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Colorectal cancer (CRC) is one of the most common oncological conditions worldwide, to date. MicroRNA-
1290 (miR-1290) has been demonstrated to regulate its progression. We studied the role of miR-1290 in CRC 
progression. The gene was upregulated in CRC tissues and cells. Its overexpression promoted CRC cell pro-
liferation analyzed by MTT assay, colony formation assay, and soft agar growth assay. In addition, miR-1290 
knockdown inhibited CRC cell proliferation. We also found that miR-1290 overexpression reduced the p27 
level and increased cyclin D1 at both the mRNA and protein levels, whereas miR-1290 knockdown increased 
p27 and reduced cyclin D1, confirming miR-1290 promoted CRC cell proliferation. Inositol polyphosphate 
4-phosphatase B (INPP4B) was the target of miR-1290. Luciferase reporter assay revealed that miR-1290 
directly bound to the 3¢-UTR of INPP4B; the mutated seed sites in miR-1290 abrogated this effect. Double 
knockdown of INPP4B and miR-1290 promoted CRC cell proliferation, suggesting miR-1290 promoted CRC 
cell proliferation by targeting INPP4B.

Key words: miR-1290; INPP4B; Colorectal cancer (CRC); Cell proliferation

INTRODUCTION

Colorectal cancer (CRC) is one of the most commonly 
diagnosed cancers worldwide. In 2012, about 1.4 mil-
lion cases were diagnosed, and 693,900 patients died1. 
Although many genes and noncoding RNAs have been 
found to regulate CRC progression, new therapeutic 
approaches still need to be developed.

MicroRNAs (miRNAs) are small noncoding RNAs 
(about 19 nt in length) that regulate expression of many 
genes. This involves development and disease by binding 
to the 3¢-untranslated region (3¢-UTR) of a target mRNA 
and degrading mRNA (while inhibiting tmRNA transla-
tion). miRNAs have been demonstrated to regulate CRC 
progression; for example, patients with high miR-135b 
have poor clinical outcomes, induced by adenomatous 
polyposis coli (APC) loss, PTEN/PI3K pathway deregula-
tion, and SRC overexpression, which promotes CRC trans-
formation, proliferation, and invasion. miR-135b inhibition 
in CRC mouse models suppresses tumor growth2.

miR-1290 regulates tumor progression; for example, 
it is a potential prognostic factor for lung cancer and is 
upregulated in CD133+ marked lung cancer stem cells; 
it promoted the proliferation, clonogenicity, invasion, and 
migration of CD133+ cells by targeting fyn-related Src 

family tyrosine kinase3,4. It also promotes sphere for-
mation and induces epithelial–mesenchymal transition 
(EMT), suggesting that miR-1290 promotes lung cancer 
initiation and progression5,6. Exosomal miR-1290 is a 
prognostic factor for castration-resistant prostate cancer7. 
miR-1290 is a new oncomiR in laryngeal carcinoma by 
targeting MAF and ITPR28. miR-1290 promotes pancre-
atic cancer cell proliferation and invasion and is a serum 
biomarker for low-stage pancreatic cancer9. miR-1290 is 
also upregulated in esophageal squamous cell carcinoma 
(ESCC) and promotes ESCC cell proliferation, migration, 
and invasion by targeting NFIX10,11. miR-1290 is upreg-
ulated in CRC tissues; it postpones cytokinesis to form 
multinucleated cells by targeting KIF13B12. In this study, 
we found that miR-1290 promoted CRC cell prolifera-
tion by targeting inositol polyphosphate 4-phosphatase B 
(INPP4B).

