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miR-6852 serves as a prognostic biomarker in colorectal cancer
and inhibits tumor growth and metastasis by targeting TCF7
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Abstract. MicroRNAs (miRs) are have been demonstrated
to serve important functions in the genesis of human cancer,
including colorectal cancer (CRC). The role of miR-6852 in
CRC remains unknown. In this study, it was demonstrated that
miR-6852 was underexpressed in CRC tissues compared with
adjacent normal tissues. Moreover, the expression of miR-6852
was negatively correlated with CRC metastasis, whereas posi-
tively correlated with patient prognosis. It was revealed that
the overexpression of miR-6852 significantly inhibited the
proliferation and invasion of CRC cells. miR-6852 overexpres-
sion reduced CRC cells in the S phase. TCF7 was identified to
be a direct target of miR-6852 in CRC cells. Overexpression
of miR-6852 significantly inhibited the mRNA and protein
levels of TCF7 in CRC cells. Furthermore, TCF7 was highly
expressed in CRC tissues and cell lines. TCF7 expression was
negatively correlated with miR-6852 levels in CRC tissues.
Finally, knockdown of TCF7 significantly suppressed the
proliferation and invasion of CRC cells. Taken together, the
results of the present study indicated that miR-6852 serves as
a tumor suppressor in CRC through targeting TCF7.

Introduction

Colorectal cancer (CRC) is one of the most prevalent and
malignant cancers in the world, with more than one million
new diagnosed patients each year (1). CRC contributes to a
lot of cancer-related deaths. CRC progression is accompanied
with accumulation of mutations, which lead to inactivation of
tumor suppressors or activation of oncogenes (2). Especially,
activation of Wnt/B-catenin signaling pathway is observed in
almost 90% of patients diagnosed with CRC (3,4). Although
much effort has been made, no effective therapeutic approach
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has been developed to fully treat CRC. The five-year survival
rate of CRC patients remains quite poor (5). Therefore, there is
an urgent need to explore the underlying mechanism of CRC
progression.

MicroRNAs (miRNAs/miRs) are a class of naturally short
noncoding RNAs with a length of 19-25 nucleotides and largely
expressed in almost all cell types (6). miRNAs have been
demonstrated to suppress gene expression by association with
the specific sequence in the 3'-untranslated region (3'-UTR)
of target mRNAs (7,8). More and more evidences show that
miRNAs exert important functions in a diversity of biological
processes, and influence cell fate and functions (9-11). So
far, a large amount of miRNAs have been shown to serve as
tumor suppressors or oncogenes in almost all types of cancers,
including lung cancer, breast cancer, gastric cancer and
CRC (12-16). For example, microRNA-381 inhibits the metas-
tasis of gastric cancer by targeting TMEMI16A expression (17).
Downregulation of miR-218 contributes to epithelial-mesen-
chymal transition and tumor metastasis in lung cancer by
targeting Slug/ZEB2 signaling (18). However, the roles of most
miRNAs in CRC still remain largely unknown.

miR-6852 has been shown to induce cell cycle arrest and
necrosis in cervical cancer cells (19). Whether miR-6852
regulates CRC progression requires to be investigated.
In this study, we found that miR-6852 was downregulated
in CRC tissues and correlated with tumor metastasis and
patients' prognosis. Moreover, we showed that overexpres-
sion of miR-6852 significantly inhibited the proliferation and
invasion of CRC cells. Mechanistically, we found that TCF7
is a direct target of miR-6852. We also demonstrated that
TCF7 was upregulated in CRC tissues, and promoted CRC
cell proliferation and invasion. Taken together, our study
demonstrated that miR-6852 acts as a tumor suppressor in
CRC through targeting TCF7.

