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Abstract

Autophagy is a catabolic process that allows cellular macromolecules to be broken down and 

recycled as metabolic precursors. The influence of non-coding microRNAs (miRNAs) in 

autophagy has not been explored in colon cancer. In this study, we discover a novel mechanism of 

autophagy regulated by hsa-miR-502-5p (miR-502) by suppression of Rab1B, a critical mediator 

of autophagy. A number of other miR-502 suppressed mRNA targets (e.g. DHODH) are also 

identified by microarray analysis. Ectopic expression of miR-502 inhibited autophagy, colon 

cancer cell growth, and cell cycle progression of colon cancer cells in vitro. miR-502 also 

inhibited in vivo colon cancer growth in a mouse tumor xenografts model. In addition, the 

expression of miR-502 was regulated by p53 via a negative feedback regulatory mechanism. The 

expression of miR-502 was down-regulated in colon cancer patient specimens compared to the 

paired normal control samples. These results suggest that miR-502 may function as a potential 

tumor suppressor and therefore be a novel candidate for developing miR-502 based therapeutic 

strategies.
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Introduction

Colon cancer is one of the most common types of cancer and causes 655,000 deaths per year 

worldwide (1). In the United States, colorectal cancer ranks the second in cancer-related 

mortality (2), and it is estimated that more than 49,000 colorectal cancer patients will 

succumb to the disease in 2011 according to the National Cancer Institute. There has been 
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steady and significant improvement in patient survival in the past decade due to early 

detection and improved treatment strategies (2).

In the past 10 years, small regulatory RNAs have gained enormous interest in colon cancer 

research. miRNAs are a class of non-coding RNA molecules, 18–25 nucleotides in length, 

that regulate the expression of their target genes by translational arrest or mRNA cleavage 

mostly via direct interacting with the 3’-UTRs of the target mRNAs (3, 4). Base pairing 

between at least six consecutive nucleotides within the 5’-seed of the miRNA with the target 

site on the mRNA is reported to be a minimum requirement for the miRNA-mRNA 

interaction (5). miRNAs have been found to regulate many cellular processes including 

apoptosis (6–9), differentiation (4, 10, 11) and cell proliferation (6, 11–13).

p53, one of the major tumor suppressor genes, has been found to be deleted and mutated in 

more than 50 percent of the colon cancer cases (14–16). It regulates its target gene 

expression either as a transcriptional activator or suppressor (17). It can also act as an RNA-

binding protein to modulate gene expression at the post-transcriptional level (18, 19). In 

2006, our laboratory first identified putative p53-binding sites in nearly 40% of miRNA 

promoter regions (20). Some of these miRNAs (e.g. miR-215, miR-192, miR-34s) were 

directly activated by p53 to impact cell proliferation, cell cycle control and chemoresistance 

(20–31), providing p53 with a greater flexibility to control cell cycle and cell death.

Moreover, p53 also functions as a key regulator of autophagy (32–35), a catabolic pathway 

for degradation and recycling of proteins and cellular organelles, which has been shown to 

be dysregulated in cancers (36, 37). Under prolonged nutrition starvation, p53 sustained 

active autophagic flux, which was beneficial for colon cancer cell survival (35). In addition, 

Rab1B, a small GTPase from Ras super family, has been demonstrated to modulate 

autophagic activity in Hela cells through the regulation of autophagosome formation (38). 

Since translational control provides cells with acute response to growth stress, we reasoned 

that some of the p53 mediated miRNAs may play important roles in autophagy. We 

discovered that Rab1B was predicted to be the direct target of hsa-miR-502-5p (miR-502), 

which was among the top 10 miRNA candidates containing potential p53-binding sites in 

their promoter regions (20). Currently little is known about the regulatory function of 

miR-502 in colon cancer and its impact on autophagy.

In this study, we investigated the mechanisms and impact of miR-502 in colon cancer. We 

systematically discovered miR-502 mediated targets via microarray analysis and 

experimentally validated that the repressions of Rab1B and dihydroorotate dehydrogenase 

(DHODH) were directly regulated by miR-502. We further demonstrated that ectopic 

expression of miR-502 in colon cancer cells interrupted the autophagic flux, and such 

impact was also linked directly to the p53 status. The expression of miR-502 and p53 was 

mediated through a negative feedback loop. In addition, miR-502 inhibited colon cancer cell 

growth and triggered cell cycle arrest in vitro. We administered miR-502 precursor to a 

mouse colon cancer tumor xenograft model and further demonstrated that it can suppress 

colon tumor growth in vivo. To demonstrate the clinical relevance, we quantified the 

expression of miR-502 and Rab1B from paired normal and colorectal tumor specimens and 
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discovered that the expression of miR-502 was down-regulated and Rab1B was upregulated 

in colorectal tumor tissues.

