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miR-542-3p suppresses colorectal cancer progression through
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Background: miR-542-3p has been reported to be a tumor suppressor in several tumor types, while its role
in colorectal cancer (CRC) has not been fully understood. This study aimed to investigate the expression of
miR-542-3p and its potential role in human CRC.

Methods: Real-time PCR was used to detect the expression of miR-542-3p in tissues and plasma of CRC
patients. The impact of miR-542-3p on the aggressive phenotypes of CRC cells were evaluated by in vitro
functional assays. Luciferase activity assay was conducted to confirm the direct binding of miR-542-3p to
survivin.

Results: miR-542-3p was decreased in CRC cell lines that derived from metastatic sites. Among the 65 CRC
patients enrolled in this study, 63.08% (41/65) had a decreased miR-542-3p expression in cancerous tissues.
miR-542-3p expression was associated with lymphovascular invasion (P=0.008), distant metastasis (P=0.006),
tumor stage (P=0.034) and patients’ survival (P=0.027). A decreased expression of miR-542-3p in plasma
was detected in stage IV patients. In vitro and in vivo experiments showed that miR-542-3p could inhibit
the aggressive phenotypes of CRC cells. Finally, survivin was identified as a direct target of miR-542-3p
in CRC.

Conclusions: Decreased expression of miR-542-3p in CRC patients was associated with unfavourable
clinicopathological features of the patients. miR-542-3p inhibits the aggressive phenotypes of CRC cell lines.
Survivin is a direct target of miR-542-3p in CRC.
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Introduction identification of important regulators during occurrence

Colorectal cancer (CRC) ranks as the third most common
cancer after lung cancer and breast cancer worldwide,
with its morbidity and mortality still increasing in recent
years (1,2). Although there are significant advances in the
treatment of CRC patients, the overall survival (OS) rate of
CRC patients has not been improved markedly. Therefore,
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and progression of CRC and non-invasive biomarkers
for the early detection of CRC would be crucial for the
development of effective interventions.

Numerous miRNAs act as either tumor suppressors or
tumor promoters, and the aberrant miRNA expression is

directly associated with cancer occurrence, progression,
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metastasis, tumor relapse and drug resistance in a wide
variety of human malignancies (3). Recent studies have
shown that miR-542-3p suppresses tumor cell growth,
invasion, and angiogenesis in several tumors (4-6) by
targeting genes which are critically associated with cell
proliferation, invasion and angiogenesis. Survivin is an
important member of the inhibitor of apoptosis IAP) family
and it suppresses apoptosis by interacting with caspases
via baculovirus IAP repeat domains to inhibit caspase
activation (7). Dysregulation of survivin is a key feature
of many cancers, including CRC. Previous studies have
showed that survivin could inhibit apoptosis, enhance
cell proliferation in CRC and was associated with poor
prognosis of the patients (8,9).

Here, we sought to investigate the expression levels and
functional implications of miR-542-3p in CRC. We also
identified survivin as a direct target of miR-542-3p in CRC.
Our study showed the potential therapeutic and diagnostic
value of miR-542-3p in CRC patients.

Methods
Patients and samples

Fresh colorectal tumor and matched normal colorectal
mucosa specimens from 65 patients who were diagnosed and
underwent surgery in Peking University People’s Hospital
between 2010 and 2013 were included in this study. None
of the patients received chemotherapy or radiation therapy
before surgery. All patients were followed up postoperatively
for at least 3 years. In the 65 cases of CRC, patients with
miR-542-3p levels lower or higher than the median level
were defined as low miR-542-3p expression group and high
miR-542-3p expression group, respectively. Plasma samples
from another 52 CRC patients who were diagnosed and
underwent surgery in Peking University People’s Hospital
between 2014 and 2015 were collected just before surgery
and initiation of any oncological treatment. Blood samples
from 30 age-matched healthy donors were collected as
controls. The study was approved by the Institutional
Review Boards of Peking University People’s Hospital
(ethical approval number: 2010-58), and written informed
consent was obtained from each subject.