MATERIALS AND METHODS

Cell Culture and Clinical Specimens

Eight pairs of CRC tissues and their adjacent healthy 
tissues were collected from patients undergoing surgery  
at Shandong Provincial Hospital (affiliated with Shandong 
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University) between September 2007 and May 2010 
according to an institutional review board-approved  
pro tocol. Written informed consent was obtained from 
all patients involved. Eight CRC tissues including two 
clin ical stage I, two clinical stage II, three clinical stage 
III, and one clinical stage VI, and the matched adjacent 
non cancerous tissues were examined by routine his-
topathological analysis. All tissues were immediately 
dissected and stored in liquid nitrogen until analyzed. 
The normal colorectal cell line FHC, and CRC cells 
SW480, HT-29, COLO205, SW403, KM202L, and 
SW620 were purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA) and cultured 
in DMEM supplemented with 10% fetal bovine serum 
(Gibco; Hyclone, Logan, UT, USA) in a humidified  
cell incubator with an atmosphere of 5% CO2 at 37°C.

Vector Construction and Transfection

The sequence of the miR-1290 precursor was cloned 
into pMSCV vector, pMSCV vector with miR-1290 over-
expression, or empty vector, and packaging plasmid was 
cotransfected into 293T cells using PEI (Cat. No. 23966; 
Polysciences Asia Pacific, Inc., Taipei, Taiwan). The 
viruses were harvested after 48 h posttransfection and 
infected CRC to construct stable cell lines using puro-
mycin (Cat. No. P8833; Sigma-Aldrich, St. Louis, MO, 
USA; Merck KGaA, Darmstadt, German). miR-1290 
mimic, mutated miR-1290 mimic, miR-1290 inhibitor, 
small interfering RNAs for INPP4B (INPP4B siRNAs),  
and their negative control were purchased from Guang-
zhou BiboBio and transfected into cells using Lipofec-
tamine 2000 (Invitrogen, Carlsbad, CA, USA).

Quantitative Real-Time (qRT)-PCR

Total RNA was isolated using TRIzol reagent (Invi-
trogen Life Technologies, Carlsbad, CA, USA). cDNA 
was synthesized using M-MLV Reverse Transcriptase 
(Cat. No. R011; Vazyme Biotech Co., Ltd., Nanjing, P.R.  
China); for miR-1290, the specific primer used was 5’-G 
TCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC 
TGGATACGACTCCCTG-3’; and for genes, Oligo dT18  
was used. miR-1290, p27, and cyclin D1 levels were 
examined by AceQ qPCR SYBR Green Master Mix (Cat. 
No. Q111-02; Vazyme Biotech Co., Ltd.) on a CFX-96  
system (Bioneer, Daejeon, South Korea). The primers  
used were as follows: miR-1290, 5¢-GCCCGCGCCCGC 
TGGATTTTTGG-3¢ (forward) and 5¢-GTGCAGGGTCC 
GAGGT-3¢ (reverse); p27, 5¢-TAATTGGGGCTCCGGC 
TAACT-3¢ (forward) and 5¢-TGCAGGTCGCTTCCTTA 
TTCC-3¢ (reverse); cyclin D1, 5¢-CAATGACCCCGCA 
CGATTTC-3¢ (forward) and 5¢-CATGGAGGGCGGATT 
GGAA-3¢ (reverse). U6 was used as the internal control  
for miR-1290, and GAPDH was used as the internal  
control for genes.

Western Blot

The proteins were separated by sodium dodecyl  
sulfate (SDS)-8% polyacrylamide gel electrophoresis and  
blotted to the PVDF membrane (Bio-Rad, Hercules, CA, 
USA). Anti-p27 (1:1,000 dilution; Cat. No. sc-1641; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) and 
anti-cyclin D1 (1:1,000 dilution; Cat. No. sc-753; Santa 
Cruz Biotechnology) antibodies were used. Anti-a-
tubulin antibody (1:1,000 dilution; Cat. No. sc-53646; 
Santa Cruz Biotechnology) was used as the loading con-
trol. Goat anti-mouse immunoglobulin G was used as a 
secondary antibody, and protein signals were detected 
using an enhanced chemiluminescence system (National 
Institutes of Health, Bethesda, MD, USA).

