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MicroRNA-191 correlates with poor prognosis of colorectal carcinoma
and plays multiple roles by targeting tissue inhibitor of metalloprotease 3
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MicroRNA-191 (miR-191) is reported to be overexpressed in colorectal carcinoma (CRC), but the role of miR-191 in
CRC progress remained unclear. This study demonstrated that High miR-191 expression was associated with clinical stage,
lymph node metastasis, liver metastasis and depth of tumor invasion. Kaplan-Meier analysis indicated that patients with
high miR-191 expression had a poor overall survival. Moreover, multivariate analysis showed that miR-191 was an independ-
ent prognostic factor in patients with CRC. Furthermore, we found that tissue inhibitor of metalloprotease 3 (TIMP3) was
a direct target of miR-191 in colorectal cancer SW620 cells. TIMP3 downregulation mediated by miR-191 activated matrix
metalloproteinases (MMPs) and thus promoted invasiveness of cancer cells. Anti-miR-191 could attenuate the invasiveness,
suppress proliferation and induce apoptosis by restoring TIMP3 expression. Our results suggested that miR-191 might be
a potential diagnostic and therapeutic target in patients with colorectal cancer.

Key words: microRNA-191, colorectal carcinoma, prognosis, tissue inhibitor of metalloprotease 3

Colorectal carcinoma (CRC) remains one of the most com-
mon causes of cancer-related death worldwide as well as in
China [1, 2]. For most patients, liver metastasis from colorectal
cancer is a leading cause of death [3]. The Tumor, Nodes, and
Metastasis (TNM) staging system, is a commonly used method
to classify CRC tumor [4], is inaccurate predicting the future
outcome for each particular case because the tumor molecular
biology is not considered sufficiently[5]. Therefore, the devel-
opment of new biomarkers to facilitate early diagnosis, which
may also help to improve post-operative treatment approaches
for CRC patients, is an urgent need.

MicroRNAs (miRNAs), a class of small (19-25 nucleotide)
non-coding RNAs, has been suggested to play important roles
in tumorigenesis and cancer progression [6]. Compared with
mRNA, miRNA may be more suitable for molecular marker
because of its small size, stability, and resistance to RNase
degradation [7]. In CRC, several miRNAs have been found
to correlate with prognosis of patients [8-10]. Previous stud-
ies reported that miR-191 was upregulated in CRC [11, 12]
and it could enhance cell proliferation, decreases apoptosis
in hepatocellular carcinoma and in gastric carcinoma [13,

14]. However, the role of miR-191 in CRC progress and the
relationship between the expression of miR-191 and prognosis
in patients remained unclear.

In this study, we analyzed the correlation of miR-191
expression with clinicopathologic factors and examined the
mechanism. Our data show that high miR-191 expression was
an independent prognostic factor associated with metastasis
of CRC. Furthermore, miR-191 probably exerted its function
by directly targeting Tissue Inhibitor of Metalloprotease 3
(TIMP3).

Materials and methods

Clinical tissue samples. A total of 136 patients who un-
derwent resection of the primary CRC at The First Affiliated
Hospital of Xinxiang Medical College between 2003 and 2008
were analyzed in this study. None of the patients received
preoperative chemotherapy or radiotherapy. Resected tissue
samples were obtained with informed consent and immedi-
ately frozen in liquid nitrogen until RNA extraction. All tumor
specimens were histopathologically verified. Clinicopathologi-
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cal factors and clinical stage were classified using the criteria
of the International Union against Cancer [4]. The study was
approved by the medical ethics committee of Xinxiang Medi-
cal College.

Cell cultures. All cell lines were cultured in RPMI 1640
medium containing 10% FBS (Gibco, Los Angeles, CA, USA)
and were incubated at 37°C in a 5% CO, atmosphere. For
anti-miR transfection, cells were plated in 60 mm dishes and
transiently transfected with 60nM Anti-miR-191, or control
anti-sense RNA (anti-NC) (Applied Biosystems, USA) by
Lipofectamine RNAIMAX reagent (Invitrogen, Carlsbad,
CA, USA). For rescue experiments, cells were transfected at
24 h after anti-miR transfection with 60nM TIMP3 siRNA or
control siRNA (Santa Cruz, CA, USA) by supporting siRNA
Transfection Reagent (Santa Cruz). Cells were assayed 24h
after anti-miR or siRNA transfection.

