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Stem cell therapy is growing in popularity as a form of regen-
erative medicine with the capacity to treat a wide range of ail-
ments. Stem cells exhibit the ability to differentiate into a diverse
array of cell types within the organism due to their undiffer-
entiated state. These cell sources include bone marrow, induced
pluripotent stem cells, and umbilical cord tissue!!l. Significant
advancements in clinical applications and fundamental research
of stem cells in regenerative medicine and other domains have
occurred in recent years, motivating individuals to delve deeper
into the study of stem cells. Stem cells, owing to their virtually
limitless capacity for self-renewal, offer vast potential for
advancements in the treatment of various diseases and human
organ damage. Stem cell-related technologies for induction and
isolation are relatively developed in the field of stem cell research,
and numerous stable stem cell lines have been constructed with
outstanding results. This editorial will delve into the latest
advancements in stem cell therapy, shedding light on key devel-
opments, their clinical applications, and the promising future
prospects in surgical fields.

Stem cells can be broadly classified into two main categories:
those classified as “pluripotent” (induced pluripotent and
embryonic stem cells) and those classified as somatic or none-
mbryonic (i.e. “adult” stem cells), as shown in Figure 1.
Pluripotent stem cells possess the capacity for differentiation into
every cell type that makes up an adult body™. A laboratory-
based method for cultivating human embryonic stem cells
(hESCs) was established in 1998. This approach involved
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HIGHLIGHTS

e The stem cells possess a remarkable capacity for self-
renewal and can form differentiated daughter cells with
specialized functions.

e Significant advancements have been achieved in both
fundamental research and the clinical application of stem
cells within regenerative medicine and related disciplines.

e In the near future, the utilization of stem cell therapies
holds the potential to effectively address a wide range of
currently incurable illnesses.

e Stem cell therapy holds promise for transforming surgical
care by enhancing patient recovery, expanding treatment
options, and advance regenerative medicine in surgery.

extracting stem cells from the inner cell mass of preimplantation
human embryos, built upon previous investigations that utilized
rodent embryos as a model subject!®. In 2006, scientists identified
the conditions needed to reprogram mature human adult cells
into a state reminiscent of embryonic stem cells. These modified
stem cells are called induced human pluripotent stem cells
(hiPSCs)S!. However, adult stem cells are present in a given tissue
or organ and are capable of differentiating into the organ’s spe-
cialized cell types'. Numerous organs and tissues contain adult
stem cells, which are typically associated with particular anato-
mical sites. Stem cells have the capacity to remain dormant
(unable to divide) for longer periods until stimulated by the
body’s normal requirement for additional cells for tissue main-
tenance and repair'®, Researchers have made significant strides in
understanding the biology of these cells, which has paved the way
for therapeutic advances.

In stem cell research, the discovery of iPSCs in 2006 was hailed
as a significant breakthrough of the decade. The researchers and
scientists were immensely enthusiastic about the prospect of
ectopically expressing a set of embryonic transcription factors in
reprogramming somatic cells from humans to induce them into a
pluripotent embryonic stem cell-like state!®!. This innovative
methodology enables the production of specific stem cells to each
patient, which is fundamental to the field of personalized medi-
cine. The iPSCs have exhibited tremendous promise in the
domains of disease modeling, transplantation therapies and drug
screening. This is primarily due to the fact that they are derived
from the patient’s own cells, which effectively reduces the like-
lihood of immune rejection!”). Preliminary studies of iPSC gen-
eration demonstrated a low-efficiency range of ~0.001-1%,
whereby merely one out of every 10,000 somatic cells generated
iPSCs on average!™”). Safety concerns are raised due to the
overexpression of oncogenes, including c-Myc and Klf4, during
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Figure 1. The progeny of stem cells. Stem cells can be broadly categorized into three distinct types: pluripotent stem cells, composed of ESCs obtained from the
inner cell mass of the blastocyst; multipotent stem cells, comprising HSCs and MSCs; and unipotent stem cells, that are TSSCs obtained from diverse tissues and

utiized numerous times in the same manner as ASCs!®. ASCs, adult stem cells; ESCs, embryonic stem cells; HSCs,

MSCs, mesenchymal stem cells; TSSCs, tissue-specific stem cells;

hematopoietic stem cells;

the development of iPSCs. Approximately 20% of the progeny of
germline-competent iPSCs exhibited tumor formation due to the
reactivation of the c-Myc transgene, as reported in the initial
study™®. Moreover, the utilization of virus-based delivery
methods introduces the potential for insertional mutagenesis!'").
Therefore, considerable strides have been achieved in the interim
to enhance the efficacy of reprogramming and mitigate the
potential hazards linked to the technology. However, from these
studies, the technical limitations due to the risk of tumor for-
mation from overexpression of oncogenes were addressed by
utilizing chemical induction via valproic acid (VPA), NANOG
stem cell transcription factor, and patient-specific pluripotent
stem cells (PSPSC). VPA is utilized as a histone deacetylase inhi-
bitor to induce pluripotency without the need for oncogenes like
c-Myc and Klf4, which potentially produces the reprogramming
process safer for clinical applications!®. Whereas NANOG
expression is utilized as an alternative to improve similarity to
embryonic stem cells in terms of gene expression and DNA pat-
terns and indirectly able to reduce the risk of tumors!!%!1],
Various methods for generating PSPSC exist, but some, like
somatic cell nuclear transfer and cell fusion, pose safety concerns
for clinical applications. Thus, Lowry et al.”! have developed a
novel approach to produce PSPSC by introducing specific genes,
known as KlIf4, OCT4, SOX2, and c-Myc, into skin cells obtained
from individual donors and no abnormal changes were seen in
their chromosomes!®!. These novel approaches represent a sig-
nificant advancement in stem cell technology, providing a way to
create pluripotent stem cells from mature human cells without the
need for embryos, though caution should be taken when using
oncogenes in creating iPS cells.

