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ABSTRACT

Background: The exploration of stem cell therapy in diabetic
foot patients demonstrates a burgeoning field with significant
potential for improving chronic wound healing associated with
diabetes. The literature indicates a multifaceted understanding
of various stem cell types, their mechanisms of action, and the
clinical implications of their use. Literature Review: The
article by (Gorecka et al., 2019) provides a foundational
overview of induced pluripotent stem cells (iPSCs) and
mesenchymal stem cells (MSCs), highlighting their
regenerative capabilities alongside challenges such as limited
cell viability and the need for optimal delivery methods. This is
crucial as diabetic foot ulcers (DFUs) often stem from impaired
healing processes, making the regenerative properties of stem
cells particularly relevant. Further, (Shafiee et al., 2021)
reinforces the potential of umbilical cord blood-derived MSCs
in DFUs, stressing the necessity for clinical trials to address
safety and efficacy. The article indicates that while stem cell
transplantation may enhance healing outcomes, ethical and
procedural challenges hinder its practical application.
Moreover, (Rai et al., 2022) elaborates on the mechanisms of
angiogenesis linked to stem cell therapy, identifying critical
factors that influence stem cell efficacy in hyperglycemic
environments. The article suggests innovative strategies, such
as biomaterial carriers and preconditioning of stem cells, to
enhance therapeutic outcomes, addressing the common issue of
compromised cell viability in diabetic conditions. Conclusion:
In conclusion, the reviewed literature collectively underscores
the promising potential of stem cell therapy for diabetic foot
patients, while also identifying critical challenges such as cell
viability, delivery methods, and the need for standardized
treatment protocols. The ongoing research efforts aim to
address these limitations, paving the way for more effective
clinical applications of stem cell therapies in treating diabetic
foot ulcers.
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INTRODUCTION

The exploration of stem cell therapy in diabetic foot patients has gained significant
attention in recent years, reflecting the urgent need for effective treatments for
chronic wounds associated with diabetes. The literature reveals a progressive
understanding of the potential benefits and limitations of various stem cell types,
their mechanisms of action, and the clinical implications of their use in wound

healing.

(Gorecka et al., 2019) provide a comprehensive overview of induced pluripotent
stem cells (iPSCs) and their role in wound healing. They highlight the multifaceted
nature of mesenchymal stem cells (MSCs) in promoting cutaneous repair,
emphasizing both their regenerative capabilities and the challenges associated with
their application, such as limited cell viability and the need for optimal delivery
methods. This foundational work sets the stage for subsequent investigations into

the therapeutic potential of stem cells in diabetic foot ulcers (DFUs).

Building on this foundation, (Shafiee et al., 2021) present a narrative review that
underscores the promise of umbilical cord blood-derived MSCs in treating DFUs.
They note the necessity for further clinical trials to address safety and efficacy
concerns, particularly regarding the low survival rates of transplanted cells in vivo.
Their findings suggest that while stem cell transplantation could enhance healing
outcomes, the practical application in clinical settings remains limited due to ethical

and procedural challenges.

(Rai et al., 2022) delve deeper into the mechanisms of angiogenesis associated with
stem cell therapy, identifying critical factors that influence the efficacy of stem cells
in hyperglycemic environments. They report that while both autologous and

allogeneic stem cells show potential in enhancing wound healing, the viability and

proliferation of these cells are often compromised in diabetic conditions. This

article emphasizes the need for innovative strategies, such as the use of biomaterial
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carriers and preconditioning of stem cells, to overcome these limitations and

improve therapeutic outcomes.

The meta-analysis conducted by (Sun et al., 2022) further corroborates the
effectiveness of stem cell therapy compared to traditional methods in treating
diabetic foot conditions. Their analysis reveals that patients receiving stem cell
treatments experience significant improvements in quality of life, although the
optimal cell type and treatment parameters remain undetermined. This highlights a

critical gap in the existing literature that warrants further exploration.

Finally, (Ma et al., 2024) contribute to the discourse by examining advancements
in stem cell treatments through a bibliometric analysis. They underscore the
importance of extracellular vesicles (EVs) derived from stem cells in promoting
wound healing, suggesting that these biological components may play a crucial role
in enhancing angiogenesis and tissue repair. Their findings advocate for the
integration of biomaterials in stem cell therapies to improve transplantation

efficiency and overall treatment efficacy.

