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Abstract

Background Androgenetic alopecia (AGA), one of the most common types of hair loss, is associated with oxidative
stress, inflammation and aging. Derinat, a transient receptor potential canonical channels (TRPCs) inhibitor, restrains
TRPCs-mediated increase intracellular Ca?* signaling, which initiates the skin aging process with intracellular reactive
oxygen species (ROS) accumulation. This study investigated whether Derinat protected skin from oxidative stress-
induced damage and aging, thus inhibiting AGA pathogenesis.

Methods The lifespan of Caenorhabditis elegans was measured to examine the capacity of Derinat to oppose the oxi-
dative stress induced-aging process, which drives the hair cycle from anagen to catagen phase. The experiments
that used BALB/c-nu and C57BL/6 mice determined the effects of Derinat on hair cycle and oxidative stress in skin. To
further apply Derinat to clinical study, the resulting relationship between AGA pathogenesis and TRPCs-regulated oxi-
dative stress was confirmed using the bioinformatics approach. We consequently used the parameters of hair density,
hair diameter, hair recovery and quality of life index to evaluate the effect of Derinat treatment on AGA subjects.

Results Derinat restrained the oxidative stress induced-aging process sufficiently to extend the lifespan of wormes.
Derinat also changed the hair growth patterns of mice by maintenance of the hair cycle at the anagen phase. This effi-
cacy was due to reduction of TRPCs-mediated ROS accumulation. Because the bioinformatics analysis found that AGA
pathogenesis is associated with TRPCs-regulated oxidative stress and inflammation, treatment with Derinat in AGA
subjects increased positive outcomes of oral medication while mitigating the impairment of AGA subjects’ quality

of life.

Conclusions Derinat restrains AGA pathogenesis and may provide a new therapeutic approach for treating AGA.
ClinicalTrials.gov Identifier NCT05450861, https://register.clinicaltrials.gov, date of registration 07/11/2022.

Trial registration ClinicalTrials.gov Identifier NCT05450861, https://register.clinicaltrials.gov, date of registration
07/11/2022

Keywords Transient receptor potential canonical channels, Oxidative stress, Androgenetic alopecia, Hair cycle,
Derinat

*Correspondence:

Wei-Chiao Chen

doggyenjoying@yahoo.com.tw

Wen-Li Hsu

wendyhsu@nhri.edu.tw

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41231-023-00159-3&domain=pdf
http://orcid.org/0000-0003-1034-4977
https://register.clinicaltrials.gov
https://register.clinicaltrials.gov

Wau et al. Translational Medicine Communications (2023) 8:25

Introduction

Androgenetic alopecia (AGA) is one of the most com-
mon hair loss problems, and is characterized by progres-
sive hair loss. There are particular patterns of scalp hair
deficiency in both females and males [1]. Subsequent hair
loss that is induced by AGA contributes to physiological
issues and psychological stress that profoundly influences
the quality of life for patients with AGA [2]. The clinical
mainstay of treatments for AGA include topical Minoxi-
dil and systemic anti-androgen medications [3]. Patients
who receive long-term and sustained treatments to
achieve clinical improvement may experience side effects
and safety issues associated with these treatments. For
instance, treatment with oral anti-androgens is accom-
panied by common adverse side effects such as breast
tenderness, or increased libido in females and decreased
libido in males. Minoxidil, a topical agent that is safer to
administer as a topical treatment, may result in hypertri-
chosis and local irritation [4]. Although the minoxidil can
provide some relief for AGA patients, treatment based on
alternatives to the modulation of androgens is warranted
and there is a large research gap to be explored. Recently,
there have been new insights into the pathophysiology of
hair loss and studies have been undertaken for develop-
ing novel approaches in treatment.

Oxidative stress, inflammation and aging can cause
dysregulation of complex hair follicle biology in AGA
[5]. AGA is caused by the gradual miniaturization of hair
follicles, which are the target of androgens mediated by
dihydrotestosterone (DHT) [6]. The accumulation of
DHT in AGA-prone hair follicles induces hair cycle delay
and hair growth deceleration, potentially through oxida-
tive stress—associated senescence in dermal papilla cells
(DPCs) and hair follicle stem cell (HFSCs) inactivation
[7-9]. DPCs generate instructive signals to induce bulge
HEFSC activation during the hair cycle; thus, oxidative
stress of the DPCs might restrain HFSCs activation as
well as the entire hair cycle process [10], and potentially
is implicated in AGA pathogenesis.

