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Objectives: To assess the effectiveness of adipocyte-derived mesenchymal stem cells-conditioned media (ADSC-CM) formulation in
telogen effluvium patients.

Methods: A retrospective cohort study was conducted at a dermatology clinic in Jeddah, Saudi Arabia. The study included 50
consecutive patients aged 2070 years, who were diagnosed with telogen effluvium. All patients received five monthly sessions of the
same commercial ADSC-CM formulation, using a standardized application protocol. Pre- and post-intervention changes in trichometry
parameters were analyzed.

Results: There was a significant increase in mean hair density (up to 29.01 hair/cm?; effect size 0.7-1.0), cumulative hair thickness
(up to 2.67 units; effect size 0.7-1.4), and the number of follicular hair units (up to 19.96%; effect size 1.0-1.3) in all scalp regions
(p < 0.001), associated with a decrease in mean trichometry-derived Sinclair scale by 0.8—1.3 (p < 0.001). Positive outcomes were
observed in 70%-92% of the patients depending on the parameter and scalp region. There was no impact of the patient’s age on
ADSC-CM efficacy.

Conclusion: ADSC-CM was successfully applied as a new treatment option for patients with telogen effluvium. These findings
provide another therapeutic and research area for dermatologists to optimize the management of telogen effluvium and reduce its
impact on patients.

Plain Language Summary: Hair loss can be a distressing experience. Telogen effluvium, a common type of hair loss, was the focus
of a study in Saudi Arabia. The goal? To see if a new treatment using a mixture of cytokines, growth factors, and proteins from fat cell-
derived stem cells (known as ADSC-CM) could help.

The researchers worked with 50 people aged between 20 and 70, all of whom were experiencing telogen effluvium. The treatment
involved five monthly sessions of the ADSC-CM product. The team measured aspects of hair growth before and after the treatment.

What did they find? Encouraging signs! Hair density and thickness significantly improved across the scalp. Additionally, the
severity of the hair loss condition was reduced. Between 70% and 92% of people saw positive changes depending on the area of the
scalp and the specific measurement.

The exciting part is that the age of the person did not affect how well the treatment worked. This suggests it could benefit a wide
range of people.

In a nutshell, this study suggests ADSC-CM may be a new and effective way to help people experiencing telogen effluvium. More
research is needed, but it is a promising avenue for dermatologists to explore and could potentially help reduce the impact of hair loss
on people’s lives.
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Introduction
Telogen effluvium (TE) is characterized by an abnormal behavior of hair follicles under stress, where follicles in the
growing stage (anagen phase) are prematurely transformed into the resting stage (telogen phase), leading to temporary

hair loss.! Clinically, TE presents as a diffuse, non-scarring alopecia that occurs 2—3 months after a stressful event acting
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as a triggering factor, and typically lasts less than 6 months except in chronic forms.> A range of physical or
psychological stressors can trigger TE.? Although TE affects both genders, women tend to be more susceptible and
anxious to this condition.’

Epidemiological data of TE are limited. However, in clinical settings, it is recognized as one of the most common
causes of diffuse alopecia among adults.”> Regarding pathogenesis, TE is believed to possess several pathogenic types that
involve perturbations of the follicular cycle at different stages.”

Despite that acute TE is usually self-limited, the identification or exclusion of triggering factors is essential to prevent
progression to chronic, more difficult to manage forms.> Therefore, the first-line management is to identify and manage
the underlying cause.®’ Besides, there are no current US FDA approved treatments, and only a few drugs have
demonstrated their efficacy, all being used off-label.® These include topical and oral minoxidil, corticosteroids, and
CNPDA (caffeine, niacinamide, panthenol, dimethicone and an acrylate polymer).>®° Nevertheless, these therapeutic
modalities have efficacy limitations and significant side effects.'® Platelet-rich plasma (PRP) aiming to improve the
angiogenesis and to reduce the inflammation could be useful in managing acute/chronic TE triggered by COVID-19 or its
psychological consequences, but there are no published studies on the use of PRP for TE to date.'"