Introducing CRISPR-Cas9 gene-editing technology in stem cell
research has created new opportunities. Scientists’ precise
manipulation of stem cell genetic material has emerged as a viable
approach for changing genetic mutations that underlie a wide
range of inherited disorders!'?. CRISPR/Cas9 is a revolutionary
gene-editing technology that allows researchers to modify genes
in living organisms and control gene expression in various ways.
Despite its potential, one major issue is delivering the CRISPR/
Cas9 components efficiently and safely into living organisms.
Current CRISPR/Cas9 methods have limitations such as off-tar-
get effects (editing unintended genes), immune reactions, toxicity,
and rapid degradation of delivery vehicles!!?!. Promising solu-
tions to these challenges are utilizing extracellular vesicles, such
as exosomes or microvesicles, as delivery devices, customized
guided RNA (gRNA), and gold nanoparticles coated with
DNAM2141 A prior investigation was undertaken in the United
States to optimize the functionality of the engineered type II
bacterial CRISPR system in human cells through the use of cus-
tomized guide RNA (gRNA). In this study, pluripotent stem cells
from an additional group were produced by employing the
CRISPR/Cas9 system, specifically targeting the AAVS1 (Adeno-
associated virus integration site 1) locus!3!. The CRISPR system
achieved editing rates of 10-25% in 293T cells, 13 to 8% in K562
cells, and 2-4% in iPSC, which means it successfully altered the
DNA at these target sites in a significant portion of the cells
tested!™3!. Apart from that, the study also reported to create a
library of over 190 000 unique gRNAs, which is able to target
about 40.5% of the human genome. The results demonstrate a
powerful tool for easily, effectively, and simultaneously editing
multiple genes in the human genome using RNA-guided CRISPR
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technology™®!. Homology-directed repair (HDR)N is another

method of treating genetic diseases using the CRISPR/Cas9 sys-
tem. HDR is a cellular DNA repair mechanism that utilizes a
homologous DNA template to accurately repair double-strand
breaks in the genome. However, developing HDR-based ther-
apeutics is difficult as it requires delivering multiple components
such as protein, guide RNA, and donor DNA into the ells
simultaneously. Thus, Lee et al.'*!, have developed a delivery
system using gold nanoparticles coated with DNA and mixed
with special polymers, which can efficiently deliver the Cas9
protein and donor DNA into various types of cells. The imple-
mentation of this technique resulted in the induction of HDR in
around 11.3% of human embryonic kidney (HEK) cells.
Furthermore, it was found to induce HDR in around 3-4% of
hiPSCs, hESCs, primary myoblasts and primary bone marrow-
derived dendritic cells obtained from mdx mice, which are com-
monly employed in the research of Duchenne muscular
dystrophy™*!, Furthermore, the CRISPR/Cas9 technology was
also employed for the therapeutic intervention of Wolfram
syndrome!™! an inherited disorder distinguished by ocular
atrophy, hearing impairment, early-onset diabetes, neurodegen-
eration, and other related manifestations''®!. The present study
involved the utilization of iPSCs derived from fibroblast cells of
patients. These iPSCs were subjected to editing through the
application of CRISPR-mediated homology-directed repair, with
the aim of mending specific point mutations. The experimental
mice that received transplants of genetically modified cells
exhibited normal glucose levels and elevated insulin levels over a
period of 10 weeks!'®!. This outcome provides conclusive evi-
dence that the process of gene editing on differentiated stem cells
effectively restored the diabetic condition. The aforementioned
innovation exhibits the capacity to revolutionize the management
of genetic illnesses and has already demonstrated efficacy in both
clinical and preclinical trials!*®!.

The advancements achieved in the field of stem cell research
have resulted in a wide array of clinical applications, providing
hope for individuals afflicted with various medical conditions.
These applications are particularly notable in the fields of
hematopoietic stem cell transplantation (HPSCT), cardiovascular
disease, neurological disorders, diabetes, and ophthalmology'”.
The HPSCT, often known as bone marrow transplant, entails the
infusion of healthy hematopoietic stem cells (HSCs) into indivi-
duals who possess compromised or deficient bone marrow. This
method has numerous advantages and can be employed for the
management of both non-malignant and malignant disorders. It
has been reported that this procedure can enhance bone marrow
functionality!*”!. Furthermore, depending on the specific disease
under consideration, this therapeutic approach has the potential
to facilitate the eradication of malignant cancerous cells.
Moreover, it has the capacity to produce functional cells that can
serve as substitutes for malfunctioning cells in conditions such as
hemoglobinopathies, immune deficiency syndromes, and various
other disorders. The percentages of survival following HPSCT
are ascending; nonetheless, the occurrence of morbidity resulting
from complications associated with the treatment remains.
Current investigations are mostly centered on enhancing donor
compatibility and minimizing complications associated with the
transplantation process!'”). This emphasizes the significance of
the interprofessional team in the management of patients
undergoing HPSCT to enhance the outcome of patients and
reduce complications related to the procedure.

