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Abstract
In the UAE, current hospital policies mandate the disposal of biological waste, such as umbilical
cords. However, this tissue represents a valuable source of therapeutic material like mesenchymal
stem cells (MSCs) and their secretome. The disposal of this valuable therapeutic material imposes
a significant burden on public health. In the United States alone, approximately 18,000 people
per year are diagnosed with diseases that could be ameliorated with stem cell therapy. These
individuals often remain untreated due to the lack of available stem cells, as current methods for
MSC obtention, such as Bone Marrow-MSCs, require an invasive bone marrow aspirate procedure,
which is painful and can pose risks to donors, including infection and prolonged recovery times.
This paper advocates for policy reform to facilitate the collection, storage, and utilization of umbilical
cords. By addressing regulatory barriers and implementing standardized protocols, hospitals in the
UAE can not only contribute to advancements in regenerative medicine but also solidify the nation’s
position as a leader in this emerging field, ultimately improving patient outcomes and reducing the
disease burden both locally and regionally. This is particularly relevant given the significant burden
of cardiovascular diseases and type 2 diabetes mellitus (T2DM) in the UAE, where 17.3% of the
population aged 20 to 79 is affected with T2DM. Cardiovascular diseases and T2DM are few of
the many disorders that can benefit from MSC therapy. Utilizing umbilical cord biowaste for such
diseases can further build the UAE’s status as a hub for medical tourism and accentuate it’s growing
prominence in the field of regenerative medicine.

الملخص
مارات Ѳįا ѬȬدو Ѵ

ѫǋ اȝزمنة اįمراض من للعديد العİج و الصحية الرعاية يقة طر Ѵ
ѫǋ ثورة دث Ѵɲ قد الŐي اȕبل Ѵɯبقا من اȝستخرجة ذعية ѳȕا Ѵɯİ ѫȕا تقنيه استخدام إن

التقنية هذه واستخدام ذعية ѳȕا Ѵɯİ ѫȕا من تتحويه ȝا الŐي اȕبل Ѵɯببقا اįحتفاظ ورة ѫŰل لȡستشفيات ت Ѵɾالتعل صدار
Ѫ
ѳɯ التقنية هذه تبدأ و اȝتحدة. بية العر

١٨٠٠٠ من ѭɷك ا عİج Ѭɽي
ً
Ѵɯسنو يكية مر

Ѫ
įا اȝتحدة ت Ѵɯįالو Ѵ

ѫǍف اȝزمنة اȝرضية اȕاįت متابعه و عİج Ѵ
ѫǋ اȝستشفيات Ȼع الضغط تقليل Ȼع سيساعد اȝستحدثة

مثل اȝضاعفات بعض حصول من لو ѫ Ѭɲ įو العالية لتǜفة ѳɯ ѫ Ѵɷتتم Ѵ
Ѭʑال و العظم اع ѫ ѫɲ من الغالب Ѵ

ѫǋ اȝستخرجة و ذعية ѳȕا Ѵɯİ ѫȕا تقنية ستخدام ѳɯ مزمنة مرضية ѬȬحا

اȕصول كيفية و الŐي اȕبل Ѵɯبقا حفظ كيفية عن الكفاءة عالية تقنية ستخدام ѳɯ خطة وضع اȝقرر ومن ية. ѴɶŐال لȡتابعة ѫǍستشȝا Ѵ
ѫǋ اȝكوث و رثومية ѳȕا العدوى

و الدموية وعية
Ѫ
įا و القلب مراض

Ѫ
ǒ ا ѫʇم اȝزمنة خاصة و اȝرضية اȕاįت بعض لعİج įحقة أوقات Ѵ

ѫǋ įستخداɋا ا ѫʇي ز ѫ Ѭɲ و ا ѫŻحف طرق و ذعية ѳȕا Ѵɯİ ѫȕا Ȼع

إن ا Ѵɷوأخ اįمارات. Ȭدو Ѵ
ѫǋ السǓن عدد من لسكر ѳɯ ѫ Ѵʂصابȝا من ٪١٧.٣ Ѵȹحوا هناك حيث لسكر ѳɯ ѫ Ѵʂصابȝا عدد دة Ѵɯلز وذألك . Ѵ

ѫʏالثا النوع من السكر امراض

خرى.
Ѫ
įا مراض

Ѫ
įا من العديد عİج Ѵ

ѫǋ التقنية هذه استخدام Ѭɽي سوف بل والسكر، اȝزمنة القلب أمراض عİج Ȼع Űيقت į سوف ذعية ѳȕا Ѵɯİ ѫȕا تقنيه استخدام

الطبية. واȝتابعة العİج لغرض مارات Ѳįا ѬȬدو Ѵ
ѫǋ الطبية السياحة من يد ѫ Ѵɷس Ɉ مارات Ѳįا ѬȬدو Ѵ

ѫǋ ة ѫ Ѵɷتمȝا الطبية للرعاية ايدا ѫ Ѭɷم دƟا ѴƔسيع كيد لتأ ѳɯ وهذا
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1. Introduction

Biowaste is defined as any biodegradable organic material originating from vegetable, animal, or human
sources, generated domestically and industrially, such as the food industry ( Jiménez-Rosado et al., 2023)
and healthcare facilities. Medical waste, defined by the World Health Organization, includes needles,
syringes, diagnostic samples, blood, chemicals, pharmaceuticals, medical devices, and body parts. These
body parts or discarded tissues include skin and fat tissues from abdominoplasty procedures, aborted
fetuses, extra-embryonic tissues like the placenta, umbilical cord, and amniotic fluid, as well as human
physiological waste such as urine, menstrual blood, hair, and deciduous teeth. These biomedical wastes
represent a sustainable cell source for mesenchymal stem cells (MSCs) therapy (Wan Kamarul Zaman &
Abdullah, 2023; Figure 1).