Recently, adipocyte-derived mesenchymal stem cells-conditioned media (ADSC-CM) have attracted the attention as
a hair regeneration therapy.'? These molecules, based on a mixture of cytokines, growth factors, and other proteins
secreted by adipose-derived mesenchymal cells, have been demonstrated to promote the proliferation of hair follicle
cells.”> " Recent clinical studies reported encouraging results for treating alopecia with adipose-derived stem cell
(ADSCs) extracts.'>'*!5 These results are mostly obtained from patients affected by androgenetic alopecia.'®

However, the benefits of ADSC-CM in TE have not been investigated in previous studies. Hence, the present study
assessed the efficacy of a commercialized ADSC-CM formulation in TE by measuring the subsequent changes in
trichometry parameters, and analyzed the effect of the patient’s age and TE type on the therapeutic response.

Materials and Methods
Design and Setting

A retrospective cohort study was conducted at the author’s dermatology clinic in Jeddah, Saudi Arabia, between
August 2020 and December 2021.

Population

We included 50 consecutive patients aged 18—65 years, who were diagnosed with TE at the clinic, and who received five
monthly sessions of ADSC-CM during the study period. We excluded patients who had one of the following conditions:
another adjacent hair or scalp disease; any hair treatments or procedures in the past six months; active cancer; previous
radiotherapy or chemotherapy; other causes of hair loss including scarring and other non-scarring alopecia such as
androgenetic alopecia, alopecia areata, and trichotillomania.

Case Definition

TE was diagnosed based on a detailed history including identification of triggering factors, physical examination
including a positive hair pull test, clinical photography, and confirmed by trichoscopy;'’ noting that a negative hair
pull test does not exclude the diagnosis.* Hair pull test may also be negative in chronic TE."® On trichoscopy, TE can
show the presence of empty follicles and numerous short regrowing hairs of normal thickness. These findings are usually
diffuse and include the occipital area. Furthermore, TE is sometimes a diagnosis of exclusion on trichoscopy.

ADSC-CM Procedure

All included patients underwent five sessions of ADSC-CM with a one-month interval between each two consecutive
sessions. The efficacy and potential adverse effects of ADSC-CM were explained to the patients, who signed a written
consent. All patients received the same commercial ADSC-CM formulation, namely Advanced Adipose-derived stem
cell Protein Extract (AAPE®) (Prostemics Co., Ltd., Seoul, South Korea). The scalp area was gently cleansed prior to the
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application of 3 mL of the ADSC-CM solution with an automated microneedling device (Dermapen, USA) at 1.0-mm
depth throughout the scalp. No topical or intralesional anesthesia was needed.

Trichometric Examination

Trichometry parameters for the participants were determined using trichoscopic images captured with a Medicam 800
computerized video dermatoscope (FotoFinder Systems GmbH, Bad Birnbach, Germany), in conjunction with Tricholab
digital image analysis (TrichoLAB, Warsaw, Poland). For each participant, one image was acquired at 20x magnification
and four additional images at 70x magnification; these were captured from both the frontal midline and occipital midline
regions. This standardized image acquisition protocol ensured consistent and reliable measurements of trichometry
parameters throughout the study population.

Data Collection

Relevant data was extracted on an Excel sheet from the patient medical records. These included age and gender and pre-
and post-treatment trichometry findings for all three scalp regions (frontal, temporal and occipital). Trichometry
parameters included hair density (N/cm2), average hair shaft thickness (AHST), percentage of thin (<30um), medium
(30-50um), and thick (>50pum) hairs, cumulative hair thickness (CHT, mm/cm?), number of follicular units (NFU, %),
and trichometry-derived Sinclair scale (TDSS).

Outcome Definition

Trichometry was performed at baseline and one month following the last session of ADSC-CM. Trichometry parameters
were divided into two subgroups: positive and negative parameters. Positive parameters consisted of those for which an
increase indicates favorable response; these include: hair density; AHST; % thick hair; cumulative hair thickness; and
number of follicular units. Negative parameters consisted of those for which a decrease indicates favorable response;
these include: % thin hair; % medium hair; and derived Sinclair grade. For each parameter, we calculated an absolute and
adjusted relative change, as follows:

1) Absolute change: was calculated using the following formula:

Absolute Change (X)=x; — X

2) Adjusted relative change: defined as the percentage change from pre- to post-intervention time with reference to
the population’s baseline mean, is calculated by the formula:

Adjusted relative Change (X) = 100 * (x; — Xo)/ (Mean X)

Where X: the given parameter; X,: pre-intervention level of X; x;: post-intervention level of X; Mean X: the pre-
intervention population mean of X.

