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Abstract. Capsaicin, a novel antitumor agent extracted from 
chili peppers, has been proven to induce growth inhibi-
tion in various types of cancer including prostate cancer. 
However, the detailed mechanisms remain largely undiscov-
ered. In the present study, we explored the regulation of the 
androgen receptor (AR) by capsaicin and further researched 
the mechanisms of their interaction in AR-positive prostate 
cancer cells. In the present study, cell viability was assessed 
by MTT assay. Cell cycle distribution was determined using 
flow cytometry. Expression levels of cyclin D1, miR-449a, 
AR and prostate‑specific antigen (PSA) were assessed by 
quantitative real-time polymerase chain reaction or western 
blot analysis. To further confirm the relationship among 
miR-449a, AR and prostate cancer proliferation, miR-449a 
was overexpressed by a lentivirus in prostate cancer cells. We 
discovered that capsaicin prevented tumor proliferation and 
cell cycle progression through inactivation and degradation of 
AR. We also found that restoration of miR-449a induced by 
capsaicin treatment resulted in the inhibition of AR signaling. 
Finally, we demonstrated that increased expression of miR-
449a sensitized prostate cancer to capsaicin treatment. Finally, 
our experimental results indicated that capsaicin negatively 
modulates the activity of AR at the mRNA and protein levels 
by restoring miR-449a profiling in prostate cancer. In addition, 

increased expression of miR-449a may facilitate the sensitivity 
of prostate cancer to capsaicin treatment. Thus, capsaicin may 
be developed as a novel anti-AR drug for the therapy of pros-
tate cancer.

Introduction

Prostate cancer (PCa), also known as carcinoma of the pros-
tate, is the development of cancer in the prostate gland. The 
mortality of PCa is the second leading cause of cancer-related 
mortality in the United States (1). PCa grows slowly and cell 
proliferation depends on the androgen levels in the early stage. 
Conventional anti-androgen therapy can control the progres-
sion of the disease at this stage. Yet, the cancer becomes 
difficult to cure when it progresses into castration‑resistant 
prostate cancer (CRPC) (2). Thus, patients who suffer from 
CRPC have an extremely poor prognosis. Thus, elucidating the 
mechanism of CRPC is critical to prevent PCa progression. 
The proliferation and survival of prostate cells depend on the 
essential hormone androgen and the androgen receptor (AR), 
which is the principal receptor responsible for mediating the 
physiological effects of androgens. The AR plays a critical 
role in the progression of androgen-sensitive to castration-
resistant PCa. PCa activity of the AR is augmented and may 
be activated by other stimuli or adaptive signaling pathways, 
during the progression to castration-resistant PCa (3,4). Many 
drugs that are applied in the clinic may block the binding of 
androgens to ARs attenuating the activity of AR and inhib-
iting the proliferation of PCa cells (5). However, the AR may 
become more sensitive to androgens and may be activated by 
adaptive pathways as PCa becomes resistant to castration or 
anti-androgen treatment (6,7). Therefore, development of new 
drugs that directly target the AR protein is urgently needed.

Capsaicin, a pungent spicy ingredient extracted from red 
peppers, has been recently demonstrated to induce growth 
inhibition in many types of tumors including PCa  (8). 
Sánchez et al demonstrated that capsaicin enhanced apoptosis 
by induction of reactive oxygen species (ROS) generation, a 
decrease in the mitochondrial inner transmembrane poten-
tial and activation of caspase-3 in prostate cancer cells (9). 
However, the relationship between capsaicin and AR and the 
relevant mechanisms remain largely unknown.
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microRNAs (miRNAs) are a class of small non-coding 
RNAs (ncRNAs) that regulate gene expression by repressing 
translation and have been proven to be involved in the regula-
tion of critical processes, such as proliferation, differentiation 
and apoptosis in various types of cancer  (10). Among the 
miRNAs, miR-449a functions as an important tumor 
suppressor in many types of tumors by targeting different 
genes. In PCa, Noonan et al found that miR-449a caused cell 
cycle arrest by suppressing Rb phosphorylation (11) and by 
directly targeting HDAC1 (12). By regulating the activation of 
Rb, miR-449a also induced growth arrest and senescence in 
an Rb-dependent manner (11). Previous studies demonstrated 
that capsaicin may influence the expression of miRNAs or 
synergize with miRNAs to enhance its tumor-suppressive 
function (13,14). However, whether capsaicin treatment regu-
lates miR-449a expression and thereby changes the activation 
of downstream genes remains unknown. In the present study, 
we explored the function of capsaicin on miR-449a expression 
and further researched the downstream effects of miR-449a 
overexpression induced by capsaicin, aiming to elucidate 
capsaicin/miR-449a interaction and its influence on PCa.