Evaluation of miR-191 expression by realtime PCR.
Total RNA was extracted from tumor tissue or cells with the
mirVana miRNA isolation kit (Ambion, Austin, TX, USA)
according to the manufacturer’s instructions. cDNA was syn-
thesized from 10 ng of total RNA using Taqg-Man MicroRNA
Reverse Transcription kit (Applied Biosystems). Real-time
PCR analyses were carried out using TagMan miRNA assays
and hsa-miR-191 specific primers (Applied Biosystems) ac-
cording to the manual. The relative amount of miR-191 to
RNU6B RNA was calculated using the 2 4% method (the
one expressing lowest miR-191 in tissue or cells was used as
control) [15].

Western blot analysis. Cells were lysed on ice in radioim-
munoprecipitation assay buffer (Thermo Fisher Scientific
Inc., Waltham, Mass., USA). Total protein from cell extracts
(40ug) was separated by 12% SDS-PAGE and transferred to
PVDF membrane (Millipore, Bedford, MA, USA) using the
Bio-Rad semidry transfer system. After blocking with milk,
membranes were incubated overnight at 4°C with primary
antibodies. After washed, membranes were then incubated
with secondary antibodies for 1 h at room temperature. Two
antibodies were used in this study: anti-TIMP3 (dilution 1:
400; Abcam, Cambridge, MA, USA) and anti-actin (dilution 1:
1,000; Abcam). Blotted proteins were detected using the ECL
TM Plus Detection Kit (GE Healthcare, USA).

Gelatin zymography. To measure the activity of matrix
metalloproteinase (MMP), cell lysates (10ul) were added to
Zymogram sample buffer (Bio-Rad Laboratories, Hercules,
CA, USA) and loaded on to 10% Novex Zymogram gels (In-
vitrogen). Following electrophoresis, gels were incubated in
Zymogram renaturing buffer (Bio-Rad Laboratories) at room
temperature for 30 min and then incubated in Zymogram
development buffer (Bio-Rad Laboratories) at 37°C overnight
with gentle shaking. After the gels were washed and stained
in CoomassieBrillant Blue R-250 (Sigma-Aldrich, St. Louis,
MO, USA), quantification analysis was performed using the
software program Image] (NIH).

Luciferase miRNA target reporter assay. Total cDNA
from HT29 cells was used to amplify the 3’untranslated

regions (3’UTRs) of TIMP3 by PCR using the forward prim-
ers 5-TCTTTGGAGGCGAGAGGAA-3’ and the reverse
primers 5-CCACTTTACTGTTTAGAATAAAGGACAC-3.
Then, the fragment was cloned into the Spe I and Hind III
sites downstream of luciferase gene in the pMIR-REPORT
plasmid (Ambion) to generate pMir-Report-TIMP3 wt plas-
mid. Site-directed mutagenesis of miR-191 binding sites was
carried out using a QuikChange site-directed mutagenesis kit
(Stratagene, Santa Clara, CA, USA). The bases at the miR-191-
target region mutated from “AUUCCGU” to “UAAGGCA,
abolishing its binding without affecting the reading frame.
For reporter assays, HT29 and SW620 cells were transiently
cotransfected with 0.3 ug wt or mutant reporter plasmid and
60 nM anti-miR-191 or anti-NC using lipofectamine 2000
(Invitrogen). After 24 h, the cells were lysed. Luciferase activity
was measured and normalized by the control vector containing
Renilla luciferase.

Invasion assay. 48 h after transfection with either anti-miR-
191 or cotransfected with Anti-miR-191 and TIMP3 siRNA,
SW620 cells were plated on the top of Matrigel-coated invasion
chambers (24-well insert, 8-um pore size; BD Biosciences,
San Jose, CA, USA) in a serum-free RPMI 1640 medium. As
a chemoattractant, RPMI 1640 medium containing 10% fetal
calf serum was added to the lower chamber. The cells were
incubated for 24h, after which noninvaded cells were removed
from the inner part of the insert. Cells on the lower surface of
the membrane were fixed and stained using Hematoxylin and
Eosine (Sigma-Aldrich) for visualization.

