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Abstract

Congenital anomalies account for more than one-third of all pediatric hospital admissions annually. The defect in most cases is
absence of normal functioning tissue or dysfunctional tissue. Cure in such cases often requires excision of dysfunctional tissue
and replacement by healthy functioning tissue. Such tissues, however, are seldom available. Using the regenerative potential of
multipotent stem cells which have the ability to self-renew, differentiate into specialized tissue, and protect healthy tissues against
ischemia and inflammation-induced injury represents a lucrative option available to the pediatric surgeons for the management of
such cases. Actual clinical use, however, has been limited by stem cell availability and lack of required expertise for their optimal
usage. Pediatric surgeons are best-positioned for optimal utilization of stem cells for congenital anomalies, and in this article, the
author has reviewed the latest research on stem cell usage in difficult to treat pediatric surgical diseases and its future implications.
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Background

Congenital anomalies occur as the result of aberrant organo-
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genesis in utero. Possible etiologies include genetic defects,
exposure to environmental teratogens, ischemia, and infection
[1]. The morbidity and mortality caused by these anomalies is
quite high, and up to 25% of cases require termination of
pregnancy in utero because of anomalies incompatible with
postnatal survival [1]. The defect in most cases is deficient or
defunctionalized tissue, often requiring out of the box
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creativity by the pediatric surgeons for tissue regeneration. For
along time, the clinical application of stem cells was limited to
human leukocyte antigen (HLA)-matched bone marrow trans-
plantation. Now, umbilical cord stem cells have been effec-
tively used in the treatment of sickle cell anemia, leukemia,
non-Hodgkin’s lymphoma, malignancies, and various autoim-
mune diseases [2—4]. We reviewed the pediatric surgical pro-
cedures, where stem cells can give promising results.

Sources of Stem Cells

Stem cells were historically of two subtypes: pluripotent em-
bryonic stem cells and adult stem cells. The former arises from
a fertilized egg and gives rise to whole-organisms, while the
latter represents tissue-specific multipotent cells that reside in
adult tissues, and maintain their homeostatic balance. In 1998,
James Thompson et al. described human embryonic stem cells
(hESCs), extracted from inner cell mass at day 5—7 of in vitro
fertilization. However, due to ethical, legal, and political is-
sues, their use is restricted to study purpose prior to August 9,
2001 [5]. Ferraris and colleagues first used the bone marrow
stem cells to regenerate the injured muscle tissue [6]. Bone
marrow stem cells (BM-SC) can be hematopoietic (HSC) or
mesenchymal stem cells (MSC). The drawback of adult stem
cells is limited differentiation capability, contrary to ESCs [6].

Perinatal stem cell-based therapies using amniotic fluid-
derived stem cells (AF-MSC and AF-ESC) can be collected
during routine amniocentesis or at planned cesarean section
[4, 7]. The advantages of autologous amniotic fluid (AF) as a
source of stem cell are their apparent enhanced plasticity and
ready availability [8]. Amniocentesis is done in second trimes-
ter as a standard diagnostic procedure to rule out lethal chro-
mosomal and genetic defects. After 15 weeks of gestation,
amniocentesis is safe with less than 1% rate of fetal loss [9].
By contrast, harvesting stem cells prenatally from the placen-
ta, cord blood, bone marrow, and liver is much more difficult
and is associated with higher fetal morbidity and fetal loss [10,
11]. AF-MSC is an ideal vehicle for high-efficiency gene
transduction [12]. Because of their tremendous immunomod-
ulatory potential, AF-MSC is used in autoimmune inflamma-
tory viz. graft- vs. -host disease [2, 13]. Amniotic fluid
derived-neural stem cell (AF-NSC) can be used in neuron
regeneration [14].

The umbilical cord and placenta is another good source of
autologous mesenchymal stem cells available at the time of
birth. Umbilical cord mesenchymal stem cells (U-MSC) can
be isolated with relatively high efficiency through cell culture,
with best results noted from blood that is less than 15 h old and
with a total volume of over 33 ml [2]. U-MSC has a high
potential for proliferation and differentiation in all 3 germ cells
[15]. The umbilical cord blood banks have facilitated their
therapeutic use.
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Placental MSC (P-MSC) is also relatively easy to obtain
through culture of the products of placenta tissue diges-
tion [16].