Materials and methods

Reagents. Capsaicin (M2028) was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA) and was diluted into 
a 200 mmol/l stock solution with DMSO. Anti‑AR rabbit 
polyclonal antibody (N20) and anti‑glyceraldehyde‑phosphate 
dehydrogenase (GAPDH) mouse monoclone antibody were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Anti-cyclin D1 mouse monoclonal antibody was 
obtained from Proteintech (Chicago, IL, USA).

Cell culture. Human C4-2 and LNCaP cells were obtained 
from the American Type Culture Collection (ATCC; 
Rockville, MD, USA). The two cell lines were cultured at 
37˚C in humidified air containing 5% of CO2. Both cell lines 
were cultured in RPMI-1640 medium with 10% fetal bovine 
serum (FBS) (Gibco, Carlsbad, CA, USA) containing 1% of 
penicillin‑streptomycin.

Lentiviral infection. C4-2 and LNCaP cells were seeded in a 
10-cm dish and a lentivirus that overexpressed miR-449a was 
transfected into 293T cells. Forty-eight hours after transfec-
tion, viral supernatant fractions were collected and then 
infected into the C4-2 and LNCaP cells along with 10 µg/ml 
Polybrene. Twenty-four hours after infection, the medium was 
replaced with fresh medium.

Cell proliferation assay. Cell viability was analyzed by MTT 
assay. Cells (8x103/well) were seeded in 96-well culture plates 
and incubated overnight. Then, the cells were treated with 
capsaicin (0, 50, 100, 150 and 200 µM) for 2 days. After being 
washed once, 0.5 mg/ml of MTT was added and incubation was 
carried out at 37˚C. Four hours later, the culture medium was 
removed carefully and dimethyl sulfoxide (DMSO) was added 
to solubilize the formazan crystals. Finally, the absorbance 
was measured at a wavelength of 490 nm using a microplate 
autoreader (Bio‑Tek Instruments Inc., Winooski, VT, USA). 
Independent experiments were repeated in triplicate.

Flow cytometric analysis. Flow cytometric analysis was 
applied to evaluate the cell cycle progression and apoptosis. 
After the indicated capsaicin treatments for 2 days, the cells 
in each group were harvested and washed twice and then 70% 
ethanol was used to fix the cells at -20˚C for at least 24 h. For the 
apoptosis assay, the cells were washed twice and stained with 
propidium iodide (PI) and Annexin V-FITC (BD Pharmingen, 
San Diego, CA, USA) at appropriate concentrations and time 
according to the manufacturer's protocol. For cell cycle detec-
tion, the cells were washed twice and incubated with 50 µg/
ml PI and 50 µg/ml RNase A at room temperature for 30 min. 
Then, flow cytometry was performed using a FACSCalibur 
system with CELLQuest software version 3.3 (both from 
Becton Dickinson, San Jose, CA, USA), and the cell cycle 
distribution was calculated using ModFit LT software (version 
3.0; Verity Software House, Topsham, ME, USA).

Total RNA isolation and reverse transcription. Total RNA 
for each group was extracted using Fast  200 kit (Feijie 
Biotechnology, Shanghai, China) and was reverse transcribed 
using PrimerScript™ RT Master Mix (Takara Biotechnology 
Co., Ltd., Dalian, China) according to the manufacturer's 
protocol. 5X PrimeScript RT Master Mix (2  µl), RNase 
free‑dH2O (7 µl) and total RNA (1 µl) were mixed. Then, the 
protocol was followed: 37˚C for 16 min and 85˚C for 5 sec.

miRNA isolation and reverse transcription. miRNA in the 
capsaicin-treated groups of the C4-2 and LNCaP cells was 
extracted using TRIzol and quantified at an absorbance 
of 260 nm. RNA (5000 ng) was reverse transcribed using 
PrimerScriptTM RT Master Mix according to the manufac-
turer's protocol.

