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Abstract. – OBJECTIVE: Colorectal carcino-
ma (CRC) is one of the most common factors for 
tumor-associated mortalities globally. In recent 
years, microRNAs (miRNAs) have been identi-
fied as novel therapeutic biomarkers for cancer 
treatment. The purpose of the current study was 
to unravel the clinical significance and underly-
ing molecular mechanisms of miR-760 in CRC 
progression.

PATIENTS AND METHODS: Fifty-four pairs of 
CRC tissue samples and adjacent para-carci-
noma tissue samples were collected from CRC 
patients who underwent surgical resection. 
We measured miR-760 expressions in CRC us-
ing quantitative Real-time polymerase chain re-
action (qRT-PCR) analysis. MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
assays and transwell assays were performed 
to determine the functions of miR-760 in CRC 
cell proliferation, invasion and migration. Du-
al-luciferase reporter assays and Western blots 
were used to investigate the underlying molecu-
lar mechanisms. Moreover, the association be-
tween miR-760 expressions and clinicopatho-
logical features was analyzed.

RESULTS: In this study, the results showed 
that the down-regulated miR-760 expressions 
were related to the poor prognosis and malignant 
clinicopathologic features of CRC patients. Fur-
thermore, functional assays revealed that miR-
760 restoration obviously suppressed CRC cell 
proliferation, migration and invasion through 
modulating phosphatidylinositol 3-kinase/ pro-
tein kinase B (PI3K/AKT) pathway and epitheli-
al-mesenchymal transition (EMT). FOXA1 was al-
so considered as a functional target of miR-760 
in CRC cells. Furthermore, miR-760 up-regula-
tion also significantly repressed tumorigenesis 
in vivo.

CONCLUSIONS: These results suggested that 
miR-760 exerted cancer-suppressive functions 
in CRC, providing a therapeutic strategy for CRC 
treatment.
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Introduction

As one of the most prevalent gastrointestinal 
malignancies, colorectal carcinoma (CRC) is one 
of the major health problems globally1. Especially, 
metastasis to other organs, such as liver, is one 
of the most common devastating clinical com-
plications of CRC and may occur at diagnosis2. 
Despite the progress in the existing therapeutic 
options, including molecular-targeting therapies, 
surgical resections, pre- and postoperative che-
motherapies, liver metastasis and tumor recur-
rence remain common in CRC patients, which 
essentially dictate the survival of the patients3. 
Therefore, more attentions should be paid to the 
exact mechanisms of CRC initiation and devel-
opment in order to identify new targets for CRC 
treatment. Recently, accumulating evidence has 
revealed that miRNAs participate in tumorigen-
esis by regulating different mRNAs in several 
carcinomas4,5. MicroRNAs (miRNAs) are able 
to lead to degradations or translation repressions 
of specific mRNAs via directly targeting their 
3’-Untranslated Regions (3’-UTRs)6. Emerging 
studies have demonstrated that miRNAs contrib-

European Review for Medical and Pharmacological Sciences 2019; 23: 5730-5740

K. CONG1, C.-G. LI2, Y.-H. WEI2, K. ZHANG3, H.-B. XU4

1Operating Room, Tangshan Workers Hospital, Tangshan, China
2Department of Anorectal, Tangshan Traditional Chinese Medicine Hospital, Tangshan, China
3Surgical Department, Tangshan Traditional Chinese Medicine Hospital, Tangshan, China
4Laboratory Medicine, the 960th Hospital of the People’s Liberation Army (Taian District), Taian, China

Corresponding Author: Huibin Xu, MD; email: mlarnkw58765@163.com

MicroRNA-760 inhibits the biological 
progression of colorectal carcinoma by directly
targeting FOXA1 and regulating epithelial-to-
mesenchymal transition and PI3K/AKT 
signaling pathway