Statistical Methods

Data were analyzed using the Statistical Package for Social Sciences version 21.0 for Windows (SPSS Inc., Chicago, IL,
USA). Descriptive statistics were used to summarize the study variables, both in pre- and post-intervention times. Pre-to-
post changes in trichometry parameters were analyzed using paired #-test, with calculation of the mean absolute change
and the effect size using Cohen’s D method. Favorable response rate was calculated as the percentage of participants who
had a favorable response to a given parameter, by scalp region. Likewise, mean absolute changes and mean adjusted
relative changes were calculated among favorable responders for each parameter, by scalp region. The effect of age was
explored using Pearson’s correlation between age and absolute change of each parameter separately. The effect of TE
type, secondary versus idiopathic, was analyzed by comparing the mean absolute change of each parameter between the
two types using Mann-Whitney U test. A p-value of <0.05 was considered to reject the null hypothesis.
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Ethical Considerations

The present study was designed and conducted in compliance with the standard international ethical principles and in
accordance with the Declaration of Helsinki. The study protocol was ethically approved by the Bioethics Committee of
Scientific and Medical Research of the University of Jeddah (Ref#UJ-REC-071). It is a standard practice in our clinic to
obtain written informed consent from all patients. This consent specifically permits the use of participants’ clinical data
for future research activities, ensuring the principles of anonymity, privacy, and autonomy of the individual participants.

All consent procedures in this study were conducted in accordance with ethical guidelines and regulations.

Results

Participant’s Characteristics

Majority of the patients were females (96.0%). The mean (SD) age was 37.40 (19.95) years (range 20-70 years).
Secondary and idiopathic TE were found in 25 patients each. Anemia (24.0%) and hormonal disorders (26.0%) were the
most frequent triggering factors of TE (Table 1).

Pre- and Post-Intervention Trichometry Findings
We observed a significant increase in mean hair density (up to 29.06 hair/cm?), CHT (up to 2.67 mm/cm?), and number
of follicular hair units (up to 18.96%) with large effect sizes in all three scalp regions (p < 0.001). We further observed
a decrease in the mean TDSS by 0.21-0.36 (effect size 0.8—1.3), depending on the scalp region (p < 0.001). Several other
parameters showed improvement, such as an increase in AHST and thick hair and decrease in thin hair; however, these
were of small effect size and did not concern all scalp regions (Table 2, Figure 1).

Figure 2 shows the clinical photography of a 39-year-old female patient before and after ADSC-CM, where we note
an aesthetic improvement of the midline and bitemporal areas. Figure 3 shows the trichometry images and parameters of
the same patient in pre- versus post ADSC-CM.

Table | Baseline Demographic and Clinical Parameters (N = 50)

Parameter Level Frequency Percentage
Gender Male 2 4.0
Female 48 96.0
Age at intervention (years) | Mean, SD 37.40 10.95
Range 20 70
Type of telogen effluvium Secondary 25 50.0
Idiopathic 25 50.0
Cause Hormonal 12 24.0
Anemia 13 26.0
Weight loss 3 6.0
Recent surgery 4 8.0
Thyroid dysfunction 2 4.0
No. causes by patient None 25 50.0
| 17 34.0
2 7 14.0
3 | 2.0

Note: Values are frequencies, percentages, except if otherwise specified.
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Table 2 Pre- and Post-Intervention Trichometry Findings by Scalp Region (Intrasubject Analysis)

Parameter (Unit) Scalp Region Baseline Outcome Mean Absolute Effect Size p-value
Change (Cohen’s D)

