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Abstract: Clear cell renal cell carcinoma (ccRCC) is the most common type of kidney cancer. The present study is 
aimed to investigate the role of alpinumisoflavone (AIF), a naturally occurring flavonoid compound, in ccRCC and the 
underlying mechanism. In this study, miR-101 has been identified as a novel therapeutic target, which exerts anti-
tumor effect on ccRCC by directly targeting RLIP76. Moreover, our results showed that AIF was able to increase the 
expression of miR-101 by suppressing Akt signalling. Our findings in this study provided experimental evidence that 
AIF has the potential to be used as an agent in the treatment of ccRCC.
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Introduction

Renal cell carcinoma (RCC) is the 7th most 
common cancer in the developed world and by 
far the most lethal urologic cancer, represent-
ing 80% to 85% cancer of the kidney [1, 2]. 
Statistics shows that RCC accounts for about 
209,000 new cancer cases and 102,000 
deaths per year worldwide [3]. The most com-
mon histological subtype of RCC is clear-cell 
renal cell carcinoma (ccRCC), which can be 
cured with partial or radical nephrectomy at 
early stage. However, approximately 20-30% of 
patients have metastatic ccRCC at diagnosis. 
Moreover, up to 30% of newly diagnosed 
patients with localized disease develop metas-
tases and among 20-30% post-surgery treat-
ment cases recurrence is eventually noted [4]. 
During the last decade, a better understanding 
of ccRCC carcinogenesis has led to the devel-
opment of novel targeted therapies targeting 
two interacting pathways: the VHL/HIF/VEGF 
and the PI3K/AKT/mTOR pathways, improving 
the prognosis of patients with ccRCC [5-8]. 
Unfortunately, because of tumor recurrence 
and metastasis, the clinical outcome has not 
shown a satisfactory improvement in the last 
decade despite advances in diagnostic and 

therapeutic strategies including introduction of 
target therapy in clinical practice. Therefore, 
more understanding in the factors involved in 
the tumorgenesis process of ccRCC is impera-
tive in order to develop more effective thera-
peutic strategies against ccRCC.

MicroRNAs (miRNAs), a family of small non-
coding RNAs, function as either oncogenes or 
tumor suppressors and regulate a variety of 
cellular processes, such as cell differentiation, 
proliferation, apoptosis, migration and invasion 
through repressing the expression of target 
genes [9]. As one of these miRNAs, MiR-101 
has been found to play anti-tumour role in a 
variety of human malignancies, including hepa- 
tocellular carcinoma, breast cancer, gastric 
cancer, lung cancer, colorectal cancer, bladder 
cancer and prostate cancer [10-16]. However, 
the role of miR-101 in ccRCC and the mechanism 
by which miR-101 is regulated in ccRCC remains 
largely unknown.

As a major active ingredient of a traditional 
Chinese medicine Derris eriocarpa in Southwest 
part of China, alpinumisoflavone (AIF) possess-
es a variety of pharmacological activities, inclu- 
ding atheroprotective [17], estrogenic [18], anti-
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bacterial [19]. More interesting, a couple of 
studies have showed that AIF can exert anti-
tumor effect in vitro [20, 21]. However, little is 
known about the underlying mechanism of the 
anti-tumor effect of AIF. Therefore, this study 
was designed to investigate the anti-tumor 
effect of AIF on ccRCC and elucidate the under-
lying mechanism of the anti-tumor effect of AIF. 
Our results showed that AIF exerted anti-tumor 
effect in ccRCC both in vitro and in vivo, at least 
partly, through modulating miR-101/RLIP76 
signaling.

