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Purpose: An increasing number of people are suffering from hair loss disorders.
Niacinamide has long been used as an active ingredient for anti-hair loss preparations but
the exact mechanism has not been clearly elucidated yet. The effects of niacinamide were
investigated in cultured human dermal papilla cells (hDPCs).

Methods: To investigate the anti-hair loss effect of niacinamide and its molecular mechan-
isms, Western blot analysis, ELISA, quantitative RT-PCR and immunocytochemistry were
performed. To study the protective effects of niacinamide against H,O,-induced oxidative
stress, ROS generation and cytotoxicity were evaluated by DCF-DA assay and LDH release
assay, respectively. Minoxidil was used as a positive control.

Results: Niacinamide decreased the protein expression level of DKK-1 which promotes
regression of hair follicles by inducing catagen. The protein expression levels of cell
senescence markers, p21 (CDKN1A) and pl6 (CDKN2A) which are related to cell cycle
arrest, were decreased. The expression of versican was increased by niacinamide treatment in
cultured hDPCs. We have found that niacinamide decreased the H,O,-induced intracellular
ROS production in cultured hDPCs. Moreover, niacinamide decreased the protein expression
levels of H,0,-induced p21 and p16 and diminished the secretion of H,O,-induced DKK-1.
Conclusion: Our data demonstrate that niacinamide could enhance hair growth by prevent-
ing oxidative stress-induced cell senescence and premature catagen entry of hair follicles.
Keywords: anti-hair loss, hair follicle, ROS, cell cycle

Introduction
Hair loss or alopecia is a common hair disorder and an increasing number of people
are suffering from hair loss." The causes of hair loss include aging, nutritional
deficiency, hormone imbalances, diseases and stress,”’ but the pathogenesis and
underlying molecular mechanisms are not fully elucidated yet. The postnatal hair
follicles undergo a cycle of growth (anagen), apoptosis driven organ involution
(catagen) and resting (telogen).® Hair loss is characterized by progressive miniatur-
ization of hair follicles and decrease in the number of anagen hair follicles.” The
hair follicle cycle is regulated by many signaling pathways, including growth
factors,'” bone morphogenetic proteins,'' hormones, and Wnt (wingless-type
mouse mammary tumor virus integration site).'”

A hair follicle is an organ composed of epithelial and mesenchymal tissues. The
dermal compartment of hair follicle consists of dermal papilla and dermal sheath.'?
The dermal papilla, a mesenchymal component in hair follicle, is a cluster of
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specialized fibroblasts enveloped by hair matrix keratino-
cytes in the bulb of anagen hair. The dermal papilla cells
(DPCs) reside in the base of the hair follicle and activate
follicular keratinocytes to maintain and regenerate hair
follicle cycle.'*

DPCs regulate hair growth and regeneration of hair
follicles through the secretion of growth factors and
cytokines.'> Vascular endothelial growth factor (VEGF),
a mediator of angiogenesis, was reported to improve hair
follicle vascularization. It increases the size of hair folli-
cles and hair shafts.'® Keratinocyte growth factor (KGF or
FGF-7) is an important endogenous mediator of normal
hair follicle growth, development, and differentiation.'”
(IGF-1) and hepatocyte
growth factor (HGF) from dermal papilla are reported to

Insulin-like growth factor-1

play important roles in stimulating the differentiation of
keratinocytes and the growth of hair follicles.'® DPCs also
control the transition of hair follicle cycle. Transforming
growth factor-p and dickkopfl (DKK-1) from dermal

papilla are known
19,20

to induce anagen to catagen
transition.

