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ABSTRACT
Introduction: Mesenchymal stem cell (MSC) transplantation has been reported as a promising
therapy for acute limb ischemia (ALI). However, the treatment efficacy is limited to only certain im-
provements. Therefore, this study aims to improve the treatment efficacy of MSC transplantation
through the use of MSC sheets produced from MSCs' cultured in fibrin scaffold (Fi-MSCs) in ALI
models. Methods: MSCs were isolated and expanded from human umbilical cord tissue. The fibril
scaffold was produced from human umbilical cord blood. Fi-MSCs were prepared by mixing MSCs
with fibril according to a published protocol, and the Fi-MSC sheets were implanted directly into
ligated and transected sites in the hind limbs of ischemicmodels (treatment group—group I). The
results were compared with that of the control group (group II) in which mice were injected with
saline. The treatment efficacy was recorded and evaluated through the following assays: limbmor-
phology, SpO2 , blood perfusion, angiogenesis, and histological morphology on days 7, 14, and 28
after treatment. Results: The results indicate that the transplantation of Fi-MSC sheets positively
affected the acute ischemia hind-limb mouse models. On day 7 post-transplantation, the SpO2 in-
dex recorded at feet in group I (treatment) significantly increased from 79.24% + 1.43% to 89.40%
+ 1.65% (p-value < 0.05), while in group II (control), the SpO2 index slightly increased from 76.52%
+ 1.63% to 77.00 + 1.15 (p-value > 0.05). Besides, there were 60.00% (auto-recovery), 13.33%, and
26.67% mice at damage grades 0, I, and II, respectively, in the control group compared to 80%,
20%, and 0%mice at damage grades 0, I, and II, respectively. Moreover, in group I, all mice showed
improved blood reperfusion, neovascular, and repaired muscle tissue compared to group II. Con-
clusion: Fi-MSC sheet transplantation positively reduced injury and improved blood perfusion ALI
in the Swiss mouse model.
Key words: biological scaffold, fibrin, hind-limb ischemia, mesenchymal stem cells, neovascular-
ization

INTRODUCTION
Peripheral artery disease (PAD) is commonly associ-
ated with atherosclerosis that limit blood supply to
both the upper and lower extremities, often affect-
ing the lower extremities more severely 1. PAD is pri-
marily prevalent in middle-aged people, with a rate of
about 20%1. Acute hind-limb ischemia is one of the
diseases associated with PAD. Critical limb ischemia
is described as a sudden decrease in blood flow to the
limb. It can result in amputation or mortality if not
treated appropriately 2. Approximately 1–1.5 individ-
uals per 10,000 people develop acute limb ischemia
(ALI) every year2. Therefore, extensive research is re-
quired to improve the effectiveness of treatment.
The causes of ALI can be divided into two groups:
traumatic (5%) and nontraumatic (95%). The causes
of nontraumaticALI include arterial embolism (30%),
plaque-induced arterial thrombosis (40%), popliteal
aneurysm thrombosis (5%), and graft thrombosis
(20%)3,4.

