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Background: Colon adenocarcinoma (CA) is the most common one with poor survival in colon cancer.
"This study aims to investigate the effect of miR-1245a on the process of CA cells and its target gene BRCA2.
Methods: The expression of CA tissues and cells were evaluated by q RT-PCR. Then we explore
the association between expression of miR-1245a and prognosis in the CA patients from the TCGA
database. CCK8 assays, colony formation assays were performed to explore the effect of miR-1245a in
CA cell proliferation. The invasion ability of CA cells was evaluated by Transwell assays. Western blot
was performed to assess the BRCA2 expression. Luciferase reporter assay was employed to scrutinize the
relationship between miR-1245a and BRCA2. Finally, rescue experiments were performed through BRCA2
downregulation and miR-1245a inhibitors by using colony formation assay and Transwell invasion assay.
Results: miR-1245a is upregulated in CA cells and tissues. Additionally, the high expression of miR-1245a
was related to poor survival. CCK8 assays, colony formation assays and Transwell assays showed that
miR-1245a promotes the proliferation and invasion of CA cells. The luciferase reporter assay indicated
that miR-1245a targeted BRCA2 and inhibited its expression. The rescue experiment further showed that
miR-1245a could restore the effect of BRCA2 on CA.

Conclusions: miR-1245a promotes the proliferation and invasion of CA by targeting BRCA2.Our results
suggested that miR-1245a could be a potential biomarker for CA progression.
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Introduction

Colon cancer is the fourth leading cause of cancer-
related deaths (1). Among all histological types, colon
adenocarcinoma (CA) is the most common one (2).
Recently, the treatment for CA, including surgery, radiation
therapy, chemotherapy, and targeted therapy, has been
improved; however, the prognosis of CA is unsatisfactory.
The blood test markers, such as CEA and CA199, lack good
specificity and sensitivity for screening the lesions for all
patients. Therefore, it is important to further understand
the molecular mechanism of CA progression and to identify
the desired prognosis biomarkers of CA.

MicroRNA (miRNA) is a small noncoding RNAs with
18-25 nucleotides (3). It has reported that mature miRNAs
could bind to the 3'UTR of target mRNAs, regulating the
downstream genes (4). Increasing studies have reported
that miRNA was associated with prognosis and diagnosis
for various cancers, and miRNAs might play an important
role in the development of CA (5-9). For example, Zheng
et al. reported that miR-1307 inhibits tumor progression
by targeting ISM1 in colon cancer (10). Yu ez /. indicated
that miR-21-5p promotes the progression of CA cells
by targeting CHL1 (11). Therefore, miRNA might be a
promising biomarker for CA.

MicroRNA-1245 (miR-1245) exerts its tumorigenesis
effect in tumor progression because a previous study
demonstrated that it regulates the tumor suppressor protein
BRCA2 negatively (12). In addition, it was reported that
the expression of NKG2D, an activating receptor involved
in tumor immunosurveillance, was inhibited by miR-1245
in natural killer cells (13). In breast cancer, miR-1245
targeted BRCA2 directly and suppressed its translation (14).
Recently, Yang ez /. indicated that miR-1245 promotes the
progression of lung cancer cells by targeting BRCA2 (15).
However, how miR-1245a, a member of the miR-1245
family, influences the progression of CA remains unknown.
Therefore, further study for miR-1245a and CA is needed.

In this study, the function of miR-1245a in CA cells was
explored through CCKS assays, colony formation assays,
and Transwell assays. Then we investigated the relationship
between miR-1245a expression level and the prognosis of
CA patients using the TCGA database. Furthermore, the
miR-1245a/BRACA? axis on the CA was detected in vitro.
These findings implied that miR-1245a might be a potential
therapeutic target for CA.
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Methods

In the present study, the counts of CA miR-1245a
expression profiles were acquired from the Cancer Genome
Atlas (TCGA) database in September 2019. The eligibility
criteria used to screen the included patients were as follows:
(I) patients with certain TNM stage; (II) histologically
confirmed CA; (III) overall survival (OS) time was no
less than 3 months. For the eligible patients, clinical
characteristics including age, T stage, N stage, TNM stage
were collected. The CA patients were classified into a
low-risk group and a high-risk-group with the median of
miR-1245a expression.