DKK-1 is of special interest since a significant increase
in DKKI1 immunostaining was found in lesional scalp
biopsies taken from patients with androgenic alopecia
and alopecia areata when compared to healthy control
volunteers.”' It was reported that the administration of
recombinant human DKK-1 (thDKK-1) into mouse hypo-
dermis resulted in premature onset of catagen, a key fea-
ture of male pattern baldness. Injection of neutralizing
DKK-1 antibody, on the contrary, delayed the anagen to
catagen transition in mice. It was also found that treatment

of rhDKK1 suppressed Wnt/B-catenin signaling, triggering

A

B

Cell viability

apoptosis in outer root sheath keratinocytes via induction
of pro-apoptotic protein Bax.?’

DPCs isolated from balding scalp were previously
reported to have slower growth rates in vitro compared
with non-balding DPCs.*? Balding DPCs undergo prema-
ture senescence that is associated with cyclin-dependent
kinase inhibitor p16™ ** and retinoblastoma tumor sup-
pressor protein pRb. In addition, they showed changes in
the expression levels and distribution of stress-response
proteins including catalase, SOD-1, HSP-27, ATM and
ATR

An oxidative stress induced by hydrogen peroxide (100
uM) promoted the secretion of TGF-B1 in human dermal
papilla cells, known as an endogenous regulator of catagen
induction.*

Niacinamide (Figure 1A), also known as nicotinamide,
is a water-soluble amide form of vitamin B3 (niacin). It is
widely used in cosmetics including skin and hair care
products.”> Niacinamide has long been used as an active
ingredient in anti-hair loss preparations. There are few
studies, however, on the efficacy and underlying mechan-
isms of niacinamide for anti-hair loss, have been reported.

A pilot study was conducted on the efficacy of niacin
derivatives in female pattern baldness patients. The niacin
derivatives demonstrated a significant increase in hair full-
ness in photographic analysis.”® Additionally, in a study
comparing the efficacy of adenosine and niacinamide in
Japanese men with androgenic alopecia, 32% of the niaci-
namide treated participants showed the clear improvement
in hair thickness.”” However, its effects on hair follicle

cells and the underlying mechanisms are not fully

understood.
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Figure | Cell viability of niacinamide in hDPCs. (A) Chemical structure of niacinamide. (B) Cells were plated on 96-well plates with complete medium. CCK-8 assay was
performed to determine cell viability after treatment with various concentrations of niacinamide (0, 0.5, I, 2 and 4 mM) and 10 pM of minoxidil for 24 h. Data represent

mean % S.D. #p < 0.05 compared to non-treated control.
Abbreviations: N.T, non-treated control; MNX; minoxidil.
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In the present study, the effects of niacinamide on
cellular responses were investigated in cultured hDPCs.
We have found that niacinamide protected cells from the
oxidative stress induced by hydrogen peroxide treatment,
preventing cellular senescence in cultured hDPCs. We
have also found that niacinamide decreased the protein
expression levels of catagen inducer DKK-1 not only
under normal state but also under oxidative stress.

Our data suggest that niacinamide could support hair
growth by preventing oxidative stress-induced cell senes-
cence and premature catagen entry of hDPCs.

Materials and Methods

Materials

Niacinamide and hydrogen peroxide were purchased from
Sigma Aldrich (St. Louis, MO, USA). Niacinamide was
dissolved in dimethyl sulfoxide (DMSO). Rabbit antibo-
dies for DKK-1 (ab109416, 1:1000), pl16™5** (ab54210,
1:1000), versican (ab19345, 1:200) and goat anti-Alexa
-488 conjugated rabbit IgG (ab150077, 1:1000) were
from Abcam (Cambridge, UK). Mouse anti-GAPDH (sc-
47724, 1:3000) was from Santa-Cruz (Santa Cruz, CA,
USA). Rabbit anti-p21 (2947s), horse anti-mouse IgG
(7076s) and goat anti-rabbit IgG (7074s) antibodies were
from Cell Signaling Technology (Danvers, MA, USA).