MiRNA-760 inhibits the progression of colorectal carcinoma

5731

ute to various biological processes, such as tumor 
metastasis, apoptosis, senescence and prolifera-
tion7-9. During the past decade, aberrant expres-
sions of miRNAs have been detected in multiple 
tumors, acting as tumor suppressors or oncogenes 
in cancer pathogenesis. For instance, Fang et al10 
found that miR-21 promoted triple-negative breast 
cancer cell proliferation and invasion via targeting 
PTEN (gene of phosphate and tension homology 
deleted on chromsome ten). In contrast, research-
es by Liu et al11 revealed that miR-100 repressed 
osteosarcoma development via regulation of insu-
lin-like growth factor I receptor (IGFIR). How-
ever, there are still many unknown details about 
the roles of miR-760 in human CRC progression, 
which remain to be further investigated. Metasta-
sis is a complex process involving multiple steps. 
Meanwhile, epithelial-to-mesenchymal transition 
(EMT) endows cells with invasive and migratory 
properties12. In this process, the mesenchymal 
molecules (such as N-cadherin, vimentin) were 
up-regulated while cell adhesion markers (such 
as E-cadherin) were down-regulated13. Moreover, 
increasing studies14-16 have indicated that EMT is 
implicated in the metastasis of various cancers. 
Additionally, the phosphatidylinositol 3-kinase/
protein kinase B (PI3K/AKT) signaling pathway 
is reported to be one of the frequently activated 
signal transduction pathways in various kinds of 
tumors17. According to previous studies18-20, PI3K/
AKT plays pivotal roles in regulating key factors 
that are associated with multiple cellular process-
es, such as cell differentiation, survival and pro-
liferation. There is evidence that miRNAs may 
influence tumor pathogenesis via regulation of 
these mechanisms. Therefore, a thorough under-
standing of the molecular mechanism underlying 
EMT and PI3K/AKT signaling pathway in CRC 
progression is conducive to the development of 
novel anti-CRC biomarkers. Forkhead-box A1 
transcription factor (FOXA1) is a representative 
member of the forkhead family21. Increasing ev-
idence reveals that FOXA1 plays carcinogenic 
roles in regulating cell cycle, proliferation and 
apoptosis, predicting poor prognosis of various 
carcinomas22,23. For example, Imamura et al24 
found that FOXA1 promoted prostate cancer pro-
gression through the insulin-like growth factor 
binding protein 3 pathway. Qiu et al25 reported that 
FOXA1 promoted endometrial cancer cell prolif-
eration; moreover, FOXA1 was found to serve as 
an oncogene in anaplastic thyroid cancer26. In this 
research, we focused on the interactions between 
FOXA1 and miR-760 in CRC progression.

Patients and Methods

Patients
This study was approved by the Ethics Com-

mittee of Tangshan Workers Hospital (Tangshan, 
China). Fifty-four pairs of CRC tissue samples and 
adjacent para-carcinoma tissue samples were col-
lected from CRC patients who underwent surgical 
resection at Tangshan Workers Hospital between 
May 2015 and October 2017 with informed con-
sent. None of the patients had received any local or 
systemic treatment prior the tissue collection. All 
tissue samples were immediately snapped frozen 
in liquid nitrogen, and stored at -80°C until use. 

Cell Culture
The human CRC cell lines (SW620, HT29, 

DLD1 and HCT116) and human normal colon ep-
ithelial cell line FHC were purchased from Amer-
ican Type Culture Collection (ATCC) (Manassas, 
VA, USA). All the above cell lines were main-
tained in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Gibco, Rockville, MD, 
USA) which contained 10% fetal bovine serum 
(FBS) (Gibco, Rockville, MD, USA) and incubat-
ed in a 5% CO2 humidified incubator at 37°C.

Cell Transfections
MiR-760 mimics, inhibitor and the negative 

controls (NC) were purchased from RiboBio 
(Guangzhou, China). Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA) was utilized to 
perform the transfections following the manufac-
turer’s proposals. Cells were cultured for 48 h at 
37°C and were harvested for further assays.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

