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Abstract

Pulmonary fibrosis is a devastating disease that eventually leads to death and respiratory failure. Despite the wide
range of drugs, including corticosteroids, endothelin antagonist, and pirfenidone, there is no effective treatment, and
the only main goal of treatment is to alleviate the symptoms as much as possible to slow down the progression of the
disease and improve the quality of life. Lung transplantation may be a treatment option for a few people if pulmonary
fibrosis develops and there is no established treatment. Pulmonary fibrosis caused by the COVID19 virus is another
problem that we face in most patients despite the efforts of the international medical communities. Therefore, achiev-
ing alternative treatment for patients is a great success. Today, basic research using stem cells on pulmonary fibrosis

has published promising results. New stem cell-based therapies can be helpful in patients with pulmonary fibrosis.
Wharton jelly-derived mesenchymal stem cells are easily isolated in large quantities and made available for clinical
trials without causing ethical problems. These cells have higher flexibility and proliferation potential than other cells
isolated from different sources and differentiated into various cells in laboratory environments. More clinical trials
are needed to determine the safety and efficacy of these cells. This study will investigate the cellular and molecular
mechanisms and possible effects of Wharton jelly-derived mesenchymal stem cells in pulmonary fibrosis.
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Introduction

The lung organ is located in the chest, where the delicate
lung tissue is protected by the bony and muscular cage
of the chest. This tissue provides a constant flow of oxy-
gen to the human body’s tissues, and in the meantime,
the blood is cleared of carbon dioxide. Air is regularly
pumped in and out through air ducts. The airways are
divided into upper and lower airway systems. The trans-
mission between the two air systems is located above
the larynx [1]. Tissue fibrosis and its failure are signifi-
cantly associated with mortality worldwide [2]. Fibrosis is
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defined by excessive deposition of connective tissue com-
ponents, including myofibroblasts [3]. Fibrotic disease
is usually characterized by a progressive and incomplete
cycle of abnormally high accumulation of myofibroblasts
[2]. It can affect almost all tissues. In this disease process,
the affected organs lose their physiological function and
become defective [3]. When the injury occurs, tissue
microenvironmental regeneration is critical to restor-
ing normal organ function. Inflammation and subse-
quent acute inflammatory reactions for various reasons,
including infection or injury, can disrupt epithelial and
endothelial integrity and lead to complications such as
edema, leukocyte uptake, and angiogenesis. Regenera-
tion of damaged tissue and elimination of inflammation
through apoptotic and phagocytic pathways often leaves
minimal damage. However, the presence of a persistent
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inflammation can cause idiopathic pulmonary fibrosis
(IPF) [4, 5].

Pulmonary fibrosis (PF)

Pulmonary fibrosis is characterized by damage to the
alveolar epithelial cells, regeneration of lung tissue, an
unusual accumulation of extracellular matrix, and fibro-
blasts in the tissue [6, 7], which leads to respiratory failure
and death [8]. When inflammation predominates, a path-
ogenic fibrotic reaction occurs, during which angiogenic,
proinflammatory, fibrosis-causing cytokines, destructive
enzymes, and growth factors accumulate at the injury
site [4, 9]. The most common type of pulmonary fibrosis,
idiopathic pulmonary fibrosis (IPF), is a progressive dis-
ease of the lower respiratory tract with a 5-year survival
rate that usually affects adults over 40 years of age [10,
11]. The factors involved in the onset of histopathologi-
cal cascade in pulmonary fibrosis (PF) are unknown [12,
13]. PF-related risk factors in three categories of comor-
bidities, internal and external risk factors, are listed in
Table 1 [14-18].

