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Bronchopulmonary dysplasia (BPD) is a common chronic lung disease in premature babies, especially affecting those with very low
or extremely low birth weights. Survivors experience adverse lung and neurological defects including cognitive dysfunction. This
impacts the prognosis of children with BPD and may result in developmental delays. The currently available options for the
treatment of BPD are limited owing to low efficacy or several side effects; therefore, there is a lack of effective treatments for
BPD. The treatment for BPD must help in the repair of damaged lung tissue and promote further growth of the lung tissue. In
recent years, the emergence of stem cell therapy, especially mesenchymal stem cell (MSC) therapy, has improved the treatment
of BPD to a great extent. This article briefly reviews the advantages, research progress, and challenges faced with the use of
MSCs in the treatment of BPD. Stem cell therapy is beneficial as it repairs damaged tissues by reducing inflammation, fibrosis,
and by acting against oxidative stress damage. Experimental trials have also proven that MSCs provide a promising avenue for
BPD treatment. However, there are challenges such as the possibility of MSCs contributing to tumorous growths, the presence
of heterogeneous cell populations resulting in variable efficacy, and the ethical considerations regarding the use of this treatment
in humans. Therefore, more research must be conducted to determine whether MSC therapy can be approved as a treatment

option for BPD.

1. Introduction

Bronchopulmonary dysplasia (BPD) is a common chronic
lung disease in premature infants, especially in very low birth
weight (VLBW) and extremely low birth weight (ELBW)
infants. Epidemiological investigations show that the inci-
dence of BPD in VLBW and ELBW infants is 30%-40%
and 54.1%, respectively [1]. In the early postnatal period of
premature infants, the cells in lung in the late canalicular or
early saccular stage are in a highly proliferative state. There-
fore, these preterm infants lack effective alveolar gas
exchange. BPD is a result of lung injury and abnormal lung
repair, characterized by a decrease in the number of alveoli,
abnormal morphology, uneven distribution of ventilation,
and abnormal development of the pulmonary vascular sys-
tem [2, 3]. Hyperoxia, mechanical ventilation, inflammation,
and oxidative stress are the main causes of disease. And the
antioxidant capacity of preterm infants is insufficient, which

facilitates oxidative stress damage as hyperoxia produces
more oxygen free radicals which then exceed the antioxidant
power of these infants. Prematurity and low birth weight are
the most important factors in the development of BPD, and
other factors such as intrauterine growth restriction (IUGR),
chorioamnionitis, race, or ethnicity also contribute to its
process.

Survivors of BPD often suffer from sequelae such as air-
way hyperresponsiveness and abnormal pulmonary function
[4]. Additionally, some survivors may have adverse neuro-
logical outcomes such as motor and cognitive dysfunction,
which significantly affects their quality of life [5]. Currently,
there is a lack of effective treatment for BPD. Although gluco-
corticoids, vitamin A, and caffeine have specific preventive
and therapeutic effects on BPD, they are limited by low
long-term efficacy or severe adverse reactions [6, 7]. The
treatment for BPD is not only to repair the lung injury but
also to promote lung growth. Stem cell therapy, especially
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using mesenchymal stromal cells (MSCs), has advanced BPD
therapeutic effect. This article briefly reviews the advantages,
progress, and challenges of MSCs in the treatment of BPD.

2. Basic Characteristics and
Mechanisms of MSCs

MSCs refer to mesenchymal stromal cells, and they are not
true “stem” cells, since their main functionality is not multi-
potency in vivo. MSCs may be sourced from embryonic, peri-
natal (umbilical cord, placenta, amniotic membrane,
umbilical cord blood, and chorion), and adult tissues (bone
marrow, fat, skin, dental pulp, synovium, and liver) [8].
They have the following basic characteristics [9, 10]: (1)
Under standard culture conditions, bone marrow MSCs
must be attached to plastic culture vessels when cultured in
tissue culture bottles. (2) MSCs must express the cluster of
differentiation (CD) markers CD73, CD90, and CD105 on
their cell surface. (3) Bone marrow MSCs should lack hema-
topoietic markers such as CD45 (white blood cells), CD34
(hematopoietic progenitor cells), CD14 or CD11b (monocy-
tes/macrophages), CD19 or CD79a (B cells), or human leu-
kocyte antigen DR (HLA-DR) which is a major
histocompatibility complex class II receptor. (4) They can
differentiate into adipocytes, osteocytes, and chondrocytes.

