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Abstract

Chronic wounds, particularly prevalent among patients with diabetes and peripheral arterial disease, pose significant health chal-
lenges and financial burdens, with treatment costs exceeding $22 billion annually. Conventional treatment methods, including au-
tografts and debridement, often involve painful procedures and limited efficacy. Stem cell therapies have emerged as a promising al-
ternative, offering potential improvements in wound healing, reduced morbidity, and lower amputation rates. This review examines
the therapeutic potential of various stem cell sources, including placental-derived mesenchymal stem cells, bone marrow-derived
mesenchymal stem cells (BM-MSCs), induced pluripotent stem cells (iPSCs), Wharton’s Jelly stem cells, and adipose-derived stem
cells (ADSCs). Key findings demonstrate that stem cells can accelerate wound closure, enhance paracrine signaling, and promote an-
giogenesis, particularly in diabetic wound models. However, challenges remain, such as the variability in stem cell sources, potential
immune reactions, and limitations in current clinical trials. Despite these challenges, the overall trend indicates significant potential
for stem cell therapies in chronic wound management. Further research, including larger, blinded, randomized controlled trials, is

necessary to optimize treatment protocols and confirm the efficacy of these innovative therapies
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Article
Chronic wounds are a devastating complication that may result in

amputation and reduced quality of life. The estimated cost burden
to society is 22 billion dollars each year [1]. Chronic wounds often
occur in patients who have diabetes or peripheral arterial disease1.
Current treatment relies on allografts from the patient to retrieve
healthy skin, debridement, and cleaning the wound to help it heal
[1]. Obtaining the allograft can be painful and traumatic. The use of
stem cells to treat and heal wounds shows promise in preventing
morbidity and mortality. Scientists are investigating ways to engi-
neer stem cells to help the patient’s body elicit the proper channels

to heal the wound.

Stem cells obtained from sick and/or elderly individuals may not
be as robust, able to differentiate or exist in sufficient quantity to
perform adequately in medical settings. Also, extracting stem cells
from bone marrow is painful and may result in infection or pain.
Fortunately, stem cells derived from the placenta have been shown
to perform as well as stem cells obtained from an adult [2]. The in-
vestigators compared mesenchymal stem cells obtained from an
adult and those obtained from a placenta between 38-40 weeks
gestation. Stem cells obtained from the placenta are in a much high-
er concentration than compared to the bone marrow or adipose
tissue [2]. Placental stem cells have less epigenetic imprinting and
are easier to differentiate [2]. Cell surface markers in placental-de-
rived stem cells have shown to be similar to bone marrow-derived
mesenchymal stem cells2. Placental-derived mesenchymal stem
cells demonstrate performance comparable to their adult-derived
counterparts in tissue regeneration and repair [2]. This similarity in
function underscores the potential of the placenta as a valuable res-
ervoir of stem cells for therapeutic applications. These cells possess
the capacity to differentiate into various types of endothelial cells,

offering significant promise in wound healing therapies [2].

Although the placenta is a reservoir of stem cells, bone marrow-
derived mesenchymal stem cells (BM-MSC) are often still used and
more readily available. Paracrine factors from BM-MSC have been
shown to accelerate the rate of healing of wounds in a murine model
[3]. Chen and colleagues compared BM-MSC to dermal fibroblasts in
their ability to heal wounds in a murine model. According to the au-
thors, paracrine factors (IGF-1, EGF, KGF, VEGF-a) from the BM-MSC
in a conditioned medium accelerated wound closure compared to
dermal fibroblasts [3]. The paracrine factors may accelerate wound
closure by enhancing the migration of macrophages, endothelial
cells, and keratinocytes. Paracrine factors from BM-MSCs in a con-

ditioned medium may offer hope to patients with chronic wounds.

While bone marrow-derived mesenchymal stem cells (BM-MSCs)
remain a common choice in stem cell therapy, the discovery of in-
duced pluripotent stem cells (iPSCs) has significantly expanded
the therapeutic options available to researchers and clinicians in
addressing chronic wound management. Adult stem cells or em-
bryonic stem cells may not always be available for a patient. Al-
logenic stem cells may cause an immune reaction due to an HLA
mismatch while iPSC mitigate the risk of any immune reaction be-
cause they can be autologous. Induced pluripotent stem cells are
able to help heal wounds because they secrete angiogenic factors,
increase paracrine signaling, and they incorporate themselves into
the vasculature of the wound [4]. Induced pluripotent stem cells
may serve as a viable source of stem cells in the near future for
chronic wound treatment. Advantages and disadvantages of differ-

ent stem cell modalities are highlighted in Figure 2.