Proliferation assays. SW620 cells were seeded in 24-well
plates(5x10* cells per well), in RPMI 1640 medium and after
24 h, transfected with either anti-miR-191 or cotransfected
with Anti-miR-191 and TIMP3 siRNA. Every 24 h, medium
was replaced and cell counts were performed by usinga CASY
TT cell counter (Innovatis, Roche Applied Science).

Apoptosis assays. 1x10° cells were seeded in 6-well plates.
72 hours after transfection, the cells were harvested and
stained with an Annexin V-FITC apoptosis detection kit (BD
Biosciences, San Diego, CA) following the manufacturer’s
instruction. After incubation at room temperature for 15 min,
stained cells were analyzed by FACSCalibur flow cytometry
(Becton Dickinson, USA).

Statistical analysis. Overall survival rates were analyzed
by the Kaplan-Meier method and differences in survival
rates were assessed by log-rank test. Correlation between
clinicopathologic factors and miR-191 expression was esti-
mated using the x2 test. A Cox proportional hazards model
was used for multivariate analysis. Other differences between
groups were analyzed using Student’s t test or repeated-meas-
ures ANOVA test. P value <0.05 was defined as statistically
significant.

Results

Relationship between miR-191 expression and clinico-
pathologic factors. The expression levels of miR-191 in the
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tumor from 136 patients were detected by Realtime PCR, us-
ing RNUG6B as a control. CRC tissue samples with expression
levels of miR-191 that were below the median value (11.676,
normalized to RNU6B; range: 1-163) were assigned to the low
expression group (mean expression value 6.855, n = 68) and
those samples with expression above the median value were
assigned to the high expression group (mean expression value
39.986, n = 68). Relationship between miR-191 expression
and clinicopathologic factors was analyzed (Table 1). Our
results demonstrated that high expression of miR-191 was
significantly correlated with advanced TNM stage, lymph
node metastasis, liver metastasis and depth of tumor invasion
(p<0.05, Table 1). No significant differences were observed for
other clinicopathologic features, including age, gender, tumor
histology, lymphatic invasion, venous invasion and tumor size
(p>0.05, Table 1).

Correlation between miR-191 expression and prognosis
of patients with colorectal cancer. Overall survival curves
of patients with low or high miR-191 mRNA expression level
were plotted by Kaplan—Meier method and indicated that the
survival rate was significantly lower in high miR-191 expres-
sion group compared to those in low expression group (p<0.01,
Figure 1). Univariate analysis showed that four clinicopatho-
logical factors (histological grade, lymph node metastasis,
liver metastasis and miR-191 expression) were significant
prognosis factors (Table 2). Multivariate analysis of the four
factors showed that miR-191 expression was a significant in-
dependent prognostic factor in colorectal cancer in addition
to tumor histology and liver metastasis (Table 2).

TIMP3 is a target of miR-191. We first determined expres-
sion of miR-191 in 6 colorectal cancer cell lines, and found that
HT29 and SW620 had the highest expressions of miR-191 in
these cell lines (Fig 2A). To explore the mechanism linking
miR-191 and poor prognosis in colorectal cancer, we used
microRNA (microrna.org) to search the targets of miR-191.
Combining with previous studies[16], we found that tissue
inhibitor of metalloprotease 3 (TIMP3) gene was a possible
one, which had a predicted binding site for miR-191 in the
3’UTR (Fig 2B). To validate that miR-191 can regulate TIMP3
mRNAs in colorectal cancer, luciferase reporter plasmids that
contain predicted and mutated binding sites of TIMP3 3’'UTR
were constructed and luciferase activity in HT29 and SW620
cells were tested. Both HT29 and SW620 cells express high
levels of endogenous miR-191, so anti-miR-191 was used to
regulate the level of miR-191. The results showed that anti-
miR-191 significantly increased luciferase signals in SW620
cells compared with control anti-sense RNA (Fig 2C). The lu-
ciferase activity in HT29 cells transfected by miR-191 inhibitor
was also increased compared with that transfected by control
anti-sense RNA, but the difference was not significant (Fig
2B). The results indicated that TIMP3 was a direct miR-191
target, at least in SW620 cells. We then examined the protein
levels of TIMP3 and found that it was upregulated by miR-
191 inhibition in both colorectal cancer HT29 and SW620
cells (Fig 2D).
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Figure 1. Kaplan-Meier survival curves of patients with colorectal cancer
based on miR-191 expression. Patients with high miR-191 expression had sig-
nificantly worse overall survival than those with low expression (p<0.05).

