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Abstract The involvement of miR-335 in csolorectal
cancer (CRC) development remains controversial. Here,
we found that miR-335 was highly up-regulated in CRC
specimens relative to normal mucosa, and high miR-335
expression level was markedly associated with the tumour
size and differentiation of CRC. The overexpression of
miR-335 in CRC cells facilitated cell proliferation in vitro
and tumour growth in vivo. RASA1 was validated as a
target of miR-335 that was downregulation in CRC. Forced
expression of miR-335 silenced RASA1 and triggered Ras/
ERK cascade in CRC. Together, miR-335-RASA1 con-
tributes to cell growth in CRC, and elucidation of down-
stream pathway will provide new insights into the
molecular mechanisms of CRC progression.
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Abbreviations

CRC Colorectal carcinoma
miRNA  microRNA

UTR Untranslated regions

RASA1 RAS p21 protein activator 1
SD Standard deviation

CCK-8  Cell counting kit-8
GFP Green fluorescent protein
Introduction

Colorectal carcinoma is the third most common cancer
worldwide entity with multistep biological processes of
tumourigenesis including somatic mutations, disruption of
proliferation, apoptosis and differentiation [1-5]. Although
the mortality rate of CRC is decreasing as a result of sur-
gical treatment combined with adjuvant therapy, finding
novel biomarkers for its prognosis and therapeutic targets
remains urgent.

MiRNAs are endogenous, non-coding and single-stran-
ded RNAs found in many organisms. Generally, they pair
with complementary nucleotide sequences in the 3'untrans-
lated regions (UTRs) of target mRNAs for translational
repression and/or mRNA degradation. In this manner,
miRNAs can regulate a series of biological processes such as
cell proliferation, apoptosis and differentiation.

Calin DA et al. first described the relationship between
miRNAs and cancer [6]. Following this initial finding,
accumulating evidences indicate that miRNAs function as
potential tumour suppressors or oncogenes to control
migration, invasion and proliferation in many cancers [7—
10]. Human miR-335 which transcribed from the genomic
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region chromosome 7q32.2 was primarily discovered by
Michel J. Weber [11], decreased in metastatic breast cancer
subcell lines compared with their parental cell lines and
suppressed breast cancer metastasis by targeting the pro-
genitor cell transcription factor SOX4 and extracellular
matrix component tenascin C [12]. In addition, miR-335
impeded metastasis by targeting SP1 directly and indirectly
through the Bclw-induced phosphoinositide 3-kinase-Akt-
Spl pathway in gastric cancer [13]. Recent studies show
that miR-335 was significantly up-regulated in human
meningioma tissues and its effect of cell proliferation was
associated with Rbl signalling pathway [14].

Taken together, these evidences indicate the versatility
of miR-335 in tumour progression. In this study, we con-
centrated on the functional and clinical significance of
miR-335 in CRC. We found that miR-335 overexpression
enhanced cell proliferation in vitro and tumour growth
in vivo in CRC. We show that to acquire such proliferation
capacity, miR-335 targets the RAS p21 protein activator 1
(RASAL), which acting as a suppressor of Ras function.
Our result could be the basis for the development of new
targeted treatments focused on the inhibition of miR-335 in
CRC.

Materials and methods
Tissue samples and cell cultures

Paired primary colorectal cancer and adjacent normal
colorectal tissues were obtained from the Nanfang Hospi-
tal, Southern Medical University. Written informed con-
sents were obtained before specimen collection. The use of
clinical materials for research purposes was approved by
the Southern Medical University Institutional Board. Sur-
gically removed tissues were immediately frozen in liquid
nitrogen and stored at —80 °C for further experiment. The
cell lines SW480, SW620, HT29, HCT116 and FHC were
obtained from the American Type Culture Collection
(ATCC). The human embryonic kidney cell lines
HEK293A and HEK293FT were available in our labora-
tory. All cells were cultured as recommendation by the
supplier and incubated in a humidified incubator with 5 %
CO; at 37 °C.

Lentivirus generation and transfection

A 402 bp fragment covering the region coding for pri-miR-
335 and its upstream and downstream regions from geno-
mic DNA was amplified by PCR and then cloned into the
lentivirus vectors pPLVTHM (Addgene). For packaging of
the miR-335 constructs in pseudoviral particles, the
HEK293FT cells were co-transfected with the above
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vectors, psPAX2 and pMD2.G using Lipofectamine 2000
reagents (Invitrogen). After 48 h of transfection, the
supernatants containing miR-335 lentiviruses were col-
lected, filtered and used for transduction of SW620 and
HT29 cells accompanied with of 8 pug/ml of polybrene
(Sigma). Empty pLVTHM lentiviruses were used as a
control for the experiments. The cells stably expressed
miR-335 were FACS sorted for green fluorescent protein
(GFP) three days after transduction.