Pathophysiology of pulmonary fibrosis

Pulmonary fibrosis has resulted from recurrent damage
to lung tissue leading to epithelial damage followed by
the destruction of the alveolar-capillary basement mem-
brane. This process causes fibroblast cells to infiltrate and
myofibroblasts to become active. Eventually, the lung tis-
sue loses its function and progresses to death [13]. Stud-
ies have shown that alveolar epithelial cell damage is an
essential factor in the pathogenesis of idiopathic pulmo-
nary fibrosis. Studies have reported type 2 alveolar cell
(ATII) hyperplasia in patients with IPF [19]. In familial
forms of pulmonary fibrosis, mutations in genes involved
in tissue regeneration lead to damage or apoptosis of
ATII cells [20]. ATII cells damage leads to ineffective
reconstitution of normal epithelium and fibrosis develop-
ment with activation of myofibroblasts [21, 22]. Repeated
damage to the alveolar region creates a pro-inflammatory
environment [2]. Inflammation leads to an abnormal

Table 1 Risk factors in pulmonary fibrosis

External risk factors Internal risk factors Co-morbidities

Cigarette smoking Genetics Gastroesophageal reflux
Environmental pollut-  Aging Obstructive sleep apnea
ants

Air pollution Sex Diabetes mellitus

Drugs Lung microbiome Virus infection

Certain occupations Chronic aspiration

Cancer treatments
(radiation treatments)
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wound healing response explained by genetic changes in
crucial genes such as TGFb1, tumor necrosis factor-alpha
(TNFa), MCP1/CCL2, MIP1a/CCL3, and surfactant pro-
tein C (SFTPC) (2, 23, 24].

TNE-a is a pleiotropic cytokine produced by a variety
of cells in response to infection or damage. Improper
secretion of TNF is involved in the pathogenesis of vari-
ous human diseases, including infection, transplant
rejection, cancer, inflammatory diseases, and pulmonary
fibrosis [25, 26]. This cytokine plays an essential role in
cell adhesive, inflammatory responses, migration, and
activation of cytokine and chemokine cascades [27].

One of the most substantial profibrotic factors is TGEF-
b, which promotes lung fibrosis by using and activating
monocytes and fibroblasts and producing an extracellular
matrix. TGF-b1 induces fibroblast proliferation by induc-
ing fibroblast growth factor 2 and subsequent activation
of the MAPK signaling pathway [28], leading these cells
to differentiate into myofibroblasts. TGF-b promotes
ECM production by promoting ECM gene transcription
[29]. The proinflammatory chemokines MCP1 / CCL2
and MIPla / CCL3 are among the monocyte invoking
chemokines [30]. Macrophages and fibroblasts express
CCL2 / MCP-1, and its production is required for pul-
monary fibrosis [31]. CCL3 / MIP-1a also helps to aggra-
vate lung damage [32]. Studies have shown that in the
BAL secretions of patients with IPF, the levels of CCL2 /
MCP-1 and CCL3 / MIP-1a were increased compared to
healthy individuals [33, 34].

