Gen. Physiol. Biophys. (2019), 38, 525–533

525

doi: 10.4149/gpb_2019041

Down-regulation of microRNA-10a mediates the anti-tumor effect
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Abstract. Icaritin, a prenylflavonoid derivative from Epimedium Genus, has been reported to exhibit
tumor inhibitory effects on many types of tumor cells. Numerous studies have demonstrated that
microRNAs (miRs) involve in the biological process of carcinogenesis by controlling expression of
their target mRNAs to facilitate tumor growth, invasion, angiogenesis, and immune evasion. miR-124
was reported to involve in the icaritin-induced mitochondrial apoptosis in human carcinoma cells.
However, the roles of other miRs in the anti-tumor effects of icaritin and its underlying mechanisms
still need to be elucidated. In the present study, realtime-PCR results showed that miR-10a was significantly down-regulated after icaritin treatment in human non-small cell lung cancer cells (A549).
Over-expression of miR-10a in A549 cells dramatically abrogated the anti-tumor effects of icaritin
on cell proliferation, apoptosis, migration, while suppression of miR-10a partially reproduced the
anti-tumor effects of icaritin. Furthermore, we found that the regulation of miR-10a in the anti-tumor
effects of icaritin was mediated via the PTEN/AKT/ERK pathway by directly targeting to PTEN.
Taken together, miR-10a targets PTEN to mediate the anti-tumor effect of icaritin in A549 cells,
which provides a novel insight into the anti-tumor mechanism of icaritin and may provide a new
strategy for lung cancer therapy.
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Introduction
As one of the most common malignant tumors, lung cancer
becomes a leading cause of cancer-related deaths in the
world (Torre et al. 2015; Bray et al. 2018). Non-small-cell
lung cancer (NSCLC) is the primary type of lung cancer,
which accounts for about 85% of all the lung cancer cases
(Molina et al. 2008). Some NSCLCs are reported to be resistant to chemotherapy and radiation therapy, and grow and
migrate quickly (Buttery et al. 2004; Caramori et al. 2011).
Although numerous efforts have been made in the diagnosis and treatment of NSCLC, including chemotherapy,
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radiotherapy, stem cell transplantation, and immunotherapy
(Zappa and Mousa 2016; Cho 2017), the 5-year survival rate
of NSCLC patients remains very low, which is still less than
15% (Molina et al. 2008). One of the challenges in the treatment of NSCLC patients is the metastasis to other organs
through the whole body (Zappa and Mousa 2016). It has
been reported that the tumor metastasis is a complex process
involving in many factors (Seyfried and Huysentruyt 2013;
Liu et al. 2017). So far, the molecular mechanisms underlying the tumor metastasis remain unknown. However, some
anticancer agents that can effectively inhibit and prevent
tumor metastasis have been demonstrated to be beneficial
for the treatment of NSCLC (Lin et al. 2009; Sun and Gao
2018; Wang et al. 2018).
Icaritin is a prenylflavonoid derivative from a traditional
Chinese herb, Epimedium Genus. Recently, accumulating
studies have demonstrated an anti-tumor effect of icaritin in
various cancers, including solid tumors and hematological
cancers, such as lung cancer (Zheng et al. 2014), hepatocel-
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lular carcinoma (Sun et al. 2015; Hu et al. 2016; Lu et al.
2017), breast cancer (Guo et al. 2011; Tiong et al. 2012),
esophageal cancer (Han et al. 2018), glioblastoma (Li et al.
2018; Liu et al. 2018), leukemia and lymphoma (Zhu et al.
2011; Li et al. 2013; Li et al. 2014; Wu et al. 2015; Zhu et al.
2015; Yang et al. 2019). Icaritin exerts its anti-tumor effects
in various cancers mainly by inhibiting cell proliferation,
inducing cell differentiation and apoptosis, suppressing cell
migration and invasion (Zheng et al. 2014; Xu et al. 2015).
MicroRNAs (miRs) are known to involve in the biological
process of carcinogenesis by controlling expression of their
target mRNAs to facilitate tumor growth, invasion, angiogenesis, and immune evasion (Hayes et al. 2014; Peng and
Croce 2016). However, whether miRs involve in the inhibitory effects of icaritin against tumor growth and metastasis is
largely unknown, although miR-124 was reported to involve
in the icaritin-induced mitochondrial apoptosis in human
carcinoma cells (Jin et al. 2017).
It is reported that in human NSCLC A549 cells, icaritin
inhibit cancer cell growth by inducing cell cycle arrest at
S phase and promote cell apoptosis (Zheng et al. 2014). In the
present study, we found that the inhibitory effect of icaritin in
A549 cells well correlated with the down-regulation of miR10a. Futhermore, miR-10a targets to PTEN to mediate the
anti-tumor effects of icaritin in the proliferation, apoptosis,
migration of A549 cells.
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cell viability was determined by the measured absorbance
at OD 590 nm.
Annexin-PI staining and flow cytometry
After different treatments, cell apoptosis was examined by
propidium iodide (PI) and fluorescein isothiocynate (FITC)conjugated Annexin V double staining and flow cytometry
analysis according to the manufacturer’s instructions. Briefly,
A549 cells was seeded into 24-wells plate. After icaritin
treatment, cells were washed with PBS and re-suspended in
binding buffer containing FITC-labeled Annexin V and PI
for 15 min at room temperature in the dark. After washing
twice with PBS, the rate of apoptotic cells was measured by
flow cytometry analysis.
Transwell migration assays