Symptoms of ALI develop rapidly within several min-
utes, hours, or days after occlusion. The disease pro-
gression of a patient’s ALI is described by the term
“6Ps”: pain, pallor, paralysis, pulse deficit, paresthe-
sia, and poikilothermia3. Additionally, patients ex-
perience intermittent pain to pain at rest, paresthesia,
muscle weakness, paralysis, and even gangrene.
Most of the therapies used for ALI are based on
thrombolysis, such as streptokinase, saline jets, ul-
trasound waves, surgical treatment, or intravascular
therapy 5. Both saline jets and ultrasound waves are
used to lyse blood clots. Saline jets can dislodge the
blood clot through the Bernoulli effect, while ultra-
sonic waves can cause physical fragmentation of the
blood clot4. Surgical revascularization is adminis-
tered immediately to eliminate ischemia as soon as
possible in patients identified with the severity clas-
sification. Intravascular therapy is an initial therapy
option for a low level because they have more treat-
ment time2.
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In the recent years, stem cell therapy has been consid-
ered a promising approach for the treatment of ALI.
It shows significant potential in the treatment of is-
chemia by angiogenesis at ischemic sites1.
Angiogenesis has become a new focus for the treat-
ment of limb ischemia. Angiogenesis reestablishes
blood and nutrients supply to the ischemic area, re-
ducing ischemic severity 6,7. Proangiogenic cytokines
such as vascular endothelial growth factor (VEGF)
and basic fibroblast growth factor (bFGF) are crucial
in promoting blood vessel formation and increase col-
lateral circulation in ischemia patients5. Moreover,
hUC-MSCs are also known to secrete large amount
of cytokines because of the growth factors (GFs) such
as VEGF and FGF-2. hUC-MSCs have been proven
to promote angiogenesis in vivo and in vitro and have
high expression levels of VEGF-1α , MMP-9, VEGFR,
and HIF-1α 8. To summarize, UCMSCs contribute
significantly to the regeneration of blood vessels and
reduce the symptoms of ischemic limb8.
Fibrin is an important component responsible for
homeostasis and is used as a biopolymer scaffold in
tissue engineering. Fibrin also has a key role in an-
giogenesis9. During wound healing, fibrin provides a
suitable environment for angiogenesis. Therefore, the
blood supply is restored10,11. The structure and char-
acteristics of fibrin can trigger the formation of new
blood vessels in the wound. Biodegradable substrates
(matrix) such as fibrin are considered ideal for tis-
sue engineering applications because they can enable
complete tissue regeneration and leave no trace of the
original scaffold. The fibrin matrix has widely been
used to research blood vessels for tissue engineering
and the treatment of ischemic disease. Fibrin’s flexi-
bility in supporting angiogenesis has led it to become
an ideal substrate for researching angiogenesis in the
body 12.
Therefore, this study aims to evaluate the treatment
efficacy of mesenchymal stem cell (MSC) sheet trans-
plantation from umbilical-cord-derived MSCs and
fibril scaffolds in acute hind-limb ischemic mouse
models.

METHODS
Animals and samples
In this study, all procedures and manipulations on
animals were approved by the Animal Welfare Com-
mittee of the Stem Cell Institute, University of Sci-
ence, VNU-HCM, Vietnam. Swiss six-month-old,
male healthy mice were used to establish the acute
hind-limb ischemic models.
Umbilical cord tissues and blood samples were col-
lected at hospitals after birth with consent forms.

These samples were used for research with the ap-
proval of mothers and the hospital ethical committee
(District 2, Ho Chi Minh City, VN). All samples were
screened for HIV-1/2, HBV, HCV, and CMV. Only
samples negative with all these viruses were used in
the study.

Culture and expansion of MSCs
MSCs from the human umbilical cordwere isolated as
per the published protocols13–15. Briefly, the umbil-
ical cord tissues were collected from the donor with
the consent form and the approval of the hospital
ethical committee (District 2 General Hospital, Ho
Chi Minh City, VN). The tissues were washed twice
with a washing buffer solution added with antibiotic-
mycotic. Then they were dissected into small frag-
ments (1–2 mm2) and placed into the T-75 flasks
with 5 mL of MSCCult I primary medium. These
flasks were incubated at 37◦C with 5% CO2 for 5
days. When the migrated cells from the tissues got
70% confluence, they were subcultured to new flasks
and discarded tissues. The MSC candidates were ex-
panded and subcultured to the third passage using the
MSCCult I medium before they were characterized as
MSCs according to the minimal criteria suggested by
ISCT16. All chemicals and media were bought from
Regemedlab (Ho Chi Minh City, VN).

Characterization of MSC candidates
MSCcandidateswere characterized asMSCs based on
the minimal criteria for MSCs suggested by ISCT in
200616. The expression of MSC-specific marker pro-
file with CD14, CD19, CD34, CD45, CD73, CD90,
CD105, and HLA–DR was evaluated. The cells were
washed twice with washing buffer (Regenmedlab, Ho
Chi Minh City, VN). Subsequently, the cells were
stained with the antibodies and incubated at room
temperature for 15 minutes in the dark. Then,
the cells were washed twice with washing buffer.
The stained cells were analyzed using FACSCalibur
and BD CellQuestTM Pro software systems (BD Bio-
sciences, Franklin Lakes, NJ).
For in-vitro differentiation assays, the cells were
seeded in a 4-well plate with a density of 104 cells/mL
with 100 µL of MSCCult I medium for adherence
in 48 hours. Then, the media were replaced with
suitable differentiation-inducing media for adipogen-
esis, osteogenesis, and chondrogenesis (bought from
Thermo Fisher) for adipocyte, osteocyte, and chon-
drocyte differentiation, respectively. The cells were
cultured for 14 days in the adipogenic medium, 21
days in the chondrogenic medium, and 28 days in the
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osteogenic medium. The media were refreshed every
four days. Finally, the cells were stained with Oil Red
(Sigma-Aldrich, USA), Alcian Blue (Sigma-Aldrich,
USA), and Alizarin Red (Sigma-Aldrich, USA) to de-
termine their ability to differentiate into adipocytes,
chondrocytes, and osteocytes, respectively.

