neural stem cells in adult hippocampus
neurogenic areas were demonstrated. For this reason, a
transplantation of MSCs can replenish these cells and stim-
ulate the neurogenesis. After a transplantation of adipose
tissue derived MSCs in APP/PS1 mice models, the neuro-
genesis in SVZ and SGZ hippocampal regions increased.
These mesenchymal stem cells can also transfer their mi-
tochondria to save dying neurons (Hayakawa, et al, 2016).
More mechanisms include improving autophagy, decreasing
ROS, renormalizing BBB and NVU. In China, a trial for the
treatment of mild to moderate AD patients (NCT04388982)
anasal inhalation of exosomes of allogeneic adipose-derived
mesenchymal stem cells is being used. In general, in the fu-
ture, it will be very important to use genetic engineering of
stem cells for stronger neurotrophic and immune-modula-
tory effect, biological scaffolds and vesicles for a targeted
delivery (34).

In 2017, Duncan, et al (16) published an article in Stem
Cell Research and Therapy about stem cell therapy in Alz-
heimer’s Disease. As this illness is driven by an accumula-
tion of B amyloid (AP) protein fragments in the brain, many
pharmacological therapies, including vaccination, have al-
ready been developed to try to enhance the clearance of this
protein as well to block its production through inhibition of
the secretase, but the outcomes are not promising. Howev-
er, even activated microglia in early stages and producing
cytokines contribute to a neuroinflammation and leads to a
loss of neurons and synapsis especially in the temporal lobes
starting from the hippocampus and later progressing to most
of the cortical layers. Since stem cell therapy has the aim to
target the hippocampus, which is the very first part of the
brain involved, it represents a new approach in fighting this
disease. To do this, many different stem cells are being used
such as ESCs, MSCs, NSCs and iPSCs. There are many
theoretical approaches on their use. The first one is an en-
dogenous repair upregulating the hippocampal neurogenesis
through stimulation of the growth factors, but, unfortunately,
this approach shows many weaknesses, since the neurogen-
esis in adult brain decreases with age and the neuronal loss
is very high in AD and the hippocampal neurogenesis does
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not affect other neurons to avoid its progression. Secondly,
it comes an exogenous cell therapy through the transplan-
tation of stem cells to introduce neuroprotective factors.
Unfortunately, ESCs present a high risk of uncontrolled cell
growth and ultimately tumor, so they cannot be used. The
NSCs showed a good capacity to increase the neurogenesis
and synaptogenesis, as well as to decrease the neuroinflam-
mation and reverse the cognitive deficits, although a limiting
factor is the generation of non-neuronal glial cell types.

MSCs are the most promising cells because they can be
administered intravenously and can pass the blood-brain
barrier reaching the brain and differentiate in neuronal cells
capable of reducing amyloid plaques and stimulate neu-
rogenesis, synaptogenesis, and neuronal differentiation.
Finally, iPSCs can differentiate in dopaminergic neurons, can
be useful in ischemic stroke and, after transplantation in the
hippocampus, are able to differentiate in cholinergic neurons.
They have a limited use for neuro-replacement in AD, but
they can find a good application in the study of etiopathogen-
esis and drug screening. Moreover, they represent an import-
ant subject of study in vitro. Actually, a new clinical trial has
started to evaluate the efficacy and safety of intracranially in-
jected umbilical cord allogenic human blood-derived MSCs
(Trial identifier: NCT01297218, NCT01696591). Nine AD
patients were enrolled and Mini Mental State examination
and the presence of AP pathology in the PET were the ad-
mission criteria. The patients were divided into two groups:
those with a low dose (3 x 106 cells; n=3) and those with a
high dose (6 x 106 cells; n=6) and had a MSCs injection into
the hippocampus and precuneus. In a follow-up after 3- and
24-months, they did not show adverse reactions and any pro-
gression of the cognitive decline. However, there were not
evident changes to AD pathology, showing that the neuro-
protective effect described in animal models was not present.
Later, other two trials (Trial identifier: NCT02912169 and
NCT02833792) were using intravenously injected MSCs
cells: the first one autologous adipose-derived MSCs from
a patient’s liposuction and the second one ischemia-tolerant
allogenic human bone-marrow-derived MSCs.