Collectively, these articles illustrate a dynamic and evolving landscape in the
application of stem cell therapy for diabetic foot patients. While the potential for
improved healing outcomes is evident, critical challenges such as cell viability,
delivery methods, and the need for standardized treatment protocols remain at the

forefront of ongoing research efforts.

LITERATURE REVIEW

The article titled "The potential and limitations of induced pluripotent stem cells to
achieve wound healing" by (Gorecka et al., 2019) provides a comprehensive
overview of the role of mesenchymal stem cells (MSCs) in the treatment of diabetic
foot ulcers, emphasizing their potential therapeutic applications and the limitations

that accompany their use.

The authors articulate that MSCs have shown promise in enhancing the healing

process of diabetic foot ulcers, which are a significant complication in diabetic
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patients. The insights presented in the article highlight that these stem cells
contribute to the regenerative wound healing phenotype by promoting
angiogenesis, modulating inflammation, and facilitating tissue regeneration. This is
particularly relevant in diabetic foot patients, where impaired healing processes

often lead to chronic wounds and increased risk of amputations.

The article discusses clinical applications of MSCs, noting that autologous stem cell
therapy has been explored for treating limb ischemia-induced chronic tissue ulcers
in diabetic foot patients. The authors provide evidence that suggests MSCs can
improve wound healing outcomes, potentially reducing the need for more invasive
surgical interventions. The exploration of stem cell transplantation as a treatment
for diabetic polyneuropathy also indicates a multifaceted approach to addressing

complications associated with diabetes.

However, while the potential of MSCs is well-documented, the article does not shy
away from addressing the limitations of this therapy. Challenges such as the

variability in cell sourcing, the complexity of the diabetic environment, and the

need for standardized protocols for stem cell administration are critically evaluated.

The authors underscore the importance of further research to optimize the efficacy

of stem cell therapies and to establish clear guidelines for their clinical application.

The article titled "Stem cell transplantation therapy for diabetic foot ulcer: a
narrative review" by (Shafiee et al., 2021) presents a comprehensive overview of
the current state of stem cell therapy as a treatment for diabetic foot ulcers. The
authors critically evaluate the potential benefits and limitations of this therapeutic
approach, emphasizing the need for further research to substantiate its efficacy and

safety in human subjects.

One of the key insights from the review is the observation of adverse events in some
patients, including oral ulceration, urticaria, diarrhea, and elevated serum creatinine
levels. Notably, these events were transient and resolved quickly, suggesting a
relatively favorable safety profile for the therapy in the short term. However, the
authors caution that the limited number of human studies available raises concerns
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about the generalizability of these findings, as most existing research has been
conducted using animal models ((Shafiee et al., 2021)). This highlights the
necessity for more robust clinical trials to validate the therapeutic effects of stem

cell transplantation in diabetic foot ulcer patients.

The article also underscores the predominance of autologous stem cells in current
treatments, while advocating for the exploration of alternative sources, such as
induced pluripotent stem cells and allogeneic or xenogenic cells. This expansion of
research scope could potentially enhance treatment outcomes by overcoming some
of the limitations associated with autologous cells, such as cell survival rates in

vivo, which have been a significant barrier in achieving effective wound healing

((Shafiee et al., 2021)).

Further, the review discusses the adjunctive use of granulocyte colony-stimulating
factor, which has been shown to promote wound healing and is recommended
alongside peripheral blood mesenchymal stem cell therapy. The authors also touch
upon the importance of matrix design and configuration in influencing stem cell

function, an area that remains inadequately explored. This gap in knowledge could

have implications for optimizing therapeutic strategies and improving patient

outcomes.

The potential synergy between stem cell therapy and angioplasty is another area of
interest highlighted in the review. While angioplasty may serve as a promising
adjunct for patients requiring revascularization, the authors point out that the role
of stem cell therapy in this context is yet to be fully determined ((Shafiee et al.,
2021)).

