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Abstract The dysregulation of miR-1224-5p has been

reported in several human cancers. However, the expres-

sion and function of miR-1224-5p in glioma remains

unknown. The aim of our study was to investigate the

effect of miR-1224-5p on glioma cells and to determine its

functional signaling mediators. Using 198 glioma samples

within the Chinese Glioma Genome Atlas expression

dataset, we demonstrated that miR-1224-5p expression is

decreased in high-grade gliomas when compared with low-

grade gliomas. Differential miR-1224-5p expression in 50

randomly selected samples was verified by in situ hybrid-

ization. The expression of miR-1224-5p was shown to

positively correlate with overall survival in 82 glioblas-

toma patients. Exogenous expression of miR-1224-5p in

glioma cells suppressed proliferation and invasion and

promoted apoptosis. Target prediction algorithms identified

a consensus miR-1224-5p recognition site in the 30UTR of

the cAMP response element-binding protein (CREB1)

gene, and this sequence was shown to directly confer miR-

1224-5p repression in luciferase reporter assays. Further-

more, exogenous miR-1224-5p expression was shown to

down-regulate CREB1, as well as its downstream target

genes matrix metalloproteinase-9 and B-cell lymphoma-2.

Conversely, over-expression of CREB1 reversed the effect

of miR-1224-5p on the proliferation, invasion, and apop-

tosis of glioma cells. These data indicate that miR-1224-5p

may inhibit tumor-associated activity in malignant gliomas

by targeting CREB1.
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Introduction

Malignant glioma is one of the most common forms of

neural malignancy with high morbidity and mortality.

Despite recent advances in surgery and adjuvant therapy,

the prognosis and tumor recurrence in glioblastoma

patients have not been significantly improved [1–3].

Growing evidence suggests that the progression of glio-

blastoma depends on the rate of cell proliferation and

apoptosis, and one of the reasons for recurrence of glio-

blastoma is the widespread diffuse invasion of tumor cells

into brain tissues [4]. Thus, understanding the key molec-

ular mechanism underlying gliomagenesis is crucial for

developing novel and effective therapeutic strategies.

MicroRNAs (miRNAs) are single-stranded, short, non-

coding RNAs involved in many biological processes

including tumorigenesis [5, 6]. Accumulating evidences

show that miRNAs modulate cell proliferation, apoptosis,

invasion, and metastasis in human cancers [7–10]. The
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dysregulation of miRNAs has been observed in various

types of human malignant tumors, including lymphoma,

colorectal cancer, lung cancer, breast cancer, liver cancer

and glioblastoma [11–16]. Recently, abnormal expression

of miR-1224-5p has been reported in several human can-

cers [17–19]. However, little is known about the expression

and function of miR-1224-5p in gliomas.

cAMP response element-binding protein (CREB1) is a

nuclear transcription factor that expressed abnormally in

many cancers, including non-small cell lung carcinoma,

breast cancer, acute myeloid leukemia, and gliomas [20–

23]. As a potent oncogene, it regulates the proliferation,

survival, apoptosis, invasion, and metastasis of tumor cells

[24, 25]. Previous studies have shown that CREB1 is reg-

ulated by miR-200b and that it suppresses cell growth in

human malignant glioma [26]. However, the mechanism of

CREB1 in glioma and the potential regulation by other

miRNAs warrant further investigation.

In this study, we determined that miR-1224-5p is down-

regulated in glioma tissue, and its expression serves as a

protective factor for the prognosis of glioblastoma patients.

We demonstrated that exogenous expression of miR-1224-

5p in glioblastoma cells inhibits tumor proliferation,

decreases invasion capability, and promotes cell apoptosis.

Furthermore, we showed that miR-1224-5p directly targets

the 30UTR of CREB1 to regulate its expression and

downstream signaling proteins. Our findings provide the

first evidence of a role for miR-1224-5p as a tumor sup-

pressor in glioma mediated by targeting CREB1. Based on

these findings, miR-1224-5p could provide a novel thera-

peutic target and survival predictor for glioma patients.

Materials and methods

Samples and data analysis

Data on miR-1224-5p expression from 198 glioma samples

(WHO II, n = 63; WHO III, n = 44; WHO IV, n = 91)

and data on miR-1224-5p-related survival from 82 glio-

blastoma tissues (low expression, n = 41; high expression,

n = 41) were downloaded from the Chinese Glioma

Genome Atlas (CGGA, http://www.cgcg.org.cn/). The data

were further analyzed using one ANOVA, Kaplan–Meier

survival analysis, and log-rank testing.