The tissue specimens or cultured cells were 
subjected to the TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) for total RNA isolation in 
strict line with the manufacturer’s instructions. 
Then, PrimeScript RT reagent kit (TaKaRa, Ot-
su, Shiga, Japan) was used to synthesize com-
plementary Deoxyribose Nucleic Acid (cDNA). 
qPCR was carried out using SYBR Premix Ex 
Taq (TaKaRa, Otsu, Shiga, Japan) on ABI 7500 
fast Real-time PCR system (Applied Biosystems, 
Foster City, CA, USA). The 2-ΔΔct method was 
utilized to measure the relative gene expressions 
with glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) and U6 as endogenous controls for tar-
get gene or miRNA respectively. The sequences 
of the primers were described in Table I.
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Immunohistochemistry (IHC) Assay
IHC assays were carried out to detect FOXA1 

expressions in CRC tissues. Briefly, the tissue 
samples were fixed with 4% paraformaldehyde 
and dehydrated in gradient alcohol. After that, 
the tissues were embedded in paraffin. Paraf-
fin-embedded tissue sections were deparaffinized 
and rehydrated. Thereafter, antigen retrieval was 
conducted with citrate buffer in microwave oven 
and endogenous peroxidase was blocked by 3% 
hydrogen peroxide. The slides were then incubat-
ed with primary FOXA1 antibody (1:100, Abcam, 
Cambridge, MA, USA) at 4°C overnight, follow-
ing by incubation with secondary goat anti-rab-
bit IgG (1:1,000, Abcam, Cambridge, MA, USA) 
which was labeled by horseradish peroxidase 
(HRP). Finally, the slides were stained with di-
aminobenzidine DAB) (Solarbio, Beijing, China) 
as the chromogen and counterstained with hema-
toxylin. Images were obtained from a bright-field 
microscope (Olympus BX50; Olympus Corpora-
tion, Tokyo, Japan). The scores were calculated 
according to positive cell ratio: stained cells/all 
cells < 25% were considered as negative (-) while 
> 25% were positive (+)27, 28.

Cell Proliferation Assay
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyl tetrazolium bromide) assays (Sigma-Aldrich, 
St. Louis, MO, USA) were conducted to deter-
mine the CRC cell proliferation ability. Briefly, 
CRC cells were transfected with miR-760 mimics 
or inhibitor and plated into 96-well plates. The 
cell proliferation rates were measured at 0, 24, 48 
and 72 h. After incubated for indicated times, the 
cells were treated with MTT solution and incu-
bated for another 4 h at 37°C. After that, dimeth-
yl sulfoxide (DMSO) (Sigma-Aldrich, St. Louis, 
MO, USA) was added into each well to dissolve 
the crystal. A microplate reader (BioTek, Winoos-

ki, VT, USA) was used to measure the absorbance 
values at 490 nm.

Transwell Assays
The roles of miR-760 in CRC cell invasion and 

migration were determined by performing tran-
swell assays with 8-µm pore size Corning cham-
bers (Corning, NY, USA), which were pre-coated 
with or without Matrigel (BD Biosciences, Frank-
lin Lakes, NJ, USA). In brief, the lower chamber 
was filled with medium containing 10% fetal 
bovine serum (FBS), while on the other hand, 
the treated CRC cells were re-suspended in se-
rum-free medium and seeded in the top cham-
bers. Then, cells were incubated at 37°C in a 5% 
CO2 atmosphere for 48 h. After that, the non-in-
vaded or non-migrated cells were gently wiped 
off from the top surface of the membrane using 
cotton swabs. Cells attached to the lower surface 
were fixed and stained with paraformaldehyde 
and crystal violet respectively. Next, evaluation of 
invasion or migration capacities was carried out 
by counting invaded or migrated CRC cells with 
an inverted microscope (Olympus, Tokyo, Japan) 
of five randomly selected fields.

Western Blots
CRC cells were lysed on ice in radioimmuno-

precipitation assay (RIPA) buffer (Thermo Fisher 
Scientific, Waltham, MA, USA), which contained 
proteinase inhibitors. After quantitative analysis 
with bicinchoninic acid (BCA) assay kit (Thermo 
Fisher Scientific, Waltham, MA, USA), proteins 
were separated with 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE). Then, proteins were transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Roche, Basel, Switzerland), which were blocked 
with Tris-buffered saline and Tween 20 (TBST) 
containing 5% skim milk for 2 h at room tem-

U6: small nuclear RNA, snRNA. FOXA1: Forkhead-box A1 transcription factor. GAPDH: glyceraldehyde-3-phosphate 
dehydrogenase.

Table I. Primer sequences for qRT-PCR.