MSCs are multipotent stromal cells capable of differentiating into various cell types, including bone,
cartilage, fat cells, and neurons. These cells are found in various tissues, including bone marrow (BM),
adipose tissue (AT), and umbilical cord (Musiał-Wysocka et al., 2019), and even from menstrual blood
(Uzieliene et al., 2018), dental pulp (Kawashima et al., 2017), fetal liver (Fan et al., 2019), lungs (Hostettler
et al., 2017), mobilized peripheral blood (Wiegner et al., 2018) and placenta (De La Torre et al., 2019).
MSC therapy holds great potential due to its paracrine effect, homing capability, and immunomodulatory
activity. These are effective in treating conditions like spinal cord injuries (Xia et al., 2023), autoimmune
diseases (Galderisi et al., 2022; Mezey, 2022), and neuroinflammatory disorders such as Parkinson’s
and Alzheimer’s Disease (Mattei & Delle Monache, 2024). However, due to the issues related to cell
engraftment or homing to the site of injury post transplantation, current research is also focused on
developingMSC-based cell-free therapies by investigating the paracrine factors (or the secretome) through
which MSCs exert their effect in healing responses (Yu et al., 2023). The survival rate of MSCs after
transplantation has been shown to be <5%, which critically impacts the therapeutic outcome, as the
paracrine and immunoregulatory functions of MSCs are dependent on their viability (Garcia-Sanchez
et al., 2019). Similarly, homing capabilities are also constrained by various factors, including reciprocal
interactions between cells, the extracellular matrix, and bioactive factors (Noronha et al., 2019).

The MSC secretome comprises bioactive molecules—mainly chemokines, cytokines, interleukins,
hormones, lipids, growth factors, and cellular adhesion molecules—along with extracellular vesicles (EVs)
or exosomes containing RNA, DNA, proteins (Han et al., 2022; L. et al., 2019), and mitochondria (Liu et al.,
2024). These secreted factors are key players in MSC therapy due to their activities in immunomodulation,
angiogenesis, anti-cancer, and tissue protection ( Javan et al., 2019). The primary mechanisms driving
MSC immunomodulation and angiogenesis include direct cell-to-cell contact and paracrine signaling,
which are activated by cytokines, chemokines, EVs, and inflammatory stimuli (Song et al., 2020). The
angiogenic modulation by MSC-derived secretome is achieved through a complex synergistic interaction
among various bioactive molecules carried by EVs, including microRNA (miRNA), transfer RNA (tRNA), long
noncoding RNA (lncRNA), growth factors, proteins, and lipids (Maacha et al., 2020). UC-MSC secretome
has been shown to significantly reduce cell viability and proliferation, inhibit migratory behavior, and
suppress PI3K/AKT activation in prostate cancer (Sousa et al., 2023).
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Figure 1

Mesenchymal stem cell therapy from biowaste.

1.1. MSC therapy in clinical trials

From 1995 to 2020, 1014 clinical trials have been registered for MSC therapy on the US National Institute
of Health–ClinicalTrials database (http://clinicaltrials.gov) ( Jovic et al., 2022). While some have ended
prematurely, others have been completed and are about to reach Phase III of their clinical trials. These
clinical trials cover various conditions, withmany related to cardiovascular diseases, brain and neurological
disorders, muscle, bone, and cartilage diseases, lung and bronchial diseases, wounds and restorations,
and immune system diseases.

For brain and neurological disorders, a Phase-II clinical study (NCT02166021) by Petrou et al. explored
the therapeutic effects of BM-MSCs in treating multiple sclerosis (MS). These patients were injected either
intrathecally or intravenously. The results indicated a favorable tolerance for the treatment, as only three
serious adverse events were reported, none of which were related to the treatment. Two events were
associated with MS relapses, and one involved an upper respiratory infection, which was resolved with
a dose of antibiotics. Results also included short-term health benefits such as changes in the Expanded
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Disability Status Scale (EDSS) score. The study was more effective for the intrathecal injection showing
more effectiveness than intravenous administration(Petrou et al., 2020). However, a Phase-III study is still
needed to further assess these conclusions.

For immune system diseases, a clinical study with patients suffering from autoimmune refractory
epilepsy treated them with autologous AT-MSCs (NCT03676569). These patients underwent liposuction
followed by enzymatic isolation of the AT-MSCs, which were later administered via intrathecal injection.
The study proved safe and showed clinical improvement, demonstrating enhanced social functions and
intellectual performance in these patients (Szczepanik et al., 2020).

In cardiovascular diseases, the SENECA trial (StEm cell iNjECtion in cAncer survivors; NCT02509156)
explored the use of allogenic BM-MSCs to improve cardiac performance in cancer survivors with
anthracycline-induced cardiomyopathy (AIC), proving safe and effective in Phase I. However, Phase II
and III clinical studies are needed to properly assess efficacy (Bolli et al., 2018).

Regarding muscle, bone, and cartilage diseases, the JOINTSTEM study (NCT02658344) used
autologous adipose-derived mesenchymal stem cells (AD-MSCs). Twenty-four patients were treated using
MSCs extracted from their own lipoaspirates obtained from abdominal subcutaneous fat to treat knee
osteoarthritis. These patients were injected intra-articularly and followed for six months to assess clinical
efficacy. The results showed functional improvement and pain relief without causing any adverse effects
(Lee et al., 2019).

Similarly, the secretome from MSCs has been explored in a clinical setting. In a Phase-I single-arm
clinical trial called MEXVT (NCT04313647), 24 healthy volunteers received a nebulized form of human
adipose-derived MSC-EVs (haMSC-EVs) to assess its safety for future clinical applications to treat lung
injury diseases. This clinical study proved safe for the volunteers, and in a preclinical model with mice
suffering from lung injury due to exposure to Pseudomonas aeruginosa, this treatment reduced lung
inflammation and the histological severity of the disease (Shi et al., 2021). After the success of this clinical
study, seven severe COVID-19 related pneumonia patients presenting acute respiratory distress syndrome
(ARDS) were enrolled in a phase-II clinical trial (NCT04276987) to receive the nebulized haMSC-Exos.
Within seven days, these patients presented a safety profile followed by CT imaging improvement ( Zhu
et al., 2022).

Most of these clinical trials have used both allogenic and autologous sources of BM-MSCs and AT-MSCs.
However, recent research and clinical trials have shifted toward using umbilical cord-derived MSCs (UC-
MSCs) due to their longer-lasting paracrine effects (Hoseini et al., 2024) and their richness in angiogenic
factors (Farkhad et al., 2021) compared to other MSC sources. Additionally, these cells are easier to harvest
and pose no health threats when collected, making them an ideal alternative candidate (Mebarki et al.,
2021).
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Figure 2

Composition of the umbilical cord.

1.2. Cell sources from the umbilical cord

As of October 11, 2023, 451 out of 1596 clinical trials registered for MSC therapy involved umbilical cord
blood MSCs (UCB-MSCs), and Wharton’s Jelly Mesenchymal Stem Cells (WJ-MSCs) due to their higher
proliferation capacity (Vieira Paladino et al., 2019), lifespan, and differentiation ability (Liau et al., 2020;
Mastrolia et al., 2019). However, these cells are not the only type obtainable from umbilical cords.