The miR-335 mimics, miR-335 inhibitors, the sh-miR-
335 lentiviruses, the sh-RASA1 lentiviruses and their
negative control were purchased from GenePharma and
transfected into CRC cells using Lipofectamine 2000
reagents (Invitrogen) according to the manufacturer’s
instructions.

RNA extraction and quantitative real-time (qRT)-
PCR

Total RNA was extracted from the cells and tissues using
the TRIzol reagent (Takara) according to the established
protocols. The All-in-One™ miRNA gRT-PCR Detection
Kit (GeneCopoeia) was used to detect and quantify the
expression of miR-335 in cells and tissues according to the
manufacturer’s protocols. The expression of U6 was used
as an endogenous control. For RASA1 mRNA detection,
cDNA was prepared using the Reverse Transcriptase Sys-
tem (Takara) and then utilized as template to quantify
RASAT1 expression by a SYBR green qRT-PCR assay
(Takara). The expression data were normalized to the
housekeeping gene Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH). Each sample was analysed in triplicate.
The relative expression was calculated using the compar-
ative cycle threshold (C;) method.

Western blotting

Total protein from tumoural, normal colorectal tissues and
cell lines was isolated using Whole Cell Lysis Assay
(KeyGEN) according to the manufacturer’s protocol and
solubilized in SDS loading buffer (KeyGEN). Equal
amounts of proteins were separated by electrophoresis on
8-10 % SDS—polyacrylamide gel, transferred to a
polyvinylidene difluoride (PVDF) membrane (Roche
Applied Sciences) and blocked in 0.1 % Tween 20 con-
taining 5 % skim milk in Tris Buffer Saline. Membranes
were incubated with the rabbit anti-RASA1 monoclonal
antibody (1:800, Epitomics), rabbit anti-Ras monoclonal
antibody (1:500, Epitomics), rabbit anti-ERK1/2, Phospho-
ERK1/2 (p-ERK1/2) monoclonal antibody (1:1000, Bio-
world) and rabbit anti-Tubulin antibody (1:2000, Epito-
mics) overnight at 4 °C. Antibody binding was revealed by
incubation with the appropriate horseradish peroxidase-
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Fig. 1 The expression of miR-
335 in CRC tissues and cells.
a qRT-PCR analysis of miR-
335 expression in 37 paired
human colorectal cancer tissues;
the expression of miR-335 is
expressed relative to the
matched adjacent normal
tissues. b Comparison of the
miR-335 abundance in 37
paired primary CRC tissues

(T) with matched adjacent
normal tissues (N) shows its up-
regulation in tumour tissues.

>
&

N
o
1

=y
o
1

Fold change of miR-335(T/N)
& o

o
1

12345678 910111213141516171819202122232425262728293031323334353637

¢ qRT-PCR analysis of miR-335 B ~ C £ 5- o
expression in CRC cell lines, 5 25- s %' sk
including SW480, SW620, < E 4 =
HCT116 and HT29, and the <i 20- ¢ S P
expression of miR-335 is a d S 34 sk
expressed relative to colon w 157 %o 2
epithelium cell FHC ] ° .:o g 2+
s 104 °o__o© =
:
5 2
Eﬂ ..“.8.. E 0 rl T T T T T
E ool Adtaddd  eoddie oo S D S
z N T TS L

conjugated secondary antibody. The reactive bands were
visualized using Pierce ECL Western Blotting Substrate
(Thermo Scientific).

Cell proliferation and plate colony formation assays

A Cell Counting Kit-8 (CCK-8) (Dojindo Laboratories)
assay was performed to determine cell proliferation. The
treated cells were plated in 96-well plates at a density of
0.8—1 x 10* cells/ml in a volume of 100 pl per well. 10 pl
of CCK-8 solution was added to each well; then the plate
was incubated for 2 h at 37 °C. The absorbance was
measured at 450 nm using a Vmax microplate spec-
trophotometer (PerkinElmer). Each well of a 6-well plate
was seeded with 2-3 x 10* cells for colony formation
assays. After 14 days, the colonies were fixed with 4 %
paraformaldehyde for 30 min and stained with Giemsa
solution for 20 min. Only the colonies containing at least
50 cells formed were counted.

