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Background: Chronic wounds carry financial burdens and increase morbidity and mortality, especially in diabetic ulcers and
Hansen’s Morbus. More than 50% of chronic ulcers are difficult to heal with regular treatment and require new types of therapy
such as the use of secretome of human umbilical cord mesenchymal stem cells (SM-hUCMSC).

Methods: This experimental study was carried out to see the effectiveness of using SM-hUCMSC in diabetic ulcers and Hansen’s
Morbus in four medical facilities (multicentre). The level of active secretion has been measured by default in 10% SM-hUCMSC gel,
used as a treatment intervention. The primary outcome is wound healing in terms of the length, width, and extent of the wound. The
secondary is the side effects of treatment 2 weeks after administration. Follow-up visits will be scheduled at 1 and 2 weeks post-
treatment.

Results: Forty-one chronic ulcers successfully followed the study until the end. In patients with chronic ulcers, the mean ulcer length,
width, and area were 1.60 (0,50-13,0), 1.3 (0,5-6,0), and 2.21 (0,25-78) cm square, respectively, before interventions and 1 (0-12),
0,8 (0-6,0), and 1 (0-72) square cm after interventions at the second follow-up. The change between the beginning and end of the
intervention was significant (p-value <0.05).

Conclusion: The use of 10% SM-hUCMSC gel topically has been proven effective in accelerating the process of wound healing,
especially chronic ulcers with side effects that are not present in this study.
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Introduction

Chronic wound is defined as a wound that is difficult to heal according to the natural healing process with longer healing
time to produce functional and anatomical integrity, usually more than 3 months, or a wound that has undergone
a healing process but is imperfect in terms of anatomy and functional." The terminology of chronic wounds is often
referred to as ulcer wounds that are difficult to heal and usually persist in 4 weeks or more.> Chronic wounds are divided
into four main groups based on the etiology of the cause, venous ulcers, diabetic ulcers, namely arterial insufficiency
ulcers, and pressure ulcers.” The prevalence of chronic wounds in developed countries is 1% to 2% of the total
population.* The prevalence of chronic wounds will often increase with increasing age and the presence of comorbidities
that inhibit the wound healing process.” The most severe complication of chronic ulcers is the occurrence of persistent

infections, such as gangrene, infective venous eczema, cellulitis, bleeding, and amputation of the lower limb.°
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A clinician has to work hard to take care of and handle patients with long-term injuries. Clinicians have to deal with
the fact that there are not many wound care techniques that have been proven to work and that chronic ulcers do not heal
very often. A special study from Germany says that each year, more than 4.5 million people are treated for long-term
injuries that cost up to 5 billion Euros to care for.” The extremely low rate of wound healing in chronic wounds® has
a substantial impact on the health and quality of life of patients and their family. Social isolation, shame, anxiety,
difficulties, sadness, loss of function and movement, pain, the financial burden of hospitalization, complications of
sickness, and even death are some of the consequences.® Previous research has demonstrated that persistent ulcers are
a considerable burden and frequently result in a very low quality of life for their victims. In order to improve the quality
of life of persons with chronic ulcers, it is vital to provide wound care and ulcer management that are both efficient and
cost-effective.’

The two most common types of chronic wounds encountered in developing areas are diabetic ulcers and trophic
ulcers. The most common chronic ulcer is ulcers due to diabetes mellitus or often referred to as diabetic foot ulcers, with
an annual rate of 2% to 6% and pre-incident from 2% to 10%.” This generated a substantial $ 8659 per patient burden on
the healthcare system.'® In the US, the total medical expense for treating diabetic foot ulcers is from $ 9 to $ 13 billion."
The International Diabetes Foundation has raised public awareness of the risks and expenses associated with diabetic foot
ulcers.'? The majority (85%) of diabetes patients who had limb amputations did so due to gangrene or severe diabetic
foot ulcers."

According to the World Health Organization (WHO), in 2016, there were a total of 214,783 new cases found in 143
countries. The World Health Organization declared 22 states as “global priority countries” for leprosy because they
accounted for 94-96% of the disease burden and 92.3% of cases with level II disability.'*'® The Southeast Asia region
has several new case discoveries and the number of cases of leprosy with the highest grade II disability compared to
Africa, America, the Mediterranean, the western Pacific, and Europe. Some Southeast Asian countries that contributed
the most were Indonesia, Myanmar, and the Philippines.'*'® Indonesia accounted for 16,826 of 214,783 new cases in the
world detected in 2016, 1363 patients were accompanied by grade II disabilities, with 62 of them children, and 229
chances of relapse were found. Currently, Indonesia cannot be declared free from leprosy.'”