In conclusion, even if MSCs, as well as NSCs and au-
tologous hematopoietic stem cells, can lead to a tumorous
formation, MSCs are promising to enhance the cognitive
function and the life quality but cannot fully restore the neu-
ronal loss in AD.

MULTIPLE SCLEROSIS

In 2003, in an article on Nature, an experiment, in which cul-
tures of syngeneic adult neural stem cell were injected into a
mouse with an experimental autoimmune encephalomyelitis
(EAE) either intravenously or intracerebroventricularly, was
discussed. The result was that many donor cells reached the de-
myelinating areas differentiating into mature brain cells. More-
over, the number of oligodendrocyte progenitors raised remy-
elinating axons, while astrogliosis, demyelination and axonal
loss decreased. Finally, the injection of adult neural precursors
led to remyelination and functional recovery in the model (3).

In 2012, in the Cell Transplant, another experiment was
described. In this case, the implantation of neural stem cells

(NSCs) intraventricularly was performed in an acute exper-
imental autoimmune encephalomyelitis (EAE) animal. The
therapeutic cellular mechanism was associated to immune
regulation and, in addition, NSCs became oligodendrocyte
precursor cells (OPCs) by a provisory overexpression of
Olig2, which led to a functional recovery by contributing
to the remyelination. After the injection, NSCs and Olig2-
NSCs entered the active lesions in the spinal cord and then
many Olig2-NSCs differentiated into OPCs, instead the
NSCs are undifferentiated. However, both types of cells led
to a reduction of the acute clinical signs and of the relapses.
In general, this demonstrates that this treatment may be very
useful in the relapsing-remitting phases of MS and in the
prevention of chronic progressive disease (4).

SPINAL CORD INJURY

In 2009 in Neuroscience, a study was published by Dong H
Hwang, et al (6) about the transplantation of Olig2-NSCs to
enhance locomotor recovery and myelination in a rat contu-
sive spinal cord injury model.

Since a spinal cord contusion is followed by a retarded
loss of oligodendrocytes and therefore a chronic progressive
demyelination, an implantation of oligodendrocytes seems
to be the best solution for spinal cord repair. Exactly, in this
experiment, a HB1.F3 (F3) immortalized human NSC line
was created using a retroviral vector encoding Olig2. The
overexpression of this lineage activates NKX2.2 leading to a
NSCs differentiation into oligodendrocytes in vitro as well to
higher proliferative activity of the cells. Moreover, F3. Olig2
NSCs penetrate the white matter differentiating into oligo-
dendrocytes, whereas F3 NSCs remain in the gray matter or
around the lesion cavities. Therefore, a transplantation of F3.
Olig2 NSCs increases the volume of spared white matter and
the thickness of myelin around the axons in that area. Final-
ly, in the experiment, F3. Olig2 grafts enhance the quality
of hindlimbs locomotion and, in general, the functional out-
comes after a spinal cord trauma.

In 2012 in Neurotherapeutics, an article by Jian-Guo
Hu, et al (5) was published regarding the effects of Olig2-
NCSs and myelin basic protein-activated T (MBP-T) cells
to help in the recovery after a spinal cord injury. In this ex-
periment, first MBP-T cells were passively immunized, then
Olig2-NSCs were infected with a lentivirus carrying the
enhanced green fluorescent protein (GFP) reporter gene to
create Olig2-GFP-NSCs. These cells were later transplant-
ed into the damaged area to allow the differentiation into
OLs. Even the MBP-T cells were also transferred in the same
area and penetrated the injured spinal cord. Then they pro-
duced neurotrophic factors promoting the differentiation of
resident microglia and/or blood monocytes into anti-inflam-
matory macrophage phenotype. In general, it was observed
that, in association with MBP-T cell and Olig2-GFP-NSC,
the number of OL-remyelinated axons raised, the spinal cord
lesion volume was reduced, and the spared myelin and re-
covery were improved. This study suggests that MBP-T cells
together with NSC transplantation seems to promote the re-
covery after traumatic spinal cord injury.
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ARACHNOIDITIS AND OTHER ASSOCIATED
DISEASES

Until now, a stem cell therapy in arachnoiditis has not yet
been studied. However, in medical literature, we can find
articles about this disease as an adverse effect of stem cell
therapy or as a complication of another disease as it is spec-
ified below. An explanation of this medical condition and
its associations with other diseases such as type 1 ACM, sy-
ringomyelia and Ehlers-Danlos-syndromes will also follow.