The vascular system of the umbilical cord comprises two umbilical arteries (UCAs) and one umbilical
vein (UCV) embedded inside mucous tissue known as Wharton’s Jelly (Medina-Leyte et al., 2020; Figure
2). Umbilical cord vein mesenchymal stem cells (UVMSC) have been studied for regenerative applications,
including genetic manipulation to enhance their therapeutic power (Nowakowski et al., 2016).

The umbilical cord consists of several main components: arteries, a vein, and Wharton’s Jelly. Various
cell types can be found within these structures, including UCB-MSCs, WJ-MSCs, UVMSC, human umbilical
cord perivascular stem cells (HUCPVC), and human umbilical vein endothelial cells (HUVECs).

Another type of UC-MSCs are unrestricted somatic stem cells (USSC), which are in a state between
embryonic stem cells (ESCs) and terminally differentiated cells. These cells hold the potential to
differentiate into cell types from all germ layers (Schorn et al., 2019), making them ideal alternative
candidates for ESC research to avoid the ethical issues related to the use of ESCs. These cells offer
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similar advantages and hold as much promise as Multilineage Differentiating Stress Enduring (MUSE)
cells, another cell type derived from extra-embryonic tissues like the umbilical cord (Leng et al., 2019).
MUSE cells are regarded as pluripotent stem cells capable of differentiating into all germ layers, and they
do not require HLA matching, making them an excellent candidate for regenerative therapy (Yamashita
et al., 2021). Furthermore, MUSE cells exhibit superior properties compared to other somatic cells that
claim to be pluripotent, such as very small embryonic-like (VSEL) stem cells found in UCB, which have
been shown to lack some key stem cell characteristics (Danova-Alt et al., 2012).

In the context of treating challenging skin defects, HUCPVC have been studied as a potential alternative
to BM-MSCs due to their higher proliferative rate and frequency. These cells demonstrated accelerated
wound healing, proving to be ideal candidates for dermal tissue engineering (Azari et al., 2022).

Another important model system for regenerative therapy is HUVECs. HUVECs, easily accessible
and cultured, express numerous key endothelial cell (EC) markers, junctional proteins, and inflammatory
proteins, serving as a model for in vitro validation studies and drug validation (Hauser et al., 2017). HUVECs
are noted for their angiogenic capabilities, which are useful in revascularization strategies like bioprinting
technologies (Shafiee et al., 2021). In fact, in addition to their application for in vitro studies of vasculature
and angiogenesis, HUVECs are one of the most commonly employed mature ECs in vascularized bone
engineering (Kocherova et al., 2019; Pirosa et al., 2018).

Derived from the umbilical cords of healthy mothers and babies, HUVECs offer an ideal model
for studying primary human ECs, enhancing the translational potential of research beyond traditional
animal studies or nonhuman cell lines. They possess inherent properties, including proliferation and
differentiation, angiogenesis, and immunomodulatory abilities, that are crucial for treating cardiovascular
diseases, wound healing, and ischemic conditions where restoring blood flow and tissue perfusion is
essential (Qu et al., 2020).

The HUVEC model has proven especially valuable for studying the impact of hemodynamic forces
on the endothelium and atherosclerotic plaque formation. This model allows researchers to expose
ECs to shear stress under controlled flow conditions, effectively mimicking the blood flow conditions
found in vivo (Alhawarat et al., 2019; Jia et al., 2017). HUVECs have been useful in studying an array
of biological processes and diseases, such as inflammation, diabetes, cardiovascular conditions, cancer,
and regenerative medicine, offering advantages in accessibility and therapeutic potential (Alhawarat et
al., 2019; Cao et al., 2017; Di Tomo et al., 2021; Yin et al., 2022).

1.3. Clinical trials with UC-MSCs

Current trends in MSC therapy clinical trials have shifted toward the use of UC-MSCs, covering a wide
range of diseases. One example relevant to the UAE context is the use of UC-MSCs for treating diabetes.
Several studies have been launched to treat this disease using different cell sources of UC-MSCs. In China,
a clinical study involving 29 patients recently diagnosed with type 1 diabetes mellitus treated them with
WJ-MSCs, with follow-ups for two years. The study confirmed no major side effects and demonstrated
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that the therapy could restore the functionality of islet 𝛽 cells over a long observational period, positioning
the treatment as a potentially effective strategy for type 1 diabetes (Hu et al., 2013).

The use of UC-MSCs has also demonstrated promising results in the treatment of spinal cord injuries.
Two clinical trials (NCT01046786 and NCT01354483) used UCB mononuclear stem cells to treat 20
patients suffering from chronic spinal cord injuries. Patients received intramedullary injections and were
followed up for 12 months. By the end of the study, patients exhibited improvements in their motor function,
walking index of SCI (WISCI), and spinal cord independence measure (SCIM) scores. They also no longer
required assistance for bladder or bowel management (Zhu et al., 2016).

The transplantation of UCB has also shown promising results in cancer treatment. A multicenter clinical
trial by Eapen et al. compared 503 leukemia patients who received BM and umbilical cord transplants,
finding that those who received UCB transplants had a lower risk of transplant-related mortality due to
better human leukocyte antigen (HLA) matching. This study underscores the need for larger-scale banking
of UCB to increase HLA diversity (Eapen et al., 2007).

Clinical trials with UC-MSCs reveal that these cells are as effective as BM-MSCs and AT-MSCs
in treating various diseases and possess superior properties. UC-MSCs have higher HLA matching
compatibility (Eapen et al., 2007), a lower risk of teratoma formation, and less immunogenicity with a
better immunosuppressive ability for clinical use (Abbaspanah et al., 2021; Medina-Leyte et al., 2020;
Tesarova et al., 2020). All these factors make UC-MSCs a more suitable candidate for regenerative
therapy.

1.4. Future perspectives

Despite UC-MSCs being a better andmore sustainable alternative for MSC therapy and research, obtaining
these cells is still hindered by regulations in several countries and hospital policies thatmandate discarding
this valuable material as medical waste (Atala et al., 2018), missing an opportunity to leverage these
biological resources and to bridge the gap between the demand for stem cell therapies and the available
supply. This policy commentary highlights the importance of umbilical cords for MSC extraction and
proposes policy changes to facilitate their collection and use in the UAE.