Many wounds become chronic because the patient has diabetes.
Diabetes impairs the ability of wounds to heal and stem cell treat-
ment may offer a method of helping patients. Embryonic stem cell
extracts (EXT) demonstrated enhanced epithelialization and ac-
celerated wound healing in diabetic mice compared to fibroblast
extracts and saline controls [5]. Stem cells have demonstrated that
they can help heal chronic wounds in a murine model; however,
outcomes in mice often don’t translate over to humans. Fortunate-
ly, there is an abundance of data that demonstrates that stem cells

have the ability to help heal wounds in humans as well.

Wharton’s Jelly stem cells have often been used by regenerative
medicine specialists to help patients with a variety of diseases.
Stem cells are often placed on scaffolds, which serve as a place for
the cells to grow and integrate into the tissue. Wharton’s Jelly stem
cells are easier to obtain than mesenchymal stem cells and have
a higher proliferation capacity6. Wharton’s Jelly stem cells have
demonstrated the ability to differentiate into fibroblast, epithe-
lial, and endothelial cells, which are all essential for any wound to
heal [6]. The trial had patients that ranged in age from 30-60 years
old. The trial may not be applicable as most patients with diabetic
wounds are quite elderly. The wounds were treated with Wharton's
Jelly stem cells on a scaffold every 3 days for 9 days. Mean wound
size decreased from 70.96mm2 before treatment to 3.07mm?2 over
one month [6]. The patients experienced a significant decrease in
wound size and decrease in pain. This may be because Wharton'’s
Jelly secreted growth factors, prevented infection, and promoted
angiogenesis6. Stem cells applied to a wound in combination with
a scaffold might serve as a means to help heal chronic diabetic

wounds.
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Bone marrow-derived autologous mesenchymal stem cells
(BMMSC), while not having the ability to differentiate as easily as
stem cells derived from the umbilical cord, have a lower risk of im-
mune rejection. Patients ineligible for surgical revascularization
may benefit from stem cell therapies as an alternative treatment.
A trial was conducted to test the efficacy, feasibility, and safety of
autologous bone marrow-derived stem cells (BMMSC). They were
compared to expanded bone marrow cells (TRC) and placebo to
treat diabetic foot ulcers. Both intervention groups showed im-
provements in wound healing and most patients avoided amputa-
tion7. The study was not powered to detect differences between the
groups and many patients in the placebo group dropped out. The
study was also limited by the small sample size and lack of blinding.
Larger placebo-controlled trials are needed to confirm the efficacy

of the stem cell product.
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Figure 1: Advantages and disadvantages of
different stem cell sources.

A three-year trial compared autologous bone marrow mesenchy-
mal stem cells (BMMSC), bone marrow-derived mononuclear cells
(BMMNC), and placebo in 41 patients with diabetic foot ulcers or
limb ischemia. Mononuclear cells are also known as white blood
cells [8]. Patients received BMMSC or BMMNC in one limb and sa-
line in the other, serving as their own controls. Both BMMSC and
BMMNC-treated limbs showed improved outcomes compared to
placebo, with BMMSC demonstrating superior results in amputa-

tion rates, pain-free walking time, and angiogenesis at 3-6 months

post-injection. After three years, amputation rates were compa-
rable across groups. Further research is warranted to investigate
whether periodic BMMSC injections could yield sustained improve-

ments in limb health and reduce long-term amputation rates.

