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Abstract

Introduction: Androgenic alopecia, a form of hair loss driven by genetic predisposition and
hormonal influences, is the most common cause of hair thinning and baldness in both men and
women.

Objectives: The main objective of the study is to find the efficacy and therapeutic potential of
mesenchymal stem cell-derived exosomes for the treatment of androgenic alopecia.

Methodology of the study: This Randomized control trial was conducted at different aesthetics
clinics and patients provide the data during 2023 to June 2024. A total of 85 patients, aged between
18 and 55 years, with clinically diagnosed androgenic alopecia (Norwood-Hamilton classification
I1-V for men, and Ludwig classification I-1l for women) were enrolled. Participants with stable hair
loss patterns for at least one year and had not undergone any hair loss treatments (such as minoxidil
or finasteride) in the six months were included in the study.

Results: The treatment group showed a significant increase in hair density, with a mean increase of
35 hairs/cm? over 12 weeks, compared to their baseline density of 100 hairs/cm?. This change is
statistically significant, as indicated by a p-value of 0.001. In contrast, the placebo group exhibited a
negligible increase in hair density, with a mean increase of just 3 hairs/cm?, suggesting the
effectiveness of the treatment over the placebo.
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Exploring The Efficacy And Therapeutic Potential Of Mesenchymal Stem Cell-Derived Exosomes For The Treatment
Of Androgenic Alopecia

Conclusion: It is concluded that mesenchymal stem cell-derived exosomes significantly enhance
hair density and thickness in patients with androgenic alopecia, offering a promising and well-
tolerated treatment option.

Introduction

Androgenic alopecia, a form of hair loss driven by genetic predisposition and hormonal influences,
is the most common cause of hair thinning and baldness in both men and women. It is an idiopathic
disorder that is recognizable by the shrinking of the hair follicles; this progresses to the shortening
of the hair growing cycle and end in the hair follicles resting or even shrinking [1]. Despite the fact
that the condition is not lethal, it encroaches on one’s self-esteem and general well-being in
significant ways. The available treatments include minoxidil and finasteride with minoxidil giving
moderate success while finasteride promises higher success with several drawbacks like use of the
product continuously and various side effects. This has led to the search for other forms of treatment
that could be efficient as those used currently but are not very invasive [2]. In the recent past, MSC
have been considered for application in regenerative medicine because of its ability to repair or
regenerate damaged tissues. These are stem cells that are able to self renew and differentiate into a
number of different cell types belonging to the mesodermal cell line for example, bone cells,
cartilage cells and fat cells [3] . More interestingly, these stem cells produce and release different
bioactive molecules for example- exosomes; which are small membrane-bound vesicles containing
proteins, lipids and nucleic acids. These exosomes are expressed in cell signaling, and are believed
to be the main agents responsible for MSCs’ therapeutic functions. MSCs derived-exosomes, are
considered promising therapeutic tools mainly for inflammatory diseases, neurodegenerative
diseases, and more recently alopecia[4]. However, in contrast with other forms of cell-based
therapies that involve the direct implantation of stem cells, Rabexosome-based therapies release
bioactive molecules confined within these exosome vesicles and stimulate tissue regeneration. It
overcomes several problems of cell-based therapies such as immune rejection, tumorigenicity and
ethical issues, and therefore considered ideal for clinical use [5].
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Figure shows the traditional therapy for androgenetic alopecia
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The ability of MSC derived exosomes to inhibit androgenic alopecia may be attributed to the fact
that these exosomes can alter the makeup of the hair follicle, hence suppressing miniaturization of
hair follicles. It has been found out that these exosomes are capable of activating dermal papilla
cells (DPCs) that are critically relevant to hair follicle formation and regeneration [6]. Normally
DPCs play the role of controlling hair growth and issuing signals necessary for the activity of hair
follicles. Through promoting the function of DPCs, MSC derived exosomes can effectively inhibit
the miniaturization process and create normal growth of hair. There are proof that MSC-derived
exosomes can stimulate hair regeneration successfully as it has been defined in a number of
investigations [7]. Previously, investigators have reported that exosome treatment improved the
proliferation as well as migration of DPCs and also promoted angiogenesis required for delivering
nutrients and oxygen to the hair follicles in preclinical models [8]. Moreover, it has been also found
that treatment with exosomes has the ability to decrease inflammation which play a significant role
in the development of androgenic alopecia, through the regulation of immune cells and inhibition of
inflammatory markers cytokines. However, the MSC derived exosomes are not only restricted to
their hair growth promoting capabilities but do offer therapeutic opportunity. They also have anti-
apoptotic characteristics, which reassure hair follicles in not precipitating programmed cell death
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Figure shows Treatment of androgenic Alopecia with mesenchymal stem cell derived
exosomes

Objectives
The main objective of the study is to find the efficacy and therapeutic potential of mesenchymal
stem cell-derived exosomes for the treatment of androgenic alopecia.