Our previous study showed that transient receptor
potential canonical channels that are (TRPCs)-mediated
increase intracellular Ca®* signaling, which initiates the
skin aging process. This contributes to intracellular reac-
tive oxygen species (ROS) accumulation, activation of
DNA damage response (DDR) and senescence inflam-
matory response (SIR) [11]. Derinat, a TRPCs inhibitor
[11, 12], contains DNA sodium salt isolated from the
soft roes of Acipenser gueldenstaedtii, (a species of stur-
geon fish), which is then depolymerized using ultrasound
in 0.1% sodium chloride solution to particles with the
molecular weight of 270-500 KDa [13]. Thus, blockage of
TRPCs activity by TRPCs inhibitor Derinat restrains skin
damage and aging [12]. It has been hypothesized that
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treatment with Derinat potentiates inhibition of AGA
pathogenesis; accordingly, this study investigated the
effect of Derinat on hair follicle (HF) cycle progression
in mice and its efficacy in AGA patients with the desired
outcome of validating the potential for application of
Derinat in AGA treatment.

Methods

Caenorhabditis elegans culture

Caenorhabditis elegans (C. elegans, Bristol strain N2)
was obtained from the Caenorhabditis Genetics Center
(CGQ), cultivated on nematode growth medium (NGM)
agar plates, and fed with UV-killed Escherichia coli OP50
(E. coli). Post-ultraviolent management was aimed to
prevent the potential confounding effects of bacterial
metabolism. C. elegans was then disintegrated by alkaline
bleach solution to collect eggs, which were then hatched
on NGM plates with E. coli at 20 °C for 48 h to achieve
age-synchronized C. elegans larvae.

Lifespan assay

To measure worm lifespan, the age-synchronized worms
(L4 stage) were transferred onto a lawn of 6 cm NGM
plates and were marked as day 0 [14]. The worms were
supplemented daily with Derinat (Pharm Pack, Moscow,
Russia) and then were moved to new agar plates daily
during the first 4-5 days to prevent confusion of the dif-
ferent generations. Furthermore, the worms that showed
no response to gentle prodding with a platinum wire and
no pharyngeal pumping were considered to have expired.
The numbers of surviving worms were recorded every
day. Three replications were performed and a total of 120
worms were used.

Derinat treatment protocol for mice

BALB/c-nu (6 weeks of age) and C57BL/6 (8 weeks of
age) male mice were purchased from the National Lab-
oratory Animal Breeding and Research Center (Taipei,
Taiwan). The treatment protocol for use of Derinat on
BALB/c-nu mice is based on Zhang et al’s study [15].
Briefly, BALB/c-nu mice at the initial hair-existing phase,
were treated daily with Derinat hydrogel or pure hydro-
gel (SOMAPEX BIOTECH. CO., Kaohsiung, Taiwan) by
placing treatment or control on dorsal skin for 3 h. After
7 days of treatment (at the end of hair-existing phase),
the mice were sacrificed and their skin biopsies were har-
vested from the dorsal area, fixed with 2% formaldehyde
(Sigma-Aldrich, St. Louis, MO, USA), and embedded in
paraffin for further study.

The treatment protocol for use of Derinat on C57BL/6
mice is based on Wang et al’s study [16]. 13 weeks of
age C57BL/6 mice were daily treated Derinat by subcu-
taneous injection into the dorsal skin of mice from P91
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to P154. The skin biopsies were collected at P105 (ana-
gen VI phase) and P154 (telogen phase), respectively,
and then also fixed with 2% formaldehyde and embed-
ded in paraffin for further study. The animal experiments
were performed under an affidavit of approval of animal
use protocol at Kaohsiung Medical University (IACUC
approval number: 101119 and 109195).

Cell culture

Human primary keratinocytes and dermal fibroblasts
were purchased from Lonza (Morrisville, NC, USA),
and human dermal papilla cells were purchased from
Cell Applications (San Diego, CA, USA). Keratino-
cytes were grown in serum-free keratinocyte growth
medium supplemented with human recombinant epi-
dermal growth factor, bovine pituitary extract, human
insulin-like growth factor I and hydrocortisone (Gibco,
Thermo Fisher Scientific, Waltham, MA, USA). Dermal
fibroblasts were grown in Dulbecco’s modified Eagle’s
medium DMEM (Gibco) supplemented with 10% fetal
bovine serum (FBS, Gibco). Dermal papilla cells, DPCs
were grown in follicle dermal papilla cell growth medium
(CELL, San Diego, CA, USA). All cells were incubated at
37 °C in humidified in a 5% CO,-in-air atmosphere.