Cell Culture

Human dermal papilla cells (hDPCs) were kindly pro-
vided by Prof. Byung Cheol Park (Department of
Dankook Medical
hDPCs were obtained from 57-year-old male patient

Dermatology, College, Korea).
underwent hair transplantation surgery with a written
consent and approved by the Institutional Review Board
of Dankook University Hospital (IRB no. DKUH. 2017-
07-003). They were cultured in Follicle Dermal Papilla
Cell Growth Medium (Promocell, Heidelberg, Germany)
supplemented with 4% fetal calf serum, 0.4% bovine
pituitary extract, 1 ng/mL basic fibroblast growth factor
(bFGF), Mix,
Promocell). hDPCs of 3-10 passages were used for

and 5 pg/mL insulin (Supplement
experiments. Cells were maintained at 37 °C in
a humidified atmosphere with 5% CO,. For H,O,-
induced oxidative stress condition, serum limitation was
carried out by replacing the medium with fresh DMEM
(Gibco, MA, USA) supplemented with 1% fetal bovine
serum (FBS; Gibco) and 1 ng/mL bFGF (Merck,
Darmstadt, Germany).?®

Cell Viability and Lactate Dehydrogenase

(LDH) Assay

hDPCs (3.0 x 10° cells/well) were seeded in 96-well plates
and cultured overnight. Then the medium was replaced
with fresh DMEM with 1% FBS and 1 ng/mL bFGF.
After 24 h, cells were treated with various concentrations
(250 ~ 2000 uM) of H,O, for 24 h to determine the non-
toxic H,O, concentration. After treatment, the supernatant
was collected and transferred to empty 96-well transparent
plate for a lactate dehydrogenase (LDH) assay. The cell
viability and the leakage of LDH were measured using
CCK-8 assay Kit and Cytotoxicity LDH Assay Kit-WST
(Dojindo, Korea), respectively, following the manufac-
turer’s protocols. The absorbance was measured using
Epoch micro plate spectrophotometer (BioTek, VT, USA).

Intracellular ROS Assay

Intracellular reactive oxygen species (ROS) level was
evaluated using 2', 7'- dichlorofluorescin diacetate (DCF-
DA) method. hDPCs (2 x 10* cells/well) were seeded in
24-well plates and cultured for 24 h. The medium was
replaced with fresh serum limitation medium and cultured
for 24 h. Cells were then treated with niacinamide in the
presence of 1 mM H,O, for 30 min. After treatment, cells
were washed with phosphate buffered saline (PBS) and
stained with DCF-DA probe for 30 min. Fluorescent
images were obtained using EVOS™ FLAuto 2 Imaging
System (Thermo Fisher Scientific, Waltham, MA, USA).
Quantification of green fluorescence intensity was per-
formed wusing Celleste™ Image Analysis Software
(Thermo Fisher Scientific, Waltham, MA, USA).

Western Blotting

hDPCs (5.0 x 10° cells/dish) were seeded in 60 mm dishes
and cultured for 24 h. After treatment, cells were washed
with 1 x PBS and lysed on ice in M-PER buffer (Thermo
Fisher Scientific) supplemented with Complete™ protease
inhibitor cocktail and phosphatase inhibitor (Roche, IN,
USA). Forty micrograms of protein was analyzed by
Western blotting using appropriate antibodies to assess
protein expression. The resulting blot was quantitated by
chemiluminescence detector Fusion FX5 (Vilber Lourmat,
France) and iBright FL1500 (Thermo Fisher scientific).

DKK-1 ELISA
hDPCs (2 x 10* cells/well) were seeded in 24-well plates,
cultured for 24 h and were treated with niacinamide for
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24 h. After treatment, culture supernatants were collected and
the amounts of DKK-1 were measured using Human DKK-1
DuoSet ELISA Kit (R&D Systems, MN, USA) according to
the manufacturer’s instruction. Briefly, anti-human DKK-1
capture antibody was plated to 96-well plate. The plate was
sealed and incubated overnight at room temperature. Then,
the wells were blocked with blocking buffer (1% BSA in
PBS, pH 7.2-7.4), and 100 pL of supernatant samples were
added to wells in triplicate and incubated at room tempera-
ture for 2 h. After anti-human DKK-1 antibody was treated at
room temperature for 2 h, 100 pL of working dilution of
Streptavidin-HRP was added to each well and incubated at
room temperature for 20 min. Wash steps were included
between each step. After incubation with 100 pL of substrate
solution for 20 min, absorbance at 450 nm was measured
using Epoch microplate spectrophotometer (BioTek, VT,
USA). Background wavelength correction was performed
at 570 nm.

