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Summary: Human stem cell therapies are among the most promising treatment methods for many
serious diseases in most areas of medicine. Their abilities are based on relatively easy isolation
methods, regenerative potential, and possible differentiation into all three germ layers. Furthermore,
their autologous transplantation is well tolerated with minimal risk of rejection. Additionally, they
can immunomodulate, with suppressive effects on pro-inflammatory and promotion on anti-inflam-
matory molecule secretion. They can also act through paracrine and autocrine pathways or stimulate
angiogenesis. Furthermore, they could be modified to exhibit affinity to tumours and deliver drugs
exactly into pathological tissue or create healthy tissue with the correct genetic material. In turn, in
psychiatry, the change of their level in peripheral blood is directly proportional to patients’ clinical
conditions. All these features support the notion that the medicine of the future will probably be
based on human stem cells.
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Streszczenie: Terapie z wykorzystaniem komodrek macierzystych pochodzacych od ludzi s3 jedna
z najbardziej obiecujacych metod leczenia wielu powaznych choréb. Ich funkcjonalno$é opiera si¢
na stosunkowo tatwej izolacji, duzym potencjale regeneracyjnym i zdolnoséci do rdéznicowania si¢
w komorki pochodzace ze wszystkich trzech listkéw zarodkowych. Transplantacje autologiczne
sa dobrze tolerowane i wykazuja si¢ niewielkim ryzykiem odrzucenia przeszczepu. Dodatkowo,
komorki te maja zdolno$¢ do modyfikowania reakcji zapalnych poprzez wywieranie hamujace-
go efektu na czynniki prozapalne i pobudzajacego na antyzapalne. Sg zdolne do parakrynowego
i autokrynowego wydzielania substancji oraz stymulowania angiogenezy. Po swoistych modyfik-
acjach moga wykazywa¢ powinowactwo do nowotwordéw i deponowac leki doktadnie w patolog-
icznej tkance lub tworzy¢ nowa z prawidlowym materiatem genetycznym. W psychiatrii zmiana ich
stezenia we krwi obwodowej jest wprost proporcjonalna do stanu klinicznego pacjenta. Wszystk-
ie te cechy powoduja, ze badania nad ludzkimi komorkami macierzystymi moga doprowadzi¢ do
przetomu i mozna przypuszczacé, ze stang si¢ fundamentem nowoczesnej medycyny.

Stowa kluczowe: ludzkie komorki macierzyste, pluripotencjalne komoérki macierzyste

INTRODUCTION

Human stem cells became popular in almost every area of medicine. Scien-
tists worldwide attempt to find a perfect way of their isolation, which should be
low-effort, repeatable and without controversies. Furthermore, the tissue from
which the cells are obtained should have a significant regenerative potential [11].
Stem cells are a very wide concept, which includes many types of cells, but all of
them are pluripotent and can differentiate into various tissues with specific prop-
erties. They also have other features which depend on the tissue in which they
are located [35]. Nowadays, due to their extent, it is impossible to discuss every
human stem cell in one review. Hence, the populations mentioned are e.g. mes-
enchymal stem cells, adipose tissue-derived stem cells, epidermal stem cells, em-
bryonic stem cells, induced pluripotent human stem cells, bone marrow-derived
stem cells, or cardiac stem cells. In this review, we focus on clinical treatments in
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several areas of medicine, in which specific types of human stem cells show the
greatest therapeutic potential.

Mesenchymal stem cells are most commonly used nowadays, characterised by
relatively easy acquisition without an impact on human health [3]. In adulthood,
the most commonly studied stem-cell containing tissues are adipose, muscle, and
bone marrow [33]. While pluripotent stem cells are able to differentiate into all
three embryonic lineages, multipotent cells, e.g. hematopoietic stem cells, differ-
entiate into tissue specific cells, [12]. Clinical trials focus on their regenerative
potential and opportunities for improved functionality of damaged tissues [36].
Adult stem cell differentiation abilities depend on their tissue of origin [7]. Un-
fortunately, stem cells also have the potential for unlimited proliferation, which
can potentially lead to malignant progression [7]. Furthermore, some cells are
modified to exhibit angiogenic, neurotrophic, and anti-inflammatory abilities [10,
20]. Other modifications cause affinity to tumours, allowing the cells to transport
drugs or oncolytic viruses [20].