Table 1. Correlation between clinicopathologic factors and miR-191 expres-
sion of colorectal cancer patients

Low expression  High expression

Variable p value
(n=68) (n=68)

Age(mean+SD) 67.8+6.85 66.7+6.29 0.343
Gender 1.000
Male 41 41

Female 27 27

Histological grade 0.452
well or mod 50 46

poor and other 18 22

TNM stage 0.010°
I-11 41 26

1I-1v 27 42

Lymph node metastasis 0.0005™
Absent 49 29

Present 19 39

Lymphatic invasion 0.335
Absent 52 47

Present 16 21

Venous invasion 0.663
Absent 56 54

Present 12 14

Liver metastasis 0.026"
Absent 63 54

Present 5 14

Size 0.350
<30 mm 23 18

>3] mm 45 50

Depth of tumor invasion 0.040°
T1, T2 40 28

T3, T4 28 40

SD = Standard deviation, well = well-differentiated adenocarcinoma; mod
= moderately differentiated adenocarcinoma; por = poorly differentiated
adenocarcinoma. *p<0.05, ** p<0.01, *** p<0.001.
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Figure 2. The TIMP3 3’-UTR is a target of miR-191. A, Realtime PCR analysis of miR-191 expression in 6 colorectal cancer cell lines. B, Predicted miR-
191 binding sites within TIMP3 3’-UTR and representation of the pMIR-TIMP3 vectors used in the Luciferase assay. The mutated miR-191 binding site
(TIMP3 mut 3’-UTR) was also shown. C, pMIR-Report vectors containing the wild-type TIMP3 3’UTR (TIMP3 wt), or mutated TIMP3 3’UTR (TIMP3
mut) were transfected into HT29 and SW620 cells, that were then treated with either miR-191 inhibitor (Anti-miR-191) or control anti-sense RNA
(anti-NC). The inhibition of miR-191 resulted in a significant increase in luciferase signals of TIMP3 wt transfected SW620 cells compared with anti-
NC. The effect of miR-191 inhibitor in HT29 was not significant. Data were from experiments performed in triplicate and represented as means+SEM.
D, HT29 and SW620 cells were transfected with Anti-miR-191 and TIMP3 protein levels were detected by western blotting. *p<0.05 compared with

control group.

Table 2. Univariate and multivariate analysis of clinicopathological factors for overall survival

Univariate analysis

Multivariate analysis

Variable

RR 95% CI p value RR 95% CI p value
Age(<65/=65) 0.884 0.504-1.550 0.666 - - -
Gender(male/female) 0.831 0.459-1.502 0.539 - - -
Histological grade(well or mod/poor and other) 2.486 1.383-4.469 0.002** 2.407 1.274-4.547 0.007**
Lymph node metastasis(negative/positive) 2.934 1.592-5.410 0.0006*** 1.793 0.913-3.519 0.090
Lymphatic invasion(negative/positive) 1.154 0.614-2.170 0.656 - - -
Venous invasion(negative/positive) 1.606 0.829-3.112 0.160 - - -
Liver metastasis(negative/positive) 2.362 1.193-4.678 0.014* 2.199 1.069-4.519 0.032*
Size(<30 mm/>31 mm) 1.137 0.587-2.202 0.703 - - -
Depth of tumor invasion(T1-T2/T3-T4) 1.031 0.574-1.851 0.919 - - -
miR-191 expression(low/high) 2.592 1.378-4.874 0.003** 2.033 1.045-3.957 0.037*