Versican Immunocytochemistry

hDPCs (2 x 10 cells/well) were seeded in 24-well plates
and cultured for 24 h. Then, cells were treated with 1 and 2
mM of niacinamide for 24 h. After treatment, the cells
were fixed with 4% paraformaldehyde at room tempera-
ture for 10 min. The cells were then permeabilized with
phosphate buffered saline containing 0.1% triton X-100
and blocked with phosphate buffered saline containing
5% FBS and 1% BSA. After a consecutive incubation
with anti-versican antibody (1:200 dilution) at 4 °C for
12 h and Alexa 488 nm conjugated secondary antibody
(1:1000 dilution; Abcam, Cambridge, MA) at room tem-
perature for 1 h, nuclei were stained with DAPI (1:2000
dilution, Thermo Fisher Scientific) in dark for 10 min.
High-resolution fluorescence images were taken using
EVOS™ FL Auto 2 Imaging System.

Quantitative Real-Time PCR

Real-time Polymerase Chain Reaction (RT-PCR) was used
to study the effects of niacinamide on cell cycle and apop-
tosis. Cells were seeded in 6-well plates (1.5 x 10° cells/
well) and cultured for 24 h. After serum limitation for 24 h,
niacinamide was treated at concentrations of 1, 2, and 4 mM
for 24 h in the presence of H,O,. Total RNA was extracted
using RNeasy RNA extraction kits (Qiagen Inc., CA, USA).
cDNA synthesis was performed using cDNA synthesis kit
(Philekorea, Seoul, Korea) with ThermoCycler (R&D sys-
tems) according to the manufacturer’s protocol. cDNA
samples obtained from control and treated cells were

subjected to RT-PCR analysis. TagMan probes for RT-
PCR used in this study are as follows: GAPDH assay id
4352934E; CDKNIA assay id Hs00355782 m1l; CDKN2A
assay id Hs00923894 ml. For PCR reaction, TagMan One-
Step RT-PCR Master Mix Reagent (Life Technologies, CA,
USA) was used. The PCR reactions were performed on
ABI7500 Real-Time PCR system following the manufac-
turer’s protocol. The resulting data were analyzed with ABI
software.

Statistical Analysis

The data were expressed as mean + standard deviation (S.
D.) from at least three independent experiments, otherwise
indicated. The data were analyzed using two-tailed
unpaired Student’s #-test. The value of p < 0.05 was
considered statistically significant.

Results
Niacinamide Enhanced the Cell Viability

in Cultured hDPCs

As shown in Figure 1B, niacinamide (0.5, 1, 2 and 4 mM)
increased the viability of cultured hDPCs when treated
only in complete medium. The increased viability (prolif-
eration) ranged about 10% but with significance. When
treated in serum limitation medium, however, niacinamide
did not induce any changes in cell viability (data not
shown).

