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miR-888 functions as an oncogene and predicts
poor prognosis in colorectal cancer
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Abstract. MicroRNAs (miRNAs) are important regulators of
tumor formation, progression and metastasis. The present study
characterized a novel miRNA (miR)-888, as a potent oncomiR
in human colorectal cancer (CRC). The clinicopathological
investigation on 126 cases of CRC patients demonstrated that
the expression level of miR-888 was significantly upregulated
in tumors compared with adjacent healthy tissue, and was
associated with tumor stage and histological differentiation.
A Kaplan-Meier analysis and log-rank test demonstrated that
CRC patients with increased miR-888 expression exhibited
a decreased overall survival (OS) and disease-free survival
(DFS) compared with patients with low miR-888 expres-
sion. Further univariate and multivariate analyses identified
miR-888 as an independent prognostic factor for poor survival
outcome in CRC patients. To determine the biological role of
miR-888 in human CRC, in vitro Cell Counting kit-8, wound
healing and transwell assays were performed and demonstrated
that miR-888 contributed greatly to CRC cell proliferation,
invasion and metastasis. Furthermore, potential targets of
miR-888 were investigated using a luciferase reporter assay,
followed by polymerase chain reaction and western blot
analysis. The findings revealed that miR-888 directly bound
to the 3'-untranslated region of mothers against decapen-
taplegic-4 and thus inhibited its expression and promoted the
tumor growth factor-1-induced cancer metastasis signaling.
The results of the present study identified miR-888 as an onco-
genic miRNA in CRC and provide a foundation for promising
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research in the future regarding this predictive and prognostic
biomarker.

Introduction

Colorectal cancer (CRC) is currently the third most common
malignancy and the fourth leading cause of cancer-related
death worldwide, with an estimated 1.2 million new cases and
over 6 hundred thousand deaths each year (1). CRC develops
as a result of the pathological transformation of normal colonic
epithelium to adenomatous polyp, which ultimately leads to
invasive cancer (2). Though the five-year survival rate of
patients with resectable CRC has recently improved, exceeding
90%, that of CRC patients with unresectable metastases
remains discouraging at less than 10% (3). Notably, 50-60% of
CRC patients can develop distant metastases and the five-year
survival rate will decrease to only 5% in patients with distant
metastases (4). Therefore, early diagnosis and therapy holds
a significant prognostic value, and it is an urgent necessity to
identify new biomarkers as well as specific therapeutic targets
for CRC (5,6). Tumor metastasis consists of multiple sequen-
tial biological processes, including the invasion of cancer cells
into surrounding tissues, intravasation, survival in circulation,
arrest at distant organ sites, extravasation, and finally growth
in distant organs (7). However, despite considerable advances
have been made concerning the molecular mechanisms under-
lying tumor metastasis, it is still far from well understood.
MicroRNAs (miRNAs) belong to a class of small endog-
enous RNAs that do not encode for proteins and yet influence
many physiological processes through binding to the 3'-untrans-
lated region (3'-UTR) of target messenger RNAs (mRNAs),
mediating either mRNA degradation or translational repres-
sion (8). The role of miRNAs in human malignancies has been
intensively studied in recent years. Dysregulated expressions
of miRNAs are associated with tumor initiation, promotion
and progression by acting on various oncogenes or tumor
suppressors (9-11). Moreover, miRNAs have been demon-
strated to be closely correlated with clinical stage, metastasis
and survival in numerous human cancers, including CRC (12).
microRNA-888 (miR-888), a newly identified miRNA, was
reported to be implicated in the tumorigenic process of
endometrial cancer, prostate cancer, and breast cancer (13-16).
Lewis er al found that overexpression of miR-888 significantly
increases the proliferation and migration of prostate cancer
cells (14), and Huang et al showed that miR-888 is a repressor
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of the adherens junction pathway in breast cancer (15). What's
more, evidences have even pointed to the involvement of
miR-888 in maintaining cancer stem cell-related properties
and regulating the epithelial-mesenchymal transition (EMT)
and cancer metastasis (17). Nevertheless, little is known about
the roles of miR-888 in the clinical pathological correlations
and biological functions in CRC tumorigenesis. Thus, in the
present study, we sought to determine the biological and clini-
copathological implications of miR-888 in the development
and metastasis of CRC.