RNA extraction and real-time PCR

For cell lines and tissue samples, total RNA was
extracted using Trizol (Invitrogen) according to the
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manufacturer’s instructions. For the plasma, the miRNAs
were extracted using mirVana'" PARIS™ microRNA
extraction kit (ABI) according to the manufacturer’s
instructions. For survivin quantification, actin was used
as an endogenous control. The qPCR primers were as
follows. Survivin: TCCGCAGTTTCCTCAAATTC
(forward) and TTGCGCTTTCCTTTCTGTC (reverse);
actin: CCTTGCACATGCCGGAG (forward) and
GCACAGAGCCTCGCCTT (reverse). For miR-542-3p
quantification, U6 small nuclear RNA was used as an
internal control. TagMan microRNA assays for miR-542-3p
(001284) and U6 snRNA (001973) were from Applied
Biosystems. All reactions were performed in triplicate. The
fold change for each gene relative to the control group was
calculated using the 27**“ method.

Western Blot

Proteins were extracted from cell lines or tissues using
sodium dodecyl sulfate lysis buffer (2% sodium dodecyl
sulfate, 10% glycerol, 0.1 mM dithiothreitol, and 0.2 M
Tris-HCI, pH 6.8). Protein samples were resolved by SDS—
PAGE and analyzed by immunoblots. Survivin antibody was
from abcam (ab137650).

Cell culture and transfection

Colon cancer cell lines LoVo, HCT116, HT29, RKO,
SW480, and SW620 were obtained from American
Type Culture Collection (ATCC) and subcultured and
preserved by our lab. All the cells were maintained in
Dulbecco’s Modified Essential Medium (DMEM) with
10% fetal bovine serum (FBS), 100 U/mL penicillin
and 100 mg/mL streptomycin. Cells were cultured in a
humidified atmosphere with 5% CO, at 37 °C. The miR-
542-3p mimics, mimics control, miR-542-3p inhibitor
and inhibitor control were from Ambion. For transient
cell transfection, cells were plated in 12-well plates and
Lipofectamine 3000 (Invitrogen) was used for transfection.
For stable transfection, lentiviral vectors (GenePharma,
Shanghai, China) containing miR-542-3p (LV-miR-542-3p)
or negative control sequences (LV-NC) were applied, and
the cells were cultured with antibiotic selection medium

(puromycin 5 pg/mL) for 4-5 days.

Luciferase activity assay

To construct the 3'-UTR luciferase vectors of survivin,
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the wild type or mutated 3'-UTR sequence of the human
survivin containing the putative target site for miR-542-3p
was amplified by PCR and cloned into pMIR-report vector
(Promega). For luciferase reporter assays, SW480 cells
were transiently transfected with pMIR-report containing
survivin 3'-UTR and miR-542-3p mimics. After 48 h,
reporter activity was measured using the dual-luciferase
assay system (Promega). Renilla luciferase activity was used
to normalize for transfection efficiency.

Cell proliferation and colony formation assay

Cell proliferation was tested by CCK8 assay according
to the manufacturer’s instructions. The absorbance was
measured at 450 nm using a microplate reader (Bio-
Rad). The CCKS8 assay was repeated for 3 times with
5 replicates. The colony formation assay was performed
as follows: after transfection, cells were seeded into each
well of a 6-well plate on day O then incubated for another
12 d. The wells were then washed with PBS, fixed with 4%
paraformaldehyde, and stained with 0.1% crystal violet.
"The colonies were counted and photographed.

Cell invasion assay

Cell invasion assay was performed using Corning
Polycarbonate Membrane Insertin transwell chamber
(Product #3422, Corning Costar Corp, Cambridge, MA,
USA). Cells (1x10°) were suspended in 200 uL serum-free
medium and seeded into the upper chamber of a transwell
inserted with an 8-pm pore size membrane and coated with
matrigel (Sigma). DMEM containing 20% FBS was placed
in the lower chamber as a chemoattractant. After incubating
for 48 h, the non-invading cells were removed with cotton
swabs. Invasive cells at the bottom of the membrane were
stained with 0.1% crystal violet and were counted under
microscopic observation.

Cell cycle and apoptosis analysis

For cell cycle analysis, BD Cycletest™ Plus DNA Kit was
used. The transfected cells were harvested, washed with
cold PBS, then fixed in cold 75% ethanol at 4 °C. After
staining with propidium iodide (PI) solution for 30 min
in dark, cell cycle analysis was performed by fluorescence
activated cell sorting.