(1) Homing process

Homing is a crucial part of the healing process facilitated
by MSCs. Studies have confirmed that MSCs preferentially
enter injured sites [11], although the migration of MSCs to
these sites is not fully understood. It is likely that they
respond to chemokines and migrate under the stimulation
of these signals from inflammatory cells [11, 12]. Cell adhe-
sion molecules expressed by MSCs interact with these cyto-
kines and reach the target organs through local or systemic
circulatory migration and endothelial cell transport [13].
Once MSCs reach the target tissue injury area, they can play
their therapeutic role [14].

(2) Paracrine production

Many studies show therapeutic efficacy of MSCs is
through paracrine actions rather than cell differentiation or
cell-cell contact. In vitro and in vivo studies have shown that
MSC-conditioned media, that is, cell-free media which con-
tains metabolites obtained from MSCs, can protect alveolar
epithelial cells and pulmonary microvascular endothelial
cells from oxidative stress when cultured for 24 hours [15,
16]. This is because MSCs can secrete growth factors, chemo-
kines that induce cell proliferation, angiogenesis, antiapopto-
sis, antioxidation, and antifibrosis components that can be
detected in MSC-conditioned media [17-20]. A study con-
firmed that MSC-conditioned medium reduced the apoptosis
of AEC-IIs exposed to hyperoxia [19]. Another study indi-
cated that the overexpression of angiopoietin-1 in MSCs pro-
moted recovery of lipopolysaccharide-induced lung tissue
injury, suggesting that secretory factors contribute to the
healing process [21]. Similarly, when treated with MSC-
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conditioned medium alone, lung repair in mice with
hyperoxia-induced lung injury was also observed in the
absence of cells [20]. MSC transplantation can decrease the
levels of classical proinflammatory cytokines, including
Interleukin(IL)-1 and IL-6, macrophage inflammatory pro-
tein- (MIP-) 1, tumor necrosis factor- (TNF-) &, and trans-
forming growth factor- (TGF-) 81, and increase the levels of
central growth factors and anti-inflammatory cytokines. A
decrease in the number of inflammatory macrophages and
neutrophils entering the lung tissue and improving lung
morphology has been reported [22]. Despite the low implan-
tation rate of stem cells, neutrophil aggregation and pulmo-
nary edema can be prevented [23, 24]. Similarly, bone
marrow-derived stem cells can prevent hyperoxia-induced
lung injury [19, 25]. Moreover, MSC transplantation can
reduce the oxidative stress index [26], and exogenous MSC
can retain the production of pulmonary surfactants after
hyperoxia injury [27]. Improvements in alveolar and vascular
development and a decrease in apoptosis are beneficial to
lung growth [28]. In other words, it is not the presence of
the cell itself that results in a therapeutic effect, but the com-
ponents secreted by the cell that repairs lung injury instead.
Although the implantation rate of donor cells is low and
the cells eventually disappear, exogenous MSCs still have a
long-term positive effect [29, 30]. This indicates that the
paracrine protection induced by transplanted stem cells
may play a key role in tissue repair [29-31]. Importantly
MSC paracrine function is tightly regulated by inflammatory
signaling pathways, including critical RAP1/NF-5b signaling
pathway [32, 33]. Inflammatory cytokines including IL-6 or
TNF-a not only stimulate MSC to promote tissue repair
growth factors and immunomodulatory cytokines [34-36],
but they also can promote the efficiency of MSC mitochon-
drial transfer that can directly alleviate ROS induced-
bronchopulmonary damage and improve barrier integrity
[37-40]. Mitochondrial damage is widespread in the bronch-
opulmonary system when exposed to oxidative stress and
inflammation. MSC-modulated mitochondrial transfer is a
novel mechanism to repair mitochondrial damage in variable
tissues, including eye [41] and lung tissues [37, 42].

With the gradual disappearance of donor cells, the intact
host tissue protected by stem cell transplantation may con-
tinually upregulate various paracrine factors, resulting in
lasting beneficial effects. It was found through experiments
that after MSC treatment, there was no obvious GFP
implantation in the lungs at 1, 3, or 13 weeks, and the
implantation rate was 0-5% [19]. We cannot ignore that,
given the instability of GFP, the implanted cells will lose
their fluorescence. Therefore, the transplanted MSCs may
actually exist in the lung structure, but its significant pres-
ence cannot be proved.

