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Abstract
Background and Objective: Many people are affected by hair loss, although certain drugs can contribute to hair growth. Developing
a new medical therapy for hair loss will be helpful for improving peopleʼs lives. This study was aimed to investigate the effects
of Poria cocos extract on human follicle dermal papilla cells (HFDPCs) to identify potential compounds for hair growth.
Materials and Methods: The WST-1 assay and bromodeoxyuridine tests were used to evaluate cell proliferation. The cell cycle was
examined by flow cytometry. The expression levels of cell cycle-associated proteins and major mitogen-activated protein kinases were
determined by western blot. Results: Poria cocos extract was found to increase the cell viability and induce cell proliferation of HFDPCs
at concentrations ranging from 25-100 µg mLG1. The expression levels of cell cycle-associated proteins were increased in P. cocos
extract-treated HFDPCs. Moreover, increased expression levels of p-AKT and p-ERK were found in P. cocos extract-treated HFDPCs. Each
triterpene in P. cocos extract also exhibited a similar effect on HFDPCs proliferation. In addition, blockade of AKT kinase but not ERK
abolished P. cocos extract-induced HFDPC proliferation. Conclusion: The present results suggested that the AKT signaling pathway is
involved in P. cocos extract-induced cell proliferation of HFDPCs.
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human follicle dermal papilla cells (HFDPCs) as potential

INTRODUCTION

therapeutics for hair loss. In addition, the underlying
mechanisms involved in the effects of the

Poria cocos, also called Fu-ling in Chinese, is a fungus

P.

cocos

belonging to the Polyporaceae family. It has a wide spectrum

extract on the cell proliferation of HFDPCs were also

of pharmacological activities and has a long history of use as

determined.

a Chinese traditional medicine . Poria cocos has been shown
1

MATERIALS AND METHODS

to be able to promote antitumor2-5, antioxidant6, antibacterial7,
8,9

10,11

antihyperglycemia and anti-inflammatory

activities. The

bioactive properties in P. cocos constituents include

This study was performed at the Core Laboratory of the

polysaccharides, triterpenoids, fatty acids, sterols and

Buddhist Tzu Chi General Hospital Taipei Branch (New Taipei

enzymes. Among these constituents, polysaccharides and

City, Taiwan) and Radiation Biology Core Laboratory, Chang

triterpenoids have been reported as the main bioactive

Gung Memorial Hospital (Taoyuan, Taiwan) from January,

components in P. cocos

2018-September, 2019.

12-15

.

Tumulosic acid (TA), a triterpenoid found in P. cocos, has
Preparation of an ethanol extract of P. cocos (PEE): Dried

been reported to induce lung cancer cell death by down
regulating Bcl-2 expression and activating the caspase

sclerotia of P. cocos was purchased from Sun Ten

cascade2. Three triterpenes, including pachymic acid (PA),

Pharmaceutical Co., Ltd. (Taiwan). About 10 g of P. cocos

dehydropachymic acid (DPA) and polyporenic acid C (PAC),

extract was extracted with 95% ethanol by sonication. The

have been shown to suppress the proliferation of human

extract was then filtered using filter paper and stored at -20EC

pancreatic cancer cell lines and inhibit cell invasion via down

for further use. The dehydrotumulosic acid (DTA), TA and

12

regulation of matrix metalloproteinase-7. Six lanostane-type

PA were obtained from Carbosynth (Berkshire, UK). The

triterpenes isolated from P. cocos exhibited inhibitory effects

3-epidehydrotumulosic acid (EDTA) and PAC were purchased

on phorbol ester-induced Epstein-Barr virus early antigen

from ChemFaces Biochemical Co., Ltd. (Hubei, USA).

activation in Raji cells and could suppress the formation of skin
tumors5.