Calcium imaging

TRPCs-activated intracellular Ca?" responses were
induced by applying adenosine triphosphate (ATP)
(Sigma Aldrich), in the same manner as the previous
study [12]. Briefly, cells were pretreated with 60 pg/
ml of Derinat at 37 °C for 30 min and then stained with
1 uM Fluo-4-AM (Molecular Probes, OR, USA) at 37 °C
for 20 min. Prior to the experiments, cells were washed
with a balanced salt solution (BSS) buffer (5.4 mM KCI,
5.5 mM D-glucose, 1 mM MgSO4, 130 mM NaCl, 20 mM
HEPES pH 7.4, and 2 mM CaCl,). Intracellular Ca** con-
centrations ([Ca’*])) were calculated from the ratio of
fluorescence intensities (excitation/emission wavelength
488 nm/525 nm) by using an Olympus Cell*R IX81 fluo-
rescence microscope.

Gene expression omnibus database analysis

The Gene Expression Omnibus (GEO) is a gene expression
profiling database (https://www.ncbi.nlm.nih.gov/geo) [17].
A portion of this database, specifically accession number
GSE90594, was used during analysis of the expression of
TRPCs, oxidative stress-related genes, and inflammation-
related genes in the scalps of healthy donor and AGA
patients. A different portion of the GEO data base, acces-
sion number GSE101451, was used during analysis of oxi-
dative stress-related genes, inflammation-related genes and
expression of TRPCs specific to bulb and bulge portions of
hair follicles in AGA patients. RNA sequencing of accession
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number GSE93766 of the GEO database was employed in
the analysis of oxidative stress-related genes, inflammation-
related genes and expression of TRPCs found in balding
and non-balding human DPCs derived from AGA patients.

Immunohistochemistry staining

Antibody against prostaglandin-Endoperoxide Synthase
2 (PTGS2, Abcam, Cambridge, UK) was used to detect
target molecules. Immunoreactivity was visualized after
incubation with 3,3"-diaminobenzidine (DAB) substrate-
chromogen system (Dako Omnis) according to the man-
ufacturer’s protocol (Agilent, Santa Clara, CA, USA).

Clinical study design

This study was a single-center, randomized, single-blind,
parallel-group, placebo-controlled 8-week intervention
study in Taiwan. Patients were randomized (2:1 ratio)
to Derinat and placebo groups. Patients were blinded
to treatment allocation until study completion, or until
patient withdrawal from the study. During the execu-
tion of the clinical study, male subjects received an oral
medication, Dutasteride, which is widely used to inhibit
5a-reductase, a blocker for DHT production. Female sub-
jects received an oral medication, Spironolactone, which
functions as a competitive aldosterone antagonist and
inhibits the interaction of testosterone and DHT with
intracellular androgen receptors in target tissues. Partici-
pants in the Derinat group applied a scalp conditioning
solution containing Derinat once a day in addition to oral
medication. Participants in the placebo group took oral
medication and applied the conditioning solution with-
out Derinat once a day.

Study participants

In order to be eligible for the study, subjects had to be
in the age range of 20 to 75, and had to have androge-
netic alopecia. Subjects had to maintain the same hair
color and style for the study duration. Exclusion criteria
included history of cancer, use of any topical medication
(such as minoxidil or any other hair growth solution),
laser therapy or chemotherapy within the past 4 weeks,
or being pregnant, breastfeeding or planning to become
pregnant during the study. Additional exclusion criteria
were hair loss not caused by AGA, scarring of the scalp
including prior hair transplantation or scalp reduction, or
any other condition/disease of the scalp/hair. Those using
medications known to cause hair thinning or with exist-
ing scalp conditions were also excluded from the study.
The protocol was approved by Institutional Review Board
of Kaohsiung Medical University Hospital (KMUHIRB-
F(I)-20190142, and this study was also registered at Clini-
calTrials.gov (NCT05450861). Each patient provided
written informed consent before study procedures.


https://www.ncbi.nlm.nih.gov/geo

Wau et al. Translational Medicine Communications (2023) 8:25

Assessments

In order to understand whether the scalp conditioning
solution containing Derinat could increase the therapeu-
tic effects of oral drugs, the study examined changes in
hair density and hair diameter after 4 weeks and 8 weeks
of use of scalp conditioning solution. Hair density and
hair diameter were detected by a scalp hair analysis
device API 202 (ProgenProbe). We also compared the
changes in the exposed areas of the scalp using photo-
graphs taken from 15 cm above the head. All assays were
performed by the same researcher, and the researcher
was blinded to the group to which the participants were
assigned. Additionally, we also used the Dermatology Life
Quality Index (DLQI) questionnaire to assess the impact
of AGA on the patients’ quality of life [18]. DLQI is a
commonly used life quality index questionnaire in der-
matology, and a higher score represents greater impair-
ment of the patients’ quality of life. When subjects were
recruited into the study, the mean DLQI score for both
groups was approximately 8.3.

