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Background: Recent advances in cancer biology have uncovered critical roles for microRNAs
in regulating tumor responses. This study is to elucidate the role of miR-424 in colorectal cancer
development.

Materials and methods: miR-424 expression was analyzed by qRT-PCR. The role of miR-
424 was studied in cell lines and animal models. The downstream targets of miR-424 were
determined by microarray analysis.

Results: We found that miR-424 expression was downregulated in human colorectal cancer
cell lines and patient biopsies. We demonstrated that miR-424 functioned as a tumor suppressor
by suppressing colorectal cancer growth in vitro and in vivo and enhancing apoptosis. Using
microarray screening, we subsequently presented evidence that miR-424 directly targeted the
3" untranslated regions of the AKT serine/threonine kinase 3 (AKT3) and phosphoserine ami-
notransferase 1 (PSAT1) mRNAs via luciferase assay. Furthermore, AKT3 or PSAT1 silencing
partially recapitulated the effects of miR-424.

Conclusion: This newly identified miR-424/AKT3—-SAT1 axis may represent a novel therapeutic
strategy for future treatment of colorectal cancer.
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Introduction

Colorectal cancer (CRC) represents the third most common malignancy worldwide
accounting for estimated 1.4 million cases and 693,900 deaths annually.' In spite of
the decreasing incidence and mortality, CRC remains a major public health problem.
Multiple risk factors have been reported to contribute to this cancer, such as unhealthy
diet, obesity, and smoking.> Even though the 5-year survival rate of CRC patients at
an early stage is about 90%, only 39% of cancers are diagnosed at this stage. The
5-year survival rate drops to 12.5% when the disease has spread to distant organs.?
Therefore, it is important to uncover the molecular mechanisms underlying CRC, to
identify therapeutic targets to improve treatment.

MicroRNAs (miRNAs), a class of 21-24-nucleotide (nt) noncoding RNA, regulate
gene expression by binding to the 3" untranslated region (UTR) of mRNAs containing
complementary sequences, thereby resulting in translational repression and degrada-
tion of the target mRNAs.** Well over half of the human transcriptome is predicted
to be under the regulation of miRNAs, it is not surprising that aberrant miRNA
expression has a functional role in many human diseases, including cancer.**® The
initial implicated miRNAs in CRC were miR-145 and miR-143, which were reduced
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in CRC. Then, many other miRNAs have been identified as
oncogenic or tumor suppressive miRNAs in the initiation
and progression of CRC.

In this study, we characterized miR-424 that is frequently
downregulated in CRC. This miRNA is capable of inhibiting
proliferation and inducing apoptosis of CRC cells. We analyzed
the gene expression profiles following miR-424 reintroduc-
tion in HCT116 cells through microarrays. MiR-424 and its
potential target relationships were further constructed accord-
ing to the microarray results and bioinformatics predictions.
We ultimately identified the AKT serine/threonine kinase
3 (AKT3) and phosphoserine aminotransferase 1 (PSAT1)
as the direct targets for miR-424, and they were involved in
miR-424-mediated apoptosis. Our study reveals key roles of
miR-424 and its targets AKT3 and PSAT1 in CRC, some with
immediate implications for therapeutic exploration.

Materials and methods

Tissue specimens

Human CRC samples and paired normal mucosa were col-
lected from patients who underwent surgical resection of
CRC at the Department of General Surgery in Sir Run Run
Shaw Hospital, Zhejiang University, China. This study was
approved by Human Research Ethics Committee of the hos-
pital and conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from each
patient. Both tumor and normal tissues were histologically
confirmed. All tissue samples were selected immediately
after surgical resection, and stored at —80°C.

Cell culture and transfection

Human colon cancer cell lines HCT116 and RKO were
bought from the American Type Culture Collection (ATCC,
Manassas, VA, USA). HCT116 was maintained as monolayers
in McCOY’S 5A (Corning Incorporated, Corning, NY, USA)
and RKO in RPMI 1640 (Corning Incorporated), respectively.

MiR-424 mimic and nonspecific negative control miRNA
(miR-NC) were purchased from Dharmacon, Lafayette, CO,
USA. Specific AKT3 siRNA, PSAT1 siRNA, and negative
control siRNA (NC) were synthesized by GenePharma,
Shanghai, China.