As described by Ajay A Madhavan, et al (17.) in the
Neuroradiology Journal in 2020, an intrathecal stem cell
transplantation caused a case of lymphocytic infiltrate with
arachnoiditis. Exactly, in Moscow (Russia), a 74-year-old
patient male underwent an intrathecal transplantation of
stem cells for weakness and fatigue. After this procedure,
he was presenting progressive weakness in the extremities
and urinary incontinence. In the MRI of the thoracic and
lumbar spine, it was found out that the cauda equina nerve
roots were enlarged, and a mass was in the thoracolumbar
thecal sac. A surgical biopsy showed a polyclonal lymphatic
infiltrate and, unfortunately, medical treatment and radiation
did not improve the symptoms. However, it must be said that
nervous system neoplasms can represent the worse scenario
after such procedures.

A severe intraventricular hemorrhaging (IVH) in pre-
mature infants can also lead to an obliterative arachnoiditis.
However, it is important to mention that the following pos-
themorrhagic hydrocephalus (PHH) is life-threatening caus-
ing a high percentage of mortality. If the infants do not die,
they can have many neurological complications including
seizures, cerebral palsy, or developmental retardation. As the
PHH can be explained by the inflammatory response in the
subarachnoid spaces, in the same way, this can clearly be the
reason for the obliterative arachnoiditis, which does not al-
low the resorption of the cerebrospinal fluid (CSF) leading
secondly to a PHH. Transplanted MSCs in an IVH model
of newborn rats can downregulate the inflammatory process
reducing the effect of a PHH progression and the brain dam-
ages after IVH and PHH. In general, the study shows a good
grade of neuroprotection in such animal models (Ahn SY,
et al, 2014). Another study was focused on the perfect tim-
ing for this therapy. The implantation of the human umbilical
cord blood (UCB) - derived MSCs - was done intraventricu-
larly at the day 6 and 11. The rats were monitored using MRIs
and behavioral tests, at the day 32 tissue samples were taken
showing a reduction of PHH and of the brain injuries. How-
ever, the best grade of neuroprotection was demonstrated be-
tween 2 and 7 days after the MSCs transplantation (19). In a
phase I dose-escalation clinical trial in 9 premature infants, 3
of them received a low dose of MSCs (5 x 10° cells/kg), and
6 a high dose (1 x 107 cells/kg). The implantation was well
tolerated, and no infants died, but patients that underwent a
shunt operation had high level of IL6 in the CSF before the
procedure, when compared to the other ones without it. The
result was that this phase I was safe and a large phase II study
is possible (20).

In general, adhesive arachnoiditis, also known as spinal
arachnoiditis, is a rare inflammatory disease of the arachnoid

membrane and often found in correlation with Tarlov cysts
(TC) (49). The etiology is still unclear, but it is associated
to spinal trauma, hemorrhagic events, spinal surgeries, or
iatrogenic maneuvers such as myelograms with oil-based
radiographic contrast agents. The gold standard for the diag-
nosis is the patient’s symptomatology together with an MRI.
However, since arachnoiditis can mimic many other diseases
including spinal cord tumors, arachnoiditis ossificans, syrin-
gomyelia, sciatica pain and a cauda equina syndrome (36),
it is often misdiagnosed and often not recognized as disease
by many doctors. Nowadays, there is no treatment for this
disease and research using stem cells therapy should be taken
in consideration. Arachnoiditis can be associated to Arnold
Chiari I malformation (type  ACM). For instance, reports de-
scribe a Chiari I after a distal tuberculous arachnoiditis in the
lumbar spine. Another association is between arachnoidids
and syringomyelia. However, the pathophysiology beyond
these connections is still unclear (37-40).