Materials and methods

Patient samples. The Ethics Committee of Harbin Medical
University Cancer Hospital (Harbin,China) approved this study,
and all patients gave their informed consent prior to surgery.
Forty-four CRC tissues and 44 adjacent normal tissues from
human patients were obtained from Harbin Medical University
Cancer Hospital. The clinicopathological data of the patients
were listed in Table I. For mRNA extraction, samples were
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frozen in liquid nitrogen immediately after surgical removal
and maintained at -80°C until use. Additional samples were
fixed in 10% neutral-buffered formalin overnight, processed,
paraffin embedded, and sectioned.

Cell lines and cell culture. Human CRC cancer cell lines
(SW480, HCT8, HT29, LOVO and HCT116) and normal
colorectal mucosa cells cell line (FHC) were obtained from
ATCC (Manassas, VA, USA) and maintained in DMEM
medium supplemented with 10% fetal bovine serum (FBS;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), 100 U/ml penicillin, and 100 mg/ml streptomycin
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells were incu-
bated at 37°C in a humidified atmosphere with 5% CO,.

Cell transfection. siRNA against TCF7 (5'-GGAAGAGAG
GACAAGGAAT-3") and miR-6852 mimics (5'-CCCUGG
GGUUCUGAGGACAUG-3"), inhibitors (5'-CATGTCCTC
AGAACCCCAGGG-3") or controls (5'-UCACAACCUCCU
AGAAAGAGUAGA-3") were synthetized by Invitrogen
(Thermo Fisher Scientific, Inc.). 50 nM miR-6852 mimics,
inhibitors or controls were transduced into HCT8 and SW480
cells with Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) at 20°C. 48 h after transfection, the culture
medium was replaced with fresh medium, followed by analysis.

Cell proliferation. Each well of a 96-well plate contained
approximately 5,000 transfected cells. Cell viability was
assessed using a Cell Counting Kit-8 (CCK-8) assay
(7 Sea Biotech, Shanghai, China). Following incubation for
72 h, 10 ul CCK-8 was added to each well and incubated for
2 h in an incubator. The absorbance value was determined
using a multimode microplate reader (Berthold Technologies
GmbH & Co. KG, Bad Wildbad Germany) at 450 nm.

Flow cytometry. Cells transiently transfected with the indi-
cated plasmids were harvested 48 h after transfection by
trypsinization, washed with ice-cold phosphate-buffered
saline, and fixed with 70% ethanol overnight. The cells were
then collected by centrifugation and resuspended in PI solu-
tion [50 mg/ml in phosphate-buffered saline (PBS)] containing
0.25 mg/ml of RNase A. After incubation for 15 min in
the dark at 4°C, the cells were analyzed by flow cytometry
(FACS Canto II; BD Biosciences, Franklin Lakes, NJ, USA)
using an instrument equipped with Cell Quest software (BD
Biosciences). The percentages of the cells in S phase were
counted and compared.

Transwell assay. Before experiment, the Matrigel was melted
at 4°C and diluted with serum-free culture medium (1:3). On
the surface of polycarbonate membrane, 40 ul diluted matrigel
was spread and placed in the incubator for 4 h of coagulation
for later use. After cells in logarithmic phase were starved in
the serum-free DMEM media for 24 h, cells were digested
using 0.25% ethylene diamine tetraacetic acid (EDTA) trypsin
for preparation of single-cell suspension using the serum-free
DMEM culture medium, in which cell density was adjusted to
4x10%/ml. In the upper transwell chamber, 200 ul serum-free
cell suspension was added, and the wells were grouped
according to the experiment requirement with 3 replicative
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Table I. Associations between miR-6852 expression and
clinical characteristics in CRC patients (n=44).