Wharton jelly-derived mesenchymal stem cells

Mesenchymal stem cells are multipotent progenitor cells
that can proliferate and regenerate [35]. Mesenchymal
cells, like ready-made soldiers, are found in all types of
adult tissues, including bone marrow, fat, skin, placenta,
and heart, which migrate easily through the blood vessels
when damaged by the secretion of various inflammatory
factors and the invocation of inflammatory cells. Due
to its surface receptors, it implants with SDF1 factors
secreted from the affected area and controls the immune
system by secreting various factors [36]. Rich sources
of MSCs include tissues such as the placenta, umbili-
cal cord, amniotic fluid, and amniotic membrane, con-
sidered medical waste [37]. Compared to adult tissues,
stem cells isolated from the amniotic membrane (AM),
chorionic plate (CP), peritoneal, and umbilical cord
(UC) tissues have more advantages [38—40]. Umbilical
Cord consists of two arteries and a vein inserted into a
particular mucosal connective tissue known as Wharton
jelly (W7J), which is covered by the amniotic epithelium.
UC-MSC have a distinct capacity for self-renewal and the
ability to differentiate into adipocytes, osteocytes, chon-
drocytes, neurons, and liver cells. In addition, when cells
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enter the host body, they accumulate in damaged tissue
or inflamed areas and accelerate tissue repair by modu-
lating the immune system [41, 42]. Wharton Jelly iso-
lated from mesenchymal stem cells (hWJMSC) have been
described as the best source of MSC [43]. The findings
clearly show that WJ-MSC can be the best suggestion
for clinical use due to its advantages such as higher pro-
liferation and differentiation potential, easy access, easy
and noninvasive separation, a large number of cells, and
no ethical problems [44, 45]. Age is an essential issue in
cells isolated from the donor [46]. Young donor cells in
the culture medium are less exposed to damage and oxi-
dative changes, age much more slowly and have a higher
proliferation rate than the older donor [47, 48]. Because
of such benefits, Wharton jelly-derived stem cells have
received significant attention in various diseases. Mes-
enchymal stem cells secrete trophic factors that maintain
cell survival, including stromal derived factor-1 (SDF-1),
hepatocyte growth factor (HGF), and insulin-like growth
factor (IGF-1), epithelial growth factor (EGF), nerve
growth factor (NGF), transforming growth factor-alpha
(TGF-a), and tissue angiogenesis vascular endothelial
growth factor (VEGF)[49]. Also, the culture medium
of WJ-MSCs contains several secretory factors such
as RANTES, MCP-1, MIP-1, IL-12, IL-15, IL-6, IL-8,
IL-2, and PGE2. Its immunomodulatory effects mediate
through these factors [50].

Immunomodaulatory effects of Wharton jelly-derived
mesenchymal stem cells

According to preclinical and clinical studies performed
on hWJMSC, these cells seem to be an excellent source in
cell-based reconstructive medicine and clinical trials. The
W]J-MSC can also suppress the immune system and mod-
ulate the immune system through cell-to-cell contact and
secretion of soluble factors, thus placing them as suitable
candidates for cell therapy in allogeneic transplantation
[51]. WJ-MSCs show minimal human leukocyte anti-
gen (HLA) class I antigen expression and no HLA-DR.
[52, 53]. HLA-G6 is a type of immunosuppressant pro-
duced by WJ-MSCs that inhibits the cytolytic activity of
NK cells and does not express the markers CD40, CD80,
or CD86 involved in T cell activation [42]. HLA- G6 is
produced by trophoblasts and protects the fetus from
immune-based degradation [54]. IL-6 (interleukin-6)
secreted by mesenchymal stem cells isolated from the
umbilical cord leads dendritic cells to tolerant pheno-
types [55]. Factors such as TGF-B1, IL-10 (interleukin
10), HGF (Hepatocyte growth factor), PGE2 (prostaglan-
din E2), IDO (indolamine 2, 3-dioxygenase), galactin-1
are secreted by mesenchymal stem cells. They play an
essential role in regulating the immune system [42, 56].
In addition, studies have shown increased expression of
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anti-inflammatory molecules such as CD200 or PD-L1
(programmed death ligand 1) in WJ-MSC mesenchymal
stem cells [57].

MSC-derived exosomes prevent inflammatory cells
from penetrating the injury site, reduce lung damage,
reduce inflammatory cytokines such as TNF-a and IL-6,
and multiple paracrine factors, including TNF, Angi-
opoietin-1, TSG-6, lipocalin-2, microRNAs, LL-37, and
KGF improve survival [58—64]. Mesenchymal stem cells
express the TSG-6 gene, which mediates the regulation
of immune inflammation [65]. TSG-6 is another major
factor that plays a vital role in the tissue repair activity
of human mesenchymal stem cells, proven in models of
myocardial infarction, peritonitis, and acute corneal and
lung damage in mice [66, 67]. TSG-6 cleaves the bind-
ing of CXCLS8 to heparin by interacting with the GAG-
CXCLS8 binding site to inhibit the delayed chemotactic
effect of neutrophils mediated by CXCL8. In addition,
TSG-6 can prevent the migration of leukocytes (mainly
neutrophils and macrophages) to the site of inflam-
mation [68]. During tissue damage and the formation
of the primary inflammatory phase, proinflammatory
macrophages (M1) are activated, clearing pathogenic
microorganisms and forming inflammation through
extracellular matrix metalloproteases (MMPs) and proin-
flammatory cytokines [69]. Increased anti-inflammatory
M2 macrophages inhibit the inflammatory response pro-
duced by chemokines, MMPs, tissue metalloproteinase
inhibitors (TIMPs), and fibronectin, leading to the pro-
gression of fibrotic lung disease [70-72]. MSCs can alter
macrophage phenotypes from an inflammatory M1 phe-
notype to a more immunomodulatory M2 phenotype,
thereby modulating macrophages [73, 74]. On the other
hand, mesenchymal stem cells can increase IL-10 levels
as an anti-inflammatory protein that activates regula-
tory cells such as Tregs [75]. Thus, mesenchymal stem
cells play a significant role in immune homeostasis by
interacting with cytokines, chemokines, and cell surface
molecules.