Material and Methods

The cell migration analysis was carried out using a 24-well
Transwell chamber system (Costar 3422, Corning Inc, NY,
USA). After treatment, A549 cells was cultured into the
upper transwell chamber in serum-free DMEM medium.
The cells were allowed to migrate for 24 h toward the lower
chamber containing 0.8 ml of medium supplemented with
10% fetal bovine serum. Afterwards, the migrated cells on
the lower surface were stained with 0.4% Crystal Violet. A549
cells migration capacity was determined by the numbers of
cells that migrated through the membranes. The images were
randomly captured under microscope magnification (20×).

Cell culture and treatment

miR-10a mimic and inhibitor transfection

Human lung cancer cell line A549 was purchased from
ATCC (ATCC® CCL-185™), and cultured in DMEM medium
supplemented with 10% fetal bovine serum (Invitrogen),
100 u/ml penicillin (Sigma-Aldrich), and 100 ug/ml streptomycin (Sigma-Aldrich) at 37°C in a humidity incubator
with 5% CO2 and 95% air.
Cells were plated in 6-wells or 96-well plates in different
experiments. Different concentrations of icaritin (5, 10, 20,
40 and 80 mM) were added into the medium in this study.
After 24 h or 48 h incubation, the cells were collected to
detect cell proliferation, apoptosis, migration and invasion.

A549 cells were transfected with equal amount of miR-10a
mimics, miR-10a mimics negative control (NC), miR-10a
inhibitor, and miR-10a inhibitor NC by using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s instruction. The miR-10a mimics, and miR-10a mimics NC used
in this study were designed and synthesized by RiboBio
(Guangzhou, China). The miR-10a inhibitors and NC were
synthesized by GenePharma Corporation (Shanghai GenePharma Co, Ltd, Shanghai, China). After 48 h transfection,
cells were harvested for cell proliferation, apoptosis, migration and invasion.

MTT assay

Realtime PCR

The level of cell growth and proliferation were determined
by using MTT assay kit (Abcam, ab211091) according to the
manufacturer’s instructions. Briefly, A549 cells were seeded
in 96-well plates. After treatment, serum-containing media
was replaced with serum-free media and MTT reagent in
cell cultures, then incubated at 37ºC for 3 h. After incubation, MTT solvent was added, and incubated for 15 min. The