Results

Rab1B is a direct target of miR-502 in colon cancer cells

Rab1B has been shown to regulate vesicle trafficking at multiple stages and directly impact 

autophagy (39, 40), and it was found to be overexpressed in liver cancer (41). We have 

identified a putative miR-502 binding site at position 1160 to 1166 (GCAAGGA) in 3’-UTR 

of Rab1B mRNA using TargetScan analysis (Figure 1A). To experimentally confirm that the 

expression of Rab1B is a direct target of miR-502, we transfected colon cancer cell lines, 

HCT116 and SW480, with either negative control miRNA or miR-502 precursors, and 

quantified the expression of Rab1B at both protein and mRNA levels by western blot 

analysis and real-time qRT-PCR analysis, respectively. Our results revealed that miR-502 

specifically suppressed the protein expression of Rab1B in both cell lines (Figure 1B) and 

reduced the Rab1B mRNA transcript level (Figure 1C) compared to the controls. To further 

confirm the direct binding of miR-502 to the 3’-UTR of Rab1B mRNA, we cloned full-

length Rab1B 3’-UTR and inserted it to the downstream of a firefly luciferase gene in a 

luciferase reporter vector, which was then transfected into colon cancer HCT116 cells 

together with miR-502 or negative control miRNA. miR-502 significantly inhibited the 

luciferase activity compared to the negative control miRNA (Figure 1D), suggesting that 

miR-502 was able to bind directly to the 3’-UTR of Rab1B mRNA to suppress translation. 

In addition, miR-502 failed to inhibit the luciferase activity of the reporter vector containing 

Rab1B 3’UTR with two point mutations in miR-502 binding site (GCCCGGA) (Figure 1A, 

D). Based on these results, we conclude that miR-502 directly regulates Rab1B expression 

in colon cancer cell lines.

In addition to Rab1B, we systematically identified miR-502 mediated targets via microarray 

expression analysis by comparing mRNA profiles between the control and miR-502 

transfected cell lines. We have listed 11 top candidate mRNA targets cross validated using 

TargetScan analysis (Supplementary Table 1). We further experimentally validated that the 

expression of DHODH, with a predictive miR-502 binding site at the position 245 to 251 in 

3’-UTR of its mRNA (Supplementary Figure 1A), was directly regulated by miR-502. 

Ectopic expression of miR-502 precursor in HCT116 cells led to significant decreases in 

DHODH mRNA and protein levels compared to negative miRNA transfection 

(Supplementary Figure 1B, C). Moreover, miR-502 inhibited the luciferase activity of 

reporter vector expressing DHODH 3’UTR (Supplementary Figure 1D). These results 

indicate that DHODH is a direct target of miR-502.

miR-502 and p53 form a negative feedback loop in colon cancer cells—
Previous studies from our laboratory have shown that a number of miRNAs (e.g. miR-34, 

miR-192, miR-194, miR-215, miR-200c, miR-26a) had potential p53 binding sites in their 

putative promoter regions (20), and miR-502 was among the top listed candidates. By using 

a bioinformatics approach, we identified a putative p53 binding site at 2472 bp upstream of 

miR-502 (sequence TCACATGCCT…GAGCATGTTT) (20), indicating a miR-502 level 
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may be affected by p53. We used a pair of HCT116 cell lines with wild-type p53 (HCT116 

p53+) and null p53 (HCT116 p53−) to investigate the relationship between p53 and 

miR-502. To induce p53 expression, we treated HCT116 (p53+/+) cell with 10µM nutlin-3 

(a specific p53 inducer) for 24 hours, which has been shown to effectively elevate p53 levels 

in HCT116 cells (42). The increased level of p53 after the treatment was confirmed by the 

Western blot analysis (Figure 2B). Total cellular RNAs were extracted from the control and 

treated cells, and the expression of endogenous miR-502 was quantified via real-time qRT-

PCR analysis. Interestingly, we discovered that nutlin-3 treatment triggered down-regulation 

of miR-502 to 52.4% of non-treated cells (Figure 2C), indicating p53 functioned as a 

transcriptional repressor of miR-502. To further investigate the repressive function of p53 on 

miR-502, we cloned the 2.5Kb gene fragment (containing p53 binding site) upstream of the 

miR-502 coding sequence and inserted it upstream of SV40 promoter of pGL3-promoter 

vector (Figure 2D). We discovered that nutlin treatment triggered a decrease of in 

approximately 63.3% in luciferase activity compared to the untreated control HCT116 

(p53+/+) cells. In contrast, such an inhibitory effect was absent in HCT116 (p53−/−) cells 

(Figure 2D), suggesting that elevated level of p53 function as a repressor for miR-502 

transcription.