Mechanism of action of WJ-MSC on pulmonary fibrosis

The exact mechanisms by which stem cells positively
affect lung fibroids are not yet known. These mecha-
nisms include several biological pathways, including
targeted transplantation into affected areas, differen-
tiation of stem cells into lung epithelial cells, the ability
of the immune system to modulate, secretion of anti-
inflammatory and anti-fibrotic factors, and the ability of
the lung to repair endogenously [76]. Fibroblast activa-
tion processes through the epithelium and unfavorable
response to anti-inflammatory medications are involved
in developing idiopathic pulmonary fibrosis [77]. This
process is associated with immune responses including
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the PGE2 pathway and epithelial mesenchymal trans-
port (EMT) regulators of WISP-1 and BMP4, which are
involved in the differentiation of fibroblasts and colla-
gen [78-80]. PGE2 is one of the TGFb-dependent fibro-
sis antagonists [81]. PGE2 pathways can prevent Fas L
apoptosis in fibroblasts and myofibroblasts [82]. Studies
show that due to the low concentration of PGE2 in the
BAL secretions of pulmonary fibrosis, the physiological
antifibrotic action of PGE2 is limited [83]. The cause of
this decrease is not well understood [84]. However, low
concentrations of PGE2 make type II alveolar cells sus-
ceptible to apoptosis [82]. Because WJ-MSC cells express
high levels of immune response inhibitors, including
IDO and PGE2 [54], they can be used as an alternative
treatment to improve pulmonary fibrosis. Studies have
highlighted the prominent role of innate and adaptive
immune cell populations in the fate of myofibroblasts
and fibrosis-related responses in many fibrotic diseases
[85, 86]. Immune cells, including macrophages, neu-
trophils, NK cell, T cells, and B cells, accumulate and
become active at the site of inflammation and regulate
the improvement and exacerbation of the fibrosis pro-
cess in various fibrotic organs through various molecular
mechanisms [87]. Inflammatory macrophages activate
Th2 cells in lung tissue, and this inequality in the Thl /
Th2 immune response is essential in the pathogenesis of
pulmonary fibrosis [88]. Macrophages also produce an
effective source of fibrotic cytokines, including TGF-b1
and PDGF, chemokines, and proteases [89]. TGF-p sign-
aling is also involved in healthy lung growth and repair
of lung damage [90, 91]. This factor can induce fibroblast
proliferation, differentiation, migration, and production
and contraction of the extracellular matrix. In the adult
lung, TGF-B-mediated overexpression of Smad3 plays a
vital role in the development of extensive fibrosis [92]. In
a study in patients with CTD-IP (Interstitial pneumonia
in connective tissue diseases), they reported a significant
increase in TGF-B1 levels with a decrease in Tregs and
a decrease in the ratio of TGF-P1 to IL-6, indicating an
increase in endogenous TGF-B1 which is secreted by
immune cells in response to the inflammatory microenvi-
ronment. Endogenous TGF-$1 cannot differentiate Tregs
due to excessive IL-6 secretion and leads to an imbalance
between IL-6 and TGF-P1 in local and systemic modula-
tion of the immune response, resulting in TGF-p1 sign-
aling disrupts. This study examined the paradox of the
TGE-P1 pro-fibrotic factor in stimulating a-SMA expres-
sion and myofibroblast differentiation and showed that
excessive TGF-B1 secretion from MSC cells increased
IP-10 levels in UIP-HLF (Usual interstitial pneumonia-
human primary lung fibroblasts) and the simultaneous
decrease in a-SMA expression (93). Thus, high levels
of TGF-B1 secretion by HBMSCs may be an essential
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mechanism involved in the therapeutic effects of MSCs
in promoting the spread of Tregs in IPF patients [94, 95].

