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growth through activation of Wnt/β-catenin signaling 
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Abstract: Although hair loss is not a horrible disease, it sometimes reduces the patients’ quality of life (QOL) and 
increases their mental stress. Currently, there is no effective treatment for hair loss. It is known that honeybee 
propolis has various biological activities, including stimulating the proliferation of hair matrix keratinocytes. However, 
little is known with the hair promoting activity of stingless bee propolis. Hence, this study investigates the hair 
growth-promoting activity of Philippines stingless bee propolis extract and the underlying a molecular mechanism 
of promoting hair growth. For the evaluation of hair growth stimulating activity, 99.5% ethanolic extract of Philippines 
stingless bee propolis is examined using the simple shaving model in C57BL/6N mice. Melaninization of dorsal 
skin and histological analysis of hair follicles (HFs) revealed that propolis promotes hair growth by stimulating HFs 
development. The expression of mRNA (Wnt3a, Ctnnb1/β-catenin, Lef1, and Bmp2) and protein (WNT3A and 
β-catenin) of selected Wnt/β-catenin associated genes explains Philippines stingless bee propolis promoting HFs 
development by activating Wnt/β-catenin signaling pathway. These results suggest that the treatment of propolis 
strongly promotes hair growth by stimulating the development of HFs via activation of Wnt/β-catenin signaling 
pathway. This further indicates the potential of Philippines stingless bee propolis as a novel promising agricultural 
product for hair growth.
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Introduction

hair loss is a disorder that reduces the patients’ qual-
ity of life (QoL) and increases their mental stress. it may 
be caused by numerous factors including genetic predis-
position, hormonal imbalance, auto-immune condition, 
medication, etc. some of these causes may induce hair 
loss by affecting the development of hair follicles (HFs) 
[1]. at present, the market potential for hair loss treat-
ments is great. The global expenditure for hair loss 
therapy reached an astounding amount of $4.2 billion in 
2020, and this is projected to increase further at a com-
pound annual growth rate (Cagr) of 15.4% from 2021 
to 2028 [2].

Currently, only Finasteride and Minoxidil are ap-
proved by the US FDA as effective medications for treat-
ing hair loss. Finasteride increases the stemness of the 
dermal papilla cells and decreases the level of dihy-
drotestosterone to promote hair growth. Minoxidil, on 
the other hand, promotes hair growth by stimulating HFs 
in the telogen stage to enter the anagen stage. However, 
Finasteride has only been restricted for use in cases of 
androgenic hair loss while Minoxidil has been largely 
exploited for treatment of temporary hair loss [3]. There-
fore, it is desired to explore other alternative therapies 
for managing hair loss such as the use of natural products 
and its derived compounds.

Propolis is a natural resinous product that is produced 
by bees through the mixing of saliva and beeswax gath-
ered from tree buds, sap flows, or other botanical sourc-
es. Propolis has been used as a medicine for hundreds 
of years. It is recognized to have diverse biological ac-
tivities, which are determined by the source of plants 
and bee species. However, the biological activity of 
propolis derived from the indigenous population of 
Tetragonula biroi Friese or Philippines stingless bees is 
relatively unknown. Our previous study reported that the 
Philippines stingless bee propolis exerts a tumor-sup-
pressing potential on differentiated-type of gastric adeno-
carcinoma. In the same study, several 60-week-old A4gnt 
Ko mice showing a moderate degree of hair loss were 
incidentally observed to exhibit pronounced hair growth 
development following the 30-day oral administration 
of Philippines stingless bee propolis [4]. The effect of 
stingless bee propolis on the development of HFs has 
not yet been investigated. Therefore, we focus on the 
functional evaluation of the hair growth stimulating ac-
tivity of the Philippines stingless bee propolis.

Materials and Methods

Propolis sample preparation
Propolis flake samples from Philippines indigenous 

stingless bee, Tetragonula biroi Friese, were obtained 
from the UPLb bee Program Meliponary, institute of 
Biological Sciences, University of the Philippines Los 
baños, Laguna, Philippines [4]. The crude extract was 
prepared by adding 250 ml of 99.5% ethanol to 67.6 g 
of the crude propolis, followed by shaking for 30 min 
by ultrasonic cleaning. The ethanolic extract of propolis 
was then stored at 4°C.