Cell Proliferation Assay

MTT assay, colony formation assay, and soft agar 
growth assay determined the role of miR-1290 in CRC 
cell proliferation. For the MTT assay, 0.5 ́  103 cells 
were seeded in 96-well plates; 25 μl of MTT (5 mg/ml) 
was added to each well at indicated time points and incu-
bated for 2 h. Then the supernatant was discarded from 
each well, the colored formazan crystal was dissolved 
in 150 μl of isopropanol, and the optical density was 
measured at 590 nm. For the colony formation assay, 
cells were seeded in plates and cultured for 7 days. The 
colonies were fixed with 10% formaldehyde for 5 min 
and stained with 1.0% crystal violet for 30 s. For the 
soft agar growth assay, 0.5 ́  103 cells were mixed with 
2 ml of complete medium plus 0.3 agar (Gibco, Thermo 
Fisher Scientific, Inc., Waltham, MA, USA); the mix-
ture was plated atop a bottom layer consisting of 1% 
agar in complete medium. After 10 days, the number of 
colonies whose diameter was larger than 0.1 mm was 
counted.

Luciferase Reporter Assay

The fragment of the 3¢-UTR of INPP4B containing 
the binding site for miR-1290 was cloned into the pGL3 
vector (BD Biosciences, Franklin Lakes, NJ, USA) and 
cotransfected with the miR-1290 mimic, mutated miR-
1290 mimic, or miR-1290 inhibitor into the cells using 
Lipofectamine 2000 (Life Technologies) according to the 
manufacturer’s instructions. Luciferase reporter assays 
were performed after 48 h of posttransfection according  
to the Dual-Luciferase Reporter Assay Sys tem (Promega).

Statistical Analysis

All statistical analyses were performed using SPSS 
20.0 (SPSS, Inc., Chicago, IL, USA). Data are presented 
as the mean ± SD for three independent experiments. 
The differences between groups were analyzed using 
Student’s t-test, and a value of p < 0.05 was defined as 
significant.
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RESULTS

miR-1290 Is Overexpressed in CRC

We used genome-wide miRNA expression profiles of 
20 normal colonic tissues and 50 CRC tissues determined 

by miRNA microarray (GSE30454) to investigate the 
miR-1290 level13 and found that miR-1290 was signifi-
cantly upregulated in CRC tissues (Fig. 1A). We also 
used eight pairs of CRC tissues and adjacent colonic 
tissues to examine the miR-1290 level and found that 

Figure 2. miR-1290 overexpression promotes CRC cell proliferation. (A) Quantitative real-time (qRT)-PCR assay demonstrated that 
miR-1290 was overexpressed in CRC cells infected with virus containing miR-1290 overexpression vector. (B) MTT assay suggested 
that miR-1290 overexpression promoted CRC cell proliferation. (C) Colony formation assay revealed that miR-1290 overexpression 
promoted CRC cell proliferation. (D) Soft agar growth assay suggested that miR-1290 overexpression promoted tumorigenesis in 
vitro. Data are presented as mean ± SD for three independent experiments. *p < 0.05.

Figure 1. MicroRNA-1290 (miR-1290) is upregulated to colorectal cancer (CRC) tissues and cells. (A) miR-1290 was upregulated 
in CRC tissues compared to the normal tissues; data from GSE3045. (B) miR-1290 was upregulated in CRC tissues (T) compared to 
the adjacent normal colorectal tissues (TANT). (C) miR-1290 was upregulated in CRC cells. Data are presented as mean ± SD for three 
independent experiments.
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miR-1290 was upregulated in CRC tissues compared to 
paired normal colonic tissues (Fig. 1B). We also found 
miR-1290 was upregulated in CRC tissues compared to 
normal colonic cells (Fig. 1C). These findings suggested 
that miR-1290 was upregulated in CRC tissues and cells.