Enteric neural stem cells (E-NSC) are in experimental pro-
tocols obtained from mechanical and enzymatic digestion of
gut from its muscular layer. Gastrointestinal stem cells (+ 4
label-retaining cells and crypt-based columnar cells can
differentiate into enterocytes, endocrine cells, and goblet
cells [5].

Stem cell-based regenerative medicine approach requires
multidisciplinary coordination among surgeons, maternal-
fetal medicine specialists, neonatologists, cell biologists, and
material scientists and continues to provide opportunities for
significant clinical success in the future.

Methods

The PubMed database was searched up to July 2018 by using
the following keywords: stem cell, mesenchymal stem cell,
mesenchymal stromal cell, amniotic fluid-derived stem cell,
umbilical stem cell, placental stem cell, pediatric patients,
congenital anomalies, pediatric surgical diseases, necrotizing
enterocolitis, and neural tube defect. Articles with patient pop-
ulation including children from birth to 16 years of age and
animal models were included. These included case reports,
clinical trials, controlled clinical trials, observational studies,
experimental studies, randomized control trials, and pragmatic
clinical trials. The data were reviewed, and disease-specific
utility and adverse effects would summarize as below.

Spinal Dysraphism

Spinal dysraphism/spina bifida/meningomyelocele (MMC)
includes neural tube defects resulting from defective neurula-
tion in utero. The incidence is approximately 1 in 1500 live
births [17]. Postnatal closure often results in significant mor-
bidity caused by associated hydrocephalus, bowel and bladder
incontinence, and loss of lower limb function post surgical
repair. Fetal surgical repair has now become the standard of
care as a result of MOMS trial done in the USA demonstrating
reduced incidence of hydrocephalus and modest gains in am-
bulation after antenatal repair [17]. The early results are prom-
ising; however, a significant proportion of spinal cord damage
has already occurred in the first half of pregnancy before the
planned surgical repair [18]. Several investigators have stud-
ied the role of AF-SC therapies in animal models of fetal
spinal dysraphism [18-20], primarily as a means to provide
skin coverage in utero to protect the exposed spinal cord from
ongoing mechanical and chemical damage. In these cases,
AF-SC was injected in the epidural space and also directly
in the defective spinal cord at the time of surgical repair of
the defect. There were improved short- and long-term
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functional outcomes [19, 20]. Fauza and colleagues explored
the efficacy of intra-amniotic delivery of high doses of amni-
otic fluid-based stem cells (termed trans-amniotic stem cell
therapy, TRASCET) in a mouse model [20]. In their study,
these cells were shown to preferentially home to the neural
tube defect to provide partial coverage of the exposed neural
tube [19, 21]. Another group of investigators has demonstrat-
ed the therapeutic efficacy of amniotic fluid-based tissue en-
gineering by repairing fetal rat neural tube defects using three-
dimensional tissue-engineered skin from amniocytes. In this
pilot study, epidermis was generated from keratinocytes de-
rived from human amniotic fluid-derived iPSCs, whereas der-
mis was created from cultured human fibroblasts and type I
collagen [20]. Although the early results were promising, the
long-term effectiveness of these stem cell-based strategies on
functional spinal cord regeneration is yet to be determined,
mostly because postnatal survival is not feasible in any of
the available rodent MMC models. Despite this, preclinical
experiments have not shown good results in human clinical
trials (Kim et al.) [22]. Carefully conducted animal studies
using fetal lambs with a large sample size will likely be re-
quired before this technique can be considered for a clinical
trial [21]. Evolving strategies such as the transplantation of
AF-NSC into the spinal cord at the time of surgical repair
may offer additional benefits in terms of facilitating regenera-
tion of neural derivatives and re-innervation of denervated
tissues [14]. This represents a fertile area of research and is
likely to result in significant breakthroughs in the future.

Congenital Heart Disease

Congenital heart defects represent the most common major
birth defects seen in children worldwide. Those at the most
severe end of the spectrum are often diagnosed early during
pregnancy by fetal echocardiography. An alternative, regener-
ative medicine-based approach for these cases would include
generation of autologous replacement cardiomyocytes specif-
ic to each patient. AF stem cells have been shown to have
tremendous cardiomyogenic differentiation potential when
cultured with the appropriate paracrine mediators of tissue
regeneration [23]. Bone marrow MSCs have been shown to
facilitate remodeling of myocardial function in animal models
of acute myocardiac infarction [24]. Although research in this
area is still quite preliminary, future work has enormous po-
tential in helping to circumvent the scarcity of heart donors for
infants born with severe heart failure caused by hypoplastic
left heart syndrome and other similar conditions.

