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Abstract: Background and objective: Our previous studies reported that miR-451 could protect against erythroid
oxidant stress target gene-Ywhaz (14-3-3zeta) via inhibiting FoxO3 in the erythropoiesis. This study aimed to in-
vestigate the potential mechanism underlying the regulatory effect of miR-451 on human colorectal cancer (CRC)
cells. Methods: In this study, expressions of miR-451 and Ywhaz in CRC tissues and adjacent normal tissues were
detected by quantitative real-time PCR (qRT-PCR) and immunohistochemistry respectively. Human colon cancer cell
lines were transfected with miR-451-MSCV-PIG retroviral vector to restore miR-451 expression. Ywhaz-3’UTR lucif-
erase reporter assay confirmed Ywhaz as a direct target gene of miR-451. HCT116 cells and H29 cells were trans-
fected with -shRNA-Ywhaz (pSGU6-Ywahz-shRNA-GFP) and the protein level of FoxO3 in the nucleus and cytoplasm
was detected via Western blot assay. The anti-tumor effects of miR-451 were further verified in nude mice. Results:
miR-451 was significantly down-regulated in human colon cancer tissues and cell lines (HCT116 and HT29), and
inversely correlated with Dukes stage of colon cancer. Ywhaz was a candidate target gene of miR-451 and able to
stimulate tumor growth via binding to Fox03, inhibiting the FoxO3 nuclear accumulation. Conclusion: miR-451 may
inhibit the colon cancer growth in vitro and in vivo, likely through directly targeting Ywhaz and indirectly regulating
the nuclear accumulation of FoxO3.
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Introduction MicroRNAs (miRNAs) are small, highly con-
served non-coding RNAs that are able to regu-

Colorectal cancer (CRC) is the third most late the protein synthesis post-transcriptionally

common malignancy and the fourth leading
cause of cancer related death [1]. Worldwide,
approximately 50% of CRC patients die of dis-
tant metastases [2, 3]. In 2008, there were
more than 1.2 million CRC patients worldwide.
Despite the improvements in the diagnosis and
treatment of CRC, more than 600,000 patients
die from CRC yearly. The 5-year survival rate
has reached almost 65% in high-income coun-
tries, and is about 90% in patients with stage |
CRC and slightly greater than 10% in patients
with stage IV disease [4, 5]. However, the me-
chanism underlying the metastasis of CRC
remains unclear [6].

via imperfect Watson-Crick base pairing, typi-
cally within the 3’untranslated region (UTR) [3,
7]. These mRNAs are involved in the progress
of differentiation, development, apoptosis and
proliferation of cells in physiological and patho-
logical conditions including tumorigenesis. In
recent years, studies have shown that miRNAs
dysregulation takes part in the progression of
human CRC, and novel therapeutic approaches
may be developed by targeting miRNAs that are
altered in CRC [8-12]. Several studies have evi-
denced that there is dysregulation of several
mMiRNAs in human CRC. These miRNAs, includ-
ing miR-451, may either regulate the expres-
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sion of tumour suppressor genes and onco-
genes or function as oncogenes or tumour sup-
pressor in the progression of CRC [13-15]. miR-
451 is mapped to chromosome 17911.2 in
human, and was first identified in the human
pituitary glands in 2005 [16]. Our previous
results have showed that miR-451 is highly
expressed and plays a vital role in the develop-
ment of erythrocytes [17]. In addition, there is
evidence showing that miR-451 is able to inhib-
it cell growth, proliferation, invasion and migra-
tion in breast cancer, glioma and non-small cell
lung cancer [18-21].

In this study, we confirmed that the level of
miR-451 was down regulated, but the level of
Ywhaz (14-3-3zeta) increased in human CRC.
Luciferase activity assay showed Ywhaz 3’'UTR
was a direct target of miR-451. Furthermore,
Ywhaz was found to inhibit the accumulation of
FoxO3 and repress the transcription of Fox03
in the nucleus of CRC cell lines. Above findings
suggest that miR-451 may act as a novel tumor
suppressor by directly targeting Ywhaz in
human CRC, and indirectly regulating the relo-
cation of FoxO3 between cytoplasm and nucle-
us to inhibit the proliferation and viability of
CRC.