Another method of obtaining autologous stem cells is to adminis-
ter granulocyte colony-stimulating factor (G-CSF) to elicit the mo-
bilization of hematopoietic stem cells (HSCs) in a patient. This is
less painful than most methods of autologous stem cell extraction
[9]. Hematopoietic stem cells have the capability to differentiate
into endothelial cells in anoxic environments, such as diabetic foot
ulcers [9]. In a trial patients were injected with filgrastim, which
is a G-CSF, to start HSCs mobilization and then had their venous
blood extracted and the HSCs separated. The separated HSCs were
then injected into the patients’ wounds. Within 4 weeks after in-
jection, the patients’ claudication symptoms improved, their pain
decreased, and they were able to walk farther. New blood vessels
formed and skin temperature increased which is an indicator of
tissue health and proper blood flow [9]. The method of mobiliz-
ing stem cells through the use of G-CSF has the potential to help
patients and spare them the pain of having to aspirate stem cells

from the iliac crest or adipose tissue.

Not all stem cell mobilization methods prove effective, and some
may even impede healing. A study investigated the use of Plerixa-
for, a CXCR4 antagonist capable of mobilizing hematopoietic stem
cells (HSCs) from bone marrow, in an attempt to promote wound
healing. However, the results were not as anticipated. [10]. A trial
of diabetic patients with chronic wounds was randomized, double
blinded and had a placebo group. The mean age was 69 years old
and 84.6% were male. This sample demographic closely aligns with
the characteristics of the broader population afflicted with chronic,
non-healing wounds, particularly those associated with diabetes
and other underlying conditions. The trial was actually terminated
early because wounds in the group that received Plerixafor had
their wounds healed at a much lower rate than the placebo group.
No difference was seen in amputation rates. The mobilization of
the HSCs by Plerixafor resulted in impaired healing. Further study
and investigation might reveal the reasons why Plerixafor failed

and potential treatments that may result from that elucidation.

Adipose tissue serves as an alternative source of stem cells for
chronic wound treatment [11]. In a study of 16 patients with recal-
citrant leg ulcers, half received standard care plus adipose-derived
stem cells (ADSC), while the control group received standard care

alone. Adipose derived stem cells were isolated and concentrated
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from harvested adipose tissue via centrifugation. The intervention
group demonstrated significantly faster wound healing (17.5 weeks
vs. 24.5 weeks) and reduced pain compared to controls, with no
major adverse effects reported. Figure 2 illustrates the marked im-
provement in wound healing for a representative patient from the
intervention group. While these results are promising, the study’s
limitations, including small sample size and lack of blinding, ne-
cessitate larger trials to confirm the efficacy of ADSC therapy for

chronic wounds.

s Preoperative venous leg ulcer (A); intraoperative injection of CAT by 18-gauge needle (B); postoperative ulcer after 1 week (C)
and 4 weeks (D); ulcer healed after 10 wecks of treatment (E).

Figure 2: As seen in the pictures below, the patient’s wound healed
in a short amount of time after being injected with autologous stem

cells derived from adipose tissue. Adapted from Zollino et al.

As seen in the above pictures, the patient’s wound healed in a short
amount of time after being injected with autologous stem cells de-

rived from adipose tissue. Adapted from Zollino et al.

The following case studies/clinical trials highlight the medical ap-

plications of different stem cell treatments:

A 58-year-old male patient with a chronic diabetic foot ulcer went
through a comprehensive foot examination, imaging (X-ray, MRI),
and vascular assessment. The prescribed treatment plan involved
offloading and debridement of the afflicted foot, followed by treat-
ment with adipose-derived stem cells (ADSCs) applied topically.
Further stages of treatment involved systemic antibiotics, advanced
wound dressings, and stem cell therapy (using BM-MSCs). This re-
sulted in a significant reduction in wound size and improved heal-

ing time [1].

A 72-year-old female patient with a non-healing venous leg ulcer
went through a duplex ultrasound, venography, and wound culture.
The prescribed treatment plan involved compression therapy and
debridement of the afflicted leg, followed by treatment with bone
marrow-derived mesenchymal stem cells (BM-MSCs) injected
around the wound. Additionally, there was surgical intervention,
use of systemic antibiotics, and stem cell therapy (using iPSCs).

This resulted in enhanced wound closure and reduced pain [2].

A 65-year-old male patient with a chronic pressure ulcer went
through pressure mapping, a wound culture, and nutritional as-
sessment. The prescribed treatment plan involved pressure relief
and debridement, as well as incorporating induced pluripotent
stem cells (iPSCs) into a hydrogel scaffold. Additional surgical de-
bridement was also required. This resulted in accelerated wound

healing and improved tissue regeneration [3].