Animals
six weeks old female C57bL/6n mice were purchased 

from Japan sLC company and were maintained at 22–
25°C, 40–50% humidity and 12 h light/dark cycle. ro-
dent chow (CRF-1; Oriental Yeast Co., Ltd., Tokyo, 
Japan) and water were given ad libitum. all experimen-
tal procedures were performed in accordance with the 
guidelines and approval of the Institutional Animal Care 
and Use Committee, graduate school of agriculture and 
Life Sciences, The University of Tokyo (Approval No. 
P18-096, P20-062).

Experimental design
Using a model of gentle anagen induction [5], mice 

were anesthetized at 8 weeks of age (telogen stage) and 
a 12cm2 area (horizontal length, 3 cm; longitudinal 
length, 4 cm) on the skin aspect of the back was shaved 
using an electric shaver. Next, 200 µl of respective treat-
ments namely, (i) 50% ethanol (control group), (ii) 
99.5% ethanolic extract of propolis diluted two-fold in 
distilled water (eeP group) and (iii) 1% minoxidil (To-
kyo Chemical industry Co., Ltd., Tokyo, Japan) dis-
solved in 50% ethanol (minoxidil group) were topically 
administered onto the shaved area for a consecutive 
period of 28 days starting at day 2 post-induction (pi) up 
to day 30 pi. The effect of each treatment was observed 
for an extended period of 22 days (day 52 pi). Mice were 
sacrificed at two different time points (n=6/group/time 
point): day 20 pi and day 52 pi (Fig. 1a).

Macroscopic assessment
Macroscopic assessment of the hair growth-stimulat-

ing effect of each treatment was carried out by determin-
ing the degree of melanization of the shaved area that is 
indicative of middle anagen induction [5]. additionally, 
6 hair samples were collected in areas showing promi-
nent hair growth and their corresponding length (in mil-
limeters) were measured using a ruler. sampling was 
performed on days 20, 23, 32 and 43 pi.
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Histopathology
The harvested skin samples were fixed in 10% neutral 

buffered formalin and processed with routine paraffin 
technique. Paraffinized tissue samples were cut into 
4-µm thick sections, and stained with h&e. The number 
of HFs in a defined 4.8 cm2 area of the skin sections at 
a magnification of 100× was counted.

Immunohistochemistry
The protein expression of β-catenin and Ki67 markers 

was accomplished through immunohistochemistry. 
Formalin-fixed and paraffin-embedded (FFPE) tissue 
sections were deparaffinized, rehydrated, and heated in 
sodium citrate buffer (pH 6.0) prior to blocking for en-
dogenous peroxidase and non-specific background stain-
ing. Afterwards, tissue sections were incubated overnight 
at 4°C using the following primary antibodies: anti-β-
catenin (polyclonal, Dako Cytomation, santa Clara, 
USA; 1:1,000 dilution), and anti-Ki67 (polyclonal; Dako 
Cytomation; 1:200 dilution). HRP-conjugated strepta-
vidin (Dako Cytomation; 1:200 dilution) for labeling 
β-catenin and Ki67 was used as secondary antibodies. 
Finally, immunoreaction was visualized using the diami-
nobenzidine tetrahydrochloride-h2o2 method.

Immunofluorescence
The protein expression of WnT3a was accomplished 

through Immuno-fluorescence. FFPE tissue sections 
were deparaffinized, rehydrated, treated in citrate buffer, 
pH 6.0 for antigen retrieval, and blocked in milk (Mori-
naga & Co., Ltd., Tokyo, Japan). The sections were in-
cubated overnight at 4°C with the primary antibody, 
anti-Wnt3a (ab19925; polyclonal, Abcam, Boston, MA, 
USA; 1:300 dilution). Alexa FluorTM 594-conjugated 
goat anti-rabbit igg (h+L) (Code no. a-11012, Thermo 
Fisher; 1:1,000 dilution, Waltham, MA, USA) was used 
as secondary antibody. Finally, sections were mounted 
using vectashield® antifade mounting medium with 
DaPi (vector Laboratories, inc., newark, Ca, Usa).

