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Abstract

Background: Hair loss is linked to a dysfunction of the hair follicle (HF) that undergoes
cycles of growth (anagen), regression (catagen) and resting (telogen). HF cycle is highly
regulated and involved complex molecular communications among which the signals emitted
by the dermal papilla play a central role. The aim of this study was to evaluate the efficacy
of three active ingredients on hair growth and anchorage in human dermal papilla cells: a
new patented extract from Silybum marianum (SME), Manganese PCA (MnPCA) and a
recently patented Lespedeza capitata extract (LCE).

Methods: Antibody array and gene reporter assays allowed to analyse receptor tyrosine
kinase phosphorylation and Wnt/f catenin pathways activation, respectively. ELISA
quantified the release of Versican, VEGF and DKK 1 and activity of Sa-reductase (SaR) was
also measured.

Results: SME 30 pg/mL activated growth factor receptor signaling pathways (EGFR x1.9
and PDGFR x2.8) and their downstream effectors (ERK, GSK3, Akt, STAT x1.2 to 2) after
lh exposure. MnPCA 0.009% stimulated the Wnt/p catenin pathway (+80%) and induced
both Versican (x33 at 0.01%) and VEGF secretion (x3.3 at 0.009%). LCE 0.01% reduced
DKKI release (-72%) and SoR activity (-59.6%).



Conclusion: SME modulated cell growth by acting on EGFR/PDGFR signaling pathway.
MnPCA and LCE enhanced anagen phase via the Wnt/f} catenin pathway. MnPCA also
improved HF anchorage and microcirculation by stimulating Versican and VEGF. LCE
favored dihydrotestosterone decrease. Thus, a combination of SME + MnPCA + LCE may

be useful to improve hair loss treatment by specific action on hair growth and anchorage.
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Introduction

Hair loss is a major cause of dermatological consultations and greatly impacts the quality of
life of patients [1]. Over the last decades, there have been great progress in understanding the
molecular mechanisms of hair morphogenesis and biology, but also the pathologic basis of
hair loss [2-4]. Research have shown that the hair follicle (HF) is a “mini-organ” containing
several types of cells (dermal papilla cells, hair shaft keratinocytes, melanocytes, inner/outer
root sheath cells, stem cells...) and that alopecia is associated with defects of HF cycle. The
data evidenced that hair growth could be stimulated by anagen promotion, telogen inhibition,
stimulation of microcirculation, nutrients supply and more recently micro-environment
improvement of stem cell niche. All these processes are fine-tuned by specific intra and extra
follicle signals (growth factors, cytokines, hormones, enzymes) that regulate downstream
signaling pathways. As for example, Wnt/f catenin signaling pathway is well known to
promote hair growth whereas Sareductase (5aR) and TGF[ signals inhibit it [5-7].

In this context, a major goal remains the identification and the characterization of innovative
active ingredients able to specifically target theses signaling pathways, especially medicinal
herbs or natural/phytochemical compounds [8-10]. Finally, these new therapeutic tools could
be used in synergistic interaction in topical formulations or nutricosmetics and may be
complementary with the different medical/physical strategies recommended by the

physicians to improve alopecia.

The HF cycle is highly dynamic [11] and involves complex molecular communications

among which the signals emitted by the dermal papilla cells play a central role. The 2D



culture of these cells is very useful to elucidate the key signals which control hair growth,
anchorage and differentiation [12, 13]. They are also in the forefront of hair research as
screening platforms by providing insights into mechanistic action at cellular level, which may
further direct the development of novel hair growth modulators especially for cosmetic

testing.

Therefore, the aim of this study was to evaluate the efficacy of three active ingredients on
hair growth and anchorage in dermal papilla cells isolated from human hair follicle (HFDPC).
The first active ingredient was a new patented extract from Silybum marianum containing
less than 2% silymarin (SME) (W0O/2021/023820). This natural extract has been previously
shown to stimulate the expression of the keratin 75 (K75), a specific marker of the
“companion layer” of the HF which is involved in the anchorage of the hair shaft [14-15].
K75 deficit is also associated with a rare genetic alopecia: loose anagen hair syndrome [16].
Manganese PCA (MnPCA) and a Lespedeza capitata extract (LCE) were also tested. LCE is
a phytochemical extract and was also recently patented (W0/2020/020791A1).