MiRNA mimic or siRNA was reversely transfected using
DharmaFECT 1 transfection reagent (Dharmacon). A final
concentration of both 50 nM siRNA and miRNA mimic was
used for each transfection. Cotransfection of the miRNA and
plasmid DNA was conducted using DharmaFECT Duo trans-
fection reagent (Dharmacon). Transfections were performed
according to the manufacturer’s protocol.

Quantitative real-time PCR

RNA extraction and real-time quantitative reverse transcriptase-
PCR (RT-gPCR) was performed as described previously.’
Briefly, RNA was extracted from primary colorectal tissues or
cultured cells using Trizol reagent (Thermo Fisher Scientific,
Waltham, MA, USA). For miR-424, stem-loop RT-PCR was
performed. For mRNA analysis, cDNA was generated from
5 pg total RNA per sample using the PrimeScript RT reagent
Kit (TaKaRa). qPCR was performed using SYBR Premix Ex
Taq (TaKaRa). PCR-specific amplification was conducted on
an Applied Biosystems ViiA 7 Dx real-time PCR machine
(Thermo Fisher Scientific). The relative expression of miR-424
or genes was calculated by the 2-44“D method and normalized
to U6 or glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Cell proliferation assay

Cells were seeded in 96-well plates with 4,000 cells per
well, transfected with miRNA mimic or siRNA, respectively.
The cells were then cultured for 1, 2, 3, or 4 days. The cell
proliferation was tested by CCK-8 kit (Dojindo, Kumamoto,
Japan). Absorbance was determined at 450 nm on a micro-
plate reader (Thermo Fisher Scientific). The proliferation
curve was generated based on the absorbance and time.
Transfections were performed in triplicate and repeated in
at least three independent experiments.

Animal experiments

Four-week-old BALB/c nude mice were obtained from
Shanghai Laboratory Animal Center. All animal studies
were approved by the Animal Care Committee of Zhejiang
University. Animal experiments complied with the ARRIVE
guidelines and followed the National Institutes of Health
Guide for the Care and Use of Laboratory Animals. After
5 days of acclimatization, a total of 5x10% HCT116 cells
stably transfected with either miR-424 or miR-NC were
injected subcutaneously in the left-side axilla of each mouse
(n=3/each group). The tumor volume was calculated using
the formula (lengh x depth X width) x n/6. The mice were
killed on the 34th day after transplantation, and tumors were
removed, weighed, and photographed.

Annexin-V binding assay

Apoptosis was analyzed using a FACS Annexin V and PI
assay kit (Biouniquer, China). Cells were transfected with
miRNA mimics or siRNAs and incubated for 72 hours.
Samples were analyzed on a FACScan flow cytometer (FAC-
SCalibur™; BD, Franklin Lakes, NJ, USA). The experiments
were performed in duplicate and repeated at least three times.
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Microarray-based gene expression
analysis

The Agilent Human Gene Expression (Design ID:039494)
was used in this experiment. The arrays were performed
by the Agilent Scanner G2505C (Agilent Technologies,
Santa Clara, CA, USA). Feature Extraction software
(versionl10.7.1.1, Agilent Technologies) and Genespring
were used to get raw data and finish the basic analysis,
respectively. The probes in that at least one out of all
samples has flags in Detected were chosen. Differentially
expressed genes were then determined through P-value
(calculated with Student’s #-test) as well as fold change.
Up- and downregulated genes were identified by a P-value
<0.05 and an absolute fold change >2.0.

Ingenuity pathway analysis (IPA)

The differentially expressed genes were submitted to IPA
(Ingenuity Systems, Qiagen, Germany) (www.ingenuity.
com). Canonical pathway analysis, molecular and cell func-
tion enrichment analysis, and network analysis were done.
For IPA, 499 differentially expressed genes in the comparison
between miR-424 and miR-NC groups were first uploaded
for the purpose of generating gene symbol, fold change, and
P-value data. Finally, the functional annotation identifies the
biologic roles that are the most significant to the data set.