Cell culture: HFDPCs, which were isolated

from female

Hair loss (baldness) refers to a loss of hair from the scalp

donors, were purchased from PromoCell (Heidelberg,

or can be severe enough to affect the entire body. Common

Germany). Cells were maintained in low serum cell culture

baldness types include patterned hair loss, alopecia areata,

medium (PromoCell), which is optimized for the maintenance

telogen effluvium and patterned hair loss is the most common

of HFDPCs. The 4th-10th HFDPC population doublings were

cause of hair loss found after puberty16. Although the causes

used in this study. There were no significant changes in

of hair loss are still not completely understood, infection by

the morphology or alkaline phosphatase activity of the

fungi, several medications, or immune disorders could cause

10th population doublings of HFDPCs.

temporary or permanent hair loss17.
The hair follicle growth cycle consists of 3 phases: A

Cell viability assay: The Cell viability assay was performed as

long growing anagen phase, a regressing catagen phase and

described previously by Tsai et al.20. In brief, HFDPCs were

a short resting telogen phase18. After the resting telogen

seeded in 24-well plates in triplicate with a cell density of

phase, the hair falls out and a new growing anagen phase

5×104 cells/well. HFDPCs were serum starved for 24 h,

begins. Too many hairs falling out or a disruption at the

followed by incubation in cultured medium supplemented

growing anagen phase would lead to abnormal hair loss. The

with 0.5% fetal calf serum and various concentrations of PEE

telogen-to-anagen transition occurs near the dermal papilla.

or 50 µM triterpenes found in PEE for 24 h. One hundred

These stem cells proliferate rapidly and amplified daughter

microliters of colorimetric WST-1 reagent (Roche Diagnostics,

cells from the new hair follicle19. Therefore, dermal papilla cells

Mannheim, Germany) was added to the cells and then they

play a crucial role in the hair growth cycle and could be the

were incubated at 37EC for an additional 4-6 h. The cultured

target cells used for studying the cellular mechanisms

medium was then transferred to a 96-well plate and the

organizing the hair follicle.

absorbance at 450 and 650 nm was determined in a
multifunctional microplate reader (Infinite F200, Tecan,

The aim of this study was to investigate the benefits
of alternative natural compounds in

the

Durham, NC, USA).

growth of
2
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sodium pyrophosphate) containing 1×complete protease
inhibitor cocktail (EDTA-free) (Roche) at 4EC for 30 min. Cell
lysates were centrifuged to remove debris and proteins in the
supernatant were collected and stored at -80EC until use.
About 20-50 µg of total protein from each sample was
separated on 12% polyacrylamide gels and the resolved
protein samples were then transferred to polyvinylidene
difluoride membranes. After blocking with 1×PBS containing
5% non fat dry milk and 0.1% Tween-20, membranes were
hybridized with the following primary antibodies at 4EC for
12 h and then incubated with horseradish peroxidaseconjugated goat anti-mouse or anti-rabbit antibodies at room
temperature for 2 h. An ECL kit (Amersham, Bucks, UK) was
used to detect the substrate reaction and the band for
target proteins was detected with a ChemiDoc™ XRS+System
(Bio-Rad Laboratories, Hercules, CA). Antibodies used for
detection of Cyclin D1 (Cell Signaling Technology, Beverly,
MA, USA), Cyclin E1 (Cell Signaling Technology), Cyclin A (Cell
Signaling Technology), Cdk2 (Cell Signaling Technology), Cdk4
(Cell Signaling Technology), Cdc2 (Cell Signaling Technology),
p-AKT (Cell Signaling Technology), AKT (Cell Signaling
Technology), p-p44/p42 ERK (Cell Signaling Technology),
p44/p42 ERK (Cell Signaling Technology), p-JNK (Cell Signaling
Technology), JNK (Cell Signaling Technology), p-p38 (Cell
Signaling Technology), p38 (Cell Signaling Technology) and
Actin (Sigma-Aldrich) are indicated.