Materials and methods
Patient recruitment and sample collection

The clinical information was obtained from
patients hospitalized in the Departments of
General Surgery of Subei People’s Hospital of
Jiangsu province and Taixing People’s Hospital
affiliated to Yangzhou University, China. The
CRC tissues and adjacent normal tissues were
collected from 46 CRC patients and the patho-
logical examination was conducted by two inde-
pendent pathologists blind to this study. The
Duke’s stage of CRC was also determined.
Dukes’ A, B, C and D CRC were found in 10, 16,
12 and 8 patients, respectively. All the samples
were obtained during surgery and stored in lig-
uid nitrogen immediately. Informed consent
was obtained from patients before operation
and the study was approved by the Institute
Research Medical Ethics Committee of the
Medical College of Yangzhou University.

Cell culture and transfection

Human CRC cell lines (HCT116 and HT29) were
kindly provided by the Department of Chinese
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and Western Integrative Medicine (Medical
College of Yangzhou University). 293T cells
were purchased from the Peking Union Me-
dical College Cell Bank (Beijing, China). All the
cell lines were maintained in Dulbecco modi-
fied Eagle medium (DMEM, Gibco, USA) con-
taining 10% fetal bovine serum (FBS, Gib-
co, USA), penicillin, streptomycin and 4 mM
L-glutamine (Sigma, St. Louis, MO) at 37°C with
5% CO.,,.

miR-451 over-expression and transfection with
Ywhaz shRNA

The miR-451 was amplified by PCR from human
DNA templates and cloned into murine stem
cell virus-PIG retroviral vector (MSCV-PIG) via
T4-clone [17], and sequenced in the Sangon
Biotech Co., Ltd. (Shanghai, China). The Ywhaz
shRNA plasmid vector was purchased from
Sangon Biotech Co., Ltd with Bpi | (Bbs I) and
Hind Il restriction enzyme sites in pSGU6/GFP/
Neo vector. Both HCT116 cells and HT29 cells
were independently transfected with pSGUG-
Ywahz-shRNA-GFP in the presence of Lipo-
fectamine 2000 (Invitrogen, San Diego, USA).
shRNA negative control (shRNA-NC) vector was
used as a control. In order to increase miR-451
expression, HT29 cells and HCT116 cells were
transfected according to the manufacturer’'s
instructions with 8 pg of miR-451-MSCV plas-
mid or MSCV-only. The miR-451 expression in
above cell lines was detected by qRT-PCR.
Western-blot and qRT-PCR were used to detect
the expression of Ywhaz and Foxo3.

Quantitative real-time PCR

Total RNA was extracted from HT29 cells
and HCT116 cells, as well as of human CRC
tissues using Trizol reagent (Invitrogen Life
Technologies, San Diego, USA) according to the
manufacturer’s instructions. Then, total RNA
(2 pg) was purified with the purification kit
(Thermo Fisher scientific), and reversely tran-
scribed into cDNA using the PrimeScript™ Il 1st
Strand cDNA synthesis kit (Takara Bio, Inc.,
Dalian, Japan) and All-in-One™ miRNA First
Strand cDNA synthesis kit (GeneCopoeia, Ro-
ckville, MD, USA) according to the manufactur-
er’'s instructions. qRT-PCR was performed using
the PrimeScript™ RT Master Mix (Takara Bio,
Inc., Dalian, Japan) and All-in-One™ miRNA Qrt-
PCR Detection kit (GeneCopoeia, Rockville,
MD, USA) on an Applied BioSystems 7500 Real-
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Time PCR system (Applied Biosystems, White
Plains, NY, USA). The 2-step PCR was per-
formed: 95°C for 10 min and 40 cycles of
95°C for 10 sec and 60.5°C for 30 sec. The
RNA U6 and GAPDH mRNA were used as inter-
nal controls. All the reactions were conducted
in triplicate. Forward primers for miR-451 and
U6 were 5'-AAACCGTTACCATTACTGAGTT-3" and
5-CGCTTCGGCAGCACATATAC-3’, respectively,
and the reverse primer was Universal Adaptor
PCR Primer (GeneCopoeia, Rockville, MD, USA).
Primers for Ywhaz were: 5-~AGGAGCCCGTAGG-
TCATCTT-3’ (forward) and 5-TGCTTGTGAAGCA-
TTGGGGA-3’ (reverse). Primers for Foxo3 were
5-TCACGCACCAATTCTAACGC-3’ (forward) and
5-CACGGCTTGCTTACTGAAGG-3’ (reverse). Pri-
mers for GAPDH were 5-AAGGTGAAGGTCGG-
AGTCAAC-3’ (forward) and 5-GGGGTCATTGAT-
GGCAACAATA-3’ (reverse). Data are shown as
the fold change.