Western blotting

Western blotting was performed as described elsewhere!®!!
with the following antibodies: anti-AKT3 (Sigma-Aldrich
Co., St Louis, MO, USA), anti-PSAT1 (Sigma), and anti-
GAPDH (Santa Cruz Biotechnology, Inc., Dallas, TX, USA).
Chemiluminescence signals were visualized with SuperSig-
nal West Pico Chemiluminescent Substrate (Thermo Fisher
Scientific) in a LAS-4000 image analyzer (Fuji Photo Film,
Japan). The expression levels of these proteins were evaluated
by Quantity One software.

Luciferase reporter assays

AKT3-3’'UTR, AKT3-3’UTR-mut, PSAT1-3’UTR, and
PSAT1-3'UTR-mut were constructed into pmirGLO dual-
luciferase miRNA target expression vector (Promega, Cor-
poration, Fitchburg, WI, USA). Plasmids and miR-424 mimic
or miR-NC were cotransfected into 293 T cells (1x10%). The
luciferase activity was examined using the dual-Glo Lucif-
erase Reporter Assay System (Promega) by measuring the
intensity of chemiluminescence in a luminometer (Thermo
Fisher Scientific). Renilla luciferase activity was used as an

internal control. Transfections were performed in triplicate
and repeated in at least three independent experiments.

Statistical analysis

GraphPad Prism software 5.0 was used for statistical analysis.
Statistical comparisons between each group were conducted
with Student’s #-test. P-value <0.05 indicates statistical
significance.

Results
miR-424 expression is aberrantly

downregulated in CRC tissues

To investigate the expression level of miR-424 in human
CRC, we evaluated its expression in 53 matched pairs of
CRC and corresponding normal colorectal tissues by RT-
gqPCR. We found that the expression level of miR-424 was
clearly reduced in CRC tissues compared to adjacent normal
colorectal tissues (Figure 1A). Clinicopathologic analyses of
the above 53 CRC patients showed that the miR-424 expres-
sion was negatively correlated with advanced clinical stage
and lymph node metastasis (Table 1). However, the specific
function of miR-424 in human CRC remained elusive.

MiR-424 inhibits CRC cell growth in vitro

and in vivo

The similar expression pattern of miR-424 was also found in
multiple CRC cell lines, as compared with normal colorectal
tissues, further suggesting misregulation of miR-424 as a fre-
quent event in human CRC (Figure 1B). The reduced expres-
sion of miR-424 in CRC tissues and cell lines prompted us
to investigate the role of miR-424 in tumorigenesis. MiR-
424 was first ectopically expressed via miR-424 mimics in
HCT116 and RKO cell lines, both of which have low levels
of miR-424. Cell proliferation assays showed that miR-424
overexpression significantly suppressed CRC cell prolifera-
tion in both HCT116 and RKO cells (Figure 1C, D).

To confirm whether miR-424 inhibits CRC cell growth
in vivo, HCT116 cell line that was stably transfected with
miR-424 or control vector were implanted subcutaneously
into nude mice. The tumors in the nude mice inoculated
with HCT116/miR-424 cells grew much more slowly than
those in the nude mice inoculated with HCT116/vector cells
(Figure 1E). Thirty-four days after injection, the weights of
the tumors derived from the HCT116/miR-424 cells were
significantly lower than the weights of those from the control
group (Figure 1F). Overall, our results indicate that miR-424
inhibits CRC cell growth both in vitro and in vivo.
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Figure | miR-424 is downregulated in CRC tissues and cell lines and suppressed cancer cell growth in vitro and in vivo.

Notes: (A) miR-424 expression was evaluated using RT-qPCR in total RNAs derived from 53 matched pairs of CRC tissues and corresponding normal colon mucosa. N
stands for normal and CA for CRC sample. U6 served as the endogenous control for miR-424. Data are presented as fold change (2—2*<"). (B) RT-qPCR analysis of miR-424
in total RNA from indicated CRC cell lines and the normal colorectal tissues. The data shown are fold changes of individual miRNA expression in each CRC line relative
to the normal tissues. (C, D) The effects of miR-424 on CRC cell growth (HCT116, C; RKO, D) were measured via a CCK-8 assay at the time indicated. The results are
presented as the mean + SD of the values obtained in three independent experiments. (E, F) Overexpression of miR-424 inhibits tumor formation in nude mice. HCTI 16
cells (5x10°) stably overexpressing either p-miR-424 or p-scramble control were injected subcutaneously into the flanks of nude mice (n=3 in each group). The tumor volume
was measured every 4 days starting from day 10 until the mice were killed 34 days after transplantation and assessed using the formula (LxDxW) x 11/6, where L is the length,
D is the depth, and W is the width. Photographs show representative features of the tumor growth (E) and line graph shows the mean tumor volume of the injected mice
(F). *P<0.05; **P<0.01; ***P<0.001.