(3) Immune system interaction

MSCs play an immunomodulatory role through direct
cell-to-cell contact as well as prevention of proliferation and
function of inflammatory immune cells, including T cells, B
cells, natural killer cells, macrophages, monocytes, and den-
dritic cells [43, 44]. It has been demonstrated that different
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tissue-derived MSC presents a distinct capacity of immune
privilege [45] and potential of immunomodulation [46, 47].
Undifferentiated MSCs express low levels of HLA I and
low-level class II. HLA helps avoid recognition by the
immune system [48]. Human-induced pluripotent stem
cells- (iPSCs-) -MSCs, fetal-MSCs, and bone marrow(BM)-
MSCs express little costimulatory molecules [45]. Generally,
cells that express major histocompatibility complex (MHC)
molecules can either stimulate T cells directly with costimu-
latory molecules or activate T cells through the cross presen-
tation of MHC antigens of professional antigen-presenting
cells (APCs) indirectly. Human or rat MSCs have low immu-
nogenicity and immunosuppressive nature, making them the
best choice of clinical application to acquire lower transplan-
tation rejection in the process of allogeneic transplantation.
Allo- or xenotransplantation of human or rat MSCs led to a
weak immune response in the rat striatum, relative immune
cells such as DCs and Taf cells, and no Tyd-lymphocytes
were expressed in a low level [49]. Studies have shown that
the level of HLA I expressed by umbilical cord-derived MSCs
is significantly decreased, the concentration of intracellular
immunosuppressive molecules increased, and proliferation
of T cells inhibited [50, 51].

On the other hand, iPSC-MSCs can not only exert strong
immunomodulatory effects [52], but also act directly through
the MSC-macrophage interaction: MSC-EXO treatment can
attenuate related inflammatory changes and reverse hyper-
oxia transcriptome changes, reduce the degree of
hyperoxia-induced BPD, and improve lung function-lung
fibrosis, blood vessels [19]. Remodeling and pulmonary
hypertension are suppressed. Furthermore, hyperoxia expo-
sure can change the proangiogenic effect of L-MSC and
FGF expression, and decreased expression of CD73 and
JAK/STAT indicates decreased immune function [20].

3. Experimental Study of MSC Treatment in
BPD Animal Model

It is difficult to fundamentally improve the pulmonary func-
tion and nervous system prognosis of severe BPD by using
the current clinical treatment method. MSC transplantation
has become a new hope for BPD treatment, but the specific
mechanisms of MSCs in BPD treatment are not very clear.
Several animal experimental studies have shown that MSCs
can inhibit inflammation, reduce lung injury and pulmonary
hypertension, and reduce pulmonary fibrosis [53]. The
results of Sutsko et al. showed that the endotracheal adminis-
tration of MSCs and MSC-conditioned medium in neonatal
rats with hyperoxia-induced lung injury suggested that the
alveoli continued to improve, inflammation decreased [29],
and pulmonary angiogenic factors were upregulated by
28%. In a neonatal rat model, Ahn et al. evaluated the results
up to 70 days after birth, they found that the benefits of intra-
tracheal transplantation of MSCs continued over time, and
no abnormalities were found in histological examination of
various organs [31]. There is growing evidence that MSCs
do not implant and reimplant damaged organs, but they
function through paracrine activity [16]. This property may
explain the multiple functions of MSCs: in addition to their