Western blotting
skin samples (120 mg) were homogenized in riPa 

lysis buffer (1 ml) with protease inhibitor. The total pro-
tein was quantified using the BCA method (Pierce TM 
BCA protein assay kit, Thermo Fisher) and 60 µg pro-
teins were fractionated on 10% sDs-Page gels and 
transferred to a polyvinylidene difluoride membrane. 
The membrane was incubated in anti-WnT3a (ab19925, 
Abcam; 1:200 dilution) at 4°C overnight after blocking 

Fig. 1. The Philippines Stingless bee propolis induces C57BL/6N female mice skin hair follicles (HFs) into the 
anagen stage. (A) Experimental time course. (B) Representative images of mice applied with various treat-
ment at the 0 day, 20th day, and 52nd day respectively. (C) Hair length of the dorsal skin. Values are mean 
± sD (*P<0.05 and **P<0.01).
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with 5% milk (Morinaga & Co., Ltd.). hrP-conjugated 
antibody (goat anti-rabbit igg (h+L) (Code no. 65-
6120, ThermoFisher; 1:1,000 dilution) was used as the 
secondary antibody to incubate the membrane at room 
temperature for 1h. The membranes were analyzed using 
β-actin (Cell signaling, Danvers, MA, USA; 1:1,000 
dilution) as the reference primary antibody.

Quantitative real-time PCR (q-PCR)
The harvested dorsal skin of mice was kept in RNA 

laterTM solution (Invitrogen, Vilnius, Lithuania) and 
homogenized using a shake Master auto bMs-a20T-
Pver.2.0 (BMS, Tokyo, Japan). Total RNA was extract-
ed using TRIzol reagent (Invitrogen, Waltham, MA, 
USA) and synthesized to first strand cDNA by Prime 
script rT reagent kit (Perfect real Time, Takara bio, 
shiga, Japan) according to the manufacturer’s protocol. 
real Time PCr analysis was performed following the 
Tb green Premix ex Taq ii (Tli rnaseh Plus, Takara 
Bio) protocol and the expression levels of Wnt/β-catenin 
associated genes such as Wnt3a, Dvl2, Ctnnb1 (encoding 
β-catenin), Lef1, Bmp2 were quantified by 2-ΔΔCT 
method with Actb/β-actin as the reference gene [6]. The 
primer details were shown in Table 1.

Statistical analysis
statistical analysis was performed by Microsoft excel 

(Microsoft Corp., redmond, Wa, Usa) and the unpaired 
student’s t-test was used to examine the differences. A 
P-value of 0.05 was considered judged significant, while 
a P-value of 0.01 was regarded highly significant. These 
P-values are shown by the symbols * and **, respec-
tively.

Results

EEP promotes hair growth significantly in the mice 
model of anagen induction

The hair growth stimulatory activity of EEP was ini-
tially investigated in vivo using the mouse model of 
gentle anagen induction. Female C57BL/6N mice were 
preferred over male ones primarily because the result of 
our pilot study has disclosed that male C57bL/6n mice 
exemplify a prominent hair cycle progression during the 
32-day observation period even in the absence of any 
intervention or stimulation with propolis (Supplemen-
tary Fig. 1). Additionally, previous studies have shown 
that female C57BL/6N mice may serve as a good mod-
el of gentle anagen induction [5, 7, 8]. in this model, the 
phase of the hair growth cycle is determined grossly by 
examining the degree of melanization at the caudal back 
skin. After shaving, mice belonging to all treatment 
groups demonstrated a pinkish-colored skin indicating 
that the HFs are in the telogen stage of the hair cycle [9]. 
at the onset of the 20th day pi period, however, the 
entire shaved region in the EEP-treated mice had notice-
ably turned into grayish color, thereby signifying that 
the HFs are no longer in the telogen stage but already 
shifted to the anagen phase of the hair cycle. Worth not-
ing also, several small to medium patches of fully-grown 
hairs about 140 mm in length were significantly observed 
during this period. by 52nd day pi, these fully-grown 
hairs were found to almost completely cover the shaved 
region completely (Fig. 1).