Materials and methods

Human samples and cell lines. A total of 126 CRC patients
that received surgery resection in Subei People's Hospital
of Jiangsu Province between 2009 and 2014 were enrolled
in this study. None of them had undergone chemotherapy,
radiotherapy or immunotherapy before. Pathological analyses
were used to confirm the diagnosis, and the patients were
staged according to the tumor-node-metastasis (TNM) staging
system of American Joint Committee on Cancer (AJCC).
Detailed clinical informations of the patients are shown in
Tables I and II. Tumor tissues and the paired normal tissues
were obtained after surgical resection and immediately placed
in liquid nitrogen or 10% formalin for further analyses. The
present study was approved by the Ethics Committee of Subei
People's Hospital of Jiangsu Province and written informed
consent was obtained from all of the patients. The overall
survival (OS) time was defined as the date of surgery to the
date of death from any cause, or to the last follow-up date;
while the disease-free survival (DFS) was computed from
the operation date to the date of local or distant recurrence or
death from any cause.

Human HEK 293 cell and colorectal cancer cell line SW620
were obtained from the American Type Culture Collection
(ATCC). Cells were maintained in a humidified 5% CO,
atmosphere at 37°C and were grown in complete growth
medium (Invitrogen, Carlsbad, CA) as recommended by the
manufacturer. Cells were regularly authenticated by checking
their morphology and confirming the absence of mycoplasma
contamination (MycoAlert, Lonza, Rockland, ME).

In situ hybridization and staining assessment. In situ hybri-
dization (ISH) was performed using double-digoxigenin
(DIG) labeled 2'0-methyl locked nucleic acid (LNA)-ZEN
probes (Integrated DNA Technologies) complimentary to
miR-888 (5'-DIG-U/ZEN/GACUGACAGCUTUUUGAG
U/ZEN/A-DIG-3") along with a scrambled negative control
probe (5'-DIG-C/ZEN/GUAUUAUAGCCGAUUAAC
G/ZEN/A-DIG-3"), where LNA modifications are underlined.
Hybridization, washing, and scanning were carried out
according to previous reports (18).

The staining index (SI), a semiquantitative evaluation
system incorporating the intensity and percentage of positive
cells, was conducted to assess the miR-888 staining results (19).
The staining intensity was classified into four grades: 0, no
staining; 1, weak; 2, moderate; 3, strong. The percentage of
cells stained was graded as follows: 0, no staining; 1, <10%;
2, 10-50%; and 3, >50% tumor cells. SI was calculated by
multiplying the grade for percentage staining by the grade
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for intensity. Each sample was evaluated by two experienced
pathologists in a blind manner. Scores of 4 or greater were
defined as positive staining and high expression.

RNA isolation and quantitative real-time RT-PCR. RNA
samples were isolated using Trizol reagent (Invitrogen)
according to the manufacturer's instructions. miR-888 expres-
sion was quantified by two-step quantitative RT-PCR ,beginning
with first-strand cDNA synthesis using the One-step prime-
Script miRNA cDNA Synthesis kit, followed by quantitative
real-time PCR amplification using the miRscript SYBR-Green
PCR kit (Takara); while the quantitative SYBR-Green PCR kit
(Qiagen, Hilden, Germany) was used to quantify the mRNA
level of genes in Smad4 pathway. All primers used are shown
in Table III. miRNA quantity was normalized using the small
nuclear RNA U6 while the other genes were normalized to
GAPDH. Fold change of miRNA/mRNA expression was
calculated using the 244 method.

Western blotting. Western blot analysis was performed as
described previously (20), using the Smad4 antibodies (1:5000
dilution; Abcam, UK) and B-actin antibodies (1:5000 dilution;
Abcam).