Along with technological advancements and the fact that 50% of chronic wounds still do not heal,'® as well as the fact
that current therapies for chronic wounds do not work in some circumstances and are expensive and time-consuming,
novel wound care strategies are required. Following the trend of wound healing mechanisms, stem cell treatment is
a novel alternative to traditional ways of wound healing. Researchers therefore rely on stem cell therapy, which has
enormous promise due to its growth factors.'’

Wound care using stem cells is a new treatment option with promising results.”’ Stem cells have the potential to
differentiate into many cell types.”’ Stem cell therapy has shown great potential in the treatment of various conditions,
such as orthopedic disorders, inflammatory diseases, liver failure, and autoimmune disorders.”? Until this report was
made, no severe side effects have been found from the use of stem cell therapy. Therefore, stem cell treatment is
currently considered safe.?® Until now, there has been an increase in the use of mesenchymal stem cells (MSC) in various
types of disorders due to the multipotent characteristics of MSC. Several studies have shown that stem cells derived from
bone marrow (BM-SC) can act as precursors that develop from the germinal lining pathway into various cell types such
as adipose, chondrocytes, and solid osteocytes.”* Recent research also reveals MSC can also function as a therapeutic cell
that modulates the microenvironment and immunological competence, accelerates wound repair, and reduces fibrosis or
scar formation or both due to height.”> Stem cells contain Fibroblast Growth Factor (FGF) or Vascular Endothelial
Growth Factor (VEGF) needed for wound healing.?® VEGF is an essential component for maintaining hypoxic tissue.'®
A case report from Sarasua et al states that wound closure occurred after 18 days after BM-SC injection in pressure ulcers
stage IV.7

The human umbilical cord’s secretome could be used to treat diseases in a number of medical fields, such as skin,
surgery, and internal medicine. Dermatologists have looked at the secretome of the human umbilical cord to see if it can
help the skin grow back and heal wounds. It has been shown to have growth factors and cytokines that can speed up the
mending process and make skin cells grow more quickly. This makes it a hopeful way to treat long-lasting wounds, like

1764 "= Journal of Multidisciplinary Healthcare 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tan et al

diabetic foot ulcers, as well as conditions that stop the skin from healing itself, like aging and skin damage from the
environment.?* ¢

In surgery, the secretome of the human umbilical cord has been looked at to see if it can help heal and grow back
damaged tissue. It has been shown to have growth factors and cytokines that can help make new blood vessels and
encourage the growth of cells that help mend tissue. Because of this, it could be a good way to treat diseases like burns
and ischemic injuries that damage tissue.’' >

The secretome of the human umbilical cord has been studied in the field of internal medicine to see if it can help
control the immune system and lower inflammation. It has been shown to have factors that can stop the production of
cytokines that cause inflammation and boost the production of cytokines that fight inflammation. Inflammatory diseases
like rheumatoid arthritis, inflammatory gut disease, and multiple sclerosis could be helped by this.**>¢

Overall, the human umbilical cord’s secretome could be used to treat a wide range of diseases, and ongoing study in this
area could lead to the development of new treatments for a number of different illnesses. The primary mechanism underlying
the beneficial effects of secretomes on tissue regeneration is their ability to generate a variety of bioactive trophic factors that
stimulate surrounding parenchymal cells to initiate tissue repair. These bioactive factors modulate the local immune system,
promote angiogenesis, prevent cell apoptosis, and stimulate specific cell survival, proliferation, and differentiation. MSCs
secrete trophic factors that promote cell regeneration and repair, such as vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), and epidermal growth factor (EGF). When grafted to injured tissue sites, MSCs differentiate
into connective tissue elements, promote vasculogenesis, and secrete healing-promoting cytokines and growth factors.
Previous research has demonstrated that Wharton Jelly Mesenchymal Stem Cells (WJ-MSCs) serve as a transplantable
source of juvenile, non-tumorigenic, and immunomodulatory cells that regenerate liver, heart, bone, cartilage, fat, pancreas,
nerves, blood vessels, and skin components. WJ-MSCs release proangiogenic and wound healing factors, including TGF,
VEGF, platelet-derived growth factor, insulin-like growth factor, and interleukin (IL)-6.""*!