Low High
Clinicopathologic expression  expression
parameters (n=22) (n=22) P-value
Age (years) 0.5365
<65 10 7
>65 12 15
Sex 0.5434
Male 14 11
Female 8 11
Tumor size (cm) 0.0268
<5 4 12
>5 18 10
Lymph node metastasis 0.0122
Yes 13 4
No 9 18
TNM stage 0.0329
I-II 8 16
I-1v 14 6

Pearson's Chi-square tests were used. Results were considered statis-
tically significant at P<0.05. CRC, colorectal cancer; TNM, tumor
node metastasis.

wells in each group. In the lower transwell chamber, 600 ul
DMEM medium supplemented with 10% fetal bovine serum
were added into each well for 24 h of culture in an incubator.
The chambers were taken out and washed with PBS to remove
the medium. In the upper chamber, cells that failed to pass
through the membrane were scrubbed using a wet cotton
swab followed by 20 min of fixation in methanol drying at
room temperature. Furthermore, cells were stained using
crystal violet for 20 min, and placed under the inverted micro-
scope to observe the quantity of cells that passed through the
membrane. Cell count was performed in 5 high magnifica-
tion vision (x400), and the average cell count was used as the
result.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNAs were extracted with TRIzol according
to the manufacturer's protocol. cDNA was synthesized with
the M-MLV reverse transcriptase (Promega Corporation,
Madison, WI, USA). Transcripts were analyzed with ABI 7300
gPCR system using specific primer pairs. Relative expressions
were calculated and normalized to endogenous Actb or U6.
Expressions were normalized to endogenous controls and
calculated using relative quantification method (2-244) (20).
The primer sequences are as follows: Universal miRNA primer
(5'-AACGAGACGACGACAGAC-3"), U6 (5'-GCAAATTCG
TGAAGCGTTCCATA-3'), miR-6852 (5'-CCCTGGGGTTCT
GAGGACATG-3"), Actb (forward, 5'-CGGCGCCCTATA
AAACCCA-3"; and reverse, 5'-GAGGCGTACAGGGATAGC
AC-3") and TCF7 (forward, 5-CTGGGCAAGGAAGCCATA
GG-3'; reverse, 5S“TGCTGTACCTGTGTGCTCTG-3").
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Figure 1. Expression of miR-6852 in CRC tissues and cell lines. (A) miR-6852 expression was measured in CRC tissues and adjacent normal tissues by
RT-gqPCR. (B) Relative expression of miR-6852 in CRC tissues and matched adjacent normal tissues by RT-qPCR. (C) Relative expression of miR-6852 in
paired CRC tissues and adjacent normal tissues by RNA in situ hybridization. (D) Relative levels of miR-6852 in metastatic CRC tissues and non-metastatic
CRC tissues were determined by RT-qPCR. (E) Kaplan-Meier survival curse based on miR-6852 expression in CRC tissues. Magnification, x100. "P<0.05
vs. control group. All data presented are shown as means + standard deviation collected from three independent experiments. RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction; CRC, colorectal cancer; miR, microRNA.

Western blot analysis. After transfection, CRCs total protein
was extracted by RIPA buffer (Beyotime, Beijing, China). All
the protein lysates were separated using 10% SDS-PAGE and
transferred onto a polyvinylidene fluoride membrane. The
membrane was incubated with specific primary anti-human
antibodies including TCF7 (1:1,000, cat. no. 2203; Cell
Signaling Technology, Inc., Danvers, MA, USA) and GAPDH
(1:5,000; Abcam, Cambridge, UK), followed by their respective
appropriate secondary antibody (1:5,000; Biogot Technology,
Nanjing, China). GAPDH was used as a control.

Luciferase reporter assay. The fragment of TCF7 3'-UTR
containing putative miR-6852 binding sites or the mutant
fragment was synthesized and inserted into the pmirGLO
vector (Promega Corporation). The cells were co-transfected
with these plasmids with miR-6852 mimic or miR-6852
mimic control. The Dual-Luciferase Reporter Assay System
(Promega Corporation) was used to measure luciferase activity.
Renilla luciferase activity was used as the normalized control.

