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Abstract

MicroRNAs are implicated in regulating cancer progression and metastasis. Here we show that 

miR-720 is positively associated with renal cell carcinoma (RCC). Elevated levels of miR-720 

were observed in a panel of RCC cell lines and clinical tissues compared to non-malignant cell 

line and normal samples. Loss of miR-720 function inhibited proliferation, migration and invasion 

and induced apoptosis in RCC cell lines in vitro and repressed tumor growth in xenograft mouse 

model. Conversely, gain of miR-720 function in non-malignant HK-2 cells induced pro-cancerous 

characteristics. Silencing of miR-720 caused a marked induction in the levels of endogenous αE-

catenin and E-cadherin protein levels in anti720 transfected cells compared to control. Whereas, 

miR-720 overexpression in RCC cell lines reduced activity of a luciferase reporter gene fused to 

the wild-type αE-catenin or E-cadherin 3′ UTR compared to non-specific 3′ UTR control 

indicating that αE-catenin-E-cadherin complex is a direct and functional target of miR-720 in 

RCC. We also observed attenuation of β-Catenin, CD44 and Akt expression in RCC cells 

transfected with miR-720 inhibitor compared to control. Further, miR-720 exhibited clinical 

significance in RCC. Expression of miR-720 significantly distinguished malignant from normal 

samples. Elevated miR-720 levels positively correlated with higher Fuhrman grade, pathological 

stage and poor overall survival of RCC patients. These findings uncover a new regulatory network 

in RCC involving metastasis-promoting miR-720 that directly targets expression of key 

metastasis-suppressing proteins E-cadherin and αE-catenin complex. These results suggest that 

therapeutic regulation of miR-720 may provide an opportunity to regulate EMT and metastasis in 

RCC.
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Introduction

Renal cell carcinoma (RCC) is among the ten leading cancer types in United States with an 

estimated 62,700 new cases and 14,240 deaths in 2016(1). RCC can be histologically 

classified into several subtypes, with clear cell renal cell carcinoma (ccRCC) being the most 

common (2). Approximately 25–30% of ccRCC patients have metastatic disease at the time 

of diagnosis, while in 30% recurrence develops after complete resection of the primary 

tumor(3). The 5 year relative survival rate of regional or localized RCC is 65–92%, while 

that of metastatic RCC is only 12%(1). These patients have very poor prognosis because of 

the refractory nature of RCC to current treatment regimens. Therapeutic options for RCC are 

limited due to its lack of sensitivity to both chemo-, radio- and immunotherapy(4–6). RCC is 

characterized by considerable molecular heterogeneity in tumors, making prediction of 

disease progression and therapeutic response difficult.

Tumor recurrence and metastasis represent two major obstacles in the successful treatment 

of cancer. Emerging lines of evidence suggest that cancer aggressiveness is associated with 

epithelial-mesenchymal transition (EMT)(7). EMT is reactivated to promote tumorigenic 

progression of epithelial cells with increased cell migration and invasion, ‘stemness,’ and 

inhibition of apoptosis and senescence(8–10). A hallmark of EMT is the functional loss of 

cell-cell adheren junctions (AJs)(10). The transmembrane core of AJs is composed of E-

cadherin, whose cytoplasmic domain interacts with β-catenin, which in turn binds to α-

catenin(11, 12). E-cadherin is an established tumor suppressor(13) and its loss induces 

cancer invasion and metastasis(14–16), correlating with the aggressiveness of numerous 

carcinomas and worsening prognosis(13, 17). In ccRCC, microarray analysis of primary 

tumor samples showed a diminution of E-cadherin expression in the majority of patient 

samples(16) and E-cadherin loss was reported to be an early pathogenic event(16, 18). 