Microscopically, the anagen phase of the hair cycle 
can be ascertained through observation of a higher mag-
nitude of proliferating HFs [10]. As shown in Figs. 2A 
and C, an obvious increase in the number of developing 
HFs (59 ± 22) was evidently noted in mice given EEP 
at 20th day pi. This was confirmed by Ki67 staining 
which reveals an intense nuclear immunoreactivity of 
the matrix cells of these anagen HFs (Figs. 2B and C). 
Conversely, a greatly reduced number of HFs (20 ± 6) 
that are distributed along the dermis was documented in 
the ethanol control group (Figs. 2A–C), hence validating 
the existence of the hair growth cycle at the telogen stage 
in this group. The results suggest that eeP promotes hair 
growth by inducing transition of HFs into anagen stage 
and enhancing the development of HFs.

EEP enhances the development of HFs via 
activation of Wnt/β-catenin signaling pathway in the 
model of anagen induction

Wnt signaling plays a key regulatory role in the de-
velopment of HFs. To assess whether this signaling 
pathway is critically involved in the hair growth-stimu-

Table 1. Primers details of the genes

Mouse genes 5’-> 3’

Actb Forward aagTgTgaCgTTgaCaTCCg
Reverse gaTCCaCaTCTgCTggaagg

Wnt3a Forward CaggaaCTaCgTggagaTCaTgC
Reverse CgTgTCaCTgCgaaagCTaCT

Ctnnb1 Forward agTgagCCggaCagaaaagC
Reverse CTTgCCaCTCagggaagga

Dvl2 Forward TgTCgTCagaTaCCCCaCag
Reverse CTggaTaCaTTagggTggaagga

Lef1 Forward TgTTTaTCCCaTCaCgggTgg
Reverse CaTggaagTgTCgCCTgaCag

Bmp2 Forward gggaCCCgCTgTCTTCTagT
Reverse TCaaCTCaaaTTCgCTagggaC

Bmp4 Forward TTCCTggTaaCCgaaTgCTga
Reverse CCTgaaTCTCggCgaCTTTTT
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lating activity of EEP, the transcriptional expression of 
selected Wnt/β-catenin associated genes was evaluated. 
Among these, q-PCR unveiled a significant upregulation 
of Bmp2, Ctnnb1, Wnt3a and Lef1 in the eeP-treated 
group (Fig. 3A). notably, the latter two genes displayed 
a 11-fold and 18-fold increments, respectively, as op-
posed to their corresponding ethanol-treated controls. at 
the protein level, EEP administration commensurately 
induced a marked overexpression of WNT3A protein as 
determined by immunofluorescence and western blot 
analyses (Figs. 3B and C). Moreover, the profound over-
expression of Ctnnb1 gene in the EEP group was effi-
ciently translated into an increased level of β-catenin 
protein displaying a strong cytoplasmic immunoreaction 
of the matrix cell of individual HFs (Fig. 3D). It is dem-

onstrated that EEP enhances the development of HFs via 
Wnt/β-catenin signaling pathway.

Discussion

HF is a dynamic miniorgan of the skin that regulates 
hair growth and is capable of self-renewal and cycling 
through stages of anagen, catagen, and telogen [11]. 
Abnormal circulation of HFs can lead to hair loss by 
triggering a slow entry into anagen from telogen stage 
or inducing a premature entry into catagen phase [12]. 
Here, we found that EEP significantly enhances the de-
velopment of HFs in the shaving model in comparison 
to their corresponding controls. in consonance with our 
findings, Brazilian propolis has been previously report-

