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Abstract
AIM: To determine how the oncogene miR-21 regulates 
the RAS signaling pathways and affects colon cancer 
cell behaviors.

METHODS: RAS p21 GTPase activating protein 1 
(RASA1) protein expression in six colon cancer cell 
lines was assessed by Western blot. Colon cancer 
RKO cells were chosen for transfection because they 
are KRAS wild type colon cancer cells whose RASA1 
expression is significantly decreased. RKO cells were 
transfected with vectors overexpressing or down-
regulating either miR-21 or RASA1. Furthermore, 
a luciferase reporter assay was used to determine 
whether RASA1 is a gene target of miR-21. Then, 
changes in mRNA and protein levels of RASA1, RAS-
GTP, and other components of the RAS signaling 
pathways were assessed in transfected RKO cells by 
real-time quantitative reverse transcription-polymerase 
chain reaction, Western blot and immunoprecipitation. 
Finally, cell proliferation, apoptosis, invasion, and 
tumor formation abil i ty were assessed by the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide dye assay, flow cytometry, transwell assay, 
and animal experiment, respectively. 

RESULTS: RASA1 protein levels were significantly 
decreased in RKO cells compared with the other 5 
colon cancer cell lines, and RASA1 was confirmed as 
a target gene of miR-21. Interestingly, RASA1 mRNA 
and protein levels in pre-miR-21-LV (up-regulation of 
miR-21) cells were lower than those in anti-miR-21-
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LV (down-regulation of miR-21) cells (P  < 0.05). In 
addition, pre-miR-21-LV or siRASA1 (down-regulation of 
RASA1) cells showed higher cell proliferation, reduced 
apoptosis, increased expression of RAS-GTP, p-AKT, 
Raf-1, KRAS, and p-ERK1/2, and higher invasion and 
tumor formation ability, compared with control, anti-
miR-21-LV or pcDNA3.1-RASA1 (up-regulation of 
RASA1) cells (P  < 0.05). 

CONCLUSION: RASA1 is a target gene of miR-21, 
which promotes malignant behaviors of RKO cells 
through regulation of RASA1 expression.

Key words: Colon cancer; miR-21; RAS; RASA1; RAS 
signaling pathways
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Core tip: In this work, we confirmed RAS p21 GTPase 
activating protein 1 (RASA1) as an miR-21 target and 
assessed the role of the miR-21/RASA1 axis in colon 
cancer cells. Our data suggested that miR-21 activated 
the RAS signaling pathways by down-regulating 
RASA1 expression, and it played an important role in 
promoting cell proliferation, anti-apoptosis and tumor 
cell formation. 
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INTRODUCTION
Colorectal cancer is one of the most common ma­
lignant tumors. In the United States, there are 
nearly 140000 newly diagnosed cases each year, 
and colorectal cancer constitutes the second cause 
of cancer-related death[1]. In China, colorectal cancer 
is the fifth most common tumor and the fourth 
cause of cancer-related death[2]. In newly diagnosed 
cases, distant metastasis has been detected in 
approximately 20% of patients, micro-metastasis 
in 50%, and about 50% of patients who received 
radical surgery eventually develop metastasis[3-5]. 
Various treatment strategies including surgical 
resection, chemotherapy, and radiation therapy 
have been used to improve patient survival, but 
incomplete treatment response, drug resistance, 
and tumor recurrence are common. Therefore, it is 
necessary to identify new prognostic markers and 
explore new therapeutic targets in colorectal cancer.

MicroRNAs (miRNAs) are small noncoding single-

stranded RNAs that are 18-25 nucleotides in length[6]. 
They bind the 3’-untranslated region (UTR) of 
target mRNAs and block translation or trigger the 
degradation of the target mRNAs, eventually reducing 
the synthesis of the coding protein[7]. MiR-21 is 
highly expressed in 31 tumor types, including colon 
cancer[8-11], and is thus considered an oncogene.

