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The mutated in colorectal cancer (MCC) gene is an important
colorectal tumor suppressor gene, although few studies have re-
ported the microRNA(s) that could directly target MCC in
colorectal cancer. Here, we used microRNA (miRNA) target
prediction algorithms, and previously reported microarray
data in human colorectal cancer found that only miR-4261
was predicted by all three databases to directly target MCC.
Based on specimens from our own cohort of colorectal cancer
patients, we further demonstrated that miR-4261 was overex-
pressed in colorectal cancer. Interestingly, overexpression of
miR-4261 could enhance cell proliferation and G1/S phase
transition of cell cycle, and promote cell migration in
HCT116 and HT29 cells, while inhibition of miR-4261 had
opposite effects. Luciferase reporter assay and western blot
analysis confirmed MCC as a direct target of miR-4261. MCC
small interfering RNA (siRNA) could abolish the suppressive
effects of miR-4261 inhibitor on cell proliferation and migra-
tion in HCT116 and HT29 cell lines. Finally, we showed that
therapeutic intervention with lentivirus-based miR-4261
sponge injection could effectively reduce tumor growth and
inhibit cell proliferation in colorectal cancer xenograft. Collec-
tively, our study is the first one to unravel the functional role of
miR-4261, and it provides strong evidence that inhibition of
miR-4261 through targeting of MCC might exert a therapeutic
effect for colorectal cancer.
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INTRODUCTION
Colorectal cancer is one of the most common malignancies and a
leading cause of cancer-related death worldwide.1 It is also a cancer
type closely related to genetic and epigenetic alterations.2,3 Despite
the great advances achieved in molecularly targeted agents and
chemotherapy for colorectal cancer, many patients do not clinically
benefit from treatment because of different tumor mutation types,
chemotherapy resistance, and adverse reactions.4,5 Indeed, the devel-
opment of novel therapeutic targets for colorectal cancer is still
urgently needed.

A class of small non-coding RNAs, termed microRNAs (miRNAs,
miRs), have increasingly been reported to be associated with colo-
rectal cancer carcinogenesis.6 Dysregulated miRNAs such as miR-
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17-5p, miR-320a, miR-143, and miR-21 contribute to colorectal can-
cer cell proliferation and migration via regulating Wnt/b-catenin,
mitogen-activated protein (MAP) kinase, and phosphatidylinositol
3-kinase (PI3K)/Akt pathways.7–10 Other miRNAs including miR-
365, miR-195, and miR-34a are implicated in the control of colorectal
cancer cell apoptosis via targeting Bcl-2 and SIRT1, thus activating
caspase-3 and caspase-9.11–13 Moreover, some miRNAs like miR-
221, miR-145, miR-103, miR-107, and miR-200c are involved in colo-
rectal cancer metastasis by regulating cell invasion, angiogenesis, and
mesenchymal-epithelial transition.14–18 These miRNAs have been
identified to regulate their specific target genes, thus contributing to
colorectal cancer carcinogenesis.6

Based on our knowledge about the miRNA-mRNA interactions in
colorectal cancer, little is known about the miRNA(s) that could
target the mutated in colorectal cancer (MCC) gene, a crucial tumor
suppressor of colorectal cancer.19 MCC was originally discovered
through its linkage to the adenomatous polyposis coli (APC) gene
on chromosome 5q21, and was later identified as a putative colorectal
tumor suppressor.20 Compelling evidence indicates that MCC could
be mutated and/or dysregulated in human and experimental colo-
rectal cancer.19,21–23 MCC was previously reported to block the cell
cycle progression from G0/G1 to S phase in mouse NIH 3T3 cells.24

More recently, it was revealed that MCC could inhibit colorectal can-
cer cell proliferation via inhibiting Wnt/b-catenin signal transduc-
tion.25,26 All of these data imply the significant biological functions
of MCC; however, currently, few studies have reported the potential
miRNAs that could target MCC in colorectal cancer.