Cell-cycle analysis

Cells were washed twice with PBS and fixed overnight at
4 °Cin 70 % ethanol. RNAase was added for getting rid of
total RNA. After the cells were incubated at 37 °C for
30 min, their DNA was stained with propidium iodide (PI)
(KeyGEN, Nanjin, China) for 20 min at room temperature.

The samples were quantified by flow cytometry (Becton—
Dickinson).

Luciferase reporter experiments

For luciferase reporter experiments, the 3’UTR segments of
RASAL1 predicted to interact with miR-335 were amplified
by PCR from human genomic DNA and then inserted into
downstream of the Renilla luciferase open reading frame of
the psi-CHECK?2 vector (Promega). Mutations in miR-335
seeding sequence within RASA1 3'UTR were generated
using a KOD Plus Mutagenesis Kit (Toyobo). The
HEK293A or SW480 cells were co-transfected with the
wild-type or mutational reporter plasmids, along with miR-
335 mimics or negative control (NC) miRNAs. Firefly and
Renilla luciferase activities were measured using Dual-lu-
ciferase assays (Promega) 48 h after transfection. The
relative luciferase activity was formulated as luminescence
from Renilla luciferase divided by luminescence from
firefly luciferase.

In vivo tumour growth assays

All experimental procedures involving animals were per-
formed in accordance with animal protocols approved by
Animal Care and Use Committee of Southern Medical
University. Animal models were conducted as previously
described [15]. HCT116-NC, HCT116-sh-miR-335 or
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ch?al:if:tleriSt]ilcnsl?fp iltih;_lgflsc Clinicopathological variables N High expression Low expression x? P
expression in CRC patients All case 37 17 20

Age (years)*
<58 16 6 10 0.810 0.368
>58 21 11 10

Gender
Male 20 9 11 0.016 0.900
Female 17 8 9

Tumour size (cm)h
<6 18 5 13 4.659 0.031%*
>6 19 12 7

Differentiation
Well 14 2 12 10.505 0.005%*
Moderate 20 14 6
Poor 3 1 2

Serosal invasion
Yes 14 7 7 0.149 0.669
No 23 10 13

Lymph metastasis
Yes 15 8 0.554 0.457
No 22 9 13

TNM classification
I-11 26 12 14 0.002 0.969
-1v 11 5 6

* p < 0.05 Statistically significant difference

# Grouping of age was performed according to median

® Tumour size was categorized according to median

HCT116-sh-miR-335/sh-RASAT1 cells were injected sub-
cutaneously on the hindlimb of nude mice (n =4 per
group). The tumour size was measured by a slide caliper,
and tumour volume was determined by the formula 1/
2 x length x width® every three days. All mice were
scarified 21 days after inoculation, and the tumours were
excised and then analysed with H&E staining. To assess
the proliferative activity of xenograft tumours after miR-
335 up-regulation, immunohistochemistry was performed
to examine the expression of Ki-67 (rabbit anti-Ki-67
monoclonal antibody, Bioworld) in tumours tissues.

Statistical analysis

Data were analysed using the SPSS v13.0 statistical soft-
ware and expressed as the mean + standard deviation (SD)
of at least three independent experiments. Student’s ¢ test
was used to analyse differences between two groups, and
Fisher’s exact test was used to analyse the relationship
between miR-335 expression and the clinicopathologic
features of CRC. Differences were considered statistically
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significant at a p value <0.05 (*p < 0.05, **p < 0.01 and
**¥p < 0.001).

Results
MiR-335 is overexpressed in CRC cells and tissues

The expression of miR-335 was examined in 37 pairs of
CRC biopsies and their matched adjacent normal tissues
using qRT-PCR. An increase in miR-335 expression was
seen in 89.19 % (33/37) of CRC tissues compared with
their matched non-tumour tissues (p < 0.001; Fig. la, b).
MiR-335 levels in CRC tissues were approximately 7.03-
fold higher than those in matched non-tumour tissues. To
further investigate the clinicopathologic significance of
miR-335 expression in CRC patients, the median relative
expression level of miR-335 in the 37 CRC samples was
recommended as the cut-off point for dividing miR-335
level into a low expression group and a high expression
group. Correlation analysis showed that the miR-335
expression level was significantly associated with tumour
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Fig. 2 RASAL is a direct target of miR-335. a Schematic illustration
of base paring between miR-335 and the RASAI 3'UTR, as well as
the mutated sequences used in this study. b Analysis of luciferase
activity. HEK293A or SW480 cells were co-transfected with either
miR-335 mimics or negative control miRNA and luciferase reporter
plasmids comprising Luc-RASA1 3'UTR Wt or Luc-RASA1 3'UTR
Mut. HCT116 or SW480 cells were co-transfected with Luc-RASA1

