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Abstract. Background/Aim: Finasteride (FN) has been
widely used to treat androgenetic alopecia (AGA). This study
aimed at exploring the effect of FN on DP stem cell
properties. Materials and Methods: Effect of FN on stem cell
properties was tested in a DP cell line and 2 human primary
DP cells (HDPCs1 and HDPCs2). Cell toxicity and growth
were analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay. The aggregation
behavior was observed by phase-contrast microscopy and a
scanning electron microscope (SEM). Effects of FN on cell
signaling were determined by western blotting and
immunocytochemistry. Results: Treatment of DPCs with FN
was able to significantly increase their aggregation behavior
and the expression of stem cell transcription factors Nanog
and Sox-2, when compared to the non-treated control. FN
up-regulated stem cell regulatory proteins through the
activation of protein kinase B (AKT), β-catenin, and
integrin-β1. Conclusion: FN had an interesting biological
effect on stem cell induction. These findings support the use
of this drug for hair loss control and the development of
regeneration approaches.
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In the treatment of androgenetic alopecia (AGA), finasteride
(FN) is the only oral medicine approved by Unites States
Federal Drug Administation (US FDA) (1). FN is a specific
type II 5α-reductase enzyme inhibitor which reduces the
conversion of androgen, testosterone (T) to dihydrotestosterone (DHT), the major inducer of AGA (1). Oral
administration of 1 mg daily can reduce the concentration of
scalp and serum DHT approximately 64% and 68%,
respectively, inhibiting hair follicle miniaturization (2).
Topical or transdermal delivery formulations of FN should
be preferable in the future management of AGA with lower
side effect than the oral formulation (3).
The dermal papilla cells (DPCs) have been recognized as
cells secreting signaling molecules that control hair follicle and
it is hypothesized that these cells are key targets of androgen
in AGA pathophysiology (4-5). Hair regrowth cycle begins
when the signals from DPCs reach the multipotent epidermal
stem cells in the bulge region of hair follicle (6). The function
and ability of DPCs to induce the regrowth of hair as well as
maintain hair at the growing phase have been shown to depend
on the stem cell properties of DPCs (7). Sox-2 is one of the
stem cell-related transcription factors found in DPCs and
functions in pluripotency maintenance. The important role of
Sox-2 in hair growth has been demonstrated in transgenic
animals and lack of this transcription factor that present an
impairment of hair shaft outgrowth (8, 9). Besides, the
presence of human stem cell protein markers such as CD133
suggests that DPCs have hair inductive properties (9). The
activation of Wnt/β-catenin signaling, especially Wnt10b is
essential for hair development, hair cycling and hair regrowth
(10). Also, this signal has been shown to regulate DPCs
inductive properties (11). Wnt/β-catenin has been shown to be
the early trigger of DPCs in the induction and initiation of hair
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follicle formation (12). Together, active agents that induce or
enhance stem cell signals and properties of DPCs may benefit
the therapeutic treatment of hair loss. In this study, we
evaluated the possible effects of FN on stemness maintenance
of DPCs. The knowledge gained from this study may benefit
the development of novel strategies to control hair loss.

Materials and Methods

Cells and reagents. Immortalized dermal papilla cells (DPCs) and
Human dermal papilla primary cells culture 1 (HDPCs1) were obtained
from Applied Biological Materials Inc. (Richmond, BC, Canada).
Human dermal papilla primary cells culture 2 (HDPCs2) was purchased
from Celprogen (Celprogen Inc., CA, USA). DPCs, HDPCs1 and
HDPCs2 were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco Grand Island, NY, USA) containing 10% fetal bovine
serum (FBS) and 100 units/ml of penicillin/streptomycin (Life
technologies, MD, USA) at 37˚C in a 5% CO2 atmosphere. Finasteride
(FN) and dimethylsulfoxide (DMSO) were purchased from Sigma (St.
Louis, MO, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and Alexa Fluor 488/594 conjugated secondary
antibody were from Invitrogen (Carlsbad, CA, USA). Rabbit
monoclonal antibodies for integrin-β1, β-catenin, phosphorylated ATPdependent tyrosine kinase (AKT, Ser 473), Nanog, Sox-2, CD44, βactin, and HRP-conjugated secondary antibodies were obtained from
Cell Signaling (Denver, MA, USA). Immobilon Western
Chemiluminescent HRP substrate was from Thermo Fisher Scientific
Inc. (Rockford, IL, USA). Hoechst 33342 and propidium iodide (PI)
were obtained from Molecular Probes Inc. (Eugene, OR, USA).