Materials and methods

Patients’ specimen

47 patients diagnosed with ccRCC and receiv- 
ed surgery in Tumor Hospital of Qingdao and 
Qingdao 5th People’s Hospital, were included in 
this study. In addition to primary tumor tissue, 
samples belonging to corresponding non-malig-
nant kidney cortex were also collected during 
surgery from the same kidney as corresponding 
tumor tissue. The collected tissue was snap fro-
zen and kept in liquid (-70°C) until analysis. All 
samples were blindly examined by two senior 
pathologists for diagnosis and histological clas-
sification according to the 2011 Union for 
International Cancer Control TNM classifica-
tion. The clinical study protocol was reviewed 
and approved by Medical Ethics Committee of 
Tumor Hospital of Qingdao and Qingdao 5th 
People’s Hospital and consent forms were 
signed by all patients or guardians.

RNA isolation and quantative real-time PCR 
(qRT-PCR)

Total RNA and miRNA were isolated from pa- 
tient specimen and corresponding non-malig-
nant kidney cortex using TRIzol Reagent (Life 
Technology, Carlsbad, CA). Reverse transcrip-
tion was performed following the manufactur-
er’s instructions. Then  qPCR was performed 
using a Stratagene RNeasy mini kit or RNeasy 
kit (Qiagen, Hilden, Germany), respectively. Co- 
mplementary DNA (cDNA) was randomly primed 
from 2 μg of total RNA using High-Capacity 
cDNA Reverse Transcription Kit (Applied Bio- 
systems, Foster City, CA, USA). Reverse tran-
scription quantitative PCR (RT-PCR) was subse-
quently performed in triplicate with QuantiTect 
SYBR Green PCR Kit (Qiagen, Hilden, Germany). 
All primers were purchased from Qiagen. Data 

were collected and analyzed using the ΔCt 
(U6-miR-101) for the quantification of the rela-
tive mRNA expression level.

Cell culture and cell lines

Human ccRCC cell lines 786-O and Caki1 were 
purchased from ATCC (Shanghai, China). All 
cells were cultured at 37°C in a humidified 
atmosphere of 5% CO2 in RPMI-1640 medium 
with 10% (v/v) heat-inactivated FEB, 2 mM glu-
tamine, 1% nonessential amino acids and 100 
U/ml streptomycin and penicillin.

Construct of miR-101 mimic or anti-miR-101 
and cell transfection

The lentiviral constructs of miR-101 mimic 
(miR-101), miR-101 control (miR-con), anti- miR-
101, and anti-miR control (anti-miR-con) were 
constructed by Genepharma (Shanghai, China). 
CRC cells were infected with the constructed 
lentivirus following standard protocol.

Transfection of RLIP76 overexpressing plasmid 

RLIP76 overexpressing pladmis was constru- 
cted as previously described using a plasmid 
vector pGCsi-H1 [22]. The transfection was 
conducted using Lipofectamine 3000 reagent 
(Invitrogen, Grand Island, NY) according the 
manufacturer’s instructions. Cells transfected 
with empty vector were used as controls. 48 
hours after transfection, the cells were rinsed 
before resuspended in fresh culture media and 
the overexpression was verified by western blot 
analysis.

Luciferase reporter assay 

The molecular target of miR-101 was predicted 
using the computational algorithm softwares, 
TargetScan [23] and microRNA.org [24]. The 3’ 
untranslated region (UTR) of RLIP76 was id- 
entified as a potential target gene. To verify 
whether RLIP76 is a direct target of miR-101, a 
luciferase reporter was constructed by am- 
plifying a wild-type 3’UTR segment of RLIP76 
that contains putative miR-101 binding sites 
and inserting downstream of the luciferase 
reporter gene in pGL3 vector (Promega, Mad- 
ison, WI, USA). The primers used to amply the 
3’-UTR of RLIP76 was designed and synthesized 
by Sangong (Shanghai, China). The mutagenesis 
of the 3’UTR segment of RLIP76 was performed 
as previously described [22]. Both wild-type 
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and mutant luciferase reporter constructs were 
confirmed by sequencing. CRC cells were tran- 
siently co-transfected with 0.2 μg of pGL3-
RLIP76-3’UTR or pGL3-RLIP76-3’UTR Mut, 
0.02 μg of pRL-TK-Renilla luciferase reporter 
plasmids (Promega, Madison, WI) containing 
the Renilla-luciferase for normalization, and 
with 5 pmol of miR-101 mimic or negative 
control. 48 hours after the transfection, the 
luciferase activity was examined using a Dual-
luciferase assay system (Promega, Madison, 
WI).