size and differentiation (p < 0.05; Table 1). However,
there were no significant correlations between the miR-335
expression and serosal invasion, lymph metastasis or TNM
classification. Moreover, the relative miR-335 expression
was significantly higher in CRC cells compared with colon
epithelium cell FHC (p < 0.05; Fig. 1c).

RASAL is direct target of miR-335
The target genes of miR-335 were predicted by three

bioinformatic algorithms PicTar, TargetScan and micro-
RNA.org. At least three of these databases predicted JAGI,

3'UTR and different dose of miR-335-inhibitors. ¢ gRT-PCR analysis
of RASAL1 expression in 37 paired human colorectal cancer tissues.
d Spearman correlation analysis showed a negative relationship
between the miR-335 expression level and the RASA1 mRNA in 37
cases of CRC tissue samples. e Western blotting analysis of RASA1
expression in colorectal cancer cells and tissues

MLLT3, JMJD2C, CD79B, WWP1, RASAI1, SP1 and
SNIP1 as the potential target genes of miR-335. All these
genes are involved in the proliferation, metastasis or
apoptosis during tumourigenesis, of which we focused on
RASAL. Bioinformatic analysis indicated a putative miR-
335 target site in the RASA1 3'UTR (Fig. 2a). We then
experimentally confirmed the interactions of RASA1 with
miR-335. A significant decrease in the wild-type RASAL1
luciferase activity was observed upon overexpression of
miR-335 in SW480. Moreover, miR-335 could not
decrease the luciferase activity of mutant RASA1 in the
miR-335 binding site (Fig. 2b), indicating miR-335 targets
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Fig. 3 miR-335 promotes CRC cells proliferation in vitro. a SW620
and HT29 cells were infected with pLVTHM or miR-335 lentiviruses;
miR-335 expression was tested by qRT-PCR. b The sh-miR-335
lentiviruses and sh-RASAL1 lentiviruses were transfected in HCT116
and SW480 cells. ¢ Colonies formed by pLVTHM or miR-335-
infected cells and quantification of the number of Giemsa-stained cell

the specific region on RASA1 3'UTR. We further con-
firmed that miR-335 dramatically decreased the luciferase
activity in the wild-type RASA1 rather than mutant
RASA1 in the miR-335 binding site in HEK293A
(Fig. 2b), thereby providing additional evidence of direct
interaction between miR-335 and RASA1l. Moreover,
inhibition of miR-335 also block miR-335-induced down-
regulation of luciferase activity in cells transfected with
RASA1 3'UTR in a dose-dependent manner (Fig. 2b). The
RASAL1 expression was significantly decreased in CRC
specimens and cell lines compared to their normal coun-
terparts (Fig. 2c, e). Spearman’s correlation analysis
demonstrated that RASAl1 and miR-335 were again
inversely related in expression (p = 0.000; r = —0.940,
Fig. 2d).

Overexpression of miR-335 promotes proliferation
and tumourigenicity of CRC cells

To evaluate the possible function of miR-335 on prolifer-

ation in CRC, we transfected the CRC cells with miR-335
lentiviruses (p < 0.001; Fig. 3a) or sh-miR-335 lentiviruses
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colonies were shown 2 weeks after plating. d CCK-8 proliferation
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SW480 cells after transfection with sh-miR-335 lentiviruses or sh-
RASAI1 lentiviruses was measured by CCK-8 proliferation assays