RR = Relative risk; CI = confidence interval; well = well differentiated adenocarcinoma; mod = moderately differentiated adenocarcinoma; por = poorly dif-

ferentiated adenocarcinoma. *p<0.05, ** p<0.01, *** p<0.001.
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Figure 3. miR-191 inhibitor suppresses MMPs activity and invasion of SW620 cells. SW620 cells were transfected with miR-191 inhibitor (Anti-miR-191),
control anti-sense RNA (anti-NC), or cotransfected with Anti-miR-191 and TIMP3 siRNA or control siRNA. A, The protein level of TIMP3 was detected
by western blotting. Anti-miR-191 increased the protein expression of TIMP3 in SW620 cells, but TIMP3 siRNA inhibited the increase. B, The MMP-2
and MMP-9 activities were examined by gelatin zymography and intensity of the band was quantified. TIMP3 siRNA reversed the inhibition of MMP-2
and MMP-9 activities induced by anti-miR-191. The experiment was repeated three times and data were represented as means+SEM. C, Representative
cell fields (x100) of matrigel invasion assay and numbers of invasive cells. Anti-miR-191 suppressed the invasiveness of SW620 cells, but cotransfection
of anti-miR-191 with TIMP3 siRNA rescued the invasiveness. The data obtained by counting average numbers of cells from nine different fields and
represented as means+SEM. *p<0.05 compared with control group, # p<0.05 compared with Anti-miR-191 group.

Inhibition of miR-191 leads to down-regulation of MMP  MMP proteolytic activities and CRC cell invasiveness. West-
activities and reduction of invasiveness. Since TIMP3, ern Blotting showed that cotransfection of anti-miR-191 and
a MMP inhibitor, correlates well with CRC cell motility and ~ TIMP3 siRNA markedly decreased the protein level of TIMP3
invasion[17], we examined the effects of miR-191 inhibitionon ~ compared with transfection of anti-miR-191 in SW620 cells
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Figure 4. MiR-191 inhibitor suppressed proliferation and induced apoptosis of SW620 cells. SW620 cells were transfected with miR-191 inhibitor (Anti-
miR-191), control anti-sense RNA (anti-NC), or cotransfected with Anti-miR-191 and TIMP3 siRNA or control siRNA. A, Proliferation assays. MiR-191
inhibitor suppressed proliferation of SW620 cells, but TIMP3 siRNA recovered the proliferation. B, Cell apoptosis was examined by flow cytometry
analysis of Annexin V/PI staining. Anti-miR-191 induced apoptosis of SW620 cells, but TIMP3 siRNA inhibited the apoptosis. C, Representative im-
ages of flow cytometry for cell apoptosis. The data obtained from repeated three wells and represented as means+SEM. *p<0.05 compared with control

group, # p<0.05 compared with Anti-miR-191 group.

(Fig 3A). Gelatin zymography assay showed that anti-miR-
191 significantly reduced the levels of MMP-2 and MMP-9
proteolytic activity in SW620 cells compared with control (Fig
3B). TIMP3 siRNA reversed the reduction of MMPs activity
induced by anti-miR-191 (Fig 3B), suggesting that miR-191
regulates MMPs activity through TIMP3.

We next studied the effects of miR-191 inhibition on CRC
cell invasion using transwell invasion system. The numbers
of invasive SW620 cells with inhibited miR-191 were sig-
nificantly reduced compared with control (Fig 3C). Notably,
this reduced-invasiveness was rescued by cotransfection of
anti-miR-191 with TIMP3 siRNA (Fig 3C), indicating that
TIMP3 is the major factor that mediates miR-191 function in
SW620 cells invasion.

MiR-191 inhibitor suppresses proliferation and in-
duces apoptosis. Besides MMP inhibition, TIMP3 relates
to a number of cellular processes in cancer, such as cell pro-
liferation and apoptosis [17]. So the effects of miR-191 and
TIMP3 on cell proliferation and apoptosis in CRC cell were
investigated. As shown in Figure 4A, cell proliferation was
significantly inhibited by anti-miR-191 and was recovered by
TIMP3 siRNA. Exposure of SW620 cells to anti-miR-191 for
72 h resulted in a significantly increase of apoptosis, whereas
no obvious alterations of apoptosis rate were detected in cells
treated with both anti-miR-191 and TIMP3 siRNA compared
with control (FigdB and C).

