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MicroRNA-205 functions as a tumor suppressor in
colorectal cancer by targeting cAMP responsive
element binding protein 1 (CREB1)
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Abstract: Background: MicroRNAs (miRNA) have been documented playing critical roles in cancer progression.
Aberrant expression of miR-205 has been reported in several types of cancer. However, the role and mechanism
of miR-205 in colorectal cancer (CRC) remains unclear. Methods: In this study, the expression levels of miR-205
in CRC tissues and cell lines were detected by quantitative real-time PCR (qRT-PCR). MTT assay and transwell as-
says were applied to assess the effect of miR-205 on CRC cell proliferation, migration and invasion abilities in vitro.
Furthermore, Dual-luciferase reporter assay was conducted to confirm the direct binding of miR-205 and target
genes. Results: In the present study, we found that the expression level of miR-205 in CRC tissues and cell lines
was significantly down-regulated. Functional assays showed that overexpression of miR-205 suppressed CRC cell
proliferation, migration and invasion in vitro. In addition, cAMP responsive element binding protein 1 (CREB1) was
identified as targets of miR-205. Silencing CREB1 had similar effects of miR-205 restoration on proliferation, migra-
tion and invasion in CRC cells. Conclusions: Our results demonstrated that miR-205 may act as a tumor suppressor
by targeting the CREB1 gene and suppressing CRC cell proliferation, migration and invasion. Thus, miR-205 may
represent a potential therapeutic target for CRC intervention.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignancies and a leading cause of can-
cer-related morbidity all over the world [1].
Despite innovative therapeutic strategies
applied to CRC treatment, the prognosis for
CRC patients has not significantly changed in
the last 20 years [2]. The poor prognosis of CRC
is related mainly to frequent tumor metastasis
and tumor recurrence after surgical resection
[3]. Thus, understanding the molecular mecha-
nisms which regulate the metastasis and recur-
rence in CRC is of crucial significance to the
development of therapeutic strategies for CRC
patients.

microRNAs (miRNA) are a class of are small non
coding RNAs that repress protein translation
through binding to the 3’-untranslated region
(UTR) of their target mRNAs in a sequence-spe-
cific manner [4]. In recent years, miRNAs have

been proven to play important roles in the cell
viability, proliferation, invasion and metastasis
of human cancer, and it is believed that miRNAs
function both as tumor suppressors and onco-
genes in cancer progression [5, 6]. For exam-
ple, Yang et al reported that miR-506 was
downregulated in clear cell renal cell carcinoma
and could inhibit renal cancer cell growth and
metastasis via suppressing FLOT1 expression
[7]. Sun et al showed that miR-646 was down-
regulated in osteosarcoma and inhibited osteo-
sarcoma cell migration and invasion by down-
regulating FGF2 expression [8]. Xu et al demon-
strated that miR-221/222 was overexpressed
in pancreatic cancer and promoted pancreatic
cancer cell proliferation and invasion via regu-
lating TIMP-2 expression [9]. However, to our
knowledge the underlying mechanism of miR-
205 in CRC remains unclear.

In this study, we showed that miR-205 was
downregulated in CRC tissues and cell lines.


http://www.ajtr.org

miR-205 as a tumor suppressor in colorectal cancer

Overexpression of miR-205 inhibited CRC cell
proliferation, migration and invasion in vitro.
Furthermore, we identified cAMP responsive
element binding protein 1 (CREB1) as a direct
and functional target of miR-205. Knockdown
of CREB1 exerted similar effects of miR-205
restoration on proliferation, migration and inva-
sion of CRC cells. Thus, our data suggested
that miR-205 play a critical role in CRC cell pro-
liferation, migration and invasion through sup-
pression of CREB1, indicating that miR-205
might serves as a potential therapeutic target
of CRC.

Materials and methods
Tissue specimens and cell cultures

Human CRC tissues and matched adjacent
non-tumor tissues were collected from 20 CRC
patients who underwent surgical resection at
the Department of Surgery, Affiliated Hospital
of Nantong University. This study was approved
by the Ethics Committee of Nantong University
and informed consent was obtained from each
patient. Normal colon epithelium cell line FHC
and CRC cell lines SW480, HT29 and HCT116
were purchased from the American Type
Culture Collection (ATCC). All cells were main-
tained in RPMI-1640 culture medium supple-
mented with 10% fetal bovine serum (FBS) in a
humidified cell incubator with an atmosphere of
5% CO, at 37°C.