Whereas, forced expression of E-cadherin suppressed tumor development and invasion in 

various in vitro and in vivo tumor model systems(17). αE-catenin, a member of the α-

catenin family has been reported to be a tumor suppressor in many cancers(19–22). The 

proportion of tumors that fail to express either E-cadherin, αE-catenin or both has been 

reported to be as high as 80%(11), and their loss often correlates with the degree of tumor 

differentiation and metastasis(12, 23–25). These findings indicate that perturbation of the E-

cadherin-αE-catenin complex is an important molecular event in the progression of several 

cancers. Functional loss of E-cadherin-αE-catenin junctions activates EMT, contributes to 

metastasis and more aggressive behavior of these human cancers(23). Therefore, it is of 

critical importance to regulate EMT and to develop effective therapeutic strategies for the 

treatment of recurrent and metastatic cancer. Critical regulators of EMT include transcription 

repressors that suppress E-cadherin expression (7, 26, 27) and microRNAs that target key 

proteins involved in EMT (28, 29).

MicroRNAs (miRNA) are small evolutionarily conserved non-coding RNA molecules that 

negatively regulate transcript levels through sequence-dependent recognition 

mechanisms(30). In a previous study, we performed an initial screen for differentially 

expressed miRNAs in RCC and identified that miR-205 is significantly downregulated in 

cancer compared to normal cell line(31). A second miRNA, miR-720, was significantly 

over-expressed in RCC cells compared to normal cell line. Thus the present study was 
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undertaken to define the role of miR-720 in RCC. Here we report that (i) miR-720 is 

overexpressed in RCC cell lines and clinical samples, (ii) loss of miR-720 induces tumor 

suppressor effects in vitro in RCC cell lines and in-vivo in nude mouse xenografts, (iii) 

overexpression of miR-720 in normal kidney cells leads to tumorigenic effects, iv) miR-720 

directly targets E-cadherin and αE-catenin, core proteins of AJs that are established tumor 

suppressors, (iv) attenuation of miR-720 rescues expression of E-cadherin and E-catenin 

protein levels while inhibiting the expression of CD44, CTNNB1 and Akt that are known to 

have oncogenic function in RCC, (v) finally we show that miR-720 has diagnostic and 

prognostic potential in RCC. Therefore, targeting of miR-720 in RCC may be an important 

strategy to regulate RCC growth and metastasis.

Materials and Methods

Cell culture, plasmids and transfection

Human renal cell carcinoma cell lines 786-O, ACHN, A498 and 769-P and a non-malignant 

renal cell line HK-2 were obtained from the American Type Culture Collection (ATCC) 

(Manassas, VA) in the year 2016 and grown according to ATCC protocol. These human-

derived cell lines were authenticated by DNA short-tandem repeat analysis by ATCC. Cell 

line experiments were performed within 6 months of their procurement/resuscitation. 

Plasmids for nonspecific miRNA control vector for pEZX-MT01 (CmiT000001-MT01) was 

purchased fromGeneCopoeia (GeneCopoeia, Rockville, MD). For luciferase reporter assays, 

pMIR-REPORT dual luciferase vector was purchased from Ambion, Cambridge MA. 

TaqMan probes for hsa-miR-720 (miR-720), anti-miR-720 and negative controls pre-miR 

and anti-miR-Control (cont-miR) were purchased from Applied Biosystems (Life 

Technologies, CA). Lipofectamine 2000 and 3000 reagents were used for transfection.

Tissue samples and laser capture microdissection (LCM)

Tissue samples from radical nephrectomy were obtained from the Veterans Affairs Medical 

Center, San Francisco, CA, USA in accordance with the institutional guidelines (IRB 

approval no. 16-18555). Written informed consent was obtained from patients for tissue 

collection. LCM was performed as described previously(32). Briefly 8μm sections were 

placed on glass slides, deparaffinized, stained with hematoxylin, dehydrated, and placed in 

the AutoPix instrument for microdissection (AutoPix System; Arcturus). Areas of interest 

were captured with infrared laser pulses onto CapSure Macro LCM Caps.