After different treatment, microRNAs were extracted from
A549 cells using a mirVanaTM miRs isolation kit (Ambion).
miRs-specific reverse transcription primers (RiboBio Co.
Ltd) were used to synthesis cDNA. Real-time PCR amplification was conducted by using Applied Biosystems® 7300
Real-Time PCR Systems according to the manufacturer’s
instruction. The primers for miRs amplification were also
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designed by RiboBio Co. Ltd. The amount of each miR was
quantified by the comparative CT method using U6 as the
loading control.
miR target prediction and Luciferase assay
The potential targets of miR-10a were predicted using the
algorithms TargetSan (http://www.targetscan.org/). The
3’ untranslated region (UTR) sequences of human PTEN
mRNA and the 3’UTR of PTEN with a mutant at the miR10a binding site were cloned into p-MIR reporter plasmid
(Ambion). HEK293 cells were co-transfected with 100 ng
p-MIR- PTEN 3’-UTR/p-MIR- PTEN 3’-UTR mut and
10 pmol miR-10a mimics/NC by Lipofectamine 2000. After
36 hours, cells were collected and detected the Firefly and
Renilla luciferase activity using the dual-luciferase reporter
assay system gene assay kit (Promega, Beijing, China) according to the manufacturer’s instructions. Briefly, after
washed with PBS, cells were lysed with Passive Lysis Buffer.
20 ml of cell lysate was added into the luminometer plate
containing Luciferase Assay Reagent II. The plate was placed
in the luminometer, and initiate reading. Then the plate was
removed from the luminometer, and added 100 µl of Stop

& Glo Reagent and placed in the luminometer and read the
value again.
Western blot
Cells were seeded and treated in 6-wells plates. After treatment, cells were harvested and lysed using RIPA lysis buffer.
The concentration of protein was measured using a BCA
protein assay. 20 mg total protein in each group was loaded
into a SDS-PAGE gel, and then transferred to a PVDF membrane. After blocking with 5% skim milk, the membrane was
incubated with the primary antibodies at 4°C overnight.
After incubation with HRP-labeled secondary antibody,
ECL was used to detect the protein signal. b-actin was used
as a loading control.
Statistical analysis
The data were expressed as mean ± standard deviation. Student’s t-test was used for comparison between two groups,
and a one-way ANOVA was for multiple groups. Statistical
analysis was performed with SPSS 17.0 statistical software, and
p-value < 0.05 was interpreted as being statistically significant.

Figure 1. Icaritin suppresses cell growth, induces apoptosis and inhibits migration in A549 cancer cells. A. MTT results showing the
level of cell proliferation (n = 5). B. Left: typically data in flow cytometry in 0 and 40 mM icaritin groups. Right: the averaged rate of
apoptotic cells indicated by the upper and lower right quadrant areas in left panel (n = 5). C. Left: representative imaging of cell migration in transwell assay, 20×. Right: quantification and comparison of A549 cell migration capacity, defined by the numbers per field after
24 h in transwell assay (n = 6). * p < 0.05 vs. 0 mM icaritin group and ** p < 0.01 vs. 0 mM icaritin group.
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Results
Icaritin suppresses cell growth, induces apoptosis and inhibits migration in human A549 lung cancer cells
To optimize and establish the anti-tumor model of icaritin,
human A549 lung cancer cells were treated with different
concentrations of icaritin (5, 10, 20, 40 and 80 mM) for
48 h at 37°C. MTT assay was used to measure the cell growth.
As shown in Figure 1A, icaritin effectively suppressed the
cell proliferation of A549 in a dose-dependent manner. The
inhibitory effect of icaritin on A549 cells began at 5 mM
and reached to peak value at 40 mM icaritin treatment.
Therefore, we chose 40 mM icaritin for the following experiments. To determine whether icaritin-induced suppression
of cell growth is due to cell apoptosis, we measured the rate
of cell apoptosis by using annexin-PI staining combined
with flow cytometry. We found that treatment with 40 mM
icaritin greatly induced cell apoptosis (Fig. 1B), agree well
with previous findings (Zheng et al. 2014).
Next, we used transwell migration assay to examine the
effect of icaritin on cell migration and invasion in A549
cells. As shown in Figure 1C, the cell migration ability, de-
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termined by the numbers of cells that migrated through the
membranes after 24 h, was significantly compromised by
40 mM icaritin treatment. Altogether, the above results demonstrated an anti-tumor effect of icaritin on cell proliferation,
apoptosis, cell migration in human A549 lung cancer cells.
miR-10a is down-regulated after icaritin treatment in human A549 lung cancer cells
To explore the potential role of miRs in the anti-tumor effect of
icaritin in A549 cancer cells, we first performed real-time PCR
to detect the expression level change of oncogenetic miRs, such
as miR-10a, miR-21, miR-25, miR-92a, miR-106a, miR-155,
miR-181c, miR-205, miR-210 and miR-1323 (Lu et al. 2018).
As shown in Figure 2A, the expression level of miR-10a was
dramatically down-regulated to 23% after 40 mM icaritin
treatment, but no change was observed in other oncogenetic
miRs. Moreover, miR-124 was up-regulated in A549 cells after
icaritin treatment, consistent with other’s report in human
carcinoma cells (Jin et al. 2017). To further determine how
the expression level change of miR-10a related to icaritin treatment, human A549 lung cancer cells were exposed to different
concentrations of icaritin for 24 h and 48 h at 37°C. We found
that treatment with icaritin at 24 h and 48 h both significantly
down-regulated miR-10a expression, and the inhibitory effect
of icaritin showed a dose- and time-dependent manner (Fig.
2B), indicating that the change in the miR-10a expression was
strongly relative to the treatment of icaritin.
Over-expression of miR-10a dramatically abrogates the
anti-tumor effects of icaritin in A549 cells