potent anti-inflammatory activity, they also have antifibrosis,
antiapoptosis, antioxidant, and angiogenic properties [54].
Currently, the best administration parameters (dosage
include) of stem cell therapy for BPD are not clear. Studies
have shown that the best dose depends on the injury’s loca-
tion and the route of administration. The best timeframe
for stem cell therapy for BPD is also unclear. In animal exper-
iments for stem cell therapy for BPD, the main ways of stem
cell transplantation include intratracheal instillation and
intravenous and intraperitoneal injections. Sung et al. con-
ducted an animal experiment on lung injury treatment with
umbilical cord blood-derived MSCs. They found that the
hyperoxia-induced decrease of terminal deoxynucleotidyl
transferase deoxyuridine triphosphate nick-end labeling
(TUNEL)-positive cells in the alveolar damage index in the
intratracheal injection group was more evident than that in
the intravenous injection group. Therefore, the authors
believe that intratracheal injection is more effective than
intravenous infusion [28]. In Pierro et al.’s study, after intra-
tracheal injection of perivascular cells and MSCs, the follow-
up results of neonatal rats showed that although the amount
of cell implantation was low, lung repair and function
improved over a long period due to the paracrine effects of
MSCs [30]. Van Haaften et al. showed that in the neonatal
rat model of BPD, MSC transplantation on the 4th day after
birth could significantly reduce lung injury. For clinical treat-
ment, early identification of BPD and early stem cell trans-
plantation may be more effective [19]. A meta-analysis by
Augustine et al. showed that the therapeutic effect of MSCs
was significantly better than that of the control group in all
intraperitoneal, endotracheal, and intravenous subgroups.
Intravenous administration was substantially better than
intratracheal administration. Bone marrow MSCs were more
commonly used than umbilical cord stem cells. There was no
significant statistical difference among low, middle, and high
doses of MSCs. Compared with the control group, the effect
of MSC treatment was beneficial regardless of treatment
and evaluation timing [55]. We summarized the representa-
tive animal studies, these animal experiments have adopted
the same model hyperoxia-induced BPD in newborn rats,
and these results represented the advantages and huge poten-
tial of the MSC application. The characteristics of the animal
experiments are shown in Table 1. Through these reports,
even though the management is quite different from the dose
or timing or ways of transplantation, MSC administration
could decrease both mean linear intercept and alveolar vol-
ume, which indicates intervention is benefit for lung alveolar-
ization. And most experiments are strong evidence for that
the paracrine activities play important roles in this process.

4. Study of MSC Treatment in Neonatal BPD

Presently, the clinical stem cell therapy research for BPD is
mainly focused on umbilical cord blood-derived MSCs,
umbilical cord-derived MSCs, and bone marrow MSCs.
Human umbilical cord tissue is considered the most attrac-
tive source of MSCs because it is readily available. Compared
with other sources of MSCs, it shows less antigenicity, more
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TaBLE 1: Summary of study characteristics extracted from induced animal experiments.
Author Oxygen Dose (per animal), Time of
(year) concentration time (hours), method assessment Outcomes
(1) 1 x 10° BMSC, P4, IT Alveolarization, lung angiogenesis, PH,
0,
van Haaften (2009) 95% (2) BMSC 1 x 10°, P14, IT P21, P4 exercise capacity, survival rate
(1) 5% 10* cells P4, IV Alveolarization, lung inflammation, PH,
0
Aslam (2009) 75% (2) BMSC-CM 50 yl, P4, IV P5/P14 vascular injury
(1) 2 x 10° cells, P5, IT Weight, survival, alveolarization, apoptosis,
0,
Chang (2009) 95% (2) 5% 10° cells, P5, IP P14 lung inflammation, and fibrosis
(1) 5% 103 cells Weight, survival, alveolarization, apoptosis, lung
Chang (2011) 95% (2) 5 x 10* cells P14 inflammation, MPO activity, lung fibrosis,
(3) 5% 10° cells, P5, IT oxidative stress
5x 10° cells P3/P10/P3 P1, P3, P5,P7, P10 Weight, survival, alveolarization, apoptosis, lung
0,
Chang (2013) 90% +P10, IT P14, P21 inflammation, fibrosis, oxidative stress
Zhang (2012) 95% 1% 10° cells, P10, IV P13, P17, P24 Weight gain, lung. 1nﬂammat.10n, alveolarization,
tissue cytokine
Waszak (2012) 95% 1 ml/kg, PO-P20, IP P21 Alveolarization, pH, PA remodeling
(1) 2% 10° cells, P9, IT Alveolarization, lung angiogenesis and
0,
Sutsko (2013) 0% (2)0.05ml MSC.CM, IT 16 P30, P100 inflammation, PH
(1) 3x 10° MSCs, P4, IT
. (2) 6 x 10> MSCs, P14, IT Alveolarization, PA remodeling, PH, lung
0,
Pierro (2013) 95% (3) 7 ul/g CdM, P4-P21, IP P22, P35, P6 months angiogenesis, function, exercise capacity
(4) 7 ul/g CdM, P14-P28, TP
Ahn (2013) 90% 5x 10° cells, P5, IT P70 Alveolarization, lung inflammation,
angiogenesis, safety, weight, survival rate
(1) 5% 10° cells P5, IT Alveolarization, lung inflammation
0,
Sung (2015) 90% (2) 2% 10° cells P5, TV P14 Cell death, fibrosis
(1) hUB-MSC 5 x 10° cells
(2) AT MSC 5 x 10° cells . . . . .
Ahn (2015) 90% (3) hUB-MNC 5 x 10° cells; P7, P14 Alveolarization, lung inflammation, angiogenesis
P5,IT
(1) 1 x 10° cells
Gulasi (2016) 85-95% (2) Culture medium 25 yl P10, P60 Lung/body weight, alveolarization,