For cell apoptosis analysis, cells were trypsinized 72 h
after transfection and stained with BD FITC Annexin V
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Apoptosis Detection Kit I. All cells were detected by flow
cytometry (BD Biosciences).

Xenograft animal model

Four-week-old female athymic BALB/c were used for
in vivo distant metastasis assay. miR-542-3p stable over-
expression RKO cells (RKO-LV-miR-542-3p) and control
cells (RKO-LV-NC) were injected into the inferior pole
of the spleen of the mice under anesthesia. Five weeks
later, the mice were sacrificed, and the liver and spleens
were removed. Hematoxylin and eosin (HE) staining was
performed to exam the formed tumors.

Statistical analysis

Statistical analysis was performed by SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA). All in vitro experiments
were performed in triplicate and repeated for 3 times. Two-
tailed Student’s t test was used to compare mean values.
Pearson correlation coefficient was used for correlation
analysis. The survival curves were estimated by Kaplan-
Meier analysis, and P values were calculated by log rank
test. Statistically significant differences were defined as
P<0.05. For all, *P<0.05, **P<0.01, **P<0.001.

Results
miR-542-3p was decreased in tumor tissues of CRC patients

We firstly examined the expression of miR-542-3p in 6
CRC cell lines, including LoVo, RKO, SW480, SW620,
HT-29, HCT116, and the relative expression levels
are shown in Figure 14. We noticed that miR-542-3p
expression was lower in LoVo cell line which was derived
from a metastatic site of CRC. While in cell lines derived
from primary tumor site, such as HT-29 and HCT116,
its expression was relatively higher. Especially, in cell lines
derived from the same patient, its expression was lower in
metastatic site-derived SW620 than the primary tumor site-
derived SW480.

Then, the expression of miR-542-3p in 65 CRC
cancerous tissues and paired normal tissues was determined
using real-time PCR. A decrease of miR-542-3p expression
in tumor tissues was seen in 63.08% (41/65) of the patients.
miR-542-3p expression was significantly down-regulated
in tumor tissues compared with the paired adjacent
normal tissues (Wilcoxon test, P=0.006; Figure 1B). After
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Figure 1 Expression and prognostic value of miR-542-3p in CRC. (A) Expression of miR-542-3p in CRC cell lines. miR-542-3p level was
significantly higher in cell lines derived from the primary tumor sites than from metastatic sites; (B) expression of miR-542-3p in paired
CRC tissues. miR-542-3p level was significantly higher in normal CRC mucosa than cancerous tissue (P=0.006); (C) Kaplan—-Meier analysis
showed that patients with a higher expression of miR-542-3p had a significant longer survival time (P=0.027); (D) plasma miR-542-3p level
was significantly decreased in stage IV CRC patients. CRC, colorectal cancer.

stratification of the patients according to their TNM stages,
we found there was a decreased trend of miR-542-3p
expression with the stages of the patients advanced, and
the relative expression level of miR-542-3p were (set stage
Tas 1): 1, 0.89, 0.67, and 0.34. These data indicate that
abnormal miR-542-3p expression may be related to CRC
pathogenesis.

Decreased miR-542-3p indicated poor prognosis of CRC

patients

To assess the correlation of miR-542-3p expression with
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clinicopathological factors, the expression level of miR-542-3p
in the above 65 CRC cancerous tissues were categorized
into high (n=33) and low (n=32) groups according to the
median expression level. As shown in Table 1, there was no
significant correlation between the expression level of miR-
542-3p and gender, age, differentiation, tumor size, and
depth of invasion of the patients. However, the low miR-
542-3p expression group showed a more lymphovascular
invasion (P=0.008), distant metastasis (P=0.006), and a later
tumor stage (P=0.034) than the high expression group.
Then the prognostic implication of miR-542-3p in the
above 65 CRC patients was evaluated. The overall median
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Table 1 Association of miR-542 expression and
clinicopathological features in CRC patients