Finally, the article addresses several ethical concerns surrounding the use of stem
cells, particularly those derived from embryos and umbilical cord blood. These
issues, along with the need for invasive harvesting techniques for bone marrow-
derived cells and the potential for immunogenic responses, present significant

challenges that must be navigated as the field advances.
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The article "Stem Cells and Angiogenesis: Implications and Limitations in
Enhancing Chronic Diabetic Foot Ulcer Healing" by (Rai et al., 2022) provides a
comprehensive examination of the potential and challenges associated with stem
cell therapy in the context of diabetic foot ulcers (DFUs). The authors highlight
several critical limitations that currently hinder the efficacy of stem cell applications

in wound healing, particularly in patients with diabetes.

A significant point raised in the article is the issue of cell viability. The authors note
that stem cells often exhibit limited viability in hyperglycemic environments, which
is particularly concerning for diabetic patients. This diminished viability can lead
to reduced effectiveness in promoting wound healing, thereby complicating the
therapeutic landscape for DFUs ((Rai et al., 2022)). The article emphasizes that
both autologous and allogeneic stem cells have demonstrated positive outcomes in
enhancing wound healing in various models; however, the clinical data remains

sparse and necessitates further investigation.

The authors also discuss the potential of mesenchymal stem cells (MSCs) derived
from diabetic patients, which retain the capacity for angiogenesis when
appropriately conditioned. The innovative approach of seeding MSCs on
decellularized micro fragments is noted as a promising strategy to enhance their
functionality. However, the article cautions that increasing the number of
administered stem cells could lead to over-proliferation and associated risks such
as tumorigenicity ((Rai et al., 2022)). This underscores the delicate balance required
in stem cell therapy, where dosage and administration must be meticulously

managed to avoid adverse effects.

Another noteworthy strategy mentioned is the use of preconditioned stem cells,

which can be enhanced through techniques such as photo-biomodulation. This

method aims to improve the viability and activity of stem cells, thereby potentially
increasing their effectiveness in promoting angiogenesis and wound healing ((Rai
et al., 2022)). Furthermore, the authors highlight the specific subpopulation of
differentiated mesenchymal cells (DMCs) derived from Wharton’s jelly, which
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shows promise in improving wound healing without eliciting rejection in

immunocompetent models.

The article also addresses the application of adipose-derived stromal vascular
fraction cell injections as a viable method for inducing vascular repair and
enhancing wound healing. While the preliminary studies indicate favorable
outcomes, the authors stress the importance of addressing the heterogeneity of
results across various clinical trials. They call for well-planned, large-scale
randomized clinical trials to establish standardized protocols regarding the best
practices for stem cell therapy in DFUs, including optimal dosages, types of cells,

sources, and administration routes ((Rai et al., 2022)).

The article titled "Effectiveness and safety of stem cell therapy for diabetic foot: a
meta-analysis update" by (Sun et al., 2022) presents a comprehensive evaluation of
the efficacy and safety of stem cell therapy in the context of diabetic foot treatment.
This meta-analysis synthesizes data from multiple studies, revealing that stem cell
interventions yield significantly better outcomes compared to conventional

treatment modalities.

The authors systematically reviewed existing literature to assess the therapeutic
benefits of stem cell therapy, focusing on its impact on healing rates, infection
control, and overall improvement in the quality of life for diabetic foot patients. The
findings indicate a marked enhancement in wound healing processes, which is

crucial for patients suffering from diabetic foot ulcers, a condition that often leads

to severe complications, including amputations.

One of the strengths of this meta-analysis is its rigorous methodology, which
includes a thorough selection of studies and a clear presentation of statistical
outcomes. The authors emphasize the necessity of high-quality long-term follow-
up in future research, which is vital for establishing the sustainability of the benefits
observed. They advocate for large-scale, randomized, double-blind, placebo-
controlled, multicenter trials to identify the most effective stem cell types and
therapeutic parameters. This recommendation is particularly pertinent given the
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variability in treatment protocols and patient responses noted across different

studies.

However, while the results are promising, the article also highlights the need for
caution in interpreting the findings. The authors acknowledge potential biases in
the included studies and the variability in the methodologies employed, which could
affect the reliability of the conclusions drawn. Additionally, the safety profile of
stem cell therapy, although generally favorable according to the meta-analysis,
requires further investigation to rule out any long-term adverse effects that may not

have been captured in the studies reviewed.