DLQI is a self-explanatory survey that includes ten
questions. The items of the questionnaire analyze the
following six aspects: symptoms and feelings, daily life,
leisure, work and school, personal relationships, and
therapy. Questions are scored on a four-point scale (Not
at all or Not relevant=0, A little=1, A lot=2 and Very
much =3), and the total score is 0 to 30. Higher total score
represents a greater impairment of the patients’ quality
of life. Among them, 0—-1=no effect at all, 2-5=small
effect, 6-10=moderate effect, 11-20=very large effect,
21-30=extremely large effect. We slightly modified the
description of the questions in the questionnaire to fit the
hair loss situation (Supplementary Figure S2).

Statistical analyses

GraphPad Prism (La Jolla, CA, USA) was used to gen-
erate bar charts; error bars indicate standard devia-
tions (SD). A one-way, two-tailed analysis of variance
(ANOVA) was also utilized to compare the means of
each group. A p-value of less than 0.05 for differences
between groups was considered statistically significant.
Hair density, hair diameter, and DLQI questionnaires
were used to assess the effects of pre- and post-treat-
ment with conditioning solutions on AGA subjects.
The statistical analyses were performed using SPSS
21.0 (SPSS, Chicago, IL, USA) for Windows in the clini-
cal study section. Quantitative data were expressed
as meantSD, while independent sample ¢-test was
used to compare differences in values between the two
groups (Derinat group vs. placebo group). Pre- and
post-treatment values (4 weeks vs. baseline and 8 weeks
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vs. baseline) in the same group of patients were com-
pared using paired ¢-tests. Categorical variables were
analyzed using the chi-square test. Likewise, p <0.05
was considered statistically significant.

Results

Derinat alters murine hair growth patterns potentially
through restraining oxidative stress induced-aging process
C. elegans was firstly utilized to screen the feasible
concentrations of Derinat for further application to
murine and other clinical experiments. Because the HF
is a complex mini-organ and its cycle progression can
be regulated by oxidative stress [19, 20], C. elegans was
used as a model to comprehensively understand the
anti-oxidative stress properties of Derinat. We evalu-
ated the lifespan of worms which is altered by oxida-
tive metabolism, especially ROS accumulation [21].
Our results revealed that application of Derinat to C.
elegans at concentrations from 1.5 pg/ml to 150 pg/ml
significantly lengthened average worm lifespans com-
pared to the control group (0 pug/ml) (Fig. 1A and B),
thus suggesting that Derinat has some ability to inhibit
the oxidative stress induced aging process. Treatment
with Derinat at the concentration of 1.5 pg/ml in C. ele-
gans resulted in the highest average survival days com-
pared to other concentrations (Fig. 1B).

To further detect the ability of Derinat to impact hair
growth, male BALB/c nude mice in the initial stage of
the initial hair-existing phase were treated daily with
three different concentrations of Derinat-containing
hydrogels and a control hydrogel with no Derinat. The
following concentrations, control 0 (vehicle), 3.5 pg/cm?
(15 pug/ml) and 14 pg/cm? (60 pg/ml) were applied to a
3-cm diameter circular chip which in turn was applied
to mice in the study for 3 h per day (Fig. 1C and D). As
shown in Fig. 1E, Derinat-treated dorsal skin displayed
dense, thicker and longer hair, but vehicle-treated con-
trol mouse skin revealed an extremely sparse hair coat.
Comparison of hair cycles between vehicle and Deri-
nat groups also resulted in different patterns. Derinat
treatment maintained anagen hair morphogenesis com-
pared with that of controls at the catagen phase. Simi-
lar results were observed for C57BL/6 mice treated with
Derinat. C57BL/6 mice treated daily with a concentra-
tion of 60 ug/ml Derinat were able to maintain the hair
cycle at the anagen stage compared with that of controls
at the telogen phase (Fig. 2). These results indicated that
Derinat possessed potential anti-oxidative stress efficacy
that extended hair growth patterns and maintained the
hair cycle at the anagen phase.
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Derinat extension of the hair cycle at the anagen phase