MSC sheet production
MSC sheets (Fi-MSCs) were created by merging
MSCs in the fibrin scaffold. The fibrin scaffold was
prepared according to a commercial kit’s instruction
(5PRP, version U, Regenmedlab, Ho Chi Minh City,
VN). Briefly, the umbilical cord blood was transferred
to a 50-mL 5PRP tube and centrifuged at 3,000 RPM
for 10 minutes. One-third of the upper plasma was
removed, and two-third of the lower (platelet-rich
plasma – PRP) was collected in a new 50-mL cen-
trifuge tube. Then, 106 MSCs were suspended in 0.5
mL of PRP. The suspension of MSCs and PRP was
loaded into a 4-well plate with 0.5 mL per well. Next,
0.12 mL of 0.8 M CaCl2 solution was added to each
well.

Acute hind-limb ischemic mouse modeling
and Fi-MSC transplantation
Acute hind-limb ischemic mice were used according
to the published protocols using 6-month-old healthy
mice17–19. Themice were anesthetized using xylazine
(4 mg/kg) and Zoletil (5 mg/kg). Femoral hair was
shaved, and then an incision of approximately 1.5
cm long was made in the direction of the femoral
blood vessel to open femoral skin at thigh and display
femoral veins and arteries.
Both veins and arteries were ligated at two positions
at the lateral circumflex artery branches and distally
near the popliteal and saphenous artery. The vessels
were then cut out at middle of the two ligations. For
the treatment group (group I), an Fi-MSC sheet was
implanted at the cut site. For the control group, saline
was used to wash the cut site. Finally, the skin was
stitched, and the wound was coated with povidone-
iodine.

Regeneration evaluation of damaged limbs

The degree of ischemic damage at the surgery was
recorded, evaluated, and classified according to the
guidelines of Goto et al. (2006)20 as follows: grade
0, normal limb without swelling, necrosis, or atrophy
of muscle; grade I, necrosis limited to toes; grade II,
necrosis extending to the foot; grade III, necrosis ex-
tending to the knee; and grade IV: necrosis extending
to the femoral region.

Blood flow was assessed indirectly by monitoring the
change in oxygen saturation in the blood. This change
was detected by the sensor set point in the SpO2 mea-
suring device (Contec 08A, China). Furthermore,
blood flow to the hind limbs was also evaluated us-
ing trypan blue assay. The 0.04% trypan blue solution
was directly injected into the tail vein of themice. The
staining time of the dye that went to the hind limbwas
recorded based on the blue staining of toes observed
by naked eyes.
The formation of new blood vessels was evaluated at
7 days, 14 days, and 28 days after operation. Themice
were fixed to the surgical chamber, and the femoral
muscle areawas assessed. The formation of new blood
vessels was observed directly under a stereomicro-
scope (Zeiss, Germany).
Histological analysis of the limb tissues was also per-
formed at 7 days, 14 days, and 28 days after occlusion.
Muscle tissue in hind limbs was biopsied and fixed in
4% PFA for 24 hours. After fixing in PFA, the sam-
ple was fixed in a sucrose solution of 30% at 4◦C and
until slicing. The samples were cut and stained with
hematoxylin and eosin dyes.

Statistical analysis
In this study, VesSeg_V0.1.4 software was used to
quantify blood vessels. Data were analyzed by the
software GraphPad Prism 8. Statistical analysis was
performed by t-test. P-value < 0.05 was considered
significant. All data were presented as mean ± stan-
dard deviation.
Light microscope image ofblood vessels before oc-
clusion (A), immediately incision (B); 7 days (D,
G), 14days (E, H), and 28 days (F,I) after occlusion
of the femoral artery. Measurement ofnew blood
vessels formed at 28 days postoperative by using
VesSeg_V0.1.4software(C,*** p<0.0001).