2. Existing Policies

2.1. Current policies in the UAE

In the UAE, umbilical cords are typically treated as medical waste and discarded after delivery. This
practice is common across many hospitals in the region, where hygiene and safety protocols often
precede potential medical benefits. Hospitals are required to have a specialized company regularly collect,
transport, and destroy medical waste materials in accordance with the Public Health Department (Dubai
Health Authority DHA, 2021). While these protocols aim to prevent contamination and ensure patient
safety, they unintentionally limit innovative medical practices.
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2.2. Alternatives and international models

In 2006, the Dubai Cord Blood and Research Centre (DCBRC) was established as a government entity,
functioning as a hybrid public–private cord blood bank. The center successfully secured over 8000 cord
blood units. Although the DCBRC initially launched as a public biobank, it eventually transitioned into
a private cord blood bank and no longer offers public biobanking. Currently, M42 Healthcare in the
UAE is undertaking an initiative to establish a new cord blood bank. However, this effort is limited in
scope, focusing solely on cord blood and overlooking the potential of umbilical cord tissue and other
biowaste from healthcare institutions that could be repurposed for research and therapeutic applications.
Additionally, private cord blood banking is available in the UAE, however, the financial responsibility
falls on the parents, and public awareness about these services remains low as there is insufficient
comprehensive information to educate parents on the benefits. In contrast, private cord blood banking is
prohibited in countries like France and Italy (Beltrame, 2019).

Internationally, the UK and Spain have succeeded in establishing public cord blood banking institutions
supported by national health policies. These programs highlight the viability and advantages of systematic
umbilical cord collection and storage. For instance, Spain’s national health system incorporates cord blood
banking into standard prenatal care, ensuring a consistent supply of umbilical cords for research and
therapeutic purposes. Additionally, the United States launched the Stem Cell Therapeutic and Research
Act in 2005, which supports the National Cord Blood Program and ensures the collection of 150,000
cord blood units (Kapinos et al., 2017).

3. Policy Recommendations

3.1. Create a national umbilical cord bank

To guarantee a sustainable and fair supply of MSCs, the UAE should consider establishing a national
umbilical cord bank. This facility would handle the collection, processing, and storage of UCB and tissue,
thereby making MSCs accessible for therapeutic applications. This initiative would also foster research
and development in stem cell therapy, driving the field forward.

The creation of this bank should follow international models for public cord blood banking to adhere
to international standards and regulations. However, this bank should also utilize all cells present in the
umbilical cord and not just the cord blood, which is often a common practice for private biobanking.
Therefore, the tissue should be used to harness all stem cells, such as WJ-MSCs and HUCPVC.

3.2. Incentivize private sector participation

Provide grants for private companies to establish and maintain umbilical cord banks. These incentives
would encourage private-sector investment in umbilical cord cell banking, expanding the available
infrastructure.
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Encourage public–private partnerships to expand collection and storage capacity. By collaborating with
private companies, public health institutions can leverage additional resources and expertise, enhancing
the overall effectiveness of umbilical cord cell banking programs.

3.3. Facilitate collection and storage of Umbilical Cord MSCs

Implementing hospital-based programs for umbilical cord collection can ensure a steady and dependable
supply. Integrating these programs into existing prenatal and delivery care routines would minimize
disruption and ensure a seamless collection process. Medical staff can be trained to manage collections
effectively without interrupting standard procedures. Establishing standardized collection, processing,
and storage protocols in hospitals across the UAE is crucial. Access should be granted for following the
chain of identity and chain of custody through appropriate channels.

3.4. Streamline regulatory approvals for MSC therapies

It is essential to collaborate with medical professionals, regulatory bodies, and bioethicists to develop
standardized, evidence-based protocols that incorporate best practices from international models. These
guidelines should cover consent, privacy, and ethical issues to build parental trust and ensure ethical
and transparent collection practices. Simplifying the regulatory framework for stem cell therapies in
the UAE would facilitate MSC-based treatments’ approval and adoption. Aligning regulatory guidelines
with international standards would make the UAE a leader in regenerative medicine and attract global
collaboration and investment.

3.5. Promote public awareness and education

Raising public awareness about the benefits of umbilical cord-derived MSCs is vital for the successful
implementation of these policies. Educational campaigns should target expectant parents, informing them
about the significance of umbilical cord donations and potential therapeutic applications. Utilizing tools
such as social media platforms can enhance these efforts by reaching a broad audience. Social media can
be leveraged to share informative content, success stories, and interactive resources that engage and
educate parents about the benefits and procedures of umbilical cord donation. Additionally, healthcare
providers should receive comprehensive training on the benefits and procedures of umbilical cord
collection, equipping them with the necessary skills and knowledge. They should be prepared to offer
accurate information and guidance to parents contemplating umbilical cord donation, complementing
the information shared through digital platforms.
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3.6. Pilot programs

Initiate a pilot program involving collaboration between an academic lab and a hospital to refine
processes and demonstrate feasibility. Such programs can gather valuable data on collection rates,
costs, and outcomes, which can inform broader implementation strategies. Thorough data analysis will
identify potential challenges and optimize the collection process.

4. Conclusion

Effectively utilizing umbilical cord MSCs offers a unique opportunity to address the growing demand for
stem cell therapies in the UAE and beyond. By adopting policies that support the collection, storage, and
use of umbilical cords, the UAE can ensure a sustainable and equitable supply of MSCs. This strategy
not only promises to enhance patient outcomes but also positions the UAE as a leader in regenerative
medicine. The country’s significant burden of diseases such as T2DM, underscores the urgent need
for advanced treatment options. With the potential to alleviate conditions that are currently difficult to
manage with existing therapies, umbilical cord-derived MSCs could play a crucial role in improving health
outcomes.

By implementing collection and storage of biowaste policies in hospitals, the UAE can drive forward
MSC research and treatment, solidifying its role as a leader in this emerging field. Policymakers must
act promptly to harness the potential of umbilical cord-derived MSCs and propel advancements in stem
cell therapy. Discarding umbilical cords represents a missed opportunity for progress in regenerative
medicine, making the establishment of hospital-based collection programs with clear protocols and
training essential for unlocking the full medical potential of these valuable resources.

Acknowledgements

None.

Funding Information

This work was supported by Khalifa University faculty start-up grant (FSU-2022-023- 8474000443).

Competing Interests

The authors declare no conflict of interest.