Bromodeoxyuridine (BrdU) cell proliferation assay: The
incorporation of BrdU were used to evaluate HFDPCs
proliferation20. Briefly, HFDPCs were seeded in 24-well plates
in triplicate with a cell density of 3×104 cells/well. HFDPCs
were serum starved for 24 h, followed by incubation in
cultured medium supplemented with 0.5% fetal calf serum
and various concentrations of PEE or 50 :M triterpenes found
in PEE for 48 h. Cells were incubated with 10 µM BrdU labeling
solution (Roche Diagnostics) at 37EC for an additional 12 h.
The culture medium was removed and cells were fixed and
denatured by adding FixDenat for 30 min. After removing
the fixing solution, cells were then incubated with an
anti-BrdU-POD antibody at 25EC for 90 min. The mixtures of
antibodies were removed, followed by incubation with
tetramethylbenzidine substrate. The substrate mixtures were
incubated at 25EC until color development was sufficient for
detection. The absorbance of each well was measured in a
multifunctional microplate reader at 370 and 492 nm.
Cell cycle analysis: The cell cycle analysis for HFDPCs was
performed as described previously by Tsai et al.20. In brief,
HFDPCs were seeded in 6-cm dishes with a cell density of
3×105 cells/dish. HFDPCs were serum starved for 24 h,
followed by incubation in cultured medium supplemented
with 0.5% fetal calf serum and various concentrations of PEE
for 48 h. Cells were washed with 1×PBS and harvested by
centrifugation. After centrifugation, the cell pellets were
vigorously vortexed while slowly adding ice-cold 80% ethanol.
After fixation overnight at -20EC, the cells were then stained
with 500 µg mLG1 propidium iodide (Sigma-Aldrich, St. Louis,
MO, USA) containing 0. 1% (v/v) Triton X-100 solution at 25EC
for 30 min. Aggregates were removed with 30 µm pore size
filters and the staining of cells was then analyzed by flow
cytometry (Cytomics FC 500; Becton Dickinson, Franklin Lakes,
NJ). Approximately 5,000 events were collected from each
sample and the percentage of the cell cycle phase distribution
in each sample was then analyzed and processed with
Multicycle for Windows software (Becton Dickinson).

Statistical analysis: All experiments were performed in
triplicate. All statistical analysis were carried out using
one-way ANOVA with Dunnettʼs post hoc test. Data are
presented as the mean±standard deviation. A p-value
<0.05 indicated statistical significance.
RESULTS
PEE increased the viability of HFDPCs: In order to evaluate
the effect of PEE on HFDPC growth, the viability of HFDPCs
treated with different doses of PEE was determined by WST-1.
PEE increased HFDPC viability in a dose-dependent manner,
with a maximal value in HFDPCs treated with 100 µg mLG1 PEE
(Fig. 1a). In addition, the effect of PEE on the cell death of
HFDPCs was also examined, which was determined by lactate
dehydrogenase release. No apparent cell death was observed
in HFDPCs treated with different doses of PEE. Since PEE could
increase HFDPC viability, the effect of PEE on the cell
proliferation of HFDPCs was then examined, as determined by
the BrdU incorporation assay. As shown in Fig. 1b, HFDPC
proliferation was significantly increased in cells treated with

Western blotting: Protein expression analysis were performed
as described previously Tsai et al.20. HFDPCs were seeded in
6 cm dishes with a cell density of 3×105 cells/dish. HFDPCs
were serum starved for 24 h, followed by incubation in
cultured medium supplemented with 0.5% fetal calf serum
and various concentrations of PEE or 50 µM triterpenes found
in PEE for 24 h. Cells were washed three times with 1×PBS and
lysed with RIPA lysis buffer (20 mM Tris-HCl at pH 7.5, 100 mM
NaCl, 1% Nonidet P40, 100 µM Na3VO4, 50 mM NaF, 30 mM
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Fig. 1(a-b): Effect of PEE on the (a) Viability and (b) Cell proliferation of HFDPCs
HFDPCs were treated with the indicated concentrations of PEE for 24-48 h, cell viability and cell proliferation were analyzed by WST-1 and BrdU assays,
respectively, data were expressed as Mean±SD, *p<0.05 compared with control group, PEE: An ethanol extract of P. cocos