Clinical trials have show significant improvement in burn wound
healing with mesenchymal stem cell (MSC) therapy, including
faster healing times and reduced scarring [12]. Comprehensive
reviews of clinical trials indicate that MSCs are effective in vari-
ous wound types, with promising results in both preclinical and

clinical settings.

Stem cell transplantation has shown significant promise in en-
hancing wound healing through various mechanisms. Below is a

breakdown of the downstream actions and associated processes:

1. Inflammation Phase

Initial immune modulation occurs, where stem cells (particularly
mesenchymal stem cells), modulate the immune response by se-
creting anti-inflammatory cytokines (including IL-10 and TGF-[3)
and reducing the infiltration of inflammatory cells [13]. Paracrine
signaling also occurs, where growth factors and cytokines are re-
leased that help in reducing inflammation and promoting tissue
repair [14]. Mesenchymal stem cells (MSCs) interact with various
immune cells, including T cells, B cells, and macrophages, to modu-

late their activity and promote a regenerative environment [15].

2. Proliferation Phase

Stem cells promote angiogenesis by secreting pro-angiogenic fac-
tors like VEGF (vascular endothelial growth factor) [14]. They also
stimulate fibroblasts to produce extracellular matrix components,

which are crucial for tissue regeneration [14].

Citation: Timothy Allen, Nepton Sheikhkoni, Andres Felipe Gonzalez, Jonathan Arnon, Ariella Allen, William Moradi and Lourdes Osado.

(2024). “Stem Cell Therapies for Chronic Wound Management: A Comprehensive Review”. Journal of Medicine and Surgical Sciences 6.1.



Journal of Medicine and Surgical Sciences

Page 5 of 6

3. Remodeling Phase

Stem cells enhance collagen synthesis and deposition, leading to
better wound strength and reduced scarring16. Re-epithelializa-
tion also occurs, as stem cells aid in the migration and proliferation
of keratinocytes, which are essential for the formation of new skin

layers [16].

4. Cellular Dynamics

The plasticity of stem cells allows them to differentiate into vari-
ous cell types needed for tissue repair, including keratinocytes, en-
dothelial cells, and fibroblasts17. Stem cells migrate to the wound
site in response to chemotactic signals, ensuring they reach the
areas where they are most needed [17]. There, they can secrete
growth factors like vascular endothelial growth factor (VEGF), fi-
broblast growth factor (FGF), and hepatocyte growth factor (HGF)
that are crucial for angiogenesis and tissue repair13. Stem cell ac-
tivity can be identified with surface markers such as CD73, CD90,
and CD105 [18].

5. Treatments
Different types of treatments are used to ensure persistent efficacy

of stem cell therapies, including:

Combination Therapies: Using MSCs with other treatments like

plasma-rich proteins or scaffolds to enhance their efficacy [19].

Biophysical Modalities: Techniques like electrical stimulation and

shock wave therapy to promote faster wound regeneration [12].

Engineered Skin Substitutes: Seeding MSCs on scaffolds or matri-

ces to create skin substitutes that can replace damaged tissue [12].

6. Challenges and Considerations

A reliable and effective source of stem cells is required for these
processes. Different sources like adipose tissue, bone marrow, and
induced pluripotent stem cells (iPSCs) have varying efficacies and
challenges [13]. One must also consider the most effective delivery
method. These include topical application, scaffold incorporation,
and combination with plasma-rich proteins [13]. These mecha-
nisms collectively contribute to improved wound healing outcomes,
making stem cell therapy a promising approach in regenerative

medicine.

The potential of using stem cell therapies in treating chronic wounds
shows great promise across multiple studies and different cell

types. Key findings from these studies include accelerated wound

healing, reduced pain, and lower amputation rates. There are cave-
ats though, the study using the CXCR4 antagonist demonstrated the
complexity in stem cell mobilization. The overall trend is encourag-
ing, but the small sample sizes, lack of blinding, and relatively short
follow up periods in many studies underscore the need for larger,
blinded, randomized controlled trials. Additionally, the variability
in stem cell sources, preparation methods, and delivery techniques
across the studies makes it challenging to draw definitive conclu-
sions about what is the optimal approach. The body of research
represents a significant step forward but also highlights the critical

need for continued clinical trials in this promising area of medicine.
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