In the present study, we first used miRNA target prediction algo-
rithms (miRDB, miRWalk, and Diana Tools) and previously reported
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Figure 1. miR-4261 Is Elevated in Human Colorectal Cancer

(A) miR-4261 is predicted to directly target MCC by miRNA target prediction algorithms. (B) Increased expression level of miR-4261 in human metastatic colorectal cancer

tissues compared with non-metastatic ones (n = 7 per group). (C) Increased expression level of miR-4261 in human colorectal cancer tissues compared with adjacent normal

tissues (n = 42 pairs). *p < 0.05. Data are presented as mean ± SEM.
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microarray data in human colorectal cancer (accession number GEO:
GSE72199),27 and found that among the dysregulated miRNAs de-
tected in this microarray, only miR-4261 was predicted by all the
three databases to directly target MCC. miR-4261 was previously re-
ported to be expressed by human embryonic stem cells and neural
precursors.28 However, to the best of our knowledge, currently, little
is known about the functional roles of miR-4261. Here, we demon-
strated that miR-4261 was overexpressed in colorectal cancer tissues
from patients clinically diagnosed at the Department of General Sur-
gery of Tongji Hospital. Based on HCT116 and HT29 cell lines, we
found that overexpression of miR-4261 could enhance cell prolifera-
tion and G1/S phase transition of cell cycle, and promote cell migra-
tion of colorectal cancer cells. Importantly, MCC was identified as a
direct functional target gene of miR-4261 in colorectal cancer. Finally,
we provided in vivo evidence that suppression of miR-4261 had a
therapeutic effect on colorectal cancer development. Collectively, in-
hibition of miR-4261 through targeting of MCC might be a potential
therapeutic strategy for colorectal cancer patients.

RESULTS
miR-4261 Is Overexpressed in Human Colorectal Cancer

It was recently reported that 38 miRNAs, including miR-4261, were
dysregulated in colorectal cancer patients according to the microarray
data (GEO accession number: GSE72199).27 In order to identify the
potential upstream regulator for MCC, an important tumor sup-
pressor of colorectal cancer, we applied miRNA target prediction
algorithms by using miRDB, miRWalk, and Diana Tools databases.
Interestingly, among the 38 miRNAs detected by microarray that
were dysregulated in colorectal cancer,27 only miR-4261 was pre-
dicted by all three databases to directly target MCC (Figure 1A).
Thus, miR-4261 was selected to be further examined in our human
colorectal cancer specimens. First, we determined miR-4261 expres-
sion level based on seven metastatic versus seven non-metastatic
human colorectal cancer tissues, which demonstrated a significant
upregulation of miR-4261 in metastatic colorectal cancer tissues
compared with non-metastatic ones (Figure 1B). Besides that, a total
of 42 pairs of cancer tissues versus adjacent normal tissues were
collected from patients clinically diagnosed as colorectal cancer at
the Department of General Surgery of Tongji Hospital. Using quan-
titative real-time PCR, we further validated that miR-4261 was over-
expressed in colorectal cancer tissues compared with adjacent normal
tissues (Figure 1C). Thus, the functional roles of miR-4261 in colo-
rectal cancer were investigated in further detail.

miR-4261 Promotes Colorectal Cancer Cell Proliferation and

Migration

Transfection of miR-4261 mimic, inhibitor, or negative control
was performed in two colorectal cancer cell lines, HCT116 and
HT29, to investigate the functional roles of miR-4261 in cell pro-
liferation and migration (Figures 2 and 3). Quantitative real-time
PCR confirmed that miR-4261 mimic and miR-4261 inhibitor
successfully increased or decreased miR-4261 expressions, res-
pectively, in both HCT116 and HT29 cells (Figures 2A and 3A).
After that, EdU (5-ethynyl-2-deoxyuridine) incorporation assay
showed that miR-4261 mimic increased cell proliferation in both
HCT116 and HT29 cell lines, while miR-4261 inhibitor reduced
that (Figures 2B and 3B). Flow cytometry for cell cycle analysis
showed that miR-4261 mimic accelerated the G1/S phase transition
in both colorectal cancer cell lines, while the miR-4261 inhibitor
had the opposite effect (Figures 2C and 3C). Moreover, transwell
assay showed that miR-4261 mimic promoted, while miR-4261 in-
hibitor suppressed, HCT116 cell migration (Figure 2D). These data
indicate that miR-4261 has a positive effect on colorectal cancer
cell proliferation and migration.