Statistical analysis. All statistical analyses were performed
using the Statistical Package for the Social Sciences
version 20.0 software (SPSS, Inc., Chicago, IL, USA). Survival
curves were calculated using the Kaplan-Meier method and
were analyzed using the log-rank test. For comparisons,
one-way analysis of variance followed by Tukey's post hoc
test and two-tailed Student's t-tests were performed, as
appropriate. The correlations were analyzed using Pearson's
correlation coefficients. The Pearson's Chi-square test was
used to assess the association between clinicopathological
features and miR-6852. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of miR-6852 in CRC tissues and cell lines.
To explore the role of miR-6852 in CRC, we analyzed

the expression patterns of miR-6852 in CRC tissues and
adjacent normal tissues by RT-qPCR. The results showed
that miR-6852 was downregulated in CRC tissues (n=44)
compared with adjacent normal tissues (n=44) (Fig. 1A). We
also checked the expression of miR-6852 in 14 pairs of CRC
tissues and normal tissues and found that miR-6852 was
significantly downregulated in most CRC tissues compared to
matched adjacent normal tissues (Fig. 1B). Furthermore, we
verified miR-6852 expression by RNA in situ hybridization.
We found that miR-6852 was remarkably downregulated in
CRC tissues compared with matched normal tissues (Fig. 1C).
We determined the correlation between miR-6852 expression
and CRC metastasis. Through RT-qPCR analysis, we found
that miR-6852 displayed lower expression in CRC samples
with lymph node metastasis (n=17) than that without lymph
node metastasis (n=27) (Fig. 1D). To determine whether
miR-6852 could serve as a prognostic biomarker for CRC
patients, we performed Kaplan-Meier survival curse analysis
according to miR-6852 expression (mean value was chosen
for cut-off) in collected 44 CRC samples. We divided these
samples into miR-6852 low expression group (n=22) and
high expression group (n=22). The results indicated that CRC
patients with lower expression of miR-6852 showed shorter
survival rate (Fig. 1E), which indicated that miR-6852 was a
good prognostic biomarker.

miR-6852 overexpression suppresses CRC cell proliferation
and invasion. To further investigate the effects of miR-6852
on CRC cells, we first analyzed its expression patterns in
CRC cell lines by RT-qPCR. Results indicated that miR-6852
was also downregulated in CRC cell lines compared to FHC
normal cells (Fig. 2A). We chose HCTS8 and SW480 cells
for following experiments. We overexpressed miR-6852 by
transfection with miR-6852 mimics in HCT8 and SW480
cells. RT-qPCR results showed that miR-6852 was signifi-
cantly upregulated in HCT8 and SW480 cells transfected
with miR-6852 mimics compared to controls (Fig. 2B).
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Figure 2. miR-6852 overexpression suppressed CRC cell proliferation and invasion. (A) Relative expression levels of miR-6852 in CRC cell lines and FHC
cells. (B) RT-qPCR analysis for miR-6852 expression in HCT8 and SW480 cells transduced with miR-6852 mimics or control. (C) CCK-8 assay was performed
to assess cell proliferation. (D) Cell percent in S phase was measured by FACS. (E) Transwell assay was used to determine the invasion of HCT8 and SW480
cells. Magnification, x100. ‘P<0.05 vs. control group. All data were collected from three independent experiments. RT-qPCR, reverse transcription-quantitative
polymerase chain reaction; CRC, colorectal cancer; miR, microRNA; CCK-8, Cell Counting Kit-8.
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Figure 3. TCF7 was a target of miR-6852. (A) Potential binding sites of miR-6852 in the 3'-UTR region of TCF7 mRNA were shown. (B) RT-qPCR result
showed miR-6852 expression was significantly repressed after transfection with inhibitors. And luciferase reporter assay indicated that overexpression
of miR-6852 significantly inhibited the luciferase activity in HCT8 and SW480 cells transduced with WT-TCF7-3'-UTR, and vice versa. (C) mRNA and
(D) protein levels of TCF7 in HCT8 and SW480 cells were measured by RT-qPCR and western blotting. "P<0.05 vs. control group. All data presented are
shown as means + standard deviation collected from three independent experiments. miR, microRNA; 3'-UTR, 3'-untranslated region; RT-qPCR, reverse

transcription-quantitative polymerase chain reaction.