Abbreviations: CRC, colorectal cancer; RT-qPCR, real-time quantitative reverse transcriptase-PCR.

MiR-424 sensitizes CRC cells to hours. An absolute fold change of >2 and a P-value of <0.05
apoptosis were designated as significantly differentially expressed
To further explore the mechanism of miR-424 tumor suppres- ~ genes. We finally identified 499 differentially expressed
genes upon miR-424 reintroduction, with 241 upregulated
and 258 downregulated (Figure 3A, Table S1). To probe the

biologic relevance of the above 499 identified differentially

sor role, we examined the effect of miR-424 on apoptosis. As
expected, we demonstrate that, compared to negative control

group, overexpression of miR-424 caused a significant

increase (2.7- and 1.8-fold; Figure 2A, B) in early apoptotic expressed genes obtained from miR-424 vs miR-NC, we then

and late apoptotic/necrotic activity of both HCT116 and  Performed IPA. Canonical pathway analysis indicated clear

RKO cells, as determined by Annexin V staining. Moreover, ~ Patterns of enriched pathways for miR-424 (Figure 3B). We

the noted effect of miR-424 on apoptosis was confirmed, as ~ fevealed that PTEN and p53 signaling pathways were major

increased p53 expression was induced in HCT116 and RKO ~ Pathways being activated by miR-424 in CRC cells. Further

cells that overexpressed miR-424 (Figure 2C). analysis focused on molecular and function analysis showed
that cell survival, growth, and development were mainly
influenced (Figure 3C). Moreover, association with gene
Gene expression analysis for miR-424 networks showed that broad differences in genes associated
according to microarray data with nuclear factor kappa B (NF-kB), ERK1/2, and ATF4
To explore the effects of miR-424 on CRC growth and  were observed as the top deregulated networks with miR-
apoptosis, we generated a gene expression microarray of 424 overexpression (Figure 4). Overall, these enrichments

cells transfected with miR-424 mimic or miR-NC for 48  underscore the miR-424 signaling-associated pathways.
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Table | Association between miR-424 expression and

clinicopathologic parameters of colorectal cancer patients

Characteristics Total miR-424 P-value

(n=53) expression

Low High

Gender 0.901
Male 29 14 15
Female 24 12 12
Age, years 0.875
<65 23 Il 12
>65 30 15 15
Tumor site 0.206
Colon 30 17 13
Rectum 23 9 14
Histology 0.704
Adenocarcinoma 46 22 24
Mucinous 7 4 3
Tumor size (cm) 0.845
<5 29 13 16
>5 24 13 Il
Differentiation 0.066
Well-moderate 39 16 23
Poor, mucinous 14 10 4
Local tumor invasion 0.332
TI | 0 I
T2 7 2 5
T3 18 8 10
T4 27 16 Il
Lymph node 0.019
metastasis
Negative 31 I 20
Positive 22 15 7
Distant metastasis 0.192
Negative 48 22 26
Positive 5 4 |
TNM stage 0.028
1=l 26 9 19
1 22 13 7
v 5 4 |

Note: Bold values indicate statistically significant.

Validation of the microarray data

To examine the accuracy of these differentially expressed
genes identified by microarray, we selected 12 genes from
the 499 differentially expressed genes for our validation
(Figure 5A). RT-qPCR validation showed that all these 12
genes (all P<0.05) we assayed were detected in the identical
expression trend between miR-424 mimic and miR-NC group
in HCT116 cells as determined by microarray (Figure 5B).
Moreover, nine of them were also expressed in the similar
pattern in RKO cells with miR-424 overexpression (Figure
5C). Among them, AKT3 and PSAT 1, two main members of
the top networks, exhibited the greatest fold change compared
to the control cells. As miR-424 is proapoptotic miRNA in

CRC, the strong change in AKT3 and PSAT1 expression
suggests that they have a vital role in CRC.