This trial is a preliminary Phase II study in which we will evaluate the safety, feasibility, and potential efficacy of
topical administration of secretome of human umbilical cord mesenchymal stem cells (SM-hUCMSC) as an alternative
treatment for chronic ulcers caused by both diabetic ulcers and leprosy-related tropic ulcers. If the results of this study
confirm the safety, feasibility, and potential beneficial effects of interventions related to clinical parameters, then mini
RCTs and possibly large multicenter RCTs with longer follow-up will be initiated with the goal of accumulating more

clinical evidence for the topical use of SM-hUCMSC in the treatment of chronic ulcers.

Materials and Methods

Research Design and Subject

This research is a phase II clinical trial using the method of “non-randomized controlled trial” and “open trial.” The
minimum sample size used in this study was planned for 20 respondents (preliminary study). The inclusion criteria in this
study were all subjects with chronic ulcers, patients aged 18—80 years, not recovering with routine therapy for at least 1
month, chronic ulcers degrees 2 and 3, are willing to take part in the study, as well as with the respondent’s good health to
follow this study. In this study there were no minimum wound area criteria for participation in the study. Exclusion
criteria in this study included anemia and pregnancy.

This research was conducted at Sukma Clinic, Indra Clinic, Mayapada Hospital, and Sitanala Hospital. Before the
patient received the intervention, the patient was first screened through a thorough history, briefed on the knowledge
about this study, physical examination, and laboratory examination to ensure patient safety and to find out any possible
side effects during the completion of the intervention. Physical examination is done thoroughly, starting from the
examination of vital signs and examination of the head to foot. Laboratory tests used in this study included an
examination of fasting blood sugar levels.

Secretome Intervention and Preparation
The interventions given in this study were secretome of human umbilical cord mesenchymal stem cells (SM-hUCMSC).
Mesenchymal Stem Cell that has been isolated from the umbilical cord was cultured until passage 6 (P6) in a T175 Flask
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(Corning). The culture medium was deprived and replaced with a basal medium with no supplement addition after 70—
80% confluence reached then incubated at 37°C, 5% CO, incubator with hypoxic (5% O,) conditions. After 72 hr of
incubation, the conditioned medium was collected and stored at a deep freezer (—80°C) for long-term storage. SM-
hUCMSC was modified to become 10% gel by Sukma. This SM-hUCMSC is given topically to the wound area at
a sufficient dose according to the size of the wound. Giving SM-hUCMSC is offered twice a day for 2 weeks.

Due to their distinct MSC characteristics, we utilized passage six cells for CM production. At 70-80% confluence, the
MSC cells were cultured without a growth supplement in MEM-Alpha. To allow the secretion of the secretome, the MSC
cells were incubated for additional 72 hr. MSCs were exposed to hypoxic [5% O2] environments to determine the
optimal conditions for secretome secretion. The CM was placed in a deep freezer to preserve its protein content for long-
term storage. Pro-collagen 1 levels were 655,100.00 pg/mL, vascular endothelial growth factor (VEGF) levels were
21.42 pg/mL, and basic fibroblast growth factor (bFGF) levels were 34.64 pg/mL, as determined by ELISA.

Preparation of 10% gel was carried out by mixing 1 mL of WIMSC-CM (100%) containing VEGF, bFGF,
ProCollagen, KGF, and several growth factors, paracrine and cytokines in 9 g of 80% Aloe vera gel, 3% Propolis,
Vitamin 1% C, 3% olive oil, 5% Natrosol, and 0.5% Katon. Product stability tests have been carried out periodically to
ensure the stability of the growth factor content. Sterility, bacteria, and endotoxin tests on gel preparations have also been
carried out in accordance with the standards of Good Laboratory Practice (GLP).

Study Protocol and Outcome

The variables in this study were divided into two, namely, the independent variable was the use of 10% gel SM-
hUCMSC were administered topically, and the dependent variables were wound healing and side effects caused by the
interventions given. Wound healing or repair in this study was assessed from several variables, namely the presence of
granulation tissue growth, reduced edema, reduced erythema, and improvement in wound size both in terms of length,
width, and area of wound measured using a standard ruler and digital photo.