CCK-8 assay were used to analyze cell proliferation. As
shown, overexpression of miR-6852 significantly inhibited
the proliferation of HCT8 and SW480 cells (Fig. 2C). What's
more, FACS assay demonstrated that overexpression of
miR-6852 significantly reduced the cells in S phase (Fig. 2D),
indicating a decreased cell-cycle. Metastasis leads to CRC
recurrence and malignance. Therefore, we analyzed the effect
of miR-6852 on cell invasion. Transwell assays indicated that
overexpression of miR-6852 significantly suppressed the
invasion in HCT8 and SW480 cells (Fig. 2E). Taken together,
these data demonstrated that miR-6852 inhibited CRC cell
proliferation and invasion.

TCF7 is a target of miR-6852. To further explore the down-
stream mechanism, we searched for the target genes of
miR-6852. By the targetscan tool, we found that TCF7 was
a potential target of miR-6852. TCF7 is a key regulator of
Wnt/f-catenin signaling pathway, which is abnormally acti-
vated in most CRC patients. Therefore, we chose TCF7 for
next analysis. We found that there were five potential binding
sites of miR-6852 in the 3'-UTR of TCF7 mRNA (Fig. 3A).
To verify it, we constructed luciferase reporter vectors. We
mutated the potential binding sites in the 3'-UTR of TCF7
mRNA to construct a mutant reporter plasmid. Through
luciferase reporter assays, we found that overexpression of
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(E) cell lines were measured by western blotting. (F) Expression correlation between miR-6852 and TCF7 in CRC tissues. "P<0.05 vs. control group. All data
presented are shown as means + standard deviation collected from three independent experiments. RT-qPCR, reverse transcription-quantitative polymerase
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Figure 5. Knockdown of TCF7 inhibited the proliferation and invasion of CRC cells. (A) Western blotting was used to measure the protein level of TCF7 in
HCTS8 and SW480 cells transduced with siTCF7 or control. (B) CCK-8 assay was used for detection of cellular proliferation. (C) Cell percent in S phase was
determined by FACS. (D) Cell invasion was measured by Transwell assay. Magnification, x100. "P<0.05 vs. control group. All data presented are shown as
means + standard deviation collected from three independent experiments. CCK-8, Cell Counting Kit-8; miR, microRNA.

miR-6852 significantly inhibited the luciferase activity in
HCTS8 and SW480 cells transduced with WT reporter vector
and vice versa, whereas transfection with mutant reporter
vector had no this effect (Fig. 3B). Moreover, by RT-qPCR
and western blot, we found that overexpression of miR-6852
significantly inhibited the mRNA and protein levels of TCF7
in HCT8 and SW480 cells, and vice versa (Fig. 3C and D).

TCF7 is upregulated in CRC tissues. We analyzed the
expression patterns of TCF7 in CRC tissues by western blot.

As shown in Fig. 4A, we found that TCF7 expression was
significantly upregulated in CRC tissues compared with
adjacent normal tissues. Moreover, the expression of TCF7
was significantly upregulated in metastatic CRC tissues
compared with non-metastatic tissues (Fig. 4B). Consistently,
the expression of TCF7 was also upregulated in CRC cell
lines compared with FHC cells (Fig. 4C). Moreover, the
protein levels of TCF7 were also upregulated in CRC tissues
and cell lines compared to normal controls (Fig. 4D and E).
Through RT-qPCR, we also demonstrated that the expression
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of miR-6852 was negatively correlated with that of TCF7 in
CRC tissues (Fig. 4F).