Luciferase activity assay

The sequence with 429 nucleotides (including
of the binding sites with miR-451) of 3-UTR
wild type (wt) and 3-UTR mutation (mut) of
Ywhaz were amplified by PCR from human
genomic DNA and cloned into the EcoRI and
Xbal sites of pGL3-BS luciferase reporter vec-
tor (Promega, WI, USA) respectively. The prim-
ers for 3-UTR wt of Ywhaz were 5-ACACGA-
ATTCAAAGGGATCATTGGTTCC-3’ (forward) and
5-ACACTCTAGAAGTTAAATAGATGGGTTT-3" (re-
verse). The primers of mutant Ywhaz 3'UTR
were 5-CTGGATAAGGGCAGAGGTTACCTCACAT-
3’ (forward) and 5-ACAAATAATGGAATGTGGG-
TAACCTCTG-3’ (reverse). 293T cells were cul-
tured in 24-well plates and transfected with
0.5 pg of pGL3-BS luciferase reporters, 0.01
pg of Renilla and 0.5 pg of miR-451 MSCV-PIG
in the presence of Lip2000. All the reactions
were conducted in triplicate. After 48-h trans-
fection, dual luciferase activity was measured
using Luciferase Assay System according to the
manufacturer’'s instructions (Promega, WI,
USA).

Proliferation and viability assays

Proliferation and viability assays of CRC cells
were performed with Cell Counting Kit-8 (CCK-
8, Biosharp, China) and CASY measurement
(Reutlingen, Germany) in vitro. For the prolifera-
tion assay, HCT116 cells and HT29 cells were
transfected with miR-451-MSCV or MSCV-only
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and seeded in triplicate into 96-well plates at a
density of 7x10° cells/well. Then, cells were
cultured for 24, 48 and 72 h and 10 pl of CCK-8
reagent was added into each well, followed by
incubation for 4 h. Absorbance was measured
at 450 nm with a Microplate Reader. For the
viability assay, 2x10° cells were added to the
24-well plates and cell counting was conducted
at 24 h, 48 h and 72 h. All the experiments
were repeated three times.

Apoptosis assay

In order to investigate the role of miR-451 in
the apoptosis of CRC cells, miR-451 was over-
expressed in HT29 cells and HCT116 cells via
transfection with miR-451-MSCV-PIG. After
48-h transfection, Annexin V-APC (BD Biosci-
ences) and Propidium lodide (Pl, BD Bio-
sciences) were added and apoptotic cells we-
re determined by flow cytometry (FCM, BD
Biosciences).