Figure 2. miR-10a is down-regulated after icaritin treatment in A549
cells. A. Realtime PCR results showing the expression level change of
oncogenetic miRs after 40 mM icaritin treatment. ** p < 0.01 vs. 0 mM
icaritin group (n = 5). B. The expression level change of miR-10a after
24 h or 48 h treatment with different concentration of icaritin (n = 3).
* p < 0.05 vs. 0 mM icaritin in 24 h group and ** p < 0.01 vs. 0 mM
icaritin in 24 h group; ## p < 0.01 vs. 0 mM icaritin in 48 h group.

Next, we investigated whether down-regulation of miR-10a
regulated the anti-tumor effect of icaritin in A549 cancer
cells. As shown in Figure 3, compared to the negative control group (NC group), miR-10a mimics greatly reduced
the inhibitory effect of icaritin in cell growth (Fig. 3A), and
significantly diminished icaritin-induced cell apoptosis (Fig.
3B). Consistent with these findings, transwell migration assay
showed that the inhibitory effect of icaritin on cell migration
in A549 cells was also partly eliminated by miR-10a overexpression, but not in miR-10a mimic NC group (Fig. 3C).
These results demonstrated that over-expression of miR-10a
in A549 cells dramatically abrogated the anti-tumor effects of
icaritin on cell proliferation, apoptosis, migration, indicating
that down-regulation of miR-10a mediated the anti-tumor
effects of icaritin in A549 cells.
Suppression of miR-10a reproduces the anti-tumor effects of
icaritin in A549 cells
To further investigate whether suppression of miR-10a alone
is sufficient to reproduce the anti-tumor effects of icaritin
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Figure 3. Over-expression of miR-10a
dramatically abrogates the anti-tumor
effects of icaritin in A549 cells. A. Cell
proliferation evaluated by MTT assay
after miR-10a mimic treatment. B. The
averaged rate of apoptotic cells after
miR-10a mimic treatment. C. Left: representative imaging of cell migration
in transwell assay, 20×. Right: quantification and comparison of A549 cell
migration after 24 h (n = 6). ** p < 0.01
vs. 0 mM icaritin group, ## p < 0.01 vs. 40
mM icaritin+miR-10a mimic NC group.

in A549 cells, we used miR-10a inhibitor to suppress miR10a expression in A549 cells. Real-time PCR result showed
that compared with miR-10a inhibitor NC group, miR10a inhibitor greatly reduced miR-10a expression level to
about 25% (Fig. 4A), which was comparable with 40 mM
icaritin treatment (Fig. 2A). MTT and cell apoptosis assay

demonstrated that suppression of miR-10a by miR-10a inhibitor significantly suppressed cell proliferation (Fig. 4B),
and greatly induced cell apoptosis in A549 cells (Fig. 4C).
Moreover, the effect of miR-10a down-regulation in A549
cells was also evaluated using transwell migration assay.
Expectedly, miR-10a inhibitor dramatically induced cell