MCC Is a Functional Target Gene of miR-4261 in Colorectal

Cancer Cells

We performedmiRNA target prediction algorithms based onmiRDB,
miRWalk, and Diana Tools, and all of them predicted MCC, a crucial
tumor suppressor of colorectal cancer, as a direct target of miR-
4261.25 Thus, we hypothesized that miR-4261 via targeting MCC
would promote colorectal cancer. Luciferase reporter assay first vali-
dated that miR-4261 could directly target MCC, as demonstrated by
reduced luciferase activity whenmiR-4261 combined to the 30 UTR of
Molecular Therapy: Nucleic Acids Vol. 8 September 2017 37
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Figure 2. miR-4261 Promotes HCT116 Cell Proliferation and Migration

(A) miR-4261 mimic and inhibitor takes effect in HCT116 cells (n = 4). (B and C) miR-4261 promotes cell proliferation (B) and G1/S phase transition of cell cycle (C) in HCT116

cells, as determined by EdU incorporation assay (n = 4; scale bars, 50 mm) and flow cytometry (n = 4). EdU is represented by green and DAPI by blue. (D) miR-4261 promotes

cell migration in HCT116 cells, as determined by transwell assay (n = 3, original magnification �200). *p < 0.05. Data are presented as mean ± SEM.
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MCC mRNA, while no change in luciferase activity was found when
the 30 UTR was mutated (Figure 4A). Western blot analysis further
demonstrated that MCC was negatively regulated by miR-4261 in
both HCT116 and HT29 cell lines (Figure 4B).

After that, HCT116 and HT29 cell lines co-transfected with MCC
small interfering RNA (siRNA) and miR-4261 inhibitor were used
for function-rescue assays (Figures 5 and 6). Both siRNAs used
here targeting MCC were efficient to silence MCC expression in
both HCT116 and HT29 cell lines (Figures 5A and 6A). Moreover,
MCC siRNAs could significantly increase cell proliferation, G1/S
phase transition of cell cycle, and cell migration, as well as abolish
the suppressive effects of miR-4261 inhibitor on these biological pro-
cesses in HCT116 (Figures 5B–5D) and HT29 cells (Figures 6B and
6C). Collectively, our results demonstrate that MCC is a functional
target gene of miR-4261 in the regulation of colorectal cancer cell pro-
liferation and migration.

miR-4261 Suppression Has a Therapeutic Effect on Colorectal

Cancer

Lentivirus-based miR-4261 sponge was constructed and subcutane-
ously injected around the xenograft 14 days after mice were implanted
with HCT116 cells (Figure 7A). We first validated the efficiency of
miR-4261 sponge as demonstrated by significant suppression of
38 Molecular Therapy: Nucleic Acids Vol. 8 September 2017
miR-4261 expression level in the xenograft harvested on day 28
(14 days after miR-4261 sponge injection) (Figure 7B). Importantly,
miR-4261 sponge was efficient to inhibit tumor growth (Figures 7C
and 7D). Immunohistochemical analysis for Ki67 and proliferating
cell nuclear antigen (PCNA) further indicated that miR-4261 sponge
also reduced cell proliferation in the colorectal cancer xenograft (Fig-
ure 7E). These data provide in vivo evidence that miR-4261 inhibition
has a therapeutic effect in colorectal cancer.
DISCUSSION
Increasing studies have demonstrated the miRNA-mRNA interac-
tions in colorectal cancer by emphasizing their regulatory effects on
different cellular processes such as proliferation, apoptosis, migration,
invasion, and angiogenesis.10,12,18,29 However, among the increasing
number of specific target genes identified for dysregulated miRNAs
in colorectal cancer, few studies have reported the miRNA(s) that
could directly target MCC.6 MCC has recently been demonstrated
to be targeted by miR-4260, which contributes to the development
of colorectal cancer.30 Because the silence or downregulation of the
tumor suppressor gene MCC has been considered as an early event
in colorectal carcinogenesis,22,25 identifying the miRNA(s) that could
inhibit MCC may act as an important contributor(s) to colorectal
cancer.