(3) Remaining medium
25ul, P11, IT

lung fibrosis, inflammation

Abbreviations: P: postnatal; IV: intravenous; IT: intratracheal; IP: intraperitoneal; IN: intranasal; PASMC: pulmonary artery smooth muscle cell; CM:
conditioned media; MSC: mesenchymal stem/stromal cell; PH: pulmonary hypertension; PA: pulmonary artery; BASC: bronchoalveolar stem cell; MPO:
myeloperoxidase; UCB: umbilical cord blood; hUCT: human umbilical cord tissue; AT: adipose tissue; KGF: keratinocyte growth factor; CdM: chemically
defined media; P38MAPK: mitogen-activated protein kinase; ERK: extracellular signal-regulated kinase.

significant cell proliferation, and potentially superior repair
potential [56-58].

Search for ongoing studies on the clinical intervention of
mesenchymal stem cells in BPD in the database provided by
the U.S. National Library of Medicine (https://clinicaltrials
.gov/), as shown in Table 2.

Chang et al. used human umbilical cord blood-derived
MSCs in an experimental group through endotracheal ther-
apy. The children who received stem cell therapy did not
receive oxygen therapy after discharge, while 22% of the
control group children needed home oxygen therapy after
discharge. The severity of BPD was lower in patients with
MSC transplantation. There was no difference in the inci-
dence of other adverse outcomes between the control group
and patients with MSC transplantation [57]. Currently,
MSC transplantation for BPD is still in the clinical research
stage, and the safety of MSC transplantation is the issue of

concern for researchers and clinicians. The clinical trials of
Ahn et al. showed that intratracheal transplantation of
MSC was safe, and no obvious adverse reactions were found
during the follow-up to the corrected age of 2 years old [59].

Powell and Silvestri evaluated the safety of intratracheal
administration of a single dose of human umbilical cord
blood MSCs in 12 ELBW infants with BPD at 28 weeks of
gestation within 5-14 days after birth, suggesting that the
treatment is well tolerated, seems safe, and feasible [60].
The characteristics of the clinical trials are summarized in
Table 3.

As stem cells can regenerate and differentiate, the biggest
concern is whether the possibility of stem cells differentiating
into tumor cells can be ruled out. The possible reasons are as
follows: (1) The malignant transformation of bone marrow
mesenchymal stem cells may be due to the potential risk of
further malignant development and transformation of bone
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TasLE 2: Clinical study of registered MSC transplantation in the treatment of neonatal BPD.

NCT number Country Status Phase Enrollment Cell type Start date Completion date
NCT04062136 Vietnam Recruiting 1 10 hUC-MSC 1-Mar-19 30-Nov-20
NCT03873506 China Recruiting 1 30 hUC-MSC 1-Jul-18 31-Dec-20
NCT03645525 China Recruiting 12 180 hUC-MSC 1-Dec-19 1-Apr-21
NCT03601416 China Not yet recruiting 2 57 MSC 1-Jul-19 31-Dec-21
NCT03378063 China Recruiting Early 1 100 hMSC 1-Nov-17 30-Dec-22
NCT03631420 China Recruiting 1 9 hUC-MSC 26-Oct-18 31-Oct-22
NCT04255147 Canada Not yet recruiting 1 9 hUCT-MSC Jan-21 Dec-35
NCT02443961 Spain Recruiting 1 10 MSC 2-Apr-19 Apr-25
NCT03774537 China Recruiting 12 20 hUC-MSC 1-Mar-19 31-Dec-21
NCTO01632475  South Korea  Active, not recruiting ~ Unclear 9 hUC-MSC Sep-11 Sep-26
NCT03392467  South Korea Recruiting 2 60 hUC-MSC 13-Aug-18 Jul-21
NCT04003857 South Korea Recruiting 2 60 hUC-MSC 5-Jul-19 30-Jun-27
NCT03558334 China Recruiting 1 12 hMSC 28-Jun-18 30-Jun-22