Furthermore, we discovered that the ectopic overexpression of miR-502 in HCT116 

(p53+/+) cells decreased the level of p53 protein expression (Figure 2A) without significant 

changes in p53 mRNA levels (Supplementary Figure 2A). Luciferase activity with a 

luciferase reporter containing full-length p53 3’-UTR (Supplementary Figure 2B) did not 

change with elevated miR-502, suggesting that the suppression of p53 was an indirect effect 

of miR-502. Moreover we examined the level of MDM2, the major mediator for p53 

ubiquitination and degradation, but did not find any significant change by overexpression of 

miR-502 (Supplementary Figure 2C). These results suggest that the suppression of p53 by 

miR-502 is indirect. In addition, we also found that miR-502 decreased the expression levels 

of p21 in both HCT116 (p53+/+) and HCT116 (p53−/−) colon cancer cells (Figure 2A), 

suggesting that the inhibition of p21 by miR-502 was independent of p53.

miR-502 suppressed autophagy in colon cancer cells—Based on the inhibitory 

effects of miR-502 on p53 expression and the suppression of Rab1B, which was 

demonstrated to impact autophagosome in Hela cells (38), we reasoned that miR-502 may 

have an impact on autophagy. We investigated the effects of miR-502 on autophagy in 

HCT116 (p53+/+) and HCT116 (p53−/−) cells by quantifying the level of lipidated MAP1B-

light chain 3 (LC3B-II) and p62 after the cells were induced by nutrient starvation (EBSS) to 

trigger autophagy for two and 24 hours. To monitor the active turnover of autophagosomes, 

we treated cells with lysosomal inhibitor Bafilomycin A1 (BafA1) in the presence of EBSS, 

and deduced autophagic flux between the levels of LC3B-II in the presence and absence of 

BafA1.

Consistent with the previous report (35), HCT116 (p53−/−) cells showed significantly 

stalled autophagic flux compared to HCT116 (p53+/+) cells after 24-hour EBSS treatment 

(Figure 3D) but not after 2-hour treatment (Figure 4B). Two hours after nutrient deprivation, 

ectopic expression of miR-502 in HCT116 (p53+/+) showed elevated levels of LC3B-II with 

reduced accumulation of autophagosomes compared to the negative controls (Figure 3A). 
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This effect was more prominent after 24-hour treatment (Figure 3C). After calculating 

autophagic flux, we discovered that the overexpression of miR-502 impaired the 

autophagosome recycling at 67.8% and 30.5% of negative control at two and 24 hours, 

respectively (Figure 3B, D). Similar impairment of miR-502 on autophagy was also 

observed in HCT116 (p53−/−) cells (44.6% and 54.9% of negative control after 2-hour and 

24-hour starvation, respectively, Figure 3). In addition to LC3B, the levels of p62 showed a 

trend similar to that of miR-502 transfected cells with less accumulated autophagosomes 

after autophagy induction for 2 hours and 24 hours (Figure 3A, C). These results suggest 

that miR-502 regulated autophagy through multiple mediators such as p53 and Rab1B in 

colon cancer cells. This is highly consistent with the function of Rab1B in autophagy of 

previous studies (38).

Overexpression of miR-502 inhibited colon cancer cell growth in vitro—After 

ectopic expression of miR-502 in HCT116 and SW480 cells, we quantified the colon cancer 

cell proliferation by WST-1 assay. The cell proliferation was significantly inhibited by 

miR-502 compared to negative control miRNA (Figure 4A, C). At day 5, the number of 

miR-502 transfected HCT116 and SW480 cells were 33.2% and 23.9% of negative controls 

respectively. We further analyzed cell cycle control by flow cytometry and found that 

miR-502 overexpression increased cells in both G1 and G2 phases with a decrease in S 

phase (Figure 4D). The G1/S and G2/S ratios (Figure 4E) indicated that miR-502 induced 

cell cycle arrest at both G1 and G2 checkpoints.

We further demonstrated that ectopic expression of miR-502 suppressed colon cancer 

growth. However, the growth inhibitory affect of miR-502 was contributed in part, by the 

suppression of Rab1B as siRab1B can only account for a portion of the growth inhibitory 

effect. We demonstrated that the suppression of Rab1B contributed to growth arrest of 

HCT116 (p53−/−) (Figure 4A, B) by a siRNA knockdown based approach. It is quite likely 

that other targets (e.g. DHODH) of miR-502 are involved in regulating cell proliferation.

It is well known that p53 and p21 serve as an essential regulator of cell cycle control. 