Identification of AKT3 and PSAT | as main

target genes of miR-424

We then examined the expression of AKT3 and PSAT1
mRNA levels in the same CRC patients by RT-qPCR. As
shown in Figure 6A, both AKT3 and PSAT 1 expression levels
were significantly elevated in CRC tissues compared to the
normal control tissues. We also analyzed the association of
AKTS3 and PSAT1 with miR-424 expression and found that
they were both negatively correlated with miR-424 expres-
sion (Figure 6B). We next sought to identify whether 3’"UTR
of human AKT3 or PSAT1 contains a putative-binding site
for miR-424. As shown in Figure 6C, we found that both
AKT3 and PSAT1 have putative miR-424-binding sites in
their 3’'UTR using two different algorithms TargetScan and
microRNA.org.

Overexpression of miR-424 in HCT116 cells greatly
changed the protein levels of AKT3 and PSAT1 (Figure
6D). Similar results were also found in RKO cells (Figure
6D). Then, we constructed their wild-type (WT) or mutant
3’UTR region and cotransfected with miR-424 or miR-NC
into 293 T cells. Our results showed that miR-424 clearly
reduced the luciferase activity of the WT-AKT3 and PSAT1
reporter, as compared to miR-NC groups (Figure 6E). How-
ever, the mutation of the putative miR-424-binding sites in
the 3’"UTR region significantly abrogated the repression of
the luciferase actively caused by miR-424 overexpression
(Figure 6E). These data suggest that miR-424 may inhibit
AKT3 and PSAT1 expression through targeting their 3’'UTR.

AKT3 and PSAT | silencing recapitulates

the effects of miR-424 in CRC cells

As miR-424 regulates CRC cell proliferation/apoptosis and
suppresses AKT3 and PSAT1 expression, we further exam-
ined whether miR-424 exerted its biologic functions via the
two target regulations. To verify this, we used gene-specific
siRNAs targeting AKT3 and PSAT 1, respectively. CCK8 assay
showed that both knockdown of AKT3 and PSAT1 clearly
suppressed the proliferation of both HCT116 and RKO cells,
respectively (Figure 7A, B). Moreover, inhibition of AKT3 or
PSAT1 also increased apoptosis of both HCT116 and RKO
cells (Figure 7C, D). The suppression of proliferation and
enhancement of apoptosis observed by knockdown of AKT3
and PSAT1 were similar to the phenotype induced by forced
expression of miR-424 in CRC cells, suggesting that AKT3
and PSAT1 are functional targets of miR-424 in CRC cells.
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Figure 2 miR-424 induces apoptosis and enhances p53 expression in CRC cells.

Notes: (A, B) Annexin V assay of apoptosis. HCTI16 and RKO cells were transfected with miR-424 mimic or miR-NC for 72 hours and stained with Annexin V and
propidium iodide. Both early and late apoptotic cells are combined for analysis. The values are shown as mean + SD of three independent experiments. (C) Western blotting
analysis for p53 in miR-424- or miR-NC-transfected HCT | 16 and RKO cells for 72 hours using GAPDH as a loading control. *P<0.05; *¥P<0.01; ***P<0.001.
Abbreviations: FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miR-NC, negative control miRNA; Pl, propidium iodide.
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Figure 3 Gene expression profiling of miR-424 and pathway enrichment analysis in HCT1 16 cells.

Notes: (A) Heatmaps of hierarchical gene clustering demonstrating miR-424-regulated transcriptome profiles. After overnight culture, HCTI |6 cells were transfected with
miR-424 and miR-NC for 48 hours, and total RNA was obtained for microarray analysis. For all array analyses, an absolute fold change >2.0 and a P-value <0.05 cutoff were
applied. The heatmap depicts the 499 mRNAs that were differentially expressed between miR-424 and miR-NC groups in HCT 116 cells. (B) Canonical pathway analysis of
the 499 differential changes using IPA showing |3 most significant activated (orange) and inhibited (blue) pathways in response to miR-424 expression. (C) Molecular and cell
function analysis of the identified 499 genes showing |3 main influenced functional pathways upon miR-424 expression.

Abbreviation: IPA, Ingenuity pathway analysis; miR-NC, negative control miRNA.
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Figure 4 Network analysis of 499 differential changes by miR-424 in HCT1 16 cells.