is related to a decreased level of TRPCs-mediated
intracellular ROS accumulation

Because of our understanding that intrinsic ROS drives
HF cycle progression through DDR and apoptosis and
works with macrophage polarization to promote the hair
follicle cycle [22], we were able to confirm the effects of
Derinat on intracellular ROS accumulation in HFs. The
level of intracellular ROS production was increased in
the dorsal skin of vehicle-treated (control) mice com-
pared with that of Derinat treatment (Fig. 3A). The
intracellular ROS accumulation of the skin cells was
significantly restrained by Derinat in a dose-dependent
manner (Fig. 3B). The apoptotic hair bulb at catagen
phase could be induced by ROS accumulation [23]. Deri-
nat as a TRPCs inhibitor facilitates inhibition of intracel-
lular ROS accumulation as produced by mitochondrial
Ca’?*-overloading [12]. The effect of Derinat on TRPCs
activity in skin cells, keratinocytes, dermal fibroblasts
and dermal papilla cells was explored and Derinat was
found to restrain ATP-induced TRPCs activity in these
cells (Fig. 3C). The intracellular ROS accumulation,

which was induced by mitochondrial Ca®*-overloading,
was also significantly inhibited with Derinat treatment in
keratinocytes, dermal fibroblasts and dermal papilla cells
(Fig. 3D and E). Therefore, blockage of TRPCs-mediated
ROS accumulation by Derinat in skin cells potentiated
extension of the anagen phase.

AGA pathogenesis is associated with TRPCs-regulated
oxidative stress and inflammation

ROS accumulation in scalp tissue regulates the pro-
gression of inflammation results in AGA pathology. We
subsequently detected the relationship between AGA
pathogenesis and TRPCs-regulated oxidative stress and
inflammation. Using the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways, we also confirmed
several inflammatory molecules related to ROS, such
as prostaglandin-endoperoxide synthase 1 (PTGS1),
prostaglandin-endoperoxide synthase 2 (PTGS22),
interleukin-1f (IL-1pB), interleukin-6 (IL-6), and tumor
necrosis factor-a (TNF-a). These were all involved in
TRPCs and ROS signal regulated inflammation. ROS sig-
nal molecules, superoxide dismutase (SOD) family, and
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forkhead box class O 3a (FOXO3a) are also associated
with Ca®* signals and inflammation.

When we compared the expression of TRPCs, oxi-
dative stress-related genes, and inflammation-related
genes in scalps of healthy donor and AGA patients to
the GEO database, we found that TRPCs, SOD1, SOD3,
PTGS1, PTGS2, IL-1f3, IL-6 and TNF-a were increased
in AGA patients (Fig. 4A). We then compared analyses
of TRPCs, oxidative stress-related genes, and inflam-
mation-related genes from the bulge and bulb areas of
hair follicles in non-balding areas and balding areas of
AGA patients to the GEO databank (Fig. 4B). We found
that for the majority of TRPCs, oxidative stress-related
genes and inflammation-related genes had decreased in
the bulge and bulb of balding areas (Fig. 4B). We also
noted PTGSI and PTGS2 had increased levels in the
bulb regions of hair follicles of balding areas. When we
further explored the expression of PTGSI and PTGS2
in the DPCs, we observed that not only PTGSI, PTGS2
but also IL-1f and IL-6 were higher in balding areas
than that in non-balding areas (Fig. 4C). Similar results
were found for values of TRPCI1, TRPC4, SODI, and
SOD2, but there was a surprisingly decreased level of

FOXO3a in DPCs, which implicates ROS accumulation
as the mediator for activation of DDR and SIR during
the aging process (Fig. 4C).

Interestingly, higher levels of PTGS1 and PTGS2 were
expressed in scalp, bulb and DPCs of AGA patients
according to GEO database analyses. Prostaglandin D2
(PGD2) treatments, produced by the enzymatic action
of PTGS1 and PTGS2, restrained mouse and human
hair growth [24]. Increased PGD2 pathway activity
has been observed in balding scalp areas of patients
with AGA [25]. Our findings also indicated that treat-
ment with Derinat restrained the expression of PTGS2
in the epidermis of nude mice (Supplementary figure
S$1), which indicates that Derinat may provide benefits
for treatment of balding in AGA. KEGG pathways and
GEO database analyses indicate that AGA pathogenesis
is caused by oxidative stress and inflammation, while
Ca’* signal dependent PGD2 pathway activity (PTGS1
and PTGS2), inflammatory cytokines and ROS signal
molecules are involved in regulating AGA pathogen-
esis (Fig. 4D). Consequently, inhibiting TRPCs-induced
oxidative stress and inflammation may help to prevent
AGA pathogenesis.