Western blot assay

Human CRC tissues were grounded in liquid
nitrogen, and CRC cell lines were lysed in
ice-cold lysis buffer (Beyotime Institute of
Biotechnology) after transfection according to
the manufacturer’s instructions. The Enhanced
BCA Protein Assay kit (Beyotime Institute of
Biotechnology) was used to measure the pro-
tein concentrations. For western blot assay,
equal amount of total protein (20 pg) was se-
parated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) on 12%
SDS polyacrylamide gel and then transferred
onto a poly-vinylidene fluoride (PVDF) mem-
brane (Millipore, Billerica, MA) which was sub-
sequently blocked for 1 h with 5% bovine serum
albumin (BSA, Sigma, St. Louis, MO, USA) at
room temperature. The membrane was incu-
bated with human monoclonal primary Ywhaz,
p-Ywhaz (1:1000, Santa Cruz Biotechnology)
or FoxO3 antibody (1:1000, Cell Signaling
Technologies, Boston, MA, USA) overnight. The
specific protein was detected using a FluorChem
FC2 Imaging System (Alpha Innotech, San
Leandro, CA, USA) after incubation with horse-
radish peroxidase (HRP)-conjugated secondary
antibody (1:1000, Cell Signaling Technologies,
Boston, MA, USA) for 1 h at 37°C. GAPDH
(1:4000, Santa Cruz, USA) was used as a
control.
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Figure 1. Dysregulation expression of miR-451, Ywhaz and FoxO3 in human CRC tissues. A. miR-451 expression was
down-regulated in CRC tissues (Duke A: n=10, Duke B: n=16, Duke C: n=12, Duke D: n=8) and CRC cell lines (HT-29
cells and HCT-116 cells) when compare with adjacent normal tissues (n=46) (QRT-PCR; normalized by U6). B. When
compared with normal colon tissues (n=46), Ywhaz mRNA expression was up-regulated in CRC tissues significantly,
but FoxO3 mRNA expression decreased (qRT-PCR; normalized to GAPDH). C. Immunohistochemistry showed Ywhaz
expression in the cytoplasm and membrane and FoxO3 expression in the nucleus were up-regulated and down-
regulated, respectively in CRC tissues. "P<0.05, ""P<0.01 vs. control. All experiments were repeated three times.

Tumorigenesis in nude mice

Eight-week-old BALB/c-A nude mice were pur-
chased from the Experimental Animal Center
of Yangzhou University and given ad libitum
access to water and food. The mice were ran-
domly divided into 3 groups (n=5 per group):
HCT116 cells, HCT116 cells transfected with
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MSCV-only, and HCT116 cells transfected with
miR-451-MSCV-PIG. Cells (n=6x10° cells) in
each group were inoculated subcutaneously
into the left back of nude mice. Two weeks later,
the tumor volume and body weight were mea-
sured once every 2 days. The tumor width and
length were measured with a digital caliper and
tumor volume was calculated as follow: tumor
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Figure 2. Over-expression of miR-451 in CRC cells transfected with miR-451-MSCV inhibits the proliferation and vi-
ability and promotes the apoptosis of CRC cells. A. miR-451 expression in HT-29 cells and HCT-116 cells transfected
with miR-451-MSCV or MSCV-only. miR-451 was over-expressed in HT-29 cells and HCT-116 cells transfected with
miR-451-MSCV when compared with negative controls (QRT-PCR). B, C. miR-451 over-expression in HCT116 cells
and HT29 cells inhibited the proliferation and viability in vitro. D. miR-451 over-expression promotes the apoptosis
of CRC cells (HCT-116 cells and HT-29 cells) as compared to negative controls (FCM). E, F. FCM of apoptotic CRC
cells. **P<0.01 vs. control. All experiments were repeated three times.

volume =1/2x(lengthxwidth?). After 24-day
observation, the tumors were harvested from
mouse, fixed in formalin, embedded in paraffin
and sectioned for immunohistochemistry.

Immunohistochemistry

The paraffin-embedded tissues (CRC tissues
and tumor tissues from nude mice) were ex-
amined for Ywhaz (14-3-3zeta), p-Ywhaz and
FoxO3 expressions. Sections were deparaf-
finized, treated with 3% H2O2 for 10 min and 5%
BSA for 30 min and incubated with primary
antibodies (1:100; Santa Cruz Biotechnology;
1:200, Cell Signaling Technology) overnight at
4°C. After incubation with HRP-conjugated sec-
ondary antibody (1:100) for 1 h at 37°C, sec-
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tions were washed in Tris buffer, counterstain-
ed with hematoxylin, and visualized under a
microscope (Olympus, Japan).