Clinicopathological miR-542-3p expression

P value
features High (%) Low (%)
Gender 0.505
Male 19 (47.50) 21 (562.50)
Female 14 (56.00) 11 (44.00)
Age 0.158
<60 8 (38.10) 13 (61.90)
>60 25 (56.82) 19 (43.18)
Tumor size (cm) 0.384
<4 18 (56.25) 14 (43.75)
>4 15 (45.45) 18 (54.55)
Lymphovascular invasion 0.008
Absent 25 (64.10) 14 (35.90)
Present 8 (30.77) 18 (69.23)
Differentiation 0.724
Well-moderate 21 (52.50) 19 (47.50)
Poor 12 (48.00) 13 (52.00)
Depth of invasion 0.108
T1+T2 21 (60.00) 14 (40.00)
T3+ T4 12 (40.00) 18 (60.00)
Lymph node metastasis 0.261
NO 18 (58.06) 13 (41.94)
N1-N2 15 (44.12) 19 (65.88)
Distant metastasis 0.006
MO 32 (58.18) 23 (41.82)
M1 1(10.00) 9 (90.00)
TNM stage 0.034
I+ 20 (64.52) 11 (35.48)
I+ v 13 (38.24) 21 (61.76)

survival time of all the patients was 60.17 months. During
the follow-up duration, 28 patients died of CRC. Kaplan-
Meier analysis showed that patients with high expression
level of miR-542-3p had significantly longer OS time than
those with low expression level (P=0.027, Figure 1C). Then,
to test whether miR-542-3p expression was an independent
prognostic factor for CRC patients, multivariate COX
regression analysis was performed (7able 2), in which those
parameters associated with prognosis in the univariate
survival analysis, including miR-542-3p expression level,
lymphovascular invasion, and TNM stage, were included.
We found that lymphovascular invasion, tumor TNM stage
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were independent prognostic factors, while miR-542-3p
was not (P=0.013, <0.001, and 0.763, respectively).

Plasma miR-542-3p were decreased in stage IV CRC
patients

As the peripheral blood is easily accessible and it has been
seen as a good source for cancer biomarkers, we sought
to investigate the miR-542-3p levels in the plasma from
another 52 CRC patients and 30 normal controls. In our
analysis, stage I and stage II cases were grouped together
because of limited stage I cases. We did not detect a
significantly difference between CRC patients and normal
controls. While after stratification by patients’ clinical
stages, miR-542-3p was significantly down-regulated
in stage IV patients than stage I-II, stage III or normal
controls, respectively (Figure 1D).

MiR-542-3p inbibits the aggressive pbenotypes of CRC
cells in vitro and in vivo

To exam the functional roles of miR-542-3p on the
malignant phenotypes of CRC cells, in vitro and in vivo
experiments were conducted. We firstly transfected SW480
and LoVo cells with miR-542-3p mimics and inhibitors.
Real-time PCR results showed that the mimics could
increase miR-542-3p expression when compared with
mimics NC, while the inhibitor suppressed miR-542-3p
expression in comparison with inhibitor NC (Figure 2A4).
Then, CCKS8 assay showed that transfection with
miR-542-3p mimics inhibited proliferation of SW480 and
LoVo cells when compared with the mimics control group
(Figure 2B). Plate colony formation assay also showed that
transfection of miR-542-3p mimics significantly reduced
the colony formation of SW480 and LoVo cells (Figure 2C).
Transwell migration and invasion assays showed that miR-
542-3p could inhibit the migration and invasion abilities of
SW480 cells (Figure 2D).

We further determined the effect of miR-542-3p on cell
cycle and cell apoptosis. Flow cytometry analysis revealed
that miR-542-3p over-expression resulted in G1-phase
arrest of SW480 cells (from 55.33% to 60.23%, P=0.001)
compared with the mimics control group. Consistently,
miR-542-3p over-expression resulted in significant G1
arrest of LoVo cells (from 56.52% to 63.89%, P<0.001)
(Figure 2E). In apoptosis assay, compared to the mimics
control group, transfection of miR-542-3p increased the
cellular apoptosis in SW480 (8.21% vs. 4.08%, P<0.001)

Transl Cancer Res 2016;5(6):817-826
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Table 2 Multivariate proportional hazards model for predictors of OS
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Univariate Cox’s regression analysis