APPLICATION OF HUMAN STEM CELLS
IN ADVANCED TREATMENT PROTOCOLS

DERMATOLOGY

One of the most popular adult stem cells are mesenchymal stem cells, which
usually are obtained from umbilical cord blood. Sang Eun Lee et al. used these
cells to treat patients with recessive dystrophic epidermolysis bullosa [22]. Four
adults and two pediatric patients received three intravenous injections of human
umbilical cord blood mesenchymal stem cells (hUCB-MSCs), which yielded no
adverse side effects. The authors observed improvement in Birmingham Epider-
midis Bullosa Severity Score body surface area involvement, blister counts, pain,
pruritus, and quality of life. The maximal effect was observed after 56-112 days
after injections [22]. MSCs were also used in vitiligo (promote cell proliferation
and suppress oxidative stress-induced apoptosis in human melanocytes), melano-
ma (supplying INF-f and killing effect), photoaging (stimulation of collagen and
TGF-B production, inhibition of UVB-induced apoptosis), or atopic dermatitis
(suppressing T cell and B cells functions, decreasing serum IgE level) [23].

Other researchers examined the impact of adipose tissue-derived stem cells
(ADSCs) on wound healing. They proved that ADSCs have significant potential
for skin regeneration by repairing damaged or dead cells. They also have the abili-
ty to differentiate into dermal fibroblasts, endothelial cells, and keratinocytes. Ad-
ditionally, they can also act through autocrine and paracrine pathways, stimulating
the healing process. It has been shown that human stem cells can play a significant
role in wound healing, as well as in anti-aging processes [24].
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The next useful type of stem cells are epidermal stem cells. Researches showed
potential of these multipotent cells for autologous therapies in wound healing and
cutaneous repair. Their action is based primarily on angiogenesis, cell migration,
proliferation, and the re-epithelialization processes [42]. Unfortunately, many fac-
tors have an impact on the effectiveness of this therapy. For example, Gertraud
Eylert et al. showed that even doses of the ESC contained substances have signif-
icant importance in successful therapy [14]. Other dermatological conditions in
which it is possible to use human stem cells are non-healing ulcers, critical limb
ischemia [21], or radiation burns [19].

DIABETOLOGY

Embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs), and
adult mesenchymal stem cells (MSCs) are primarily used in clinical trials re-
garding treatment of type 1 and type 2 diabetes. Controversies of ESCs isolation,
which have unlimited differentiation potential, limited research on this cell type.
The most common type, because of its accessibility, is mesenchymal stem cells.
The most significant restriction in therapies with MSCs is their inability to suc-
cessfully differentiate into B-cells of the pancreas, whose role in the pathogenesis
of diabetes type 1 is vital. However, MSCs cause less exogenic insulin require-
ment and regression of disease advancement [34], which could be significant for
maintaining the desired glucose level [32].

Mesenchymal stem cells were also applied in clinical trials on diabetic kidney
disease. It is one of the most severe complications of diabetes, which strongly
affects patients’ quality of life. Researches showed that mesenchymal stem cells
from patients with DM type 1 do not differ significantly from healthy controls,
but patients with DM type 2 have MSCs with greater senescence, lower viability,
angiogenic and proliferative potential, and increased apoptosis. Despite this, both
autologous and allogeneic transplants resulted in a decrease in insulin require-
ments, levels of HbA1C and an increase in the levels of peptide-C, which is the
best marker of insulin production by the pancreas [37].

ONCOLOGY

The area with the biggest potential for human stem cells is oncology. Genet-
ically modified MSCs are promising carriers of anticancer agents, which could
inhibit growth processes by blocking growth factors or expressing specific cy-
tokines [26]. However, they also carry a significant threat of malignant differen-
tiation. Only precisely modified stem cells xouls lose their potential for uncon-
trolled growth. Molecular cancer development mechanisms are so complicated
that only their full discovery could allow clinicians to use stem cells safely [6].
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NEONATOLOGY

The next continuously evolving medical problem is premature birth, resulting
in many neonatal development complications. Mesenchymal stem cells were used
in new therapies of neonatal disorders, e.g. bronchopulmonary dysplasia, intra-
ventricular haemorrhage, or hypoxic-ischemic encephalopathy. The main function
of these cells in these therapies is their secretion of a wide range of growth factors
and cytokines with immunomodulating effects. On the other hand, the treatment
of neonatal complications is a complex subject, so it is necessary to better under-
stand these therapies and their long-term effects [1].