Exactly, unlikely Chiari from types 2 to 4, Chiari I mal-
formation should be considered a syndrome and therefore
called Chiari syndrome (41). A case of Arnold Chiari syn-
drome was documented in a 53-year-old woman with pap-
illedema, who has already been treated oncologically and
surgically due to right breast tumor 4 years earlier. In a brain
MRI, metastasis was excluded, and a Chiari malformation
diagnosed. At this point, it is assumed that the papilledema
was an expression of the intracranial hypertension mainly
caused by the Chiari malformation (42).

Another case of idiopathic intracranial hypertension and
Chiari deformity was described in an obese pregnant wom-
an. In this case, the cerebral CT scan was normal. After
acetazolamide use, she had an alteration of her neurologic
state and ocular motility. MRI was performed and showed
a type I ACM. First, a decompression of the cerebrospinal
fluid (CSF) by superior way and then a neurosurgical surgery
for the Chiari malformation were conducted leading to a to-
tal patient’s recuperation. A lumbar punction could be fatal.
Maybe, in this case, the idiopathic intracranial hypertension
was responsible for a decompensation of the ACM (43).

Arachnoid granulation (AGs) was found in idiopathic
intracranial hypertension (IIH). In a retrospective study,
79 patients with a diagnosis of IIH were compared with
63 patients with multiple sclerosis. MRI of the brain, older
than 18 years old and females were the inclusion criteria. Fi-
nally, the percentage of patients with AGs was higher in the
group with IIH. In these patients, the relationship between
AGs and IIH can be explained as a compensatory mechanism
in the arachnoid because of the ITH (44).

After a subarachnoid hemorrhage, a case of adhesive
arachnoiditis and dorsal syringomyelia was also described
(45). In another article, a 66-year-old patient with a primary
Sjogren syndrome had a syringomyelia after two subarach-
noid hemorrhages (SAHs). Exactly, three years after the last
SAH, she started to have gait disturbance and pain in the
abdomen and foot. In the MRI, a syringomyelia from T2 to
T11 and multiple arachnoid cysts in the spinal cord were
described. Surgically, a microlysis of the adhesions with a
following CSF restoration was performed. Afterward, the
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patient could walk again, but the abdominal paresthesia did
not improve. An MRI showed a reduced size of the syrinxes.
This demonstrates that a syringomyelia and arachnoid cysts
can be a late complication of SAH and that surgical treat-
ment is the best choice to improve this condition (46).

To better understand the possible connections between
the three diseases, namely arachnoiditis, type 1 ACM and
syringomyelia, this last medical condition will be described
in detail below.

Syringomyelia is a progressive and chronic condition.
The syrinx is a fluid-filled cavity in the spinal cord, or a focal
dilatation of the central canal called hydromyelia. There is a
congenital form, or more exactly two types, caused by abnor-
mality of primary neurulation, and an acquired one. In the
first form, we can distinguish an embryogenic type and a fetal
one. While, in the embryogenic type, there is an abnormal
dilatation of the spinal cord canal with an absence of mes-
enchymal tissue between the spinal cord and the ectoderm;
the fetal one does not show an affection of the mesenchymal
tissue, therefore the vertebral column is intact. Instead, the
acquired form is characterized by a disturbance of the normal
cerebrospinal fluid dynamics. The etiologies of the congeni-
tal form are neural tube defects and Chiari-I malformation.
Chiari-I malformation is caused by a downward herniation of
the cerebellar tonsils, which blocks the CSF flow during the
cardiac cycle and Valsalva maneuvers. In the acquired form,
causes can be secondary to hydrocephalus; infection such as
a meningitis; inflammation including transverse myelitis, sar-
coidosis, and multiple sclerosis; trauma such as surgery and
arachnoid scarring in adhesive arachnoiditis; extramedullary
lesions such as arachnoid cysts and tumors; intramedullary
tumors such as hemangioblastomas and ependymomas; and
spinal canal stenosis especially in the cervical area. Patients
with syringomyelia can be asymptomatic or have pain ac-
companied by weakness and stiffness in back, extremities,
and shoulders. They can experience a reduction of sensation
for extreme hot or cold in their hands, and of temperature
sensation in the back and arms. In the end-stage, an auto-
nomic bladder and a bowel dysfunction can appear. In the
congenital form with a neural tube defect, the patients have
neurological problems in the legs, bladder and bowel dys-
function and pain. Scoliosis is often described, especially in
patients with a terminal syrinx, but the ones having an exten-
sion of the syringomyelia in the cervical area cord also have
sensory symptoms and hand weakness. The diagnosis is done
through an MRI scan, especially an electrocardiographical-
ly gated flow-sensitive technique, such as four-dimensional
(4D) phase contrast (PC) MRI. In asymptomatic syringo-
myelia, the therapy is “wait and watch”, instead the symp-
tomatic syringomyelia is treated in a nonsurgical way with
medication. In neural tube defects, a shunt revision is often
associated with an improvement of the symptoms, however,
in case of unsuccess, the untethering of the cord is considered
beneficial. On follow-up MRI, after a successful untethering,
a syrinx can appear larger than before (48). In other cases,
for example like Chiari-I malformation, it is important a sur-
gical treatment with a craniocervical decompression and an
augmentation duraplasty. In arachnoid scarring, such as in