Another use for stem cell-based therapy is in children with
severe valvular heart disease. Surgical reconstruction of the
heart valves and great vessels in these children is currently
performed using prefabricated acellular prosthetic implants.
Although successful in the short term, these implants fail to
grow with the child into adulthood, resulting in the need for

multiple surgeries in the future to preserve heart valve func-
tion. By contrast, theoretically, a cellularized, tissue-
engineered prosthetic would have the ability to grow and re-
model over time, thereby avoiding the need for serial
revisional procedures. Such an implant would also obviate
the need for long-term anticoagulation [25, 26]. To date, mul-
tiple animal models have been developed to study the proper-
ties of tissue-engineered heart valves [25-28]. Dijkman et al.
beautifully described functional heart valves derived from hu-
man AF-SC [29]. The cells were seeded onto synthetic heart
valve leaflet scaffolds and conditioned within a pulse bioreac-
tor to facilitate their maturation. Microscopic analyses re-
vealed endothelialized tissue formation as well as biomechan-
ical properties sufficient for implantation in vivo. Subsequent
work in large animal models has demonstrated short-term
in vivo functionality with intact valvular integrity and absence
of thrombus formation [27]. If such promising results contin-
ue, clinical trials will not be far behind, providing the oppor-
tunity for definitive cure in long-term sufferers of valvular
heart disease.

Congenital Diaphragmatic Hernia (CDH)

Congenital diaphragmatic hernias often require use of synthet-
ic patch for surgical repair due to large size of defect and
paucity of native tissue available for repair. The commonest
complication of using synthetic acellular prosthetics for dia-
phragmatic repair is recurrent herniation, occurring in up to
50% of survivors [30]. This re-herniation is attributed to the
inability of the prosthesis to cover the resultant diaphragmatic
defect as the child grows and requires surgical revision [30].
Since most cases of CDH are now diagnosed prenatally, there
remains considerable interest in harvesting AF cells at that
time in preparation for implantation of a better, long-term
diaphragmatic prosthesis which will be available at birth. In
an animal model, recurrent herniation was markedly reduced
in juvenile lambs when repair was done using a patch com-
posed of AF-derived fibroblasts (termed diaphragmatic ten-
don) when compared with an acellular patch. The results were
mainly attributed to the ability of the tissue-engineered im-
plant to grow with age [31]. Fauza and colleagues first ex-
plored this concept in a sheep model using tissue-engineered
patch made with amniotic fluid-derived fibroblasts suspended
in collagen hydrogels and seeded onto decellularized dermal
scaffolds [31, 32]. The results demonstrated lower rates of
reherniation as well as improved modular and ultimate tensile
strengths over time as compared to acellular prosthetic grafts.
Clinical trials using this treatment strategy are forthcoming.
In recent years, amniotic fluid stem cell-based induction of
lung growth has become another area of interest for the treat-
ment of lung hypoplasia associated with CDH and
bronchopulmonary dysplasia. Given the known association
of oligohydramnios with lung hypoplasia, it was hypothesized
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that amniotic fluid-derived stem cells may be responsible for
secretion of growth factors that promote fetal lung growth via
paracrine mediators [33]. Evidence for enhanced lung growth
with the use of amniotic fluid-derived stem cells in experimen-
tal CDH models has been shown in numerous studies [32—34].
In an ex vivo fetal lung study [35], amniotic fluid-derived
MSCs were shown to augment branching morphogenesis
and lung epithelial maturation in the nitrofen rat model of
CDH lung hypoplasia [35]. Since nearly 30% of CDH neo-
nates die secondary to overwhelming pulmonary hypoplasia
and pulmonary hypertension, in utero augmentation of lung
growth with amniotic fluid stem cell delivery directly into the
lungs may have a major clinical impact in severely affected
fetuses in the future [36].