CARDIOLOGY

Human stem cells’ regenerative potential is pivotal for cardiomyocytes in the
myocardium [2]. Although in the past, the human heart was considered to be ul-
timately diversified and unable to regenerate, actual clinical studies prove that
this organ can probably rebuild itself to some extent by cardiomyocyte turnover.
In this context, scientists embryonic investigated are primarily stem cells, bone
marrow-derived stem cells, cardiac resident stem cells, skeletal myoblast cells,
cardiac stem cells, or MSCs [2, 27]. Pluripotential ESCs are sourced from the
embryo’s inner cell mass called the blastocyst, which poses a serious ethical prob-
lem [36]. Because of their ability to differentiate into all three germ layers, it is
possible to induce them towards mesodermal lineages [15]. The greatest threat in
using ESCs is the possibility of immunologic rejection or teratoma formation [2].
Furthermore, induced pluripotent stem cells can form cardiomyocytes, but also
pose the risk of malignant progression, as well as are associated with relatively
complicated isolation procedure. The most important influence of MSCs cardi-
ac tissue is based on paracrine signalling (secretion transforming growth factor
B, vascular endothelial growth factor [VEGF], stromal cell-derived factor, and
epidermal growth factor), neovascularization (secretion pro-angiogenic factors,
VEGTF, hepatocyte growth factor [HGF], insulin growth factor [IGF-1]), immuno-
modulation (MSCs can suppress the proliferation, induce the apoptosis of T cell,
and stimulate regulatory Treg cells, which improve wound healing) [6, 25, 27].
MSC:s are relatively easy to obtain [40], but they are a heterogeneous population
and have limited differentiation potential [27]. Their additional advantage is a re-
duced expression of MHC (major histocompatibility complex) class I and lack
of MHC class I, allowing their full allogeneic and autologous use [5]. System-
ically, cardiac stem cells promote systolic motion improvement, increasing left
ventricular ejection fraction, decreasing infarct size, as well as increase NYHA
score, which is a desired effect for all therapies in heart failures. Similar effects
are attributed to skeletal myoblasts, which are also able to form new small vessels
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[17], but are associated with more complications, such as arrhythmias [36]. Bone
marrow-derived stem cells have the capability to create heart-cell tissue, but be-
cause of their multipotency, there is a risk of their differentiation into other tissues
like bone, cartilage, or fat [15].

PSYCHIATRY

Psychiatry uses human stem cells in another aspect. When other medicine
areas use them in therapies, psychiatrists investigate stem cells as a diagnostic
tool. Stem cells in the peripheral blood and factors such as complement cascade
cleavage fragments or bioactive phospholipids, responsible for influencing these
cells, are thought to increase stress levels. Furthermore, in psychotic disorders, the
amount of these elements was found to be higher. Hence, they have the potential
to be specific markers for some psychiatric diseases and could verify treatment
effectiveness [41].

PULMONOLOGY

Seyeon Oh et al. evaluated the mesenchymal stem cell application efficiency in
pulmonary arterial hypertension (PAH). The best improvement in right ventricular
function was noticed with application of umbilical cord blood mesenchymal stem
cells (UCD-MSCs), compared ADSCs or bone marrow-MSCs (BM-MSCs). Ther-
apies with BM-MSCs and UCB-MSCs cause right ventricular pressure overload
reduction and improve the right ventricle’s hemodynamic parameters. The next
effect was noted in vascular remodelling after human stem cell application; ther-
apy based on these cells showed protective effects on the medial wall thickening,
perivascular fibrosis, and vascular cell proliferation [28].

Acute respiratory distress syndrome (ARDS) significantly handicaps gas ex-
change in the lungs, which causes hypoxemia as an effect of inflammatory pulmo-
nary oedema. ARDS is a high mortality disease, statistically close to HIV infec-
tion, breast cancer, or asthma. In ARDS treatment, the most promising solutions
are based on mesenchymal stem cells. Their first function is the suppression of
T-cell proliferation and modification of activities of dendritic cells, B cells, mac-
rophages, and neutrophils. In bacterial sepsis, which is the most common cause of
ARDS, MSCs change macrophage phenotype and activate CD4 and CDS8 T cells,
which stops inflammatory cytokine production. Their second function is support-
ing wound repair by controlling inflammatory cells and expression of growth fac-
tors like vascular endothelial growth factor, fibroblast growth factor, and keratino-
cyte growth factor [9]. Thus, these cells affect both the critical inflammatory stage
and the healing stage after the improvement of the patient’s condition.

The other severe and fatal disease for which human stem cells can be the new
therapeutic method is cystic fibrosis. The CFTR gene mutation, encoding a pro-
tein kinase A-regulated anion channel necessary to the absorption and secretion of
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chloride and bicarbonate ions, is the cause of CF. ESCs and iPSCs with blocked
CFTR genes can be useful in both in vitro and in vivo research about cystic fi-
brosis to better understand this illness’s pathophysiology and new accelerate new
treatment discovery. In clinical trials, there are suggestions that mesenchymal
stem cells, with their anti-inflammatory and anti-bacterial activities, paracrine
mediators, and ability to differentiate to airway epithelial cells, can be useful in
tissue repair combined with cytoprotective effect. Other cells, such as autologous
hematopoietic stem cells, could also be modified to express the correct CFTR
gene and transplanted to the patient [8].