Knockdown of TCF7 inhibits the proliferation and invasion
of CRC cells. To further determine the role of TCF7 in CRC
cells, we knocked down TCF7 in HCT8 and SW480 with
specific siRNA. Western blot analysis indicated that TCF7
was significantly downregulated in HCT8 and SW480 cells
transduced with siTCF7 compared to control group (Fig. 5A).
CCK-8 assay indicated that knockdown of TCF7 significantly
suppressed the proliferation of HCT8 and SW480 cells
(Fig. 5B). Moreover, less cells transduced with siTCF7 entered
into S phase (Fig. 5C). Finally, we showed that knockdown
of TCF7 also inhibited the invasion of HCT8 and SW480
cells (Fig. 5D). Taken together, our study demonstrated that
miR-6852 suppressed the proliferation and invasion of CRC
cells by targeting TCF7, which acted as an oncogene in CRC
cells.

Discussion

CRC is one of the most common malignances and its incidence
is increasing year by year (1). However, no effective therapy
has been developed for treatment of CRC patients especially
with metastasis. The underlying mechanism of CRC progres-
sion remains elusive. There is a very urgent requirement to
search novel biomarkers for CRC diagnosis or prognosis and
therapeutic targets for CRC intervention. Several miRNAs
have been demonstrated to be promising indicators of cancer
characteristics, including in CRC. Thus, understanding the
roles and functional mechanism of miRNAs in CRC progres-
sion will contribute to the discovery of biomarkers and
therapeutic targets. In this study, we studied a functionally
undefined miRNA, miR-6852, in CRC. We also demonstrated
its functional mechanism by several experiments.

miRNAs participate in all kinds of biological processes
because of their regulatory roles on gene expression (21). Several
miRNAs are demonstrated dysregulated in cancers, including
gastric cancer (22), colon cancer (23), breast cancer (24),
non-small cell lung cancer (25), bladder cancer (26), ovarian
cancer (27), prostate cancer (28) and pancreatic cancer (29).
In CRC, many miRNAs has been shown to regulate tumor
progression. For example, miR-21 post-transcriptionally
downregulates tumor suppressor Pdcd4 and stimulates inva-
sion, intravasation and metastasis in CRC (30). miRNA-27b
targets vascular endothelial growth factor C to inhibit tumor
progression and angiogenesis in CRC (31). MicroRNA-497
targets insulin-like growth factor 1 receptor and has a tumor
suppressive role in human CRC (32). Previous study indicated
miR-6852 induces necrosis in cervical cancer cells (19).
However, the function of miR-6852 in CRC remains largely
unknown. In this study, we found that miR-6852 was down-
regulated in CRC tissues and cell lines. Moreover, we found
that miR-6852 expression level was negatively correlated
with tumor metastasis and positively correlated with patients'
survival rate, which suggested that miR-6852 might serve as
a prognostic biomarker in CRC. We also demonstrated that
overexpression of miR-6852 significantly inhibited the prolif-
eration and invasion of CRC cells. These data suggested that
miR-6852 functions as a tumor suppressor in CRC.
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TCF7 is well known for its function in T lymphocyte
development (33). Previous study indicated that TCF7 can
initiate the Wnt/p-catenin signaling cascade (34), which
is abnormally activated in most CRC cases. Increasing
evidences demonstrate TCF7 is widely involved in tumori-
genesis, including prostate cancer (35), osteosarcoma (36)
and so on. How TCF7 expression is regulated requires to be
further investigated. In our study, we found that TCF7 was
a target gene of miR-6852 in CRC cells. Overexpression
of miR-6852 significantly reduced the mRNA and protein
levels of TCF7 in CRC cells. We showed that there was an
inverse correlation between the expression of miR-6852 and
TCF7 in CRC tissues. Moreover, we found that TCF7 was
significantly upregulated in CRC tissues compared with
normal tissues. And the expression of TCF7 was correlated
with CRC metastasis. Through functional experiments,
we demonstrated that TCF7 knockdown significantly
suppressed the proliferation and invasion of CRC cells,
which indicated that miR-6852-mediated inhibition on
cell proliferation and invasion relies on downregulation of
TCF7 at least in part.

In conclusion, our study demonstrated that miR-6852
suppressed the proliferation and invasion by targeting TCF7
in CRC cells. And we found that miR-6852 might serve as a
prognostic biomarker for CRC patients.
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