The article "Advances in stem cells treatment of diabetic wounds: A bibliometric
analysis via CiteSpace" by (Ma et al., 2024) provides a comprehensive overview of
the advancements in stem cell therapy for diabetic wounds, particularly focusing on
the role of extracellular vesicles (EVs) and the efficacy of different stem cell
transplantation methods. The authors emphasize the potential of EVs derived from

various cell sources in enhancing skin wound healing through mechanisms such as

promoting collagen synthesis and angiogenesis. Their findings, supported by a

recent meta-analysis, indicate that EVs enriched with non-coding RNA or
microRNAs can significantly improve diabetic wound healing outcomes, including

vascular density and reepithelialization ((Ma et al., 2024)).

The article critically evaluates the comparative effectiveness of stem cell
transplantation against traditional surgical interventions for diabetic foot ulcers. It
highlights that clinical studies suggest stem cell therapy may surpass surgical
options in terms of enhancing wound healing and reducing amputation rates. This
assertion is particularly relevant for diabetic patients, who often face significant
complications due to impaired wound healing. The authors detail the two primary
methods of stem cell transplantation: systemic injection and local injection. They
note the advantages and potential complications associated with each approach,
such as the risk of embolization during systemic intravenous infusion and the

invasiveness of arterial injection ((Ma et al., 2024)).
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Furthermore, the article discusses the role of biomaterial scaffolds in improving the
efficiency of stem cell transplantation and directly promoting wound healing. This
aspect is crucial as it merges the fields of regenerative medicine and material
science, suggesting a multidisciplinary approach to treating diabetic wounds. The
classification of stem cells into autologous and allogeneic categories is also
addressed, with evidence presented that both types can effectively promote
angiogenesis, immune modulation, matrix remodeling, and the secretion of

regenerative cytokines without significant adverse effects ((Ma et al., 2024)).

Despite the promising findings, the authors acknowledge the limitations of the
current research landscape, particularly the small sample sizes in clinical studies,
which hinder the establishment of standardized clinical protocols for stem cell
therapy in diabetic wound treatment. This limitation underscores the need for larger,
well-designed clinical trials to validate the efficacy and safety of stem cell

applications in this context ((Ma et al., 2024)).

CONCLUSION

The exploration of stem cell therapy in diabetic foot patients demonstrates a
burgeoning field with significant potential for improving chronic wound healing
associated with diabetes. The literature indicates a multifaceted understanding of
various stem cell types, their mechanisms of action, and the clinical implications of

their use.

The article by (Gorecka et al., 2019) provides a foundational overview of induced
pluripotent stem cells (iPSCs) and mesenchymal stem cells (MSCs), highlighting

their regenerative capabilities alongside challenges such as limited cell viability and

the need for optimal delivery methods. This is crucial as diabetic foot ulcers (DFUs)

often stem from impaired healing processes, making the regenerative properties of

stem cells particularly relevant.

Further, (Shafiee et al., 2021) reinforces the potential of umbilical cord blood-

derived MSCs in DFUs, stressing the necessity for clinical trials to address safety
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and efficacy. The article indicates that while stem cell transplantation may enhance

healing outcomes, ethical and procedural challenges hinder its practical application.

Moreover, (Rai et al., 2022) elaborates on the mechanisms of angiogenesis linked
to stem cell therapy, identifying critical factors that influence stem cell efficacy in
hyperglycemic environments. The article suggests innovative strategies, such as
biomaterial carriers and preconditioning of stem cells, to enhance therapeutic
outcomes, addressing the common issue of compromised cell viability in diabetic

conditions.

The meta-analysis by (Sun et al., 2022) corroborates the effectiveness of stem cell
therapy over traditional methods, indicating significant improvements in quality of
life among patients, though it highlights the need for further exploration regarding

optimal cell types and treatment parameters.

Lastly, the bibliometric analysis by (Ma et al., 2024) emphasizes the role of
extracellular vesicles (EVs) derived from stem cells in promoting wound healing,
suggesting a potential avenue for enhancing treatment efficacy through

biomaterials.

In conclusion, the reviewed literature collectively underscores the promising
potential of stem cell therapy for diabetic foot patients, while also identifying
critical challenges such as cell viability, delivery methods, and the need for
standardized treatment protocols. The ongoing research efforts aim to address these

limitations, paving the way for more effective clinical applications of stem cell

therapies in treating diabetic foot ulcers.
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