Figure 4. Suppression of miR-10a reproduces the anti-tumor effects of icaritin
in A549 cells. A. Realtime PCR results
showing the expression level of miR-10a
(n = 5). B. MTT assay showing the rate
of cell proliferation after suppression of
miR-10a (n = 5). C. The averaged rate
of apoptotic cells after suppression of
miR-10a (n = 4). D. Quantification and
comparison of A549 cell migration after
24 h in transwell assay (n = 4). ** p < 0.01
vs. miR-10a inhibitor NC group.
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migration after 48 h incubation (Fig. 4D), indicating that
suppression of miR-10a expression alone in A549 cells is
sufficient to reproduce the anti-tumor effect of icaritin on
cell proliferation, apoptosis, migration and invasion.
PTEN is a direct target of miR-10a and mediates the antitumor effects of icaritin in A549 cells
Next, we performed bioinformatics analysis to predict the
direct target of miR-10a using algorithms TargetSan. The
result showed that miR-10a has a direct binding site in the
3’- UTR of PTEN mRNA (Fig. 5A). Luciferase reporter
assay demonstrated that miR-10a mimic significantly diminished the luciferase activity compared with NC group
(Fig. 5B). However, mutating the putative miR-10 binding
site by replacing the AGGG with UCCC (Fig. 5A) effectively
eliminated the inhibition of luciferase activity by miR-10
mimic (Fig. 5B), indicating that PTEN is one of the targets of
miR-10a. In fact, Western blot result showed that the expression level of PTEN in A549 cells after icaritin treatment was
greatly elevated (Fig. 5C), which was negatively correlated
with miR-10a (Fig. 2), suggesting that miR-10a targets to
PTEN to mediate anti-tumor effect of icaritin in A549 cells.
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PI3K/AKT and ERK1/2 pathways are known to be
regulated by PTEN, and are associated with cell survival,
proliferation, and migration (Chalhoub and Baker 2009).
To determine whether PI3K/AKT and ERK1/2 pathways
involved in the anti-tumor effect of icaritin, the phosphorylation level of AKT (p-AKT) and ERK1/2 (p-ERK) were
measured by Western blot analysis. As shown in Figure 5C,
the levels of p-AKT and p-ERK were dramatically reduced
after icaritin treatment, while there is no change in the total
protein levels of AKT and ERK. In addition, miR-10a mimics greatly increase the levels of p-AKT and p-ERK, mainly
by elevating the expression levels of PTEN. These results
indicated that miR-10a mediates the anti-tumor effects of
icaritin via the PTEN/AKT and ERK pathway.
Discussion
In the present study, to explore the potential roles of miRs
involving in the anti-tumor effects of icaritin in A549 cells,
we performed real-time PCR to screen the expression level
change of oncogenetic miRs, and found that the expression
level of miR-10a was well-correlated with the exposed time