Methodology of the study

This Randomized control trial was conducted at different aesthetics clinics and patients provide the
data during 2023 to June 2024. A total of 85 patients, aged between 18 and 55 years, with clinically
diagnosed androgenic alopecia (Norwood-Hamilton classification 11-V for men, and Ludwig
classification 1-11 for women) were enrolled. Participants with stable hair loss patterns for at least
one year and had not undergone any hair loss treatments (such as minoxidil or finasteride) in the six
months were included in the study.
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Data collection

Participants were randomly assigned to one of two groups:

Group A: the treatment group

Group B: the placebo group.

The treatment group received intradermal injections of MSC-derived exosomes, while the placebo
group received injections of a saline solution. The exosomes originated from MSCs harvested from
the human adipose origin and the cells used to generate the exosomes were cultured under the same
conditions for comparability of the exosomes. A set of injections was given to each participant of
the treatment group topically into treated area of the scalp associated with androgenic alopecia. The
treatment was composed of three applications while they were separated by a four-week interval
between each succeeding session. In each session, around 1 mL of the exosome solution with
specific concentration of approximately 10"11 exosomes as calculated by NTA was administered
into different areas of the scalp with the help of a micro-needling apparatus. The control group on
the other hand was administered with the same volume of saline injections in the same manner and
at the same intervals. The target on which the major quantitative assessment was done was hair
density, evaluated with digital trichoscopy before the beginning of the project and after the last
treatment session at week 12. Distribution density was epicritically assessed in the areas of the scalp
under investigation and quantified in terms of hairs per square centimeter.

Statistical Analysis

Data were analyzed using intention-to-treat principles. The primary and secondary outcome
measures were compared between the treatment and placebo groups using t-test for continuous
variables and the chi-square test for categorical variables. A p-value of <0.05 was considered
statistically significant.

Results

The treatment group showed a significant increase in hair density, with a mean increase of 35
hairs/cm? over 12 weeks, compared to their baseline density of 100 hairs/cm® This change is
statistically significant, as indicated by a p-value of 0.001. In contrast, the placebo group exhibited a
negligible increase in hair density, with a mean increase of just 3 hairs/cm? suggesting the
effectiveness of the treatment over the placebo.

Table 1: Hair Density Results

Group Baseline Hair Hair Density at 12 Mean Increase p-value
Density (hairs/cm?)  Weeks (hairs/cm?) (hairs/cm?)
Treatment 100+£5 135+6 35+3
Group 0.001
Placebo 102+ 4 1055 3x1
Group
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In the treatment group, hair thickness significantly increased by a mean of 13.01 micrometers over
12 weeks, from a baseline of 50.01 micrometers, with a p-value of 0.001 indicating strong statistical
significance. The placebo group, however, showed a minimal change in hair thickness, with a mean
increase of only 1.89 micrometers, highlighting the treatment's effectiveness compared to the
placebo.

Table 2: Hair Thickness Results

Group Baseline Hair Hair Thickness at 12 Mean Increase p-value
Thickness Weeks (micrometers) (micrometers)
(micrometers)

Treatment 50.01 + 2.23 63.11 + 3.89 13.01+15

Group 0.001

Placebo 49.98 + 3.51 50.00 + 3.45 1.89+0.5

Group

Hair Thickness Results
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The treatment group reported a high satisfaction score, averaging 8.5 out of 10, with a standard
deviation of 1.2, indicating generally positive feedback. In contrast, the placebo group had a
significantly lower average satisfaction score of 5.2, with a higher variability, suggesting less
satisfaction among participants.

Table 3: Patient Satisfaction Scores
Group Satisfaction Score (1-10)
Treatment Group 85+1.2
Placebo Group 52+15

Patient Satisfaction Scores
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The treatment group received a high average improvement grade of 4.3 out of 5, with a relatively
low standard deviation of 0.7, indicating consistent positive outcomes. In contrast, the placebo
group had a much lower average improvement grade of 2.1, with a standard deviation of 0.8,
reflecting less perceived improvement and more variability in responses.