Primer Sequence

miR-760 forward 5’-TATTGCTTAAGAATACGCGTAG-3’
miR-760 reverse 5’-AACTCCAGCAGGACCATGTGAT-3’
U6 forward 5’- CTCGCTTCGGCAGCACA-3’
U6 reverse 5’- AACGCTTCACGAATTTGCGT-3’
FOXA1 forward 5’-GCAATACTCGCCTTACGGCT-3’
FOXA1 reverse 5’-TACACACCTTGGTAGTACGCC-3’
GAPDH forward 5’-TGTGGGCATCAATGGATTTGG-3’
GAPDH reverse 5’-ACACCATGTATTCCGGGTCAAT-3’
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domly. SW620 cells, which were stably transfected 
with lentiviral miR-760 (lenti-miR-760) or the neg-
ative lentiviral miR-control (lenti-control), were 
inoculated into the right flank of the mice by sub-
cutaneous injection. The sizes of tumors were mea-
sured every 3 days when the tumors were palpable. 
The following formula: volume= length×width2 /2 
was used to calculate tumor volumes.

Statistical Analysis
All above experiments were repeated thrice at 

least. Statistical analysis was carried out with Sta-
tistical Product and Service Solutions (SPSS) soft-
ware version 17.0 (SPSS Inc., Chicago, IL, USA). 
The significant difference between two groups 
was analyzed using Student’s t-test. Comparison 
between multiple groups was done using One-
way ANOVA test followed by Post-Hoc Test LSD 
(Least Significant Difference). The Kaplan-Meier 
curve together with log-rank test were used to an-
alyze the overall survival of CRC patients. p<0.05 
indicated statistically significant difference. 

Results

Significantly Down-Regulated miR-760 in 
CRC was Associated with Poor Prognosis

To determine the functions of miR-760 in CRC, 
we first detected the expressions of miR-760 in 
CRC tissue samples by qRT-PCR. Data demon-
strated that miR-760 was prominently down-reg-
ulated in CRC tissue samples in comparison to the 
normal tissues (Figure 1A). Next, CRC patients en-
rolled in current study were divided into miR-760 

perature. Subsequently, membranes were probed 
with specific primary antibodies and HRP-con-
jugated secondary antibodies (1:3,000, Abcam, 
Cambridge, MA, USA). Thereafter, the protein 
was visualized with enhanced chemilumines-
cence (ECL) Western blot detection reagents (Be-
yotime, Shanghai, China). The following prima-
ry antibodies were used: AKT (1:1000, Abcam, 
Cambridge, MA, USA), p-AKT (1:1000, Abcam, 
Cambridge, MA, USA), PI3K (1:1000, Abcam, 
Cambridge, MA, USA), p-PI3K (1:2000, Abcam, 
Cambridge, MA, USA), E-cadherin (1:2000, 
Abcam, Cambridge, MA, USA), N-cadherin 
(1:1000, Abcam, Cambridge, MA, USA), Vimen-
tin (1:1000, Abcam, Cambridge, MA, USA) and 
GAPDH (1:1000, Abcam, Cambridge, MA, USA). 
GAPDH was an internal control. 

Dual-Luciferase Reporter Assays
The mutant (MUT) or wild-type (WT) se-

quences of FOXA1 3’UTRs, which contained the 
predicted target sites of miR-760, were inserted 
into the pmir-GLO vectors (Promega Corpora-
tion, Madison, WI, USA). Then, miR-760 mimics 
and the FOXA1-3’UTR-MUT or FOXA1-3’UTR-
WT were co-transfected into CRC cells. 48 hours 
after transfections, luciferase activities were de-
tected by the Dual-Luciferase Reporter Assay 
system (Promega, Madison, WI, USA) in line 
with the manufacturers’ proposals. 

Xenograft Tumor Formation Assay
4-6 weeks-old BALB/c nude mice were used 

to establish the CRC xenografts. Firstly, the mice 
were assigned to treatment and control groups ran-

Figure 1. MiR-760 was prominently down-regulated in CRC. A, qRT-PCR analysis was carried out to measure the miR-760 
expressions in CRC tissues. B, miR-760 low-expressed patients had dramatically shorter OS than miR-760 high-expressed 
patients. ***p<0.001.
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low- and high-expressed groups based on the mean 
expression level of miR-760. Kaplan-Meier analy-
sis indicated that the CRC patients with low miR-
760 expressions presented a significant shorter OS 
than patients in miR-760 high-expressed group 
(Figure 1B). Moreover, we analyzed the clinical 
relevance of miR-760 expressions and the clinico-
pathological characteristics of patients with CRC. 
Results demonstrated that decreased miR-760 ex-
pressions indicated malignant clinicopathological 
characteristics of CRC patients (Table II).