Wu et al. Translational Medicine Communications (2023) 8:25 Page 7 of 12
A B 315,
m *
Derinat Derinat £
Vehicle 3.5 pglcm? 14 ug/cm? @ 1.0
b
©
S 0.5
£
k=]
S 0.0-
R < )
& ¥
° >
N >
) N
e"\o oe"\
Ca?*-free 2 mM Ca?* Ca?*- free 2 mM Cca®* Ca**-free 2 mM Ca?*
| — 220 —————— . — |
400 == Control 135
ATP — Control s 2004 ATP — Control
300 = Derinat = Derinat

KC [Ca?']; (nM)

o 100+———
0

0 2 4 6 8 10 141618 20

Time (min)

D KC

Control

Derinat

50 uM

e LI ATP — i = s
£ 180, Derinat s 130
£ 450 £ 125
Wash g 1604 -

200 — Q 440, Wash ':‘3 120 o
{6 @ H o 15
1204 S 410

1
1 23 4 5 6

Time (min)

FB DP

T
012345678 9101112131415
Time (min)

E

@l Control
El Derinat

* *

— -

-
)
]

-
o
1

Fold increase (ROS)
o
&

0.0-

KC FB

DP

Fig. 3 Treatment with Derinat affects HF cycle progression due to a decrease in intracellular ROS production. A Effect of Derinat on skin ROS
production. The intracellular ROS production in dorsal skin and HFs was analyzed by DHE staining. B Quantification of intracellular ROS production
from (A) (mean=+SD; *, p <0.05). C Effect of Derinat on TRPCs activity in skin cells. After the application of ATP (small black bars) to activate TRPCs
via the PLC pathway in Ca”*-free balanced salt solution, extracellular CaCl, was added (large black bar) in keratinocytes (KC), fibroblasts (FB),

and dermal papilla cells (DP). The Ca.>* signals represent the mean value of 30 cells. D Effect of Derinat on intracellular ROS production in skin cells.
The intracellular ROS production level with an average fluorescence intensity of more than 100 skin cells from (D) is quantified in (E) (mean+SD; *,

p<0.05;* p<0.01)

Derinat improves the value of hair density and hair
diameter in AGA subjects

We next explored the effect of Derinat treatment on AGA
symptoms in AGA subjects. Firstly, the basal characteris-
tics of the AGA subjects were collected and summarized
in Table 1. There was no statistically significant differ-
ence in basal characteristics between the two groups.
We further analyzed the treatment efficacy of Derinat
in AGA subjects. Hair density and hair diameter were
detected at three indicated times: baseline (before trial),
4 weeks (treatment for 4 weeks) and 8 weeks (treat-
ment for 8 weeks), while AGA subjects also combined

treatment with Dutasteride (for males) or Spironolac-
tone (for females). At the 4™ week of clinical evaluation,
Derinat treatment in AGA subjects had significantly
enhanced the value of hair density, which had dramati-
cally increased from 86.4+34.0 hairs/cm? to 99.7 +31.8
hairs/cm?, with a following increase to 112.2 + 38.8 hairs/
cm? in the final evaluation trial (Table 2 and Fig. 5). Simi-
lar results were also shown in hair diameter: Despite the
smaller increased value of hair density and hair diameter
in the placebo group, there was no statistically significant
difference between each time point of evaluation.
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Fig. 4 AGA features TRPCs-activated Ca?* signals, ROS accumulation and inflammation. A Gene Expression Omnibus (GEO) database analysis
of TRPCs, oxidative stress-related genes, and inflammation-related genes in the scalp of healthy donor and AGA patients. Comparison of TRPCs,
oxidative stress-related genes, and inflammation-related genes in (B) the bulge, bulb and (C) DP (papilla cells) between non-balding area

and balding area of AGA patients (mean +SD; *, p <0.05; **, p < 0.01; ***, p <0.001). D TRPCs-activated Ca’* signals govern the inflammation
and oxidative stress KEGG pathways in AGA

Figure 5A and B display the analysis for scalp hair treatment for 8 weeks. The value of hair density in the
density and hair diameter in AGA subjects. When com-  Derinat group was more than that in the placebo group,
paring hair density and hair diameter between pla- although there was no statistically significant difference.
cebo and Derinat groups, treatment with the Derinat A statistically significant difference (p=0.012) in hair
program improved AGA pathology with an increased diameter was revealed, showing 0.061+0.009 mm in
value for hair density and hair diameter, especially after  the placebo group and 0.071+0.012 mm in the Derinat
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Table 1 Basal characteristics of study population