Discussion

Through binding to partially complementary sites, predom-
inantly in 3UTRs of mRNAs, miRNAs are involved in a variety
of cellular activities and biological processes, including can-
cerogenesis [18, 19]. The altered expressions of miRNAs in
cancer tissues compared to normal tissues have been reported
in many studies, suggesting the potential of these miRNAs
as biomarkers[12, 20]. The identification of tumor-specific
miRNAs and their target genes is crucial not only to validate
underlying biological mechanisms in tumorgenesis, but also
to provide potential targets for colorectal cancer therapy.

Overexpression of miR-191 has been observed in gastric
carcinoma, hepatocellular carcinoma and colorectal carci-
noma, implying its important role in tumorigenesis [12-14].
In this study, we found that high expression of miR-191
correlated with TNM stage as well as lymph node and liver
metastasis, strongly suggesting that miR-191 might be involved
in progression and metastasis of colorectal cancer. Moreover,
Kaplan-Meier analysis of overall survival showed that patients
with higher miR-191 expression tend to have significantly
worse prognosis, and in support of this, Cox proportional
hazards model showed that miR-191 was an independent
prognostic factor in CRC.

MiRNAs can regulate the expression of multiple mRNA
targets and thereby change several cellular programs. Nine
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ments performed in triplicate and represented as means+SEM. ***p<0.001 compared with control group.

candidate target genes of miR-191 have been identified in hepa-
tocellular carcinomal[16], and N-deacetylase/N-sulfotransferase
1 (NDST1) was confirmed to be a direct target gene of miR-191
in gastric cancer[14]. Here, we demonstrated that a target of
miR-191 in CRC was TIMP3, which was also a candidate target
gene of miR-191 in hepatocellular carcinoma [16]. TIMP3 is
amember of tissue inhibitors of metalloproteinases (TIMP),
which are the key inhibitors of MMPs [17]. Down-regulated
TIMP3 was observed in many malignant tumors including
colorectal cancer [21-23]. Although hypermethylation of the
TIMP3 gene promoter may contribute to silencing of the TIMP3
gene expression [22], the present study suggests miR-191-me-
diated gene inhibition is an alternative regulatory mechanism.
Interestingly, luciferase assay showed that TIMP3 was not the
direct target of miR-191 in HT29 cells. One possible reason is
that HT29 and SW620 cells came from different areas of tumor
tissues and had different mechanisms of tumorigenesis [24].

MMPs are critical molecules assisting tumor cells metastasis
and up-regulation of MMPs usually led to enhanced tumor
cell invasion [25, 26]. Inhibition of miR-191 decreased MMP
activities and moreover, it led to reduction of SW620 cells inva-
sion, which was rescued by TIMP3 siRNA. This implied that
miR-191 regulated TIMP3 expression and thus MMP activities
and CRC invasiveness. The evidences developed over the years
support the role of TIMPs in regulating cell proliferation and
apoptosis and these effects appear to be cell-type specific and
sometimes are results of MMP-independent mechanisms [17].
Our data from proliferation and apoptosis assays showed that
anti-miR-191 blocked proliferation and induced apoptosis
of SW620 cells through restoring TIMP3 expression. The
increased apoptosis induced by anti-miR-191 could partly ex-
plain the suppression of proliferation. These results mean that
miR-191 plays multiple roles in CRC progression by targeting
TIMP3. Whether TIMP3 regulates proliferation and apoptosis
in CRC cells through pathways independent of MMP deserves
further investigation.

In conclusion, we demonstrated that miR-191 expression
was associated with metastasis of CRC and miR-191 was

a novel independent prognostic factor of patients with CRC.
Furthermore, miR-191 contributed to CRC malignancy by
downregulation of TIMP3. Our results suggested that miR-
191 may be a potential diagnostic and therapeutic target in
patients with colorectal cancer.
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