Mean SD Mean SD

Positive parameters

Hair density (N/cm?) Frontal 19446 | 46.38 | 214.98 | 47.17 20.52 0.7 <0.001*
Temporal 134.00 | 28.79 | 154.96 | 34.65 20.96 0.8 <0.001*
Occipital 188.00 | 41.61 | 217.06 | 46.46 29.06 1.0 <0.001*
Average hair shaft thickness (um) Frontal 67.10 7.12 68.40 7.53 1.30 0.2 0.090
Temporal 63.34 8.05 66.06 7.28 2.72 0.5 <0.001*
Occipital 63.14 6.59 67.12 5.92 3.98 0.8 <0.001*
% thick hair Frontal 7826 | 1043 | 93.10 | 96.27 14.84 0.2 0.285
Temporal 7386 | 1294 | 77.00 | 12.05 3.14 0.3 0.025*
Occipital 7606 | 11.45 | 80.20 | 12.54 4.14 0.3 0.046*
Cumulative hair thickness (mm/cm?) | Frontal 12.95 293 14.64 3.19 1.69 0.7 <0.001*
Temporal 842 1.76 10.16 231 1.75 1.0 <0.001*
Occipital 11.80 2,62 14.47 2.79 2.67 1.4 <0.001*
No. follicular unit (%) Frontal 86.22 | 12.78 | 105.18 | 18.74 18.96 1.3 <0.001*
Temporal 6340 | I1.57 | 76.78 | 16.76 13.38 1.0 <0.001*
Occipital 7456 | 12.72 | 89.96 | 14.45 15.40 1.0 <0.001*

Negative parameters

% thin hair Frontal 5.20 4.65 4.14 433 —-1.06 0.2 0.100
Temporal 8.08 6.96 6.20 6.19 —-1.88 0.3 0.052
Occipital 4.88 4.68 238 2.05 -2.50 0.6 <0.001*

% medium hair Frontal 16.58 7.67 16.36 7.15 -0.22 0.0 0.826
Temporal 18.02 8.54 16.88 7.66 —-1.14 0.2 0.277
Occipital 19.16 8.38 15.84 6.18 —-3.32 0.5 0.001*

Trichometry-Derived Sinclair scale Frontal 2.0l 0.40 1.79 0.38 -0.21 0.8 <0.001*
Temporal 2.73 0.38 242 0.38 -0.31 1.0 <0.001*
Occipital 2.17 0.37 1.81 0.34 —-0.36 1.3 <0.001*

Notes: Test used: Paired t-test; *Statistically significant result (p<0.05). Effect size interpretation: Small (Cohen’s d 2 0.2), medium (20.5), large (20.8).

Favorable Response Rate and Extents of Change Among Responders

ADSC-CM resulted in a high percentage of responders notably for hair density (78-84%), CHT (78-92%), NFU (80—
90%), and TDSS (70-88%), depending on the scalp region. The response rates as well as the mean absolute and adjusted
relative changes for each parameter by scalp region for responders are depicted in Table 3.

Effect of Age

No significant correlation was found between age and any of the parameters’ absolute change (Pearson’s correlation
r = —0.265 to 0.165, p > 0.05), implying that the extent of improvement is not correlated to patient’s age (Results
not presented in Tables).

Effect of Telogen Effluvium

Likewise, we observed no significant difference in the absolute change of any of the parameters between secondary and
idiopathic TE (p > 0.05); except for thin hair (%) in the occipital region, where there was a significant decrease in secondary
TE (median absolute change = —3.0; IQR = 4.50) compared with idiopathic TE (0.0 [3.50]) (p = 0.008) (Table 4).

Stem Cells and Cloning: Advances and Applications 2023:16 htps: 8l

Dove!


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

Zari

Dovepress

Frontal Derived Sinclair Grade
; 30+ 25 (p<0.001)
£
£
207
2.0
$5
>E
° s 107
= c 157
3 ©
> o
G2 19 =
o
L 1.3
-16.2
1.0
]
Q.
»  -107
< 0.5
-2U T T T I T T T
Hair density AHST  %Thin hair %Mid hair %Thick hair Cumulative N. follicular
hair units
thickness 0.0~
Baseline  After treatment
Temporal Derived Sinclair Grade
2 a0 . (p<0.001)
©
"
©
k-]
8
8 20
c
o
Qe
3
2E 2.0
-°g 107
DS c
3 g
52 =
]
» 2 o
-18.5 -5.6
‘- 1.0
> 10
<
20 T T T T T T T
Hair density AHST ~ %Thin hair %Mid hair %Thick hair CumhulativeNo. follicular
air units
thickness 0.0~
Baseline  After treatment
Occipital Derived Sinclair Grade
= 407 2.5 (p<0.001)
<
L
207
2.0
w C
22
)
5 14 79
g c 1.57
L] ©
E a [
g =
P 20
1.0
2
»  -40-]
< 0.57]
-60 T T T T T T T
Hair density AHST  %Thin hair %Mid hair %Thick hair Cumulative ~ No.
hair follicular
thickness  units 0.0~
Baseline  After treatment

