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a  b  s  t  r  a  c  t

Glucocorticoid  (GC)  is synthesized  mostly  in  the  adrenal  gland  and is  secreted  in response  to  stressful
conditions.  The  stress-induced  increase  in  systemic  GC may  mediate  diverse  types  of  cellular  damage.
However,  the  specific  effects  of  GC  on the  dermal  papilla  cells (DPCs)  of  hair  follicles  remain  unknown,
although  stress-related  hair  loss  has  increased  significantly  in  recent  years.

The  objective  of this  study  was  to determine  the  effect  of  a synthetic  GC,  dexamethasone  (Dex),  on
human  DPCs  in  vitro.  We  evaluated  the  effects  of  Dex  on  cell  proliferation,  survival,  and  the  expression
of  growth  factors  in  DPCs.  Dex  treatment  (1 �M)  significantly  reduced  the  number  of  viable  cells  and
the  expression  of the  Ki-67  protein,  VEGF  and  HGF  were  downregulated  following  treatment  of  DPCs
with  Dex.  Taken  together,  we concluded  that  Dex  inhibits  human  hair  growth  by  inhibiting  both  the
proliferation  of,  and growth  factors  expression  by,  DPCs.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Glucocorticoids (GCs) are potent inhibitors of keratinocyte pro-
liferation and are effective anti-inflammatory compounds [1].  GCs
can induce a G1 cell cycle arrest and programmed cell death
in immature thymocytes, several leukemic cell lines and mature
peripheral T lymphocytes [2,3]. The GC signal is primarily mediated
by the glucocorticoid receptor (GR), which acts as a ligand-
dependent transcriptional factor. In the absence of ligand, GR is
localized in the cytoplasm and is bound to the heat-shock protein
complex. Upon interaction with its ligand, GR translocates into the
nucleus where it mediates a variety of effector mechanisms [4].
These include binding as a homodimer to positive or negative reg-
ulatory elements in the promoter regions of GC-responsive genes
(GRE), which results in the modulation of gene transcription [5].

GCs are produced and secreted by the adrenal cortex. The lev-
els of GCs are regulated by adenocorticotrophic hormone (ACTH),
largely under the control of the hypothalamic–pituitary–adrenal
axis (HPA). Stressful environmental changes activate the HPA axis
and elevate the secretion of GCs [6].  The stress induced increase in
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GC secretion is known to produce neuronal cell damage [7].  The skin
and hair are targets of HPA axis activity, and they also produce GCs
through their own neuroendocrine systems that have been called
the “peripheral” HPA axis [8].  The stress-related neurohormones –
such as those produced by the HPA axis (including corticotropin-
releasing hormone, ACTH, and GC) have been shown to be secreted
by human hair follicles [9].

Dermal papilla cells (DPCs) are a group of specialized fibroblasts
within the hair follicle bulb that have an essential function in the
control of hair growth, not only in the hair cycle but also in the
pathogenesis of certain conditions [10]. Therefore, factors affecting
the functions of DPCs are important from a therapeutic viewpoint.
However, the specific effects of GC on DPCs in hair follicles remain
largely unknown. To explore the effects of GC on DPCs, we treated
human DPCs (hDPCs) with dexamethasone (Dex), a synthetic GC,
and monitored the molecular and cellular changes in vitro. Our
results suggest that Dex reduced the proliferation of hDPCs in hair
follicles, thus demonstrating the inhibitory effects of GC (cortisol)
on hair growth.

2. Materials and methods

2.1. Chemicals and reagents

Dex, RU486 and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were obtained from Sigma (St.
Louis, MO). Dex and RU486 were dissolved in dimethylsulfoxide
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(DMSO) at 0.1 M and stored at −20 ◦C. For Western blot analysis,
antibodies recognizing cyclin D1, GR and phosphorylated GR (pGR)
were purchased from Cell Signaling Technology, Inc. (Beverly,
MA). �-Actin antibody was purchased from Santa Cruz Biotech Inc.
(Santa Cruz, CA).