MiR-760 Over-Expression Prominently 
Inhibited CRC Cell Proliferation

We had confirmed that down-regulated miR-
760 in CRC tissues was related to the worse 
clinicopathological characteristics of CRC pa-
tients. We further determined the functions of 
miR-760 in CRC cells. As expected, qRT-PCR re-
sults revealed that miR-760 was also dramatical-
ly down-regulated in CRC cells when compared 
to FHC (Figure 2A). Next, we over-expressed or 
inhibited the miR-760 expressions in SW620 or 
HT29 cells, which had relatively low and high 
endogenic miR-760 expressions, for further func-
tional experiments. Thereafter, qRT-PCR was 
used to confirm the transfection efficiencies and 
results demonstrated that miR-760 was success-

fully over-expressed or inhibited in SW620 or 
HT29 cells by miR-760 mimics or inhibitor (Fig-
ure 2B and 2C). Then, MTT assays were per-
formed to investigate the functions of miR-760 in 
CRC proliferation. It was found that miR-760 res-
toration in SW620 cells significantly suppressed 
the proliferation capacity whereas miR-760 inhi-
bition evidently promoted cell proliferation abili-
ty of HT29 cells (Figure 2D and 2E).

MiR-760 Up-Regulation Significantly 
Repressed CRC Cell Invasion 
and Migration

Next, we further explored the effect of miR-760 
on CRC cell migration and invasion by perform-
ing Transwell assays. As expected, we found that 
miR-760 over-expression in SW620 cells signifi-
cantly repressed the invasion and migration capac-
ities (Figure 3A and 3B). In contrast, we found that 
miR-760 inhibition dramatically promoted HT29 
cell invasion and migration abilities (Figure 3C and 
3D). These findings revealed that miR-760 exerted 
tumor suppressive functions in CRC progression. 

FOXA1 was a Functional Target 
of miR-760 in CRC Cells

We then explored molecular mechanism of 
miR-760 by informatics analysis with Target-

Table II. Correlation of miR-760 expression with the clinicopathological characteristics of the colorectal carcinoma patients.

Clinicopathological   miR-760a expression
features Cases (n=54) High (n=19) Low (n=35) p-value

Age (years)    0.6648
 > 60 27 10 17 
 ≤ 60 27 9 18 
Gender    0.5657
 Male  30 11 19 
 Female 24 8 16 
Tumor size (cm)    0.2321
 ≥ 5.0 27 7 20 
 <5.0 27 12 15 
TNM stage    0.0015*
 I-II 22 15 7 
 III 32 4 28 
Lymph-node metastasis    0.0028*
 Yes 30 5 25 
 No  24 14 10 
Location 
 Colon                                                  28 13 15 0.3896
 Rectum 26 6 20 
Distant metastasis      0.2106
 Yes 30 9 21 
 No 24 10 14 

TNM: tumor-node-metastasis; aThe mean expression level of miR-760 was used as the cutoff; *Statistically significant.



MiRNA-760 inhibits the progression of colorectal carcinoma

5735

Figure 2. MiR-760 up-regulation evidently repressed CRC cell proliferation. A, MiR-760 expressions in CRC cell lines were 
measured using qRT-PCR. B, C, qRT-PCR detection of miR-760 expressions in SW620 or HT29 cells, which were treated with 
miR-760 mimics or inhibitor. D, E, MTT assay was conducted to assess the proliferation abilities of SW620 or HT29 cells 
which were transfected with miR-760 mimics or inhibitor. *p<0.05, **p<0.01, ***p<0.001.