The study lasted for two weeks and one month, with the measurement of dependent variables carried out three times,
namely before the intervention was carried out, two first weeks after the administration of the intervention (first follow-
up), and 1 month after the intervention (second follow-up). The researcher also gave a contact number to the patient for
a personal consultation if side effects occur during the intervention period.

Data will be analyzed based on the “intention to treat” method. Data on research variables will be presented with univariate
and bivariate tables. Population characteristics will be analyzed using descriptive statistics, and changes in wound characteristics
will be presented using analytic statistical tables. The statistical analysis used in this study is to use generalized linear methods if
the data distribution is normal and the Wilcoxon Signed Ranks Test if the data distribution is not normal for numerical data.

Side effects of treatment at 2 weeks of 10% gel SM-hUCMSC administration, defined as' local side effects, including
signs of local inflammation (heat, rubor, dolor, tumor, and function Lesa), worsening of wounds, or appearance of new
wounds or hematomas after 10% gel SM-hUCMSC administration and® other side effects, which are considered as side
effects according to “Common Terminology Criteria for Adverse Events version 4.0.” The secondary safety outcome is
the presence of severe side effects at first week after the intervention, up to 2 weeks after the intervention, which is
defined as an event that requires the respondent to undergo hospitalization, persistent or significant death or disability.

Wound healing will be monitored both clinically and through digital photographs in sequence. The picture will be taken in
standard mode. Manual and single ulcer measurements have proven to be unreliable; therefore, the use of digital images with
reference scales to measure ulcers is reported as a valid and reliable method for objectively describing ulcers.

Results
This study had 38 participants that met the inclusion criteria and were willing to participate in the investigation. From 38
respondents, 6 (15.8%) withdrew out or did not receive sufficient care during the study, including three respondents with
leprosy and three with diabetes mellitus due to relocation. This study concluded with 32 participants, numerous
participants suffering from multiple injuries, and 41 chronic ulcers being treated.

The majority of the 32 participants in the study were female (43.8%), and they had an average age of 57.03 (9.32)
years, height of 161.34 (8.60) cm, and body weight of 59.59 (6.80) kg. The etiology of chronic ulcers in 32 participants
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of the study was 27 participants with leprosy and 5 participants with diabetes mellitus. The concomitant and patient
characteristics are listed in detail in Table 1 and Table 2.

According to descriptive test results, the mean wound length at baseline was 1.60 (0.50—13.0) cm, at the first follow-
up it was 1.2 (0-13) cm, and at the second follow-up it was 1 (0—-12) cm. The mean wound width at baseline was 1.3
(0.5-6.0) cm, the wound width at the first follow-up was 1.0 (0.0-6.0) cm, and the wound width at the second follow-up
was 0.8 (0.0-6.0) cm. The mean wound area was 2.21 (0.25-78) cm2 at baseline, 1.2 (0—78) cm2 at the first follow-up,
and 1 (0-72) cm2 at the second follow-up, according to descriptive test results.

Table | Demographic Characteristics of Research Respondents

Parametric Statistical Results

Diabetes Leprosy All

Mean (SD) Med Mean (SD) Med Mean (SD) Med
(Min-Max) N (%) (Min-Max) N (%) (Min-Max) N (%)

Age 61.4 (10.83) 56.22 (9.01) 57.03 (9.32)