Materials and Methods

Human dermal papilla cell culture and active ingredients

All experiments were performed by using Human Follicle Dermal Papilla Cells (HFDPC)
isolated from different donors and commercially available. Cells were seeded in 96-well
plates or 60 mm Petri dishes in an adapted culture medium with specific complements as
recommended by the supplier. HFDPC were grown 24h to 48h to reach about 80%
confluency before active ingredients treatment. Active ingredients were obtained from Pierre

Fabre Laboratories after specific extraction.

Growth factor receptor signaling pathways evaluation
The growth factor receptor (GFR) signaling pathways were analyzed by using human
Proteome profiler™ antibody arrays (R&D Systems). These arrays allow the simultaneous

and specific detection of 49 phospho-receptor tyrosine kinases and 43 downstream phospho-



kinases. Kits are a membrane-based sandwich immunoassay and were used according to the
manufacturer’s protocol. Capture antibodies spotted in duplicate on nitrocellulose
membranes bind to specific target proteins present in the sample. Then, tyrosine
phosphorylation of the captured proteins is detected with an HRP-conjugated pan phospho-
tyrosine antibody and then visualized using chemiluminescent detection reagents. The signal
produced is proportional to the amount phosphorylation in the bound analyte and was
acquired by using Chemidoc MP imaging system and Image Lab software (Biorad).
Quantification was performed with Image J software and the plugin microarray profile.
HFDPC cells were stimulated for 1h with SME before harvesting and cell lysate analysis.
Dimethylsulfoxide (DMSO) was used as a solvent. Experiments were performed from 2

donors in duplicate.

Wnt/[ catenin signaling pathways evaluation

Wnt/B catenin pathway was studied with a gene reporter assay according to routine protocol.
Briefly, HFDPC were transfected with a lentivirus expressing a luciferase gene under the
control of Wnt/B catenin promoter (TCF/LEF transcriptional response element) (Cignal Lenti
Reporter Qiagen). Luciferase expression was measured using Bright-Glo™ substrate and
luminescence was quantified by using a microplate reader (ClarioStar). Cells were incubated
24h with MnPCA. Data were obtained from 3 independent donors and were performed in 2

independent batches.

Versican, VEGF and DKK1 release evaluation

Immunoassay tests were performed to quantify the production of Versican, VEGF and DKK1
from the HFDPC culture medium. Commercial kits were used according to supplier’s
protocol. Versican assay was done with the human versican ELISA kit from Cusabio whereas
VEGF and DKK 1 were quantified by using Milliplex® technology.

The release of versican and VEGF was analyzed following MnPCA treatment during 48h
and 24h, respectively. The production of DKK1 was also measured 24h after HFDPC
incubation with LCE. Data were obtained from 3-4 independent donors and were performed

in triplicate.



Sa-reductase activity evaluation

Sa—Reductase (5aR) activity was evaluated by performing testosterone metabolism studies
with ['*C]-testosterone and metabolites quantification on thin layer chromatography (TLC).
Briefly, the steroid molecules from supernatants were extracted with a chloroform/methanol
mix. The organic phase was collected and testosterone metabolites were separated by TLC
by using a solvent system containing dichloromethane, ethylacetate and methanol. An
autoradiography was performed on the chromatography and the transformed testosterone was
estimated by densitometric analysis of the spots corresponding to DHT, Sa-androstane-
3a,17B-diol, androstenedione, and 4-androstene-3,17-dione (Packard Cyclone
Phosphorlmager and Fujifilm Multigauge software). HFDPC were treated with LCE extract
for 24h before SaR measurement. Data were obtained from 2 independent donors and were

performed in triplicate.