Figure 3. MiR-760 over-expression inhibited CRC cell invasion and migration. A-B, Transwell assays were performed to 
determine the invasion and migration abilities of miR-760-overexpressd SW620 cells. C-D, Invasion and migration capacities 
of HT29 cells transfected with miR-760 inhibitor were evaluated by Transwell assays. **p<0.01, ***p<0.001.
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scan to investigate the downstream targets of 
miR-760. Findings demonstrated the presence of 
conserved binding sites in FOXA1 3’UTR (Fig-
ure 4A). Dual luciferase reporter assays were 
performed to verify the association between 
FOXA1 and miR-760. It was found that miR-
760 dramatically declined the relative luciferase 
activities of CRC cells which were treated with 
FOXA1 3’UTR-WT, while on the other hand, 
there were no evident changes in the luciferase 
activities of CRC cells which were transfected 
with FOXA1 3’UTR-MUT (Figure 4B). Further-
more, the regulatory effects of miR-760 on mod-
ulating FOXA1 expressions in CRC cells were 
determined by Western blot. It was found that 
miR-760 over-expression remarkably decreased 
the FOXA1 expressions in SW620 cells (Figure 
4C). In the meantime, FOXA1 expressions in 
HT29 cells were prominently enhanced by miR-
760 inhibition (Figure 4D). All these data sug-
gested that FOXA1 was a direct functional target 
of miR-760 in CRC cells. 

MiR-760 Regulated PI3K/AKT Signaling 
Pathway and EMT in CRC Cells

Next, we further investigated the expression 
levels and prognostic values of FOXA1 in CRC 
patients. IHC analysis demonstrated that FOXA1 
was mainly localized at the nucleus in CRC 
tissues (Figure 5A). Additionally, results also 
demonstrated a prominent increase of FOXA1 
expressions in CRC tissues in comparison with 
matched normal tissues (Figure 5B). Moreover, 
the prognostic values of FOXA1 in CRC patients 
were determined by performing Kaplan-Meier 
analysis. We found that patients with high FOXA1 
expressions had shorter OS than low FOXA1-ex-
pressed patients (Figure 5C). Subsequently, we 
investigated the underlying mechanisms of the 
repressive functions mediated by miR-760 in 
CRC progression. Western blot was conducted 
to assess the functions of miR-760 in CRC cell 
PI3K/AKT signaling pathway and EMT. Results 
indicated that the protein expressions of p-PI3K 
and p-Akt were prominently reduced by miR-760 

Figure 4. FOXA1 was a direct functional target of miR-760 in CRC cells. A, Sequences of the miR-760-binding sites in 
the FOXA1 3′UTRs were shown. B, Luciferase activities in CRC cells were determined after co-transfection with FOXA1 
3’-UTR-WT or FOXA1 3’-UTR-MUT and miR-760 mimics. C, D, FOXA1 expressions in SW620 or HT29 cells transfected 
with miR-760 mimics or inhibitor were detected. *p<0.05, **p<0.01.
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over-expression in SW620 cells while there was 
no statistically significant effect on PI3K and Akt 
expressions. On the contrary, miR-760 inhibition 
in HT29 cells led to significant increase of p-PI3K 
and p-Akt expressions (Figure 5D). Moreover, we 
further investigated whether miR-760 could regu-
late CRC EMT. As shown in Figure 5D, Western 
blot analysis demonstrated a prominent increase 
of E-cadherin expressions and a significant de-
cline of vimentin and N-cadherin expressions in 
miR-760 over-expressed SW620 cells; in contrast, 
miR-760 inhibition prominently declined the 
E-cadherin expression and enhanced the vimen-
tin and N-cadherin expressions. Taken together, 
all these findings suggested that miR-760 exerted 
anti-CRC functions via regulation of PI3K/AKT 
signaling pathway and EMT.

MiR-760 Repressed the Tumorigenesis 
of CRC In Vivo

Based on the inhibitory roles mediated by miR-
760 in CRC cell development, we next examined 
the bio functions of miR-760 in CRC tumorige-
nicity in vivo. The data revealed that miR-760 res-
toration dramatically repressed the tumor growth 
and reduced tumor volumes of CRC xenograft 
models (Figure 6A and 6B).