58 (53-80) 55 (35-74) 55 (35-80)
Sex
Female 2 (40%) 12 (44.4%) 14 (43.8%)
Male 3 (60%) 15 (55.6%) 18 (56.3%)
Pus
No 2 (40%) 3(11.1%) 5 (15.6%)
Yes 3 (60%) 24 (88.9%) 27 (84.4%)
Erythema
No 1 (20%) 10 (37.0%) Il (34.4%)
Yes 4 (80%) 17 (63.0%) 21 (65.6%)
Erosion
No - I 3.7%) I (3.1%)
Yes 5 (100%) 26 (96.3%) 31 (96.9%)
Edema
No I (20%) 27 (100%) 28 (87.5%)
Yes 4 (80%) - 4 (12.5%)
Crusts
No 2 (40%) 9 (33.3%) Il (34.4%)
Yes 3 (60%) 18 (66.7%) 21 (65.6%)
Granulation
No 2 (40%) I 3.7%) 3 (9.4%)
Yes 3 (60%) 26 (96.3%) 29 (90.6%)
Pus
No 2 (40%) 3(11.1%) 5 (15.6%)
Yes 3 (60%) 24 (88.9%) 27 (84.4%)
Hyperpigmentation
No I (20%) 17 (63.0%) 18 (56.3%)
Yes 4 (80%) 10 (37.0%) 14 (43.8%)
Moist
No - - -
Yes 5 (100%) 27 (100%) 32 (100%)
Daily Drugs
No 3 (60%) 5 (18.5%) 8 (25.0%)
Yes 2 (40%) 22 (81.5%) 24 (75.0%)
Comorbid
No 3 (60%) 15 (55.6%) 18 (56.3%)
Yes 2 (40%) 12 (44.4%) 14 (43.8%)

(Continued)
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Table | (Continued).
Parametric Statistical Results
Diabetes Leprosy All
Mean (SD) Med Mean (SD) Med Mean (SD) Med
(Min-Max) N (%) (Min-Max) N (%) (Min-Max) N (%)
Pain
No - 27 (100%) 27 (84.4%)
Yes 5 (100%) - 5 (15.6%)
Weight 60.8 (6.76) 59.37 (6.91) 59.59 (6.80)
58 (54-69) 60 (50-75) 59 (50-75)
Height 166.4 (6.23) 160.41 (8.75) 161.34 (8.60)
165 (159 — 175) 160 (140-175) 161.5 (140-175)
Systolic Blood Pressure 139.8 (19.14) 134.78 (20.52) 135.56 (20.09)
131 (118-160) 131 (98-184) 131 (98-184)
Diastolic Blood Pressure 82 (13.84) 73.81 (10.34) 75.09 (11.11)
83 (66—-100) 74 (48-95) 75 (48-100)
Heart Rate 79 (4.06) 78.89 (6.83) 7991 (6.42)
79 (75-84) 77 (68-90) 78 (68-90)
Random Blood Sugar 89.4 (5.50) 133.70 (39.46) 126.78 (39.71)
89 (83-98) 125 (72-232) 116 (72-232)
Number of Wounds
| Wound 5 (100%) 22 (81.48%) 27 (84.4%)
2 Wound - 2 (7.41%) 2 (6.25%)
3 Wound - 2 (741%) 2 (6.25%)
4 Wound - I (3.7%) I (3.1%)
Table 2 Wound Size Characteristics
Parametric Baseline Follow Up | Follow Up 2
Mean (SD) Med Mean (SD) Med Mean (SD) Med
(Min-Max) (Min-Max) (Min-Max)
Chronic Wound Due To DM (Jakarta) Width (in cm) 3.02 (2.20) 3.02 (2.20) 2.64 (2.11)
2.1 (0.5-6.0) 2.1 (0.5-6.0) 2 (0.5-6.0)
Number of Wound = 5 Length (in cm) 5.8 (4.22) 5.48 (4.36) 4.32 (4.31)
5 (2.5-13.0) 3.5 (2.5-13.0) 2.5 (1.8-12.0)
Area (in cm) 23.71 (31.39) 22.35 (31.60) 17.97 (30.32)
I1.55 (1.5-78) I1.55 (1.45-78) 6.0 (1.15-72)
Chronic Wound Due To Leprosy (Sitanala) Width (in cm) 1.66 (1.15) 1.23 (1.03) 0.99 (0.88)
1.15 (0.5-5.0) 1.0 (04.7) 0.7 (0-3.4)
Number of Wound = 36 Length (in cm) 1.94 (1.39) 1.5 (1.29) 1.28 (1.28)
1.15 (0.5-5.0) 1.0 (04.7) 0.9 (0-5.0)
Area (in cm) 4.32 (5.59) 2.75 (3.62) 2.06 (2.96)
1.28 (0.25-25.0) 1.0 (0-13.16) 0.5 (0-10.5)
All of the Chronic Wounds (Jakarta) Width (in cm) 1.83 (1.36) 1.44 (1.33) 1.19 (1.19)
1.3 (0.5-6.0) 1.0 (0-6.0) 0.8 (0-6.0)
Number of Wound = 41 Length (in cm) 2.41 (2.26) 1.99 (2.25) 1.65 (2.08)
1.60 (0.50-13.0) 1.2 (0-13) 1 (0-12)
Area (in cm) 6.69 (12.93) 5.14 (12.39) 4.00 (11.29)
2.21 (0.25-78) 1.2 (0-78) 1 (0-72)
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The Non-Parametric Wilcoxon Signed Ranks Test is applied to determine statistical significance. Length, width, and area
of the wound changed significantly between the baseline and the first follow-up (p-value 0.001), the baseline and the second
follow-up (p-value 0.001), and the first follow-up and the second follow-up (p-value 0.001) (Table 3 and Figures 1-3).