RESULTS
Isolation and characterization of human
umbilical cord-derived mesenchymal stem
cells
Isolated MSCs adhered to the flask surface and dis-
played spindle-shaped fibroblastic-like morphology
(Figure 1A). In vitro, the MSC candidates success-
fully differentiated into osteoblasts (Figure 1B) that
were positive with Alizarin Red staining assay, chon-
droblasts (Figure 1C) positive with Alcian Blue, and
adipocytes (Figure 1 D) positive with Oil Red.
The MSC candidates expressed all MSC-specific
maker profiles suggested by ISCT. Indeed, they were
positive with CD73 (99.4%), CD90 (99.07%), and
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Figure 1: Isolated MSCs from the human umbilical cord displayed the MSC phenotype suggested by ISCT.
Isolated cells displayed the fibroblast shape when adhered to the flask surface (A). Induced cells were positive
with Alizarin red, Acian blue, and Oil red O dyes, respectively, for differentiating into osteoblasts, chondroblasts,
andadipocytes (B, C, D). Cells were strongly expressed CD73 (99.4%),CD90 (99.07%),and CD105 (98.83%); while
negative with CD14 (0.07%), CD19 (0.08%), CD34 (0.24%), CD45 (0.88%)and HLA-DR (0.46%)(E).

Figure 2: Fi-MSC sheets formed frommixingMSCs in PRP solution then activated by CaCl2. Fi-MSC formed a
4-well culture plate (A), and after picking out the culture plate (B), and MSCs were distributed in the fibril scaffold
(C).

CD105 (98.83%), and negative with CD14 (0.07%),
CD19 (0.08%), CD34 (0.24%), CD45 (0.88%), and
HLA-DR (0.46%; Figure 1 E).

Production of Fi-MSC sheets

Fi-MSCs were formed as semi-solid after being acti-
vated with CaCl2 in 2 minutes on a well culture plate
(Figure 2A-B). These cells were evenly distributed on
and in a fibrin scaffold with spherical morphology
Figure 2 C).

Treatment efficacy of Fi-MSC sheets on
acute hind-limb ischemiamicemodels

Limb oxyhemoglobin saturation-SpO2

At 30 minutes after occlusion, limb oxygen satura-
tion in mice from both control and treatment groups
were significantly dereased compared to normal mice
(without surgery of producemodels; p < 0.05). Oxyen
saturation levels recorded at limbs were 76.53% +
1.63% in the control group mice and 79.24% + 0.79%
in treatment group mice compared with 95.67% +
0.29% in normalmice. Fromday 7 to day 14, the SpO2
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Figure 3: The changes of hemoglobin oxygen saturation in murine limbs at different times. The spO2 sig-
nificantly after 30 min of ligations of blood vessels. In the treated mice with MSC sheets, the SpO2 increased dra-
matically after 7 and 14 days post-transplantation. While in control mice, after seven days, the SpO2 also gradually
raised in auto-recovered mice.

index recorded at limbs in the control group mice
slightly increased from 77.00% + 1.15% to 82.97%
+ 1.84% and significantly increased from 89.40%
+1.00% to 92.60% + 0.71% in treatment group mice
(p < 0.05). After 28 days, oxygen saturation recorded
in the limbs of both treated and control mice that
acquired auto-recovery returned to the normal level
(96.93% + 0.88%, 96.67% + 0.96 %, 96.73% + 0.67 %,
respectively, for normal mice, treated mice, and auto-
recovered control mice) (Figure 3).

Blood flow to the feet
At 7 days after femoral occlusion, it took 185 + 10 s
in treated mice (Figure 4A and 4D) compared with
490 + 127 s in control mice (Figure 4B and 4D) to for
the trypan blue to reach from the tail vein to limb (p
< 0.05) and significantly longer in normal mice 77.33
+ 1.78 s (p < 0.05, Figure 4 C and 4D).

New blood vessel formation
After 7 days of occlusion, new, small blood vessels ap-
peared at the ligation sites (Figure 5D&G). After 14
days of treatment, more and larger blood vessels were
formed than in the control group (Figure 5E&H).
Moreover, a measurement of blood vessels using
VesSeg_V0.1.4 software revealed that the total area
of new vessels per field in the treatment group was

11.41% + 0.24% (Figure 5F&I) on day 28, which is
also larger than that of the control group with 6.76%
+ 0.59% (Figure 5C).