Cell viability assay. The cytotoxicity of FN in DPCs and HDPCs
was determined by MTT assay modified from Kiratipaiboon, 2015
(13). Briefly, 1×104 cells/well of DPCs and HDPCs were seeded in
96 well plates and incubated overnight. Cells were treated with
different concentrations of FN (0.01-100 μM) for 24 h. After
indicated treatments, cells were incubated with MTT for 3 h at
37˚C. The intensity of MTT product was measured at 570 nm using
a microplate reader. Cell viability was calculated as percentage
relative to non-treated (control) value using the formula
Cell viability (%) =

A570 of treatment
A570 of control

×100

(1)

Nuclear staining assay
Apoptotic and necrotic cell death were detected by Hoechst 33342
and PI co-staining. Cells (1 × 104 cells/well) were seeded in a 96well plate and incubated overnight. Then, cells were treated with
various concentrations of FN for 24 h. After treatments, cells were
stained with 10 μg/ml of Hoechst 33342 and 5 μg/ml of PI for 30
min at 37˚C and visualized by a fluorescence microscope (Olympus
IX 51 with DP70; Olympus America Inc., Centervalley, PA, USA).

Aggregation behavior evaluation of DPCs. DPCs were seeded at a
density of 3×105 cells/dish onto 6 cm dishes and incubated
overnight for cell attachment. Cells were cultured in the presence
or absence of FN (10-100 μM). Aggregation behavior of DPCs was
observed at 5 days by a phase-contrast microscope (Olympus IX 51
with DP70; Olympus America Inc., Centervalley, PA, USA).
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Scanning electron microscope (SEM). DPCs treated with various
concentration of FN (100 μM) were fixed in 2.5% glutaraldehyde
in phosphate buffer pH 7.2 for 2 h. Cells were washed two times
with phosphate buffer and once with distilled water. DPCs were
dehydrated with 30%, 50%, 70%, 95% and 100% ethanol for 5
min/each, dried, mount and coat with gold (sputter caoter, Balzers
model SCD 040, Germany). Coated cells were observed under SEM
(JEOL, model JSM6400, Japan).

Western blot analysis. Cells were seeded at a density of 3×105
cells/dish onto 6 cm dishes overnight and cultured with various
concentrations of FN for 24 h. Afterwards, cells were incubated in
lysis buffer containing 20 mM Tris-HCl (pH 7.5), 0.5% Triton X,
150 mM sodium chloride, 10% glycerol, 1 mM sodium
orthovanadate, 50 mM sodium fluoride, 100 mM phenylmethylsulfonyl fluoride and commercial protease inhibitor cocktail (Roche
Molecular Biochemicals) for 30 min on ice. Cell lysates were then
collected and determined for protein concentration using the
Bradford method (Bio-Rad, Hercules, CA, USA). Equal amount of
protein of each sample (70 μg) was heated in Laemmli loading
buffer at 95˚C for 5 min and subsequently loaded on 10% SDSpolyacrylamide electrophoresis. After separation, proteins were
transferred onto 0.45 μm nitrocellulose membranes (Bio-Rad).
Subsequently, the membranes were blocked with 5% non-fat milk
in TBST [25 mM Tris HCl (pH7.5), 125 mM NaCl, 0.05% Tween20] at 4˚C overnight, and then were incubated with specific primary
antibodies at 4˚C overnight. Membranes were washed 3 times with
TBST for 5 min and incubated with horseradish peroxidase coupled
secondary antibodies for 2 h at room temperature. The immune
complexes were detected with chemiluminescence substrate
(Supersignal West Pico; Pierce, Rockford, IL, USA) and quantified
using Image J software (NIH, Bethesda, MD, USA).