DOI 10.18502/gespr.v5i2.16916 Page 167



Gulf Education and Social Policy Review Barragán et al

Author Biography

Joaquín is currently pursuing a PhD in Biomedical Engineering at Khalifa University, focusing on stem
cell research. He completed his MSc in Bioengineering at King Abdullah University of Science and
Technology in Saudi Arabia, with a project focused on neuroscience. With experience in the healthcare
industry, he has been involved in clinical research projects and worked to establish a clinic for stem
cell treatment in Mexico. His advanced research in Stem-Cell Secretome Therapies and Regenerative
Medicine aims to develop innovative solutions for unmet clinical needs by bridging the gap between
laboratory science and clinical translation.

Mira is a Postdoctoral Scientist in Genetic Epidemiology and Molecular Genetics at Khalifa University
(Center of Biotechnology), and the Deputy Program Manager of the Biomedical Science Discovery
(BISDI) Program, an initiative to drive drug development and target validation for diabetes and cancer
immunotherapy. Mira obtained her PhD from the University of Oxford in Women’s Reproductive Health,
MSc from the University College London in Prenatal Genetics and Fetal Medicine, and BSc from the
University of Central Florida in Biomedical Sciences.

Dr. Kohli, an Assistant Professor at Khalifa University since 2022, holds a PhD in Biomedical Science
from Aston University, UK, where she earned several awards, including the Best Young Investigator Award
at EORS 2012. Her postdoctoral work at RAFT in London led to a patented biomaterial for bone defect
healing, now being commercialized. At Imperial College London, she established a preclinical testing
facility for 3D-printed implants that employed a multidisciplinary approach to enhance implant testing.
Her research focusses on stem cell secretome therapies, regenerative medicine, and 3D biomaterials,
aiming to translate innovative laboratory findings into practical clinical solutions.

References

[1] Abbaspanah, B., Reyhani, S., & Mousavi, S. H. (2021). Applications of umbilical cord derived mesenchy-
mal stem cells in autoimmune and immunological disorders: From literature to clinical practice. Current
Stem Cell Research & Therapy, 16(4), 454–464. https://doi.org/10.2174/1574888X16999201124153000

[2] Alhawarat, F. M., Hammad, H. M., Hijjawi, M. S., Sharab, A. S., Abuarqoub, D. A., Al Shhab, M. A.,
& Zihlif, M. A. (2019). The effect of cycling hypoxia on MCF-7 cancer stem cells and the impact of
their microenvironment on angiogenesis using human umbilical vein endothelial cells (HUVECs) as a
model. PeerJ, 7, e5990. https://doi.org/10.7717/peerj.5990

[3] Atala, A., Cetrulo, K. J., Taghizadeh, R. R., Cetrulo, C. L., & Murphy, S. (Eds.). (2018). Perinatal stem
cells: Research and theraphy (1st ed.). Academic Press.

[4] Azari, Z., Nazarnezhad, S., Webster, T. J., Hoseini, S. J., Brouki Milan, P., Baino, F., & Kargozar, S. (2022).
Stem cell-mediated angiogenesis in skin tissue engineering and wound healing. Wound Repair and

Regeneration, 30(4), 421–435. https://doi.org/10.1111/wrr.13033

DOI 10.18502/gespr.v5i2.16916 Page 168



Gulf Education and Social Policy Review Barragán et al

[5] Beltrame, L. (2019). ‘It’s a family affair’: The discursive entanglement of social formations in public and
private cord blood banking in Italy. Public Understanding of Science (Bristol, England), 28(8), 917–931.
https://doi.org/10.1177/0963662519864017

[6] Bolli, R., Hare, J. M., Henry, T. D., Lenneman, C. G., March, K. L., Miller, K., Pepine, C. J., Perin, E.
C., Traverse, J. H., Willerson, J. T., Yang, P. C., Gee, A. P., Lima, J. A., Moyé, L., Vojvodic, R. W.,
Sayre, S. L., Bettencourt, J., Cohen, M., Ebert, R. F., Simari, R. D., & the Cardiovascular Cell Therapy
Research Network (CCTRN). (2018). Rationale and design of the SENECA (StEm cell iNjECtion in
cAncer survivors) trial. American Heart Journal, 201, 54–62. https://doi.org/10.1016/j.ahj.2018.02.009

[7] Cao, Y., Gong, Y., Liu, L., Zhou, Y., Fang, X., Zhang, C., Li, Y., & Li, J. (2017). The use of
human umbilical vein endothelial cells (HUVECs) as an in vitro model to assess the toxicity
of nanoparticles to endothelium: A review. Journal of Applied Toxicology, 37(12), 1359–1369.
https://doi.org/10.1002/jat.3470

[8] Danova-Alt, R., Heider, A., Egger, D., Cross, M., & Alt, R. (2012). Very small embryonic-like stem
cells purified from umbilical cord blood lack stem cell characteristics. PLoS One, 7(4), e34899.
https://doi.org/10.1371/journal.pone.0034899

[9] De La Torre, P., Jesús Pérez-Lorenzo, M., & Flores, I. A. (2019). Human placenta-derived
mesenchymal stromal cells: A review from basic research to clinical applications. In M.
T. Valarmathi (Ed.), Stromal cells—Structure, function, and therapeutic implications. IntechOpen.
https://doi.org/10.5772/intechopen.76718

[10] Di Tomo, P., Alessio, N., Falone, S., Pietrangelo, L., Lanuti, P., Cordone, V., Santini, S. J., Di Pietrantonio,
N., Marchisio, M., Protasi, F., Di Pietro, N., Formoso, G., Amicarelli, F., Galderisi, U., & Pandolfi, A.
(2021). Endothelial cells from umbilical cord of women affected by gestational diabetes: A suitable
in vitro model to study mechanisms of early vascular senescence in diabetes. The FASEB Journal,

35(6), e21662. Advance online publication. https://doi.org/10.1096/fj.202002072RR

[11] Dubai Health Authority DHA. (2021). Waste and Environmental Management. Health Reg-
ulation Sector. https://services.dha.gov.ae/sheryan/wps/portal/home/circular-details?circularRefNo=
CIR-2021-00000256&fromHome=true