Ethical statement and tissue collection

The Ethics Committee approved this study of the Sixth
Affiliated Hospital of Sun Yat-sen University. The CA
tissues and adjacent normal samples were collected from
patients who had undergone surgery recently. These 20 pairs
of tumor and adjacent tissue specimens were frozen
immediately and stored at -80 °C. Informed consent from
all patients was obtained in this research.

Total RNA extraction and qRT-PCR

We extracted total RNA with RNAiso Plus (TaKaRa, Japan).
The purity and concentration of the total RNA samples
were measured with a NanoDrop 2000 (Thermo Scientific,
Wilmington, DE, USA). All ¢cDNA was generated with
PrimeScript RT reagent Fix (TaKaRa, Japan). qRT-PCR for
miRNAs, and the U6 was performed on a LightCycler® 96
System (Roche, Switzerland).

Cell culture

CA cells (DLD-1, SW480, LoVo, and T84 cell lines) and
normal colonic epithelial cells (NCM-460 cell line) were
purchased from the Shanghai Institutes for Biological
Science, China. Colonic cells were cultured in DMEM
(Gibco; Thermo Fishier Scientific, Suzhou, China)
with 10% fetal bovine plasma at 37 °C in a humidified
atmosphere with 5% CO,.

Transfection

Before transfection, CA cells were seeded in 6-well plates
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to 60% confluence. miRNA mimics and inhibitors, BRCA2
siRNA and pcDNA3.1 BRCA2, were transfected using
a Lipidosome2000 transfection kit (Invitrogen, USA)
following the manufacturer’s instructions.

Cell proliferation assay

CCKS assays were performed to explore the effect of miR-
1245a in CA cell proliferation. CA cells transfected with
miRNA mimics or inhibitors were seeded into 96-well
plates at 5x10°/well and cultured for 24, 48, 72, 96, 120
and 144 h. Cell proliferation was determined using a Cell
Counting Kit-8 (CCK-8; ImmunoWay Biotechnology
Company Plano, TX, USA), and OD450 values were
monitored. Colony-forming assays were used to evaluate
the clonogenic ability of transfected CA cells. CA cells were
seeded into 6-well plates at a density of 1,000 per well. After
incubation for 10 days, the visible colonies were counted
after staining with crystal violet.

Transwell invasion assays

The invasion ability of CA cells was evaluated by Transwell
assays using Transwell chambers (Costar, USA) precoated
with Matrigel. Briefly, after transfection, 2x10’ CA cells in
serum-free medium were added to the upper chambers (pore
size, 8 pm; Corning Inc., Tewksbury, MA, USA). DMEM
with 10% fetal bovine serum was added to the bottom
well. After 24 h of incubation, the CA cells migrated into
the lower chambers were fixed in 4% paraformaldehyde.
Subsequently, the membrane was stained with a crystal
violet staining solution. We counted and photographed
under 100x magnification.

Luciferase reporter assay

BRCA2 sequences containing wild-type or mutated
miR-1245a binding sites were synthesized and inserted into
luciferase vectors, respectively. Then we seeded SW480 cells
into 24-well plates (3x10°* cells/well). After 48 h, miR-1245a
mimics and constructed luciferase plasmids were co-
transfected into SW480 cells. Finally, we used a dual-
luciferase reporter assay system (Promega, USA) to measure
luciferase activity.

Western blot analysis

We extracted protein using RIPA buffer (CWBIO, China).
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The proteins were electrophoresed by SDS-PAGE and were
transferred to nitrocellulose membranes. Then proteins
were incubated with primary antibodies specific for BRCA2
(diluted 1:1,000, Proteintech, USA) and GAPDH (diluted
1:1,000, ABclonal, China) at 4 °C overnight. Subsequently,
the membranes were incubated with secondary antibodies.
Finally, we detected signals with images acquisition using
the Immobilon ECL substrate (Millipore, Germany) and
Optimax X-ray Film Processor (Protec, Germany).