marrow mesenchymal stem cells in vitro, which may be the
immunosuppressive environment created by these cells. (2)
Bone marrow mesenchymal stem cells. Its immunosuppres-
sive effect may cause the growth of tumor cells in the patient’s
existing malignant cells [61]. In 2010, De la Fuente et al. [62]
published articles in Cancer Research magazine, reminding
researchers that MSCs may spontaneously transform into
tumor cells. Since then, many researchers have carried out a
large number of related animal experiments.

However, after MSC treatment, subjects in this phase I
clinical trial were followed up for 2 years to study its long-
term safety and effects on growth, respiratory symptoms,
and neurodevelopmental outcomes, without any adverse
consequences related to transplantation, including tumorige-
nicity [61]. According to some preclinical studies and meta-
analysis related to MSC, there is no evidence of adverse
events or tumor formation including tumorigenicity until
60 months after treatment. The current mainstream view is
that MSCs will not change spontaneously in malignant trans-
formation [61].

5. Current Challenges in MSC Treatment

(1) Heterogeneity of MSCs

MSCs can be isolated not only from adult tissues, includ-
ing bon barrow, fat tissues, and cord tissues. Such adult
tissue-derived MSCs are highly heterogeneous. These MSCs
derived from different donors often display batch-to-batch
variations, the variable of stem cell senescence, and prolifer-
ative potency that affects accuracy in MSC studies. MSCs
can also be derived from the same parental pluripotent stem
cells that overcome many disadvantages of adult MSCs, more
homogeneous with less batch-to-batch variations in MSC
quality, stem cell senescence, and limited proliferative
potency. Human PSC-derived MSCs possess higher prolif-
erative potential [63] and display strong immunomodula-
tion. Stem cells from different tissue sources also have

heterogeneity [64]. Stem cell heterogeneity is mainly
reflected in their proliferation ability, growth characteris-
tics, biological characteristics such as migration ability,
immune regulation ability, and the type of cytokines secreted.
The multidifferentiation efficiency of MSC will have a posi-
tive impact on the pathogenesis of multifactorial disease
BPD. Therefore, it is necessary to select the best indication
according to the heterogeneity of MSCs. MSC can trigger
an immediate prethrombotic inflammatory response in the
blood. Compared with endothelial cells, MSCs exposed to
whole blood in vitro have been found to cause immediate
inflammation. In addition, this effect demonstrates the vari-
ability between donors and becomes more effective as the
number of MSC delivery increases [65]. Still, allotransplanta-
tion risks are present, although phase I clinical trials do not
show any short-term side effects [57, 66, 67]. Presently, the
differentiation of MSCs and the loss of related functions
cannot be monitored by quality control experiments [68].
Most recently, GMP-grade MSCs derived from hiPSCs have
been used in refractory graft-versus-host-disease (GVHD)
in clinical trials [69]. PSC-MSC may provide another puta-
tive cellular source overcome many limitations of adult MSC.

(2) The biological efficacy and teratogenicity of MSCs

Currently, studies on the biological effectiveness of MSCs
mainly evaluate the level of secreted cytokines, hematopoiesis
promotion, neovascularization, immunosuppression, antifi-
brosis, and so on. It is yet to be determined whether embry-
onic stem cells (ESCs) can be useful as a treatment for lung
injury. In vitro, mouse-derived ESCs have been shown to
differentiate into type II alveolar epithelial cells (AEC-IIs)
[70]. When cocultured with fetal lungs, they form pseudo-
glandular epithelial structures and express surfactant protein
C (SP-C), which is a sign of functional AEC-IIs [71]. The
expression of thyroid transcription factor (TTF-1) is a
marker of early lung development. The expression of aqua-
porin 5 and SP-C are the signs of AEC-Is and AEC-IIs in
alveolar epithelial cells, respectively. During the perinatal
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TaBLE 3: Summary of study characteristics extracted from included clinical trials.
Mean birth Mean time Dose of Stem cell .

Author Number weight after birth MSC Method source Aim

W IL()(;“LS?SS;(: b Alloeraft Assess the safety and feasibility of
Chang (2014) 9 630-1030g 7-14d . & grat allogeneic hUC-MSC transplantation

(2) High dose: 2 transplantation . .