Multivariate Cox’s regression analysis

Variables
Relative risk 95 % Cl P value Relative risk 95 % Cl P value

Lymphovascular invasion

Present vs. absent 3.332 1.543-7.195 0.002 1.026 0.381-2.762 0.959
miR-542-3p expression

High vs. low 0.428 0.197-0.929 0.032 0.789 0.320-1.941 0.605
T stage

T3+ T4vs. T1+T2 2.909 1.353-6.253 0.006 2.985 1.315-6.778 0.009
N stage

N1 + N2 vs. NO 5.506 2.297-13.194 <0.001 4.009 1.566-10.260 0.004
Metastasis

Yes vs. No 9.013 3.944-20.597 <0.001 5.348 2.230-12.823 <0.001

OS, overall survival.

and LoVo cells (8.46% vs. 4.32%, P<0.001, Figure 2F).

Distant metastasis is one of the most important
phenotypes of malignant cancer cells, so we finally
examined the impact of miR-542-3p on metastasis ability
in vivo through a liver metastasis model on nude mice. Cells
transfected with negative control lentivirus formed primary
tumor in spleen in all four mice, with three of them suffered
liver metastasis (detected grossly or microscopically), while
cells transfected with miR-542-3p form tumors in spleens
of two mice, and only one of them formed liver metastatic
lesions (Figure 3A4). The spleens and livers were excised and
underwent HE staining (Figure 3B). These results strongly
support the implication that miR-542-3p exerts suppressive
effect in CRC distant metastasis.

Survivin is a target of miR-542-3p in CRC

As survivin has been reported to be a target of miR-542-3p
in some other cancers, we wondered whether miR-542-3p
could also regulate survivin in CRC. Firstly, to investigate
the relationship between miR-542-3p and survivin in
CRC, correlation analysis between their expression levels
was performed. Real-time PCR results showed that the
expression of survivin was negatively correlated with the
expression of miR-542-3p (r=—0.31, P=0.01, Figure 4A4).
Then, to validate that survivin is a target of miR-542-3p, we
transfected miR-542-3p mimics or inhibitor into the colon
adenocarcinoma cell line SW480. Results of real-time PCR
(Figure 4B) and Western blot (Figure 4C) showed that miR-
542-3p inhibitor could increase the mRNA and protein
levels of survivin while miR-542-3p mimics could reduce
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survivin expression. To explore the potential effects of miR-
542-3p on the 3'-UTR of survivin, we cloned the wild type
and mutated 3'-UTR of survivin into a luciferase reporter
vector pMIR (Figure 4D). In SW480 cells transfected with
survivin luciferase reporter vector, miR-542-3p inhibitor
could increase the luciferase activity while miR-542-3p
mimics could reduce the luciferase activity (Figure 2E).
Once the predicted binding sites in the 3'-UTR of survivin
were mutated, the effects of miR-542-3p inhibitor or
mimics were abolished, indicating that miR-542-3p could
directly bind to the 3'-UTR of survivin (Figure 4E).

Discussion

We found in this study that expression of miR-542-3p
in cancerous tissues was decreased in 65 CRC patients
than paired normal mucosa, which was in accordance
with results in bladder cancer (10), astrocytoma (5), and
gastric cancer (11). The mechanism of miR-542-3p down
regulation in CRC is unknown by far. A recent study shows
that several transcription factors (Ap-2r, CEBPB, ELF-1,
POU2F1, STAT3 and ZNF263) might bind to the
promoter region of pri-miR-542 in breast cancer (12). It
would be of great interest to investigate the potential roles
of these transcription factors in CRC and whether they
are responsible for the miR-542-3p down regulation in
CRC. We also found that the expression of miR-542-3p
was significantly associated to lymphovascular invasion,
distant metastasis and tumor stage, and a higher miR-542-3p
expression was predictive of a longer OS of the patients.
Previously, miR-542-3p was found to be associated with