Quantitative real-time PCR and expression analysis in TCGA data cohort

Total RNA was extracted and assayed for mature miRNAs and mRNAs using the TaqMan 

MicroRNA Assays and Gene Expression Assays, respectively, in accordance with the 

manufacturer’s instructions (Applied Biosystems). All RT reactions were run in a 7500 Fast 

Real Time PCR System (Applied Biosystems). Relative expression was calculated using 

comparative Ct. Expression of miR-720 was also analyzed in a publicly available data cohort 

of renal carcinoma from the Cancer Genome Atlas (TCGA) now available as genomic data 

commons (GDC) data portal (https://gdc-portal.nci.nih.gov/).
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Flow cytometry, cell viability, migration and invasion assays

FACS analysis for cell cycle and apoptosis was done 72 hours post-transfection. The cells 

were harvested, washed with cold PBS, and resuspended in the nuclear stain DAPI for cell 

cycle analysis or stained with 7-AAD and Annexin-V-FITC using ANNEXIN V-FITC/7-

AAD KIT (BD Biosciences) for apoptosis analysis according to the manufacturer’s protocol. 

Stained cells were immediately analyzed by FACS (BD FACSVerse; BD Biosciences). Cell 

viability was determined at 24, 48 and 72 h by using the CellTiter 96 AQueous One Solution 

Cell Proliferation Assay kit (Promega, Madison, WI) according to the manufacturer’s 

protocol. Also a cytoselect 24-well cell migration and invasion assay kit (Cell Biolabs, Inc) 

was used for migration and invasion assays according to the manufacturer’s protocol. For 

migration and invasion assays two replicates were used and the experiment was repeated 

three times.

Immunoblotting

Immunoblotting was performed as described previously(31). Briefly RCC cell lines 786-O 

and A498 were transfected atleast three times at different time points with anti-miR control 

or antimiR-720 (miR-720 inhibitors). Protein was isolated from 70–80% confluent cultured 

cells using the M-PER Mammalian Protein Extraction Reagent (Pierce Biotechnology, 

Rockfield, IL) following the manufacturer’s directions. Equal amounts of protein from all 

the transfections were resolved on the same 4–20% SDS polyacrylamide gels to keep the 

setting same for all the transfections. Protein was then transferred to nitrocellulose 

membrane. The resulting blots were blocked with 5% non-fat dry milk and probed with 

antibodies. Antibodies were obtained from Cell Signaling Technology Inc. Denver, MA for 

alpha-E-catenin (cat. #. 36611), Santa Cruz Biotechnology, Inc, CA for GAPDH (cat. #. 

sc-32233) and from ThermoFisher Scientific, CA for E-cadherin (cat. #. MA5-11496). Blots 

were visualized using enhanced chemiluminescence (Pierce Biotechnology, Rockford, IL) or 

Western Blotting Luminol reagent (Santa Cruz Biotechnology, Inc, CA).

Luciferase Assays

The wild type 3′UTR complimentary sequences of αE-catenin and E-cadherin for miR-720 

are given in Figure 5C. These sequences were cloned downstream of the luciferase gene in 

the pMIR-REPORT luciferase vector (Ambion, Cambridge MA). For non-specific 3′ UTR 

control, we used control plasmid (CmiT000001-MT01) from GeneCopoeia (Rockville, 

MD). The complete sequence of vector is available at http://www.genecopoeia.com/. For 

reporter assays, cells were transiently transfected with wild-type or control plasmids and 

miR-720 or control-miR. Firefly luciferase activities were measured using the Dual 

Luciferase Assay (Promega, Madison, WI) 24 hr after transfection and the results were 

normalized with Renilla luciferase.

In vivo intratumoral delivery of anti720

The antitumor effect of silencing miR-720 was determined by local administration of 

miR-720 miRNA inhibitor (anti720) in established tumors in athymic nude mice and 

compared to an antimiR-negative control mice group. Each mouse was injected sub-

cutaneously with 5.0×106 A498 cells. Once palpable tumors developed, 6.25 μg of synthetic 
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anti720 or antimiR-negative control (control) complexed with 1.6 μl siPORT Amine 

transfection reagent (Ambion, Austin, TX) in 50 μl PBS was delivered eleven times 

intratumorally at 3-day intervals over the course of experiment. In total 6 mice received 

anti720 and 6 mice received control miR. Tumor growth was followed for 6 weeks from the 

first injection. All animal care was in accordance with institutional guidelines (IACUC 

approval no. 16-004).