However, in this case, miR-502 reduced both p53 and p21 expression, suggesting that the 

cell cycle control was mediated independent of p53 and p21 status. We have provided 

evidence that the inhibition of Rab1B contributed to the G2 cell cycle arrest (Figure 4E). 

The G1 arrest was likely due to the suppression of DHODH by miR-502, as it has been 

demonstrated previously that DHODH regulated cell cycle at the G1 phase (43).

Inhibition of colon cancer tumor growth by miR-502 in vivo—To access the 

impact of miR-502 on colon tumor growth in vivo, we further investigated the role of 

miR-502 in colon cancer progression in mouse colon cancer xenografts models. We 

subcutaneously inoculated 2.5×106 HCT116 (p53+/+) cells in NOD/SCID mice, and 

delivered miR-502 precursor, negative miRNA or siPORTamine only (vehicle control) into 

the tumors when they reached 100 – 150 mm3 at day 14. The miRNAs were administered at 

3-day intervals for a total of three times before the tumors were collected at day 24. We 

followed tumor growth and found that the administration of negative miRNA did not affect 

tumor growth compared to the vehicle control group (data not shown). However, miR-502 

treatment began to affect tumor growth as early as three days after the first injection (Figure 
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5A). miR-502-treated tumors were significantly smaller than the control tumors (Figure 5B, 

C), and their average volume was approximately 76.4% of the control group at day 24 

(Figure 5A), indicating miR-502 has a potential as a novel adjuvant therapeutic agent for 

future therapeutic development. In addition, we quantified miR-502 expression levels in 

tumor xenografts at day 24, and found that the miR-502 injected tumors had nearly 17 fold 

increase of miR-502 than the negative control group (Figure 5D), suggesting the observed 

inhibitory effect on tumor growth was due to overexpression of miR-502.

miR-502 was down-regulated in human colorectal tumor tissues—To directly 

demonstrate the clinical relevance of miR-502 and its targets expression, we profiled 

miR-502, Rab1B and DHODH levels in paired human colorectal tumor specimens and 

normal controls. The expression of miR-502 was quantified from total RNA samples and the 

expression was normalized to the internal control RNU44. The expression of miR-502 was 

significantly reduced in colorectal tumor tissues compared to the normal controls (Figure 

6A). This suggests that the reduced levels of miR-502 may be associated with the colorectal 

tumor disease development. Similarly, the expression levels of Rab1B and DHODH were 

normalized to the internal control GAPDH. In contrast Rab1B was significantly up-

regulated in CRC tumor tissue than normal tissue (Figure 6B), which was opposite to the 

expression pattern of miR-502. However, no significant difference was found in DHODH 

expression levels between normal and tumor tissue (Supplementary Figure 3).

Based on our results, a model was proposed for the potential roles of miR-502 in colon 

cancer (Figure 7). miR-502 inhibits autophagy via the suppression of Rab1B. miR-502 

suppresses the expression of Rab1B and DHODH to influence tumor growth and cell cycle 

control. miR-502 and p53 form a negative feedback loop to regulate autophagy. The impact 

of autophagy was dependent on Rab1B and p53 status. Additional targets mediated by 

miR-502 may also contribute to colon cancer growth and cell cycle.

Discussion

There is mounting evidence to link autophagy and cancer (37, 44). It has been demonstrated 

extensively that autophagy mediates tumor survival by supplying nutrients to stressed cancer 

cells. Therefore, an anti-autophagy approach may offer a therapeutic strategy for treating 

cancer (45–47). Moreover, it has been demonstrated that inhibition of autophagy by 3-

methyladenine or siRNA against Atg7 enhances the apoptosis induced by 5-FU treatment in 

colorectal cancer cell lines in vitro and in vivo (48). Contrary to this, other studies have 

shown an anticancer role in autophagy (32, 37, 49, 50).

In this study, we demonstrated that miR-502 suppresses autophagy with reduced tumor 

growth in colon cancer cells. We discovered a novel mechanism of autophagy mediated by 

miR-502 by suppressing the critical target Rab1B. We showed that miR-502 impaired the 

autophagy flux in HCT116 cells, implying that the inhibitory effect on colon cancer cell 

growth by miR-502 may be partially due to the interrupted autophagy. We also 

demonstrated that miR-502 suppressed p53 mediated autophagy via a negative feedback 

mechanism. miR-502 also suppressed p53 independent autophagy in an HCT116 (p53−/−) 

cell line. More than 50 percent of human colorectal cancer cases have mutant or deleted p53. 
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However, nearly half of the human colon tumors contain wild type p53. It has been shown 

that wild type p53 promotes autophagy and provides a survival advantage to colon cancer 

cells under chronic exposure to nutrient deprivation (35). In our study, we showed that 

miR-502 reduced tumor cell survival by decreasing p53 levels in HCT116 (p53+/+) cells 

and inhibited autophagy flux in HCT116 (p53+/+). These results indicate that miR-502 has a 

tumor suppressive function by abolishing p53 dependent autophagy, which has been shown 

to prolong colon cancer cell survival (35). In addition, miR-502 also reduced autophagy in 