Notes: Top three networks of interest (nuclear factor kappa B [NF-kB], ERK, and ATF4) were generated. Green, lower expression upon miR-424 expression; red, higher
expression upon miR-424 expression.
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Figure 5 Experimental validation of microarray data in CRC cell lines.

Notes: (A) Distribution of gene expression levels of |2 selected genes from the 499 altered genes, measured by microarray with fold change. (B, C) SYBR RT-qPCR validation
of the 12 genes in both HCT 116 (B) and RKO (C) cells with or without miR-424 expression at 48 hours post-transfection. The relative mRNA levels are presented as the fold
change compared to miR-NC control group. Data are shown as the mean * SD of three independent experiments. *P<0.05; *P<0.01; **P<0.001.

Abbreviations: CRC, colorectal cancer; miR-NC, negative control miRNA; NS, not significant; RT-qPCR, real-time quantitative reverse transcriptase-PCR.

Cancer Management and Research 2018:10 submit your manuscript 6543

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Fang et al Dove

A B 25 -
12 ® AKT3 R=-0.79
N L _
204 ® : ® PSAT1 R=-0.71
p cA Y
¢ 8 151 @ o
<5 a o ¢
Z5 2
DE: 5 g 10 oo
[ORRS] 4 < o o [}
20
8= 5 7 o .
(0]
14 2 ’ (] ’
0 O T T , ._|. 1
0 0.5 1 15 2
AKT3 PSAT1 miR-424
c
Position 235-242 of AKT3 3' UTR 5'...AAGGUCUCAUGCUGUUGCUGCUA...
IRRIEN
hsa-miR-424 3' AAGUUUUGUACUUAACGACGAC
Position 264-271 of PSAT1 3' UTR 5'...CGCGUAUUUUGCCUUUGCUGCUA...
[T
hsa-miR-424 3' AAGUUUUGUACUUAACGACGAC
D E
o ™
LR N AR
& & &
g ? 1.6 5 NS
AKT3 56kDa ¢ 2 NS
2 ® 1.2
[0]
3 &
2 o
PSAT1 40 kDa s % 0.8 4 e
(] > i
= -
% 2 04+
GAPDH 37kDa & ©
£ 04
HCT116 RKO N && N @&
0«‘2‘ L & &

N N
S CAR S SN

Figure 6 miR-424 targets AKT3 and PSATI in HCTI16 and RKO cells.

Notes: (A) The expression levels of AKT3 and PSAT| mRNA were determined in 53 matched pairs of CRC tissues and corresponding normal colon mucosa by RT-qPCR.
N stands for normal and CA for CRC samples. Data are presented as fold change. (B) Correlation between AKT3 or PSAT| and miR-424 expression in CRC patients. (C)
The predicted miR-424-binding sites and sequences in the 3'UTR of AKT3 and PSAT| mRNAs are shown. (D) Western blotting analysis of AKT3 and PSAT| expressions
in HCT116 and RKO cells transfected with miR-424 or miR-NC at 72 hours post-transfection. GAPDH was used as a loading control. (E) Analysis of luciferase activity.
PmirGLO-wild-AKT3 3’UTR, pmirGLO-mutant-AKT3 3’UTR, pmirGLO-wild-PSAT| 3’'UTR, or pmirGLO-mutant-PSAT| 3’UTR was cotransfected into 293 T cells with
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experiments. NS, not significant; **P<0.0|; ***P<0.001.

Abbreviations: AKT3, AKT serine/threonine kinase 3; CRC, colorectal cancer; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miR-NC, negative control miRNA;
UTR, untranslated region.

Discussion reduced in both CRC tissues and cell lines. Restoration of
In recent years, miRNAs have been found to control cell ~miR-424 significantly inhibited CRC cell growth in vitro and
proliferation in CRC development and progression. In this  in vivo, and increased apoptosis. Moreover, gain of func-
report, we presented evidence that miR-424 was frequently  tion of miR-424, followed by gene expression microarray,
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Figure 7 Knockdown of AKT3 and PSAT | recapitulates the effects of miR-424 in CRC cells.