The development of colon cancer is closely 
related to abnormal activation of the KRAS signaling 
pathway. The relationship between the RAS signaling 
pathways and colon cancer still attracts increasing 
attention. Interestingly, the EGFR monoclonal 
antibody was shown to mainly down-regulate the 
RAS signaling pathways in KRAS wild type (KRAS-
wt) colon cancers; in combination with cytotoxic 
chemotherapy, cetuximab prolongs patient survival[12]. 
However, KRAS mutant (KRAS-mt) colon cancers are 
resistant to regulation by EGFR monoclonal antibody 
due to autonomous activation of the RAS signaling 
pathways[13]. Nevertheless, a further study showed 
that for 60%-70% of patients with KRAS-wt colorectal 
cancers, only about 60% of individuals benefited from 
EGFR monoclonal antibody[5,14]. This might be due to 
excessive RAS activation and dysregulation of the RAS 
signaling pathways, in relation to abnormal or missing 
expression of some molecules in the RAS signaling 
pathways such as BRAF mutation, PI3K mutations and 
phosphatase and tensin homolog (PTEN) or RAS-GAP 
deletion[15,16] .

RAS proteins are involved in the cycle between 
RAS-GDP (inactivated form) and RAS-GTP (activated 
form). When the RAS protein combines with RAS 
guanine nucleotide exchange factors (RAS-GEFs), 
RAS-GDP is converted to RAS-GTP, which results in 
activation of the RAS pathways. On the other hand, 
combination of RAS with RAS GTPase activating 
proteins (RAS-GAPs) increases by more than 
100000 times the intrinsic GTPase activity of RAS, 
which leads to hydrolysis of RAS-GTP to RAS-GDP. 
As a result, the RAS protein is inactivated and the 
RAS signaling pathways are turned off[17]. Therefore, 
RAS-GAPs play an important role in KRAS-wt cells 
but not in mutant cells[18]. When the RAS gene is 
mutated (very common in cancers), the RAS protein 
loses its ability to combine with RAS-GAPs, and RAS-
GTP continuously activates intracellular signaling 
pathways, including RAS/RAF/MEK/ERK and RAS/
PI3K/AKT pathways, which promote cell proliferation, 
anti-apoptosis and malignant transformation.

In recent years, studies have demonstrated that 
RAS wild-type tumors exhibit excessive activation 
of the RAS protein and dysregulation of the RAS 
signaling pathways; the mechanisms may be related 
with down-regulation, deletion of RAS-GAPs or RAS 
suppressor[16,19]. RASA1 is a member of the RAS-GAP 
family. This study aimed to assess the role of the 
miR-21/RASA1 axis in colon cancer cells. 
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MATERIALS AND METHODS
Cell lines and culture
The human colon cancer cell lines RKO, HCT116, 
colo205, SW480, HT29, and Caco2 were purchased 
from the Shanghai Institute of Cellular Biology of 
the Chinese Academy of Sciences (China). The cells 
were cultured in appropriate medium (MEM–Alpha 
or RPMI 1640) supplemented with 10% fetal bovine 
serum (FBS) in a 5% CO2 atmosphere at 37 ℃. 

Transfection of RKO cells with recombinant lentivirus 
for miR-21 up/down-regulation 
Sense and antisense oligonucleotides of human 
miR-21 lentivirus gene transfer vector harboring 
green fluorescent protein (GFP) sequence were 
purchased from Genechem (Shanghai, China). 
The recombinant lentivirus pre-miR-21 precursor 
(pre-miR-21-LV), pre-non-coding sequence (pre-
NC-LV), anti-miR-21 inhibitor (anti-miR-21-LV), 
and anti-non-coding sequence (anti-NC-LV) were 
constructed, packaged and purified by South China 
Sea Marine Biotechnology Engineering Center Co., 
LTD (Guangdong, China). Colon cancer RKO cells 
were chosen for transfection because they are 
KRAS-wt colon cancer cells whose RASA1 expression 
is significantly decreased. RKO cells were seeded (2 
× 105 cells per well) in a 6-well plate and incubated 
at 37 ℃ for 24 h. After 24 h of incubation, cells 
were counted. According to the multiplicity of 
infection (MOI) and cell number, the volume of 
virus was calculated to be added to the culture 
medium to replace the old medium. Control groups 
were prepared in parallel. After 12 h of incubation, 
the medium was refreshed and fluorescence was 
observed by fluorescence microscopy at 72 h.