Figure 5. miR-10a mediated the anti-tumor effects of icaritin via the PTEN/AKT/ERK pathway by directly targeting to PTEN. A. A diagram showing miR-10a has a direct binding site in the 3’-UTR of PTEN mRNA. mt: mutation, mutating the putative miR-10 binding site
by replacing the AGGG with UCCC. B. Luciferase reporter assay showing miR-10a mimic significantly diminished the luciferase activity
compared with NC group (n = 4). C. Representative Western blot imaging (left) and the averaged data (right) showing the expression
level of PTEN and the phosphorylation level of Akt and ERK after 40 mM icaritin treatment and miR-10a mimic transfection (n = 5).
** p < 0.01 vs. 0 mM icaritin group, ## p < 0.01 vs. 40 mM icaritin+miR-10a mimic NC group.
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and concentration of icaritin. Gain and loss of function
experiments showed that down-regulation of miR-10a in
A549 cells mediates the anti-tumor effects of icaritin on
cell proliferation, apoptosis and migration, which provides
a novel insight into the anti-tumor mechanism of icaritin
and may be used as a new strategy for lung cancer therapy.
Icaritin is prenylflavonoid derivative from Epimedium
Genus that has long been used as a Chinese traditional medicine. Previous studies demonstrated that icaritin exhibits
multiple kinds of pharmacological and biological activities,
including neuronal protection against myloid-induced
neurotoxicity (Wang et al. 2007), induction of embryonic
stem cells differentiation into cardiomyocytes (Zhu and Lou
2005), suppression of steroid-associated osteonecrosis and
osteoclastic differentiation (Huang et al. 2007; Chen et al.
2018), self-renewal of mouse embryonic stem cells (Tsang
et al. 2017), and improvement of hematopoietic function
(Sun et al. 2018). Recently, icaritin has been shown an antitumor effect of icaritin in various solid tumors, such as lung
cancer (Zheng et al. 2014), hepatocellular carcinoma (Sun et
al. 2015; Hu et al. 2016; Lu et al. 2017), breast cancer (Guo
et al. 2011; Tiong et al. 2012), esophageal cancer (Han et
al. 2018), and glioblastoma (Li et al. 2018; Liu et al. 2018).
Except for the studies of icaritin on the solid tumors, icaritin
has also been demonstrated a significant inhibitory effect
on multiple hematological cancer cells, including leukemia,
lymphoma and multiple myeloma (Zhu et al. 2011; Li et al.
2013; Yang et al. 2019). It has been reported that in human
NSCLC A549 cells, icaritin inhibit cancer cell growth by
inducing cell cycle arrest at S phase and promote cell apoptosis (Zheng et al. 2014). The inhibitor effects of icaritin
mentioned above were mediated by the complex crosstalk
between different cell signaling pathways, including PI3K/
AKT, MAPKs, and JAK/STATs, which ultimately regulate
the cell growth, proliferation, migration and diferentiation.
Agree well with these studies, here we also found that treatment human NSCLC A549 cells with icaritin significantly
suppressed cell proliferation and induced cell apoptosis in
a dose-dependent manner.
Vairous of miRs have been shown to be involved in cell
proliferation, differentiation, and tumorigenesis in NSCLC
A549 cells (Lu et al. 2018). It has been reported that miR10a is upregulated in NSCLC and may promote cancer
by targeting PTEN (Yu et al. 2015). miR-21 also targets
to PTEN to promote proliferation of NSCLC (Shen et al.
2014). In addition, miR-92a, miR-106a and miR-205 can
also bind to PTEN and exert similar effects in NSCLC (Lei
et al. 2013; Xie et al. 2015; Ren et al. 2016). miR-155, an
important oncogenic miR in vivo, target the suppressor of
cytokine signaling 1 gene to activate Akt signaling pathway
and promote cancer growth (Xu et al. 2013). miR-25 can
reduce the sensitivity to radiation by binding to the B-cell
translocation gene 2 in NSCLC (He et al. 2015). miR-210

and miR-1323 also weaken the radiosensitivity of NSCLC
cells by repairing genomic double-strand breaks induced
by radioation and by promoting the expression of protein
kinase, DNA-activated, catalytic polypeptide in NSCLC
(Grosso et al. 2013; Li et al. 2015). Consistent with other’s
report in human carcinoma cells (Jin et al. 2017), miR-124
was up-regulated in A549 cells after icaritin treatment. By
screening, we found miR-10a is the only oncogenetic miR
that is down-regulation after icaritin treatment. miR-10a
mimic greatly eliminated the anti-tumor effect of icaritin
cell proliferation, apoptosis and migration, indicating that
down-regulation of miR-10a mediates the anti-tumor effect
of icaritin in NSCLC A549 cells. We further identified that
one of miR-10a’s targets, PTEN, also involved in the the
anti-tumor effect of icaritin. PTEN is classically associated
with inhibiting the PI3K/AKT signal pathway, and ultimately suppresses cell survival, proliferation, and migration
(Chalhoub and Baker 2009). Here expectedly, the levels of
p-AKT and p-ERK were dramatically reduced after icaritin
treatment, which is mainly by elevating the expression levels
of PTEN, suggesting that miR-10a mediates the anti-tumor
effectos of icaritin via the PTEN/AKT and ERK pathway.
In conclusion, we found that down-regulation of miR-10a
in A549 cells mediates the anti-tumor effects of icaritin on
cell proliferation, apoptosis and migration via the PTEN/
AKT and ERK pathway, which provides provide novel strategies to practical clinical problems.
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