Statistical analysis

The relationship between miR-1245a expression and clinical
characteristics was analyzed by the Chi-square test. OS
was assessed by a Kaplan-Meier analysis and compared
by a log-rank test. We used univariate and multivariate
Cox proportional hazards regression model to analyze the
independent prognosis factors. P<0.05 was considered
statistically significant. Data analyses were performed using
PRISM (GraphPad Software Inc., San Diego, CA, USA) and
Stata version 13.1 (StataCorp., College Station, TX, USA).

Results

miR-1245a is upregulated in CA and related to poor
survival

We examined miR-1245a expression in 20 pairs of CA tissues
and adjacent normal tissues and found that miR-1245a
was significantly higher in cancer tissues than in normal
tissues (Figure 14). In addition, the expression of miR-1245a
was up-regulated in four kinds of CA cell lines, especially
in SW480 cells compared with NCM-460 cells (Figure 1B).
Therefore, the SW480 cell line was chosen for further
experiments.

Furthermore, we analyzed the clinical relevance of
miR-1245a expression in CA patients from TCGA after
patients were classified into high and low-level groups
via the median miR-1245a expression (7able 1). Briefly,
it seems that miR-1245a had no close relationship with
these clinical features, including age, T stage, N stage,
and TNM stage. Kaplan-Meier survival analyze indicated
that higher expression of miR-1245a was significantly
associated with poor OS in patients with CA (P=0.0439)
(Figure 1C). Finally, univariate and multivariate COX
analyses were performed (7zble 2). We found that the
expression of miR-1245a was an independent prognostic
factor for CA prognosis (HR =1.90; 95% CI: 1.03-3.48;
P=0.039).
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Figure 1 miR-1245a was up-regulated in CA tissues and correlates with poor patients’ prognosis. (A) miR-1245a expression was assessed in

cancer tissues and normal tissues; (B) miR-1245a expression was significantly high in CA cells; (C) Kaplan-Meier’s analyses of correlations
between the miR-1245a expression levels and OS (overall survival) of 321 CA patients from TCGA database. ***, P<0.001. CA, colon

adenocarcinoma.

Table 1 Correlation between miR-1245a expression and clinical
characteristics in CA patients from TCGA

Characteristics Low expression  High expression P
Age (years) 0.104
<69 86 (49.71) 87 (58.78)
>69 87 (50.29) 61 (41.22)
T stage 0.133
T1+T2 42 (24.28) 23 (15.54)
T3 115 (66.47) 107 (72.30)
T4 16 (9.25) 18 (12.16)
N stage 0.924
NO 104 (60.12) 89 (60.14)
N1 41 (23.70) 33 (22.30)
N2 28 (16.18) 26 (17.57)
TNM stage 0.147
[ 37 (21.39) 22 (14.86)
Il 64 (36.99) 65 (43.92)
M 52 (30.06) 36 (24.32)
Y 20 (11.56) 25 (16.89)

The median of age was 69 years old in total patients. CA, colon
adenocarcinoma.

© Annals of Translational Medicine. All rights reserved.

miR-1245a promotes the proliferation and invasion of
CA cells

After transfection with miRNA inhibitors, miR-1245a
expression in SW480 cells was down-regulated (Figure 2A).
In addition, miR-1245a expression was up-regulated,
followed by transfected with miR-1245a mimics (Figure 2B).
Colony-formation assays illustrated that the clonogenic
ability of CA cells was suppressed by miR-1245a
downregulation. CCKS8 assays were performed to investigate
the functions of miR-1245a in cellular proliferation.
Compared to the negative control conditions, down-
regulated miR-1245a can suppress CA cell proliferation.
Then, according to the results of Transwell assays,
miR-1245a downregulation inhibited CA cell invasion
abilities. In contrast, the reverse effects were yielded by
miR-1245a upregulation. Overexpression of miR-1245a
in CA cells promoted the proliferation and increased the
invasion abilities in CA cells (Figure 2C,D,E).