After one month of intervention, the trial concluded. During the intervention period and up to 2 months post-
intervention, SM-hUCMSC 0.1% applied topically caused no adverse effects (Figure 4).

Discussion

Stem cell therapy, with the main focus on the use of secretome, is a therapy that focuses on the physiology of injured
tissue that will release various growth factors and cytokines derived from stem cells. In vitro, the secretome from these
stem cells can be harvested in a medium called the conditioned medium. This therapeutic principle has been widely used
in the field of regenerative medicine, especially chronic wounds.*?

Several previous studies have shown that MSC has the potential to increase wound healing rates by accelerating
wound closure time.* In our previous study, we use secretomes from human umbilical cord mesenchymal stem cells
(SM-hUCMSC) with a hypoxic condition. We analyzed the levels of b-FGF and VEGF expression of MSC markers
detected by Flow Cytometry and Pro-Collagen 1 using ELISA; CCK-8 evaluated fibroblast cell viability. The potential of
MSC in vivo shows the process of basic fibroblast growth factor (b-FGF), vascular endothelial growth factor, and
chemokines in tissue repair models in murine hind limb ischemia. MSCs, through paracrine mechanisms, enable
interactions with various cells: immune cells, fibroblasts, endothelial cells, and other cells to modulate wound
healing.44 Further, in vitro studies have identified paracrine effects between MSC, local tissue cells, and various immune
cells that are regulated by secretion factors produced by MSC.* In vivo administration of MSC also shows the migration
of endothelial cells, macrophages, and reduction of effector T cells, which triggers angiogenic and regenerative processes
by MSC.*® After the first week of treatment, we saw in all of our cases that the color of the wound bed changed to pink,
proving the validity of the preceding statement. We hypothesized that the first action of this treatment is VEGF, which
induces neovascularisation and builds angiogenesis, allowing nutrition to be supplied again and facilitating the diapedesis
of inflammation cells, macrophages, and neutrophils, which remained impeded in the wound’s surrounding area.
Macrophages and neutrophils begin their role as bacteria-killing cells and decontaminate the injury site. Macrophages

Table 3 Changes in Chronic Wound Length, Width, and Area from the Beginning. The First
Week and the Second Week

Time Mean (SD) Med (Min-Max) | p-value

Changes in Wound Area on All Chronic Wounds

Baseline 6.69 (12.93) 221 (0.25-78)
Follow Up | 5.14 (12.39) 1.2 (0-78)
Follow Up 2 |  4.00 (11.29) I (0-72)

Changes in Wound Width on All Chronic Wounds

Baseline 1.83 (1.36) 1.3 (0.5-6.0)
Follow Up | .44 (1.33) 1.0 (0-6.0)
Follow Up 2 119 (1.19) 0.8 (0-6.0)

Changes in Wound Length on All Chronic Wounds

Baseline 241 (226) .60 (0.50-13.0)
Follow Up | 1.99 (2.25) 1.2 (0-13)
Follow Up 2 .65 (2.08) I (0-12)

Note: Black box in the table above indicates exclusion from comparative statistical analysis.
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Figure | Wound length from the beginning, first week, and second week for all chronic wounds.
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Figure 2 Wound width from the beginning, first week, and second week for all chronic wounds.
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Figure 3 Area changes for all chronic wounds beginning, first week, and second week.