Transfection experiments

miR-205 mimics and negative control (NC) were
purchased from GenePharma (China). Small
interfering RNA against CREB1 (si-CREB1) and
negative control (si-NC) were synthesized
by RiboBio (China). The sequences of the si-
CREB1 were: sense 5-AUUGUUAGCCAGCU-
GUAUUG-3’, antisense 5-CAAUACAGCUGGC-
UAACAAU-3’ Transfection was performed using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instructions. Transfection
efficiency was monitored by qRT-PCR.

MTT assay

Cell proliferation was measured by MTT assay.
Cells were seeded in 96-well culture plates at a
density of 5 x 103 cells/well. Transfection was
performed the next day at the concentration
described above. Cell proliferation was ana-
lyzed at 24, 48, 72 and 96 h, and the optical
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absorbance was read at 490 nm by EnSpire
Multimode Plate Reader (PerkinElmer).

Transwell assays

For transwell migration assay, 5 x 10* cells
were plated in the top chamber of each insert
(BD Biosciences) with a non-coated membrane.
For invasion assay, 1 x 10° cells were added to
the upper chamber with 100 ug Matrigel (BD
Biosciences). For both assay types, 800 pl of
medium supplemented with 10% FBS was
injected into the lower chambers. After harvest,
the inserts were fixed and stained in a dye solu-
tion containing 0.1% crystal violet and 20%
methanol. Cells adhering to the lower mem-
brane of the inserts were imaged with micro-
scope (Olympus).

Luciferase reporter assay

The 3’-untranslated region (3’UTR) sequence of
CREB1 predicted to interact with miR-205 or a
mutated sequence within the predicted target
sites was synthesized and inserted into the
Xbal and Fsel sites of the pGL3 control vector
(Promega). These constructs were named as
Wt CREB1-3'UTR or Mut CREB1-3'UTR, respec-
tively. For the reporter assay, HEK293 cells
were seeded into 24-well plates and transfect-
ed with the above constructs and miR-205
mimics or negative control. After 48 h, the cells
were harvested and Renilla luciferase activity
was measured using the Dual luciferase report-
er assay (Promega) according to the manufac-
turer’s instructions.

RNA isolation and quantitative real-time PCR
(QRT-PCR)

Total RNA was isolated from CRC tissues and
cell lines using an mirVana™ miRNA Isolation
Kit (Applied Biosystems) according to the man-
ufacturer’s instructions. The expression level of
miR-205 in CRC tissues and cell lines was mea-
sured by gRT-PCR according to the Tagman
MicroRNA Assays protocol (Applied Biosystems)
and normalized using U6 small nuclear RNA.
The expression level of CREB1 mRNA was mea-
sured by gRT-PCR according to the SYBR Green
real-time PCR Assay protocol (Applied
Biosystems) and GAPDH was used for normal-
ization. All experiments were performed using
the 222Ct method. Each experiment was per-
formed in triplicate.
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Figure 1. miR-205 was downregulated in CRC tissues and cell lines. A. Expression of miR-205 in 20 paired CRC
tissues and their corresponding non-tumor tissues was detected by gqRT-PCR. U6 was used as an internal control.
B. Expression of miR-205 in three CRC cell lines (SW480, HT29 and HCT116) and normal colon epithelium cell line

FHC was detected by gRT-PCR. *P < 0.05.

Western blot

Cells were lysed using the mammalian protein
extraction reagent RIPA (Beyotime) supple-
mented with a protease inhibitor cocktail
(Roche) and phenylmethylsulfonylfluoride (Ro-
che). Equal amount proteins were separated by
10% SDS-PAGE gel and transferred to PVDF
membranes (Bio-Rad). Membranes were
probed with primary antibodies against CREB1
or GAPDH (Abcam) at 4°C overnight followed by
incubation with HRP conjugated secondary
antibodies. Protein was detected with Image
Acquisition using Image Quant™ LAS 4000 (GE
Healthcare Life Sciences).