miR-1245a inbibited the expression of BRCA2

Using TargetScan, the target genes of miR-1245a were
predicted, and we found that a binding site existed in the
3'UTR region of BRCA2 (Figure 3A). Since the regulatory
effect of miR-1245 on BRCA2 expression have reported in

Ann Transl Med 2019;7(23):777 | http://dx.doi.org/10.21037/atm.2019.11.29



Annals of Translational Medicine, Vol 7, No 23 December 2019 Page 5 of 9
Table 2 Univariate and multivariate COX proportional hazards regression analyses in CA patients from TCGA
Univariate analysis Multivariate analysis
Variables
HR 95% CI P value HR 95% ClI P value

Age (years)

<69 1 1

>69 1.96 (1.09, 8.52) 0.024 2.76 (1.50, 5.08) 0.001
T stage

T1+T2 1

T3 2.29 (0.69, 7.59) 0.175

T4 10.4 (2.93, 36.93) <0.001
N stage

NO 1

N1 2.84 (1.38, 5.86) 0.004

N2 5.07 (2.58, 9.98) <0.001
TNM stage

| 1 1

I 1.22 (0.34, 4.40) 0.752 1.09 (0.30, 3.96) 0.891

M 2.89 (0.83, 10.05) 0.095 3.62 (1.04, 12.66) 0.044

\% 7.53 (2.20, 25.81) 0.001 7.62 (2.21, 26.36) 0.001
miR-1245a expression

Low expression 1 1

High expression 1.81 (1.01, 3.24) 0.047 1.90 (1.08, 3.48) 0.039

CA, colon adenocarcinoma.

previous studies as BRCA2 was a target gene of miR-1245,
we speculated that miR-1245a might promote CA
development via inhibiting BRCA2. Furthermore, we found
that the luciferase reporter activity was decreased in only
cells co-transfected with miR-1245a mimics and BRCA2-
wild type containing the complete miR-1245a sequence, and
overexpression of miR-1245a did not affect the luciferase
activity of the vector with the mutant miR-1245a binding
site in cells (Figure 3B). In addition, BRCA2 expression was
inhibited by the up-regulated miR-1245a, while miR-1245a
downregulation increased BRCA2 expression (Figure 3C).
Therefore, miR-1245a may inhibit BRCA2 expression by
binding the 3'UTR of BRCA2 in CA cells.

BRCA?2 inhibits the progression of CA cells

After transfection, colony-formation assays illustrated

© Annals of Translational Medicine. All rights reserved.

that the SW480 cell viability was suppressed by the
overexpression of BRCA2 while it was enhanced by the
silencing of BRCA2. Additionally, the effect of BRCA2
silence was restored by miR-1245a inhibitors (Figure 44).
In Transwell assay, it indicated that the invasion ability
of SW480 cells was inhibited by BRCA2 overexpression
plasmid. On the other hand, cell invasion ability was
enhanced in the CA cells transfected with si-BRCA2, and it
was inhibited by miR-1245a inhibitors (Figure 4B). In brief,
BRCA2 might inhibit CA progression as proliferation and
invasion.

Discussion

In the present study, we explored the relationship between
the miR-1245a and the prognosis of CA patients from
TCGA data as well as miR-1245a expression in CA tissues
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Figure 2 The function of miR-1245a in SW480 cells. (A) Expression of miR-1245a in SW480 cells transfected with inhibitors, and (B)
SW480 cells overexpressing miR-1245a; (C,D) the effect of miR-1245a on cell proliferation in vitro using colony formation assay and CCK8

assay in SW480; (E) cell invasion abilities were assessed by Transwell assay after knocking down or overexpressing miR-1245a in SW480

cells. *, P<0.05; **, P<0.01; ***, P<0.001.

and CA cells. The results of functional assays indicated that
miR-1245a promotes the proliferation and invasion ability
of CA cells. Additionally, we also found that miR-1245a
inhibited the expression of BRCA2. According to the results
of the rescue experiment, it suggested that miR-1245a
promotes CA cell proliferation and invasion by inhibiting
BRCA2.