International Journal of Surgery

Despite significant advancements in the field of medicine, the
prevalence of cardiovascular disease continues to increase, with
ischemic heart disease emerging as the primary contributor to
global morbidity. Current research explores novel therapeutic
approaches to protect the myocardium from ischemia-reperfu-
sion damage and promote cardiac regeneration!'®!. The utiliza-
tion of stem cell therapy, namely the application of iPSC, human
mesenchymal stem cells, and their exosomes, holds promise for
investigating the molecular processes underlying cardiac con-
ditioning and advancing therapeutic approaches for ischemic
heart diseasel'!. There is interest in using exosomes derived from
stem cells as a possible adjunct to reperfusion therapy in the
treatment of cardiac failure and myocardial infarction®!. Given
their capacity to differentiate into cardiomyocytes, stem cells are
emerging as the most crucial instrument in regenerative medicine.
Therefore, it would be beneficial to determine whether differ-
entiated cells can effectively and safely restore and enhance car-
diac function. Currently, cord blood stem cells are being utilized
in the treatment of several immune system disorders and blood
disorders, including anemia, leukemia, and autoimmune diseases.
Although their primary application is in the treatment of infants,
these stem cells have recently begun to be utilized in the recovery
of adults from chemotherapy. Additionally, mesenchymal stro-
mal cells are a cell type that can be extracted from umbilical cord
blood®!. In addition, a recent systematic review and meta-ana-
lysis of preclinical research found that treatment with cardiac
stem cells significantly increased ejection fraction compared to
placebo!??!. Despite extensive research and development devoted
to the application of stem cell therapy in the treatment of cardi-
ovascular disease over the past fifteen years, the field is still in its
nascent stages in clinical applications. While many clinical trials
have investigated the safety and efficacy of stem cell therapy for
cardiovascular disease, larger and more rigorous trials are still
needed to establish its effectiveness in different patient popula-
tions and disease contexts. Some trials have shown positive out-
comes, while others have been inconclusive or given no significant
benefits. Several challenges and limitations remain, including
issues related to cell survival, engraftment, differentiation,
immune rejection, and potential adverse effects such as arrhyth-
mia and tumorigenesis'*!). Additionally, optimizing the delivery
methods, cell types, doses, timing, and patient selection criteria
are critical for improving the outcomes of stem cell therapy in
cardiovascular diseases??!.

Patients suffering from neurological diseases, including
Parkinson’s disease, multiple sclerosis!™!!, spinal cord injuries
(SCI), and Alzheimer’s disease (AD) exhibit encouraging pro-
spects with stem cell therapy!®3!. To assess the safety and efficacy
of stem cell-based therapies, including neural cell precursors for
SCI and dopaminergic neurons transplantation for Parkinson’s
disease, clinical trials are currently in progress. While numerous
animal studies have demonstrated the therapeutic potential of
grafting hiPSCs for neurological disorders like SCI and stroke,
hiPSCs are typically utilized in vitro as a source for different
transplantable cells, comparable to hESCs"**!. In comparison
between the utilization of hiPSCs and hESCs, hiPSCs are utilized
when modeling human diseases, especially those with a genetic
basis, screening for potential therapeutics or testing for drug
efficacy and toxicity, investigating patient-specific responses to
treatments or disease progression, and also when considering
autologous cell therapies to minimize immune rejection.
Meanwhile, hESCs are utilized to study early human
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development, regenerative medicine, and tissue repair. However,
ethical concerns may arise regarding the use of human embryos
for research purposes and hESCs may face immune rejections if
transplanted into a different individual, necessitating immuno-
suppressive therapy. It has been demonstrated that pre-differ-
entiated hiPSCs, including neural stem/progenitor cells (NSPCs),
neurons, and mesenchymal stromal/stem cells (MSCs) derived
from hiPSCs, are efficacious in treating neurological disorders!®°!.
Even though a number of animal studies have demonstrated some
therapeutic effects from hESC transplantation for neurological
disorders (for instance, SCI)?®!, it is generally unclear that hESCs
could be applied effectively for cell therapy. Geeta Shroff, on the
other hand, has effectively transplanted hESCs into patients with
cerebral palsy, Lyme disease, MS, SCI, and stroke using a com-
parable cell delivery method?”*%!, In addition, she has demon-
strated the cells’ efficacy and safety, even with some ethical
considerations/?3!,