Vector construction and cell transfection. The miR-888
expression plasmid was generated by cloning the genomic
pre-miR-888 (5'-UACUCAAAAAGCUGUCAGUCA-3') into
OriGene's pPCMV6-Mir Vector (Promega, Madison, WI, USA)
to generate the plasmid pCMV-miR-888. The empty vector
was used as a negative control (NC).

Vectors were transfected into cells with Lipofectamine 2000
(Invitrogen). The day before transfection, the cells were
seeded in 6-well plates and reached a confluence of approxi-
mately 80%. For each transfection experiment, 2 ug of DNA
and 6 ul of Lipofectamine 2000 were added to 100 pl of
Opti-MEM medium. Medium was replaced 6 h later. After a
72 h incubation, cells were harvested for further experiments.

Luciferase reporter assay. Luciferase constructs were gene-
rated by ligating oligonucleotides containing the wild-type
or mutant putative target site of the Smad4 3'-UTR into the
Psi-CHECK?2 vector (Promega) downstream of the luciferase
gene. HEK 293 or human CRC cells were transfected with
miR-888 or the NC in combination with each individual
psiCHECK?2 luciferase vector. Cells were collected at 24 h
post-transfection, and Firefly and Renilla luciferase activi-
ties were measured using the Dual Luciferase Assay System
(Promega) according to the manufacturer's protocol.

Cell proliferation assay. The cells were plated in 96-well
plates at 5x10* cells/well and allowed to grow for 24-72 h.
Subsequently, the cells were incubated with 10 ul CCK-8
(Beyotime, Shanghai, China) at 37°C for 4 h. Absorbance was
measured at 450 nm using a microplate reader.

Wound healing assay. Cells were seeded in 6-well plates and
incubated under permissive conditions until approximately
90% confluence. After serum starvation for 24 h, wounds were
created in the confluent cells using a pipette tip. Wound healing
within the scrape line was then observed and photographed at
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Table I. Correlation between clinicopathological parameters and miR-888 expression in patients with colorectal cancer.

miR-888 expression

Characteristics No. (%) High n=93 (%) Low n=33 (%) p?

Age 0.453
<60 60 (47.6) 44 (47.3) 16 (48.5)
=60 66 (52.4) 49 (52.7) 17 (51.5)

Sex 0.251
Male 71 (56.3) 53 (57.0) 18 (54.5)
Female 55 (43.7) 40 (43.0) 15 (45.5)

Tumor location 0.235
Left 79 (62.7) 59 (63.4) 20 (60.6)
Transverse 13 (10.3) 9(9.7) 4 (12.1)
Right 34 (27.0) 25(26.9) 9(27.3)

pT status 0.009*
T1/T2 28 (22.2) 14 (15.1) 14 (42.4)
T3/T4 98 (77.8) 79 (84.9) 19 (57.6)

pN status 0.031*
Absent 72 (57.1) 48 (51.6) 24 (72.7)
Present 54 (42.9) 45 (48.4) 9(27.3)

pMstatus 0.018°
Absent 116 (92.1) 84 (90.3) 32 (97.0)
Present 10 (7.9) 9.7 1(3.0)

AJCC stage 0.042*
/11 71 (56.3) 48 (51.6) 23 (69.7)
/v 55 (43.7) 45 (48.4) 10 (30.3)

Differentiation 0.005*
Well 27 (21.4) 13 (14.0) 14 (42.4)
Moderate 78 (61.9) 60 (64.5) 18 (54.5)
Poor 21 (16.7) 20 (21.5) 1(3.0)

“Statistically significant.

indicated time points. Each experiment was repeated at least
three times.

Transwell invasion assay. A Boyden chamber with 8 ym-pore
filter membrane was used. Briefly, cells (1x10°) in culture
medium containing free FBS were seeded in the upper
chamber, and the culture medium with 20% FBS was added
in the lower chamber as a chemoattractant. The upper side
of the filter was coated with 0.2% Matrigel (BD Biosciences,
San Jose, CA, USA). After incubation for 48 h, the cells on
the upper side of the filter were removed with cotton swabs,
while the cells that migrated to the lower side were fixed in
4% paraformaldehyde and stained with crystal violet. The
cells invaded to the lower surface of the filter were counted at
10 random fields.