Placebo (n=16) Derinat (n=34) p value
Age, year 36.6+9.9 340£105 0420
Range 26-64 22-66
Gender 0.266
Female (%) 14 (87.5) 25(73.5)
Age at which hair  32.8+11.0 27.7+98 0.115
loss began
Range 15-64 15-50
Family history 0.061
Yes 8(50.0) 26 (76.5)
No 8(50.0) 8(23.5)

Table2 The mean hair density, hair diameter, and the
dermatology life quality index (DLQI) scores in two groups

Placebo (n=16) Derinat (n=34) p value?
Hair density (Hairs/cm?)
Baseline 84.1+£294 86.4+34.0 0.828
4 weeks 8834249 99.7+31.8 0.226
8 weeks 90.4+28.1 11224388 0.058
p value® 0.521 0.010*
p value© 0.170 <0.001*%
Hair diameter (mm)
Baseline 0.060+£0.015 0.063+£0.016 0.581
4 weeks 0.065+0.016 0.068+0.015 0515
8 weeks 0.061+£0.009 0.071+£0.012 0.012*
p value 0.227 0.002*
p value 0.642 0.006*
DLQl
Baseline 83+5.1 83+52 0.981
4 weeks 7.7+45 70+£58 0.682
8 weeks 79+6.6 59453 0273
p value 0454 0.071
p value 0.748 0.013*

2 Derinat vs. Placebo, t test.; °4 weeks vs. Baseline, paired t-test. 8 weeks vs.
Baseline, paired t-test.; 'p <0.05

group. Consequently, Derinat augmented the efficacy of
oral medication to improve hair density and hair diam-
eter in AGA subjects.

Derinat administration enhances hair recovery

and decreases DLQI questionnaire scores

The value of hair density and hair diameter was pro-
moted by Derinat, indicated by a demonstrable change in
hair recovery observed and measured in AGA subjects.
As shown in Fig. 5C and D, the placebo group had slight
reduction in the balding area compared to the baseline at
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the 8™ week of clinical evaluation, but the Derinat group
had a significantly decreased balding area.

Furthermore, we used the dermatology life qual-
ity index (DLQI) questionnaire to assess the impact of
AGA on the patients’ quality of life (Table 2). Our results
indicated that hair loss had moderate effects on the sub-
jects’ quality of life. DLQI scores in the placebo group
decreased slightly after drug treatment but were not
significantly different from baseline. The score reduc-
tion was 7.9+6.6 after 8 weeks of treatment, but it was
still in the score range of moderate effects. On the other
hand, the DLQI score in the Derinat group decreased to
7.0+£5.8 after 4 weeks of treatment. After the completed
8 weeks of treatment, DLQI scores were significantly
lower than Baseline (5.9+5.3 vs. 8.3+5.2, p=0.013). The
above results indicated that the impairment of hair loss
on quality of life improved from moderate effects to small
effects. Additionally, Derinat had lower DLQI scores than
the placebo group after completing the clinical study
procedure, but there was no statistically significant dif-
ference. In summary, Derinat improved hair density, hair
diameter and hair recovery in AGA subjects while miti-
gating the impairment of AGA subjects’ quality of life.

Discussion

Our study demonstrated the efficacy of Derinat through
extension of the hair cycle at the anagen phase, and this
is related to a decreased level of TRPCs-mediated intra-
cellular ROS accumulation. Intrinsic ROS that drives HF
cycle progression through DDR and apoptosis during
the hair cycle transition from anagen to catagen [22]; it
could be that Derinat which restrains intracellular ROS
accumulation in DPCs maintains HF cycle at the ana-
gen phase. Furthermore, the local microenvironment
of skin can also affect hair follicle biology to determine
HFSC niche [26]. Our results revealed that Derinat
inhibited intracellular ROS accumulation and inflam-
mation in keratinocytes and fibroblasts, potentially fol-
lowing influence of DPC-regulated HFSC niche. These
could maintain hair follicles at the anagen phase. How-
ever, microenvironmental oxidative stress, especially
TRPCs-regulated ROS accumulation and ROS regulated-
inflammatory progression have been implicated in the
pathogenesis of AGA. Unlike murine, anagen phase in
the human scalp lasts for several years [27], once micro-
environmental or intracellular oxidative stress occur-
rence in HFs may affect HF cycle progression through
change HFSC niche. Derinat as a TRPCs inhibitor, which
possesses efficacy for alleviating anti-oxidative stress, was
applied in our clinical study and was able to improve the
value of hair density, hair diameter and hair recovery in
AGA subjects while attenuating the impairment of AGA
subjects’ quality of life. The efficacy of JAK inhibitors is
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Fig. 5 Treatment with Derinat for 8 weeks improves AGA. A Hair density (Magnification: 60 x) and (B) hair diameter (Magnification: 200 x) in AGA
patients with placebo or Derinat treatment were evaluated by hair scalp analysis device API 202. C Evaluation of hair recovery in AGA patients
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(mean+SD; *** p<0.001)

similar to our study with extension of the hair cycle at the
anagen phase in murine also improves AGA pathogenesis
(16, 28].