[12] Eapen, M., Rubinstein, P., Zhang, M.-J., Stevens, C., Kurtzberg, J., Scaradavou, A., Loberiza, F. R.,
Champlin, R. E., Klein, J. P., Horowitz, M. M., & Wagner, J. E. (2007). Outcomes of transplantation
of unrelated donor umbilical cord blood and bone marrow in children with acute leukaemia: A
comparison study. Lancet, 369(9577), 1947–1954. https://doi.org/10.1016/S0140-6736(07)60915-5

[13] Fan, Y., Herr, F., Vernochet, A., Mennesson, B., Oberlin, E., & Durrbach, A. (2019). Human fetal
liver mesenchymal stem cell-derived exosomes impair natural killer cell function. Stem Cells and

Development, 28(1), 44–55. https://doi.org/10.1089/scd.2018.0015

[14] Farkhad, N. K., Mahmoudi, A., & Mahdipour, E. (2021). How similar are human mesenchymal stem
cells derived from different origins? A review of comparative studies. Current Stem Cell Research &

DOI 10.18502/gespr.v5i2.16916 Page 169

https://services.dha.gov.ae/sheryan/wps/portal/home/circular-details?circularRefNo=CIR-2021-00000256&fromHome=true
https://services.dha.gov.ae/sheryan/wps/portal/home/circular-details?circularRefNo=CIR-2021-00000256&fromHome=true


Gulf Education and Social Policy Review Barragán et al

Therapy, 16(8), 980–993. https://doi.org/10.2174/1574888X16666210302151823

[15] Galderisi, U., Peluso, G., & Di Bernardo, G. (2022). Clinical trials based on mesenchymal stromal cells
are exponentially increasing: Where are we in recent years? Stem Cell Reviews and Reports, 18(1),
23–36. https://doi.org/10.1007/s12015-021-10231-w

[16] García-Sánchez, D., Fernández, D., Rodríguez-Rey, J. C., & Pérez-Campo, F. M. (2019). Enhancing
survival, engraftment, and osteogenic potential of mesenchymal stem cells. World Journal of Stem

Cells, 11(10), 748–763. https://doi.org/10.4252/wjsc.v11.i10.748

[17] Han, Y., Yang, J., Fang, J., Zhou, Y., Candi, E., Wang, J., Hua, D., Shao, C., & Shi, Y. (2022). The
secretion profile of mesenchymal stem cells and potential applications in treating human diseases.
Signal Transduction and Targeted Therapy, 7(1), 92. https://doi.org/10.1038/s41392-022-00932-0

[18] Hauser, S., Jung, F., & Pietzsch, J. (2017). Human endothelial cell models in biomaterial research.
Trends in Biotechnology, 35(3), 265–277. https://doi.org/10.1016/j.tibtech.2016.09.007

[19] Hoseini, S. M., Hosseini, E. S., Abessi, P., &Montazeri, F. (2024). Paracrine secretions and immunological
activities of human mesenchymal stem cells: The key regenerative factors of microenvironment. Stem
Cell Research & Therapy, 14(1), 1000636. https://doi.org/10.35248/2157-7633.24.14.636

[20] Hostettler, K. E., Gazdhar, A., Khan, P., Savic, S., Tamo, L., Lardinois, D., Roth, M., Tamm, M., &
Geiser, T. (2017). Multipotent mesenchymal stem cells in lung fibrosis. PLoS One, 12(8), e0181946.
https://doi.org/10.1371/journal.pone.0181946

[21] Hu, J., Yu, X., Wang, Z., Wang, F., Wang, L., Gao, H., Chen, Y., Zhao, W., Jia, Z., Yan, S., & Wang,
Y. (2013). Long term effects of the implantation of Wharton’s jelly-derived mesenchymal stem cells
from the umbilical cord for newly-onset type 1 diabetes mellitus. Endocrine Journal, 60(3), 347–357.
https://doi.org/10.1507/endocrj.EJ12-0343

[22] Javan, M. R., Khosrojerdi, A., & Moazzeni, S. M. (2019). New insights into implementation of
mesenchymal stem cells in cancer therapy: Prospects for anti-angiogenesis treatment. Frontiers
in Oncology, 9, 840. https://doi.org/10.3389/fonc.2019.00840

[23] Jia, X., Xu, J., Gu, Y., Gu, X., Li, W., & Wang, Y. (2017). Vitamin D suppresses oxidative stress-
induced microparticle release by human umbilical vein endothelial cells. Biology of Reproduction,

96(1), 199–210. https://doi.org/10.1093/biolre/bio142604

[24] Jiménez-Rosado, M., Perez-Puyana, V., & Romero, A. (2023). The use of biowaste for the
production of biodegradable superabsorbent materials. Current Opinion in Food Science, 49, 100975.
https://doi.org/10.1016/j.cofs.2022.100975

[25] Jovic, D., Yu, Y., Wang, D., Wang, K., Li, H., Xu, F., Liu, C., Liu, J., & Luo, Y. (2022). A brief overview
of global trends in MSC-based cell therapy. Stem Cell Reviews and Reports, 18(5), 1525–1545.
https://doi.org/10.1007/s12015-022-10369-1

DOI 10.18502/gespr.v5i2.16916 Page 170



Gulf Education and Social Policy Review Barragán et al

[26] Kapinos, K. A., Briscombe, B., Gračner, T., Strong, A., Whaley, C., Hoch, E., Hlávka, J. P., Case, S. R., &
Chen, P. G. (2017). Challenges to the sustainability of the U.S. public cord blood system. Rand Health.
https://www.rand.org/content/dam/rand/pubs/research_reports/RR1800/RR1898/RAND_RR1898.pdf

[27] Kawashima, N., Noda, S., Yamamoto, M., & Okiji, T. (2017). Properties of dental pulp-derived
mesenchymal stem cells and the effects of culture conditions. Journal of Endodontics, 43(9S), S31–S34.
https://doi.org/10.1016/j.joen.2017.06.004

[28] Kocherova, I., Bryja, A., Mozdziak, P., Angelova Volponi, A., Dyszkiewicz-Konwińska, M., Piotrowska-
Kempisty, H., Antosik, P., Bukowska, D., Bruska, M., Iżycki, D., Zabel, M., Nowicki, M., & Kempisty,
B. (2019). Human umbilical vein endothelial cells (HUVECs) co-culture with osteogenic cells: From
molecular communication to engineering prevascularised bone grafts. Journal of Clinical Medicine,

8(10), 1602. https://doi.org/10.3390/jcm8101602

[29] L., P. K., Kandoi, S., Misra, R., S., V., K., R., & Verma, R. S. (2019). The mesenchymal stem cell secretome:
A new paradigm towards cell-free therapeutic mode in regenerative medicine. Cytokine & Growth