Statistical analysis. All statistical analyses were carried
out using the SPSS v20.0 program. Data were expressed
as mean + standard deviation (SD). The two-tailed paired
Student's t-test was conducted for analyzing two groups.

Group differences were statistically analyzed using the ¥ test.
Survival curves were described by the Kaplan-Meier method
and compared with the log-rank test. Prognostic factors and
survival data were evaluated using univariate and multivariate
Cox regression analyses. P<0.05 was considered to indicate a
statistically significant difference.

Results

High level of miR-888 expression is correlated with aggres-
sive CRC. To determine the clinical and pathological
relevance of miR-888 in human CRC, we explored the expres-
sion of miR-888 in 126 cases of primary CRC biopsies by
gRT-PCR and found that the miR-888 expression level was
significantly upregulated in tumor tissues compared with
the paired adjacent normal tissues (Fig. 1A). Furthermore,
patients with distant metastatic tumors showed a remarkably
higher miR-888 level than those without tumor metastasis.
The level of miR-888 in metastatic tumors was 2.9-fold higher
than that in non-metastatic tumors (Fig. 1B). Further in situ
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Table III. Primers used in this study.

Oligo Sequence

Smad4 5'-CGGACATTACTGGCCTGTTC-3'
(Foward)

Smad4 5-TAGGGCAGCTTGAAGGAAACC-3'
(Reverse)

E-cadherin 5'-GAAGTGTCCGAGGACTTTGG-3'
(Forward)

E-cadherin 5'-CAGTGTCTCTCCAAATCCGATA-3'
(Reverse)

TGF-p1 5'-GAGGCGGTGCTCGCTTTGTA-3'
(Forward)

TGF-p1 5'-GCACTGCTTCCCGAATGTCTG-3'
(Reverse)

Snail 5'-GTCCTTGCTCCACAAACACCA-3'
(Forward)

Snail 5'-CTGCCTTCCATCAGCCATCT-3'
(Reverse)

Twist 5'-GTCCGCAGTCTTACGAGGAG-3'
(Forward)

Twist 5'-CCAGCTTGAGGGTCTGAATC-3'
(Reverse)

N-cadherin 5-TTGGTTTGGGGAGGGAGA-3'
(Forward)

N-cadherin 5'-CTGGGGTCAGAGGTGTATCATTT-3'
(Reverse)

GAPDH 5'-ACAGTCAGCCGCATCTTCTT-3'
(Forward)

GAPDH 5'-ACGACCAAATCCGTTGACTC-3'
(Reverse)

miR-888 5'-ATGTGGCAGATCCCACAGGAGTTT-3'
(Forward)

miR-888 5'-ACTGGGTTTGACTTCGTAGCCCTT-3'
(Reverse)

U6 (Forward) 5'-CTGCTTCGGCAGCACA-3'

U6 (Reverse) 5-AACGCTTCACGAATTTGCGT-3'

hybridization (ISH) analysis demonstrated that high miR-888
expression was detected in 93/126 (73.8%) cases of CRC
patients, whereas low miR-888 expression was observed in
33/126 (26.2%) of the patients (Fig. 1C). Clinicopathological
investigations confirmed that increased miR-888 expression
was positively associated with pT status (P=0.009), pN status
(P=0.031), pM status (P=0.018), AJCC stage (P=0.042), and
histological differentiation (P=0.005) of tumors, but not with
patients' age (P=0.453), sex (P=0.251), or tumor location
(P=0.235) (Table I). These results indicate that miR-888 plays
an important role in the progression and metastasis of CRC
and represents a potential predictive marker.