(p < 0.001; Fig. 3b) as showed by RT-PCR analysis. The
sh-RASA1 lentiviruses were transfected into the sh-miR-
335-cells for the rescue experiments (Fig. 3b).The colony
formation assays and CCK-8 cell proliferation assays
demonstrated that the overexpression of miR-335 signifi-
cantly increased the proliferation potentials of both SW620
and HT29 cells compared to their control cells (p < 0.01;
Fig. 3c and p < 0.05; Fig. 3d). Concomitantly, the deple-
tion of miR-335 evidently reduced cell viability of HCT116
and SW480 cells (p < 0.05) compared to negative control
(NC) transfected cells. However, the proliferation potentials
were restored in the sh-miR-335/sh-RASAL1 cells (Fig. 3e).
These evidences support the function of miR-335 on
facilitating cell proliferation by targeting RASA1. Further-
more, HCT116-NC, HCT116-sh-miR-335 and HCT116-sh-
miR-335/sh-RASA1 cells were implanted subcutaneously
into nude mice, respectively. The subcutaneous tumours
generated from HCT116-sh-miR-335 cells were smaller
than those derived from HCT116-NC cells (p < 0.05).
Tumours in mice injected with HCT116-NC cells showed
no significant difference from HCT116-sh-miR-335/sh-
RASAL cells (Fig. 4a, b). Immunohistochemistry staining
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substantiated that the tumours from the HCT116-sh-miR-
335 cells revealed much lower Ki-67 indexes than the
tumours from the HCT116-NC cells, which was restored by
downregulation of RASA1 (p < 0.001, Fig. 4c, d). qRT-
PCR and Western blotting confirmed that RASAI was
negatively regulated by miR-335 in subdermal tumour
specimens (Fig. 4e, f).

MiR-335 accelerates cell-cycle progression in CRC

We further evaluated the cell-cycle distribution by flow
cytometry to explore the possible mechanism by which miR-
335 regulates CRC cell proliferation. MiR-335 overexpres-
sion obviously increased the percentage of cells in the S
phase in SW620 and HT29 (Fig. 5a). The percentage of
S-phase cells in SW620-miR-335 (47.39 % + 1.29) and
HT29-miR-335 (47.61 % + 1.86) were significantly higher
than that in the control cells, whereas they were only
2407 % £ 182 (p <0.001) and 23.62 % £+ 1.03
(p < 0.001), respectively. On the contrary, a significant
decrease in the percentage of cells in the S phase was
observed in sh-miR-335 cells. The percentage of S-phase
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immunohistochemistry staining of Ki-67 of the subcutaneous tumour
sections are shown. d Quantitative analyses showing the intensity Ki-
67 staining. e The expression of miR-335 was determined in the
tumour xenografts by RT-PCR. f The expression of RASAl was
determined in the tumour xenografts by RT-PCR and western blotting

cells in HCT116-sh-miR-335 (36.83 % =+ 1.48) and
SW480-sh-miR-335 (41.18 % =+ 1.12) were significantly
less than in HCT116-NC (51.65 % + 0.92) (p < 0.01) and
SW480-NC (53.25 % +£ 0.66) (p < 0.01) cells, respec-
tively, whereas knockdown of RASA1 increased the
percentage of S-phase cells in HCT116-sh-miR-335
(51.15 % + 1.58) and SW480-sh-miR-335 (53.65 % +
1.03)and blocked the inhibitory effects of miR-335 (Fig. 5a).
The expression levels of critical cell-cycle regulators were
also detected. As shown in Fig. 5b, Cyclin D1 was signifi-
cantly up-regulated, whereas p21 were strikingly downreg-
ulated in miR-335-overexpressing cells. In contrast,
significant increases in the expression of p21 and decreases
in Cyclin D1 were shown in miR-335-inhibiting cells.
However, knockdown of RASAT1 rescued those effects.

MiR-335 suppresses expression of RASA1
and activated the Ras/ERK pathway in CRC

RASALI, belonging to the GAP1 subfamily of Ras GTPase-
activating proteins, restrains Ras activity in GDP-bound
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Fig. 5 miR-335 accelerates cell-cycle progression. a Representative histograms depicting cell-cycle profiles of indicated cells. Cells were
stained with PI and analysed by flow cytometry. b Western blotting analysis of the expression of p21 and Cyclin D1 proteins in the indicated cell

forms [16, 17]. The Ras signalling pathways are key reg-
ulators of cell growth and malignant transformation [18].
Thus, we investigate whether the modulation of Ras sig-
nalling activity by miR-335 was due to regulation of CRC
proliferation. MiR-335 overexpression significantly down-
regulated RASA1 expression (Fig. 6a, c), up-regulated Ras
expression and Ras-GTP activity, and promoted the phos-
phorylation of ERKI1/2 (Fig. 6a). Conversely, miR-335
inhibition significantly increased RASA1 overexpression
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and reduced Ras expression, RAS-GTP activity and
p-ERK1/2 protein levels (Fig. 6b).