Fig. 2. Histological analysis of hair follicles (HFs) in the model of induction anagen. (A) H&E stain 
of dorsal skin at the 20th day. (b) immunohistochemistry of Ki67 (brown) in the dorsal skin 
at the 20th day. (C) The number of HFs of the dorsal skin, Values are mean ± SD (*P<0.05 
and **P<0.01).
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Fig. 3. The Philippines Stingless bee propolis initiates the development of hair follicles 
(HFs) through Wnt signaling pathway. (A) The mRNA expression of Wnt3a, Dvl2, 
β-catenin/Ctnnb1, Lef1, Bmp2 and Bmp4 of the dorsal skin at the 20th day (b) 
Immunofluorescence of WNT3A (red) in the dorsal skin at the 20th day. (C) West-
ern blot data of WnT3a protein in the dorsal skin at the 20th day. (D) immunohis-
tochemistry of β-catenin (brown) in the dorsal skin at the 20th day. Values are 
expressed as mean ± sD (*P<0.05 and **P<0.01).
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ed to stimulate hair growth by stimulating the prolifera-
tion of hair matrix keratinocytes [5]. interestingly, the 
accelerated hair growth observed in EEP-treated mice 
in the present study at the 20th and 52nd days pi appeared 
to be more superior than those of the positive control 
mice treated with Minoxidil, a well-known commercial 
drug that is already established to treat hair loss in hu-
mans. However, as opposed to our findings, a previous 
study reported that 1% Minoxidil promotes hair growth 
as early as day 12 in depilation model of C57bL/6 mice 
[13]. Presently, there are two mice models used to eval-
uate hair growth- shaving model and depilation model. 
Unlike depilation, which can synchronize HFs into the 
growth phase, shaving is gentler and induces HFs into 
anagen more slowly and is not as damaging to HFs, 
thereby serving as a good model to investigate the hair 
growth promoting effect of a compound, product or bio-
logical material [14].

The Wnt/ β -catenin signaling pathway is an important 
pathway in promoting HF development [15–18]. This 
signaling system regulates the proliferation of hair ma-
trix cells and derma papilla cells which are the vital cells 
for hair growth. Wnt3a signaling is activated during the 
anagen stage of the HFs [19]. Following activation, Wnt 
signaling binds with phosphorylated LrP6 in the pres-
ence of Dvl [20]. on the other hand, the binding of Wnt 
signaling, Frizzled receptors and receptor-related protein 
LrP5/6 leads to accumulation of the downstream target, 
β-catenin which stimulates HFs morphogenesis [21]. 
Moreover, LEF-1 contributes to the development of HFs 
as the number of HFs was reported to be substantially 
decreased in Lef1−/− mouse [22, 23]. The association 
between β-catenin and LEF-1/TCF in the nucleus even-
tually results in the activation of the transcription process 
[24]. in this study, we showed that eeP treatment sig-
nificantly upregulates the transcriptional expression of 
Wnt/β-catenin components such as Wnt3a, Lef1 and 
Ctnnb1, and consistently induced a marked overexpres-
sion of WNT3A protein. Additionally, we have demon-
strated that EEP can positively regulate the mRNA 
levels of Bmp2 gene, thus reinforcing the notion that 
Wnt/β-catenin signaling pathway can activate BMP sig-
naling which promotes the proliferation of postnatal HFs 
[25, 26]. Taken together, the present data suggest that 
EEP enhances the development of HFs and induces HFs 
into the anagen stage by promoting the synergism be-
tween Wnt/β-catenin signaling and BMP signaling path-
ways.

The diverse biological activity of propolis mainly 
depends on its chemical composition that is influenced 
by several factors like the plants’ source and bee species. 
Presently, almost 300 compounds were identified in bee 

propolis. The main classes of bioactive compounds such 
as the flavonoids, terpenes, and phenolics have been 
identified in honeybee propolis. However, phenolic com-
pounds and terpenes have been predominantly detected 
in samples of stingless bee propolis [27–29]. in our pre-
liminary experiments, we have applied 70% EEP onto 
the dorsal back of the shaved mice. Surprisingly, unlike 
the 99.5% EEP, no significant hair growth and develop-
ment of HFs were accounted (Supplementary Fig. 2). 
Hence, propolis extracted by solvents of different po-
larities would similarly dictate the nature of resulting 
bioactive components and constituents, which leads to 
differences in biological activity [30, 31]. in future stud-
ies, we will analyze the components of 99.5% eeP by 
gC-Ms/Ms and try to underpin the components which 
may directly promote hair growth.

in conclusion, 99.5% ethanolic extract of Philippines 
stingless bee propolis promoted hair growth via activa-
tion of Wnt/β-catenin signaling pathway and exerted a 
significant hair growth stimulating activity compared to 
Minoxidil in this study. Thus, the Philippines stingless 
bee propolis may serve as a promising agent for address-
ing hair loss problem.
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