Figure | Change in hair growth indicators, by scalp region, in patients with telogen effluvium after treatment with ADSC-CM. Left panels show the adjusted relative %
change of the 5 positive (green bars) and 2 negative (Orange bars) parameters, where the bar height represents the percentage change in the given parameter by reference
to the population baseline mean. Right panels (in blue) show the mean derived Sinclair grade in baseline versus after treatment with ADSC-CM. Panels are organized by scalp
region, including frontal (upper), temporal (middle), and occipital (lower) region.
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Before

After

Figure 2 Pre- and post ADSC-CM clinical photography of a 39-year-old female patient showing an aesthetic improvement of the midline and bitemporal areas. The figures
have been used with written consent of the patient.

Pre- intervention Post-intervention
3 - ‘
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Occipital V / q =1

area

// ' 4 '/ /l, - | \ \ \ U
Frontal area Temporal area Occipital area
Parameter
Pre Post Pre Post Pre Post

Average number of hairs [N/cm2]: 130 164 101 121 151 155
Average hair shaft thickness [um]: 81 83 85 76 85 81
Thin (< 30 ym) hairs [%]: 0 3 0 1 1 0
Mid (30 - 50 pm) hairs [%]: 0 10 7 7 2 1
Thick (> 50 pm) hairs [%]: 100 87 93 92 96 99
Single follicular units [%]: 22 52 33 27 13 42
Double follicular units [%]: 56 39 53 56 70 51
Triple and bigger follicular units [%]: 22 9 13 17 18 7
Cumulative hair thickness [mm/cm2]: 10.5 13.5 8.6 9.2 12.9 12.6
Number of follicular units [N/cm2]: 66 104 55 65 74 94
Derived Sinclair Scale: 23 1.9 27 2.5 2 2

Figure 3 Pre- and post ADSC-CM trichometry of a 39-year-old female patient with telogen effluvium.

Discussion

Summary of the Findings

This is the first study providing clinical evidence of the efficacy of ADSC-CM in TE. The 5-month course of topical
scalp application of a commercial ADSC-CM solution, with an automated microneedling device, induced considerable
diffuse improvements in all trichoscopy parameters, notably hair density (up to 29 hairs/cm®), CHT (up to 2.7 mm/cm?)
and NFU (up to 19%), with large effect size (Cohen’s D 0.7—1.4). This resulted in a decrease of 0.21-0.36 (mean absolute
change) of TDSS depending on the scalp region. These positive results were observed in majority of the patients with
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Table 3 Favorable Response Rate by Trichometry Parameter and Extent of Change Among Responders

Parameter (Unit) Scalp Region Favorable Mean Absolute Mean Adjusted
Response Rate (%) Change (Unit) Relative Change (%)
Hair density (N/cm?) Frontal 78.0 31.10 15.21
Temporal 80.0 28.60 20.32
Occipital 84.0 37.12 18.73
Average hair shaft thickness (um) Frontal 58.0 4.69 6.92
Temporal 64.0 5.66 9.07
Occipital 72.0 6.19 9.69
% thick hair Frontal 52.0 34.00 42.58
Temporal 60.0 8.67 12.20
Occipital 74.0 8.78 11.40
Cumulative hair thickness (mm/cm?) Frontal 78.0 2.45 17.88
Temporal 82.0 221 25.22
Occipital 92.0 2.95 23.53
No. follicular unit (%) Frontal 90.0 21.91 24.53
Temporal 84.0 17.42 26.71
Occipital 80.0 20.68 27.58
% thin hair’ Frontal 50.0 —4.28 —68.82
Temporal 52.0 —6.62 =7191
Occipital 68.0 —4.32 -92.75
% medium hair® Frontal 46.0 —6.00 —39.83
Temporal 48.0 -6.79 —37.62
Occipital 62.0 —7.45 —40.46
Trichometry-Derived Sinclair scale’ Frontal 70.0 —0.35 —18.16
Temporal 78.0 -0.42 —15.64
Occipital 88.0 —0.42 —20.53

Notes: Adjusted relative change is calculated as the absolute mean change divided by the baseline population mean, and is expressed as percentage. It provides an
indication for the % change weighed by the parameter average at baseline population. *Favorable evolution is indicated by decrease; otherwise, increase is considered
favorable outcome. All results are statistically significant (p<0.05).

a response rate ranging between 70% and 92% depending on the parameter and scalp region. Moreover, the efficacy of
ADSC-CM was not impacted by age or TE type.