Nevertheless, the placebo group also saw an increase in
the value of subjects’” hair diameter during the 4t week,
but then had a decreased level during the 8" week. This
could be due to the inability of oral medication to main-
tain sustained hair growth for a short period of time
(Table 2). Spironolactone not only inhibits the interac-
tion of testosterone and DHT with androgen receptors
but weakly inhibits androgen synthesis as well. Previous
studies have reported that spironolactone treatment sta-
bilizes or improves hair loss during a follow-up period
of 7 to 20 months [29]. Thus, oral medication improves
AGA symptoms when taken for long-term treatment, so
a combination of Derinat treatment in AGA patients may
improve the effects of oral medication and was demon-
strated to significantly inhibit AGA pathogenesis during
administration for 4 to 8 weeks. However, our study did
not conduct planned follow-up of changes after sub-
jects stopped using Darinat. This is a limitation of our
research program. AGA, a chronic degenerative disease,
becomes more severe with aging, while appropriate ther-
apeutic intervention could slow the progression of hair
loss. According to this case, once treatment interven-
tion is stopped, AGA potentially return to the normal
disease process. In addition, we did not restrict subjects’
treatment options after the trial ended. Some subjects

increased their use of other treatments or continued
using Derinat. This may also interfere with subsequent
evaluation of treatment effects. The well-planned follow-
up of AGA symptoms changes after discontinuing Dari-
nat will be further investigated in future work.

Additionally, the majority of our subjects were female
(Table 1), meaning that females may pay more attention
to AGA-induced hair loss problems than male subjects.
We also analyzed the data from these female partici-
pants and the basic demographic characteristics are
shown in supplementary Table S1. Although compari-
son of hair density, hair diameter and DLQI between
placebo and Derinat groups possessed no statistically
significant difference, the value of each item with Deri-
nat treatment had considerable improvement (Supple-
mentary Table S2). Notably, compared to baseline, the
value of hair density and hair diameter was significantly
increased in subjects treated with Derinat. Addition-
ally, the DLQI questionnaire score was also reduced at
the 4™ week and 8™ week of clinical evaluation (Sup-
plementary Table S2). To date, there is no effective
treatment to deal with AGA in women, and the mecha-
nism of AGA in females might be different from males.
Our study pointed out that the pathogenesis of AGA
in women was correlated with TRPCs-mediated intra-
cellular ROS accumulation. Treatment via the Deri-
nat program improved AGA pathogenesis in female
subjects.
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Some risk factors for AGA are increasing age and
family history [30, 31]. Although the majority of our
AGA subjects had relevant family history, increasing
age seemed to promote initiation of AGA pathogenesis.
Since AGA is a potentially age-associated disease, anti-
aging strategies such as quenched ROS accumulation or
inflammation disruption might provide novel therapeu-
tic insight for AGA. A paradigm shift in hair loss treat-
ment is necessary, including a switch from single focus
to multiple focus therapeutic approaches. Our study
supports this new insight for AGA treatment.

Conclusions

This study demonstrated Derinat has some hair res-
toration influence on AGA patients. Derinat also
demonstrated its worth as a potentially effective anti-
oxidative stress therapeutic in two studies: facilitating
an increase in worms’ lifespan and maintenance of the
murine hair cycle at the anagen phase with decreased
levels of TRPCs-mediated ROS accumulation. Intracel-
lular ROS accumulation has also been implied in the
pathogenesis of AGA.

Treatment with Derinat in AGA subjects improved
the value of hair density, hair diameter and hair recov-
ery in AGA subjects, while mitigating the impair-
ment of their quality of life. Although oral medication
improved AGA symptoms when taken for long-term
treatment, Derinat treatment, in combination with oral
treatment, promoted the efficacy of oral medication
and significantly inhibited AGA pathogenesis within
8 weeks. Our study supports that a multi-focus thera-
peutic approach for AGA treatment is more efficient
than oral medication alone.
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