Figure 3. miR-4261 Promotes HT29 Cell Proliferation

(A) miR-4261mimic and inhibitor takes effect in the HT29 cell line (n = 4). (B and C) miR-4261 promotes cell proliferation (B) and G1/S phase transition of cell cycle (C) in HT29

cells, as determined by EdU incorporation assay (n = 4; scale bars, 50 mm) and flow cytometry (n = 4). EdU is represented by green and DAPI by blue. *p < 0.05. Data are

presented as mean ± SEM.
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In the present study, we applied the miRNA target prediction algo-
rithms by using miRDB, miRWalk, and Diana Tools databases, and
referred to the miRNA microarray data in human colorectal cancer
specimens previously published and registered to GEO (accession
number GEO: GSE72199).27 Among the predicted miRNAs that
could target MCC, only miR-4261 was reported to be dysregulated
in colorectal cancer, as indicated in the microarray data.27 Impor-
tantly, we further validated that miR-4261 was overexpressed in met-
astatic colorectal cancer tissues compared with non-metastatic ones,
and also upregulated in colorectal cancer tissues compared with
normal adjacent tissues based on our own cohort of patients clinically
diagnosed as colorectal cancer at the Department of General Surgery
of Tongji Hospital. Our investigations on the biological roles of miR-
4261 in colorectal cancer further revealed that overexpression of miR-
4261 led to the promotion of cell proliferation, cell cycle progression
from G0/G1 to S phase, and cell migration in HCT116 and HT29 cell
Figure 4. miR-4261 Directly Targets MCC

(A) Luciferase reporter assay validates MCC as a direct target of miR-4261 (n = 6). (B) m

*p < 0.05. Data are presented as mean ± SEM.
lines, and suppression of miR-4261 was able to inhibit these cellular
processes. Excitedly, to date, no functional effect of miR-4261 has
been reported in any disease processes, and our present findings
might provide first insight into the potential roles of miR-4261 in
colorectal cancer through promotion of cancer cell proliferation
and migration.

MCC is an important colorectal tumor suppressor gene whose down-
regulation can be an early event in colorectal carcinogenesis.22,25

MCC has a negative regulatory effect on cell growth by blocking
G1/S phase transition in mouse NIH 3T3 cells.24 The inhibitory effect
of MCC on colorectal cancer cell proliferation was found to be medi-
ated by inhibition of the Wnt/b-catenin signaling.25,26 In addition,
MCC regulates cell migration in epithelial cells31 and also acts as a
transcriptional regulator of nuclear factor kB (NF-kB) in colorectal
cancer cells.32 Therefore, MCC may have multiple biological cellular
iR-4261 negatively regulates MCC protein level in HCT116 and HT29 cells (n = 3).
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Figure 5. MCC Is a Functional Target Gene of miR-4261 in HCT116 Cells

(A) MCC siRNAs take effect in HCT116 cells (n = 4). (B–D) MCC siRNAs abolish the suppressive effect of miR-4261 inhibitor on cell proliferation, G1/S phase transition of cell

cycle, and cell migration in HCT116 cells, as determined by (B) EdU incorporation assay (n = 4; scale bars, 50 mm), (C) flow cytometry (n = 4), and (D) transwell assay (n = 3;

original magnification �200). EdU is represented by green and DAPI by blue. *p < 0.05 versus control; #p < 0.05 versus miR-4261 inhibitor. Data are presented as

mean ± SEM.
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functions during the development of colorectal cancer. Here, lucif-
erase reporter assay and western blot analysis first validated that
miR-4261 could directly target the 30 UTR of MCCmRNA, and nega-
tively regulate MCC protein level in HCT116 and HT29 cell lines.
Function-rescue assays were further performed to identify MCC as
a functional target gene of miR-4261 involved in the cell proliferation
and migration of colorectal cancer cells. Indeed, our data provide
direct evidence that miR-4261 through targeting of MCC promotes
colorectal cancer.

miRNA-based therapeutics or inhibition of overexpressed oncogenic
miRNAs might be useful therapeutic interventions for cancers.33–36

Based on our data from in vitro experiments, we further investigated
the potential of miR-4261 inhibition as a molecularly targeted therapy
in colorectal cancer. Importantly, therapeutic intervention with lenti-
virus-based miR-4261 sponge injection was quite effective to reduce
tumor growth and inhibit cell proliferation even in the established
colorectal cancer xenograft, which indicates that inhibition of miR-
4261 may serve as a potential therapeutic strategy for colorectal can-
cer. In this case, further studies are required to clarify the upstream
40 Molecular Therapy: Nucleic Acids Vol. 8 September 2017
mechanisms inducing the dysregulation of miR-4261 during colo-
rectal cancer carcinogenesis. It is also important to identify other
target genes of miR-4261 that might be involved in the regulation
of colorectal cancer.