Transfection of RKO cells with plasmid vectors for 
RASA1 up/down-regulation 
The pcDNA3.1 (+) expression vector was purchased 
from Invitrogen (San Diego, CA). pcDNA3.1-RASA1-
GFP (pcDNA3.1-RASA1) was constructed by South 
China Sea Marine Biotechnology Engineering Center 
Co., LTD (Guangdong, China). The pcDNA3.1-GFP 
vector was used as a negative control (RASA1 NC). The 
vector GV102 used for RASA1 down-regulation was 
purchased from Genechem (Shanghai, China). The 
siRASA1 and siRASA1 negative control (siRASA1 NC) 
vectors were constructed by South China Sea Marine 
Biotechnology Engineering Center Co., LTD (Guangdong, 
China). For transfection, RKO cells were seeded (2 × 
105 cells per well) in a 6-well plate and incubated at 
37 ℃ for 24 h. Plasmid vectors were then transfected 
into RKO cells using the liposome transfection method 
according to manufacturer’s instructions included in 
the Lipofectamine 2000 reagent kit (Invitrogen, CA, 
United States).

Quantitative reverse transcription-polymerase chain 
reaction
The expression levels of miR-21 and RASA1 were 
detected by quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) using cells with 
up/down-regulated miR-21 and RASA1, negative 
control cells, and non-transfected control cells. Trizol 
(Invitrogen, CA, United States) was used to isolate 
total RNA according to the manufacturer’s instructions. 
RNA was eluted in 30 µL of preheated nuclease-free 
water (95 ℃) and stored at -80 ℃ until use. First 
strand cDNA was synthesized by reverse transcription 
at 42 ℃ for 60 min followed by 70 ℃ for 10 min, 
according to the manufacturer’s instructions for the 
ReverTra Ace cDNA qPCR RT Kit (Toyobo, Japan). 
The RT product was used as template for qRT-PCR 
performed on an ABI PRISM 7500 Quantitative PCR 
system (Applied Biosystems, Foster City, CA, United 
States). The qRT-PCR reaction conditions were as 
follows: 95 ℃ for 30 s, followed by 45 cycles of 95 ℃ 
for 10 s, 60 ℃ for 20 s, and 72 ℃ for 30 s. Each 
sample was analyzed in triplicate, and expression 
levels of miR-21 and RASA1 were normalized to 
those of U6 and ACTB. Relative expression levels 
were calculated by the 2-ΔΔCt method.

Luciferase reporter gene assay
The pGL3-promoter vector was purchased from 
Promega (Wisconsin, United States). The pGL3-
promoter-RASA1 was constructed by South China 
Sea Marine Biotechnology Engineering Center Co., 
LTD (Guangdong, China). The pGL3-promoter vector 
was used as a positive control. The pre-miR-21-LV 
cells were seeded (3-4 × 105 cells per well) in a 6-well 
plate. When cells typically reached 90% confluence, 
they were transfected with the plasmid vectors 
(pGL3-promoter-RASA1 and pGL3-promoter) using 
Lipofectamine 2000. After 6 h of incubation, the 
complete medium was added and further incubated 
at 37 ℃ for 72 h. Afterwards, cells were collected 
and lysed. Then, 100 µL cell lysate and 100 µL 
luciferase detection reagent (Beyotime, Shanghai) 
for each sample were mixed to detect luciferase 
activity in RLU (relative light units), using a GLOMAX 
20/20 luminometer (Promega, Madison, Wisconsin, 
United States). The cell lysis solution was used as a 
blank control.

Western blot
Total protein was extracted from cells using the 
RIPA lysis buffer. After denaturation for 5-10 min 
at 95-100 ℃, the proteins were loaded onto SDS-
PAGGE gels for separation, and electrophoretically 
transferred onto polyvinylidene difluoride (PVDF) 
membranes. The proteins on the membranes were 
immuno-blotted with primary antibodies followed 
by goat anti-rabbit or rabbit anti-mouse IgG-HRP 
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incubated at 37 ℃. Then, 50 µL serum free medium 
containing 10 g/L BSA at 37 ℃ was added to each 
chamber; cell density was adjusted to 5 × 105/mL 
and 100 µL suspension was added into each transwell 
chamber. The medium containing 20% FBS was 
added to the lower chamber, and incubated at 37 ℃. 
At the end of the incubation, cells were fixed at room 
temperature with 4% paraformaldehyde for 30 min. 
Subsequently, cells that crossed the membrane were 
counted under an optical microscope (ZEISS, Baden-
Württemberg, Germany) after crystal violet staining.