HCT116 (p53−/−) cells, suggesting a broader impact on autophagy to suppress tumor 

growth. We confirmed Rab1B as one of the direct targets for miR-502, and it has been 

reported to participate in autophagy by regulating autophagosome formation in Hela cells 

(38). Another target of miR-502 is AP2B1 (Supplementary Table 1), which was reported to 

regulate vesicle trafficking during autophagy (51).

In addition to autophagy, we found overexpression of miR-502 induced cell cycle arrest 

both at G1 and G2 checkpoints, which was more prominent in HCT116 cells with wild type 

p53. Activation of p53 and p21 was required for cell cycle control (52, 53). However, 

miR-502 mediated cell cycle arrest was independent of p53 and p21, as both of them were 

reduced by miR-502. These results suggest that other cell cycle control genes were involved 

in this process. We investigated the effects of suppression of Rab1B on cell cycle control 

and found that inhibition of Rab1B led to cell cycle arrest at the G2 checkpoint in the 

absence of p53, suggesting the inhibitory function of miR-502 at the G2 checkpoint was 

dependent, in part, on Rab1B. Another target candidate for cell cycle arrest is DHODH, 

which has been shown to promote melanoma cell growth in vitro and in mouse xenografts 

(43, 54). The DHODH inhibitor, leflunomide, can induce cell cycle arrest at the G1 

checkpoint by regulating expression levels of cyclin D2 and pRb (43). We confirmed that 

DHODH was a direct target of miR-502 as overexpression of miR-502 led to a down-

regulation of DHODH (Supplementary Figure 1). The suppression of DHODH may 

contribute to the cell cycle arrest at the G1 checkpoint by miR-502. Taken together, our 

findings show that miR-502 has a broad impact on cell cycle regulation through multiple 

targets including Rab1B and DHODH.

The expression of miR-502 was reduced in colorectal tumor specimens compared to paired 

normal controls, suggesting a clinical relevance of miR-502 in colorectal cancer 

development. In addition to Rab1B, we have identified other potential miR-502 mediated 

targets and pathways. Many of these (e.g. DHODH) contribute to tumor growth and cell 

cycle control (Supplementary Table 1), suggesting miR-502 as a broad suppressive miRNA 

for colon tumor growth. We reason that miR-502 may have potential as a novel therapeutic 

strategy for treating colorectal cancer patients, as miRNAs and their inhibitors have been 

tested in multiple cancer animal models based on their intrinsic tumor-suppressive and 

oncogenic functions. For example, miR-143 and miR-145 have been shown to be down-

regulated in colorectal cancer (55–57), and ectopic expression of miR-143 or miR-145 

suppressed tumor cell proliferation and triggered apoptosis of tumor cells in vitro and in vivo 

(58–61). In the mouse colon cancer xenograft models, miR-145 delivered systemically or 

locally to the tumors led to decreased tumor burden (62). Similarly, we found that local 

delivery of miR-502 to colon cancer xenografts led to reduced tumor growth compared to 
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negative controls. Consistent with our findings, leflunomide, the inhibitor of DHODH, is 

able to reduce the tumor burden, inhibit transcriptional elongation of genes essential for 

melanoma growth, and enhance the chemosensitivity of melanoma cells to chemotherapeutic 

drugs (43, 54). These results suggest that miR-502 can be a potential candidate for new 

therapeutic developments.

The relationship between miR-502 and p53 is also an important feature, as several recent 

studies demonstrated a clear significance of such a regulatory relationship between p53 and 

miRNAs in various cancer types (63–65). In 2006, we first systematically analyzed the 

miRNA profiles in colon cancer cell lines HCT116 with either wild type p53 or null-p53, 

and identified putative p53-binding sites in nearly 40% of miRNA promoter regions (e.g. 

miR-34s, miR-192, miR-194, miR-215, miR-200c, miR-26) (20). miR-34a, miR-192, 

miR-215 and miR-26a have been extensively studied in colon cancer with a positive 

feedback mechanism. These miRNAs are down-regulated in colorectal tumor tissue, and 

ectopic expression of these miRNAs induced cell cycle arrest and growth (20–24, 26–30). In 

contrast, in this study we discovered a novel negative feedback mechanism between the p53 

and miR-502. Such negative regulatory mechanism has been recently documented that 

another transcription factor, c-myc, not only can activate certain miRNAs, but also suppress 

a number of miRNA expressions (66). Elevated levels of p53 decreased miR-502 level in 

HCT116 (p53+/+) cells, and overexpression of miR-502 decreased p53 levels, suggesting 

that p53 functioned as a transcriptional repressor for miR-502. As it has been well 

investigated that p53 can function as a transcriptional suppressor to down-regulate gene 

expression (17, 67, 68), we have also ruled out that the reduction of p53 by miR-502 was not 

due to the changes in MDM2 expression. The exact detailed mechanism remained to be fully 

investigated in future studies.