Statistical analysis

SPSS version 19.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Data from
three independent experiments are presented
as mean + standard deviation (SD). One-way
analysis of variance (ANOVA) among groups
and two-tailed Student’s T-test were used for
comparisons between groups. Kaplan-Meier
survival curve was plotted and survival rate
was compared. A value of P<0.05 was consid-
ered statistically significant.

Am J Transl Res 2015;7(12):2775-2785
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Figure 3. miR-451 negatively regulates Ywhaz expression via targeting Ywhaz 3'UTR. A. Ywhaz mRNA expression
was down-regulated in HCT116 cells and HT29 cells after transfection of miR-451-MSCV (qRT-PCR, *P<0.05,
**P<0.01). B, C. Ywhaz protein expression was down-regulated in HCT-116 cells and HT-29 cells transfected with
miR-451-MSCV as compare to control cells (Western blot assay). D. The potential binding sites for miR-451 within
the Ywhaz 3'UTR of human (Hsa), mouse (Mmu), Rat (Rno), and dog (cfa). Seed sequences of miR-451 are high-
lighted with gray. E. The wild type and mutant sequences of pGL3-Ywhaz 3’UTR in luciferase reporter constructs.
F. Relative luciferase activity in 293T cells after transfection with pGL3-Ywhaz-3’UTR and miR-451-mscv plasmid

("*P=0.0065). All experiments were repeated three times.
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Figure 4. FoxO3 expression in HCT116 cells and HT29 cells after transfection
with Ywhaz-shRNA. A. FoxO3 protein expression in HCT116 cells and HT29
cells transfected with MSCV-only was similar to that in cells after transfec-
tion with miR-451-MSCV-pig (Western-blot assay). B. Reduced Ywhaz protein
expression in HCT116 cells and HT29 cells after Ywhaz-shRNA transfection
as compared to untreated HCT116 cells and HCT116 cells trasnfected with
shRNA-NC. C. Increased FoxO3 accumulation in the nucleus of HCT116
cells transfected with pSGU6-Ywhaz-shRNA in vitro. HCT116 cells and HT29
cells were transfected with pSGU6-Ywhaz-shRNA or shRNA-NC, and the total
(lanes 1, 2), nuclear (lanes 3, 4) and cytoplasmic (lanes 5, 6) FoxO3 protein
expressions were detected by Western blot assay. GAPDH served as a load-
ing control. Data were from three independent experiments.
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Results

miR-451 expression was
downregulated in CRC tissues
and negatively correlated
with Duke’s stage

In order to identify the poten-
tial role of miR-451 in the
progression of human CRC
and investigate the potenti-
al mechanism, the miR-451
expression was measured in
human CRC tissues (n=46)
and adjacent normal tissues
(n=46) by gRT-PCR. In addi-
tion, the mRNA expressions of
Ywhaz and FoxO3 were also
detected in CRC tissues, adja-
cent normal tissues and CRC
cell lines. As shown in Figure
1A, miR-451 expression was
significantly down-regulated
in colon cancer tissues and
this decrease was accompa-
nied by an increase in the
Duke’s stage. Meanwhile, the
miR-451 expression was also
down-regulated in both CRC
cell lines (Figure 1A). Further-
more, Ywhaz expression was
up-regulated in CRC signifi-
cantly (Figure 1B), but Foxo3
expression remarkably decr-
eased (Figure 1B), which were
also confirmed by immunohis-
tochemistry (Figure 1C).