Mesenchymal stem cells migrate to the injury site
through adhesion molecules such as CXCR4, VLA-4, and
CD44 [96-98] and secrete soluble factors that inhibit T
cells’ maturation dendritic cells, reducing activation and
proliferation. B cells and inhibition of cytotoxicity Natu-
ral killer cells regulate the adaptive and innate immune
system [99-101]. Mesenchymal stem cells modulate
macrophage phenotypes by diminishing profibrotic mac-
rophage cells and inducing anti-fibrotic effects [102, 103].
WJ-MSCs prevent the uptake of neutrophils into the site
of inflammation by IL-6, EGF, and TGF-a. These cells can
also modulate NK cells and increase the Treg popula-
tion through high levels of IGF-1 and its binding proteins
[104-107]. A study in an animal model of lung damage
showed that WJ-MSCs reduced inflammation and pre-
vented the expression of TNF-q, interferon-y, growth
factor-p, MIF, and significantly reduced collagen [108].
Studies have shown the differentiation of MSCs into
lung epithelial cells in a mouse model transplanted with
amniotic-derived stem cells, and the CXCR4 / SDF1 axis
is thought to be involved [109]. The possible mechanism
of Wharton jelly-derived mesenchymal stem cells in pul-
monary fibrosis is shown in Fig. 1.

Mesenchymal stem cells in animal models of pulmonary
fibrosis and limitations on their use in pulmonary fibrosis
Lately, adult stem cells, including mesenchymal stem
cells (MSCs), have been used in preclinical and clinical
trials studies due to their multilineage differentiation,
safety, ability to migrate to damaged and inflamed tis-
sue, and immunoregulatory effect in regenerative medi-
cine and cell therapy in respiratory disease are desirable
[110-112]. Numerous preclinical studies on animal mod-
els of pulmonary fibrosis have shown that mesenchymal
stem cells can reduce inflammation, decrease fibrosis,
and increase the survival rate [99, 113, 114]. A study by
Moroncini et al. used hUC-MSC cells for intravenous
injection in C57BL / 6 mice. This study showed that
intravenous injection of two doses of MSC significantly
decreased fibrosis and inflammation induced by bleomy-
cin through inhibiting IL6-IL10-TGEp factors, including
a reduction in the set of lung M2 macrophages. UC-MSC
also showed vigorous anti-fibrotic activity in vivo in the
mouse model [115]. Another study showed that trans-
plantation of MenSCs in a mouse model of pulmonary
fibrosis significantly improves pulmonary fibrosis by
assessing pathological lesions, collagen deposition, and
inflammation. These cells also inhibit the apoptosis of
MLE-12 cells by suppressing the expression of inflamma-
tory cytokines [116]. A study on the IPF model showed
that WJ-derived cells diminished AKT and MMP-2
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Fig. 1 Possible mechanism of Wharton jelly-derived mesenchymal stem cells in pulmonary fibrosis

activation [114]. Another group reported that WJ-MSC
represses inflammation, diminishes myofibroblast action,
and enhances MMP-9 and TLR-4 receptor expression,
leading to the refusal of fibrosis [117]. Because disruption
of aging-related pulmonary repair tools is likely to carry
the pathogenesis of IPF, the use of younger mesenchymal
stem cells may have certain benefits over other sources
in the treatment of BLM-induced IPF in older patient’s
mice [114]. The applicability of W]-derived MSC as an
anti-fibrotic in the lung has been demonstrated in these
studies.