Increased miR-888 expression predicts poor prognosis in
patients with CRC. Kaplan-Meier analysis and the log-rank test
were used to determine the prognostic significance of miR-888
in CRC. It was observed that patients with high miR-888 expres-
sion presented significantly shorter OS (P=0.025, Fig. 2A) and
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DFS (P=0.021, Fig. 2B) times than those with low miR-888
expression. Subsequently, univariate and multivariate analyses
were performed to identify the risk factors correlated with
the prognosis of CRC patients. The univariate Cox propor-
tional hazard analysis showed that high miR-888 expression,
advanced pT, N, and M status, and poor histological diffe-
rentiation contributed significantly to poor OS and DFS rates
in patients with CRC (Table II, P<0.05 for all). Furthermore,
after adjusting for all clinicopathological factors, multivariate
analysis confirmed that miR-888 expression, the TNM stage,
and histological grade were independent prognostic factors for
survival (Table II, P<0.05 for all). These above findings strongly
suggest that miR-888 may serve as a predictor of poor survival
among CRC patients.

miR-888 contributes to proliferation, invasion, and metas-
tasis of CRC cells. To explore the biological role of miR-888
in CRC, miR-888 expression vectors and the empty control
vectors were constructed and transfected into targeted cells.
RT-PCR analysis validated that the miR-888 level was
increased by 2.3-fold in HEK 293 cells and approximately
2-fold in SW620 cells after transfection of expression vectors
(Fig. 3A). We then investigated the effects of miR-888 on CRC
cell proliferation by CCK-8 assay. Overexpressing miR-888
in SW620 cells markedly upregulated the proliferation rate of
cancer cells in vitro, whereas transfection of empty controls
showed no significant effects on cell proliferation (Fig. 3B). We
next examined the influence of miR-888 on cell migration and
invasion by the wound healing assay and the transwell assay,
respectively. It was found that CRC cells transfected with
miR-888 expression vectors showed significantly enhanced
capability of migration and invasion than those transfected
with empty controls (Fig. 3C and D). Taken together, these
results suggest that miR-888 may function as an oncogenic
miRNA in CRC tumorigenesis.

miR-888 inhibits Smad4 expression in CRC cells by directly
binding to its 3'-UTR. After reviewing the published literature
and searching the miRNA prediction databases, we identified
a putative miR-888 binding site in the 3'-UTR of Smad4, a
well-established tumor suppressor whose mutation or loss
of function causes an acceleration of tumor progression in a
variety of human malignancies (21,22). We thus cloned the
wild-type or mutant Smad4 3'-UTR, and inserted it into a
luciferase reporter vector (Fig. 4A). Our experiments showed
that overexpressing miR-888 remarkably reduced the luci-
ferase activity of the wild-type 3'-UTR of Smad4, but not
the mutant reporter constructs, in both HEK 293 cells and
SW620 cells (Fig. 4B and C). Further PCR and western blot
verifications confirmed the direct inhibition of miR-888 on the
gene and protein levels of Smad4 expression (Fig. 4D and E).
Thereafter, we investigated the expression of key factors
involved in the molecular signaling of Smad4-regulated
epithelial-mesenchymal transition (EMT) and tumor metas-
tasis. PCR analysis showed that by upregulation of miR-888,
the expression levels of TGF-f31, Snail, Twist and N-cadherin
in SW620 cells were significantly increased, compared with
that in cells transfected with empty vectors; but in contrast, the
expression level of E-cadherin was decreased (Fig. 4F). These
results demonstrate the importance of miR-888-mediated
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Smad4 inhibition in the regulation of CRC invasion and
metastasis.

Discussion

CRC remains one of the major lethal causes of patients with
cancer. Early diagnosis is an effective means to reduce the
mortality of CRC patients, and the detection of biomarkers
is an important component of diagnosis, as well as treat-
ment (23,24). An ideal biomarker for diagnosis should be
highly specific, sensitive, and noninvasive (25). Evidences
have revealed that miRNAs exhibit unique expression profiles
in different tumor types and are important in the initiation and
progression of human cancers (26). The crucial functions of
miRNAs in carcinogenesis have promoted intensive research
into miRNA-based diagnostic and therapeutic strategies for
the treatment of cancer. In this study, for the first time, we
characterized miR-888 as a novel colorectal cancer-associated
miRNA that correlates with disease status and shares func-
tional features of an oncogenic factor in human CRC. By

P<0.001. All data are presented as mean =+ standard deviation.