Evidence of ADSC-Based Therapy Efficacy in Different Types of Alopecia
Although there is no data in the literature regarding the clinical efficacy of ADSC-CM in TE, there is growing evidence
supporting the utility of ADSC-based therapies in improving different hair loss disorders. In a study involving 40 patients
with alopecia, scalp intradermal injections of ADSC-CM were associated with significant increase in hair density and
anagen hair rate.'” Fukuoka et al performed several studies using ADSC-CM as treatment for alopecia and reported
a remarkable efficacy with convenience and tolerance.'?'*'> Tak et al conducted a randomized controlled trial to
determine the efficacy of a 16-week self-application of topical ADSC constituent extract in 38 patients. Authors observed
remarkably improved hair count (28.1% vs 7.1%) along with improvement of hair thickness (14.2% vs 6.3%) in the
intervention group when compared with the control group, respectively.?’ Similarly, a study conducted by Shin et al in 27
female patients with pattern hair loss treated with ADSC-CM for 12 weeks showed an increase of 16.4% and 11.3% in
the mean hair density and mean hair thickness, respectively.”'

Other researchers used ADSC-based therapies to boost the effect of other therapeutic procedures. Zanzottera et al
used ADSC and growth factors after hair transplantation, which accelerated the healing of the micro-wounds (after only 2
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Table 4 Comparison of the Absolute Change in Trichometry Parameters Between |diopathic and Secondary Telogen
Effluvium After Treatment with ADSC-CM

Parameter (Unit) Scalp Region Idiopathic Secondary p-value
Median IQR Median IQR
Hair density (N/cm?) Frontal 320 43.0 8.0 30.5 0.093
Temporal 17.0 320 21.0 355 0.786
Occipital 38.0 49.5 14.0 31.0 0.154
Average hair shaft thickness (um) Frontal 2.0 45 1.0 6.5 0.527
Temporal 3.0 8.0 3.0 5.5 0.884
Occipital 20 7.5 5.0 7.5 0.704
% thick hair Frontal 4.0 9.0 0.0 12.0 0.236
Temporal 3.0 7.0 2.0 14.0 0.648
Occipital 3.0 6.0 3.0 16.5 0.351
Cumulative hair thickness (mm/cm?) | Frontal 22 3.65 0.8 24 0.140
Temporal 1.8 2.4 1.2 22 0.662
Occipital 3.1 32 23 2.95 0.248
No. follicular unit (%) Frontal 21.0 22.0 16.0 25.5 0.573
Temporal 16.0 15.5 11.0 15.5 0.528
Occipital 19.0 23.0 16.0 27.0 0.200
% thin hair Frontal -1.00 4.50 0.00 4.50 0.640
Temporal —1.00 8.50 —1.00 6.50 0.778
Occipital 0.00 3.50 -3.00 4.50 0.008*
% medium hair Frontal —1.00 6.00 1.00 13.5 0.403
Temporal 0.00 8.50 —-1.00 9.00 0.454
Occipital -3.00 7.00 -3.00 14.5 0.356
Trichometry-Derived Sinclair scale Frontal —0.30 0.45 —-0.10 0.30 0.137
Temporal —0.30 0.40 —0.30 0.40 0.619
Occipital —0.40 0.50 —0.30 0.40 0.130

Notes: *Statistically significant result (p<0.50); test used: Mann-Whitney U test.
Abbreviations: ADSC-CM, Adipocyte-derived mesenchymal stem cells-conditioned media; IRQ, Interquartile range.

weeks) and boosted the growth time of the transplanted hair up to two months after the procedure.”* Lee et al reported
improved hair densities and global improvement scores in patients with androgenetic alopecia who received application
of ADSC-CM after non-ablative fractional laser treatment.”> Anderi et al presented a study in 20 patients with alopecia
areata from the Middle East, who were treated with scalp transplantation of adipose-derived stromal vascular cells, which
is a similar method to ADSC but differs in using freshly isolated cells. Postoperative assessments showed significant hair
regeneration among all participants, and 6-month assessments showed increased mean hair density from 85.1 to 121.1
hair/cm?, decreased pull test (4.4 to 0.8), and increased hair diameter (60.5 to 80.8p) with reference to baseline.”* These
observations support various clinical applications of ADSC-CM in hair loss.