Statistical analysis

Statistical analyses were performed using
SPSS version 18.0. All data are presented as
the mean + SD from at least three independent
experiments. Differences between groups were
analyzed using Student’s t test or one-way
ANOVA analysis. P < 0.05 was considered sta-
tistically significant.

Results

miR-205 was decreased in CRC tissues and
cell lines

To determine whether miR-205 was involved in
the tumorigenesis of CRC, we firstly examined
the expression of miR-205 in CRC tissues and
cell lines. Among 20 paired CRC tissue sam-
ples, miR-205 was significantly downregulated
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in CRC tissues compared to the adjacent non-
tumor tissues (Figure 1A). The expression of
miR-205 was further evaluated by qRT-PCR in
CRC cell lines and normal colon epithelium cell
line FHC. Remarkable downregulation of miR-
205 could also be observed in CRC cell lines
than that of FHC cell line (Figure 1B). These
results indicated that miR-205 might play an
important role in CRC progression.

miR-205 suppressed CRC cell proliferation,
migration and invasion

To investigate the function of miR-205 in the
CRC progression, SW480 and HT29 cells were
transfected with miR-205 mimics. The effect of
miR-205 mimics was confirmed by gRT-PCR
(Figure 2A). Ectopic overexpression of miR-205
significantly suppressed proliferation of SW480
and HT29 cells (Figure 2B). Furthermore, we
studied the effects of miR-205 on CRC cell
migration and invasion, our data showed that
enforced expression of miR-205 significantly
inhibited in vitro migration and invasion capa-
bilities of SW480 and HT29 cells (Figure 2C,
2D).

CREBL1 is identified as a functional target of
miR-205 in CRC

To elucidate the underlying molecular mecha-
nisms through which miR-205 executes its
function, TargetScan 6.2 was used to screen
the target of miR-205. CREB1, which is known
to act as an oncogene and play critical roles in
carcinogenesis and cancer progression [10]
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Figure 2. miR-205 inhibited CRC cell pro-
liferation, migration and invasion in vitro.
A. Expression of miR-205 in SW480 and
HT29 cells transfected with miR-205
mimics or negative control (NC) was de-
tected by qRT-PCR. B. miR-205 inhibited
SW480 and HT29 cell proliferation abil-
ity. C. miR-205 decreased the migration
ability of SW480 and HT29 cells. D. miR-
205 suppressed the invasion ability of of
SW480 and HT29 cells. *P < 0.05.
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Figure 3. miR-205 negatively regulated CREB1 by binding to the CREB1 3’'UTR. A. The potential miR-205 binding
sequence of CREB1 3’'UTR and the mutant. B. A luciferase reporter assay showed the inhibitory effect of miR-205 on
CREB1 3'UTR luciferase activity in HEK293 cells. C. CREB1 protein levels were analyzed by Western blot in SW480
and HT29 cells transfected with miR-205 mimics or negative control (NC). D. Relative expression levels of CREB1 in
CRC tissues and adjacent non-tumor tissues. E. Correlation of CREB1 expression to miR-205 expression in 20 CRC
tissues using simple linear regression analysis. P < 0.05.

was predicted as one of the targets (Figure 3A). were similar to the inhibitory effects on CRC
Luciferase activity assay showed that miR-205 cells observed with miR-205 mimics. Taken
significantly inhibited the wild-type (Wt) but not together, these data indicated that CREB1 was
the Mutant (Mut) 3'UTR of the CREB1 gene a direct target of miR-205 in CRC.

luciferase activity in HEK293 cells (Figure 3B).