Statistical analysis

Statistical analyses were performed with StatView for Windows (SAS Institute Inc. NC, 

USA), GraphPad-Pris-5 and MedCalc. All quantified data represents the average of at least 

triplicate samples and three experiments performed at different times or as indicated. For 

migration and invasion assays, two replicates were used and the experiment was repeated 

three times. Error bars represent standard deviation of the mean or as indicated. All tests 

were performed two tailed and p-values <0.05 were considered statistically significant. 

TCGA data cohort was analyzed using Mann-Whitney test (independent samples) from 

Rank sum tests to compare reads per million between normal and tumor samples. Receiver 

operating curves (ROC) were calculated to determine potential of miR-720 to discriminate 

between malignant and non-malignant tissues and for overall survival Kaplan-Meier 

analyses (log-rank tests) were also performed. Chi-square tests were performed to determine 

correlation between miR-720 expression and clinicopathological characteristics.

Results

miR-720 is highly expressed in RCC

We previously found that miR-720 was significantly upregulated in RCC cell lines compared 

to non-malignant cell line HK2(31) and validated this data by miRNA-quantitative real time 

PCR (miR qRT-PCR) analysis. The results confirmed that miR-720 is overexpressed in 

several RCC cell lines compared to normal HK-2 cells (Figure 1A). We investigated the 

expression of miR-720 in 60 (30 pairs) laser-captured micro-dissected (LCM) matched 

clinical samples (Figure 1B). miR-720 expression was significantly elevated in cancer 

samples compared to matched normal controls (Figure 1B). Further, we analyzed miR-720 

expression in The Cancer Genome Atlas (TCGA) sample cohort using Mann-Whitney test 

(independent samples) from Rank sum tests to compare normal and tumor samples. miR-720 

expression levels were significantly high in tumors compared to normal samples (p=0.006) 

(Figure 1C). Thus the data from clinical tissues is in agreement with cell line data showing 

that miR-720 is highly expressed and may have an oncogenic function in RCC.

miR-720 loss of function exerts tumor suppressor effects in RCC

We performed a series of in vitro loss-of-function analyses by silencing miR-720 with 

antisense oligonucleotides (anti720) in two RCC cell lines, 786-O and A498 (Figure 2A). To 

discern whether miR-720 has any role in RCC metastasis, we performed in vitro 
chemotactic transwell invasion and migration assays. Silencing of miR-720 caused a marked 

reduction in migration (67%, p<0.0001) and invasion (62%, p<0.0001) of 786-O cancer cells 

post 72h transfection (Figure 2B–C). Similarly there was a decrease in migration (60%, 

p<0.0001) and invasion (57%, p<0.0001) with A498 cells (Figure 2D–E) compared to 
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controls. These results suggest that loss of miR-720 expression impairs RCC cell migration 

and invasion.

Unregulated cell proliferation and survival are common features of cancer cells that favor 

metastatic dissemination. Silencing of miR-720 impaired cell viability compared to control 

(Cont-miR) in both 786-O and A498 cell lines (Figure 2F–G). Flow cytometry cell cycle 

analysis revealed a significant decrease in S-phase (8–13%) with a concomitant but modest 

increase in G2/M cell population (6–7%) in cells transfected with anti720 compared to 

control (Figure 3A–B). Depletion of miR-720 also induced apoptosis in both cancer cell 

lines as compared to control (7–11%) (Figure 3C–D). Taken together, these observations 

suggest that miR-720 function is required for tumorigenic attributes of RCC cell lines.

In vivo tumor suppressor effect of loss of function of miR-720 in RCC

To recapitulate the in vitro tumor suppressor effects of miR-720 loss of function in vivo, we 

performed growth suppression experiment in nude mice by intra-tumoral delivery of anti720 

(miR-720 inhibitor) or control (non-specific inhibitor control) in established tumors. Tumor 

growth was significantly suppressed in the mouse group that received anti720 compared to 

controls (Figure 3E–F). Average tumor volume in controls was 245mm3 compared to 

133mm3 in mice that received anti720 at the termination of the experiment. These results 

confirm the in vitro tumor suppressive effect of silencing miR-720 in RCC xenograft model.

miR-720 gain of function exerts tumorigenic attributes in non-malignant HK-2 cells

We next ascertained whether miR-720 gain of function induces tumorigenic characteristics 

in non-malignant HK-2 cells. miR-720 was overexpressed in HK-2 cells by transient 

transfection of 50 nM miR-720 mimic along with a miRNA-control (control) (Figure 4A). 