the case of adhesive arachnoiditis, localized bands of fibro-
sis can be sectioned performing an adhesiolysis, but in the
case of a widespread arachnoiditis with infiltration of dura,
arachnoid, and pia matter sometimes it is impossible, and the
only solution is to direct drainage of the syrinx. Postoper-
ative complications can be infections, hematomas, and scar
formation close to the spinal cord or implanted shunts with
their possible obstruction, and wound leakage of CSF. The
prognosis is not good, since it is a progressive chronic disease
with remissions and exacerbations, that often require surgical
intervention to avoid a loss of functions (47).

And finally, there is also an association between arach-
noiditis and Ehlers-Danlos syndromes (EDS). To describe
briefly what EDS are, we can say that these conditions are a
group of connective tissue disorders. Patients suffering with
these syndromes have normally skin extensibility, joint hy-
permobility, and tissue fragility. This leads to neurological
problems, such as weakness of the ligaments of the cranio-
cervical junction and spine, and of the epineurium and peri-
neurium close to the peripheral nerves, and early disc de-
generation. A prevalence of IIP and TCs were reported but
unfortunately there is not real epidemiological evidence.
Even Chiari Malformation Type I can be a comorbid condi-
tion in such patients (51).

In conclusion, we can see that an arachnoiditis is often
associated with congenital or acquired diseases, which can
cause a block of the normal CSF flow dynamics and there-
fore an inflammation of the arachnoids. It would be very use-
ful to focus on the study of this disease and its associations
since this could open the horizon to cure many neurological
problems and help to improve patient’s life.

CONCLUSION

In conclusion, we can say that stem cells are very important
for many reasons. They can be useful to study of the human
development and the regenerative potential, as well as the
etiopathogenetic mechanisms and pathophysiology of vari-
ous diseases, and, additionally, they are used to develop bi-
ological models for testing new pharmacological agents. Fi-
nally, they can replace damaged tissue and regenerate organs.
Since many clinical studies have been performed and showed
good results in terms of therapeutic strategies in cell-based
medicine, an increase in ethical issues and dangers has also
been observed. However, there are many promising studies,
which lead to hoping for a brighter future with regards to re-
generative medicine. At a biological level, it is important to
mention miRNAs in the stem cells cycle regulation consider-
ing that these are responsible for the self-renewal and plurip-
otency in ESCs and in the regulation of CSCs.

Moreover, some miRNAs are associated with a good
prognosis in cancer patients. Therefore, the study of CSC-re-
lated miRNAs is essential for clinical purposes.

Stem cell therapy in neurodegenerative diseases such as
Alzheimer’s and Parkinson’s disease has been demonstrat-
ed to be very useful in reducing the symptoms, but further
studies and clinical trials to block the progression of these
diseases are still needed. Adhesive arachnoiditis as well as
other types of arachnoiditis and their associations with other
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congenital or acquired diseases need to be understood better
and experiments with stem cells should be started soon.
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