Niacinamide Decreased the Expression of
DKK-1 and Increased the Expression of
Versican in Cultured hDPCs

When anagen to catagen transition occurs in hair follicle,
the hair follicle cells alter the expression pattern of hair-
growth related factors.”” Dickkopf-1 (DKK-1), known as
a Wnt antagonist and a catagen inducer, promotes the
regression of hair follicle by blocking Wnt/B-catenin
signaling.*

As shown in Figure 2, niacinamide significantly down-
regulated the protein expression level of DKK-1 in
a concentration-dependent manner. 4 mM niacinamide
decreased the DKK-1 expression level in whole cell lysate
to 55.3%
(Figure 2A and B). Treatment of niacinamide also signifi-

of non-treated control in cultured hDPCs

cantly decreased the secretion of DKK-1 protein in
a concentration-dependent manner (Figure 2C). Our data
suggest that niacinamide could inhibit the catagen progres-
sion via down-regulating the expression of DKK-1.
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Figure 2 Niacinamide decreased the expression of DKK-1 and increased the expression of versican in hDPCs. (A) Cells (5.0 x 10° cells/well) were seeded in 60 mm dishes.
After 24 h, cells were treated with niacinamide (I, 2, and 4 mM) and 10 uM of MNX in complete medium for 24 h. Western bot analysis was performed using 40 g of total
protein. GAPDH was used as a loading control (B) The band intensity was quantitated. (C) Cells (2 x 10* cells/well) were seeded in 24-well plates and cultured for 24
h. Cells were treated with niacinamide (I, 2, and 4 mM) and 10 uM of MNX in complete medium for 24 h. After treatment, culture medium from each well was analyzed
using DKK-1 ELISA kit. (D) Versican expression was visualized as green by fluorescent microscopy. The scale bar represents 200 um. Data represent mean % SD. #p < 0.05

and #p < 0.01 compared to non-treated.
Abbreviations: N.T, non-treated control; MNX; minoxidil.

Versican, a large chondroitin sulfate proteoglycan, is
reported to be highly expressed during anagen phase, so is
regarded as one of the hair follicle cycle-related markers.*’
Immunocytochemical staining data with anti-versican anti-
body have revealed that niacinamide increased the expres-
sion of versican in cultured hDPCs, suggesting that
niacinamide could prolong the anagen phase (Figure 2D).

Niacinamide Protected Cultured hDPCs

from H,O5-Induced Oxidative Stress

Dermal papilla cells were reported to become prematurely
senescent under oxidative stress.”**? In this study, hydrogen
peroxide was chosen for an oxidative stressor, decreased the
cell viability of cultured hDPCs in a concentration-dependent
manner (data not shown). To determine whether niacinamide
treatment protect hDPCs from oxidative stress, we performed
DCF-DA assay to detect intracellular ROS generation. As
shown Figure 3A and B, the treatment of niacinamide
decreased the H,O,-induced ROS generation in cultured

hDPCs. The treatment of H,O, resulted in increased LDH
activity which indicates the loss of cell membrane integrity
and chemical-induced cytotoxicity (Figure 3C). We have
found that niacinamide decreased the LDH activities induced
by 750 uM H,0, in a concentration-dependent manner
(Figure 3D).

Niacinamide Abolished the H,O,-Induced
p2l and pl6 Expression in Cultured
hDPCs

The expression of p21, a cell-cycle regulatory protein, is often
elevated in senescent cells, blocking the cell cycle
progression.**>* It was found that the protein expression
level of p21 was slightly decreased by niacinamide treatment
with statistical significance. The expression of p16, which was
reported to be associated with premature senescence in balding
DPCs, was also decreased by niacinamide, but was not sig-
nificant (Figure 4A and B). We have found that both mRNA
and protein expression levels of p21 were increased by H,O,
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Figure 3 Effects of niacinamide on H,O,-induced oxidative stress. (A) Protective effect of niacinamide on H,O,-induced ROS generation. Niacinamide (I, 2 and 4 mM) was
treated with | mM H,O, for 30 min. After treatment, cells were stained with DCF-DA probe for 30 min and fluorescent images were obtained. The scale bar represents 200
um. (B) ROS generation was quantitated using Celleste™ Image Analysis Software. (C) LDH release was assessed in hDPCs following H,O, exposure for 24 h. (D)
Protective effect of niacinamide on H,0O,-induced LDH release. Niacinamide (I, 2 and 4 mM) was treated with 750 yM H,O, for 24 h. Data represent mean * S.D. #p <0.05
and #p < 0.01 compared to non-treated control. *p < 0.05, *p < 0.01 compared to H,O,-treated control.
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treatment (Figure 4C—E), which were abrogated by niacina-
mide treatment. Western blot analysis revealed that niacina-
mide at concentrations of 1 and 2 mM significantly decreased
the H,O,-induced p21 protein expression by 46.8% and
54.1%, respectively.