Biliary Atresia

Biliary atresia (also known as progressive obliterative
cholangiopathy or extrahepatic ductopenia). The liver salvage
surgery Kasai’s portoenterostomy is a bridging surgery for
definitive liver transplantation. Most patients are requiring
transplant despite achieving adequate biliary drainage initially
after portoenterostomy. Significant biochemical and scinti-
graphic improvements were noted following stem cell therapy
in biliary atresia, in patients who received autologous mono-
nuclear bone marrow stem cells at the time of surgery [37].
Stem cells were injected directly into the liver in infants, either
via hepatic artery (20%) or the portal vein (80%) during or
after portoenterostomy [38]. The positive results were attrib-
uted to anti-inflammatory actions of the stem cells and pro-
vided hope for improving patient outcome in cases with bili-
ary atresia especially in patients presenting after 90 days of
age [39].

Tracheal Anomalies

Congenital malformations involving the trachea are well-
described but extremely rare clinical entities [40]. Many of
these are diagnosed in utero but attempts at definitive tracheal
reconstruction are currently limited by paucity of available au-
tologous tissue that can mimic the structural and mechanical
properties of native airway cartilage. Conditions like tracheal
agenesis are almost uniformly fatal. Regenerative medicine
using stem cells may provide hope for these kinds of patients
in the future. Chondrocytes derived from AF-MSCs could serve
as a viable alternative for perinatal tracheal repair and provide
the necessary scaffolding [41, 42]. This therapeutic concept has
been successfully used in an ovine model of tracheal agenesis
[41]. In this study, cultured and GFP-labeled sheep amniocytes
were seeded onto cylindrical polyglycolic acid-based scaffolds
and exposed to a chondrogenic medium containing
transforming growth factor beta. The constructs were then used
to reconstruct partial or full circumference tracheal defects in

@ Springer

fetal lambs. Neonatal lambs were able to breathe at birth with-
out major respiratory distress, and there was evidence of donor
cell survival as revealed by GFP+ cells within fibrous cartilage
[41]. Unfortunately, these tracheal constructs were not derived
from autologous amniotic fluid and were therefore prone to
immunologic rejection. The successful implantation of a
tissue-engineered airway structure derived from autologous
BM-MSC:s has already been reported in an adult [43], paving
way for similar procedures in neonates in the future.

Congenital Chest Wall and Craniofacial Defects

The most severe of chest wall defects, ectopia cordis, presents
with protrusion of the heart through a split sternum. This pro-
vides a unique challenge for reconstruction. Providing ade-
quate coverage is particularly difficult because of lack of rigid,
autologous tissue that can grow and remodel over time [43].
For this reason, a tissue-engineered implant composed of os-
teocytes derived from AF-MSCs on nanofiber scaffolds has
been explored as an alternative method for major chest wall/
sternal reconstruction in experimental models with some suc-
cess [44, 45]. These have also shown evidence of engraftment
and bony mineralization over time [45].

The same principle has also been successfully applied in a
rabbit model of craniofacial defect repair [46]. There, howev-
er, have been no clinical trials till date to demonstrate efficacy
in humans.

Abdominal Wall Defects

Gastroschisis is a congenital birth defect characterized by a
failure of the abdominal wall to properly form during gesta-
tion. This leads to herniation of the abdominal viscera into the
amniotic cavity with progressive chemical and mechanical
damage to the small intestines while in utero. Similar to the
case with MMC, TRASCET may have salutary, anti- inflam-
matory effects on fetal gastroschisis intestines once the diag-
nosis is made in the fetus by ultrasound at 16-20-week gesta-
tion. TRASCET has been shown to improve intestinal histol-
ogy at birth in a fetal rodent model of gastroschisis [47].

Urethral Reconstruction

Congenital or acquired abnormalities may lead to urethral de-
fects that merit complex surgical reconstruction. Free skin and
vascularized skin flaps have been tried for reconstruction with
limited success. Two therapeutic strategies have been devel-
oped for urethral reconstruction and urinary bladder
regeneration using regenerative medicine-based approaches:
based on the acellular matrix bioscaffold model and the cell-
seeded bioscaffold model [48—51]. The acellular matrix
bioscaffold model has been successfully used in the clinic,
and the cell-seeded bioscaffold model is making its transition
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from laboratory to bedside providing hope for patients in the
future [51].