Histological assessment
At 7 days post transplantation, the H&E staining of
the muscle tissues at the thighs of mice in both con-
trol and treatment groups showed cytoplasmic frag-
mentation (Figure 6A and 6D). At 14 days, some
new blood vessels, the usual morphology of cells, and
muscle fibers were observed in the muscle tissues of
treated mice (Figure 6E). Conversely, the muscle tis-
sue structure collected from the control group mice
contained some lesions in the cytoplasm and had lost
muscle bundle (Figure 6B). After 28 days, the muscle
tissue structure of both groups (auto-recovered con-
trol mice) were similar to the normal structure ob-
served in the normal mice (Figure 6C and F). How-
ever, the muscle bundle structure in the treatment
group seemed closer to that in normal mice (Figure 5
G).

Hind-limbmorphologyandnecrosis gradeof
mice
At 3 days after surgery, there were significant differ-
ence in the percentage of mice with lesions at dif-
ferent grades, including grade 0 (Figure 7A), grade
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Figure 4: Measurement of the blood flows from vein tail to feet mice after seven days. Trypan blue Dye
stained limb fads of treated (A), control (B) and normal (C) mice. The time that trypan blue could be stained feet
pads were clearly different between groups (D) (* P < 0.05, n = 15).

I (Figure 7B), and grade II (Figure 7C) in both con-
trol and treatment group . In the control group, there
were 46.6%, 33.30%, and 20%mice with limb damage
at grades 0, I, and II, respectively compared to 73.33%,
26.27%, and 0% of mice with limb damage grades 0,
I, and II respectively in the treatment group (Figure 7
D).
On day 7 post transplantation, there were 60.00%
(auto-recovery), 13.33%, and 26.67% mice at dam-
age grades 0, I, and II, respectively, in the control
group compared to 80%, 20%, and 0%mice at damage
grades 0, I, and II, respectively (Figure 7 D).

DISCUSSION

Acute limb ischemia is one of the most serious pe-
ripheral artery diseases. It can lead to amputation or
even death. Traditional therapies have many limita-
tions and do not stimulate new blood vessel forma-
tion. In the recent years, the umbilical cord-derived
mesenchymal stem cells have emerged as a potential
raw material for regenerative medicine therapy and
showed the effectiveness of angiogenesis and injury
recovery.
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Figure 5: Lightmicroscope image of blood vessels before occlusion (A), immediately incision (B); 7 days (D,
G), 14 days (E, H), and 28 days (F, I) after occlusion of the femoral artery. Measurement of new blood vessels
formed at 28 days postoperative by using VesSeg_V0.1.4software (C). *** p < 0.0001

MSCs can produce GFs such as hepatocyte growth
factor (HGF), fibroblast growth factor (FGF), VEGF,
and high expression of factors that can regu-
late hematopoietic cell function such as CXCL12,
vascular cell adhesion molecules 1, interleukin-7,
angiopoietin-1 (Ang-1), and osteopontin21. These
factors are essential to blood vessel formation. More-
over, MSCs also can promote the proliferation and
migration of endothelial cells in injured tissue22 and
promote angiogenesis through the production of vas-
cular factors in ischemic tissues23. Clinically, Fan
et al. (2011) demonstrated that MSC transplanta-
tion could promote vascular regeneration and im-
prove and restore blood flow of diabetes patients with
lower limb ischemia24.
In this study, isolated MSCs were confirmed as MSCs
according to the standard recommended byDominici
et al.16. Moreover, the result showed that MSCs ex-
hibited MSC phenotypes. This result is consistent
with published studies14,25.
The fibrin scaffold used in this study was derived from
human umbilical cord blood. The fibrin scaffold con-
tributes to the stimulation of new vascular forma-
tion and can support cells to proliferate, differentiate,