The protein expression level of pl6 was increased by
H,0, without significance but significantly decreased by
niacinamide treatment. The mRNA expression level of p16
was not significantly changed by H,0O,, decreased signifi-
cantly by niacinamide only at the lowest concentration
(Figure 4C-E).

Niacinamide Decreased H,O,-Induced
Secretion of DKK-I Protein in Cultured
hDPCs

We have found that treatment of H,O, at concentration of
500 puM significantly increased the secretion of DKK-1

protein in cultured hDPCs. As shown Figure 35,
A
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Figure 4 Continued.

niacinamide significantly decreased the secretion of
DKK-1 in a concentration-dependent manner. DKK-1
secretion was diminished by 26.0% and 42.0%, when
treated with niacinamide at concentrations of 2 and 4
mM, respectively.

Discussion

Niacinamide, a member of vitamin B family, has long
been used in hair care products, especially for the purpose
of anti-hair loss. Neither its effects on hair follicle cells nor
the underlying mechanisms concerning the efficacy for
anti-hair loss, however, have been clarified.

In the present study, we first provide in vitro evidences
that niacinamide could support hair growth in cultured
hDPCs. We have found that the expression of DKK-1 in
cultured hDPCs was decreased by niacinamide treatment
in a concentration-dependent manner (Figure 2A and C).
DKK-1, a representative inhibitor of Wnt/B-catenin signal-
ing pathway, was reported to promote the catagen entry of
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Figure 4 Effects of niacinamide on protein and mRNA expression of cyclin dependent kinase Inhibitors in hDPCs with and without H,O, treatment. (A) Cells (5.0 x 10°
cells/well) were seeded in 60 mm dishes. After 24 h, cells were treated with niacinamide (I, 2, and 4 mM) and 10 pM of MNX in complete medium for 24 h. Western bot
analysis was performed using 40 pg of total protein. GAPDH was used as a loading control (B) The band intensity was quantitated. Data represent mean = SD (n = 4) (C)
Cells (5.0 x 10° cells/well) were seeded in 60 mm dishes and cultured for 24 h, then medium was replaced with serum limitation medium. After serum limitation for 24 h,
cells were treated with various concentrations of niacinamide (I, 2 and 4 mM) and 10 uM of MNX in the presence of 500 uM of H,O, for 24 h. Western bot analysis was
performed using 40 pg of total protein. GAPDH was used as a loading control (D) The band intensity was quantitated. Data represent mean % SD (n = 4) (E) Cells (1.5 x 10°
cells/well) were seeded in 6-well plates and incubated for 24 h. After serum limitation for 24 h, niacinamide was treated at concentrations of |, 2, and 4 mM for 24 h in the
presence of H,O,. The mRNA expression levels of p2| (CDKNIA) and pl6 (CDKN2A) were measured by RT-PCR. Data represent mean * SD (n = 3). *p < 0.05 and *p <
0.0l compared to non-treated control. *p < 0.05 and **p < 0.0] compared to H,O,-treated control.

Abbreviations: N.S, not significant; N.T, non-treated control; NIA, niacinamide; MNX, minoxidil.

anagen hair follicles in murine and human models, indu-
cing the apoptosis in hair follicle cells and reducing the
hair follicle enlargement in the course of hair follicle
regeneration.>> Injection of recombinant human DKK-1
(rhDKK-1) promoted catagen progression in mice by
blocking the Wnt/B-catenin signaling and by inducing pro-
apoptotic protein BAX, leading to apoptosis in outer root
sheath (ORS) keratinocytes.”® Furthermore, the expression
level of DKK-1 in balding scalp was up-regulated com-
pared with non-balding scalp.® In this context, our data
suggest that niacinamide could support hair growth by
preventing catagen entry through the down-regulation of
DKK-1 protein level.