Aganglionic Gut Disorders

Hirschsprung’s disease is caused by aganglionosis of the ter-
minal bowel, due to incomplete colonization of the terminal
embryonic hindgut by vagal neural crest-derived cells (NCC)
that migrate caudally from the pharyngeal gut to the rectum
during embryonic development [52]. Treatment currently con-
sists of excision of aganglionic terminal bowel and replace-
ment using normal ganglionic bowel. Such procedures often
result in the loss of significant lengths of bowel resulting in
long-term continence and absorption issues. Alternative treat-
ment options being explored include using stem cell culture to
generate ganglion-like cells and transplanting them into
aganglionic bowel for definitive cure. Although full-
thickness human postnatal gut tissue can be used to generate
ENSSCs, reliance on its harvesting from surgical resection
poses significant practical limitations [53, 54]. Postnatal hu-
man gut mucosal tissue obtained from children undergoing
gastrointestinal endoscopy has been used to generate enteric
nervous system stem cell (ENSSCs) within neurosphere-like
bodies (NLBs). These cells, which express ENSSC markers,
are bipotent and are capable of generating large colonies in
clonogenic cultures and multiple ENS neuronal subtypes.
Upon transplantation into aganglionic bowel, these generate
ganglia-like structures, enteric neurons, and glia in recipient
chick and human hindgut [55]. This research, if translated into
clinical success, would be a significant upgrade over current
bowel resection-based management strategies.

Inflammatory Diseases of Prematurity

AF-SC has immunomodulatory potential and has been shown
to decrease T cell proliferation and polarize the Th2 subtype to
secrete anti-inflammatory cytokines like IL-10 and IL-4 in
animal studies [10]. This has led to speculation that stem
cell-based treatment regimens could be of use in inflammatory
disorders of the gastrointestinal tract in fetuses and neonates.
Although not congenital anomalies per se, conditions associ-
ated with preterm infants born 4 or more weeks premature
often result in profound organ-specific inflammatory and/or
infectious conditions shortly after birth. The most common of
these include necrotizing enterocolitis (NEC), intraventricular
hemorrhage (IVH), and bronchopulmonary dysplasia (BPD).

NEC can result in profound sepsis and ultimately death in
up to 40% of infants [56]. Even the survivors often require
long-term parenteral nutrition support because of resection of
large lengths of affected bowel. Enteric nervous system (ENS)
abnormalities last long after recovery from the acute episode
of NEC in the survivors. This led investigators to explore
novel treatment modalities. In an experimental studies,

intraperitoneal injection of AF-MSC instillation found to re-
duce the NEC severity, gut inflammation, apoptosis, and mac-
roscopic gut damage, with improved intestinal epithelial in-
tegrity, barrier effects, absorptive capacity, enterocyte prolif-
eration, and long-term adaptabilitity [15, 57].

In an experimental study, Amniotic fluid-derived neural
stem cells (AF-NSC), also known as neurospheres also shown
to decrease the severity of disease and long-term functional
improvement of bowel in NEC. In animal models, AF-NSC
has also shown beneficial effects in other ENS-based pediatric
surgical conditions such as Hirschsprung’s disease [15].

The optimum method of stem cell delivery (intravascular
delivery, intraperitoneal injections, direct infusion into ische-
mic tissue, enteral or transrectal) is a matter of research in the
future [58]. It has been proposed that direct local application
of stem cells to injured bowel could be the best option, as it
will have maximum effect of injury repair via paracrine effect
and bypass the systematic route (lung entrapment of stem
cells) [58, 59].

Severe intraventricular hemorrhage in premature infants
and the consequent post-hemorrhagic hydrocephalus causes
significant mortality and neurological disabilities in a large
number of preterm newborn [60]. In experimental studies on
rats, human umbilical cord blood-derived MSC or fibroblasts
were injected intraventricularly under stereotactic guidance.
Serial brain MRI, behavior function tests, brain tissue and
cerebrospinal fluid histological and biochemical analyses
showed prevention of post-hemorrhagic hydrocephalus devel-
opment and significant improvement in behavioral tests as
compared to controls. The results were attributed to regenera-
tive potential imparted by the injected stem cells and the plas-
ticity of the developing infant brain [60]. As postnatal man-
agement and survival of preterm neonates continue to im-
prove, improved management of prematurity-related sequelae
is required to improve the quality of life of these patients with
stem cell transplantation offering the best chance for definitive
cure in patients with prematurity-related intraventricular
hemorrhage.