Nude mouse tumor transplantation experiment
Four-week-old male BABL/c nude mice were 
obtained from Laboratory Animal Center of Sun Yat-
sen University (Guangzhou, China), and divided 
into 7 groups (n = 3). Cells with up/down-regulated 
miR-21 or up-regulated RASA1 were resuspended at 
2 × 107/mL in serum free medium, and 200 µL cell 
suspension was injected subcutaneously into BALB/C 
nude mice (n = 3). The animals were euthanized after 
30 d, and tumors were excised and weighted. The 
tumor volume (mm3) = π/6* [(maximum diameter + 
minimum diameter)/2]. All animal experiments were 
approved by the animal care and use committee of 
Sun Yat-sen University. Institutional Review Boards 
or Ethics Committees from all participating institutes 
approved the study protocol.

Statistical analysis
Data are presented as mean ± standard deviation 
(SD). Statistical analysis was assessed by one-
way or repeated measures analysis of variance 
(ANOVA), with LSD or Dunnett’s T3 selected for post 
hoc evaluation. P values < 0.05 were considered 
statistically significant. The SPSS13.0 software (SPSS 
Inc., United States) was used for statistical analyses, 
and all tests were two-sided.

RESULTS
Expression of RASA1 in different colon cancer cell lines
The RASA1 protein expression was assessed by 
Western blot in various colon cancer cell lines. Of 
the six colon cancer cell lines studied, the lowest 
RASA1 protein expression was observed in RKO cells 
(Figure 1). Therefore, RKO cells were selected for 
subsequent experiments.

Validation of lentivirus and plasmid vector transfection 
efficiency
qRT-PCR was used to assess the expression of 
miR-21 and RASA1 mRNA levels in cells with up/
down-regulated miR-21 or RASA1. As shown in 
Figure 2, miR-21 expression was higher in pre-miR-
21-LV cells than in anti-miR-21-LV or control cells 
(P < 0.05), while it was lower in anti-miR-21-LV 

secondary antibodies. The primary antibodies 
included rabbit anti-human RASA1 monoclonal 
antibody (LifeSpan BioScience), rabbit anti-human 
Raf1 polyclonal and mouse anti-human KRAS 
monoclonal antibodies (Abcam, United States), rabbit 
anti-human AKT polyclonal, rabbit anti-human p-AKT 
monoclonal, rabbit anti-human ERk1/2 monoclonal, 
and rabbit anti-human p-ERk1/2 monoclonal 
antibodies (CST, United States), rabbit anti-human 
GADPH monoclonal antibody (Bioworld Technology, 
St. Louis, United States) and rabbit anti-human 
β-actin polyclonal antibody (Boster, Wuhan). Signals 
were detected using enhanced chemiluminescence 
reagents (Invitrogen, CA, United States).

RAS activity assay
The RAS activity assay was carried out using a RAS 
Activation Assay Kit (Millipore). Active RAS was 
pulled down with Raf-1 RBD agarose beads. The 
pull-down proteins were subjected to SDS-PAGE and 
immunoblotting analysis with anti-RAS antibody.

Cell proliferation assay
Cells with up/down-regulated miR-21 or RASA1, 
negative control and non-transfected control cells 
were seeded (1 × 104 cells per well) in a 96-well 
plate and incubated at 37 ℃ for 24 h. In parallel, a 
blank control group containing only medium without 
cells was established. Each sample was analyzed six 
times. Cells were incubated for 24, 48, 72, and 96 
h, respectively. At the end of each incubation period, 
the MTT solution (5 mg/mL, 20 µL/well) was added to 
plates and further incubated at 37 ℃ for 4 h. After the 
medium was carefully aspirated, 150 µL of dimethyl 
sulfoxide was added. Following shaking for 10 min, 
optical density (OD) was determined at 490 nm using 
enzyme-labeled instrument (Thermo Scientific, United 
States) to analyze cell proliferation rates.