At present, in comparison to hESCs or hiPSCs transplantation
studies, hNSPCs have been utilized in multiple animal studies to
treat a wide range of neurological disorders, including
Parkinson’s disease (PD), SCI, traumatic brain injury (TBI),
stroke, Huntington’s disease!'*! and autoimmune diseases of the
nervous system, such as MS?%%%. Additionally, in certain cir-
cumstances, their efficacy has been demonstrated and reported to
be superior to that of human MSCs!?°!. In animal studies, Dental
Pulp Stem Cells (DPSCs) were utilized to treat a variety of neu-
rological disorders, with favorable outcomes, primarily due to
their anti-inflammatory and neurotrophic factor secretion
capabilitiesP!. It is noteworthy that research has indicated that
DPSCs exhibit superior neuro-supportive and neuroprotective
properties, as well as a more rapid growth rate, in neurological
pathologies and injuries compared to adipose-derived MSCs
(hADSCs) or autologous bone marrow (BM-MSCs)*2. Due to
their pluripotency, non-tumorigenic nature, and ease of collec-
tion, multilineage-differentiating stress-enduring (Muse) cells
have emerged as a highly prospective candidate in the field of cell
therapy. Muse cells, identified in 2010, are resilient pluripotent
stem cells that are naturally present in various bodily tissues,
including peripheral blood, bone marrow, and connective tissues
throughout the body. These cells possess the remarkable ability to
differentiate into cell types from all three germ layers, generating
cells that are compatible with tissue and have minimal error rates,
minimal risk of immune rejection, and without forming
teratomas'®*). Human Muse cells have been shown to be safe and
effective in the treatment of neurological disorders, including
encephalopathy, amyotrophic lateral sclerosis (ALS), stroke,
intracerebral hemorrhage, and SCI in multiple animal studies. In
addition to their regenerative properties, Muse cells also have
anti-inflammatory and tissue-protective effects, which further
enhance therapeutic potential. As a result, many clinical trials are
underway to explore the use of Muse cells in treating conditions
such as stroke, heart disease, neurological disorders, and even
COVID-19-related respiratory distress’>>l. Nevertheless, com-
pared to other stem cell types, Muse cells remain an unexplored
and novel subtype of stem cells!>*!,

The development of hPSCs into beta cells in vitro holds
potential for advancing diabetes research and cell-based treat-
ments. The objective of this stem cell therapy is to substitute these
impaired cells with fully operational insulin-producing cells. The
hPSCs and the cells generated from them have the potential to be
utilized in several research and medical applications. These

include modeling genetic illnesses, exploring pathogenic
mechanisms, screening drugs, and serving as an abundant source
of cells for regenerative medicine®>>!. Fantuzzi and colleagues
demonstrated that the utilization of static microwells, as opposed
to the conventional method of spinning suspensions, resulted in
improved efficiency in the generation of beta cells from iPSCs.
The present report offers a streamlined framework for the gen-
eration  of  size-controlled  aggregates that  exhibit
reproducibility!®®!. It is expected that in the future, scientists will
possess the capability to produce completely functional tissues by
employing stem cells!5!.

Moreover, numerous investigations conducted on human trial
participants have examined the potential of utilizing stem cells to
restore retinal tissue and enhance visual acuity. In addition to the
therapeutic interventions employed for diabetic retinopathy (DR)
and age-related macular degeneration, stem cell therapies have
been utilized for the management of genetic disorders, including
Stargardt’s disease and retinitis pigmentosa (RP)®"7°1. The uti-
lization of retinal pigment epithelial (RPE) cells obtained from
hESCs and iPSCs has demonstrated encouraging outcomes in
enhancing retinal function in diverse preclinical models of retinal
degeneration and clinical investigations, with no significant
adverse effects observed™!. The application of MSCs has been
employed in the treatment of glaucoma, RP, optic neuropathy
and DR, resulting in favorable clinical outcomes'*”-**!, Based on
the favorable results of several clinical and preclinical investiga-
tions, stem cell therapy remains a highly viable alternative for
managing retinal degeneration. Furthermore, as part of future
therapeutic approaches, it is possible to consider the co-trans-
plantation of other types of cells with the transplantation of stem
cells and their derivatives’®”). This strategy can potentially
enhance the clinical outcomes and overall benefits of such
treatments.

The field of stem cell therapy is undergoing significant
advancements, with a multitude of promising developments
anticipated in the near future. Several emerging areas of research
and development hold promise for future advancements in the
field of medicine. These include regenerative medicine, persona-
lized medicine, three-dimensional (3D) bioprinting, gene therapy
combinations, surgery, and anti-aging interventions. Stem cell
therapy is a type of regenerative medicine that aims to repair or
replace damaged tissue or organs'’!. Furthermore, Zhang and
colleagues have successfully created an effective platform capable
of conducting high-throughput and reliable measurements of
action potentials in atrial, ventricular, and nodal cardiomyocytes
derived from human hiPSCs*!!. In addition, Rizki-Safitri ez al.!**!
have successfully implemented a live functional evaluation tech-
nique in three-dimensional kidney organoids, thereby enabling
the investigation of organoid functionality in both healthy and
diseased states. Overcoming the practical challenges associated
with generating a sufficient quantity of stem cells, along with the
development of techniques that facilitate the movement and
widespread distribution of stem cells within the brain, has opened
up the possibility of utilizing cell therapy as a potential treatment
for the aging brain, including vascular dementia and Alzheimer’s
disease!*l. While stem cell therapy has shown promise, it is
important to note that only a few stem cell-based therapies have
entered the clinic as advanced therapy medicinal products
(ATMPs)**, More extensive investigations using randomized
clinical trial designs are needed to obtain results that will be
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essential for stem cell therapies to gain the necessary approvals
for their application as mainstream treatments in the future.