Factor Reviews, 46, 1–9. https://doi.org/10.1016/j.cytogfr.2019.04.002

[30] Lee, W.-S., Kim, H. J., Kim, K.-I., Kim, G. B., & Jin, W. (2019). Intra-articular injection of autologous
adipose tissue-derived mesenchymal stem cells for the treatment of knee osteoarthritis: A phase
IIb, randomized, placebo-controlled clinical trial. Stem Cells Translational Medicine, 8(6), 504–511.
https://doi.org/10.1002/sctm.18-0122

[31] Leng, Z., Sun, D., Huang, Z., Tadmori, I., Chiang, N., Kethidi, N., Sabra, A., Kushida, Y., Fu, Y.-S., Dezawa,
M., He, X., & Young, W. (2019). Quantitative analysis of SSEA3+ cells from human umbilical cord after
magnetic sorting. Cell Transplantation, 28(7), 907–923. https://doi.org/10.1177/0963689719844260

[32] Liau, L. L., Ruszymah, B. H. I., Ng, M. H., & Law, J. X. (2020). Characteristics and clinical applications
of Wharton’s jelly-derived mesenchymal stromal cells. Current Research in Translational Medicine,

68(1), 5–16. https://doi.org/10.1016/j.retram.2019.09.001

[33] Liu, Y., Wang, L., Ai, J., & Li, K. (2024). Mitochondria in mesenchymal stem cells: Key to
fate determination and therapeutic potential. Stem Cell Reviews and Reports, 20(3), 617–636.
https://doi.org/10.1007/s12015-024-10681-y

[34] Maacha, S., Sidahmed, H., Jacob, S., Gentilcore, G., Calzone, R., Grivel, J.-C., & Cugno, C. (2020).
Paracrine mechanisms of mesenchymal stromal cells in angiogenesis. Stem Cells International, 2020,
4356359. Advance online publication. https://doi.org/10.1155/2020/4356359

[35] Mastrolia, I., Foppiani, E. M., Murgia, A., Candini, O., Samarelli, A. V., Grisendi, G., Veronesi, E., Horwitz,
E. M., & Dominici, M. (2019). Challenges in clinical development of mesenchymal stromal/stem cells:
Concise review. Stem Cells Translational Medicine, 8(11), 1135–1148. https://doi.org/10.1002/sctm.19-
0044

[36] Mattei, V., & Delle Monache, S. (2024). Mesenchymal stem cells and their role in neurodegenerative
diseases. Cells, 13(9), 779. https://doi.org/10.3390/cells13090779

DOI 10.18502/gespr.v5i2.16916 Page 171

https://www.rand.org/content/dam/rand/pubs/research_reports/RR1800/RR1898/RAND_RR1898.pdf


Gulf Education and Social Policy Review Barragán et al

[37] Mebarki, M., Abadie, C., Larghero, J., & Cras, A. (2021). Human umbilical cord-derived mesenchymal
stem/stromal cells: A promising candidate for the development of advanced therapy medicinal
products. Stem Cell Research & Therapy, 12(1), 152. https://doi.org/10.1186/s13287-021-02222-y

[38] Medina-Leyte, D. J., Domínguez-Pérez, M., Mercado, I., Villarreal-Molina, M. T., & Jacobo-
Albavera, L. (2020). Use of human umbilical vein endothelial cells (HUVEC) as a model
to study cardiovascular disease: A review. Applied Sciences (Basel, Switzerland), 10(3), 938.
https://doi.org/10.3390/app10030938

[39] Mezey, É. (2022). Human mesenchymal stem/stromal cells in immune regulation and therapy. Stem
Cells Translational Medicine, 11(2), 114–134. https://doi.org/10.1093/stcltm/szab020

[40] Musiał-Wysocka, A., Kot, M., & Majka, M. (2019). The pros and cons of mesenchymal stem cell-based
therapies. Cell Transplantation, 28(7), 801–812. https://doi.org/10.1177/0963689719837897

[41] Noronha, N. C., Mizukami, A., Caliári-Oliveira, C., Cominal, J. G., Rocha, J. L. M., Covas, D. T., Swiech,
K., & Malmegrim, K. C. R. (2019). Priming approaches to improve the efficacy of mesenchymal stromal
cell-based therapies. StemCell Research & Therapy, 10(1), 131. https://doi.org/10.1186/s13287-019-1224-y

[42] Nowakowski, A., Walczak, P., Lukomska, B., & Janowski, M. (2016). Genetic engineering of
mesenchymal stem cells to induce their migration and survival. Stem Cells International, 2016,
4956063. Advance online publication. https://doi.org/10.1155/2016/4956063

[43] Petrou, P., Kassis, I., Levin, N., Paul, F., Backner, Y., Benoliel, T., Oertel, F. C., Scheel, M., Hallimi, M.,
Yaghmour, N., Hur, T. B., Ginzberg, A., Levy, Y., Abramsky, O., & Karussis, D. (2020a). Beneficial effects
of autologous mesenchymal stem cell transplantation in active progressive multiple sclerosis. Brain,
143(12), 3574–3588. https://doi.org/10.1093/brain/awaa333

[44] Pirosa, A., Gottardi, R., Alexander, P. G., & Tuan, R. S. (2018). Engineering in-vitro stem cell-based
vascularized bonemodels for drug screening and predictive toxicology. StemCell Research & Therapy,

9(1), 112. https://doi.org/10.1186/s13287-018-0847-8

[45] Qu, Q., Pang, Y., Zhang, C., Liu, L., & Bi, Y. (2020). Exosomes derived from human umbilical cord
mesenchymal stem cells inhibit vein graft intimal hyperplasia and accelerate reendothelialization by
enhancing endothelial function. Stem Cell Research & Therapy, 11(1), 133. https://doi.org/10.1186/s13287-
020-01639-1

[46] Schorn, L., Handschel, J., Lommen, J., VON Beck, F. P., Depprich, R., Kübler, N., & Holtmann, H. (2019).
Evaluation of biocompatibility of different membrane surfaces using unrestricted somatic stem cells.
In Vivo (Athens, Greece), 33(5), 1447–1454. https://doi.org/10.21873/invivo.11623

[47] Shafiee, S., Shariatzadeh, S., Zafari, A., Majd, A., & Niknejad, H. (2021). Recent advances on cell-based
co-culture strategies for prevascularization in tissue engineering. Frontiers in Bioengineering and