Immunocytochemistry. Cells were seeded at a density of 1×104
cells/well in 96-well plates and incubated overnight. Cells were
cultured with various concentration of FN (10-100 μM) for 24 and
48 h. Cells were fixed with 4% paraformaldehyde for 15 min and
permeabilized with 0.5% Triton-X for 5 min at room temperature.
After that, cells were incubated with 10% FBS and 0.1% Triton-X
(blocking solution) for 1 h at room temperature. Cells were washed
and incubated with specific primary antibodies (β-catenin, Nanog,
and Sox-2) at 4˚C overnight. Secondary antibodies at dilution 1:100
were added following washing of cells with 10% FBS and 0.1%
Triton-X. Hoechst 33342 in blocking solution at 1:1,000 dilution
was added and incubated for 1 h at room temperature. Cells were
fixed again with 4% paraformaldehyde for 10 min and were
mounted with 50% glycerol. Samples were examined with
fluorescence microscope (Olympus IX 51 with DP70; Olympus
America Inc., Centervalley, PA, USA).
Statistically analysis. Each experiment was repeated at least three
times, and the data were expressed as mean±S.D. Statistical analysis
was performed using one-way analysis of variance (ANOVA) and
Tukey HSD test. p-Values less than 0.05 were considered as
statistically significant.

Results

Effect of FN on viability of DPCs. Cells were treated with
various concentrations of FN (0.01-100 μM) for 24 h. Cell
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Figure 1. Cytotoxicity of FN on DPCs. (a) DPCs were treated with FN (0.01-100 μM) for 24 h and cytotoxicity was determined by MTT assay. The
data represent the means of three independent samples±SD. (b) Hoechst 33342/PI co-staining assay for investigating the mode of cell death after
treatment for 24 h. (c) Morphology of DPCs.
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Figure 2. Aggregation behavior of DPCs. (a) Aggregation behavior of DPCs after treatment with FN (10-100 μM) for five days. (b) SEM image of
the aggregation behavior of DPCs after treatment with FN (100 μM) for five days. (c-d) Aggregation size and aggregation number were determined
by image analyzer. The data represent the mean of three independent samples±SD. *p<0.05 versus non-treated control.

1212

Rattanachitthawat et al: Finasteride Induced Stem Cell Property

Figure 3. Effect of FN on Wnt/β-catenin signaling in DPCs. Cells were cultured with various concentration of FN (10-100 μM) for 24 h. (a) After
treatment, the levels of Wnt/β-catenin signaling (p-AKT (Ser473) and β-catenin) were analyzed by western blot. β-actin was served as loading
control. The immunoblot signals were quantiﬁed by densitometry. The data represent the means of three independent samples±SD. *p<0.05 versus
non-treated control. (b) Expression of β-catenin was analyzed by immunoﬂuorescence staining.

viability and cell death were evaluated by MTT and Hoechst
33342/propidium iodide (PI) co-staining assay. FN had no
significant effect on cell viability at concentrations ranging
from 0.01 to 100 μM (Figure 1a). The Hoechst/ PI apoptosis
assay (Figure 1b and c), indicated that FN treatment (0.01100 μM) caused neither apoptosis nor necrotic cell death.
Therefore, the non-toxic doses of FN (10-100 μM) were
selected and used for the following experiments.