Also, in a study by Thashiro and colleagues, they exam-
ined differences between adipose mesenchymal stem
cells, young and old donors, in older mice after BLM
injection. This study showed that young adipose mes-
enchymal stem cells reduced pro-inflammatory factors,
fibrosis, MMP-2 activity, oxidative stress, and apoptotic
markers, but MSC treatment of older donors in BLM
mice showed associated markers and fibrosis. This model
did not decrease [118]. These results suggest that these
cells have age-dependent anti-fibrotic properties. It
can be said that the age of donors in pulmonary fibrosis

is an important issue that should be considered in cell-
based clinical trials in IPF patients [76]. Therefore, the
use of Wharton jelly-derived mesenchymal stem cells as
a young source can provide promising results in patients
with pulmonary fibrosis. In the meta-analysis article
on animal models of pulmonary fibrosis, 1120 articles
were included. In this study, the survival rate, the effect
of MSC cells on different models of pulmonary fibrosis,
type of MSC, injection route, and injection time were
investigated. This study showed that MSC therapy is a
safe and effective technique that can significantly amelio-
rate the survival and pulmonary fibrosis of animal mod-
els of pulmonary fibrosis, and this study is the basis for
further clinical studies [119].

Today, animal models are used for therapeutic inter-
ventions in various diseases. However, these models
face limitations. One of the most widely used models
for studying pulmonary fibrosis is the BLM model. This
animal model is considered an IPF characteristic due to
its remarkable resemblance to human idiopathic fibrosis
[120, 121]. However, the BLM model does not cover all
aspects of human disease, mainly due to the progression
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of fibrosis; the ability to transfer preclinical data to clini-
cal trials is limited [76]. Although the lungs of patients
with IPF are in some cases resemble the fibrotic lungs
of these animals, they are not precisely equivalent to
humans in the current veterinary classification of fibrotic
lung disease, they are not precisely equivalent to humans
in the current veterinary classification of fibrotic lung
disease [122]. In addition, most therapeutic compounds
have been tested on young animals, while studies have
clearly shown that older mice are more prone to pulmo-
nary fibrotic damage than younger mice [123].

Regarding efficacy, it can be said that the preclinical
efficacy of most anti-fibrotic agents, which are usually
tested in the BLM-induced model, is not clinically rele-
vant based on histological examination. Also, the major-
ity of cases in animal studies are not blind interventions
for investigators [122]. Also, cases such as the non-repro-
ducibility of experiments between different laboratories
and the size of selected animals to produce robust and
clinically generalizable data can undermine the validity of
experimental studies [122]. Therefore, designing clinical
trial studies can help improve the quality of pulmonary
fibrosis studies in these patients in the future.

Clinical trial in the field of cell therapy using mesenchymal
stem cells in pulmonary fibrosis