In summary, our study identifies miR-4261 as an upstream regulator
of MCC and further demonstrates the oncogenic effect of miR-4261
in colorectal cancer via promoting cancer cell proliferation and
migration, while inhibition of miR-4261 is effective to prevent colo-
rectal cancer development (Figure 8). Our study is the first to unravel
the functional role of miR-4261, and it provides strong evidence that
inhibition of miR-4261 through targeting of MCC might exert a
therapeutic effect for colorectal cancer.

MATERIALS AND METHODS
Colorectal Cancer Cell Culture and Transfection

Two human colorectal cancer cell lines HT29 and HCT116 were
respectively cultured in RPMI 1640 (KeyGen Biotech) and DMEM
(Corning) supplemented with 1% penicillin and streptomycin
(GIBCO) and 10% fetal bovine serum (FBS; HyClone) at 37�C in a



Figure 6. MCC Is a Functional Target Gene of miR-4261 in HT29 Cells

(A) MCC siRNAs take effect in HT29 cells (n = 4). (B and C) MCC siRNAs abolish the suppressive effect of the miR-4261 inhibitor on cell proliferation (B) and G1/S phase

transition of the cell cycle (C) in HT29 cells, as determined by EdU incorporation assay (n = 4; scale bars, 50 mm) and flow cytometry (n = 4). EdU is represented by green and

DAPI by blue. *p < 0.05 versus control; #p < 0.05 versus miR-4261 inhibitor. Data are presented as mean ± SEM.
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5% CO2 atmosphere. To investigate the functional roles of miR-4261,
we seeded HT29 and HCT116 cells (2 � 105/mL) on plates, starved
them for 6 hr, and then transfected them with miR-4261 mimic
(50 nM; RiboBio), inhibitor (100 nM; RiboBio), or negative control
for 48 hr using Lipofectamine 2000 (Invitrogen). To determine
whether MCC is a functional target of miR-4261, we performed func-
tion-rescue assays in HT29 and HCT116 cells co-transfected with
MCC siRNA (75 nM; RiboBio) and miR-4261 inhibitor (100 nM;
RiboBio) for 48 hr using Lipofectamine 2000.

Animal Experiment of Colorectal Cancer Xenograft

Ethical approval for tissue collection protocol was obtained from the
research ethics committee of Shanghai Tongji Hospital. The protocol
for this study was approved by the Animal Experiments Ethics
Committee of School of Life Science at the Shanghai University.
Eight-week-old BALB/c nude mice were purchased from CAVENS
Lab Animal and maintained under special pathogen-free conditions.
A total of 3� 106 HCT116 cells in log phase were subcutaneously im-
planted to the right flank of nude mice on day 0 to induce colorectal
cancer xenograft. Tumor volumes (p/6 � smaller diameter2 � larger
diameter) were measured by caliper. Fourteen days after xenograft
implantation (day 14), mice were randomly assigned to two groups:
treated with lentivirus-based miR-4261 sponge (treatment group)
or vehicle alone (Fugw control group). In brief, the sequences of
miR-4261 sponge were designed and inserted into the Fugw. 293T
cells were co-transfected for 48–72 hr with psPAX2, pMD2.G, and
Fugw-miR-4261 sponge at the ratio of 3:1:4 using FuGene Transfec-
tion Reagent (Roche). After that, the medium was harvested, centri-
fugated, and filtrated for lentivirus collection. For the treatment
group, 50 mL of lentivirus-based miR-4261 sponge at 108 plaque-
forming units (PFUs) was subcutaneously injected around the xeno-
graft on day 14. Mice in the control group were injected with Fugw
control. Finally, mice were sacrificed and the xenograft tissues were
harvested after another 14 days (day 28).

Tissue Samples from Colorectal Cancer Patients

A total of 42 pairs of colorectal cancer tissues versus adjacent normal
tissues were collected from colorectal cancer patients with informed
consent at the Department of General Surgery of Tongji Hospital.
The tumor tissue underwent macro-dissection to enhance the tumor
content of the study material. Additionally, we collected seven meta-
static versus seven non-metastatic colorectal cancer tissues, and their
clinical characteristics were listed in Table 1. Human tissue samples
were freshly kept in liquid nitrogen and stored at �80�C before
RNA extraction.