Stem cell therapy also holds promise in various surgical
applications, offering potential in transplant surgery (e.g. stem
cells for organ regeneration), reconstructive surgery (e.g. tissue
engineering with stem cells), oncology surgery (e.g. stem cells in
cancer treatment or recovery), or in orthopedic surgery (e.g.
treatment of bone fractures, cartilage defects, tendon injuries and
joint degeneration). In transplant surgery, Patel et al.™*3! reported
an autologous stem cell transplantation as an adjunct to off-
pump coronary artery bypass grafting, which has significantly
improved cardiac function, demonstrated by a notable increase in
ejection fraction from baseline to 6 months post-operation. The
study also highlighted the safety and efficacy of deploying
CD34 + stem cells via a novel epicardial technique into ischemic
myocardium, resulting in enhanced cardiac performance without
perioperative complications or adverse events'*!,

As for reconstructive surgery, a study by Tiryaki et al.[*®]
reported enriching autologous fat grafts with adipose-derived
regenerative cells (ADRCs) has significantly reduced post-
operative tissue atrophy, historically reported to range from
20-80% to minimal levels, thereby enhancing the predictability
and longevity of cosmetic and reconstructive outcomes. ADRCs
facilitate improved tissue survival and graft integration by pro-
moting angiogenesis, reducing apoptosis, and modulating local
inflammation, highlighting their potential to enhance the efficacy
and safety of autologous fat transplantation in complex recon-
structive surgeries. The use of stem cell-enriched tissue injections
(SET) in fat grafting procedures demonstrates superior results
compared to traditional methods, with all patients achieving
satisfactory primary outcomes and minimal need for secondary
sessions, particularly in cases of challenging recipient areas such
as those affected by fibrosis or prior radiation therapy*®.

In the realm of anticancer strategies involving stem cells, MSCs
have demonstrated potent efficacy in inhibiting tumor growth. A
study by Khakoo et al.*”), 2006 revealed that when MSCs intrave-
nously injected, it exhibit potent tumor-suppressive effects in an in-
vivo model of Kaposi’s sarcoma, homing to tumor sites and inhi-
biting tumor growth significantly. The MSCs achieve this anti-
neoplastic effect by directly inhibiting the activation of Akt protein
kinase in tumor cells, a mechanism that requires a direct cell-cell
contract mediated through E-cadherin interactions. The ability of
MSCs to suppress the Akt activity pathway correlates with their
efficacy in inhibiting tumor growth i vivo, demonstrating their
potential as a novel therapeutic approach for human malignancies
characterized by dysregulated Akt signaling pathways™”..

Presently, there are 31 clinical trials registered on
ClinicalTrials.gov database, exploring the MSC-based therapies
for cancer treatment or symptom alleviation*®!, These trials
include 16 focused on MSCs directly treating cancer, 7 utilizing
engineered MSCs to deliver therapeutic cytokines or oncolytic
viruses, and 1 assessing the safety and efficacy of MSC-derived
exosomes in pancreatic cancer. Moreover, according to database,
7 trials utilize bone marrow-derived MSCs, 3 trials use adipose
tissue-derived MSCs, and 4 trials use cord blood-derived
MSCs!*®l.

In orthopedic surgeries, stem cell therapy can be utilized in the
treatment of bone fractures, cartilage defects, tendon injuries, and
joint degeneration™*.

A study by Chen et all®, 2015 reported functionalizing
porous polycaprolactone (PCL) scaffolds with a hyaluronic acid/
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B-tricalcium phosphate (HA/TCP) matrix has significantly
enhances human MSCs proliferation and osteogenic differentia-
tion in vitro. In the study, HA/TCP-coated PCL scaffold promotes
increased expression of oestegenic markers such as ALP and
COLI early in culture, correlating with heightened ALP activity
by day 7 and indicating enhanced bone formation potential. Also,
scanning electron microscope and histological analyses demon-
strate a more uniform distribution of cell-matrix and calcium
deposition within HA/TCP-coated scaffolds, highlighting their
potential for effective use in human bone tissue engineering
applications®®!,

In addition, another study has reported that autologous and
allogenic bone marrow-derived MSCs significantly accelerate the
repair of bone defects in rabbits, evidenced by rapid and more
complete bridging of the bone gap compared to control groups
treated with hydroxyapatite alone!*l. In the study, histological
analysis reveals enhanced osteogenesis, improved reorganization
of cancellous bone, and increase formation of bone marrow in
defects treated with both autologous and allogeneic bone mar-
row-MSCs, indicating superior bone healing outcomes compared
to controls® 1.