Western blot

The cell lysate (30-50 μg) samples were mixed 
with 6 × sample buffer, boiled for 5 minutes, 
electrophoresed in 10% sodium dodecyl sul-
fate polyacrylamide gel and there after trans-
ferred to PVDF membranes. The membrane 
was then blocked in PBS containing 5% bovine 
serum albumin (BSA) for 1 hour at room tem-
perature. The membranes were incubated with 
specific primary antibodies in Tris-buffered sa- 
line at 4°C overnight. After washing, the mem-
branes were incubated with HRP-conjugated 
secondary antibodies (Beyotime Institute of 
Biotechnology, Shanghai, China). ECL detection 
reagent (7Sea Biotech., Shanghai, China) was 
used for blot detection according to the manu-
facturer’s instructions.

Cell viability assay

Cell viability were determined with the 3-[4,5- 
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-
bromide (MTT, Sigma-Aldrich, St. Louis, MO) 
assay. Cells were seeded into 96-well plates (5 
× 103 cells/well). Following treatments, cells 
were incubated with MTT (20 µl/well) at 37°C 
for 4 h, and then 200 µl DMSO was added into 
each well. The plates were read in a microplate 
autoreader (BMG LABTECH, offenburg, Ger- 
many) at a wavelength of 570 nm. Each experi-
ment was repeated three times. 

Cologenicity formation

Cells suspended in DMEM agarose medium 
were seeded in each well of a 6-well plate over 
a bottom layer of solidified DMEM agarose 
medium. Cultures were maintained for 14 days 
without fresh medium feeding at 37°C in a 
humidified atmosphere of 95% air and 5.0% 
CO2. Then cell colonies with over 50 cells were 

enumerated and stained with violet crystal 
before being photographed using a digital cam-
era (Olympus, Tokyo, Japan).

Flow cytometry

Following treatment, CRC cells were harvested 
and stained with Annexin V-PE and propidium 
iodide using an Apoptosis kit (BD Pharmingen, 
Franklin Lakes, NJ) according to the manufac- 
turer’s instructions. Then the apoptotic percent- 
age of treated cells was determined by a flow 
cytometer (Beckman Coulter Inc., Miami, FL).

Wound scratch assay

Each well of 24-well tissue culture plate was 
seeded with cells to a final density of 1 × 105 

cells per well and these cells were maintained 
at 37°C and 5% CO2 for 24 hours to permit cell 
adhesion and the formation of a confluent 
monolayer. These confluent monolayers were 
then scored with asterile pipette tip to leave a 
scratch of approximately 0.4-0.5 mm in width. 
Cell surface was then washed with serum-free 
culture medium for three times to remove dis-
lodged cells. Wound closure was monitored by 
collecting digitized images at 0 and 24 hours 
after the scratch was performed. Digitized 
images were captured with an inverted micro-
scope (MOTIC CHINA GROUP CO., Xiamen, 
China) and digital camera (Nikon, Tokyo, Japan). 
The digitized images were then analyzed using 
Image-J software.

Invasion assay

24-wellTranswells coated with Matrigel (8-μm 
pore size; BD Biosciences, San Jose, California)
were used for cell invasion assays [25]. Equal 
numbers (1 × 105) cells were plated onto sepa-
rate well. Cells were starved overnight in serum-
free medium, trypsinized and washed three 
times in DMEM containing 1% FBS. A total of 1 
× 105 cells were then resuspended in 500 μl 
DMEM containing 1% FBS and added to the 
upper chamber, while MEM with 10% FBS was 
added to the lower chamber as chemoattrac-
tant. For the control, medium containing 1% 
FBS was added to the lower chamber. After 24 
hours of incubation, the Matrigel and the cells 
remaining in the upper chamber were removed 
by cotton swabs. The cells on the lower surface 
of the membrane were fixed in formaldehyde 
and stained with hematoxylin staining solution. 
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The cells in at least five random microscopic 
fields (magnification, × 200) were counted and 
photographed. 