Cell apoptosis assay
1-5 × 105 cells with up/down-regulated miR-21 
or RASA1, negative control and non-transfected 
control cells were collected. Then, 5 µL 7-AAD was 
mixed with 50 µL Binding Buffer and added to the 
cells, followed by incubation in the dark at room 
temperature for 5-15 min. Finally, 450 µL Binding 
Buffer was added, followed by incubation with 1 µL 
Annexin V-PE in the dark at room temperature for 
5-15 min. The stained cells were detected by flow 
cytometry on FACSCalibur (BD, New Jersey, United 
States) within 1 h.

Transwell assays
Matrigel (BD) and serum free medium (Gibco, 
Carlsbad, CA, United States) were diluted at 1:5. 
The resulting solutions (50 µL) were placed into each 
transwell chamber (Corning, Guangzhou, China) and 
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cells compared with control cells (P < 0.05). These 
findings indicated successful RKO cell transfection 
with lentivirus harboring pre-miR-21-LV and anti-
miR-21-LV, which enhanced and inhibited the 
expression of miR-21, respectively. 

The expression of RASA1 mRNA and protein in 
pcDNA3.1-RASA1 cells was higher than in siRASA1 
and control cells (P < 0.05); however, RASA1 mRNA 
and protein levels in siRASA1 cells were lower than 
those in control cells (P < 0.05) as shown in Figure 
2. These data indicated successful transfection with 
pcDNA3.1-RASA1 and siRASA1; cells with up/down-
regulated RASA1 were harvested.

RASA1 is an miR-21 target gene 
In order to unveil the molecular mechanism un­
derlying the role of miR-21 in the development of 
cancer, bioinformatics software (PicTar, TargetScan 
and miRbase) was used to predict RASA1 as an 
miR-21 target gene; indeed, the 179-185 locus 
of 3’-UTR in RASA1 is complementary to miR-21. 
Based on this finding, luciferase reporter gene assay 
was performed to verify whether RASA1 is a target 
of miR-21. In pre-miR-21-LV cells co-transfected 
with pGL3-promoter-LucifeRASe-RASA1, lower RLU 
(relative light unit) values were obtained, compared 
with their counterparts co-transfected with pGL3-
promoter-LucifeRASe (P < 0.01) (Figure 3A); these 
findings confirmed RASA1 as an miR-21 target.

To further verify these results, RASA1 mRNA and 
protein expression was detected in pre-miR-21-LV 
and anti-miR-21-LV cells. As shown in Figure 3B and 
C, RASA1 mRNA and protein levels in pre-miR-21-
LV cells were significantly lower (P < 0.05), while 
significantly higher RASA1 mRNA and protein levels 
were observed in anti-miR-21-LV cells (P < 0.05).

Role of miR-21 and RASA1 in the RAS signaling 
pathways
RAS activity is well known to be regulated by two 
types of molecules: RAS-GEFs and RAS-GAPs. 
RAS-GAPs can hydrolyze RAS-GTP into RAS-GDP, 
to inactivate RAS and switch off the RAS signaling 
pathways. RASA1 belongs to the RAS-GAP family, 
which is composed of 16 members. As shown above, 
miR-21 targets and regulates the expression of 
RASA1. RAS-GTP levels, which indicate RAS protein 

activity, were assessed in cells with up/down-
regulated miR-21 and RASA1. As shown in Figure 
4, overexpression of miR-21 enhanced RAS-GTP 
activity, so did down-regulation of RASA1; conversely, 
down-regulation of miR-21 or RASA1 overexpression 
reduced RAS-GTP activity.