The integration of stem cell therapy into surgical practice
carries profound clinical implications for surgeons across various
specialties. Stem cells offer the potential to revolutionize surgical
techniques by facilitating enhanced tissue repair and regenera-
tion. Surgeons may foresee shifts towards less invasive procedures
as stem cells enable targeted, regenerative interventions that
promote rapid healing and reduce recovery times for patients.
This advancement could lead to improved outcomes in complex
surgeries, such as joint reconstructions, organ transplants, and
spinal cord repairs, where traditional methods have limitations in
achieving complete functional restoration. Moreover, stem cell
therapies may foster the development of innovative surgical
approaches, such as bioengineered tissue and organs, which
could address current challenges in treating degenerative diseases
or traumatic injuries!®.

In conclusion, advances in stem cell therapy have brought us
closer to realizing the potential of regenerative medicine. The field
has made remarkable progress, from the creation of iPSCs to
precision gene editing and clinical applications. Challenges and
ethical considerations continue to be addressed, and regulatory
frameworks are being developed to ensure the safety and efficacy
of stem cell therapies. Overall, stem cell therapy holds promise for
transforming surgical care by optimizing patient recovery,
expanding treatment options, and advancing the frontier of
regenerative medicine in surgery. The future holds great promise
for personalized medicine, regenerative applications, and inno-
vative approaches that may revolutionize healthcare. The utili-
zation of stem cell therapy can transform the approach to disease
and injury treatment, hence instilling hope within an extensive
number of patients across the globe. As research in this field
continues to evolve, we can expect more groundbreaking dis-
coveries and new avenues for improving human health and well-
being.

Ethical approval

Not applicable.

6866



Abusalah et al. International Journal of Surgery (2024)

Consent

Not applicable.

Source of funding

This study received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors.

Author contribution

M.A.H.A.: conceptualization, data curation, resources, writing—
original draft, writing—review and editing. P.R..: conceptualiza-
tion, data curation, supervision, visualization, writing—review
and editing. E.N.S.E.A.R.: conceptualization, data curation,
supervision, visualization, writing—review and editing. O.P.C.:
conceptualization, data curation, supervision, visualization,
writing—review and editing. All authors critically reviewed and
approved the final version of the manuscript.

Conflicts of interest disclosure

The authors declare no conflicts of interest.

Research registration unique identifying number
(UIN)

Not applicable.

Guarantor

Om Prakash Choudhary.

Data availability statement

Data are available upon reasonable request.

Provenance and peer review

Not applicable.

Acknowledgements

The authors are thankful to their respective institutions/ uni-
versities for the completion of this work.

References

[1] Rob Hancock BC. Stem Cell Therapy: An Emerging Treatment for
Various Diseases (2023). Hope Stem Cell Network. Accessed 20 June
2024. https://www.hscn.org/post/stem-cell-therapy

[2] LiJ, Wu'Y, Yao X, et al. Preclinical research of stem cells: challenges and
progress. Stem Cell Rev Rep 2023;19:1676-90.

[3] Pérez LM, de Lucas B, Galvez BG. Unhealthy stem cells: when health
conditions upset stem cell properties. Cell Physiol Biochem 2018;46:
1999-2016.

[4] Information NSC. Stem Cell Basics. National Institutes of Health,.
Accessed October 21 2023. https://stemcells.nih.gov/info/basics/stc-
basics/#:~:text=There %20are %20several %20main%20categories % 3A
%20the %20%E2%80% 9Cpluripotent%E2 % 80 % 9D %20stem,all %
200f%20the%20cells%200f%20the %20adult%20body

[5] Center UoNM. History of Stem Cell Use. Accessed October 21 2023.
https://www.unmc.edu/stemcells/educational-resources/history.html

[6] Omole AE, Fakoya AQ]J. Ten years of progress and promise of induced
pluripotent stem cells: historical origins, characteristics, mechanisms,
limitations, and potential applications. Peer] 2018;6:¢4370.

[7] Guha P, Morgan JW, Mostoslavsky G, et al. Lack of immune response to
differentiated cells derived from syngeneic induced pluripotent stem cells.
Cell Stem Cell 2013;12:407-12.

[8] Huangfu D, Osafune K, Maehr R, et al. Induction of pluripotent stem
cells from primary human fibroblasts with only Oct4 and Sox2. Nat
Biotechnol 2008;26:1269-75.

[9] Lowry WE, Richter L, Yachechko R, et al. Generation of human induced
pluripotent stem cells from dermal fibroblasts. Proc Natl Acad Sci 2008;
105:2883-8.

[10] Okita K, Ichisaka T, Yamanaka S. Generation of germline-competent
induced pluripotent stem cells. Nature 2007;448:313-7.

[11] Yu J, Vodyanik MA, Smuga-Otto K, ez al. Induced pluripotent stem cell
lines derived from human somatic cells. Science 2007;318:1917-20.

[12] Horodecka K, Diichler M. CRISPR/Cas9: principle, applications, and
delivery through extracellular vesicles. Int ] Mol Sci 2021;22:6072.

[13] Mali P, Yang L, Esvelt KM, et al. RNA-guided human genome
engineering via Cas9. Science 2013;339:823-6.