Quantitative real-time polymerase chain reaction (qPCR). 
qPCR was carried out using the Bio-Rad CFX96™ real-time 
system (Bio-Rad, Hercules, CA, USA) and the SYBRR Premix 
Ex Taq™ II system (Takara). The SYBRR Premix Ex Taq II 
(12.5 µl), 1 µl primer (10 µM), 2 µl cDNA solution and 8.5 µl 
Rnase-free water were mixed together, followed by the second 
stage of pre-degeneration at 95˚C for 30 sec, one repeat and 
PCR reaction, 95˚C for 5 sec followed by 60˚C for 30 sec, 
40 repeats and the third stage of dissociation at 95˚C for 15 sec 
followed by 60˚C for 30 sec and at 95˚C for 15 sec. The data 
were collected. GAPDH was used as the internal control. 
Primers used for amplification were as follows: AR sense, 
5'-CCAGGGACCATGTTTTGCC-3' and AR antisense, 5'-CG 
AAGACGACAAGATGGACAA-3'; PSA sense, 5'-GTGTGT 
GGACCTCCATGTTATT-3' and PSA antisense, 5'-CCACTC 
ACCTTTCCCCTCAAG-3'. The primer for miR‑449a was 
purchased from Takara.

Western blot analysis. After capsaicin treatment for 48 h, 
proteins from the C4-2 and LNCaP cells were harvested with 
RIPA buffer [50 mM Tris (pH 8.0), 150 mM NaCl, 0.1% SDS, 
1% N P-40 and 0.5%  sodium deoxycholate] containing 
1% cocktail and 1 mM PMSF. The cellular lysates were centri-
fuged at 15,000 rpm for 15 min at 4˚C, and the supernatants 
were harvested and mixed with loading buffer. The protein 
content was quantified using the Enhanced BCA Protein Assay 
kit (Beyotime Institute of Biotechnology, Jiangsu, China). 
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Then, the protein lysates were separated by SDS-PAGE on 
10% gel and transferred to nitrocellulose membranes. After 
blocking in 5% non-fat dry milk in TBS, the membranes were 
probed with specific primary antibodies overnight at 4˚C, 
washed three times with TBS Tween-20 and then incubated 
with HRP-conjugated secondary antibodies at room tempera-
ture for 1 h. Then, the membranes were washed with TBS 
Tween-20 and incubated with secondary antibodies (supplied 
by Licor, Rockford, IL, USA) coupled to the primary antibody 
at room temperature in the dark for 1 h, followed by washing 
as above in the dark, drying with neutral absorbent paper and 
scanning by Odyssey detection system (Licor). GAPDH was 
used as the loading control.

Statistical analysis. Data are expressed as the mean ± SE from 
three independent experiments. Statistical analysis was carried 
out using a Student's t-test and SPSS 15.0 software (SPSS Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant result.

Results

Capsaicin inhibits the proliferation of AR-positive PCa cells. 
Capsaicin has been proven as an antitumor drug due to its 
effect on promoting growth inhibition in various types of 
cancer. In order to verify whether capsaicin affects the prolif-
eration of AR-positive PCa cells, we analyzed the effects of 
capsaicin on two PCa cell lines: C4-2 and LNCaP. The cell 
lines were grown in RPMI-1640 medium with 10% FBS and 
treated with capsaicin at different concentrations for 48 h. 
Cell viability was then examined by MTT assay. Capsaicin 
induced a dose-dependent inhibition of cell proliferation 

in both PCa cell lines. At the concentration of 100 µM, the 
cell viability of the C4-2 and LNCaP cells was 53 and 52%, 
respectively (Fig. 1). The MTT assay showed that capsaicin 
inhibited cell proliferation in a dose-dependent manner. These 
results demonstrate that capsaicin inhibits the proliferation of 
PCa cells.