FN enhances the aggregation pattern in DPCs. DPCs have
been known as multipotent stem cells having the ability to
control hair growth (8-9, 14,15). Here, we explored the effect
of FN on the stem cell-like aggregation behavior in DPCs.
Cells were treated with FN (10-100 μM) for 5 days and the
aggregation pattern of the cell was determined at day 5. The
aggregation patterns of DPCs are shown in Figure 2a (by a
phase-contrast microscope) and Figure 2b (by SEM). While
1213
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Figure 4. Continued

the size of aggregation was slightly decreased in response to
FN treatment in comparison to control (Figure 2c), FN at the
concentrations of 50 and 100 μM significantly increased the
number of aggregates of DPCs when compared with the
control (Figure 2d).
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Effect of FN on Wnt/β-catenin signaling in DPCs. The
Wnt/β-catenin signaling plays an important role in
maintaining stemness of stem cells involved in hair growth
and hair regeneration (16). Activation of Wnt/β-catenin leads
to an increase in the stem cell compartment (17) and
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Figure 4. Effect of FN on stem cell-like phenotype and self-renewal transcription factors in DPCs. Cells were cultured with various concentrations
of FN (10-100 μM) for 24 h. (a and b) After treatment, the levels of integrin β1, CD44, Nanog, Sox-2 were analyzed by western blot. β-actin was
served as loading control. The immunoblot signals were quantiﬁed by densitometry. The data represent the means of three independent samples±SD.
*p<0.05 versus non-treated control. (c and d) Expression of Nanog and Sox-2 was analyzed by immunoﬂuorescence staining.

stimulation of DPCs to induce hair growth through the
induction and initiation of hair follicle formation and
prolongation of anagen phase. To determine whether FN
affects Wnt/β-catenin pathway in DPCs, the signaling
proteins related to Wnt/ β-catenin including activated AKT
(phosphorylated AKT (p-AKT) at Ser 473) and β-catenin
were analyzed by western blot analysis. FN significantly
increased the levels of p-AKT at the concentrations of 10100 μM (Figure 3a). In addition, 100 μM FN significantly
increased the expression levels of β-catenin. The induction
of cellular β-catenin levels was confirmed by
immunocytochemistry. Immunocytochemistry using the βcatenin antibody showed that FN-treated cells had
augmented levels of β-catenin compared with the non-treated
control (Figure 3b).

Effect of FN on stem cell markers and transcription factors.
We further confirmed that FN treatment could increase
stemness of DPCs by determining its effect on stem cell
markers. The cells were cultured for 24 h in the presence or
absence of non-toxic concentrations of FN. Then, the protein
markers were analyzed by western blot analysis. Figure 4a
shows that 100 μM FN increased the protein levels of
integrin-β1 in a dose-dependent manner, however, FN had
only a slight effect on the levels of CD44.

Self-renewal transcription factors like Nanog and Sox-2
have been shown to play a major role in stem cell properties
(18). We, therefore, investigated whether treatment of the
DPCs with FN could increase the cellular levels of Nanog
and Sox-2. Western blot results showed that FN increased
the protein levels of Nanog and Sox-2 in a dose-dependent
manner (Figure 4b). The induction of Nanog and Sox-2 was
confirmed by immunocytochemistry. As shown in Figure 4c
and d, FN increased the expression of Nanog and Sox-2
when compared with the non-treated control.