The high levels of RAS-GTP suggested the 
activation of RAS proteins; RAS protein activation 
would amplify the related signaling pathways in 

RASA1

GADPH

HT29       Caco2    colo205   HCT116    sw480        RKO

Figure 1  RAS p21 GTPase activating protein 1 expression in different colon 
cancer cell lines was detected by Western blot. RAS p21 GTPase activating 
protein 1 (RASA1) expression in RKO cells was the lowest among the cell lines 
studied. 
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cells, including RAS-Raf-MAPK and RAS-PI3K-AKT 
pathways, which promote cell proliferation, anti-
apoptosis, and induce cell malignant transformation. 
We analyzed the changes in Raf-1, KRAS, AKT and 
p-AKT, ERK1/2 and p-ERK1/2 protein expression 
in cells with up/down-regulated miR-21 or RASA1. 
As shown in Figure 5, KRAS, Raf-1, p-AKT and 
p-ERK1/2 protein levels in cells with down-regulated 

miR-21 or overexpressed RASA1 were lower than 
those obtained after miR-21 overexpression or 
RASA1 down-regulation. These findings suggested 
that miR-21 might activate the RAS signaling 
pathways by down-regulating RASA1 expression, 
therefore playing an important role in promoting 
cell proliferation, anti-apoptosis and tumor cell 
formation.

Effect of miR-21 and RASA1 on cell proliferation
The effect of miR-21 and RASA1 on cell proliferation 
was detected by MTT assay. In pre-miR-21-LV cells, 
overtly higher OD values were obtained at different 
time points compared with those in anti-miR-21-LV 
and control cells (P < 0.01); meanwhile, transfection 
with pcDNA3.1-RASA1 also resulted in lower OD 
values, compared with those obtained in siRASA1 
and control cells (P < 0.01) (Figure 6). These data 
indicated that low expression of miR-21 or RASA1 
overexpression inhibited cell proliferation.
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used to assess RASA1 protein levels in cells with up/down-regulated miR-21. 
1: anti-miR-21-LV; 2: anti-NC-LV; 3: control; 4: pre-miR-21-LV; 5: pre-NC-LV. 
RASA1: RAS p21 GTPase activating protein 1; NC: Non-coding; LV: Lentivirus.
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Effect of miR-21 and RASA1 on cell apoptosis
The role of miR-21 in RKO cell apoptosis via RASA1 
regulation was analyzed after annexin V-PE/7-AAD 
double staining by flow cytometry. As shown in 
Figure 7, early apoptosis rate was higher in anti-
miR-21-LV cells than in pre-miR-21-LV and control 
cells (P < 0.05); similar results were obtained for 
pcDNA3.1-RASA1 harboring cells (P < 0.05). These 
findings indicated that in RKO cells, overexpression 
of miR-21 inhibited cell apoptosis by down-regulating 
RASA1.

Malignant tumors are characterized by their 
invasive ability and metastasis. We confirmed that 
miR-21 and RASA1 affected RKO cell invasion ability 
by transwell assays. The numbers of cells that 
migrated through the membrane in anti-miR-21 
and pcDNA3.1-RASA1 groups were significantly 
lower, compared with those obtained with pre-
miR-21-LV, siRASA1 and control cells (P < 0.01) 
(Figure 8). These data suggested that miR-21, as 
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an oncogene, promoted tumor cell invasion, likely 
through regulation of RASA1, which acts as a tumor 
suppressor and inhibits cell invasion.

Nude mouse tumor transplantation experiment
In order to further verify the biological effects of 
miR-21 and RASA1 in vivo, a nude mouse tumor 
transplantation experiment was carried out. As 
shown in Figure 9, tumor weights in anti-miR-21-LV 
or pcDNA3.1-RASA1 groups were lower than those 
observed in pre-miR-21-LV animals (P < 0.05); in 
agreement with this, tumor volumes were smaller 
in anti-miR-21-LV or pcDNA3.1-RASA1 groups than 
in pre-miR-21-LV mice (P < 0.05) (Figure 9A-C). 
These data indicated that down-regulation of miR-21 
resulted in decreased tumor formation, likely 
through up-regulation of RASA1.

DISCUSSION 

The current clinical application of colon cancer ta­

rgeted therapy such as cetuximab or panitumumab 
mainly aims at the activity of the RAS signaling 
pathways. It is known that RAS proteins often are 
in the recurrent states of activated RAS-GTP and 
inactivated RAS-GDP. RAS-GAPs function in KRAS-
wt cells, not in the mutant cells. RAS gene mutations 
result in constitutively active state of RAS-GTP and 
open RAS signaling pathways, thereby facilitating cell 
proliferation, anti-apoptosis activity and malignant 
transformation. 