25-100 µg mLG1 PEE, with a maximal capacity of cell
proliferation in HFDPCs treated with 50 µg mLG1 PEE. The cell
cycle in PEE-treated HFDPCs was further analyzed. As shown
in Fig. 2, treatment with PEE could dose-dependently increase
the proportion of HFDPCs in S phase (from 10.6-25%) and
reduce the proportion of cells in G1 phase (from 83.1-69.2%)
when compared to that in the control group.

dependent manner in HFDPCs treated with PEE (Fig. 3b).
These observations suggest that PEE-induced HFDPC
proliferation might be mediated by the upregulation of cell
cycle-associated proteins via activation of the AKT and
p42/p44 ERK pathways.
Triterpenes induced HFDPC proliferation: PEE contains
approximately 60% triterpenoids and 40% lipid2 and these
triterpenoids contain TA, DTA, PAC, EDTA and PA. In order to
evaluate whether PEE-induced HFDPC proliferation is
associated with these triterpenoids, HFDPCs were treated with
each component found in PEE. As shown in Fig. 4a, treatment
with all of the triterpenoids used in this study significantly
increased cell viability. Furthermore, the cell proliferative
ability was significantly increased in HFDPCs treated with
these triterpenes when compared to that of the controltreated group (Fig. 4b).

PEE increased cell cycle-associated proteins in HFDPCs:
Because PEE could increase the proportion of cells in S phase,
the expression levels of cell cycle-associated proteins in
PEE-treated HFDPCs were then detected. Cyclin D1/cdk4 are
the first cyclin- and cyclin-dependent kinases(cdk) to be
upregulated in G1 phase. The level of cyclin D1 and cdk4 were
increased in HFDPCs treated with 25-100 µg mLG1 PEE (Fig. 3a).
Cyclin E1 and cdk2 are considered cell cycle-associated
proteins involved in the G1-S transition. Both the expression
levels of cyclin E1 and cdk2 increased in a dose-dependent
mannerin HFDPCs treated with PEE (Fig. 3a). Cyclin A and
cdc2, believed to be involved in the G2/M transition, also
increased dose-dependently in HFDPCs following PEE
treatment (Fig. 3a).
To investigate the possible mechanism underlying
PEE-induced HFDPC proliferation and the increase in
expression of cyclins and cdks, the levels of 4 major
mitogen-activated protein kinases were determined.
Treatment with high doses of PEE (50-100 µg mLG1) led to a
slight decrease in the level of p-JNK, while the levels of p-p38
were not affected by PEE (Fig. 3b). In contrast, the levels of
p-AKT and p-p42/p44 ERK increased in a concentration-

Triterpenes increased cell cycle-associated proteins and
p-AKT in HFDPCs: To investigate whether HFDPC proliferation
induced by triterpenes found in PEE also led to increased
expression of cell cycle-associated proteins, the cyclins and
cdks were determined in cell lysates collected from
triterpene-treated HFPDCs. All of the triterpenes used in this
study exerted similar effects as PEE in HFDPCs to increase the
expression levels of cyclins/cdks (Fig. 5a).
The effect of triterpenes found in PEE on the expression
levels of AKT and p42/p44 ERK was also examined. As shown
in Fig. 5b, treatment with PEE and triterpenes found in PEE
increased the level of p-AKT. The level of p-p42/p44 ERK was