As a common type of colon cancer, CA is malignant
cancer with high incidence worldwide. In current, the
therapeutic strategies and the screen way for CA have

© Annals of Translational Medicine. All rights reserved.

been improved. However, CA patients with advance
stages have poor survival due to the development of
chemoresistance (16). Dysregulated miRNAs play a key
role in the progression of various cancers, suggesting it
could be a promising biomarker. As previously reported,
miR-1245 expression was up-regulated in cancer tissues,
and these studies indicated that miR-1245 promotes cancer
progression in breast cancer and lung cancer (14,15). To
further investigate the role of miR-1245a in colon cancer,
a series experiments were performed. These results reveal
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Figure 3 HMGA?2 is a direct target of miR-1245a. (A) The binding site for miR-1245a in the 3'UTR of BRCA2 predicted by TargetScan; (B)
luciferase reporter assay indicated that the luciferase reporter activity in miR-1245a mimics and BRCA2 3'UTR-WT co-transfection group

was lower than that in NC-mimics and BRCA2 3'UTR-WT con-transfection group; (C) Western blot analysis comparing downregulated

and upregulated-miR-1245a CA cells with control cells were shown for BRCA2. ***, P<0.001. CA, colon adenocarcinoma.

that miR-1245a downregulation inhibits the development
in vitro, which further identified its tumorigenesis in CA.
BRCA? is a susceptibility gene, and its mutation
was frequently found in cancer (17,18). According to
the previous study, down-regulated BRCA2 was found
in lung cancer tissues and implied that it was a tumor-
suppressing gene (15). Similarly, the protein expression of
BRCA2 is often decreased in sporadic breast cancer (14).
"To investigate the regulatory relationship between BRCA2
and miR-1245a in CA, bioinformatics and luciferase
reporter assay were performed. We found that miR-1245a
could bind directly to the 3'UTR of BRCA2. The CA
cell invasion induced by the silencing of BRCA2 could
be inhibited by miR-1245a down-regulation, which
further suggested that BRCA2 might be a putative tumor
suppressor gene in CA. There were only a few studies about
the connection between BRCA2 and the development of
colon cancer. For example, a study reported that BRCA2 on
chromosome 13 demonstrated a high frequency of allelic
imbalance in primary colon carcinoma, which suggests
an involvement of BRCA2 in colon tumorigenesis (19).
Besides, Luca et al. reported that BRCA2 deletion induces
alternative lengthening of telomeres in positive telomerase

© Annals of Translational Medicine. All rights reserved.

colon cancer cells (20). In present study, we explore the
relationship between miR-1245a and BRCA2 in CA, which
might suggest a new molecular mechanism for colon cancer.
However, more studies are needed to confirm the precise
role and the prognostic significance of BRCA2 in colon
cancer.

Although some meaningful results were observed,
several limitations exist in our study. First, we explored
the relationship between miR-1245a expression and CA
prognosis using the TCGA database; however, real-world
studies of multicenter should be further performed to
investigate the role of miR-1245a. Second, we only explore
the effect of miR-1245a in vitro; therefore, further animal
studies were needed. Third, we focus on the functions of
miR-1245a in promoting proliferation and invasion of CA
cells; however, the complete understanding of miR-1245a in
CA cells remains unclear, suggesting that detail underlying
mechanism should be explored in the development of CA.

Conclusions

In conclusion, miR-1245a was up-regulated in CA cells and
tissues. Additionally, increased miR-1245a was associated

Ann Transl Med 2019;7(23):777 | http://dx.doi.org/10.21037/atm.2019.11.29
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with poor survival in CA patients from the TCGA database. Acknowledgments
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miR-1245a promotes cancer progression. Our results
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