In summary, we identified a novel mechanism of autophagy mediated by miR-502 via 

suppressing the expression of Rab1B. miR-502 reduces autophagy in both p53 wild type and 

p53 null colon cancer cell lines, suggesting a broad impact on autophagy in colon cancer. 

miR-502 suppresses the colon tumor growth both in vitro and in vivo. It has been 

demonstrated that the suppression of autophagy will have a synergy with 5-FU treatment in 

colon cancer (48). As a result, miR-502 based therapeutic strategies may offer a new 

treatment option for treating colorectal cancer.

Materials and Methods

Cell lines and reagents

The human CRC cell lines HCT116 (p53+/+) and HCT116 (p53−/−) were kindly provided 

by Professor Bert Vogelstein (The Johns Hopkins University), and maintained in McCoy’s 

5A medium (Gibco Laboratories). Another human colon cancer line SW480 (mutated p53) 

was purchased from the American Type Culture Collection (ATCC), and was maintained in 

L15 medium (Gibco Laboratories). All the media were supplemented with 10% fetal bovine 

serum (FBS, Sigma-Aldrich). Nutlin-3 was purchased from Sigma-Aldrich.
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Clinical colorectal cancer samples

Twenty-three colorectal cancer specimens were selected from patients who underwent 

surgical resection of primary tumors at the Department of Visceral and Transplantation 

Surgery, University of Ulm, Germany. Patient consent forms were obtained from each 

patient according to institutional policies. Each patient sample contained a pair of snap-

frozen specimens from normal colorectal mucosa and tumor. The expression level of 

miR-502, Rab1b and DHODH in the tumors was compared to that of the paired normal 

tissue.

miRNA and siRNA transfection

HCT116 cells and SW480 cells were plated in 6-well plates at 2×105 and 4×105 per well, 

respectively. Twenty-four hours after plating, 100 pmole of miR-502 precursor (Ambion) or 

siRNAs against Rab1B (Invitrogen) were transfected to the cells with oligofectamine 

(Invitrogen) following manufacture protocol. Negative miRNA (Ambion) or scramble 

siRNA (Invitrogen) was also transfected as negative controls.

Cell proliferation assay

Twenty-four hours after transfection, HCT116 and SW480 cells were seeded in 96-well 

plates at 2,000 or 4,000 cells per well, respectively. The cell proliferation assay was 

performed on days 1, 3 and 5 by incubating 10 µl WST-1 (Roche Applied Science) in the 

culture medium for one hour and reading the absorbance at 450 and 630 nm (27, 69). The 

cell proliferation rate was calculated by subtracting the absorbance at 450 nm from the 

obsorbance at 630 nm.

Cell cycle analysis

Thirty-six hours after transfection, cells were harvested and resuspended at 0.5 to 1×106 

cells/ml in modified Krishan buffer with 0.02 mg/ml RNase H (Invitrogen) and 0.05 mg/ml 

propidium iodide (PI, Sigma-Aldrich) (70, 71). The samples were analyzed by flow 

cytometry and results were calculated with Modfit LT™ software.

RNA extraction and real-time quantitative RT-PCR (qRT-PCR) analysis of mRNA and 
miRNA

Total RNA, including miRNAs, was isolated from clinical specimens, mouse xenografts and 

cell lines 24 hours after transfection or treatment by using the TRIzol reagent (Invitrogen) 

following manufacturer protocol. All reagents for real-time qRT-PCR were ordered from 

Applied Biosystems. 1µg of RNA was used as a template for cDNA synthesis with high 

capacity cDNA synthesis kit and random primers. Then the cDNA templates were mixed 

with gene-specific primers for Rab1B, DHODH and internal control GAPDH and Taqman 

2x universal PCR master mix. Applied Biosystems 7500 Real-Time PCR machine was used 

for q-RT-PCR and programmed as: 50°C, 2 minutes; 95°C, 10 minutes; 95°C, 15 seconds; 

60°C, 1 minute and the latter three steps were repeated for 40 cycles. For quantification of 

miR-502, 10ng of RNA was used as a template and cDNA was synthesized with miRNA-

specific primers. Similarly as mRNA qRT-PCR, the miR-502 level was analyzed with its 

specific primers and internal control RNU44. Fluorescent signals from each sample were 
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collected at the endpoint of every cycle, and the expression level of genes and miR-502 was 

calculated by ΔCT values based on the internal controls, normalized to the control group and 

plotted as relative value (RQ).