4
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Fig. 2(a-e): Flow cytometric analysis was performed to evaluate the cell cycle in PEE-treated HFDPCs, (a) Control, (b) 10 µg mLG1
PEE, (c) 25 µg mLG1 PEE, (d) 50 µg mLG1 PEE and (e) 100 µg mLG1 PEE
Flow cytometric analysis of cell cycle parameters following 48 h of treatment with indicated concentrations of PEE compared with untreated control
cells, PEE: An ethanol extract of P. cocos
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Fig. 3(a-b): Levels of (a) Cell cycle-associated proteins and (b) Four mitogen-activated protein kinases in PEE-treated HFDPCs were
detected by western blot
HFDPC were treated with the indicated concentrations of PEE for 24 h, expression levels of cell-associated proteins and mitogen-activated protein kinases
were evaluated, PEE: An ethanol extract of P. cocos
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Fig. 4(a-b): Effect of each triterpene in PEE on the (a) Viability and (b) Cell proliferation of HFDPCs
HFDPCs were treated with the 50 µg mLG1 PEE or 50 µM indicated triterpene for 24-48 h, data were expressed as Mean±SD, *p<0.05
compared with control group, PEE: An ethanol extract of P. cocos, TA: Tumulosic acid, DTA: Dehydrotumulosic acid, PAC: Polyporenic acid C,
EDTA: 3-epidehydrotumulosic acid, PA: Pachymic acid

also increased in HFDPCs treated with PEE, DTA and PAC when
compared to the control-treated group. No apparent change
in the level of p-p42/p44 ERK was observed in HFDPCs treated
with TA, EDTA and PA (Fig. 5b).

in HFDPCs treated with AKT kinase inhibitor and PD98059
(p42/p44 ERK inhibitor) when compared to the viability with
control treatment. PD98059 did not block triterpenes in the
PEE-mediated increase in cell viability. In contrast, the
increased cell viability induced by triterpenes in PEE was
completely abolished in the HFDPCs treated with AKT kinase
inhibitor (Fig. 6a).
Similarly, cell proliferation was decreased in HFDPCs

AKT kinase inhibitor abrogated PEE-mediated HFDPC
proliferation: To further confirm the possible association
between activation of mitogen-activated protein kinases and
PEE-mediated HFDPC proliferation, inhibitors for AKT kinase
and p42/p44 ERK were used. The cell viability was decreased

treated with AKT kinase inhibitor or PD98059. The decrease in
cell proliferation was similar in control and triterpene-treated
6
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Fig. 5(a-b): Levels of (a) Cell cycle-associated proteins and (b) p-AKT and p-ERK in each triterpene in PEE-treated HFDPCs were
detected by western blot
HFDPC were treated with 50 µg mLG1 PEE or 50 µM indicated triterpene for 24 h, expression levels of cell-associated proteins, AKT and p42/p44 were
evaluated, PEE: An ethanol extract of P. cocos, TA: Tumulosic acid, DTA: Dehydrotumulosic acid, PAC: Polyporenic acid C, EDTA: 3-epidehydrotumulosic
acid, PA: Pachymic acid
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Fig. 6(a-b): Effect of the AKT kinase inhibitor and PD98059 on (a) Viability and (b) Cell proliferation in PEE-treated HFDPCs
HFDPCs were treated with 50 µg mLG1 PEE or 50 µM indicated triterpene in the presence or absence of the AKT1/2 kinase inhibitor (5 µM) or PD98059
(50 µM) for 24-48 h, *p<0.05 compared with control group, #p<0.05 cells were treated with PEE or triterpene and PD98059 compared to cells
were treated with PD98059, PEE: An ethanol extract of P. cocos, TA: Tumulosic acid, DTA: Dehydrotumulosic acid, PAC: Polyporenic acid C,
EDTA: 3-epidehydrotumulosic acid, PA: Pachymic acid

significantly increased the proliferation of HFDPCs. The levels
of cell cycle-associated cyclins and cdks were also induced by
PEE. In addition, both the activity of p42/p44 ERK and AKT was
induced by PEE in HFDPCs. Furthermore, blockade of AKT but
not ERK abolished PEE-induced HFDPC proliferation, indicating
the role of the AKT pathway in PEE-mediated HFDPC
growth.
It will be helpful to study the effective compounds in
P. cocos extract to further demonstrate its promotion of cell
proliferation of HFDPCs. However, there is little information
in the literature regarding the binding targets for the
compounds in P. cocos extract. Triterpenoids (bodinone,