COVID-19

One of the newest research type involving human stem cells aims to treat com-
plications of Coronavirus disease 2019, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Mesenchymal stem cells were used in HSN1
viral infection therapies and showed effective modification of lung pathophysiolo-
gy. Recent studies from China, Spain, and the United States proved that the use of
mesenchymal stem cells (umbilical cord mesenchymal stem cells) improves patient
clinical conditions, confirming the results of laboratory tests. C-reactive protein, in-
terleukin-6, tumour necrosis factor-o, ferritin, LDH, lung inflammation symptoms,
and a fraction of inspired O, showed a decline when lymphocytes, neutrophils,
interleukin-10, and pulmonary function increased [4]. Seyed-Mohammad Reza
Hashemian et al., in their clinical trials, suggests similar conclusions. Additionally,
a decrease in interleukin-8 and interferon-y, and an increase in interleukine-4 was
reported. All trials proved that high doses of MSCs are relatively safe, well-tolerat-
ed, and can meaningfully improve patients’ clinical condition [16].

ORTOPHOEDICS

In orthopaedics, scientists try to find applications for human stem cells in treat-
ment of several diseases. First of all, treating long-bone defects was investigated in
a few trials. Durfane et al. used autologous adipose stem cells transplanted into the
damaged bone in the special artificial 3D-structure. There were no observed acute or
long-term side effects. Moreover, human stem cells showed a positive effect on the
treatment of osteonecrosis. Bone marrow aspirate concentrate or MSCs, in a trial
performed by Sen et al., showed long-term pain relief, reduced clinical joint symp-
toms, and improved condition of the necrotic hips. Similar effects and stimulation
of progenitor cells were noticed in long bone non-union fractures, tibial osteoto-
mies, distraction osteogenesis, spine fusion, and other fractures. In osteoarthritis,
stem cells provoke cartilage regeneration and create hyaline-like tissue with usually
complete coverage of damaged area by new cells [18]. Different types of stem cell
injections could be successfully applied in osteoarthritis treatment [31], but it is
necessary to have more data before implementing this therapy in daily practice.
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NEUROLOGY

Alzheimer’s disease is one of the most severe neurological illnesses. In clinical
trials, scientists use embryonic stem cells, mesenchymal stem cells, brain-derived
neural stem cells, and induced pluripotent stem cells. The desirable therapeutic
mechanism relies on the modulation of inflammation, protection from amyloid-beta
neurotoxicity, stimulation neurogenesis and synaptic connectivity, anti-amyloido-
genic activity, and regeneration of depleted neural networks. Several pre-clinical
studies showed positive effects with significant changes in the examination, such
as decreased hippocampal amyloid b deposit and reduced number of amyloid b
plaques, as well as reduced pro-inflammatory cytokines (IL-1B, TNF-a), and in-
creased anti-inflammatory cytokines (IL-4, IL-10, TNF). Moreover, clinical stud-
ies using MSCs showed safety and tolerability. Only one clinical trial didn’t show
any clinical improvement 24 months after injections, but a few still undergoing [13].

In multiple sclerosis, the best-researched cells are MSCs and bone marrow-de-
rived cells. Many trials show promising results for stem cell therapies. Primary
remyelination, which is the main goal of therapies, was observed after injections
with MSCs and BMDCs. While the mechanism of this occurrence is unclear, these
cells can migrate into the brain and spinal cord. Their next therapeutic function
is the suppression of inflammation and immune modulation, which is also used
in other areas of medicine. Moreover, neuroprotection and suppression of axon
apoptosis have a meaningful impact on patient condition [38].

In Parkinson’s disease, dopaminergic neurons are gradually damaged, which
causes tremor, slowness of movement, rigidity, and postural instability. The first stem
cell transplantation for treatment of this disease was performed using foetal cells [29,
30, 39]. Because of the ethical problems, there is no chance to create standardized
therapy based on the aforementioned cells, despite the effectiveness in dopamin-
ergic neurons’ regeneration. An alternative therapy could be based on pluripotent
stem cells [29], which are similar to embryonic cells, and give comparable functional
properties. Scientists expect that stem cell transplantation will give similar effects to
levodopa (pharmacological treatment), improve clinical conditions, reduce bradyki-
nesia, rigidity, dystonia, tremor, pain, and improve facial expression [30].

CONCLUSIONS

Human stem cells have great potential in almost every field of medicine. Their
regenerative abilities seem to be a solution for many diseases that involve signifi-
cant damage of physiological tissue. On the other hand, they can also be an excel-
lent marker for the development of various diseases. Many cell types and a wide
range of isolation methods give possibilities to find a treatment suitable cell pop-
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ulation showing the best effectiveness. Unfortunately, their potential for uncon-
trolled and untargeted differentiation is a serious threat. Obtaining the desired
way to control stem cells and direct their capacity to multiplication is probably
a solution for most methodological problems. Thus, the need to better understand
the aforementioned cells is undeniable, but the current conclusions nevertheless
offer great hopes for the development of future therapies.
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