Data analysis and Statistics

Data were obtained from 2-4 donors and were performed in duplicate or triplicate according
to the different readouts. Calculations were performed in Microsoft Excel software and
results are presented as mean + standard deviation.

The inter-group comparison was performed by a One-way Anova completed by a Dunnett’s
multiple comparison test on normalized data comparatively to the untreated control.

Statistical analysis was performed with PRISM software: * p<0.05 and ** p<0.01.

Results and Discussion

Effect of Silybum marianum extract on GFR signaling pathway

SME has been previously described (patent W0/2021/023820) and is able to boost hair
anchorage by stimulating K75 expression, a biomarker of “companion layer” [14-16]. The
first objective of the study was to better understand how this natural extract could acts on
HFDPC growth. Therefore, growth factor receptor (GFR) signaling pathways were analyzed
by using Proteome profiler™ antibody arrays that allow specific detection of tyrosine

phosphorylation of receptor tyrosine kinases and their downstream phospho-kinases. As



presented in Figure 1, SME 30 pg/mL showed activation of GFR signaling pathways in
HFDPC. The tyrosine phosphorylation of the EGFR and PDGFR were specifically and
respectively induced by 1.9 and 2.8-fold following 1h stimulation in the presence of SME.
Moreover, the downstream effectors of these GFR were also increased and they were
upregulated from 1.2 to 2-fold for ERK, GSK3, Akt and STAT after SME treatment. Thus,
SME stimulates HFDPC growth by activating EGFR and PDGFR signaling.
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Figure 1: Induction of tyrosine phosphorylation of receptor tyrosine kinases

and their downstream effectors by SME. A/ Phospho-RTK array of the EGFR
and PDGFR. B/ Phospho-kinases array of the effectors.

Interestingly, PDGF isoforms have been shown to induce and to maintain the anagen phase

of murine hair follicles [17]. Moreover, PDGF signals produced by immature intradermal



adipocyte lineage cells were linked in controlling HF stem cell activation and hair
regeneration. Analysis of phospho-PDGFR demonstrated that during anagen induction,
PDGFR is activated in the dermal papilla and the lower part of the hair germ [18]. Finally, a
model of PDGF-mediated hair growth was proposed: PDGF from HF and subcutaneous
adipocytes binds to PDGFR in HFDPC, this ligand-receptor interaction induces epiregulin
release which in turn binds to EGFR in follicular keratinocytes, and finally binding of
epiregulin to EGFR enhances the proliferation and differentiation (keratin expression
especially K75) of HF keratinocytes leading to hair growth [19]. Thus, we might speculate
that SME could stimulate hair growth via a molecular mechanism that depends on both

PDGFR and EGFR signaling crosstalk in the HF.

Effect of Manganese PCA on Wnt/f3 catenin activation and Versican/VEGF release

The second active ingredient was a manganese salt called Manganese PCA (MnPCA). It was
tested first on Wnt/p catenin pathway activation. In HFDPC, this signaling network leads to
the production of secreted factors (HGF, IGF1) that are essential to anagen onset and hair
growth. These factors promote the proliferation and differentiation of epithelial stem cells of
the bulge (anagen onset) and matrix cells (anagen maintenance) [20, 21]. In androgenetic
alopecia, androgens impair dermal papilla-induced hair follicle stem cell (HFSC)
differentiation inhibiting Wnt signaling [22]. Data have shown that MnPCA stimulated the
Wnt/f catenin pathway up to 80% at a dose 0.009% (Figure 2). Therefore, MnPCA promotes

anagen onset and participates to hair growth for optimizing HF cycle.

Versican, a large chondroitin sulfate proteoglycan molecule, shows specific gene expression
in the dermal papilla during anagen phase, and decreases with catagen onset. Its expression
is regulated by the 3 catenin signaling pathway. This specific expression of versican suggests
its importance to maintain the normal growing phase of HF [23, 24]. In addition, previous
work of our laboratory showed that HFDPC produce VEGF [25]. This cytokine is an
endothelial cell growth factor, it promotes supply of oxygen and nutrients to the HF [26].
The expression level of this protein varies during the hair growth cycle: widely produced in

anagen phase, its expression decreases when HF enters into catagen phase.
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Figure 2: Stimulation of Wnt/B-catenin pathway by MnPCA.
HFDPC were transfected with a luciferase gene reporter for Wnt/3 catenin promoter and

the pathway activation was measured in relative luminescence unit (RLU).