Biotechnology, 9, 745314. https://doi.org/10.3389/fbioe.2021.745314

[48] Shi, M. M., Yang, Q. Y., Monsel, A., Yan, J. Y., Dai, C. X., Zhao, J. Y., Shi, G. C., Zhou, M., Zhu, X. M., Li, S.
K., Li, P., Wang, J., Li, M., Lei, J. G., Xu, D., Zhu, Y. G., & Qu, J. M. (2021). Preclinical efficacy and clinical

DOI 10.18502/gespr.v5i2.16916 Page 172



Gulf Education and Social Policy Review Barragán et al

safety of clinical-grade nebulized allogenic adipose mesenchymal stromal cells-derived extracellular
vesicles. Journal of Extracellular Vesicles, 10(10), e12134. https://doi.org/10.1002/jev2.12134

[49] Song, N., Scholtemeijer, M., & Shah, K. (2020). Mesenchymal stem cell immunomodulation:
Mechanisms and therapeutic potential. Trends in Pharmacological Sciences, 41(9), 653–664.
https://doi.org/10.1016/j.tips.2020.06.009

[50] Sousa, A., Coelho, P., Leite, F., Teixeira, C., Rocha, A. C., Santos, I., Baylina, P., Fernandes, R.,
Soares, R., Costa, R., & Gomes, A. (2023). Impact of umbilical cord mesenchymal stromal/stem cell
secretome and cord blood serum in prostate cancer progression. Human Cell, 36(3), 1160–1172.
https://doi.org/10.1007/s13577-023-00880-z

[51] Szczepanik, E., Mierzewska, H., Antczak-Marach, D., Figiel-Dabrowska, A., Terczynska, I.,
Tryfon, J., Krzesniak, N., Noszczyk, B. H., Sawicka, E., Domanska-Janik, K., & Sarnowska, A.
(2020). Intrathecal infusion of autologous adipose-derived regenerative cells in autoimmune
refractory epilepsy: Evaluation of safety and efficacy. Stem Cells International, 2020, 7104243.
https://doi.org/10.1155/2020/7104243

[52] Tesarova, L., Jaresova, K., Simara, P., & Koutna, I. (2020). Umbilical cord-derived mesenchymal stem
cells are able to use bFGF treatment and represent a superb tool for immunosuppressive clinical appli-
cations. International Journal of Molecular Sciences, 21(15), 5366. https://doi.org/10.3390/ijms21155366

[53] Uzieliene, I., Urbonaite, G., Tachtamisevaite, Z., Mobasheri, A., & Bernotiene, E. (2018). The potential
of menstrual blood-derived mesenchymal stem cells for cartilage repair and regeneration: Novel
aspects. Stem Cells International, 2018, 5748126. https://doi.org/10.1155/2018/5748126

[54] Vieira Paladino, F., de Moraes Rodrigues, J., da Silva, A., & Goldberg, A. C. (2019). The
immunomodulatory potential of Wharton’s jelly mesenchymal stem/stromal cells. Stem Cells

International, 2019, 3548917. https://doi.org/10.1155/2019/3548917

[55] Wan Kamarul Zaman, W. S., & Abdullah, N. A. (Eds.). (2023). Sustainable material for biomedical

engineering application. Springer Nature Singapore. https://doi.org/10.1007/978-981-99-2267-3

[56] Wiegner, R., Rudhart, N.-E., Barth, E., Gebhard, F., Lampl, L., Huber-Lang, M. S., & Brenner, R. E.
(2018). Mesenchymal stem cells in peripheral blood of severely injured patients. European Journal of

Trauma and Emergency Surgery, 44(4), 627–636. https://doi.org/10.1007/s00068-017-0849-8

[57] Xia, Y., Zhu, J., Yang, R., Wang, H., Li, Y., & Fu, C. (2023). Mesenchymal stem cells in the treatment
of spinal cord injury: Mechanisms, current advances and future challenges. Frontiers in Immunology,

14, 1141601. https://doi.org/10.3389/fimmu.2023.1141601

[58] Yin, X., Nie, J., Nie, X., & Nie, Y. (2022). The relationship between nuclear factor-erythrocyte-
related factor 2 and antioxidant enzymes in the placenta of patients with gestational diabetes and
the metabolism of umbilical cord endothelial cells. Cellular and Molecular Biology, 68(12), 97–103.
https://doi.org/10.14715/cmb/2022.68.12.18

DOI 10.18502/gespr.v5i2.16916 Page 173



Gulf Education and Social Policy Review Barragán et al

[59] Yamashita, T., Kushida, Y., Abe, K., & Dezawa, M. (2021). Non-tumorigenic pluripotent reparative
muse cells provide a new therapeutic approach for neurologic diseases. Cells, 10(4), 961.
https://doi.org/10.3390/cells10040961

[60] Yu, S., Yu, S., Liu, H., Liao, N., & Liu, X. (2023). Enhancing mesenchymal stem cell survival and homing
capability to improve cell engraftment efficacy for liver diseases. Stem Cell Research & Therapy, 14(1),
235. https://doi.org/10.1186/s13287-023-03476-4

[61] Zhu, H., Poon, W., Liu, Y., Leung, G. K.-K., Wong, Y., Feng, Y., Ng, S. C. P., Tsang, K. S., Sun, D. T.
F., Yeung, D. K., Shen, C., Niu, F., Xu, Z., Tan, P., Tang, S., Gao, H., Cha, Y., So, K.-F., Fleischaker,
R., . . . Young, W. (2016). Phase I-II clinical trial assessing safety and efficacy of umbilical cord blood
mononuclear cell transplant therapy of chronic complete spinal cord injury. Cell Transplantation,
25(11), 1925–1943. https://doi.org/10.3727/096368916X691411

[62] Zhu, Y.-G., Shi, M.-M., Monsel, A., Dai, C.-X., Dong, X., Shen, H., Li, S.-K., Chang, J., Xu, C.-L., Li, P.,
Wang, J., Shen, M.-P., Ren, C.-J., Chen, D.-C., & Qu, J.-M. (2022). Nebulized exosomes derived from
allogenic adipose tissue mesenchymal stromal cells in patients with severe COVID-19: A pilot study.
Stem Cell Research & Therapy, 13(1), 220. https://doi.org/10.1186/s13287-022-02900-5

DOI 10.18502/gespr.v5i2.16916 Page 174