On the other hand, niacinamide increased the expres-
sion of versican which is involved in matrix assembly and
cell adhesion.’” In hair follicles, accumulation of versican
protein was observed in the DP during anagen phase.’’
Furthermore, the expression level of versican was lower in
the DP of vellus-like hair follicles in anagen phase. Based

on these results, niacinamide possibly prolongs the anagen
duration (Figure 2D).

In addition, we also have found that niacinamide
diminished the H,O, induced DKK-1 secretion in cultured
hDPCs (Figure 5). Exposure to H,O, is a widely used
procedure to cause oxidative damage/stress in cellular
models.*® H,0, treatment caused premature senescence
in rat dermal papilla cells, resulting in inhibition of cell
proliferation in follicular keratinocytes.*>

We have found that niacinamide protected hDPCs from
H,0, induced oxidative stress (Figure 3), eliminating the
H,0, induced ROS production and decreasing the cyto-
toxic effect of H,0O,, revealed by DCF-DA and LDH
assays, respectively. Our data coincide with previously
reported studies where niacinamide functioned as an anti-
oxidant that effectively inhibited oxidative stress.***
Cell senescence is associated with cell cycle arrest,

where cell cycle regulatory proteins such as p21<"/WAF!

INK4
6 a

and pl play pivotal roles. The cyclin-dependent
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Figure 5 Niacinamide decreased H,0,-induced DKK-I protein secretion in
hDPCs. Cells (2 x 10* cells/well) were seeded in 24-well plates and cultured for
24 h, then medium was replaced with serum limitation medium. After serum
limitation for 24 h, cells were treated with various concentrations of niacinamide
(I, 2 and 4 mM) and 10 uM of MNX in the presence of 500 uM of H,O, for 24
h. After treatment, culture medium from each well was analyzed using DKK-I|
ELISA kit. Data represent mean = SD (n = 4). ™p < 0.01 compared to non-
treated control. **p < 0.0] and ***p < 0.00] compared to H,O,-treated control.

kinase inhibitors p21 and pl6 control G1/S cell cycle
check point.***" We have found that in the presence of
H,0, both mRNA and protein expression levels of p21
were significantly up-regulated, and niacinamide
decreased the H,0;-induced p21 expression (Figure 4).
The protein expression level of pl6, another cell senes-
cence marker, was also significantly decreased by
niacinamide.

It has been reported that niacinamide inhibited human
hair follicle growth ex vivo,** where hair follicle organ
culture system was adopted. Although the hair follicle
organ culture system is superior to cell culture system,
the experimental results could vary according to the cul-
ture conditions. Another report demonstrated that topical
niacinamide did not stimulate hair growth,*> whose con-
clusion was derived only by VEGF synthesis assay.
Although VEGF plays important role in hair growth, it
could not be concluded that some chemicals without
VEGF stimulatory effect do not promote hair growth.
The cellular and molecular mechanisms of niacinamide
were not investigated in hDPCs. Our findings provide
some cellular and molecular clues of niacinamide for its
widely used hair growth promoting efficacy in cultured
hDPCs. Taken together, our data demonstrate that niacina-

mide could prevent premature catagen entry by inhibiting

the expression of DKK-1 and protecting hDPCs against
oxidative stress.

Conclusion

In conclusion, our data demonstrate that niacinamide could
promote hair growth possibly by preventing premature
catagen entry and cell senescence of hDPCs via down-
regulation of DKK-1, p16, and p21, leading to elongation
of anagen phase with increased versican expression.
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