Tumor growth xenograft experiment

The in vivo experiments were performed in 
accordance with relevant guidelines and regu-
lations for the care and use of laboratory ani-
mals, with the approval of the Institutional 
Animal Care and Use Committee at Tumor 
Hospital of Qingdao and Qingdao 5th People’s 
Hospital. Male nude mice (BALB/c Nude; 4 
weeks old) were obtained from the Shanghai 
Institute of Material Medical (Chinese Academy 
of Science). 786-O cells (5 × 106 cells) in 0.1 ml 
saline were injected subcutaneously into the 
flanks of nude mice. Tumor size was examined 
every 3 days and the tumor volumes were cal-
culated according to the following formula: 
tumor volume = largest diameter × perpendicu-
lar height2/2. 

Pulmonary metastasis analysis

To evaluate the effect of AIF on pulmonary 
metastasis of ccRCC, 786-O cells (1 × 106 cells) 
in 0.1 ml saline were injected into the tail vein 
of mice. Mice were sacrificed 12 weeks after 
inoculation and consecutive sections of the 
whole lung were subjected to hematoxylin-
eosin staining. All of the metastatic lesions in 
lung were examined and counted to evaluate 
pulmonary metastasis.

Statistical analysis

Values were presented as the mean ± SD. The 
comparison of miR-542-3p levels in tumor and 

normal tissue were performed using student’s t 
test. Statistical comparisons between cell lines 
were performed by one-way ANOVA followed by 
Dunnett’s t-test. GraphPad Prism software 
(GraphPad Software Inc., La Jolla, CA) was used 
to analyze experimental data and a P value less 
than 0.05 was considered to be statistically 
significant.

Results

The expression of miR-101 is lower in ccRCC 
tissues compared with renal parenchyma

The level of miR-101 expression was deter-
mined by quantative RT-PCR analysis. as shown 
in Figure 1A and 1B, the expression of miR-101 
was significantly downregulated in tumor tis-
sues relative to corresponding renal parenchy-
ma. Moreover, our results showed that the 
expression of miR-101 was negatively associ-
ated with the tumor stage of ccRCC (Figure 2B). 
To establish the association of miR-101 and 
clinicopathological features of patients with 
ccRCC, patients were allocated into two groups 
with miR-101 at levels less than the median 
expression level in the low group while and 
those samples with expression above the medi-
an value in the high expression group. Our 
results showed that miR-101 inversely corre-
lated with TNM stage and distant metastasis 
(P<0.05, Table 1). However, no significant cor-
relation was found between miR-101 levels 
with other clinicopathological features, such as 
gender, age and Furman stage. Taken together, 
our results suggested that miR-101 might play 
a role in the development and progression of 
ccRCC.

Figure 1. The expression of miR-101 in ccRCC tissues and cell lines. A. The expression of miR-101 in ccRCC tissue is 
significantly lower compared with RP. B. The expression of miR-101 is associated with TNM stage. C. The expression 
of miR-101 is significantly lower in ccRCC cell lines compared with normal kidney cells. **P<0.01.
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Table 1. Correlation of miR-101 expression and 
clinical characteristics in ccRCC patients

Variables Low miR-
101 (n=23)

High miR-
101 (n=24) P-value

Gender 0.6662
    Male 11 10
    Female 12 14
Age 0.6578
    ≤60 14 12
    >60 9 12
Tumor size 0.8294
    ≤4 cm 12 12
    >4 cm 11 12
Furman grade 0.051
    I/II 8 14
    III/IV 15 10
TNM stage 0.029*
    I/II 9 14
    III/VI 14 7
Distant metastasis 0.030*
    No 8 13
    Yes 15 11
*p<0.05.