Figure 4 Example of diabetic ulcer repair — before (left) and after intervention (right).

serve a vital role as phagocytic cells in wound healing. Enzymes like cytokines, tumor necrosis factor (TNF),
interleukins, and collagenase generated during phagocytosis have a role in removing foreign material and promoting
fibroblasts and angiogenesis. Secreted by macrophages, vascular endothelial growth factor (VEGF), and Platelet-derived
growth factor (PDGF) move granulation tissue from the proliferation phase to the tissue regeneration phase.;*’ In acute
wound healing, this may initiate a new phase of inflammation, however in chronic wound healing, loss of the first phase
of inflammation is one of the causes limiting wound healing. After the initial phase has begun, the following phase of
proliferation is more accessible (Figures 5 and 6).

MSC-CM contains many neurotrophic factors, which have various beneficial factors in modulating and inducing
vascularization and regeneration in the wound area, nerve repair, muscle, nerve, and skin regeneration by means of
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accelerating cell count increase, decreasing the incidence of post-inflammatory fibrosis and increasing fiber
organization.** The pus in the wounds was decreasing after the second weeks of treatment in our samples may show
the activities of Neutrophil factors in this study.

Previous studies have revealed that MSCs can affect the activation and proliferation of immune cells. In simple terms,
MSC regulates various' anti-inflammatory factors such as IL1 receptor antagonist (ILIRA), IL27, IL17E, IL12p70, IL10,
neurotrophin 3 (NT-3), ciliary neurotrophic factor (CNTF), IL18 binding protein (IL18-BP), interleukin (IL) 13 and all
growth factors such as tumor growth factor-1 (TGF-1);? pro-inflammatory such as IL9, IL8, IL6, and IL 1b. MSCs have
an important role to play in balancing levels of anti-inflammatory and pro-inflammatory cytokines. However, it is also
remarkable that MSC inhibits proinflammatory cytokines, such as interferon (IFN) and tumor necrosis factor (TNF),
while increasing the release of anti-inflammatory IL10.** Very interesting in this study, it seems anti-inflammation effects
in all of the patients showed significant rate decrease in erythema, edema, and pain after 2 weeks of treatment, of course,
this will impact their quality of life and suffering.

MSC also demonstrated the ability to enhance the healing process through extracellular matrix manipulation.>
Conditioned media (CM) of human cord blood MSC has been shown to inhibit the expression of matrix metalloprotei-
nase (MMP) —1, which functions to reduce the degradation of the collagen matrix and plays a role in fibroblast
regeneration.”® In the same study, this media played a role in wound healing through increased production of collagen
and elastin by fibroblasts. MSC derived from human adipose has been shown to improve wound healing rates in vitro,
and Lee et al showed that treatment with MSC significantly increased the proliferation of immortalized human
keratinocyte (HaCaT) cells and skin fibroblasts, which resulted in increased wound healing rates.”’ In our study, we
also found that the width, length is decreased, and also improving bed of wounds, means fibroblast regeneration and
epithelization were active in those cases. Assume that while VEGF maintains angiogenesis, bFGF in our gel attracts the
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fibroblast to work on the wound bed to crochet a granulation net. The rich pro-collagen content in our CM gel
additionally promotes granulation formation’s strength. Granulation production marks the end of the proliferative
phase of wound healing and the beginning of the maturation phase. After 2 weeks of process and progression toward
the maturity phase, granulation is now robust enough to sustain the wound’s closure. Because of this, we discontinued the
therapy, and now patients are taught how to manage their wounds on their own while under our supervision. We are also
happy to communicate with each of them if they still require our guidance, and we can also monitor the final results.
Stem cells have been utilized extensively, both externally and inside. Park et al discovered that ASC that secretes VEGF,
b-FGF, TGF-1, HGF, KGF, PDF, and type 1 collagen, when injected intradermally twice weekly, reduces face wrinkles
and skin thickness in 2 months.’ Kim et al tried to provide subcutaneous ASC injection for wrinkles induced by UB-B
radiation in mice and were found to release antiapoptotic factors, collagen synthesis, and fibroblasts, and were shown to
increase skin thickness and collagen bundles.>
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The main problem with the topical administration of stem cells is the mechanism by which cells can be integrated into
the wound.”® Stoff et al conducted a study by injecting concentrated human MSC (hMSC) into incisional wounds in
rabbit skin animal models. This study showed HMSC migrated from the injection site and crossed the dermal-epidermal
junction area of the wound on day 14 and had reached the intersection between the wound bed and the underlying fascia
on day 21. The results of this study prove that MSC can migrate directly through connective tissue. This study also shows
that the administration of MSC makes collagen fiber deposition more effective, more organized, and less likely to cause
scarring.>* We also support this finding that topical use of gel was significant, and wounds heal better after 2 weeks than
before treatment.