7 in preterm infants
x 107 cells/kg
No (1) Low dose: 1 Assess the safety of intratracheal
surfactant x 107 cells/kg Allograft administration of hUC-MSCs into
Powell (2019) 12 >00-1000¢ within 24 (2) High dose: 2 transplantation premature infant patients at high
hours x 107 cells/kg risk for BPD

period, ESC-derived AECs can rescue fetal lung explants
from pulmonary hypoplasia and vascular rupture in vitro
[72]. It is necessary to screen MSC-related markers through
the laboratory and then carry out verification experiments
and quantitative determination of biological activity, to lay
a foundation for the application and promotion of MSCs
which can affect the proliferation and function of immune
cells, including dendritic cells, NK cells, and T and B lympho-
cytes [43, 73, 74]. It should be noted that tumor formation
has not yet been verified after MSC treatment in vivo [59,
61, 66], but it does not mean that MSCs have no potential
for teratogenic and carcinogenic. According to reports, chro-
mosomal abnormalities rarely occur in primary cells [75].
Different from embryonic machinery cells which may lead
to teratoma formation after implantation of ESCs in vivo
[76] or induced pluripotent stromal cells, MSCs are adult
stromal cells, which have limited expansion ability, and het-
erogeneous cell populations composed of cells with different
population multiples, which, therefore, are more inclined to
chromosomal aberrations. At present, it is impossible to
predict whether genomic instability during MSC amplifica-
tion is related to changes in the in vitro environment during
the passage and whether cell proliferation will lead to hetero-
geneous subsets. Still, the possible supporting effect of MSCs
on the matrix of tumor cells [77] and the carcinogenic poten-
tial of bronchoalveolar stem cells [78, 79] worry researchers.
Besides, another problem is the possibility of immune rejec-
tion of the transplanted stem cells.

(3) The problem of MSC derivatives

In addition to MSCs, derivatives of MSCs such as exo-
crine, microRNA, and stem cell factors also have therapeutic
effects. If the therapeutic effects of MSCs are similar to those
of stem cell derivatives, then the idea of using stem cell deriv-
atives to replace stem cell therapy can be considered. To
overcome these difficulties, the supernatant or exocrine
derived from MSCs has become a promising substitute, and
promising results have been obtained in previous animal
experiments [80].

(4) The ethics of MSC transplantation

MSC transplantation for BPD treatment requires ethical
review and evaluation before clinical trials. The differentia-
tion and related functional loss of MSCs during amplification

cannot be monitored by quality control analysis, but cell cul-
ture without animal components is a promising research
direction [68]. Moreover, conceptually, the expansion of
MSCs should be considered to overcome the risks and ethical
concerns of allotransplantation. And the clinical trials pub-
lished to date show the effectiveness of MSC transplantation
in BPD have been largely exaggerated—neither of these trials
are meant to show efficacy. MSCs, unlike ESCs, are not
reported to induce tumors. Ethical considerations are not a
limitation, once donor consent is obtained.

(5) To formulate the clinical plan of MSC transplanta-
tion for the BPD treatment

Although there are many animal experimental studies of
MSC transplantation in the treatment of BPD, there is no
unified clinical scheme of MSC transplantation for neonatal
BPD. The predictive model, treatment time window, and
optimal BPD dose need to be improved in clinical trials in
the future. MSCs have entered the clinical research stage,
and the preliminary results have shown the effectiveness
and safety of MSC transplantation in BPD treatment. Many
neonatal medical centers have applied for relevant clinical
trials. Simultaneously, the clinical research of stem cells in
the treatment of other neonatal diseases is also being carried
out gradually.

6. Conclusion

As the survival rate of premature infants increases, the inci-
dence of BPD continues to increase. Early prevention, early
diagnosis, and early treatment are particularly important,
but there are no safe and effective prevention and treatment
measures. In recent years, stem cell therapy has brought
new hope to the prevention and treatment of BPD. In sum-
mary, MSC therapy has been used in clinical studies of many
diseases and has proven to have advantages such as reduced
inflammation, lung injury, and fibrosis. However, more mul-
ticenter, large-scale, prospective clinical randomized con-
trolled trials are needed to strongly advocate for MSC
therapy as an option for BPD treatment.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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