[14] Lee K, Conboy M, Park HM, et al. Nanoparticle delivery of Cas9 ribo-
nucleoprotein and donor DNA in vivo induces homology-directed DNA
repair. Nat Biomed Eng 2017;1:889-901.

[15] Ratajezak MZ, Bujko K, Wojakowski W. Stem cells and clinical practice:
new advances and challenges at the time of emerging problems with
induced pluripotent stem cell therapies. Pol Arch Med Wewn 2016;126:
879-90.

[16] Maxwell KG, Augsornworawat P, Velazco-Cruz L, et al. Gene-edited
human stem cell-derived f cells from a patient with monogenic diabetes
reverse preexisting diabetes in mice. Sci Transl Med 2020;12:eaax9106.

[17] Khaddour K, Hana CK, Mewawalla P. Hematopoietic stem cell trans-
plantation. 2023; In: StatPearls. Treasure Island (FL): StatPearls
Publishing. 2024.

[18] Terashvili M, Bosnjak Z]. Stem cell therapies in cardiovascular disease. J
Cardiothorac Vasc Anesth 2019;33:209-22.

[19] Fernandez-Avilés F, Sanz-Ruiz R, Climent AM, et al. Global overview of
the transnational alliance for regenerative therapies in cardiovascular
syndromes (TACTICS) recommendations: a comprehensive series of
challenges and priorities of cardiovascular regenerative medicine. Circ
Res 2018;122:199-201.

[20] Zwetsloot PP, Végh AM, Jansen of Lorkeers SJ, et al. Cardiac stem cell
treatment in myocardial infarction: a systematic review and meta-analysis
of preclinical studies. Circ Res 2016;118:1223-32.

[21] Shiba Y, Fernandes S, Zhu WZ, et al. Human ES-cell-derived cardio-
myocytes electrically couple and suppress arrhythmias in injured hearts.
Nature 2012;489:322-5.

[22] Golpanian S, Schulman IH, Ebert RF, et al. Concise review: Review and
perspective of cell dosage and routes of administration from preclinical
and clinical studies of stem cell therapy for heart disease. Stem Cells
Transl Med 2016;5:186-91.

[23] Liu D, Bobrovskaya L, Zhou XF. Cell therapy for neurological disorders:
the perspective of promising cells. Biology 2021;10:1142.

[24] Belldk T, Fekécs Z, Torok D, et al. Grafted human induced pluripotent
stem cells improve the outcome of spinal cord injury: modulation of the
lesion microenvironment. Sci Rep 2020;10:22414.

[25] Palma-Tortosa S, Tornero D, Grenning Hansen M, et al. Activity in
grafted human iPS cell-derived cortical neurons integrated in stroke-
injured rat brain regulates motor behavior. Proc Natl Acad Sci 2020;117:
9094-100.

[26] de Castro MV, da Silva MVR, Chiarotto GB, et al. Spinal reflex recovery
after dorsal rhizotomy and repair with platelet-rich plasma (PRP) gel
combined with bioengineered human embryonic stem cells (hESCs). Stem
Cells Int 2020;2020:8834360.

[27] Shroff G. Evaluation of patients with multiple sclerosis using reverse
nutech functional score and expanded disability status scale after human
embryonic stem cell therapy. Clin Transl Med 2016;5:¢43.

[28] Shroff G, Thakur D, Dhingra V, et al. Expression of concern to: Role of
physiotherapy in the mobilization of patients with spinal cord injury
undergoing human embryonic stem cells transplantation. Clin Transl
Med 2017;6:35.

[29] Zou Y, Zhao Y, Xiao Z, et al. Comparison of regenerative effects of
transplanting three-dimensional longitudinal scaffold loaded-human

6867


https://www.hscn.org/post/stem-cell-therapy
https://stemcells.nih.gov/info/basics/stc-basics/#:&#x007E;:text=There%20are%20several%20main%20categories%3A%20the%20%E2%80%9Cpluripotent%E2%80%9D%20stem,all%20of%20the%20cells%20of%20the%20adult%20body
https://stemcells.nih.gov/info/basics/stc-basics/#:&#x007E;:text=There%20are%20several%20main%20categories%3A%20the%20%E2%80%9Cpluripotent%E2%80%9D%20stem,all%20of%20the%20cells%20of%20the%20adult%20body
https://stemcells.nih.gov/info/basics/stc-basics/#:&#x007E;:text=There%20are%20several%20main%20categories%3A%20the%20%E2%80%9Cpluripotent%E2%80%9D%20stem,all%20of%20the%20cells%20of%20the%20adult%20body
https://stemcells.nih.gov/info/basics/stc-basics/#:&#x007E;:text=There%20are%20several%20main%20categories%3A%20the%20%E2%80%9Cpluripotent%E2%80%9D%20stem,all%20of%20the%20cells%20of%20the%20adult%20body
https://www.unmc.edu/stemcells/educational-resources/history.html

Abusalah et al. International Journal of Surgery (2024)

mesenchymal stem cells and human neural stem cells on spinal cord
completely transected rats. ACS Biomater Sci Eng 2020;6:1671-80.