HFDPCs combined with PD98059, indicating that ERK was not
the candidate protein involved in PEE-mediated HFDPC
proliferation. However, PEE-induced cell proliferation was
completely blocked in the HFPDCs treated with the AKT kinase
inhibitor (Fig. 6b). Therefore, the increase in the number of
viable cells and the proliferation ability of HFDPCs induced by
PEE occurred through the AKT signaling pathway.
DISCUSSION
The present study investigated the effects of P. cocos
extract on the growth of HFDPCs. Results showed that PEE
7
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bodinone glycoside and D-sorbitol) in Schefflera bodinieri
selectively bind to muscarine receptors with IC50 values of
0.91-3.24 µM, while trisaccharide can bind to Ca2+ channels
and 5HT-2 receptors with IC50 values of 8.03 and 3.81 µM,
respectively. Additionally, dopamine receptors could be
bound by bodirin A and all of the receptors for 5HT1C, 5HT2,
opiate, beta-adrenergic and histamine 1 could be affected by
bodirin A, bodinitin A and the trisaccharide21. It is still not clear
whether triterpenoids or trisaccharides could be agonists or
antagonists of these receptors, even if these receptors could
be bound by triterpenoids or trisaccharides. The mechanism
of cell proliferation of HFDPCs induced by P. cocos extract,
which is mediated through these receptors bound by
triterpenoids in P. cocos, needs further investigation.
Although PEE has no effect on the cell death of HFDPCs,
PEE has been reported to exhibit proapoptotic activity in
cancer cells2,14. Elevated caspase activity was observed in HL60
and leukemia A549 lung cancer cells treated with PEE or TA.
However, P. cocos extract protected PC12 neuron cells or
LLC-PK1 kidney tubular epithelial cells from cell death induced
by $-amyloid or cisplatin, respectively22,23. Additionally, a
previous study showed that the levels of cell cycle-associated
proteins were decreased in A549 cells treated with P. cocos
extract2. These results suggested that the different results from
cancer cells and normal cells may be caused by these
receptors/targets bound by compounds in P. cocos extract
present in different cell lines.
Based on the causes of hair loss, the treatment for hair
loss can be targeted to the regulation of immune response,
hormone production and hair regrowth. Some medications
were made for the treatment of hair loss, including minoxidil
and finasteride. Finasteride is used to treat male pattern
baldness because the 5"-reductase inhibitor finasteride
inhibits the formation of androgen from testosterone24.
Some naturally derived compounds also exhibited similar
effects on hair follicles via 5"-reductase25. The KATP opener
minoxidil could cause hyperpolarization of cell membranes26,
subsequent broadening of blood vessels and the allowance of
more blood and nutrients into the hair follicles. The influx of
blood induced by minoxidil may facilitate the telogen-anagen
transition in hair follicles27,28. Ebastine, a histamine receptor
inhibitor, has been shown to exert favorable effects on hair
growth via immunoregulation and hair regrowth20,29.
This study indicated that the P. cocos extract could

CONCLUSION
The results of this study demonstrate that the P. cocos
extract could induce HFDPC proliferation. The levels of cell
cycle-associated proteins, activated p42/p44 ERK and
activated AKT were upregulated by P. cocos extract in
HFDPCs. Similar effects as P. cocos extract exhibited by
triterpenes in P. cocos extract on HFDPC proliferation
indicate a role for triterpenes in P. cocos extract-regulated
HFDPC growth.
SIGNIFICANCE STATEMENT
This study discovered that the P. cocos extract could
directly induce HFDPC growth, which can be beneficial for
curing hair loss. The current study also demonstrated the
potential capacity of naturally derived compounds to enhance
hair follicle cell regrowth. This study also suggested that the
combination of the drug currently available for treating
balding that targets blood influx combined with P. cocos
extract might improve the success of the telogen-anagen
transition to cure hair loss. This study will help the researcher
to uncover the critical areas of dermatology that many
researchers were not able to explore. Thus, a new theory on
dermatology may be arrived at.
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