Indeed, miR-720 overexpression mediated pro-cancerous phenotypes as indicated by 

increased cell proliferation (Figure 4B) migration (Figure 4C–D) and invasion (Figure 4 E–

F) compared to controls. In addition, a significant decrease was observed in E-cadherin and 

αE-catenin expression in HK-2 cells overexpressing miR-720 compared to the control 

(Figure 4G). These results attest to the oncogenic role of miR-720 in RCC.

αE-catenin-E-cadherin complex is a direct and functional target of miR-720

To understand the mechanism by which miR-720 induces tumor suppressor effects in RCC, 

we used computational methods to identify potential miR-720 targets in humans. We 

performed an initial screening of several targets such as cMyc, N-cadherin, vimentin, 

VEGFA, Cyclin-A2, Cyclin-B2, Cyclin-E2, MAPK7, Pax2, CA9, BNIP2, KLF10, TCF7L2, 

ZBTB17, p27, p16, IGFBP1, TP73, Caspase 8 and Caspase 1. There was either no or a 

modest effect of miR-720 silencing observed on these targets in Western or qRT-PCR 

analysis. We focused on αE-catenin-E-cadherin complex because they are key negative 

regulators of EMT and metastasis and have complimentary binding sites in their 3′UTR for 

miR-720 (Figure 5A). In addition, our functional assays showed a robust reduction in 

migration and invasion when miR-720 was silenced in RCC cell lines. In support of these 

results, we observed a marked induction in the levels of endogenous αE-catenin and E-

cadherin protein levels in miR-720 silenced cells compared to control (Figure 5 B–C). 

Further, miR-720 overexpression in 786-O and A498 RCC cell lines reduced activity of a 
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luciferase reporter gene fused to the wild-type αE-catenin (75–78% reduction, p=0.009, 

p=0.01) or E-cadherin (55–60% reduction, p=0.003, p=0.03) 3′ UTR compared to non-

specific 3′ UTR control (Figure 5D–E). These results indicate that miR-720 directly targets 

these proteins and regulates their expression through translational inhibition.

Silencing of miR-720 attenuates EMT and metastasis associated genes

We further demonstrated the effect of miR-720 silencing on EMT and metastasis associated 

such as CD44 that plays pivotal role in EMT(7), β-catenin (CTNNB1), another core 

component of cell-cell adheren junctions (AJs) and Akt that are associated with 

tumorigenesis, EMT and metastasis in multiple cancers including RCC(33, 34). A 

significant decrease in the expression of all these genes was observed at both mRNA (Figure 

5F–G) and protein levels (Figure 5H–I) in both A498 and 786-O RCC cell lines. These 

results indicate that attenuation of miR-720 in RCC negatively regulates EMT and metastatic 

genes in RCC.

Clinical relevance of miR-720 in RCC

Clinical demographics of the study cohort are summarized in supplementary Table 1. 

Receiver operating curve (ROC) analysis was performed to evaluate the ability of miR-720 

expression to discriminate between normal (n=30) and tumor cases (n=30). An area under 

the ROC curve (AUC) of 0.905 (P<0.0001; 95% CI=0.78 to 0.97; Specificity=100%; 

Sensitivity=80%) (Figure 6A) was obtained suggesting that miR-720 expression can 

discriminate between malignant and non-malignant tissues and hence has potential to be 

used as a diagnostic marker for RCC. To determine whether miR-720 has prognostic 

significance, we divided patients into low miR-720 (expression T/N<0.8 fold) and high 

miR-720 (expression T/N>0.8 fold) groups and performed Kaplan-Meier survival analysis. 

The results show that the low miR-720 group displayed significantly higher overall survival 

probability compared to the high miR-720 group (Logrank Test p<0.03, HR=3, 95% CI=2–

7) (Figure 6B). We also determined the correlation of miR-720 expression with 

clinicopathological variables such as Fuhrman grade, pathological stage (pT), age and 

survival (Figure 6C). Chi-squared test revealed that cases with high miR-720 expression 

increased from low grade, low pathological stage to high grade and high pathological stage 

(Figure 6C). Among deceased patients, 78% had high miR-720 expression (p<0.0001) 

compared to 22% with low expression. Collectively, these results suggest that miR-720 has 

potential to be a marker for diagnosis and predicting survival of RCC patients though it 

needs to be validated in a large sample cohort.