Possible Mechanism of Action of ADSC-CM in TE

Adipose tissue is highly rich in mesenchymal cells. Thus, the number of stem cells found in one cubic centimeter of
adipose tissue is 100 to 1,000 times higher than that in bone marrow.'® ADSC promotes hair growth by providing
a supportive environment of various growth factors that stimulate hair follicles regeneration. Additionally, ADSC-based
therapies appear to have anti-hair loss effects through the protection of human dermal papilla cells (mesenchymal cells in
the hair follicle) from androgen and reactive oxygen species-mediated cytotoxicity.”” A study revealed the potential
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positive effect of ADSCs in increasing the mitogenesis and survival of human dermal papilla cells, while maintaining
their trichogenic ability.?® Furthermore, ADSC-CM activates human keratinocyte proliferation and migration.?’

Growth factors, whether endogenous or exogenous, enhance the growth and migration of follicular outer root sheath
cells by stimulating the nuclear translocation of B-catenin, and the upregulation of Wnt10b, B-catenin, epidermal growth
factor (EGF) receptor and SOX9.?® Fibroblast growth factors anticipate and prolong anagen phase in resting (telogenic)
hair follicles via earlier induction of B-catenin and Sonic hedgehog in hair follicles.”” Vascular endothelial growth factor
(VEGF) stimulates perifollicular vasculogenesis and angiogenesis, which favors hair growth by supplying nutrients to the
developing hair follicle, and increases the follicle diameter.'®*" Platelet-derived growth factor (PDGF) signaling was
shown to enhance maintenance and self-renewal of adult hair follicle dermal stem cell.>' Insulin-like growth factor 1
(IGF-1) is an important mitogenic and morphogenetic mediator in hair follicle biology that enhances follicular
proliferation and differentiation, tissue remodeling, and the hair growth cycle.*

On the other hand, the development of TE is influenced by several growth factors.*® Decreased expression of VEGF,
keratinocyte growth factor (KGF), and EGF are associated with higher susceptibility to TE, whereas elevated levels of
transforming growth factor-beta 1 (TGF-B1) were found in patients with TE. Hence, growth factors therapy associated
with iontophoresis technique allowed early stop of hair shedding in TE-related alopecia.*® This suggests the potential use
of ADSC-CM in the management of TE. A randomized trial involving 30 female subjects with TE showed significant
increase in anagen hairs and reduction in telogen hairs after treatment with biomimetic peptides that induced an elevation
in VEGF and EGF expression and a decrease in KGF and TGF-P1 expression.”> However, evidence on possible pro-
alopecic action of growth factors is weak compared with the strong evidence of their substantial anti-alopecic effects.>®

Efficacy in Idiopathic versus Secondary TE

In this study, anemia and hormonal disease factors were the most common causes of TE accounting for 50% of the
patients. Half of the patients had secondary and other half of the patients had idiopathic TE. All patients with a treatable
triggering factor were referred to the corresponding specialist doctor for the management of the given disease in parallel
with ADSC-CM treatment. Although the prevalence of either type of TE is not clearly documented, idiopathic TE is
likely to be less common especially in acute TE.*

Besides iron deficiency anemia, thyroid disorders, including hyper or hypothyroidism, can also cause TE.>” In Saudi Arabia,
a study showed that approximately, 94.9% of females with TE had iron-deficiency anemia and 21.1% had hypothyroidism,
while other triggering factors were found in less than 12% of the cases.”® TE may further be triggered by organ failure and
systemic conditions such as liver and renal disorders, systemic lupus erythematosus, dermatomyositis, and secondary syphilis.*’
Drugs inducing TE include psychotropic drugs, anticoagulants, cardiovascular drugs, retinoids, and antithyroid drugs.> Local
inflammatory conditions of the scalp, mostly seborrheic dermatitis and psoriasis, are also described in TE patients.

Chronic TE, or primary TE, is an idiopathic form of TE that lasts for more than 6 months, first described by Whiting
in 1996.% It is diagnosed by exclusion and usually affects females aged between 30 and 50 years. It is marked by
increased hair shedding, loss of volume, and bitemporal hair thinning. A family history of androgenetic alopecia is much
more frequent in female androgenetic alopecia than it is in chronic telogen effluvium.*” From a pathogenesis perspective,
it is proposed that chronic TE results from a shortening of the anagen, or active growth phase, in the hair cycle, without
a concurrent miniaturization of the hair follicle.*!