Western blot

The protein samples were collected 48 hours after transfection with RIPA buffer (Sigma-

Aldrich). Equal amounts of samples were loaded to SDS-PAGE, then transferred to 

polyvinylidene difluoride (PVDF) membrane. The membranes were blocked with 5% non-

fat milk in TBS/0.5% Tween-20 (TBS-T) at room temperature for one hour, then probed 

with mouse anti-human p53 antibody (1:1000, DAKO), mouse anti-human p21 antibody 

(1:1000, Cell Signaling), mouse anti-human GAPDH antibody (1:1000, Santa Cruz), mouse 

anti-human α-tubulin antibody (1:1000, Millipore), rabbit anti-human LC3B antibody 

(1:1000, Cell Signaling), rabbit anti-human Rab1B antibody (1:500, Santa Cruz), rabbit anti-

human p62 antibody (1:1000, Sigma Aldrich) or rabbit anti-human DHODH antibody 

(1:200, Santa Cruz) overnight at 4°C. Goat anti-rabbit and anti-mouse horseradish 

peroxidase (HRP)-conjugated secondary antibodies (Jackson Immunoresearch) were used at 

1:5000. HRP activity was detected with SuperSignal West Pico Chemiluminescent Substrate 

(Thermo Scientific) and visualized in an UVP Bioimaging system. Expression levels were 

quantified using ImageJ software, and normalized to loading controls.

Luciferase assay

The full length of 3’UTR of Rab1B was cloned from human genomic DNA and inserted into 

pMIR-REPORT plasmid (Invitrogen). Twenty-four hours before transfection, 1.5×104 cells 

were plated in a 96-well plate. 10 pmole of miR-502 or negative miRNA was transfected 

into cells together with 100ng of pMIR-REPORT-3UTRRab1B and 1ng of Renilla 

luciferase plasmid pRL-SV40 (Promega) by DharmaFect Duo (Dharmacon). Luciferase 

assay was performed 24 hours after transfection by the dual-luciferase reporter assay system 

(Promega). For each sample, firefly luciferase activity was normalized to Renilla luciferase 

activity and the inhibition of miR-502 on Rab1B 3’-UTR was normalized to the control 

miRNA.

The 2.5 Kb gene fragment upstream of miR-502 coding sequence was cloned from human 

genomic DNA and inserted into pGL3-promoter plasmid (Promega). Twenty-four hours 

before transfection, 1.5×104 cells were plated in a 96-well plate. 100ng of pGL3-promoter-

miR502 and 1ng of pRL-SV40 was transfected by DharmaFect Duo. Twenty-four hours 

after transfection, cells were treated with 10µM nutlin-3 for an additional 24 hours. 

Luciferase assay was performed with the dual-luciferase reporter assay system.

Autophagy assay

For western blot analysis of autophagy, cells were treated with Earle's Balanced Salt 

Solution (EBSS) for two or 24 hours at 48 hours after transfection. Protein samples were 

then collected for western blot analysis of LC3B and p62. 100nM Bafilomycin A1 (BafA1, 

Santa Cruz) was used as the lysosomal inhibitor. The protein level of LC3B-II and p62 was 

measured and normalized to GAPDH level by Image J. The autophagy flux was calculated 

as the ratio between LC3B-II with BafA1 and without BafA1.
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Tumor implantation

Ten-twelve week old NOD/SCID mice (Jackson Laboratories) were used for tumor 

implantation. All animal procedures were approved by the Stony Brook University 

Institutional Animal Care and Use Committee (IACUC). Mice were bred in-house under 

maximum isolation conditions on a 12:12 hour light:dark cycle with food ad libitum. The 

tumor implantation and miRNA injection protocol was modified from Trang et al (72). The 

mice were anesthetized by isoflurane inhalation. 2.5 × 106 HCT116 (wild type p53) cells 

resuspended in 100 µl PBS were injected into lower back areas of the mice. The tumor size 

was measured by a caliper as length × width2/2. When tumor sizes reach 100 – 150 mm3 at 

day 14 post-injection, the mice were randomly assigned into two groups. 6.25µg miR-502 

precursor or negative miRNA (Ambion) complexed with 1.6µl siPORTAmine transfection 

reagent (Ambion) in 50 µl PBS was injected to the tumors every three days. The procedures 

was repeated three times. The mice were euthanized on day 24 post-injection by CO2 

inhalation, and tumors were dissected out for future evaluation.