In this study, we modified 10% SM-hUCMSC gel as one of the solutions to this problem; it is important to pay
attention to the concentration of active substances, the quality of SM-hUCMSC, the base of products, stabilization
products, and the method and amount of application, as these variables can affect the efficacy of topical wound treatment.

We expect that this treatment will serve as an additional growth factor with therapeutic potential for persistent skin
ulcers. By applying gel containing 10% SM-hUCMSC to the wound twice a day for 2 weeks, as stated in the
aforementioned studies, we hypothesized that all active components are absorbed well, and all of the necessary base
ornament factors in wound healing steps are formed in 2 weeks; patients then continue treatment on their own. This novel
solution is designed to be simpler to administer, portable, inexpensive, effective, efficient, and beneficial. This study
provides positive data for the use of topical MSC in the treatment of persistent ulcers caused by diabetes or leprosy. It is
anticipated that this study will be continued into a Phase 3 clinical trial with improved research methods in order to

increase clinical evidence about the treatment of chronic ulcers.

Conclusions and Recommendations

It has been shown that a topical administration of secretome of human umbilical cord mesenchymal stem cells (SC-
hUCMSC) 10% can effectively promote wound healing, notably for chronic ulcers caused by diabetes and leprosy. This
is demonstrated by the significant reduction of the wound’s length, width, and area that occurred between the time of the
SM-hUCMSC intervention and the present. In phase 2 clinical research, the utilization of this technique was also
assessed for its level of safety; however, there was no evidence of either local or systemic adverse effects. We plan to do
more clinical testing (Phase 3) with larger samples and the use of control media, such as antibiotics or a placebo, in order
to expand the data foundation for using SM-hUCMSC topically to treat chronic ulcers. This will be done in order to treat

chronic ulcers.

Abbreviation

CM-hUCMSC, Conditioned Medium of Human Umbilical Cord Mesenchymal Stem Cells; ASC, Adipose-Derived
Stromal Cell; b-FGF, Basic Fibroblast Growth Factor; BM-SC, Bone Marrow Stem Cell; CCK-8, Cell Counting Kit-8;
CM, Conditioned Media; cm, Centimeter; CNTF, Ciliary Neurotrophic Factor; CTGF, Connective Tissue Growth Factor;
ECM, Extracellular Matrix; EGF, Epidermal Growth Factor; ELISA, The Enzyme-Linked Immunosorbent Assay; FGF,
Fibroblast Growth Factor; GM-CSF, Granulocyte-Macrophage Colony-Stimulating Factor; HaCaT, Human Keratinocyte;
HGF, Hepatocyte Growth Factor; hMSC, Human Mesenchymal Stem Cells; HTS, Hypertrophic Scars; hUC-MSC,
Human Umbilical Cord Mesenchymal Stem Cells; IFN, Interferon; IGF, Insulin-Like Growth Factor; IGFBP, Insulin-
Like Growth Factor Binding Protein; IL, Interleukin; IL18-BP, IL18 binding protein; ILIRA, IL1 receptor antagonist;
Kg, Kilogram; KGF, Keratinocyte Growth Factor; MMP, Matrix Metalloproteinase; MSC, Mesenchymal Stem Cells; NT-
3, Neurotrophin 3; PDGF, Platelet-Derived Growth Factor; PGF, Placental Growth Factor; PT SST, Perseroan Terbatas
Sukma Skin Treatment; RCT, Randomized Controlled Trial; SC-hUCMSC, Secretome of Human Umbilical Cord
Mesenchymal Stem Cells; SC-PWJSC, Secretome From Placental Wharton Jelly Stem Cell; TGF-1, Tumor Growth
Factor-1; TNF, Tumor Necrosis Factor; UTHREC, Universitas Tarumanagara Human Research Ethics Committee;
VEGF, Vascular Endothelial Growth Factor; WHO, World Health Organization; a-SMA, Alpha-Smooth Muscle.
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