In hypoxic animal models of BPD, bone marrow-derived
MSCs have been shown to be protective against neonatal lung
injury [61, 62]. The proposed mechanism involves release of
pro-angiogenic factors as well as the activation of endogenous
resident progenitor cells.

Childhood Malignancies

In children, hemopoietic SC transplantation (HSCT) is used as
a definite treatment in hemoglobinopathies, immune deficien-
cies, bone marrow failure, metabolic diseases, and hematolog-
ical malignancies. Only 25% of individuals have an HLA-
identical sibling donor for HSCT derived from bone marrow,
peripheral blood, or umbilical cord blood. Alternative stem
cell sources are matched-unrelated volunteers, unrelated
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Table 1 Therapeutic applications of stem cells in pediatric surgery
S.N Disease Potential uses of stem cells
1 Spinal dysraphism Post natal AF-SCs injections into epidural space and locally at spinal cord during surgical repair (ovine model)
[14].
Antenatal trans amniotic stem cell therapy (TRASCET) (mouse model) [14].
Three dimensional tissue-engineered skin from amniocytes, to cover the defect (animal model) [21].
AF-neural stem cell injection into spinal cord during surgery to regenerate dysplastic nerves (syngenic model)
[20].
2 Congenital heart diseases Autologous AF-SC differentiated into cardiomyocytes could be used in infants having hypoplastic left heart

syndrome. The theory is proposed based on promising effects of cardiac remodeling after myocardial
infarct in animal model [24].

Humen AF-SC seeded, tissue engineered heart valves would have ability to grow and remodel over time and
obviate the need of anticoagulation therapy (animal model) [25].

Autologous AF-derived fibroblast-engineered patch (prepared in antenatally detected CDH), could be used to
decrease the risk of recurrent herniation, because these patch can grow with infant age (a lamb model) [32].
AF-SC-induced lung parenchyma growth for associated lung hypoplasia [rat model] [35, 36].

Autologous mononeuclear BM-SC injections in liver via portal vein or hepatic artery at time of Kasai’s
surgery could improve liver function and enhance the postoperative bile drainage (humen clinical trials)

Chondrocytes derived from AF-MSC seeded on cylindrical polyglycolic acid-based scaffolds could be a
Osteocytes derived from AF-MSC seeded on nanofiber scaffolds mineralize over time and could seal the

At 16-20 weeks of gestation, antenatal trans amniotic stem cell therapy (TRASCET) could form layers over
herniated bowel, thus prevent in utero progressive chemical and mechanical damage of bowel (fetal rodent

Enteric nervous system stem cells (from gut mucosa) and AF-NSC/neurospheres-like-bodies administration
in aganglionic bowel could enhance motility (animal and human model) [55, 58].

Intraperitoneal injection of AF-MSC in NEC could decrease severity of disease (animal model) [15, 57].
AF-NSC direct application on ischemic bowel via nasogastric route could enhance recovery and long -term

Under stereotactic guidance, intraventricular injection of human umbilical-MSC and fibroblast could prevent
development of hydrocephalous after intraventricular hemorrhage in preterm newborns (rat model) [60].

Administration of bone marrow-MSC and AF-MSC not only prevent neonatal lung injury but also induce

Autologous HSCT escalates the chemotherapy dosage for more effective treatment of high risk, recurrent, and

3 Congenital diaphragmatic hernia
4 Biliary atresia
[37].
5  Tracheal agenesis
substitute in tracheal agenesis (neonatal lamb model) [41, 42].
6  Congenital chest wall and
craniofacial defects craniofacial or chest wall defects (leporine model) [45, 46].
7  Gastroschisis
model) [47].
8  Hirschsprung’s disease
9 Necrotizing enterocolitis
function adaptability of bowel [15].
10 Prevention of post hemorrhagic
hydrocephalous
9  Bronchopulmonary dysplasia
lung parenchyma growth (animal model) [61].
10 Childhood malignancies
metastatic solid tumors viz. neuroblastoma, Ewing sarcoma etc [63].
11 Pediatric chronic or large wounds

Living cryopreserved placental membrane and epidermal stem cells could enhance healing of chronic and
large wounds (animal model) [66].