miR-1290 Contributes to the Cell Proliferation of CRC

To elucidate the effect of miR-1290 on cell prolifera-
tion of CRC, miR-1290 was significantly upregulated  
in CRC cells SW480 and HT-29 after miR-1290 over-
expression vector was transfected (Fig. 2A). MTT assay 
found that miR-1290 overexpression promoted cell pro-
liferation (Fig. 2B). Colony formation assay suggested 
that miR-1290 overexpression significantly promoted cell  
proliferation (Fig. 2C). Anchorage-independent growth 
ability assay revealed that miR-1290 overexpression pro-
moted cell proliferation (Fig. 2D). These findings sug-
gested that miR-1290 overexpression promoted CRC cell 
proliferation.

To confirm these findings, miR-1290 was downregu-
lated in CRC cells SW480 and HT-29 using the miR-1290 
inhibitor (Fig. 3A). MTT assay found that miR-1290 

knockdown inhibited cell proliferation (Fig. 3B). Colony 
formation assay suggested that miR-1290 knockdown 
signifi cantly suppressed cell proliferation (Fig. 3C). 
Anchorage-independent growth ability assay revealed 
that miR-1290 knockdown inhibited cell proliferation 
(Fig. 3D). These findings suggested that miR-1290 knock-
down inhibited CRC cell proliferation. Taken together, 
miR-1290 contributed to CRC cell proliferation.

miR-1290 Contributes to CRC Cell Proliferation 
by Targeting INPP4B

In our study we used public bioinformatics algorithms 
(including TargetScan and miRNase) to predict targets of  
miR-1290 and found that INPP4B might be a target of 
miR-1290 (Fig. 4A). Western blot assay suggested that 
miR-1290 overexpression inhibited INPP4B expression,  
whereas miR-1290 knockdown promoted INPP4B expres-
sion (Fig. 4B). Luciferase reporter system assay revealed 
that luciferase activity was significantly reduced in a dose- 
dependent manner when miR-1290 mimic was cotrans-
fected with luciferase reporter vector pGL3-INPP4B-
3¢-UTR. Luciferase activity was significantly increased 

Figure 3. miR-1290 knockdown inhibits CRC cell proliferation. (A) qRT-PCR assay suggested that miR-1290 was downregulated in 
CRC cells transfected with the miR-1290 inhibitor. (B) MTT assay suggested that miR-1290 knockdown inhibited CRC cell prolifera-
tion. (C) Colony formation assay suggested that miR-1290 knockdown inhibited CRC cell proliferation. (D) Soft agar growth assay 
revealed that miR-1290 knockdown inhibited tumorigenesis in vitro. Data are presented as mean ± SD for three independent experi-
ments. *p < 0.05.
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in a dose-dependent manner when miR-1290 inhibitor 
was cotransfected with luciferase reporter vector pGL3-
INPP4B-3¢-UTR. Luciferase activity was not changed 
when mutation miR-1290 mimic was cotransfected 
with luciferase reporter vector pGL3-INPP4B-3¢-UTR  
(Fig. 4C), suggesting that miR-1290 directly bound to  
the 3¢-UTR of INPP4B.

We further confirmed that miR-1290 contributed to 
CRC cell proliferation by analyzing cell proliferation regu-
latory proteins p27 and cyclin D1. qRT-PCR and Western 
blot assay suggested that miR-1290 overexpression inhib-
ited p27 expression and promoted cyclin D1 expression 
at both the mRNA and protein levels. miR-1290 knock-
down promoted p27 expression and inhibited cyclin D1 

Figure 4. Inositol polyphosphate 4-phosphatase B (INPP4B) is the target gene of miR-1290. (A) miR-1290 could bind to the 
3¢-untranslated region (3¢-UTR) of INPP4B predicted using public software. The wild and mutated seed sites are shown. (B) Western blot 
assay revealed that miR-1290 had an opposite expression level in CRC cells. GAPDH was used as the loading control. (C) Luciferase 
reporter assay suggested that miR-1290 directly bound to the 3¢-UTR of INPP4B, and the mutated seed sites abrogated the binding. 
(D, E) miR-1290 promoted cyclin D1 level and inhibited p27 level in CRC cells. Data are presented as mean ± SD for three independent 
experiments. *p < 0.05.
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expression (Fig. 4D and E), suggesting that miR-1290 
contributed to CRC cell proliferation.