Discussion

In this study, we identified miR-720 as a pro-metastatic miRNA and as a negative regulator 

of the key metastasis suppressors E-cadherin and αE-catenin in RCC. We observed miR-720 

to be significantly elevated in a panel of RCC cell lines and tumor samples when compared 

to normal cell line or matched normal tissue samples. This is in agreement with a previous 

study of microRNA profiling in RCC tissue samples where miR-720 expression was 

reported to be almost 3 fold higher in tumors compared to adjacent non-tumorous 

tissues(35). This suggests an oncogenic role for miR-720 in RCC, however neither the 
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functional relevance nor the clinical significance of miR-720 expression in RCC has been 

previously defined.

EMT is a conserved embryologic genetic program that is essential in cancer cell metastasis. 

Functional loss of E-cadherin-αE-catenin junctions activates EMT, contributes to metastasis 

and more aggressive behavior of various human cancers(23). Our study indicates that E-

cadherin and αE-catenin are the direct functional targets of miR-720 and attenuation of 

miR-720 in RCC cell lines rescued expression of both proteins. A study in breast cancer has 

reported a pivotal role for the CD44 in accelerating EMT(7). Expression of CD44s led to the 

activation of Akt and attenuation of E-cadherin(7). In RCC, CD44 has been identified as a 

prognostic marker with high expression correlating with higher Fuhrman grade, recurrence 

and poor prognosis(36). Our results indicated that silencing of miR-720 suppressed CD44 

and Akt expression in RCC cell lines. We also observed a decrease in β-catenin (CTNNB1), 

another core component of cell-cell adheren junctions, mRNA expression in anti-miR720 

transfected cells compared to control. CTNNB1 and Akt are associated with tumorigenesis, 

EMT and metastasis in multiple cancers including RCC(33, 34). EMT promotes tumorigenic 

progression and metastasis by increased migration and invasion while inhibiting apoptosis 

and senescence(8–10). Our results revealed that silencing of miR-720 by anti-agomiRs 

induced tumor suppressor effects as indicated by impaired proliferation, migration, invasion 

and induction of apoptosis in RCC cells in vitro. We also confirmed the tumor growth 

suppression effects of miR-720 silencing in an in vivo intra-tumoral xenograft mouse model. 

In non-malignant HK-2 cells over-expression of miR-720 induced pro-cancerous 

characteristics such as increased proliferation, migration and invasion. Collectively, these 

results indicate that miR-720 is positively associated with RCC. Our findings show that 

elevated expression of the miR-720 contributes to EMT and metastasis in RCC. Expression 

of miR-720 is also high in several other cancers and studies have implicated this miRNA in 

transformed phenotypes and have suggested its use in cancer diagnosis or as a prognostic 

marker(37–40).

MiRNAs have generated great interest as potential prognostic biomarkers and powerful tools 

for early cancer diagnosis, in part due to their lineage-specific expression and stability in 

tissues and body fluids (41–44). MicroRNA expression patterns have been reported to be 

more accurate in establishing the right diagnosis than the mRNA criteria, in poorly 

differentiated metastatic cancer cases with cancer of unknown primary origin (45). In 

ccRCC, miRNA-429 was found to be a potential diagnostic and prognostic biomarker and a 

potential regulator of EMT(46). miR-429 was significantly associated with cancer 

metastasis, shorter disease-free and overall survival(46). Our results reveal that miR-720 

expression can robustly (p<0.0001) discriminate malignant from non-malignant tissues and 

hence can be used as a diagnostic marker for RCC. We also observed that high miR-720 

expression was significantly associated with poor overall survival. Correlation of miR-720 

expression with clinicopathological variables indicated that high miR-720 expression is 

positively associated with high grade and high pathological stage and interestingly, 78% of 

deceased patients had high miR-720 expression. Collectively, our study highlights the 