Transl Cancer Res 2016;5(6):817-826
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Figure 2 miR-542-3p inhibits the aggressive phenotypes of CRC cells iz vitro. (A) miR-542-3p expression following transfection of mimics,
inhibitors, and their controls; (B) CCK8 assay showed that the proliferation rates of SW480 and LoVo cells were significantly decreased

following transfection of miR-542-3p mimics; (C) colony formation assay showed that reduced colonies were formed following transfection

with miR-542-3p mimics; (D) transwell invasion assay showed that less cells were detected on the outside membrane of the chamber in cells

transfected with miR-542-3p mimics; (E) cell cycle analysis showed miR-542-3p mimics could block the cell cycle in G1 phase (magnification,

x100); (F) apoptosis assay showed that miR-542-3p mimics could induce cell apoptosis in SW480 and LoVo cells.

advanced tumor stages and presence of tumor recurrence in
bladder cancer (10). While in neuroblastoma patients, it was
proved to be correlated with event-free survival of (13). As
to CRC, Takeyama and colleagues showed that miR-542-3p
expression was higher in patients with liver metastasis than
those without liver metastasis (14). However, they detected
no expression difference between 16 normal mucosa and
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16 cancer tissues, and no effect of miR-542-3p on
disease free survival (DFS) or OS of the patients (14).
This discrepancy may be due to the differences in
clinicopathological features of the patients, or population-
specific factors such as different genetic backgrounds of the
studied cohorts.

In accordance with its prognostic role, both our
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in vitro and in vivo experiments showed that miR-542-3p
could inhibit the aggressive phenotypes of CRC cell lines,
including proliferation, migration and invasion, colony
formation, cell cycle, apoptosis, as well as in vivo liver
metastasis. This is in consistent with a previous study, in
which only in vitro experiments were included. In addition
of CRC, miR-542-3p have also been proved to be a tumor
suppressor in other cancers, including bladder cancer (10),
melanoma (15), and gastric cancer (11).

Among the potential targets of miR-542-3p, survivin
has been reported to be very crucial during the progression
of CRC (16-19). While the mechanism of survivin over-
expression in CRC is unclear and new insights for its
regulatory mechanism in CRC might be beneficial for the
survivin-based therapies. Here, we show evidence that
survivin is a direct target of miR-542-3p in CRC. Our results
are consistent and fully supported by results from other
types of cancer. In lung carcinoma cell line A549, cervix
adenocarcinoma cell line Hela, breast adenocarcinoma cell
line MCF-7, miR-542-3p could reduce survivin expression,
inhibit cell proliferation and colony formation, and lead
to G1 and G2/M arrest (20). Similarly, miR-542-3p
exerts its tumor suppressive function in neuroblastoma by
inhibiting survivin expression, decreasing cell proliferation
and inducing apoptosis (13). Taken together, these results
demonstrate a reproducible and important role for miR-542-
3p in CRC by targeting survivin.

Many studies have demonstrated that circulating
nucleic acids in plasma are potential biomarkers with non-
invasiveness and low cost for cancer detection. Particularly,
miRNAs were demonstrated to be remarkably stable in
plasma (21). One previous study has shown that serum miR-
542-3p was significantly decreased in patients with cervical
squamous cell carcinoma than the normal controls (22).
In this study, we found that although the plasma miR-
542-3p levels in CRC patients and normal controls were
not statistically different, it was down-regulated in stage
IV CRC patients when compared with normal controls
and stage I-1I and stage III patients. This suggested that
monitoring miR-542-3p level in the plasma might be
helpful for identify those patients who have undergone
a distant metastasis. What should be pointed out is that
although we have detected a decreased trend of miR-542-3p
expression in tissues along with increased CRC stages, this
was not the case for plasma. We presume that miR-542-3p
in the plasma might come from many organs and cell types
besides tumor tissues, and the relation between miR-542-3p
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and tumor behavior may be diluted in stage I-III patients by
the diverse sources of plasma miR-542-3p.

Conclusions

In conclusion, our study showed that miR-542-3p
expression is decreased in CRC tissues than paired normal
mucosa, and it is associated with lymphovascular invasion,
distant metastasis and later tumor stages of the patients.
Circulating miR-542-3p is decreased in patients with an
advanced stage. miR-542-3p could inhibit the aggressive
phenotypes of CRC cell line in vitro and in vivo, while
survivin is a direct target of miR-542-3p in CRC. Further
investigation with a larger cohort is required to validate
these observations.
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