miR-451 overexpression in-
hibited the proliferation and
viability of CRC cells

gPCR showed that miR-451
expression increased signifi-

Am J Transl Res 2015;7(12):2775-2785
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Figure 5. Effect of miR-451 over-expression on the growth of CRC in vivo. A. The mean tumor volume in miR-451-
MSCV group, untreated cells group and MSCV-only group. B, C. Tumorxenografts from 3 groups at the end of study.
There were significant differences in tumor volume and weight between miR-451 treated group and control group
(P<0.05). D. Immunohistochemistry for Ki67, Ywhaz and FoxO3 in tumor xenografts. Ki67 reflects the proliferation
activity of cells. Ywhaz expression decreased in miR-451-mscv group but FoxO3 expression increased in the nucleus

of cancer cells in tumor xenografts.

cantly in HCT-116 cells and HT-29 cells (18.72-
fold and 11.09-fold, respectively) after trans-
fection with miR-451-MSCV-PIG as compared
to cells transfected with MSCV empty vector
(Figure 2A). Moreover, miR-451 overexpression
was found to inhibit the proliferation and via-
bility of two cancer cell lines when compared
with control cells (Figure 2B, 2C). Detection of
cell apoptosis revealed that miR-451 could
promote the apoptosis of CRC cells (Figure
2D-F). According to these findings we speculate
that miR-451 may act as a tumor suppressor in
the progression of CRC.

miR-451 inhibited Ywhaz expression via target-
ing 3’UTR of Ywhaz

It is well known that miRNAs are able to nega-
tively regulate hundreds of mRNAs through the
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3'UTR [18, 19]. Previous studies showed that
dysregulated miR-451 expression in several
types of cancers was involved in the sup-
pressed or accelerated progression of cancers
[22, 23], but the specific mechanism remains
unclear due to little understanding of miR-451
target genes. Our previous study showed miR-
451 could protect against erythroid oxidant
stress via targeting Ywhaz (14-3-3zeta) in the
development of erythrocytes [17]. In recent
years, several studies also report the role of
Ywhaz in the tumor progression [24-26]. Th-
erefore, we hypothesized that Ywhaz acted as
a potential target for miR-451 in human CRC.
Our results showed miR-451 over-expression
significantly down-regulated the mRNA and pro-
tein expressions of Ywhaz in CRC cells (Figure
3A-C). Furthermore, dual luciferase reporter

Am J Transl| Res 2015;7(12):2775-2785
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activity assay indicated Ywhaz was a target
gene of miR-451 in 293T cell lines (Figure
3D-F).

miR-451 regulated FoxO3 nuclear accumula-
tion via inhibiting Ywhaz

Several studies have reported that FoxO3 is
involved in the suppression of cancer progres-
sion [27-29]. To identify the role of FoxO3 in
human CRC and the relationship between
Ywhaz and Fox03, FoxO3 expression was de-
tected by Western blot assay in CRC cell lines
with increased miR-451 expression. Results
showed that the total FoxO3 protein expression
was similar to control cells (Figure 4A). Acc-
ording to our previous findings in erythroid
development [17], Ywhaz could inhibit the
FoxO3 nuclear accumulation. In the present
study, Ywhaz expression was knocked down by
transfection with pSGU6G-Ywhaz-shRNA-GFP-
plasmid (Figure 4B), and the total, cytoplasmic
and nuclear protein expressions of Ywhaz and
FoxO3 were detected (Figure 4C). Results sh-
owed that Ywhaz could inhibit FoxO3 nuclear
accumulation in colon cancer cells.

miR-451 inhibited the progression of human
CRC in vivo

To further study the role of miR-451 in the inhi-
bition of CRC progression in vivo, HCT116 xe-
nograft model was established in nude mice.
The tumors were palpable after 2 weeks. The
tumors in miR-451-mscv group grew more slow-
ly than in control groups (HCT116 cells group
and mscv-only group) (Figure 5A). There was
no difference in the tumor volume between
HCT116 cells group and mscv-only group
(Figure 5A). At the end of study, significant dif-
ferences were observed in the tumor volume
and weight between miR-451-MSCV group and
two control groups (P<0.05) (Figure 5B, 5C).
To determine whether miR-451 affected the
expression of Ywhaz and Foxo3, the expres-
sions of Ywhaz and Foxo3 were tested by immu-
nohistochemistry. Results showed that Ki67
expression increased in cell nucleus after miR-
451 over-expression. Ywhaz expression was
distributed in the cytoplasm of cancer cells and
significantly down-regulated in miR-451-MSCV
group when compared with MSCV-only group.
Meanwhile, the FoxO3 expression increased in
the nucleus of cancer cells (Figure 5D).
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Discussion