FN maintains the stem cell phenotypes in HDPCs. To confirm
the stem cell induction property of FN in other DPCs, the
human primary dermal papilla cells from two different donors
were used. Primary DPCs were treated with various
concentrations of FN (0.01-100 μM) for 24 h. FN at 100 μM
slightly decreased cell viability of HDPCs1 (Figure 5a).
Meanwhile, FN (0.01-100 μM) had no effect on cell viability
of HDPCs2 (Figure 5b). Next, the characteristics of stem cells
in these primary cells after treatment with FN (10-100 μM)
were examined. The expression of stem cell proteins was
determined by immunocytochemistry. Consistently, the
expression of β-catenin, Nanog, and Sox-2 was increased in
response to FN treatment in a dose-dependent manner in
HDPCs1 and HDPCs2 (Figure 5c-h).
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Figure 5. Cytotoxicity of FN on HDPCs. (a and b) HDPCs1 and HDPCs2 cells were treated with FN (0.01-100 μM) for 24 h and cytotoxicity was determined by MTT assay. The data represent
the means of three independent samples±SD. *p<0.05 versus non-treated control. (c-h) Effect of FN on Wnt/β-catenin signaling and self-renewal transcription factors in HDPCs were
investigated. Expression of β-catenin, Nanog and Sox-2 was analyzed by immunoﬂuorescence staining.
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Stem cell properties of DPCs play an important role in hair
growth cycle and hair follicle formation (19). Thus, the
augmentation of stemness in DPCs may increase the rate of
hair growth and benefit hair loss control. Here, we report for
the first time that FN, a widely prescribed drug for the
treatment of hair loss, has a potentiating effect on the stem
cell properties of DPCs.
The hair follicle formation by DPCs is related to their stem
cell behaviors including aggregate behavior (20). Treatment
of DPCs with non-toxic concentrations of FN significantly
increased the number of cell aggregates in comparison to the
non-treated control cells (Figure 2). Also, FN augmented the
stem cell signals in DPCs by increasing the levels of stem cell
markers and transcription factors (Figures 3 and 4). Wnt/βcatenin is known to regulate stem cell characteristics and
functions (16, 21). Inactivation of β-catenin in DPCs has been
shown to cause hair growth reduction and impaired hair
regeneration (22). In contrast, the activation of β-catenin
signaling resulted in expansion and formation of hair follicles
(23). β-catenin signaling is known to be controlled by several
cellular mechanisms and the AKT signaling has been
recognized as a key regulator of β-catenin. The activated AKT
protein increases cellular levels of β-catenin by inhibiting
GSK3β-mediated ubiquitination and proteasomal degradation
of β-catenin protein (24). We found that in response to FN
treatment, activated AKT was increased together with the
increase in cellular β-catenin (Figure 3a), suggesting that FN
could maintain stem cell signaling through AKT/β-catenindependent mechanism. Likewise, integrin-β1 has been shown
to play a role in hair follicle formation and stem cell
maintenance (25-26). Hair follicle bulge stem cells have been
shown to have high integrin-β1 expression (27). We also
found that treatment of the DPCs with FN induced high
expression of integrin-β1 (Figure 4a).
The transcription factors that are important for selfrenewal properties of stem cells, namely, Sox-2 and Nanog
have been widely used as biomarkers for human stem cell
detection (28). Sox-2 plays an important role in maintaining
pluripotency of stem cells (29). Sox-2 interacts and
cooperates with other transcription factors, such as Nanog
and Oct-4, for regulating stem cell pluripotency (28). Sox-2,
Nanog, and Oct-4 form a core protein for allowing
pluripotent stem cells to maintain their self-renewal. It has
been shown that DPCs and hair follicle stem cells contain
high level of Sox-2 (30), and this transcription factor
regulates hair growth (8). The Sox-2 and Nanog were
significantly upregulated in FN-treated DPCs, supporting our
conclusion that FN may potentiate stemness and stem cell
function of DPCs. Besides, the key evidence that FN
accentuates stem cell signal was confirmed in human
primary dermal papilla cells from 2 different sources.
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Figure 6. Schematic diagram summarizing the effects of FN on the
stemness in human DPCs. FN improves the stemness of human DPCs
through AKT activation, which increases cellular levels of β-catenin. As a
consequence, β-catenin accumulates in the cells resulting in an increasing
of transcription of target genes including those involved in self-renewal.

Conclusion

This study unraveled a novel regulatory activity and
mechanism by which FN regulates stem cell signals in DPCs.
FN increases the stemness of the cells through AKT-dependent
Wnt/β-catenin signaling, resulting in the induction of
transcription factors such as Sox-2 and Nanog (Figure 6). This
study warrants further investigations to develop this approved
drug for therapeutic and cosmeceutical applications.
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