Capsaicin induces G0/G1 cell cycle arrest, but has little influ-
ence on apoptosis in AR-positive PCa cells. Anticancer drugs 
suppress cancer growth mainly through two modes: apoptosis 
and cell cycle arrest. According to previous studies, capsaicin 
induces apoptosis and cell cycle arrest leading to cancer growth 
suppression. Based on this, we further investigated the effects 
of capsaicin on apoptosis and cell cycle progression by flow 
cytometry. C4-2 and LNCaP cells, in a logarithmic growth 
phase, were treated with 100 µM capsaicin for 48 h. As shown 
in Fig. 2A and B, the percentage of C4-2 cell apoptosis was 
12.29% following treatment with 100 µM capsaicin for 48 h, 
compared with the control group (22.49%). Concerning the 
LNCaP cells, 100 µM capsaicin treatment led to a 5.49% cell 
apoptosis, while the control group was 4.1%. Thus, capsaicin 
did not lead to significant apoptosis in the C4-2 and LNCaP 
cells. Yet, a significant increase in the percentage of cells 
arrested in the G0/G1 phases in both cell lines was observed 
(Fig. 2C). In parallel, there was a reduction in the percentage 
of cells in the S and G2/M phases. To confirm these data, 
western blot analysis was used to examine the expression of 
cyclin D1. Following treatment with capsaicin, cyclin D1 was 
obviously reduced both in the C4-2 and LNCaP cells (Fig. 2D). 
Collectively, these results demonstrated that capsaicin affected 
the expression of key proteins involved in the cell cycle and 
induced G0/G1 cell cycle arrest in the PCa cells.

Figure 1. Capsaicin inhibits prostate cancer cell proliferation. (A and C) MTT assay was used to detect the cell viability of C4-2 and LNCaP cells following 
treatment by capsaicin. (B and D) The bar graphs showing cell viability were constructed by GraphPad Prism software. DMSO, dimethyl sulfoxide; **P<0.01.
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Capsaicin inhibits AR activation and decreases the AR 
protein level. AR is the key factor of growth regulation and 
cell cycle progression in PCa. Jankovic et al reported that 
capsaicin delayed the PSA doubling time in a PCa patient who 
suffered biochemical failure after radiation (15). It appears 
that capsaicin may be associated with the inactivation of AR 
signaling. Aiming to explore the influence of capsaicin on 
AR function, we determined the expression of AR mRNA 
and protein in the control group and the capsaicin treatment 
groups. Compared with the control group, capsaicin treatment 
significantly decreased the AR mRNA levels in the C4-2 and 
LNCaP cells (Fig. 3A and C). In addition, the AR protein level 
was decreased in a dose-dependent manner following treat-
ment with the indicated capsaicin concentrations in these two 
cell lines. In order to detect the AR function, we measured 
the expression of PSA, one of the target genes downstream of 
AR signaling, by real‑time PCR. After capsaicin treatment for 
48 h, PSA expression was significantly reduced in the C4-2 
and LNCaP cells, compared with the control group (Fig. 3B). 
Thus, capsaicin treatment may inhibit AR function and affect 
the expression of genes located downstream of AR signaling.

Restoration of miR-449a expression induced by capsaicin 
mediates a decrease in AR protein and inactivation of AR 

signaling. Previous research has confirmed that capsa-
icin regulates the expression of various miRNAs, such as 
miR-34a  (16) and miR-520-5p  (17). Firstly, we detected 
miR‑449a expression in several AR-positive PCa cell lines. 
miR-449a was expressed in all selected AR-positive PCa cells 
(data not shown). Then, we detected the influence of capsa-
icin treatment on the expression of miR-449a. As shown in 
Fig. 4A, following capsaicin treatment, miR-449a expression 
was significantly elevated in both the C4-2 and LNCaP cells, 
compared with the control group. As previous studies have 
indicated, miR-449a is a potential negative regulator of AR. 
Next, we overexpressed miR-449a by a lentivirus to detect 
whether or not it functions with AR. Upon overexpression of 
miR-449a, the western blot results showed that the level of AR 
was downregulated (Fig. 4D), as compared with the level in the 
NC group in both cancer cell lines. In addition, expression of 
AR and PSA mRNA was inhibited (Fig. 4B and C). All data 
indicated that miR-449a mediated a decrease in AR following 
capsaicin treatment.

Overexpression of miR-449a inhibits PCa proliferation and 
enhances the antitumor effect of capsaicin. Aiming to further 
verify whether miR-449a has a growth inhibitory effect on 
PCa cells, we carried out MTT assay and cell cycle analysis. 