MiR-101 is downregulated in ccRCC cell lines 
and functions as tumor suppressor 

The level of miR-101 in ccRCC cell lines was 
also examined and our results showed that 
miR-101 was significantly downregulated in 
ccRCC cell lines compared with normal kidney 
cells (Figure 1C). Next, the effect of miR-101  
on cell growth was determined by MTT assay 
and colony formation. As shown in Figure 2A 
and 2B, ectopic overexpression by pre-miR-101 
was able to significantly inhibit the cell growth 
of two ccRCC cell lines, RCC4 and 786-O. The 
flow cytometric analysis also showed that trans-
fection with pre-miR-101 led to significant 
increase in apoptotic population (Figure 2C). To 
evaluate the role of miR-101 in metastatic 
behavior of ccRCC cells, migration and invasion 
assays were also conducted. As shown in 
Figure 2D and 2E, miR-101 overexpression 
exhibited marked suppression in both cell 
migration and invasion. To further demons- 
trate the role of miR-101 in ccRCC, two mode 
cell lines were also transfected with anti-
miR-101. As shown in Figure 3A-E, suppression 
of endogenous miR-101 resulted in significant 
enhancement in cell growth, inhibition of apop-

tosis along with increase in cell migration and 
invasion. 

RLIP76 is a direct target of miR-101

To clarify the molecular mechanisms for the 
effect of miR-101, candidate target genes of 
miR-101 was searched in bioinformatics data-
base (MicroCosm and Target scan). Give the 
crucial role of RLIP76 in ccRCC, we postulated 
that miR-101 might exert anti-tumor effect by 
regulating the expression of RLIP76. To confirm 
our postulation, luciferase reporter containing 
wild type or mutant 3’ UTR of RLIP76 was con-
structed according to the sequence shown in 
Figure 4A. As shown in Figure 4B, luciferase 
activity of the reporter containing wild-type 
3’-UTR of RLIP76 was significantly decreased in 
cells transfected with pre-miR-101 while no sig-
nificant change in luciferase activity of the re- 
porter containing mutated 3’-UTR was observ- 
ed, providing direct evidence that RLIP76 was 
directly targeted by miR-101. To further study 
the mechanism by which miR-101 regulated 
the expression of RLIP76, the mRNA and pro-
tein expression in ccRCC cells transfected with 
pre-miR-101 was examined. As shown in Figure 
4C and 4D, miR-101 did not significantly change 
the mRNA expression of RLIP76. In contrast, 
the protein expression of RLIP76 was signifi-
cantly repressed by pre-miR-101, suggesting 
that miR-101 mediated the post-transcriptional 
regulation of RLIP76 expression. Moreover, the 
correlation between RLIP76 expression and 
miR-101 level in patient tissue samples was 
also examined, which also supported that miR-
101 regulated the expression of RLIP76 post-
transcriptionally (Figure 4E and 4F).

Ectopic overexpression of RLIP76 compromis-
es the anti-tumor effect of miR-101

To demonstrate the role of RLIP76 in the anti-
tumor effect of miR-101, RLIP76 overexpress-
ing vector was constructed (Figure 5A). As 
shown in Figure 5B-D, ectopic overexpression 
significantly attenuated the anti-proliferative 
and apoptosis-inducing effect of miR-101 on 
both RCC4 and 786-O cells. In addition, the 
inhibition on migration and invasion by miR-101 
was also reversed by ectopic RLIP76 overex-
pression (Figure 5E and 5F). Taken together, 
our results suggested that miR-101 exerted 
anti-tumour effect, at least in part, by directly 
repressing RLIP76 expression.
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Figure 2. The inhibitory effect of pre-miR-101 on cell growth and invasion. A. Pre-miR-101 inhibits cell growth in vitro. B. Pre-miR-101 suppresses long term cell 
proliferation. C. Pre-miR-101 induces apoptosis in ccRCC cells. D. Pre-miR-101 inhibits cell migration. E. Pre-miR-101 inhibits cell invasion. **P<0.01.
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Figure 3. The promoting effect of anti-miR-101 on cell growth and invasion. A. Anti-miR-101 promotes cell growth in vitro. B. Anti-miR-101 enhances long term cell 
proliferation. C. Anti-miR-101 inhibits apoptosis in ccRCC cells. D. Anti-miR-101 increases cell migration. E. Anti-miR-101 promotes cell invasion. **P<0.01.
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AIF suppresses cell growth, induces apoptosis 
and inhibits cell invasion in ccRCC