So far, 16 members have been described in the 
RAS-GAP family, including p120GAP (RASA1), NF1, 
DAB2IP, GAP1m (or RASA2), GAP1IP4BP (orRASA3), 
CAPRI (orRASA4), RASAL1, SYNGAP, AF9Q34, 
FLJ21438, IQGAP1, IQGAP2, IQGAP3, PLXNB2, 
and TUBERIN[16,19]. The RASA1 gene is located on 
5q13.3 and encodes the p120GAP protein, which is 
composed of 1047 amino acid residues[20].

Recent studies have found that in KRAS-wt 
tumors, because of down-regulation or inefficiency of 
the RAS-GAPs, there is activation of the RAS signaling 
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pathways, which play a role in tumorigenesis. In­
terestingly, it was found that RASAL1 expression 
was significantly lower in KRAS-wt colon cancer cells 
than in mutant cells[16]. Calvisi et al[19] assessed the 
expression profile of RAS-GAPs in liver cancer tissue 
and found reduced expression of DAB2IP, RASAL1 
and NF1; of note, the low expression of DAB2IP 
was significantly associated with poor prognosis 
in KRAS-wt liver cancer. These findings suggested 
RAS-GAPs to be tumor suppressor genes. RASA1 
is an important member of the RAS-GAP family. It 
was demonstrated that RASA1 expression in colon 
cancer tissues was significantly lower compared 
with that in normal adjacent tissues (NAT)[21]. In 
addition, Hu et al[22] found markedly down-regulated 
RASA1 mRNA and protein expression in intrahepatic 
cholangiocarcinoma tissues and cells, compared with 
that in normal adjacent tissues .

Therefore, we hypothesized that RASA1, an 
important member of the RAS-GAP family, which is 
significantly down-regulated in colon cancer, may 
negatively regulate the RAS signaling pathways and 
act as a tumor suppressor gene. Indeed, we found 
that RASA1 up-regulation inhibited cell proliferation 
and turned off the RAS signaling pathways.

Many studies have demonstrated that miR-21 
is overexpressed in most tumors, including colon 
cancer. It was proposed that miR-21 promotes tumor 
formation by down-regulating tumor suppressor 
genes, such as programmed cell death 4 (PDCD4), 
tissue inhibitors of metalloproteinase 3 (TIMP3)[23], 
and PTEN[24]. Herein, we have established RASA1 
as an miR-21 target using a luciferase reporter 
gene assay (Figure 2A). Meanwhile, qRT-PCR and 
Western blot analyses confirmed that overexpression 
of miR-21 inhibited RASA1 expression (Figure 2B 
and C). In addition, we found that miR-21 was 
overexpressed in colon cancer tissues (unpublished 
data). As shown above, overexpression of miR-21 
increased RAS-GTP activity in RKO cells; conversely, 
down-regulation of miR-21 inhibited the activity 
of RAS-GTP. Further analyses demonstrated that 
miR-21 mediated EGF/RAS signaling pathways in 
cancer cells through RASA1. There are mainly two 
pathways that promote tumor cell proliferation, anti-
apoptosis and tumor formation: the RAS-Raf-1-MEK-
MAPK and RAS-PI3K-AKT signaling pathways[25]. 
Our findings confirmed that high miR-21 levels 
inhibited the expression of RASA1 and enhanced 
the expression of Raf-1, p-AKT, and p-ERK, thus 
promoting RKO cell proliferation, invasion, and anti-
apoptotic activity (Figures 4-7). In addition, using 
a nude mouse tumor transplantation model, we 
demonstrated that both low levels of miR-21 or 
RASA1 overexpression lead to in vivo inhibition of 
tumor formation.

In conclusion, miR-21 participates in the deve­
lopment of colon cancer by targeting RASA1. These 
data provide a basis for new targeted therapy in 

colon cancer. This is especially important in view of 
drug resistance observed with colon cancer targeted 
drug cetuximab or panitumumab, which is widely 
used clinically; this may also be associated with loss 
or down-regulation of RAS-GAPs. Therefore, finding 
valuable RAS-GAP candidates would provide the 
proof of principle that helps design new therapeutic 
agents to overcome cetuximab or panitumumab 
resistance.
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