Notes: (A, B) Specific siRNA knockdown of AKT3 or PSATI in HCT116 (A) and RKO (B) cells was evaluated by CCK-8 assays at the time indicated. The results are
presented as the mean + SD of the values obtained in three independent experiments. (C, D) Apoptosis of HCT |16 and RKO cells was noticeably accelerated following
transfection with si-AKT3 or si-PSAT |, compared to si-NS control. The values are shown as mean + SD of three independent experiments. *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: AKT3, AKT serine/threonine kinase 3; CRC, colorectal cancer; FITC, fluorescein isothiocyanate; NS, not significant; si-AKT3, AKT3-specific siRNA,; Si-NS,

nonspecific siRNA; si-PSAT |, PSAT | -specific siRNA.

identified a set of downstream targets of miR-424. We also
showed major pathways activated or repressed by miR-424.
Among them, we finally determined AKT3 and PSAT1 as
two functional targets of miR-424 in CRC cells. Our results
provide a more comprehensive understanding of the tumor
suppressor role of miR-424 in CRC and highlight the pos-
sibility of miR-424 as a novel anticancer target.

MiR-424 is a member of the miR-15/107 family and has
pleiotropic roles in cell division, metabolism, angiogenesis,
and stress response in vertebrate species.!>' It also has
important roles in many cancer types. Studies have shown
that miR-424 often acts as a tumor suppressor miRNA, and
its expression is aberrantly downregulated in cervical cancer,

breast cancer, renal cancer, and hepatocellular carcinoma. 32!
However, the effect of miR-424 on tumorigenesis is still con-
troversial, as some studies revealed that miR-424 suppressed
cell proliferation, induced apoptosis, caused cell cycle arrest,
or suppressed invasion, 12! whereas others reported the pro-
moting role of miR-424 in cancer cell survival,”? suggesting
that miR-424 might have an environment-dependent effect.
Here, we provide new evidence that miR-424 is tumor sup-
pressive in CRC and more importantly reveal the functional
role of miR-424 on cancer cell growth and apoptosis. Our
study may expand our understanding of the role of miR-424
in cancer development and support the rationale of targeting
miR-424 for cancer treatment.
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A single miRNA often regulates many gene targets.>
Microarray can detect potential miRNA:mRNA interac-
tions, and using microarrays to screen for alterations in
gene expression following transfection of miR-424 mimics
would show the physiologic miR-424 functions. Our gene
expression analysis by microarray showed that a set of 258
annotated genes were significantly downregulated by miR-
424 in HCT116 cells. Validation of these targets further
confirmed the microarray results. Furthermore, IPA analysis
showed that miR-424 mainly modulated NF-xB, ERK1/2, and
ATF4 networks. Importantly, we identified AKT3 and PSAT1
expression, which is under ATF4 transcriptional control, to
be abrogated upon miR-424 expression.

The serine/threonine protein kinase AKT regulates cell
growth, survival, proliferation, protection from apoptosis,
control of DNA damage responses, metabolism, migration,
and metastasis, all of which are hallmarks of cancer.?® There
are three members of the AKT family, that is, AKT1-3.%
Interestingly, although all of the AKTs share a considerable
homology, they may play different, or even opposite, roles
in tumorigenesis. Among the AKT family, AKT1 has been
shown to be overexpressed in breast cancer,”” AKT2 in CRC,*
and AKT3 has been found to be overexpressed in melanoma.?
In our study, we revealed a tumor-promoting role of AKT3 in
CRC and identified it as a direct target of miR-424. In con-
sistent with our finding, Yang et al also found that miR-424
could target AKT3 in hepatocellular carcinoma.'? We further
demonstrated that miR-424 also targeted PSAT 1. Importantly,
targeting PSAT1 reduced cell proliferation and induced
apoptosis in both HCT116 and RKO cells, suggesting miR-
424 as a key player of CRC development. PSAT1 has been
recently found to be overexpressed in many cancers, such as
breast cancer and CRC.*® We provide an miRNA-mediated
mechanistic explanation for PSAT1 overexpression in CRC,
as it acts as a functional miR-424 target.

Conclusion

We provide a new understanding of the roles of miR-424
in CRC. In particular, we identified miR-424 as crucial
regulators of CRC cell proliferation and apoptosis through
combinatorial targeting of multiple oncogenic genes, involv-
ing AKT3 and PSAT1. The miR-424-based therapy might be
an important treatment for CRC and our results may have
important translational implications.
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