Discussion

CRC progression is a multi-factorial and com-
plex process. In recent years, the clinical outcome 
of CRC patients has been greatly improved thanks 
to the available systemic therapies29. However, the 

Figure 5. MiR-760 regulated PI3K/AKT signaling pathway and EMT-relative protein levels in CRC cells. A, B, IHC assays 
were performed to determine the expression levels of FOXA1 in CRC tissues. C, Kaplan-Meier analysis demonstrated that 
CRC patients with high FOXA1 expressions presented shorter OS than those with low FOXA1 expressions. D, Western blot 
analysis was conducted to detect the functions of miR-760 in CRC cell PI3K/AKT signaling pathway and EMT. **p<0.01.
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prognosis of patients with advanced CRC remains 
poor30. Prospective clinical trials are currently 
underway to evaluate miRNA-based diagnostic 
and therapeutic strategies for CRC patients31,32. 
For example, Noguchi et al33 found that miR-503, 
which could promote the progression of colorectal 
cancer, was associated with the early recurrence 
and poor prognosis of colorectal cancer. More-
over, Xiao et al34 found that miR-144 inhibited 
colorectal carcinoma cell proliferation and migra-
tion via regulating translation termination factor 
G1 to S phase transition 1 (GSPT1). These trials 
highlight the feasibility of miR-based therapies of 
patients with CRC. In the current study, we iden-
tified that miR-760 was a new CRC-related miR-
NA and attempted to determine the bio-functions 
of miR-760 in CRC progression. The roles of miR-
760 in tumorigenesis have been widely studied. 
For instance, Yan et al35 found that miR-760 sup-
pressed non-small cell lung cancer progression 
via the regulation of c-ros oncogene1 receptor 
tyrosine kinase (ROS1); miR-760 over-expression 
was also found to promote ovarian cancer prolif-
eration via down-regulating pleckstrin homology 
domain leucine-rich repeat protein phosphatase 
2(PHLPP2)36. Hu et al37 proposed that miR-760 
mediated breast cancer cell chemoresistance 
through inhibition of EMT. Findings of the pres-
ent study indicated that miR-760 was prominent-
ly down-regulated in CRC, which indicated poor 
prognosis of CRC patients. Moreover, function-
al assays demonstrated that miR-760 restoration 
dramatically repressed CRC cell proliferation, 
migration and invasion abilities through regulat-
ing PI3K/AKT pathway and EMT. Furthermore, 
data of this study also showed that miR-760 sup-

pressed CRC tumorigenicity in vivo. Collective-
ly, all these results supported the conclusion that 
miR-760 exerted tumor suppressive functions 
in human CRC, revealing a novel mechanism of 
CRC progression. Identification of the functional 
targets for miR-760 is imperative to further deter-
mine the mechanisms by which miR-760 exerted 
anti-tumor roles in CRC progression. In this study, 
as validated by dual luciferase assay, FOXA1 was 
identified as a direct target of miR-760. FOXA1 
has been confirmed to participate in the initia-
tion and progression of various tumors, including 
bladder cancer38, epithelial ovarian cancer39 and 
prostate cancer40. FOXA1 has been reported to be 
a target of miR-760 in non-small cell lung can-
cer41; however, the interaction between miR-760 
and FOXA1 has not been experimentally validat-
ed in CRC. Results of the current study revealed 
that FOXA1 was a functional target of miR-760 
in CRC cells. Moreover, data also indicated that 
miR-760 exerted antitumor roles in CRC partially 
by targeting FOXA1.

Conclusions

We indicated that miR-760 was prominently 
down-regulated in CRC. It was also demonstrated 
that low miR-760 expressions in CRC tissues indi-
cated poor prognosis and malignant clinicopatho-
logic characteristics of CRC patients. Moreover, 
miR-760 up-regulation was found to dramatically 
repress the proliferation, migration and invasion 
abilities of CRC cells via the regulation of PI3K/
AKT pathway and EMT. Additionally, FOXA1 
was identified as a target of miR-760 in CRC cells. 

Figure 6. MiR-760 up-regulation inhibited CRC tumorigenesis in vivo. A, Tumor growth curves of the groups with different 
treatments were plotted. B, Representative images of the tumors induced by miR-760 or negative control. *p<0.05, **p<0.01.



MiRNA-760 inhibits the progression of colorectal carcinoma

5739

Furthermore, miR-760 restoration could also in-
hibit in vivo CRC tumorigenesis. Hence, these 
findings together suggested that miR-760 may po-
tentially serve as a therapeutic target and clinical 
biomarker for CRC patients.
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