RNA Extraction and Quantitative Real-Time PCR

Total RNA was extracted from tissues or cells using TRIzol (TaKaRa)
according to the manufacturer’s instructions. The final concentration
of RNA samples was determined by NanoDrop mass spectrometry
(Thermo). ForMCCmRNA analysis, first-strand cDNAwas obtained
using the cDNA reverse transcription kit (TaKaRa), and the SYBR
(TaKaRa) was used for qPCR on the ABI 7900HT Fast Real-Time
PCR System (Applied Biosystems). GAPDHwas used as internal con-
trol. The primer sequences for MCC and GAPDH were as follows:
MCC: forward 50-AATAAACGTCTCCAGCAAACAGA-30, reverse
Molecular Therapy: Nucleic Acids Vol. 8 September 2017 41
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Figure 7. Therapeutic Effect of miR-4261 Suppression on Colorectal Cancer

(A) Schema for subcutaneous injection of miR-4261 sponge 14 days after mice were implanted with HCT116 cells (n = 5). (B) Reduced miR-4261 expression in the xenograft

withmiR-4261 sponge treatment (n = 4). (C and D) Reduced tumor volume (n = 5) in mice treated with miR-4261 sponge. (E) Reduced cell proliferation in the colorectal cancer

xenograft after miR-4261 sponge treatment, as determined by Ki67 and PCNA immunohistochemistry (n = 5; original magnification �200). *p < 0.05. Data are presented as

mean ± SEM.
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50-CGTTCCTCATAGCGAAGTGTC-30; GAPDH: forward 50-ATG
ACATCAAGAAGGTGGTG-30, reverse 50-CATACCAGGAAATG
AGCTTG-30. For miRNA analysis, total RNA was reverse transcribed
to cDNA using the iScript cDNA Synthesis Kit (Bio-Rad). The expres-
sion level of miR-4261 was determined using the Bulge-Loop miRNA
qPCR Primer Set (RiboBio) with SYBR (TaKaRa) on ABI 7900HT
Fast Real-Time PCR System. 5 s was used as internal control.

Western Blotting

Total protein was extracted from cells using radioimmunoprecipita-
tion (RIPA) lysis buffer (Beyotime) supplemented with 1% PMSF
(KeyGen Biotech). Equal quantity of total protein samples was sepa-
rated on 10% SDS-PAGE gels and transferred to polyvinylidene fluo-
ride (PVDF) membranes. Blots were incubated overnight at 4�C with
primary anti-MCC antibody (1:1,000; Abcam).When secondary anti-
body incubation finished, the electrochemiluminescence (ECL) kit
(Tanon) was used to visualize protein signals. GAPDH was used as
internal control.

EdU Incorporation Assay

To investigate the role of miR-4261 in cell proliferation, we seeded
HCT116 and HT29 cells at a density of 2 � 105/mL in 96-well plates
42 Molecular Therapy: Nucleic Acids Vol. 8 September 2017
and transfected them with miR-4261 mimic, inhibitor, or negative
control for 48 hr. Cells were then incubated with EdU for 2 hr before
the end of the experiment and stained according to the instructions of
EdU assay (Ribobio). Nuclei were counterstained with DAPI. EdU-
and DAPI-positive cells were observed under a fluorescent micro-
scope (Leica). The proportion of EdU-positive cells to total cells
was analyzed by ImageJ software.

Flow Cytometry for Cell Cycle

After transfection for 48 hr, HCT116 and HT29 cells were fixed with
cold absolute ethanol overnight. Cells were subsequently treated with
RNase A (KeyGen Biotech) and stained with propidium iodide (PI;
Sigma) in the dark at room temperature according to the manufac-
turer’s protocol. Cell cycle was determined by flow cytometry (Beck-
man). The proportion of cells in G0/G1, S, and G2/M phases was
calculated using FlowJo software.