In situ hybridization

Fifty glioma tissues (10 grade II, 20 grade III and 20 grade

IV) were randomly selected for verification of differential

miR-1224-5p expression. In situ hybridization was pro-

cessed according to the manufacturer’s instructions using

antisense locked nucleic acid (LNA)-modified probes

(Boster, Wuhan, China). The probe sequence of miR-

1224-5p was as follows: 50-CACTCCTGAGCCCTC-

CACC-3. Each sample was examined separately by two

pathologists.

Cell lines and culture

Human U251 and U87 glioblastoma cell lines were pur-

chased from the Chinese Academy of Sciences Cell Bank.

All cells were grown in Dulbecco’s Modified Eagle’s

medium (Gibco, USA) supplemented with 10 % fetal

bovine serum (FBS) (Invitrogen) in an incubator at 37 �C

with 5 % CO2.

Oligonucleotides and cell transfection

Oligonucleotides were chemically synthesized by Gene

Pharma (Shanghai, China), based on the following

sequences: hsa-miR-1224-5p mimic (miR-1224-5p), 50-
GUGAGGACUCGGGAGGUGG-30; scrambled miRNA as

a negative control (NC), 50-UUCUCCGAACGUGUCAC-

GUTT-30. The CREB1 cDNA construct in pReceiver-M02

plasmid (CREB1) lacks its 30UTR and was obtained from

Fulengen (Guangzhou, China). Oligonucleotides were

transfected into U251 and U87 glioblastoma cells at dif-

ferent concentrations using Lipofectamine 2000 (Invitro-

gen) for 6 h.

Cell proliferation assay

U87 and U251 glioma cells were seeded at 5,000 cells per

well in 96-well plates (six replicate wells per condition)

and cultured overnight. The cells were transfected with

miR-1224-5p mimic or a scrambled control construct. The

proliferation of the cells was measured every 24 h after

transfection using a Cell Counting Kit-8 (CCK-8) (Beyo-

time, China) according to the manufacturer’s instructions.

The cell viability was determined at 450 nm absorbance

using an enzyme-linked immunosorbent assay plate reader.

In vitro invasion assay

Cell invasion was assessed using transwell assays. The

upper chambers were pre-incubated for 3 h to form a layer

of Matrigel (BD Biosciences). Transfected cells were pla-

ted at a density of 3 9 104 cells per well in the upper

chambers filled with serum-free medium. The lower

chamber was filled with 20 % FBS as a chemo-attractant.

After incubating for 24 h, cells remaining in the upper

chamber were carefully removed with a cotton swab, while

invading cells at the bottom well were fixed with 3 %

paraformaldehyde, stained with crystal violet, counted, and
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photographed in three independent fields per well (9100

magnification).

Apoptosis assay

U251 and U87 cells were plated into 6-well plates and trans-

fected with oligonucleotides. The apoptosis ratio was analyzed

48 h after transfection using an Annexin V-FITC apoptosis

detection kit (BD Biosciences, USA) according to the manu-

facturer’s instructions. Annexin V-FITC and propidium iodide

(PI) double staining was used to evaluate the percentages of

apoptosis. Cells without annexin V and PI were used as con-

trols. Cells that were Annexin V? and PI- were considered

apoptotic. Assessment of apoptosis was repeated in triplicate.

Luciferase reporter assay

For the luciferase reporter assay, the 30UTR fragment of

CREB1 containing the putative binding site of miR-

1224-5p was sub-cloned into a pGL3 luciferase reporter

vector. The 30UTR of CREB1 without the putative miR-

1224-5p binding sequences was used as a mutant (Mut)

(Invitrogen). U251 and U87 glioma cells were seeded

into 24-well plates. Once the cells had reached 60–70 %

confluence, they were co-transfected with miR-1224-5p

and pGL3-CREB1-30UTR-Luc. Luciferase activity was

measured with the Dual-Luciferase Reporter Assay Sys-

tem 48 h after transfection, according to the manufac-

turer’s protocols (Promega, Madison, USA).