Moreover, western blot analysis further demon- Discussion

strated that miR-205 overexpression signifi-

cantly suppressed the expression of CREB1 at Emerging evidence has shown that miRNAs

the protein levels in SW480 and HT29 cells could act as a novel class of oncogenic or tumor
(Figure 3C). We further examined the expres- suppressive genes [11]. Recently, multiple of
sion of CREB1 in the 20 cases of CRC tissues studies revealed that the aberrant expression
used before. Our results showed that CREB1 of miRNAs in a wide range of human cancers,

and the aberrant expression of miRNAs contrib-

was significantly increased and strongly inverse ) } SRR
uted to carcinogenesis by inhibiting the expres-

correlated with miR-205 expression in CRC tis-

sues (Figure 3D, 3E). sion of their target genes [12]. Here, we found
that miR-205 was downregulated in CRC tis-
CREB1 knockdown inhibited CRC cell prolifera- sues and cell lines, consistent with the report
tion, migration and invasion of Orang et al [13]. Ectopic expression of miR-
205 significantly inhibited CRC cell prolifera-
In order to explore the biological functions of tion, migration and invasion. Furthermore, we
CREB1, si-CREB1 was used to knockdown the identified that CREB1 was a direct target of
expression of CREB1 and to evaluate its func- miR-205, and decreased expression of CREB1
tion in SW480 cells. Western blot was used to have the similar effects of miR-205 restoration
determinate the expression of CREB1 (Figure on proliferation, migration and invasion of CRC
4A). MTT assay showed that CREB1 knockdown cells. These results demonstrated that miR-
dramatically suppressed CRC cell proliferation 205 could act as a novel potential therapeutic
in SW480 cells (Figure 4B). Moreover, tran- strategy for CRC.
swell assays showed that CREB1 downregula-
tion inhibited the migration and invasion capac- miR-205 has been found to be downregulated
ities of SW480 cells (Figure 4C). These results in many types of cancer. For example, Hagman
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Figure 4. Knockdown of CREB1 inhibited CRC cell proliferation, migration and invasion in vitro. A. Expression of
CREB1 in SW480 cells transfected with si-CREB1 or si-NC was detected by Western blot. B. Transfection of si-CREB1
inhibited SW480 cell proliferation ability. C. Transfection of si-CREB1 suppressed SW480 cell migration and invasion

ability. *P <0.05

et al showed that miR-205 were significantly
decreased in prostate cancer patients with
metastases [14]. Orang et al showed miR-205
was significantly downregulated in CRC sam-
ples and decreased miR-205 correlated with
lymphatic metastasis [13]. Kim et al found that
miR-205 might act as a tumor suppressor in KB
human oral cancer cell via inhibiting Axin-2
expression [15]. Elgamal et al reported that in
breast cancer cells miR-205 was significantly
decreased, and overexpression of miR-205
inhibited breast cancer cell proliferation and
invasion via inhibiting the expression of HMGB3
[16].

The cAMP responsive element binding protein
1 (CREB1) is a proto-oncogenic transcription
factor and involves in oncogenesis of many
organs. As a potent oncogene, through gene
amplification, chromosome translocation, in-
teraction with viral oncoproteins, and in-
activation of tumor suppressor genes, CREB1
promotes tumorigenesis by significantly im-
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pacting on growth, proliferation, survival,
metastasis and invasion of tumor cells [17, 18].
For example, Peng et al reported that CREB1
was high expressed in glioma tissues, and
ectopic expression of CREB1 attenuated the
growth suppressive phenotypes of glioma cells
caused by miR-200b [19]. Kong et al showed
that oncogenic CREB1 was increased in gastric
cancer and miR-182 targeted the CREB1 gene
and suppresses gastric adenocarcinoma cell
growth [20]. Yang et al showed that miR-433
inhibition of expression of the CREB1 repressed
hepatocellular carcinoma cell migration [21]. In
our study, we found that silencing CREB1
expression had similar effects of miR-205 res-
toration on proliferation, migration and inva-
sion in CRC cells.

In conclusion, our data revealed that miR-205
was dramatically downregulated in CRC tissues
and cell lines, and enforced expression of miR-
205 could suppress CRC cell proliferation,
migration and invasion. Moreover, we found

Am J Transl Res 2015;7(10):2053-2059



miR-205 as a tumor suppressor in colorectal cancer

that the tumor suppressor function of miR-205
was mediated by the downregulation of its
downstream target gene CREB1. These results
suggested that miR-205 deregulation might
play important roles in tumor progression and
miR-205 could be a potential therapeutic strat-
egy for the treatment of CRC.
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