As shown in Figure 3, MnPCA boosted the release of both versican and VEGF in the HFDPC
culture medium. The production of versican was significantly induced by 33-fold at a 0.01%
dose whereas the angiogenic factor VEGF was stimulated up to 3.3-fold at 0.009%. Thus,
MnPCA is able to stimulate the extracellular matrix but also the supply of nutrients necessary

for hair life cycle.
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Figure 3: Induction of versican and VEGF release by MnPCA.
The culture medium of HFDPC was assayed by immunoassays to measure the level of

versican (A) and VEGF (B) released following active ingredient treatment.

Effect of Lespedeza capitata extract on DKKI production and 5a-reductase activity

The hair growth cycle is a highly regulated process during which different compartments of
the hair follicle (dermal papilla, stem cells residing in the bulge, hair follicle matrix
keratinocytes) maintain close relations through many molecular exchanges. Among the
involved signals, Wnt/3 catenin signaling is known to promote hair growth [20, 21, 27].

Androgenetic alopecia, which is the most common form of hair loss, is clearly an androgen-



dependent condition [28]. Androgens deregulate dermal papilla-secreted factors resulting in
an abnormal stem cell differentiation via the inhibition of the canonical Wnt signaling
pathway. The hair growth cycle inhibitor DKK1 (Dickkopf 1) is known to block canonical
Wnt-mediated activation of B-catenin signaling and promotes catagen progression [29].
DKK1 is also described as being upregulated by androgens [30]. Figure 4 revealed that LCE
reduced the release of DKK 1. The inhibition was dose-dependent and reached 72% at a dose
0.001%. Thus, LCE modulates the Wnt/[-catenin signaling by acting on DKKI secretion in
HFDPC.
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Figure 4: Blockade of DDK1 production by LCE.
The culture medium of HFDPC was assayed by immunoassays to measure the level of

DDK1 released following LCE treatment.

As noted previously, androgenetic alopecia, is an androgen-dependent hair loss [28]. The
primary and most well-known androgen is testosterone. Testosterone is metabolized to
dihydrotestosterone (DHT) by the enzyme SaR. DHT binds to a specific androgen receptor
to form a complex that can regulate gene expression, especially in the HF in activating the
genes responsible for hair follicle regression [31]. Thus, testosterone metabolism was studied
to analyze SaR activity. As shown in Figure 5, the assay was validated by using finasteride
as a positive drug control for SaR inhibitor with an efficiency of about 94% at a dose 10 uM.

LCE was also able to decrease the SaR activity with a 59.6% inhibition at 0.01% dose. Thus,



LCE blocked the 5aR activity and this natural extract is efficient to block testosterone

metabolism.
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Figure 5: Inhibition of Sa-reductase activity by LCE.
5aR activity was evaluated by performing testosterone metabolism studies with ['*C]-
testosterone and metabolites quantification on TLC. DHT/testosterone ratio was calculated

following the treatment of HFDPC by both finasteride 10 uM and LCE 0.01% treatments.

Conclusions

In this study, the efficacy of three active ingredients was evaluated on hair growth and
anchorage by using HFDPC as a pre-clinical model. Results have shown that SME modulates
the cell growth by acting on EGFR/PDGFR signaling pathways. In addition, MnPCA and
LCE enhanced the anagen phase via the Wnt/f catenin pathway. MnPCA also improved HF
anchorage and microcirculation by stimulating Versican and VEGF production, respectively.
Finally, LCE favored DHT decrease and inhibited androgen metabolism. Altogether, the data
suggest that a combination of SME + MnPCA + LCE may be useful to improve hair loss

treatment by a specific action on both hair growth and anchorage.
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