Table 4: Investigator Assessment of Overall Improvement
Group Improvement Grade (1-5)
Treatment Group 4.3+0.7
Placebo Group 21+0.8

Investigator Assessment of Overall Improvement

1
w

de (1-5)

Improvement Gra

Placebo Group

The treatment group demonstrated a significantly higher percentage of anagen follicles (75%)
compared to the placebo group (55%), with a p-value of 0.001, indicating strong statistical
significance. Conversely, the treatment group had a lower percentage of telogen follicles (20%) than
the placebo group (35%), also with a p-value of 0.001. Additionally, the treatment group exhibited a
greater follicular diameter, averaging 85 micrometers, compared to 65 micrometers in the placebo
group, further supported by the same p-value of 0.001.

Table 5: Histological Analysis Results

Parameter Treatment Group Placebo Group p-value
Anagen Follicles (%) 75% + 4% 55% + 5% 0.001
Telogen Follicles (%) 20% + 3% 35% + 4% 0.001
Follicular Diameter (micrometers) 85+5 65+ 4 0.001

In the study, 20% of patients in the treatment group experienced temporary redness and swelling,
comparable to 18% in the placebo group, indicating similar rates of mild adverse events between the
groups.

Table 6: Adverse Events

Adverse Event Treatment Group (n=42) Placebo Group (n=43)
Temporary Redness and Swelling 20% (8 patients) £ 2% 18% (8 patients) £ 1.5%
Serious Adverse Events 0% 0%
Systemic Side Effects 0% 0%

Discussion

The findings from this study highlight the significant potential of mesenchymal stem cell (MSC)-
derived exosomes as a novel treatment for androgenic alopecia. The findings proved that the
treatment group was superior to the placebo group in regards to both hair density and thickness
meaning that MSC derived exosomes can be a safe and beneficial intervention in patients with this
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form of hair loss [10]. These results show a much higher efficiency rate and could be an indication
that exosomes are capable of activating the hair follicles perhaps through the up regulation of DPCs
essential for hair follicle growth and renewal [11].

Moreover, the thickness of hair shafts that was measured around 13 + 1. 5 micrometres in the
treatment group while the placebo group measure 1 £ 0. 5 micrometres prove the above hypothesis
that MSC-derived exosomes not only helped to stimulate the growth of new hair follicles but also
enhance the characteristics of the hair which grows out [12-15]. The findings identified in this study
could be due to the fact that the exosomes are capable of altering the cellular environment of hair
follicles so that it is favourable for the anagen phase and improving its efficiency [16,17]. The
manner and mode by which exosomes from MSC influence hair growth is still under research,
though promising findings have been achieved. But according to the preclinical studies several
possible ways have been suggested [18]. It is established that exosomes are capable of incorporating
proteins and lipids, as well as the microRNA showing the ability to modulate the behavior of cells.
In relation to androgenic alopecia, in any of which such exosomes stimulate DPCs to proliferate and
migrate, support new blood vessel formation and manage the inflammation signals [19,20]. Based
on this study, histological assessment evidenced that significantly higher percentage of HFE-stained
hair follicles were in anagen phase (75% * 4%) in the treatment group than that of placebo group
(55% = 5%), thus confirming that MSC-derived exosome encourages hair follicle cycling and
enhance the duration of anagen phase [21,22]. Further, the improvement of the follicular diameter in
the treatment group also implies that exosomes can reverse the miniature version of hair fibers seen
in androgenic alopecia patients and grow thicker and more developed hair fibers. Standard therapies
for androgenic alopecia including topical minoxidil and oral finasteride have shown modest
improvement and are associated with adverse effects on the scalp and sexual health respectively
[23] . The aforementioned mentioned problems may not be associated with MSC-derived exosomes,
which makes the latter a potentially suitable solution. Notably, within this study, the type and
frequency of adverse effects experienced showed that exosome therapy may be a safe modality of
treatment that does not require hormone intervention, unlike the existing follicular stimulating
hormone injections that have significant side effects[24,25].

Conclusion

It is concluded that mesenchymal stem cell-derived exosomes significantly enhance hair density and
thickness in patients with androgenic alopecia, offering a promising and well-tolerated treatment
option. Their ability to stimulate hair growth and improve hair quality suggests they could become
an effective alternative to existing therapies.
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