2.2. Human dermal papilla cell culture

The methods used for isolating and culturing hDPCs have been
described previously [11]. hDPCs were cultured in Dulbecco’s Mod-
ified Eagle’s Medium (DMEM; Welgene, Daegu, Korea) containing
10% fetal bovine serum (FBS; Welgene), 10 ng/mL basic fibroblast
growth factor (bFGF, R&D Systems, Minneapolis, MN,  USA) and
1× antibiotic antimycotic solution (Gibco BRL, Gaithersburg, MD,
USA) containing penicillin and streptomycin. Cells were incubated
at 37 ◦C in a 5% CO2 incubator. To study the effect of Dex, hDPCs
were serum-starved for 24 h and then cells were exposed to Dex
for the indicated time.

2.3. hDPC viability and proliferation assay

Cell viabilities were determined using MTT[3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assays.
Briefly, DPCs at 1.5 × 104 cells/well were seeded into 96-wellplates,
cultured for 24 h in serum-free DMEM,  and then treated with vehi-
cle (DMSO diluted 1:1000in serum-free DMEM)  as a control,
Dex(0.01–10 �M)  for 2 days. Twenty microliters of MTT  solution
(5 mg/mL) was added per well and incubated for 3 h at 37 ◦C.
The supernatant was removed, and the formazan crystals were
dissolved in 200 mL  of DMSO. The samples were incubated for
30 min  at room temperature, and quantified by measuring optical
density at 540 nm using an ELISA reader (TECAN, Salzburg, Austria)
experiments were performed 3 times.

2.4. Immunofluorescence

For Ki67 labeling, hDPCs were incubated in 4 chamber slide
dishes in the presence of 1 �M Dex for 24 h. hDPCs were fixed
for 20 min  with 4% paraformaldehyde, washed three times with
PBS. The cells were incubated with anti-mouse Ki-67 (DAKO,
Carpinteria, CA, USA) at 1:100. Secondary antibody used with
Alexa Fluor 594-labeled goat anti-mouse (Invitrogen Japan, Tokyo,

Fig. 1. Effect of dexamethasone (Dex) on cell proliferation in cultured human dermal
papilla cells (hDPCs). Treatment of hDPCs with Dex (0.1–10 �M)  resulted in a sig-
nificant reduction in viable cells, as measured by an MTT  assay. *p < 0.05, compared
with the vehicle (0.1% DMSO) treated control.

Japan). The nuclei were counterstained with DAPI. Pictures of four
non-overlapping fields (200×) in each group were taken under a
confocal microscope (Carl Zeiss MicroImaging, Inc., Thornwood,
NY) and then Ki67(+) DPCs were counted. After normalizing the
number of Ki67(+) cells to total number of DPCs (DAPI-positive),
the proportion of Ki67 DPCs in each group is presented in Fig. 2B.

2.5. Immunocytochemistry

For GR immunocytochemistry, the primary antibody was used
with an anti-mouse GR (R&D systems, Minneapolis, MN,  1:100)
and secondary antibody was used with a goat anti-rabbit biotiny-
lated antibody (Vector Laboratories, Burlingame, CA, 1:200). AEC
(Invitrogen, Carlsbad, CA) was  used as the chromogen to visualize
biotin/streptavidin-peroxidase complex. Cells were counterstained
with Mayer’s hematoxylin (Dako, Carpinteria, CA), mounted using
aqueous mounting solution (Dako), and examined under an optical
microscope at 100×.

2.6. Quantitative real time PCR and Western blot analysis

Total RNA was  isolated from hDPCs using RNA iso Plus (Takara
Bio Inc., Otsu, Shiga, Japan). We used 1 �g of total RNA for the cDNA
synthesis reaction. The following primers for human genes were

Fig. 2. Dex treatment decreased the number of Ki67-positive cells in hDPCs. (A) The effect of 1 �M Dex on proliferation for 24 h was measured by Ki67 expression and (B) The
graph represents the percentage of Ki67(+) cells (red) in the total cell population. Nuclei are stained with DAPI. The GR antagonist RU486 (5 �M) blocks the antiproliferative
activity of Dex. *p < 0.05 vs. vehicle-treated control. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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