Currently, different cells are used worldwide, including
MSC:s of allogeneic and autologous origin, from various
adipose tissues, placenta, umbilical cord, Wharton jelly,
dental pulp and menstrual, NK cell, and Tcell [124]. The
safety and efficacy of mesenchymal stem cells to reduce
inflammatory lung disease have been shown in animal
models [125]. All reports showed that stem cell injections
were safe in human clinical trials. Although the effects of
cell therapy are not uniform, in some studies, its positive
effects have been expressed, and in other studies, these
effects have not been observed [126]. The primary pur-
pose of most of these studies is to determine the safety,
feasibility, and tolerability of injected mesenchymal stem
cells in patients. In a phase 1 study in patients with idi-
opathic pulmonary fibrosis, adipose-derived stromal cells
were used. In this study, ADSCs cells were isolated autol-
ogously and injected intrabronchially at 0.5 x 106 kg body
weight. The results of this study showed that no cases of
severe or clinically significant long-term and short-term
adverse events, including injection toxicity and abnormal
tissue formation in patients, were recorded. This study
also showed that intrabronchial injection of adipose-
derived autologous stromal cells is safe in these patients
[127]. Campo and colleagues used bone marrow-derived
mesenchymal stem cells in mild to moderate pulmo-
nary fibrosis patients. In this study, 10 x 10°, 50 x 10°,
and 100 x 10° cells were injected intrabronchially into
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13 patients as a single dose. The results showed that
endobronchial infusion of BM-MSCs did not cause seri-
ous side effects in patients, but a related proportion of
patients progressed clinically. Autologous use of MSCs
for three patients appears to be troublesome due to MSC
BM-BM genomic instability [128]. In another study, MSC
cells in 9 patients with pulmonary fibrosis were injected
intravenously with 20, 100, or 200 10° cells as a single
dose. The results of this trial showed that human mes-
enchymal stem cell injections are safe in patients with
IPF [129]. CHAMBERS et al. used placental-derived
mesenchymal stem cells in 8 patients with IPF. In four
patients, 1x10° and four patients, 2 x 10° cells were
injected intravenously, and patients were monitored for
six months. This study showed that intravenous injec-
tion of these cells was safe, and there was no evidence of
worsening fibrosis [111]. Placenta-derived mesenchymal
stem cells have received more attention today than other
sources due to their ease of isolation and proliferation. In
another study by Averyanov et al.,, 20 patients with idio-
pathic pulmonary fibrosis with reduced pulmonary func-
tion were selected. MSC cells were injected intravenously
with 2 x 10® cells in two doses every three months. In
these patients, no serious side effects were observed with
the injection of cumulative doses of MSC. Lung function
improved during the treatment period in these patients,
and DLCO, FVC, and 6MWD parameters showed signifi-
cant improvement [130].

In the meantime, clinical trial studies using mesenchy-
mal stem cells in pulmonary fibrosis have been recorded
at https://clinicaltrials.gov/, which is shown in Table 2.

Possible disadvantages of using MSCs in clinical trials

The use of new therapies such as cell therapy always has
advantages and disadvantages and faces various chal-
lenges. One of the critical things in using stem cells is the
tumorigenic power of these cells. The risk associated with
tumorigenesis after stem cell transplantation is contro-
versial and has been evaluated in various studies. Stem
cells, like tumor cells, can proliferate for a long time, have
high viability, and are resistant to apoptosis [131]. In gen-
eral, donor age, recipient tissue, and growth regulators
can affect transplanted mesenchymal stem cells [132,
133]. In patients undergoing long-term chemotherapy
and radiotherapy, because of the immune system inad-
equacy, transplantation of these cells increases the risk of
tumorigenesis for the patient [134]. In addition, there is
a piece of evidence that the appropriate number of these
cells does not reach the desired location. An insufficient
number of cells reach the injury site due to their short
survival and the entrapment of most of these cells after
intravenous injection into the lungs [135-137]. Problems
such as alloimmunization may result in the re-injection
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of mesenchymal stem cells, while many studies have sug-
gested that a single MSC injection is safe for the patient
and does not stimulate the immune system [138]. In
addition, materials used to stimulate the growth and dif-
ferentiation of these cells in the laboratory environment,
including FBS, may elicit an immune response in the
patient’s body [139].

Conclusion

Wharton Jelly is a good source for extracting MSCs and
applying it in the clinic. These cells have more stemness
properties than other tissue-derived mesenchymal stem
cells, and there are no ethical problems with using these
MSCs. According to preclinical studies on mesenchymal
stem cells derived from different sources in the pulmo-
nary fibrosis model, it seems that Wharton jelly-derived
cells could be excellent sources for the treatment of this
disease in the future. Therefore, it is possible to open a
clear perspective in the treatment of pulmonary fibrosis
in the future by conducting more clinical trial studies
using WJ-MSC. In the meantime, selecting the appropri-
ate cell dose, the number of injections, injection method,
precise protocols for isolation, cell culture, and the prolif-
eration of these cells can be the beginning of a new treat-
ment procedure in patients with pulmonary fibrosis in
the future.
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