systematic clinicopathological investigations, we found that
miR-888 expressed significantly higher in CRC tissues than
in normal colon tissues. Increased miR-888 expression was
positively associated with advanced TNM stage and poor
histological differentiation of tumors. We also showed that
CRC patients with low miR-888 expression experienced better
overall survival as well as disease-free survival outcomes;
while patients with high miR-888 expression demonstrated
significantly reduced survival rates. Further univariate and
multivariate analyses identified miR-888 upregulation as an
independent prognostic factor for survival in patients with
CRC. All these findings provide strong evidence for the trans-
lational potential of miR-888 in the prediction and diagnosis
of human CRC.

Recent studies have highlighted the pivotal role of miRNAs
in a broad range of developmental processes associated with
tumor progression and metastasis, which are controlled by
complex and multistep genetic and/or epigenetic changes (27).
The TGF-f signaling has been reported to play a bilateral role
in tumor development depending on the condition of the Smad
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analysis showed the direct binding of miR-888 on Smad4 3'-UTR. HEK 293 cells (B) and SW620 cells (C) were respectively co-transfected with miR-888 or
empty controls and the luciferase reporter construct containing the wild-type or mutant Smad4 3'-UTR. For each experiment, the results were normalized to

the luciferase activity detected in the cells transfected with the empty vectors. *

“P<0.001. (D, E) RT-PCR and western blot analyses of the effects of miR-888

on Smad4 expression in HEK 293 cells (D) and SW620 cells (E). GAPDH and (3-actin were respectively used as internal controls for PCR analysis and western

blotting. ““P<0.001. (F) Effects of miR-888 on the expression of key factors in the TGF-f1-mediated EMT signaling pathway. “P<0.01, ™

are expressed as mean =+ standard deviation.

family proteins (28-30). Smad4, a key signal transducer of the
TGF-p/Smad pathway, generally acts as a tumor suppressor
in CRC (31). It has been documented that Smad4 mutations
are observed in approximately 10% of sporadic CRC patients.
Loss of the functional Smad4 protein occurs frequently in the
adenoma-to-carcinoma sequence, and contributes to distant
metastasis, non-response to chemotherapy, and undesirable
prognosis (32). In our present study, we identified miR-888 as
a novel miRNA that directly binds to the 3'-UTR of Smad4
in CRC cells and causes its downregulation. By targeting
the Smad4 signaling, miR-888 significantly promoted the
proliferation, migration, invasion and metastasis of CRC
cells. Thus, we first characterized miR-888 as an important
oncomiR in human CRC. However, given that the off-target
effects, which derived from non-specific binding of miRNAs
to target sequences sharing high homologies, are frequently

“P<0.001. All data

existed when performing miRNA-related gene-silencing
experiments and could possibly cause confusion on the mecha-
nism by which the target gene is regulated (33,34), microarray
analysis should be used to further validate the specificity of
miR-888-mediated Smad4 silencing in the future.

EMT has been validated an important step involved in
cancer invasion and metastasis. During the EMT process, cells
lose the epithelial characteristics, gaining instead an invasive
and migratory mesenchymal phenotype, which permits these
cells to leave the tissue parenchyma and enter the systemic
circulations (35,36). TGF-f1 is a well-established metastatic
inducer by interacting with Smad2/3/4 and promoting EMT
in late-stage tumor progression (37-39). Here we demonstrated
that miR-888 was capable of inducing the upregulation of the
mesenchyme cell marker N-cadherin and the intracellular tran-
scription factors Snail and Twist; whereas the downregulation
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of the epithelial marker E-cadherin. Our findings confirmed
that miR-888 is important for TGF-1-mediated induction
of EMT and that targeting miR-888 might be an effective
strategy to inhibit or reverse CRC metastasis.

In conclusion, the current study showed that miR-888 acts

as an oncogenic miRNA in CRC by targeting Smad4 and repre-
sents a promising predictive and prognostic factor for CRC
patients. Thus, interrupting or inhibiting miR-888 expression
may provide a therapeutic approach for CRC treatment.
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