and secrete cytokines by creating a three-dimensional
environment26 so they can release PDGF, TGF-β1,
EGF, VEGF, bFGF, and so on27. Moreover, the fib-
rin scaffold is a highly compatible biological substrate
and contains many biological factors that are crucial
in angiogenesis. This material is also well suited as a
scaffold for the fabrication of new tissues. Therefore,
the combination of fibrin and MSC creates a promis-
ing new material for ALI. This scaffold will help im-
mobilize the stem cells at the desired location.
Although the femoral artery was excised, the most se-
vere degree of necrosis of themouse limbwas amputa-
tion to the knee (grade II) according to the classifica-
tion of Goto et al.20. The cutting of the femoral blood
vessel caused a major disruption of blood flow to the
underlying tissues such that trypan blue dye reached
the walking pads slower than in normalmice, as when
blood flow to the limbs decreases, the oxygen carried
by the blood also decreases and A significant reduc-
tion in blood flow occurs within 1 hour of vascular
ablation. However, the collateral system may be acti-
vated to reestablish perfusion. After 48 hours, reper-
fusion to the extremities was enhanced, and the rate
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Figure 6: Histology structure analysis. Structure of muscle tissue stained with Hematoxylin and Eosin in non-
treated groups (A-C), treated group(D-F), and normal (G) at day 7 (A, D), day 14 (B, E), and day 28 (C, F) after
occlusion (green arrow show blood vessels)

of blood transport to the hind limbs improved signif-
icantly. This improvement was evident on day 728.
After 7 days at the vascular extremity, the increase of
blood oxygen saturation was similar to that of a pre-
viously published study 18.
The reduction of oxygen concentration in the blood
flow causes a decrease in nutrition supply, thereby
causing severe damage to the structure and function
of the cells. Moreover, the disruption of blood circu-
lation also leads to the accumulation of cellular waste
products at extremely high concentrations, which is
toxic to cells. This lead to cells being unable to repair
their damage and enter the process of death instead.
This can be one of the leading causes of tissue necro-
sis29.
Fi-MSC sheet transplantation on ischemic hind limb
showed significant effect on preventing necrosis of
hind limbs. The results showed that transplantedmice
had significantly reduced tissue necrosis, quickly re-
covered their SpO2 index, sped up the blood circu-
lation, and stabilized muscle tissue structure. Al-
though, under hypoxia conditions, endogenous stem

cells could be activated to proliferate and could dif-
ferentiate into functional cells, such as smoothmuscle
cells or endothelial cells to form blood vessels this ac-
celerate the wound repair process and reduces necro-
sis. In this case, transplanted MSCs could signifi-
cantly contribute to this process. They can produce
and secrete GFs to attract intrinsic stem cells to re-
pair tissues, thereby accelerating wound healing30,31.
Factors secreted byMSCsmay include exosomes with
signaling roles for endothelial cell recruitment and
proliferation, promoting early events of angiogene-
sis, and thereby enhancing reperfusion at the injured
area22. MSCs also can secrete GFs such as HGF, FGF,
VEGF, and high expression of hematopoietic regula-
tory factors such as CXCL12, vascular cell adhesion
molecule 1, interleukin-7, and Ang-116, or some cy-
tokines such VEGF-1α , MMP-9, VEGFR, and HIF-
1α it8. These are essential factors that promote an-
giogenesis in vivo and in vitro.

CONCLUSIONS
The study primarily showed that Fi-MSC sheets
helped effectively treat acute ischemic hind limb in
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Figure 7: Recovery ofmurinehind limb ischemia indifferent groups. Muscle damageswere classified as grade
0, I, II (Grade 0: normal limb, without swelling, necrosis, or atrophy of muscle (A); grade I: necrosis limiting to
toes; and grade II: necrosis extending to the foot (B); grade III, necrosis extending to the knee; grade IV: necrosis
extending to a femoral (C)). Evaluation ischemia score at day 1, 3, 7, 14, and 28 (D).

murine models. The MSCs from umbilical cord tis-
sues may significantly contribute to neoangiogenesis
in combination with fibril effects. Furthermore, the
transplantation of Fi-MSCs significantly reduced tis-
sue necrosis and stimulated the tissue regeneration of
injured tissues. These results indicate a new promis-
ing therapy to treat acute ischemia. However, further
studies with more mice to evaluate the side effects of
this therapy are required and the existence of MSCs
before this study should be translated to clinical tri-
als.

ABBREVIATIONS
ALI: Acute limb ischemia
Fi-MSCs: mesenchymal stem cells seeded- fibrin scaf-
fold
HLA-DR:Human Leukocyte Antigen – antigenDRe-
lated

hUC-MSCs: human umbilical cord mesenchymal
stem cells
PAD: Peripheral artery disease
SD: Standard Deviation
PRP: Platelet Rich Plasma
SpO2: Saturation of peripheral oxygen
VEGF: fibroblast growth factor
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