To appreciate the anti-tumour effect of AIF in 
RCC, the effects of AIF on various biological 

activities of ccRCC cells were examined. As 
shown in Figure 6A, AIF suppressed the cell 
growth in both tested cell lines in a dose-
dependent manner. Our results also showed 
that AIF treatment was effective in inducing 

Figure 4. RLIP76 is a direct target of miR-101 in ccRCC cells. A. Schematic illustration of the putative binding sites 
between wild-type or mutant 3’-UTR of RLIP76 and miR-101. B. Luciferase activity of construct of wild-type RLIP76 is 
decreased by miR-101 mimic. C. Pre-miR-101 transfection is not associated with changes in RLIP76 mRNA expres-
sion in RCC4 and 786-O cells. D. Pre-miR-101 transfection significantly repressed the protein expression of RLIP76. 
E. The expression level of miR-101 in ccRCC tissue is not associated with RLIP76 mRNA expression. F. The expres-
sion level of miR-101 in ccRCC tissue is negatively associated with mRNA expression of RLIP76 in CRC specimen. 
**P<0.01.
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apoptosis in both RCC4 and 786-O cells (Figure 
6B). Besides suppressing cell growth and 
inducing apoptosis, AIF was also able to 
interfere with the invasion of ccRCC cells 
(Figure 6C). 

AIF exerts anti-tumour effect through 
modulating miR-101/RLIP76 signalling by 
inhibiting Akt

Then, the mechanism by which AIF exerted its 
anti-tumor effect on ccRCC was investigated. 

Given the facts that a number of flavonoids 
compounds exert anti-tumor effect by modu- 
lating miRNA expression, a miRNA array an- 
alysis was conducted to identify the potential 
miRNA target for AIF, which showed that miR-
101 level was increased most by AIF treatment. 
To validate the results from miRNA array 
analysis, miR-101 level was examined in cells 
treated with different dosage of AIF. As shown 
in Figure 7, miR-101 level was increased by AIF 
treatment in a dose-dependent manner. As 
RLIP76 was a direct target of miR-101, the 

Figure 5. RLIP76 mediates the anti-tumor effect of miR-101 in ccRCC cells. A. RLIP76 vector successfully increases 
the expression of RLIP76 in RCC4 and 786-O cells transfected with pre-miR-101. B. RLIP76 attenuates the sup-
pressing effect of pre-miR-101 on cell growth. C. RLIP76 reverses the anti-proliferative effect of pre-miR-101 in 
RCC4 and 786-O cells. D. RLIP76 significantly abrogates pre-miR-101-induced apoptosis in ccRCC cells. E. RLIP76 
significantly abolishes the inhibitory effect on cell migration of pre-miR-101 in RCC4 and 786-O cells. F. RLIP76 
significantly attenuated the suppression of pre-miR-101 on cell invasion. **P<0.01.