Discussion
Characterization of microRNA expression profiles based

on genome-wide microarrays has been widely employed in
cancer studies [19-21]. Dysexpressed miRNAs in human
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Fig. 6 miR-335 is responsive to the Ras/ERK pathway in CRC.
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p-ERK1/2 in SW620-miR-335 and HT29-miR-335. Tubulin served as
the loading control. b Western blotting analysis of RASA1, Ras-GTP,
Ras, ERK1/2 and p-ERK1/2 expression in HCT116 and SW480

cancers differentiated from corresponding counterpart
indeed revealed an involvement of miRNAs in cancer
developments and progressions. The abnormal expression
and functional significance of miR-335 has been reported
in some tumour types. Some studies have defined miR-335
as a tumour suppressor in malignant astrocytoma, ovarian,
breast, prostate gastric and pancreatic cancer [12, 13, 22—
24], as it suppresses cell proliferation, migration and
invasion. On the contrary, miR-335 promoted cell growth
and inhibited cell-cycle arrest in the GO/Gl phase in
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transfected with miR-335 inhibitors. Tubulin served as the loading
control. ¢ qRT-PCR analysis of RASA1 expression in indicated cells
transfected with miR-335 expression lentiviruses or inhibitors. d The
proposed model summarized the molecular mechanisms of CRC cell
proliferation by the miR-335-RASA1-Ras/ERK cascade

meningiomas [14]. Despite the confirmed cellular function,
the role of miR-335 in various kinds of cancers remains
controversial.

It is reported that the expression levels of miR-335 have
been up- or downregulated in CRC. Michael et al. reported
that miR-335 levels were significantly elevated in CRC
primary tumours with a metastatic capacity [16]. A study
based on a Genome-Wide Profiling and Validation Study
confirmed that miR-335 was significantly up-regulated in
patients with CRC [25]. While, Sun et al. reported that
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miR-335 was downregulated in human primary CRC tis-
sues with lymph node metastases [26]. These contrary
findings may be due in part to the different source orga-
nization and empirical method models. To the best of our
knowledge, few studies have corrected miR-335 function
with proliferation in colorectal cancer. In this study, we
found that miR-335 was highly expressed in CRC tissues,
and high miR-335 expression levels were found to be
markedly associated with tumour size and differentiation in
CRC, implicating a direct role of miR-335 in the growth of
colorectal cancer. Increased expression levels of miR-335
in CRC encourage us to reason that it would be feasible for
potential therapeutic target. Therefore, we further investi-
gated its pathogenic effect. The overexpression of miR-335
enforced cell proliferation in vitro and tumour growth
in vivo.

Our results confirmed that RASA1 was a direct target
of miR-335. RASAI known as p120 RasGAP contains a
catalytic domain of Ras-GTP that is necessary for
interaction with Ras and accountable for negative regu-
lation of the Ras activity [27]. Accordingly, ectopic
expression of miR-335 in CRC cells increased the Ras
activity. A family of Ras proteins that representing the
central players in the signal transduction pathway are the
cellular vital mechanisms for controlling cell survival,
differentiation, proliferation, metabolism, and motility in
response to extracellular cues [28-31]. ERK encoded
MAP kinases functions as the downstream effector of the
Ras oncoprotein. In this pathway, Ras activation stimu-
lates a signaling cascade by phosphorylation of MAPK
which successively phosphorylates and activates the
downstream proteins ERK1/2. ERK1/2 can also phos-
phorylate a series of nuclear transcription factors and
kinasesa to affect the cell biological processes such as
proliferation [28, 29, 32-34]. On the basis of these
models, we examine the protein levels of Ras, ERK1/2
and p-ERK1/2. Ras and p-ERK1/2 proteins were elevated
in the miR-335 up-regulation cells. Thus, we draw a
conclusion that the effects of miR-335 on the prolifera-
tion of CRC cells may be mediated via downregulation
of RASA1 and activation of Ras/ERK signal pathway
(Fig. 6d). Similarly, RASAl was a target of miR-31 in
CRC. MiR-31 targets RASA1 to stimulate CRC cell
proliferation and tumourigenesis [35].

In summary, the acting of miR-335 on RASAI1 has
valuable ramifications on tumour growth. This outcome
helps us to further comprehend the potential molecular
mechanisms of CRC proliferation.
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