Western blotting

After transfection of oligonucleotides, proteins were

extracted from cells with RIPA lysis buffer (KenGEN,

China) and quantified using a BCA Protein Assay Kit

(Beyotime, China). Total protein lysates were separated by

SDS-PAGE. The separated proteins were transferred to

PVDF membranes (Millipore, USA). The membranes were

blocked in 5 % nonfat milk and incubated with CREB1

(1:400, SantaCruz, USA), Bcl-2 (1:1,000, Bioworld, USA),

and MMP9 (1:1,000, CST, USA) primary antibodies, fol-

lowed by incubation with HRP-conjugated secondary

antibody (1:2,000, SantaCruz, USA). GAPDH was tested

as a control (1:5,000, Bioworld, USA).

Fig. 1 The expression of miR-

1224-5p in gliomas and its

association with survival in

glioblastomas. a The levels of

1224-5p were analyzed by one-

way ANOVA using data from

198 glioma tissues in the CGGA

glioma dataset (WHO II,

n = 63; WHO III, n = 44;

WHO IV, n = 91). The

expression in WHO II samples

was statistically greater than in

either WHO III samples or

WHO IV samples, but the

expression in WHO III and

WHO IV was not statistically

different. b In situ hybridization

confirmed that the levels of

miR-1224-5p are decreased in

high-grade glioma tissues

compared with low-grade

glioma tissues (9400

magnification). Results are

representative of the results

from 50 glioma samples.

c Kaplan–Meier survival curves

according to the expression of

miR-1224-5p in 82

glioblastoma samples from the

CGGA dataset. Results suggest

that low expression of miR-

1224-5p confers a poor

prognosis in glioma patients

Mol Cell Biochem (2015) 403:33–41 35

123



Statistical analysis

Kaplan–Meier survival analysis was used to estimate the sur-

vival distributions, and the log-rank test was used to assess the

statistical significance between stratified survival groups. Data

were analyzed by the Student’s t-test and one-way ANOVA,

using SPSS 13.0 software package. P \ 0.05 was considered

significant. All experiments were performed three times.

Fig. 2 Effect of miR-1224-5p on the proliferation, invasiveness, and

apoptosis of glioma cell lines. a, b Effect of miR-1224-5p expression

on the proliferation of glioma U87 (a) and U281 (b) cell lines was

measured by CCK8 assay at a timecourse after transfection with

negative control oligonucleotide (NC) or miR-1224-5p mimic (miR-

1224-5p). The mean ± SD of six wells is shown. c, d The effect of

miR-1224-5p on glioma cells invasion was assessed by in vitro

transwell invasion assay. Representative results are shown in (c), and

the mean ? SD of the cell numbers in triplicate well is plotted in (d).

e, f Effect of miR-1224-5p on cell apoptosis in glioma cell lines was

assessed by flow cytometry after Annexin V/PI staining. Represen-

tative results are shown in (e), and the mean ? SD of the apoptosis

rate (Annexin V ?/PI-cells) of triplicates is shown in (f).
*P \ 0.05;**P \ 0.01, ***P \ 0.001

36 Mol Cell Biochem (2015) 403:33–41

123



Results

MiR-1224-5p is down-regulated in glioma tissues

and confers a protective prognosis to glioma patients

To determine whether miR-1224-5p expression may serve

as a prognostic factor in glioma, the expression of mature

miR-1224-5p was analyzed in a series of 198 different

grade glioma samples from the CGGA. As shown in

Fig. 1a, high-grade (WHO III and IV) gliomas demon-

strated a significant decrease in mean miR-1224-5p tran-

script levels compared to the levels in low-grade (WHO II)

gliomas (P \ 0.05). The lower levels of miR-1224-5p in

high-grade gliomas in comparison with low-grade gliomas

were verified by in situ hybridization of 50 tissue samples

(Fig. 1b). Furthermore, the correlation between miR-1224-

5p expression and overall survival was measured through

Kaplan–Meier survival curve analysis with a log-rank

comparison. The group with low miR-1224-5p expression

was associated with poor survival relative to the high-

expression group (n = 41 each group; P = 0.02) (Fig. 1c).

These results demonstrate that miR-1224-5p is down-reg-

ulated in glioblastoma patients.