Figure 6. AIF suppresses cell growth, induces 
apoptosis and inhibits cell invasion in ccRCC. A. 
AIF suppresses cell grown in concentration-de-
pendent manner. B. AIF increases the cell apop-
tosis in concentration-dependent manner. C. AIF 
inhibits cell invasion in concentration-dependent 
manner. **P<0.01.
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effect of AIF on RLIP76 expression was also 
assessed. Although AIF was not able to cause 
marked change in mRNA level of RLIP76, AIF 
treatment resulted in a dose-dependent de- 
crease in RLIP76 protein level. Moreover, our 
results showed that anti-miR-101 inhibitor or 
RLIP76 vector markedly reversed the loss of 
cell viability and apoptosis caused by AIF 
(Figure 8A and 8B). Correspondingly, anti-
miR-101 or RLIP76 vector significantly rescued 
AIF-induced suppression on cell migration and 
invasion (Figure 8C and 8D). Collectively, our 
findings suggested that AIF exerted anti-tumor 
effect by modulating miR-101/RLIP76 sign- 
alling. Next, we conducted experiments to 
determine the upstream signalling responsible 
for the modulator effect of AIF on miR-101. 
Previous studies have showed that inhibition of 
Akt signalling in cancer cells resulted in upre- 
gulation of miR-101 [26]. Hence, we postulated 
whether AIF increased miR-101 level in ccRCC 
cells by inhibiting Akt. As shown in Figure 8E, 
the ratio of phosphoralted Akt to total Akt was 
significantly decreased by AIF. In addition, we 

also found the modulating effect of AIF on miR-
101/RLIP76 was reversed by Akt activation 
IGF-1, suggesting that AIF modulates the ex- 
pression of miR-101/RLIP76 through inhibiting 
Akt (Figure 8F).

AIF suppresses tumour growth and metastasis 
in vivo

To fully evaluate the anti-tumor effect of AIF, 
xenograft mice model was utilized. As shown in 
Figure 9A, AIF at both 40 and 80 mg/kg/day 
significantly delayed the growth of tumor. 
Immunohistochemistry analysis also showed 
that AIF treatment correlated with increased 
percentage of apoptotic tumor cells (Figure 
9B). In consistent with in vitro results, RT-PCR 
and Simple Western analysis showed that AIF 
treatment in vivo led to increase in miR-101 
expression while decrease in RLIP76 expres-
sion and p-Akt/t-Akt ratio (Figure 9C and 9D). 
Moreover, our results also confirmed that AIF 
was also able to suppressed pulmonary metas-
tasis (Figure 9E).

Figure 7. AIF regulates the expression of miR-101 and RLIP76. A. AIF increases the expression of miR-101 in con-
centration-dependent manner. B. AIF does not affect the expression of RLIP76 mRNA. C. AIF represses the protein 
expression of RLIP76 in concentration-dependent manner. **P<0.01.
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Figure 8. AIF exerts anti-tumor effect by modulating miR-101/RLIP76 through inhibiting Akt signaling. A. Anti-miR-101 and RLIP76 overexpression attenuates the 
suppressing effect of AIF on cell growth. B. Anti-miR-101 and RLIP76 overexpression attenuates the apoptosis-inducing effect of AIF in ccRCC cells. C. Anti-miR-101 
and RLIP76 overexpression attenuates the inhibitory effect of AIF on cell invasion in ccRCC cells. D. AIF inhibits Akt signaling in concentration-dependent manner. 
E. Akt activator (IGF-1) significantly attenuated the modulating effect of AIF on miR-101 expression. F. Akt activator (IGF-1) significantly reverses the repressing ef-
fect of AIF on RLIP76 protein. **P<0.01.
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Figure 9. AIF suppresses tumor growth and metastasis in vivo. A. AIF suppresses tumor growth in vivo. B. AIF induces apoptosis in vivo. C. AIF increases the expres-
sion of miR-101 in xenograft tumor. D. AIF inhibits Akt signaling and represses RLIP76 expression in xenograft tumor. E. AIF suppresses pulmonary metastasis. 
**P<0.01.
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Discussion

Lately, the use of natural products in cancer 
prevention and control has attracted a renewed 
interest. Epidemiological studies have also 
shown that high consumption of foods contain-
ing flavonoid compounds is associated with 
decreased risk of several types of human 
malignancies, implying the promising effect of 
these compound in cancer control [27]. In addi-
tion to the atheroprotective [17], estrogen-
ic[18], anti-bacterial [19] activities, AIF, one of 
the flavonoid compound, has been found to 
have anti-cancer activities. In Lung cancer 
cells, AIF could induce cell death by repressing 
both the ERK/MAPK and NF-κB pathways [21]. 
In this study, our results showed that AIF signifi-
cant suppressed the tumor growth and metas-
tasis of ccRCC both in vitro and in vivo. 
Moreover, our findings showed that the modu-
lating effect of AIF on miR-101 mainly contrib-
uted to its anti-tumor effect in ccRCC.