Transwell Assay

Cell migration was determined by transwell system with polycarbon-
ate membrane (pore size 8.0 mm; Corning). In brief, HCT116 cells
were first transfected with miR-4261 mimic, inhibitor, or negative
control for 24 hr and resuspended in 200 mL of FBS-free DMEM. Cells



Figure 8. Schematic Diagram Showing That Inhibition of miR-4261 through Targeting of MCC Prevents Tumor Cell Proliferation and Migration and Inhibits

Colorectal Cancer Growth
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were then seeded at a density of 2 � 105/mL in the upper chamber of
insert, while the lower chamber was filled with 600 mL of DMEM con-
taining 10% FBS. After 48 hr, cells in the upper chamber were erased
with cotton, and the passing cells in the lower layer were fixed with 4%
paraformaldehyde (PFA) and stained with crystal violet (Beyotime).
Penetrating cells were observed under an inverted research micro-
scope (Leica).

Immunohistochemical Staining

The colorectal cancer xenograft tissues were fixed with 4% PFA and
then paraffined. Five-micrometer-thick sections were deparaffinized
Table 1. The Clinical Characteristics of Colorectal Cancer Patients with or

without Liver Metastasis

Non-metastatic (n = 7) Metastatic (n = 7)

Age (X ± S, years) 62 ± 5 62 ± 8

Gender (n)

Male 5 5

Female 2 2

Heart rate (X ± S, beats/min) 79 ± 6 76 ± 7

BMI (X ± S, kg/m2) 23.5 ± 0.8 24.6 ± 1.2

Depth (n)

T1, T2 2 0

T3, T4 5 7

Lymph node (n)

N0, N1 6 3

N2 1 4

Tumor location (n)

Colon 6 3

Rectum 1 4
with xylene and treated with decreasing concentrations of ethanol
for hydration. Antigen retrieval was carried out by high-pressure
boiling of tissue sections in sodium citrate buffer at pH 6.0. Endoge-
nous peroxidase activity was blocked using 0.3% hydrogen peroxide
in methanol. After that, tissue sections were blocked with 5% BSA
and incubated with primary anti-PCNA (1:300; Abcam) and anti-
Ki67 (1:300; Abcam) antibodies overnight at 4�C in a humidified
chamber. After incubation with biotinylated secondary antibody,
immunohistochemical stainings for PCNA and Ki67 were developed
with the 3,30-diaminobenzidine tetrahydrochloride (DAB) substrate
chromogen system (KeyGen Biotech). Finally, hematoxylin was added
as a counterstain, and tissue sections were dehydrated in increasing
concentrations of ethanol. The PCNA- and Ki67-positive cells were
photographed with an inverted research microscope (Leica).

Luciferase Reporter Assay

The miRDB database was used to predict the miR-4261 binding site
on the 30 UTR of MCC mRNA. A fragment of the 30 UTR of MCC
mRNA containing the putative miR-4261 binding sequence was ob-
tained by PCR amplification and then cloned into the pGL3-Basic
Vector (Promega). The primers used were listed in Table 2. Luciferase
reporter assay was performed using a dual-luciferase reporter assay
Table 2. The Primer Sequences Used in the Luciferase Reporter Assay

Primer Sequences

MCC 30 UTR

normal, forward: 50-GGGTCTAGATCCCTTCTGAAG
GTGTTTCC T-30

mutant, forward: 50-GGGTCTAGATCCCTTCTGAAG
GACAAAGGT-30

reverse: 50-GGGTCTAGAGCTGAATCTAGAAGTAG
GTAGA-30

The underlined text is the seed sequence used in the luciferase reporter assay.
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system (Promega) according to the manufacturer’s instructions. In
brief, 293T cells were co-transfected with pGL3-basic-30 UTR or
pGL3-basic-30 UTRmut, Renilla, and miR-4261 inhibitor or negative
control for 24 hr using Lipofectamine 2000 (Invitrogen). Luciferase
activities were finally measured using a plate-reading luminometer.

Statistical Analysis

Data were presented as mean ± SEM. All statistical analyses were per-
formed using SPSS 20.0 software. For cell and animal experiments,
intergroup comparisons were carried out by independent-samples
t test or one-way ANOVA test. For human specimens, paired-samples
t test was used to compare miR-4261 expression level in colorectal
cancer tissues versus adjacent normal tissues. A p value < 0.05 was
considered statistically significant.
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