biomarker potential of miR-720 expression in RCC, though it needs to be validated in a 

larger sample cohort.
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In conclusion, this study shows that miR-720 is significantly upregulated and has a clinical 

significance in RCC. Silencing of miR-720 induced in vitro and in vivo tumor suppressor 

effects in RCC. In contrast, overexpression of miR-720 elicited tumorigenic effects in non-

malignant cells. In addition, E-cadherin-αE-catenin complex was affirmed to be the direct 

and functional target of miR-720. Our data suggests that miR-720 is positively associated 

with RCC and may contribute to EMT and metastasis through negative regulation of E-

cadherin-αE-catenin expression. We envisage that therapeutic regulation of miR-720 may 

provide an opportunity to regulate EMT and metastasis in RCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. miR-720 expression is elevated in RCC
A) Quantitative RT-PCR analysis of miR-720 in a panel of cell lines. B) Quantitative real 

time PCR analysis of miR-720 expression in 30 pairs of matched Laser-Captured 

Microdissected tissue samples. C) miR-720 expression in a renal carcinoma sample cohort 

publicly available at the TCGA data base.
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Figure 2. miR-720 loss of function exerts tumor suppressor effects in RCC
A) Expression of miR-720 post transient transfection of 50nM miR-720 inhibitor (anti720) 

in kidney cancer cells compared to anti-miR-control inhibitor (control). B–E) Migration and 

invasion assays in 786-O cells (B–C) and A498 cells (D–E) transfected with anti720 

compared to anti-negative control miR (cont-miR). F–G) Proliferation of 786-O and A498 

cells after anti720 transfection was significantly reduced compared to control.
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Figure 3. Silencing of miR-720 induces apoptosis and G2/M cell cycle arrest in vitro and tumor 
growth suppression effects in vivo in an intratumoral xenograft mouse model
A–B) Cell cycle analysis showing a significant decrease in S-phase along with a modest 

increase in the G2/M phase of 786-O and A498 cells after transfection with anti720. C–D) 

Apoptosis assay showing induction of apoptosis by anti720. Numbers on panels are mean 

populations±SEM. E) Tumor volume following intratumoral injection of control or anti720 

into established tumors. Data represents the mean of each group (6 mice) and error bars are 

SD. Week 1 is the start of injection and tumor growth was followed for 6 weeks and each 

mice received a total of 11 injections. F) Representative pictures of mice injected with either 

control or miR-720 at the termination of experiment.
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Figure 4. miR-720 gain of function exerts tumorigenic attributes in non-malignant cell line HK-2
A) miR-720 expression after transient transfection of miR-720 mimic compared to pre-miR-

negative control (cont-miR). B) miR-720 overexpression in non-malignant HK-2 cells 

induced cell proliferation. C–F) An increase in the migration (C–D) and invasion (E–F) of 

HK-2 cells. G) A significant decrease in the expression of E-cadherin and αE-catenin in 

HK-2 cells overexpressing miR-720 compared to control.
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Figure 5. αE-catenin-E-cadherin complex is a direct target of miR-720 and miR-720 silencing 
attenuates EMT and metastasis associated genes
A–B) Transient transfection of anti720 caused a significant increase in αE-catenin and E-

cadherin protein levels compared to control in both cell lines. C) Complimentary binding 

sites for miR-720 in 3′UTR of αE-catenin and E-cadherin. D–E) Luciferase assays showing 

decreased reporter activity after co-transfection of either wild type 3′UTR sequences 

compared to non-specific control 3′UTR with miR-720 in 786-O and A498 cells. F–I) 

Decreased Akt, CTNNB1 (β-catenin) and CD44 expression observed at mRNA (F–G) and 

protein (H–I) levels after miR-720 silencing in both A498 and 786-O RCC cell lines.
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Figure 6. Clinical relevance of miR-720 in RCC
A) ROC curve analysis showing ability of miR-720 expression to discriminate between 

malignant and non-malignant tissue samples. B) Kaplan-Meier analysis for overall survival 

based on miR-720 expression. C) Chi-square test showing correlation of clinicopathological 

characteristics with miR-720 expression.
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