Statistical analysis

All experiments were repeated at least three times. All statistical analyses were performed 

with Graphpad Prism software. The statistical significance between two groups was 

determined using Student’s t-test (paired t-test for clinical samples, and unpaired t-test for 

all other samples). For comparison of more than two groups, one-way ANOVA followed by 

a Bonferroni-Dunn test was used. Data were expressed as mean ± standard error of the mean 

(SEM). The statistical significance is either described in figure legends, or indicated with 

asterisks (*). *=P <0.05; **=P<0.01; ***=P< 0.001.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Rab1B is the direct target of miR502
(A) A putative miR-502 binding site exists in the 3’-UTR of Rab1B mRNA and two point 

mutations were generated in the binding site. Ectopic expression of miR-502 or siRNAs 

against Rab1B (siRab1B) in HCT116 and SW480 cells decreased Rab1B protein levels by 

(B) Western blot analysis and (C) mRNA level by real-time qRT-PCR. (D) Transfection of 

miR-502 inhibited firefly luciferase activity of pMIR-REPORT-3UTRRab1B (wt) and such 

inhibition was absent with mutations in the miR-502 binding site (mut). The negative 

miRNA was used as the negative control in all experiments. The impact of miR-502 and 

siRab1B on Rab1B expression was normalized and compared to those of negative miRNA 

(n=3, p < 0.001).
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Figure 2. Negative feedback loop existed between miR-502 and p53
(A) Ectopic expression of miR-502 in HCT116 cells decreased protein levels of p53 and p21 

by western blot analysis. (B) Treating HCT116 (p53+/+) cells with 10µM nutlin-3 for 24 

hours induced elevated protein levels of p53 and (C) decreased levels of endogenous 

miR-502 by real-time qRT-PCR (n=3, p < 0.001). (D) A 2.5 Kb gene fragment containing 

putative p53 binding site at 2472 bp upstream of miR-502 coding sequence was inserted into 

pGL3-promoter vector. Nutlin-3 treatment inhibited the luciferase activity in HCT116 
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(p53+/+) cells but not in HCT116 (p53−/−) cells as compared to the negative control (NC) 

(n=3, p < 0.001).
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Figure 3. miR-502 inhibited autophagy in HCT116 cells
Forty-eight hours after transfection of miR-502 and negative miRNA, HCT116 (p53+/+) and 

HCT116 (p53−/−) cells were treated with EBSS and lysosomal inhibitor BafA1. Western 

blot analysis of LC3B and p62 levels was performed after two hours (A) and 24 hours (C) 

and the densitometry of LC3B-II normalized to GAPDH is labeled under each lane. The fold 

changes in autophagic flux were shown in (B) and (D), respectively (n=3).
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Figure 4. miR-502 inhibited colon cancer cell growth and induced cell cycle arrest partially 
through Rab1B
HCT116 (p53+/+) (A), HCT116 (p53−/−) (B) and SW480 cells (C) were transfected with 

miR-502 or siRab1B, and cell numbers were measured with WST-1 assay at days 1, 3 and 5. 

Cell cycle analysis was performed to determine the impact of miR-502 and siRab1B. The 

representative flow cytometry pattern was shown in (D) and the G1/S and G2/S ratios were 

shown in (E) (n=3).
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Figure 5. miR-502 inhibited colon tumor growth in vivo
(A) 2.5 × 106 HCT116 (p53+/+) cells were subcutaneously injected into NOD/SCID mice. 

On days 14, 17 and 20 (indicated by arrows), miR-502 precursor (n=6) and negative miRNA 

(n=5) conjugated with siPORTamine reagent were delivered into tumors, and tumor sizes 

were measured during the treatment until day 24 when mice were sacrificed. (B) 

Representative images of mice bearing HCT116 tumors and (C) gross morphology of 

tumors after dissection at day 24 were shown. Arrows indicate the subcutaneous tumors. 

Scale bar: 2 cm (B) and 1 cm (C). (D) Expression level of miR-502 in tumor xenografts was 

quantified by real-time qRT-PCR and miR-502 injected tumors had significantly higher 

levels of miR-502 than the negative controls (n=3, p < 0.05).
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Figure 6. miR-502 was down-regulated in CRC clinical samples
Twenty-three pairs of tumor and normal tissue from CRC patients were used, and miR-502 

and Rab1B levels were quantified by real-time qRT-PCR and normalized to the internal 

control RNU44 and GAPDH respectively. The miR-502 and Rab1B levels in tumor tissues 

were compared to corresponding normal tissues.
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Figure 7. Proposed model of miR-502 function in CRC development and progression
The targets of miR-502 in bold fonts were confirmed in this study.
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