[30] Burman J, Tolf A, Higglund H, et al. Autologous haematopoietic stem
cell transplantation for neurological diseases. J Neurol Neurosurg
Psychiatry 2018;89:147-55.

[31] Ueda T, Inden M, Ito T, et al. Characteristics and therapeutic potential of
dental pulp stem cells on neurodegenerative diseases. Front Neurosci
2020;14:407.

[32] Lan X, Sun Z, Chu C, et al. Dental pulp stem cells: an attractive alter-
native for cell therapy in ischemic stroke. Front Neurol 2019;10:824.

[33] Alanazi RF, Alhwity BS, Almahlawi RM, et al. Multilineage differ-
entiating stress enduring (Muse) cells: a new era of stem cell-based ther-
apy. Cells 2023;12:1676.

[34] Kajitani T, Endo T, Iwabuchi N, et al. Association of intravenous
administration of human Muse cells with deficit amelioration in a rat
model of spinal cord injury. ] Neurosurg Spine 2021;34:648-55.

[35] Guo D, Wang X, Huang K. Editorial: Generation of functional tissues
from human pluripotent stem cells. Editorial. Front Cell Dev Biol 2023;
11:1155560.

[36] Fantuzzi F, Toivonen S, Schiavo AA, et al. In depth functional character-
ization of human induced pluripotent stem cell-derived beta cells in vitro and
in vivo. Original Research. Front Cell Dev Biol 2022;10:9677635.

[37] Gu X, Yu X, Zhao C, et al. Efficacy and safety of autologous bone
marrow mesenchymal stem cell transplantation in patients with diabetic
retinopathy. Cell Physiol Biochem 2018;49:40-52.

[38] Banin E, Barak A, Boyer DS, et al. Phase Illa clinical trial of human
embryonic stem cell (hESC)-derived retinal pigmented epithelium (RPE,
OpRegen) transplantation in advanced dry form age-related macular degen-
eration (AMD): interim results. Investig Ophthalmol Vis Sci 2019;60:6402.

[39] Sharma A, Jaganathan BG. Stem cell therapy for retinal degeneration: the
evidence to date. Biologics 2021;15:299-306.

[40] Singh SR, Fung AT, Fraser-Bell S, ef al. One-year outcomes of anti-vas-
cular endothelial growth factor therapy in peripapillary choroidal neo-
vascularisation. Br ] Ophthalmol 2020;104:678-83.

International Journal of Surgery

[41] Zhang F, Meier AB, Poch CM, et al. High-throughput optical action
potential recordings in hiPSC-derived cardiomyocytes with a genetically
encoded voltage indicator in the AAVS1 locus. Original Research. Front
Cell Dev Biol 2022;10:1038867.

[42] Rizki-Safitri A, Gupta N, Hiratsuka K, ez al. Live functional assays reveal
longitudinal maturation of transepithelial transport in kidney organoids.
Original Research. Front Cell Dev Biol 2022;10:978888.

[43] Borlongan MC, Farooq J, Sadanandan N, et al. Stem cells for aging-
related disorders. Stem Cell Rev Rep 2021;17:2054-8.

[44] Eckford C. Recent developments in stem cell therapies. Eur Pharm Rev.
Accessed 27 October 2023. https://www.europeanpharmaceuticalre
view.com/article/182527/recent-developments-in-stem-cell-therapies/

[45] Patel AN, Geffner L, Vina RF, et al. Surgical treatment for congestive
heart failure with autologous adult stem cell transplantation: a pro-
spective randomized study. ] Thorac Cardiovasc Surg 2005;130:
1631-8.

[46] Tiryaki T, Findikli N, Tiryaki D. Staged stem cell-enriched tissue (SET)
injections for soft tissue augmentation in hostile recipient areas: a pre-
liminary report. Aesthetic Plast Surg 2011;35:965-71.

[47] Khakoo AY, Pati S, Anderson SA, ef al. Human mesenchymal stem cells
exert potent antitumorigenic effects in a model of Kaposi’s sarcoma. |
Exp Med 2006;203:1235-47.

[48] Lan T, Luo M, Wei X. Mesenchymal stem/stromal cells in cancer therapy.
J Hematol Oncol 2021;14:195.

[49] Maniar HH, Tawari AA, Suk M, et al. The current role of stem cells in
orthopaedic surgery. Malays Orthop J 2015;9:1-7.

[50] Chen M, Le DQ, Kjems ], et al. Improvement of distribution and osteo-
genic differentiation of human mesenchymal stem cells by hyaluronic acid
and p-tricalcium phosphate-coated polymeric scaffold in vitro. Biores
Open Access 2015;4:363-73.

[51] Udehiya, Amarpal RK, Aithal HP, et al. Comparison of autogenic and
allogenic bone marrow derived mesenchymal stem cells for repair of
segmental bone defects in rabbits. Res Vet Sci 2013;94:743-52.

6868


https://www.europeanpharmaceuticalreview.com/article/182527/recent-developments-in-stem-cell-therapies/
https://www.europeanpharmaceuticalreview.com/article/182527/recent-developments-in-stem-cell-therapies/