Figure 2. Capsaicin induces G0/G1 cell cycle arrest, but has little influence on the apoptosis of AR-positive prostate cancer cells. (A) Cell apoptosis and (B) cell 
cycle distribution of the prostate cancer cells were assessed by flow cytometry. (C) The bar graph showing the percentage of each phase of the cell cycle was con-
structed by GraphPad Prism software. (D) The level of cell cycle-regulating protein, cyclin D1, was detected by western blot analysis. DMSO, dimethyl sulfoxide.
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Based on the data, we determined that overexpression of 
miR‑449a inhibited PCa growth in a time-dependent manner, 
when compared to the NC group (Fig. 5A). Considering that 
the cell cycle may play a role in growth inhibition, we detected 
cell cycle progression in the cells transfected with lenti-NC 
and lenti‑miR449a. miR-449a expression induced G0/G1 phase 
arrest in both PCa cell lines (Fig. 5B). Notably, we found that 
miR-449a overexpression enhanced the antitumor effect of 
capsaicin treatment (Fig. 5C), indicating there may be some 
interactive loop circuits between capsaicin and miR-449a.

Discussion

Capsaicin, the pungent ingredient of natural capsicum, has 
been reported to prevent PCa growth and improve strategies of 
PCa therapy in previous studies. Ceramide accumulation, JNK 
activation and induction of the endoplasmic reticulum stress 
protein GADD153/CHOP were found to be involved in the 
mechanisms of apoptosis caused by capsaicin treatment (9,18). 
Mori et al found that capsaicin inhibited TNF-α-stimulated 
degradation of IκBα and then inactivated NF-κB by preventing 
its nuclear migration in PC-3 cells (19). In addition, capsaicin 
also functioned as a radio‑sensitizing agent through the 
inhibition of NF-κB signaling in an athymic mouse model of 
PCa (20). In the present study, we verified the antitumor effect 

of capsaicin on AR-positive PCa cells. Capsaicin treatment 
at the indicated concentrations decreased cell viability in a 
dose-dependent manner in the C4-2 and LNCaP cells (Fig. 1). 
The cell cycle is a series of tightly ordered steps regulated by 
different checkpoints which detect extracellular growth signals, 
protein synthesis and DNA integrity (21). Aberrant cell prolif-
eration characteristic of cancer cells is due to the disorder of 
the cell cycle. Flow cytometric analysis showed that capsaicin 
treatment (100 µM) resulted in G0/G1 phase arrest, but had little 
impact on cell apoptosis (Fig. 2). Therefore, we confirmed that 
capsaicin resulted in growth arrest through arrest of cell cycle 
progression, consistent with the findings of other researchers.

Currently, AR remains the most important therapeutic 
target for PCa treatment. Anti-androgen drugs, such as casodex, 
enzalutamide and flutamide, have been used to cure PCa. 
However, clinical therapies that target the androgen‑dependent 
AR signaling axis eventually fail due to the fact that AR is 
activated by other stimuli or signaling pathways. Thus, 
therapeutic strategies which promotes AR degradation in 
castration-resistant PCa have attracted the research interest 
of scientists. Researchers have indicated that promoting the 
degradation of AR protein shows better antitumor efficacy. 
Previous studies demonstrated that ASC-J9, a novel drug 
derived from curcumin, enhanced the degradation of AR to 
suppress the growth of castration-resistant PCa cells (22-24). 

Figure 3. Capsaicin inhibits AR activation and decreases the AR protein level. (A) Expression of the AR mRNA levels in the control groups and capsaicin 
treatment groups, as detected by real-time PCR. (B) Expression of the PSA mRNA levels in the control groups and capsaicin treatment groups was detected by 
real-time PCR. (C) Western blot analysis was used to measure the influence of capsaicin treatment on AR protein levels. DMSO, dimethyl sulfoxide. *P<0.05 
and **P<0.01.
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Scolit et  al demonstrated that hsp90 function inhibitor, 
17-allylamino‑17-demethoxygeldanamycin (17-AAG) resulted 
in a marked reduction in AR degradation and inhibition of 
prostate tumor growth in mice (25). In the present study, we 
detected the influence of capsaicin on the AR protein level 
and its downstream target gene, PSA (Fig. 3). We found that 
capsaicin promoted AR protein degradation and inhibited AR 
activity in androgen-independent PCa cells and then inhibited 
proliferation of PCa cells. Our data indicated that capsaicin 
acts as a tumor suppressor though negative regulation of AR 
expression and activation.