Critical role of miR-1224-5p in glioma cells

To explore the biological function of miR-1224-5p in gli-

oma cells, a commercially synthesized miR-1224-5p mimic

was transfected into U251 glioma cells. Over-expression of

miR-1224-5p markedly attenuated cell proliferation as

determined by CCK8 assay (Fig. 2a, b). Furthermore, up-

regulation of miR-1224-5p significantly decreased cell

invasion potential compared with the NC, both in U251 and

U87 cells (Fig. 2c, d). More apoptotic cells were observed

in U251 and U87 glioma cells treated with the miR-1224-

5p mimic as compared to the NC as assessed by Annexin

V/PI staining and flow cytometry (Fig. 2e, f). These results

suggest that miR-1224-5p plays an important role in pro-

liferation, invasion, and apoptosis of glioma cells.

CREB1 is a direct target of miR-1224-5p

To determine the mechanism of action of miR-1224-5p in

glioma cells, we performed an miRNA target search using

TargetScan and miRanda. A highly conserved putative

recognition sequence of miR-1224-5p was identified in

the 30UTR of CREB1 (Fig. 3a), suggesting that CREB1 is

a potential target of miR-1224-5p. To determine if this

site is targeted by miR-1224-5p, we created plasmids

containing wild-type (WT) and Mut CREB1 30UTRs.

Over-expression of miR-1224-5p suppressed the lucifer-

ase activity of the WT plasmid, though no significant

change was detected in luciferase activity of the Mut

plasmid in U87 or U251 cells (Fig. 3b). Consistently,

Western blot analysis showed that transfection of

miR1224-5p reduced the expression of endogenous

CREB1 in glioma cells. Furthermore, the protein

expression of the CREB1 target genes, B-cell lymphoma-

2 (Bcl-2, which is associated with apoptosis), and matrix

metalloproteinases-9 (MMP9, which is associated with

invasion) were also decreased after transfection of miR-

Fig. 3 MiR-1224-5p directly targets CREB1. a Putative binding sites

of miR-1224-5p within the 30UTR of CREB1 and four additional

genes, as predicted by TargetScan and miRanda. b Transfected miR-

1224-5p mimic (miR-1224-5p), but not the negative control (NC)

oligonucleotide down-regulated the luciferase activity of a wild-type

CREB1 30UTR (WT) reporter construct in U87 and U251 cells. As a

control, the activity of the mutant CREB1 30UTR (Mut) reporter was

not down-regulated by miR-1224-5p. Values represent the

mean ? SD of triplicates and were normalized to 1.0 in the NC

transfection samples. **P \ 0.01. c Over-expression of miR-1224-5p

decreased CREB1, MMP9 and Bcl-2 expression in U87 and U251

cells. Protein expression was assessed by Western blotting 24 h after

transfection with NC or miR-1224-5p oligonucleotides. GAPDH was

tested as a loading control. Results are representative of three

independent experiments
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1224-5p (Fig. 3c). These data provide evidence that miR-

1224-5p can directly modulate CREB1 expression by

binding to the 30UTR of CREB1 mRNA, which modu-

lates downstream MMP9 and Bcl-2 expression in glioma

cells [27–29] (Fig. S).

Expression of CREB1 overrides miR-1224-5p

biological function

To determine the functional consequence of the targeting

of CREB1 by miR-1224-5p, we transfected miR-1224-5p

Fig. 4 Expression of CREB1 abrogates miR-1224-5p biological

function of glioma cell lines. a Western blots to assess CREB1

expression after transfection of U87 and U251 cells with miR-1224-

5p mimic and/or CREB1 expression plasmid. GAPDH was tested as a

loading control. b, c Expression of CREB1 reversed the miR-1224-

5p-induced inhibition of proliferation as assessed by CCK-8 assay for

U87 cells (b) and U251 cells (c). Results represent the mean ? SD of

six wells. d, e Expression of CREB1 reversed the miR-1224-5p-

induced inhibition of invasiveness as assessed by transwell invasion

assay. Images (d) and mean ? SD cell numbers (e) from triplicate

well for a representative experiment are shown. f, g Expression of

CREB1 reversed the miR-1224-5p-induced apoptosis as assessed by

Annexin/PI staining and flow cytometry. Results from one represen-

tative replicate (f) and the mean ? SD of triplicates (g) are shown.

Results are representative of three independent experiments.