AF-SC amniotic fluid-stem cell, CDH congenital diaphragmatic hernia, HSCT hematopoietic stem cell therapy, MSC mesenchymal stem cell, NEC
necrotizing enterocolitis, NSC neuronal stem cell, TRASCET trans amniotic stem cell therapy, U-MSC umbilical mesenchymal cell

umbilical cord blood, and HLA haplotype-mismatched
(“haploidentical”) family members. Many solid tumors exhib-
it a steep dose-response to alkylating agents, and autologous
stem cell (obtained from long bones or iliac creast) transplan-
tation allows escalation of the chemotherapy dosage for treat-
ment of high risk, recurrent, and metastatic solid tumors (neu-
roblastoma, rhabdomyosarcoma, Ewing’s sarcoma, etc.)
[63-65].

Large Chronic Wounds

Because of limited surface area, autologous split skin grafting
could not be feasible in children. In an experimental study,
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local application of equine (heterologous) umbilical cord,
Wharton’s jelly MSCs were used in a 6-month-old filly with
a non-healing skin wound. The results were very promising
[66]. Furthermore, living cryopreserved placental membrane
and epidermal stem cell were also shown good and promising
results in chronic and/or large wound healing [67].

Future Trends

The clinical uses of stem cell therapy could be endless. In
utero, transplantation of allogenic mesenchymal cells has been
shown to help patients with osteogenesis imperfecta and se-
vere immunological deficiencies. It may also improve
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outcome in patients with liver cirrhosis due to biliary atresia,
choledochal cysts, and sclerosing cholangitis [68—70]. MSCs
stem cell therapy have proven useful in the management of
renal dysplasias (congenital dysplastic kidneys, bilateral
multicystic kidney disease, polycystic disease of the kidney,
severe hydronephrosis with renal insufficiency) [71]; pancre-
atic insufficiency due to diabetes (following surgical resection
of nesidioblastosis) [72]; Crohn’s disease (resistant to cortico-
steroids, anti—tumor necrosis factor drugs, and immunosup-
pressants) [73]; neurogenic bladder, bowel and neurological
deficits after surgery for anorectal malformations with sacral
agenesis; muscular dystrophy; cerebral palsy; leukemias solid
tumors; primary immunodeficiency; brain damage; and cardi-
ac disease, etc. [74, 75].

Limitations

The relative rarity of congenital anomalies prohibits the ade-
quate study for assessing efficacy of stem cells in a single-
center-controlled trial [1, 74]. Furthermore, neural stem cells,
hematopoietic stem cells, marrow stromal cells, or cells de-
rived from ESCs and induced pluripotent stem (iPS) cells, all
have rapid and major cell loss shortly after delivery [75].
Intravenous injection of BM-MSC leads to significant entrap-
ment of SC in the lungs [58]. Another limitation is that insur-
ance agencies typically do not pay for expensive and unprov-
en stem cell-based interventions. The patients seeking stem
cell therapy must purchase them out-of-pocket or use

alternative funding mechanisms [74, 75]. Stem cell prepara-
tion techniques often include use of xenogeneic reagents,
which are currently prohibited from human use or require
close regulation by clinical safety boards [1, 13, 76-81].
Finally, clinical translation of AF-induced pluripotent stem
(AF-iPS cell-based technologies) has been hampered by the
need to efficiently perform iPS cell reprogramming without
the use of permanently integrating viruses for fear of onco-
genic mutations frequently associated with these viruses. In
particular, use of adeno- and lenti-viral-based reprogramming
methods remains highly controversial because of their fre-
quent association with insertional mutagenesis and oncogen-
esis [78-81]. It has been suggested that Cell-free treatment
with exosomes might target specific tissues without the risk
of tumor formation and immunogenicity [82].

To conclude, birth defects represent a major burden in pe-
diatric disease and lead to significant infant morbidity and
mortality worldwide. In the effort to improve clinical out-
comes in neonates who would otherwise have a grim progno-
sis, perinatal stem cell-based therapies are being developed
rapidly (Table 1). However, multicenter clinical trials with
government funding and appropriate follow-up are needed to
properly ascertain risks and benefits of these treatments [65].
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