To demonstrate whether miR-1290 contributes to 
CRC cell proliferation by targeting INPP4B, INPP4B and 
miR-1290 were knocked down at the same time. Western 
blot assay suggested that siRNAs for INPP4B could 
effectively downregulate INPP4B expression (Fig. 5A). 
Double knockdown of INPP4B and miR-1290 could pro-
mote CRC cell proliferation analyzed by colony forma-
tion assay and anchorage-independent growth ability assay 
(Fig. 5B and C), copying the effects of miR-1290 over-
expression. We also analyzed whether double knockdown 
of miR-1290 and INPP4B could regulate cyclin D1 and 
p27 and found that double knockdown of miR-1290 and 
INPP4B increased cyclin D1 expression and reduced p27 
expression at both the protein and mRNA levels (Fig. 5D 
and E). These findings suggested that miR-1290 contrib-
utes to CRC cell proliferation by targeting INPP4B.

DISCUSSION

In this study, we studied the role of miR-1290 in CRC 
cell proliferation and found that miR-1290 was upregu-
lated in human CRC tissues and cells. In addition, miR-
1290 overexpression promoted CRC cell proliferation, 
and its downregulation inhibited CRC cell proliferation. 
Knockdown of INPP4B and miR-1290 promoted CRC 
cell proliferation, suggesting that miR-1290 promoted 
CRC cell proliferation by targeting INPP4B.

INPP4B, which catalyzes PI(3,4)P2 to PI(3)P, has dual 
roles in the progression of tumors. It acts as a tumor sup-
pressor in prostate cancer14,15, melanocytic neoplasms16, 
thyroid cancer17, bladder cancer18, and breast cancers19,20, 
and it acts as an oncogene in breast cancers harboring 
PIK3CA mutation21 and melanomas22. This suggested 
that the role of INPP4B in tumors is dependent on gene-
tic context. A previous report suggested that INPP4B is 

Figure 5. miR-1290 promotes CRC proliferation through inhibiting INPP4B. (A) Western blot demonstrated that INPP4B small 
interfering RNAs (siRNAs) could inhibit the INPP4B level. a-Tubulin was used as the loading control. (B) Colony formation assay 
suggested that knockdown of miR-1290 and INPP4B promoted CRC cell proliferation. (C) Soft agar growth assay suggested that 
knockdown of miR-1290 and INPP4B promoted tumorigenesis in vitro. (D, E). Double knockdown of miR-1290 and INPP4B pro-
moted cyclin D1 level and inhibited p27 level in CRC cells. Data are presented as mean ± SD for three independent experiments. 
*p < 0.05.
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upregulated in CRC cells and tissues and promotes CRC 
cell proliferation by regulating Akt and SGK3 pathways 
and downregulating PTEN23. However, our study sug-
gested that INPP4B inhibited CRC cell proliferation. This 
might be caused by a different cellular context. The role of 
INPP4B in CRC progression should be examined further.

p27 and cyclin D1 are important cell proliferation 
regulators; p27 inhibits cell cycle progression, and cyclin 
D1 accelerates G1/S phase transition24. We found that 
miR-1290 overexpression inhibited p27 expression and 
promoted cyclin D1 expression, whereas its knockdown 
promoted p27 expression and inhibited cyclin D1 expres-
sion, suggesting that miR-1290 promoted CRC cell pro-
liferation, consistent with the results determined using 
MTT assay, colony formation assay, and soft agar growth 
assay. In summary, miR-1290 promoted CRC cell prolif-
eration by inhibiting INPP4B.
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