Previous research has shown the roles of miRNAs as novel 
oncogenes or tumor-suppressor genes and their potential for 
PCa diagnosis, prognosis and therapy (10). The function of AR 
in PCa is related to expression of miRNAs. Interfering with 
AR mRNA translation directly or genes that may regulate AR 

are main mechanisms of miRNAs. For example, miR-let-7c 
was found to suppress AR expression and activity in human 
PCa cells via negative regulation of c-Myc activity  (26). 
Epis et al demonstrated that miR-331-3p inhibited AR func-
tion and blocked AR signaling via interfering with ERBB-2 
expression and AKT activity in PCa cells (27). In addition, a 
similar result was also discovered in PCa with overexpression 
of miR-448 (28). In the present study, we focused on miR-449a. 
As mentioned previously, miR-449a plays a role in inducing 
growth arrest in PCa cells. Östling et al conducted a systematic 
screening of 1129 miRNAs in a series of human PCa cell lines 
and quantified the changes in AR protein using a protein lysate 
microarray. Their data indicated that miR-449a regulated AR 
3'UTR and decreased androgen-induced proliferation of PCa 
cells (29). Our data found that capsaicin treatment significantly 
increased the miR‑449a level. Further experiments proved that 

Figure 4. Restoration of miR-449a expression induced by capsaicin mediates a decrease in AR protein and inactivation of AR signaling. (A) Influence of capsaicin 
on the expression of miR-449a in the prostate cancer cells. (B and C) Overexpression of miR-449a by lentivirus inhibited AR and PSA mRNA expression. 
(D) Overexpression of miR-449a decreased the AR protein level. NC, negative control; miR-449a, cells transfected with the miR-449a lentivirus. *P<0.05 and 
**P<0.01.
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Figure 5. Overexpression of miR-449a inhibits prostate cancer proliferation and enhances the antitumor effect of capsaicin. (A) Effect of miR-449a on 
prostate cancer cell proliferation, as detected by MTT assay. (B) miR-449a induces G0/G1 arrest in prostate cancer cells, as detected by flow cytometry. 
(C) Overexpression of miR-449a facilitates the growth inhibition mediated by capsaicin treatment in the prostate cancer cells. NC, negative control; miR-449a, 
cells transfected with the miR-449a lentivirus. *P<0.05 and **P<0.01.

Figure 6. Summary of the mechanisms involved in the capsaicin-mediated effects on prostate cancer cells. Capsaicin induces upregulation of miR-449a in 
prostate cancer cells and then restoration of miR‑449a interferes with the expression of AR mRNA. Synthesis of AR protein is inhibited, while AR degradation 
is enhanced. Thus, classic AR signaling is inactivated consequently leading to growth inhibition and cell cycle arrest of prostate cancer cells. 
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an increased level of miR-449a downregulated AR protein and 
decreased the level of PSA (Fig. 4). Therefore, we demonstrated 
that restoration of miR-449a by capsaicin treatment mediated 
the degradation of AR and inhibition of AR activity. Then, 
we discovered that an increased level of miR-449a prevented 
proliferation and arrested the cell cycle in PCa cells. In 
fact, capsaicin has been indicated to interact with miRNAs. 
Triggering pain signaling by acute noxious stimulation of 
capsaicin increased the expression of miR-1 and miR-16 in 
DRG cells (13). Chakraborty et al found that increased miR-34a 
expression by capsaicin decreased the survival advantage and 
enhanced Bax-dependent apoptosis in non-small cell lung 
cancers (16). Kaymaz et al proved that capsaicin suppressed the 
growth of chronic myelogenous leukemia cells by decreasing 
expression of miR-520a-5p which was shown as a probable 
oncogene (17). They also found that inhibition of miR520-5p 
enhanced the antitumor effect of capsaicin. In the present study, 
overexpression of miR‑449a, a tumor suppressor, facilitated the 
growth inhibition of capsaicin treatment (Fig. 5). However, the 
mechanisms involved with capsaicin induced restoration of 
miR-449a needs further study.

In conclusion, the results from our experiments clearly 
demonstrated that capsaicin degrades AR protein and inacti-
vates AR function leading to decreased growth in AR-positive 
PCa cells. Then, we discovered that restoration of miR-449a by 
capsaicin mediated the degradation of AR and inactivation of 
AR signaling (Fig. 6). The present study indicated that capsa-
icin, a biomolecule extracted from natural capsicum, may be 
used as a novel drug targeting AR signaling in PCa treatment.
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