As a family of endogenous, conserved, small 
non-coding RNA molecules with a length of 
19-25 bp, MicroRNAs (miRNAs) regulate gene 
expression at the post-transcriptional level by 
binding to the partial sequence homology of 
the 3’-untranslated region of target messenger 
(m)RNA, resulting in translation inhibition or 
mRNA degradation. The role of miRNAs in 
human malignancies including ccRCC has been 
evaluated in a number of studies [28]. Studies 
by Yamasaki et al showed that both miR-138 
and miR-218 suppressed cell migration and 
invasion in ccRCC cells in vitro [29, 30]. Let-7d 
has also been found to suppress RCC growth, 
metastasis and tumor macrophage infiltration 
by targeting COL3A1 and chemokine ligand-7 
[31]. Other miRNAs such as miR-129-3p and 
miR-133b have also been identified as tumor 
suppressor and attenuate cell migration and 
invasion of RCC by downregulating multiple 
metastasis-associated genes [32, 33]. Collec- 
tively, these findings highlight the role of miR-
NAs in ccRCC oncogenesis and metastasis. As 
regards to miR-101, accumulating evidences 
showed that miR-101 plays an important func-
tional role in numerous pathological progress-
es and may be used as a highly promising diag-
nostic and/or prognostic marker of human 
malignancies [34]. An early study by Sakurai et 
al also pointed out that miR-101 was signifi-
cantly lower expressed in ccRCC cells and 

ccRCC tissues compared with normal cells and 
non-timorous tissues, respectively [35], which 
suggested the role of miR-101 as tumor sup-
pressor. This findings was backed up by a 
recent study, which also showed that miR-101 
restoration in ccRCC cells could significantly 
suppressed cell proliferation and invasion [36]. 
In consistent with these previous studies, our 
results also showed that miR-101 was aber-
rantly downregulated in ccRCC tissues and the 
level of miR-101 inversely correlated with dis-
ease progression, further supporting the anti-
tumor effect of miR-101 in ccRCC.

RLIP76 (DNP-SG ATPase) is a multi-functional 
protein involved in the ATP-dependent trans-
port of glutathione conjugates and chemother-
apy drugs [37-39]. Although the majority of 
early studies focused on the transporter activi-
ty of RLIP76, later evidence suggests that 
RLIP76 is involved in cell proliferation, metasta-
sis and ligand-dependent receptor endocytosis 
[40-42]. Aberrant upregulation of RLIP76 has 
been detected in both cancer tissues and 
malignant cancer cells, which suggests the role 
of RLIP76 as oncogene [43-46]. In the context 
of ccRCC, RLIP76 functioned as an anti-apopto-
sis factor and mediated the drug-resistance to 
Sunitinib and Sorafenib [38]. However, the reg-
ulatory mechanism of RLIP76 in ccRCC cells 
remains unknown. In breast cancer cell, the 
promoter activity and expression of RLIP76 was 
regulated by p300, suggesting a transcriptional 
regulatory mechanism of RLIP76 [47]. A very 
recent study by Zhang et reported that RLIP76 
is regulated by miR-124 at post-transcriptional 
level in melanoma cells [22]. In this study, our 
results showed that miR-101 exerted its anti-
tumor by directly targeting RLIP76, highlighting 
the important role of post-transcriptional regu-
lation in RLIP76 expression in cancer cells.

In conclusion, this present study showed that 
AIF suppressed tumor growth and metastasis 
by modulating miR-101/RLIP76 signaling. 
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