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Abstract

N

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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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 disease
[1]. Current treatment relies on allografts from the patient to re-
trieve 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 pre-
venting morbidity and mortality. Scientists are investigating ways
to engineer 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
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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
investigators 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 cells [2]. 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
reservoir of stem cells for therapeutic applications. These cells pos-
sess 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 fibro-
blasts in their ability to heal wounds in a murine model. According
to the authors, paracrine factors (IGF-1, EGF, KGF, VEGF-a) from the
BM-MSC in a conditioned medium accelerated wound closure com-
pared to dermal fibroblasts [3]. The paracrine factors may acceler-
ate wound closure by enhancing the migration of macrophages, en-
dothelial cells, and keratinocytes. Paracrine factors from BM-MSCs
in a conditioned 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 dis-
covery of induced pluripotent stem cells (iPSCs) has significantly
expanded the therapeutic options available to researchers and cli-
nicians in addressing chronic wound management. Adult stem cells
or embryonic stem cells may not always be available for a patient.
Allogenic 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 capacity [6]. Wharton’s Jelly stem cells have
demonstrated the ability to differentiate into fibroblast, epitheli-
al, 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 70.96mm? before treatment to 3.07mm? 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
angiogenesis [6]. Stem cells applied to a wound in combination
with a scaffold might serve as a means to help heal chronic diabetic

wounds.

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-
tion [7]. 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 mesenchymal
stem cells (BMMSC), bone marrow-derived mononuclear cells (BM-
MNC), 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 saline 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 amputation rates,
pain-free walking time, and angiogenesis at 3-6 months post-injec-
tion. After three years, amputation rates were comparable across
groups. Further research is warranted to investigate whether peri-
odic BMMSC injections could yield sustained improvements 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
from harvested adipose tissue via centrifugation. The interven-
tion 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 3 illustrates the
marked improvement in wound healing for a representative pa-
tient from the intervention group. While these results are promis-
ing, the study’s limitations, including small sample size and lack of
blinding, necessitate larger trials to confirm the efficacy of ADSC

therapy for chronic wounds.
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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 weeksof 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 potential of using stem cell therapies in treating chronic
wounds shows great promise across multiple studies and differ-
ent cell types. Key findings from these studies include accelerated
wound healing, reduced pain, and lower amputation rates. There
are caveats though, the study using the CXCR4 antagonist demon-
strated the complexity in stem cell mobilization. The overall trend
is encouraging, 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 deliv-
ery techniques across the studies makes it challenging to draw de-
finitive conclusions 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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