This study showed no difference in ADSC-CM efficacy between idiopathic and secondary TE. This indicates the potential of
ADSC-CM to enhance hair follicle cells regrowth in TE regardless of the underlying triggering mechanism. The efficacy of
ADSC-CM in idiopathic TE may be explained by maintaining the anagen stage and preventing early transition to telogen stage,
thereby reversing one of the probable mechanisms of idiopathic TE.** In secondary TE, the triggering factors result in a sustained
pro-apoptotic insult that exerts continuous antimitotic effects on hair keratinocytes, which is proportional to the severity and
duration of the triggering factor.*> ADSC-CM probably decreases these pro-apoptotic effects by providing potent anti-apoptotic
stimuli resulting in hair regeneration.
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Potential Advantages of ADSC-CM Over Other Therapies in TE

ADSCs and their secretomes media are convenient, non-invasive methods with high tolerability profiles and clinical
practicality.'? On the other hand, other available treatment options for TE including topical or oral minoxidil and
corticosteroids have several disadvantages and may induce side effects that should be taken into consideration; especially
when these approaches do not provide satisfactory results.'® Another important advantage with ADSC-CM is that its
effects are not dependent on age as demonstrated in the study findings. Since TE affects patients at any age, this would
expand the use of ADSC-CM to all adult age categories.

Combining Microneedling with ADSC-CM

Microneedling (MN) is a minimally invasive procedure in which multiple fine needles are used to create micropunctures in the
skin. MN can be paired with other technologies to enhance drug absorption and reduce pain during the procedure, as
demonstrated in our study. Additionally, MN can be used to stimulate neovascularization, promote the expression of Wnt
proteins, and facilitate the release of growth factors.** Microneedling has been most extensively researched in the context of
androgenetic alopecia. Dhurat et al compared the outcomes of weekly MN sessions combined with a twice-daily application of
5% minoxidil solution over 12 weeks to the use of 5% minoxidil alone applied twice daily. Results indicated that the MN group
experienced better hair growth outcomes compared to the use of minoxidil alone, and MN proved effective for patients who are
unresponsive to minoxidil treatment.** Furthermore, while data on MN efficacy in treating alopecia areata are limited, no studies
have assessed its use for the management of acute or chronic TE. The relative effectiveness of MN alone, compared to other
treatments for hair loss, remains uncertain. This is because clinical trials investigating MN are frequently small, lack randomiza-
tion and control, or involve combination therapies.*®

Safety of ADSC-CM

No significant safety concerns were observed in the 50 study patients, either in early or late post-intervention time. No major
adverse effects have been previously reported in the literature. Fukuoka et al used ADSC-based therapy for over 1,000 patients
without observing any case of allergic reaction or infection, or other severe complications.'> However, safety and tolerability
profiles can only be confirmed after establishing evidence from large-scale controlled trials with long-term follow-up.

The Need for Further Studies

To support the current study conclusions, further well-designed, large-scale randomized controlled trials are warranted,
comparing ADSC-CM with placebo or other treatment options in TE. The importance of controlled trials to establish
efficacy is crucial notably in TE, as this condition is characterized by spontaneous resolution in many cases. This implies
assessing the eventual benefit of ADSC-CM in accelerating the healing process of TE, besides further rigorous risk-
benefit assessment.

Limitations

This study is limited by the retrospective design, absence of a control group, as well as the small size of the cohort, which
may impede the generalizability of the findings. Our study’s findings may be also limited by the lack of long-term follow-
up, as chronic TE tends to fluctuate over a period of several years. Another limitation includes the concurrent use of MN
with ADSC-CM, as the observed improvement may be partially attributed to MN. A comparative study examining the
effects of ADSC-CM with MN versus MN alone in managing TE would be useful.

Conclusion

ADSC-CM was successfully applied as a new treatment strategy for patients with TE, showing a high efficacy in inducing hair
regrowth among the majority of the study patients. These findings add to the multiple therapeutic applications of ADSC-CM,
providing another therapeutic and research area for dermatologists to optimize the management of TE and reduce its aesthetic
and psychological impact. Future research and clinical applications will help expanding the current understanding of the
pathogenic mechanisms of TE and the potential role of ADSCs secretome in hair regeneration.
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