miRNAs are key regulators in the tumorigenesis
and tumor metastasis. Several miRNAs involved
in the cancer metastasis have been identified
in breast cancer cell lines [2, 30]. Abnormal
expression has been found in a number of miR-
NAs in human CRC including miR-451 [11].
Meanwhile, miR-451 has been proven in sev-
eral studies to act as a suppressor in the pro-
gression of gastrointestinal cancer [12]. The
clinicopathological analysis showed that miR-
451 was associated with a poor prognosis of
gastric cancer. Nerea and his colleagues found
that miR-451 expression was down-regulated
in paraffin-embedded human CRC sections via
in-situ hybridization and miR-451 was able to
suppress the tumor formation by regulating the
expression of macrophage migration inhibitory
factor (MIF). They also found this in colon can-
cer stem cells tumor sphere in vitro [12, 31].
However, whether miR-451 participates in the
tumorigenesis of human CRC trough other sig-
nal pathways are still unclear. As a target gene
of miR-451, the role of Ywhaz in the tumorigen-
esis and metastasis of human CRC is poorly
investigated.

In the present study, gPCR showed the miR-
451 expression was down-regulated in human
colonic cancer cell lines and human CRC tis-
sues and this decrease in CRC tissues was
accompanied by an increase in the Duke’s
stage. In addition, increased expression of miR-
451 inhibited the proliferation and promoted
the apoptosis of two human colonic cancer cell
lines. Both mRNA and protein expressions of
Ywhaz increased remarkably in CRC tissues as
compared to normal tissues, but Fox03 mRNA
expression reduced. According to these find-
ings, we postulated that miR-451 may act as a
tumor suppressor in the progression of CRC by
inhibiting its target gene Ywhaz and then pro-
moting the nuclear translocation of Fox03.

It is well known that miRNAs specifically inhibit
protein expression by binding to the 3'UTR of
target mRNAs. Dual luciferase reporter assay
has been widely used to determine the targets
of miRNA. Our previous findings also indicated
that miR-451 was able to inhibit the Ywhaz pro-
tein expression via binding to its 3'UTR during
the development of erythrocytes [17]. In this
study, dual luciferase reporter assay showed
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Ywhaz was a target gene of miR-451. Ywhaz/14-
3-3 zeta protein belongs to the 14-3-3 protein
family, and is highly conservative in different
species. Ywhaz is one of important factors
inhibiting cell apoptosis [32]. Several studies
have reported Ywhaz may promote tumorigen-
esis and metastasis in several cancers such as
lung cancer, breast cancer and glioma [24-26].
In addition, Ywhaz may regulate the activity of
Fox03. -Fox03 is an inhibitory transcription fac-
tor and belongs to the forkhead family which is
characterized by a distinct forkhead domain.
FoxO3 participates in the inhibition of cancer
progression [27-29]. However, the role of Ywhaz
in human CRC and the relationship between
Ywhaz and FoxO3 are still poorly understood.

Our results showed the FoxO3 protein expres-
sion in the nucleus was up-regulated markedly
in HCT116 cells and HT29 cells after Ywhaz
knockdown. Immunohistochemistry also reve-
aled the Ywhaz expression was down-regulated
in tumor xenografts of nude mice inoculated
with cells with miR-451 over-expression, and
FoxO3 expression increased reversely.

In conclusion, our results demonstrate that
miR-451 is able to inhibit cell proliferation in
vitro and in vivo. We postulate that miR-451
may act as a cancer suppressor via regulating
FoxO3 nuclear accumulation through targeting
Yhwaz in human CRC. Thus, miR-451 may be a
potential target for the treatment of human
CRC.
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