**P \ 0.01, ***P \ 0.001
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together with a CREB1 expression plasmid into U87 and

U251 cells followed by functional assays. The expression

of CREB1 protein was confirmed by Western blotting

(Fig. 4a). Importantly, expression of CREB1 rescued the

effects of miR-1224-5p on proliferation, invasion, and

apoptosis of U87 and U251 glioma cells (Fig. 4b–g). These

results indicate that CREB1 is a critical target of miR-

1224-5p in regulating glioma cell biological function.

Discussion

MiRNAs play an important role in regulating various

physiological and pathological events at the post-tran-

scriptional level [30]. Growing evidence indicates that

miRNAs target multiple genes involving almost all aspects

of cancer biology [31]. The investigation of miRNAs and

their mRNA target genes and pathways, therefore, provides

an effective approach to further our understanding of car-

cinogenesis. Recent studies have shown that many miR-

NAs function as tumor suppressors and are down-regulated

in diverse human cancers [32, 33]. Several independent

research groups have reported that miR-1224-5p is down-

regulated in colorectal cancer, rectal cancer, and lung

cancer [17–19]. However, the expression and function of

miR-1224-5p in malignant glioma remains unclear. In the

present study, by analyzing data from the CGGA, we found

that the expression of miR-1224-5p is decreased in high-

grade gliomas compared to low-grade gliomas. We con-

firmed the differential expression of miR-1224-5p by

in situ hybridization. Furthermore, survival analysis sug-

gested that miR-1224-5p may serve as an independent

prognostic factor in glioma patients. The up-regulation of

miR-1224-5p dramatically repressed glioma cell prolifer-

ation and invasion and promoted cell apoptosis, which is

consistent with its potential role as a tumor suppressor in

glioma. These data suggest that miR-1224-5p might play a

critical role in the development of glioma as a tumor

suppressor miRNA.

In a search of functional targets of miR-1224-5p, we

identified CREB1 as a miR-1224-5p-regulated gene in

glioma cells. CREB1 is a transcription factor containing a

43-kDa basic/leucine zipper structure that has a central role

in regulating the expression of multiple target genes [25]. It

can be activated through phosphorylation via a number of

kinases pathways, including the protein kinase A (PKA),

protein kinase C (PKC), Ca2?/calmodulin-dependent

kinase (CaM kinases), p90 ribosomal S6 kinase, and extra-

cellular signal-regulated kinases (ERK1/2) signaling path-

ways [34, 35]. CREB1 has been classically studied in the

physiology of nerve or contractile cells [36, 37]. Accu-

mulating evidence suggests that CREB1 is a proto-onco-

genic transcription factor that promotes tumorigenesis in

many cancers [24, 38]. Knockdown of CREB1 suppresses

the malignant progression of human mesotheliomas by

reducing the expression of Bcl2, c-FOS, MMP9, and

MMP13 [25]. Recently, some miRNAs involved in the

dysregulation of CREB1 have been identified in human

gliomagenesis [26, 39]. Here, we demonstrated that

CREB1 is a direct target of miR-1224-5p in glioma cells

through a recognition site in its 30UTR. Consistent with the

functional regulation of CREB1 by miR-1224-5p, Bcl2 and

MMP9 were down-regulated upon miR-1224-5p expres-

sion. Exogenous up-regulation of CREB1 largely reversed

the effects of miR-1224-5p on cell proliferation, invasion

and apoptosis. These findings indicate that CREB1 is reg-

ulated by miR-1224-5p in glioma cells, and that CREB1

subsequently directly or indirectly modulates its target

genes to control the cell proliferation, invasion, and

apoptosis of gliomas.

In summary, we have shown that miR-1224-5p is down-

regulated in malignant glioma and acts as a tumor suppressor

in glioma by targeting CREB1, thus regulating cell prolif-

eration, invasion, and apoptosis. We also provide evidence

that low levels of miR-1224-5p expression are significantly

associated with poor overall survival. Consequently, miR-

1224-5p may function as an intrinsic regulator in human

gliomagenesis and a potential predictor of survival in this

devastating disease. As our functional data were largely

derived from cell lines, further studies should be focused on

the miR-1224-5p/CREB1 molecular network within the

clinical context, as well as the targeting of the miR-1224-5p/

CREB1 axis as a potential therapeutic application.
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