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Abstract. Mitochondrial transcription factor A (TFAM)
participates in the process of mitochondrial DNA replication
and transcription. microRNAs (miRNAs) serve an important
role in the regulation of gene expression. However, the roles
of TFAM and certain miRNAs and their associations in the
development of numerous cancer types remain unclear. The
current study demonstrated that the expression of TFAM
was significantly upregulated in colon cancer compared with
the normal tissue, while the expression of miRNA-590-3p
(miR-590-3p) was predicted with a high score using miRWalk
software, and the luciferase assay demonstrated that TFAM
was the direct target of miRNA-590-3p. miR-590-3p exhibited
high expression levels in both colon cancer tissue and the
SW480 cell line. Furthermore, downregulated expression of
miR-590-3p significantly inhibited the growth of SW480 cells,
which was consistent with results indicating downregulated
expression of TFAM in SW480 cells from a previous study.
In summary, the results of the current study concluded that
miR-590-3p, via direct targeting of TFAM, may serve an
important role in the tumorigenesis of colon cancer, and may
be a promising target for colon cancer therapeutics.

Introduction

The mortality rate associated with colon cancer ranks as
the fourth highest of different cancer types worldwide (1).
According to the data from Globocan, an international cancer
research organization governed by the World Health Organi-
zation, there were 694,000 cases of colon cancer-associated
mortality during 2012, and 52% of these were from developing
countries. Eastern Europe had the highest mortality rate at
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20.3% in males and 11.7% in females, while the Western Africa
had the lowest mortality rate at 3.5% in males and 3.0% in
females. There are 253,000 recently diagnosed cases in China,
predominantly in 50-55 year olds. The morbidity is increasing
in males, and is marginally reducing in females in China (2).

TFAM, which is a member of the high mobility group
(HMG) box protein family, participates in the process of
mitochondrial DNA (mtDNA) replication and transcrip-
tion (3-5). In numerous types of cancer cells, HMG proteins
are upregulated (6). In addition, mitochondria are critical
for cancer cell involvement in the regulation of cancer cell
survival and growth. The Warburg effect is essential for
the survival and proliferation of cancer cells by mitochon-
drial uncoupling regulating the metabolic shift to aerobic
glycolysis (7). It has been reported that the high expression
of TFAM is associated with a poor prognosis in multiple
malignant tumors, including ovarian cancer, endometrial
carcinoma and colon cancer (8,9). It has been reported
that the TFAM protein multimerizes and binds to mtDNA
which regulates the expression of nuclear genes, suggesting
that the TFAM levels may be increased in cancer cells and
be associated with malignant progression and proliferative
activity (10-13). However, the roles of TFAM remain to be
fully elucidated in colon cancer cells.

miRNAs, which are small, endogenous and non-coding
RNAs, can interact with target sites in the 3'-untranslated
regions (UTRs) of mRNA and then inhibit the expression of
targeted genes (14,15). Those targeted genes are involved in
the regulation of multiple biological processes, including the
pathogenesis of a variety of types of human cancer (16-22).
miR-590-3p has been reported to be involved in mediating the
expression of autoimmune genes and neuronal death (23,24).
However, whether or not miR-590-3p is associated with colon
cancer remains unclear. Thus, the present study aimed to eluci-
date the roles of TFAM and miR-590-3p and their association
in colon cancer cells.

Materials and methods

Human tissue specimens. The present study was approved by
the ethics committee of the First Affiliated Hospital of Sun
Yat-Sen University (Guangzhou, China). There were 30 cases
of colectomy for colon cancer performed by the First Affili-
ated Hospital of Sun Yat-Sen University between March and
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April 2013. Samples were collected from the specimens at
the mucosa that were 10 cm adjacent to the colon cancer (the
control group), and from the cancer tissue itself (the experi-
ment group). Patients provided written informed consent.

Patient selection criteria: i) Primary colon cancer diag-
nosed by histopathology; ii) underwent colon cancer resection
and lymph gland cleaning; iii) a minimum of 12 lymph glands
undergoing biopsy subsequent to surgery; iv) detailed patho-
logical follow-up records.

Patient rejection criteria: i) History of an additional primary
cancer; ii) distant metastasis (peritoneum, liver, brain, etc.);
iii) underwent neoadjuvant chemotherapy and other etiotropic
therapy; iv) succumbed to disease.

A total of 30 patients were selected, with an average age
of 59 years old and including 18 males (60%) and 12 females
(40%). The cancer locations were identified, with 15 cases (50%)
at the sigmoid colon, 7 cases (23.3%) at the descending colon
and 8 cases (26.7%) at the ascending colon. According to the
TNM classification in the 3rd edition of NCCN 2014 (25), there
were 28 phase III patients (93.3%) and 2 phase II patients (6.7%).

Specimen collection involved obtaining ~5x5 mm samples
from the cancer tissues and from mucosa that was 10 cm
adjacent to the cancer (normal colon tissue) within 20 min of
removal from the body. The specimens were placed into two
tubes and stored in liquid nitrogen; one to be used for protein
extraction and the other for RNA extraction.

Cell culture. Normal human colon cells were purchased from
the American Type Culture Collection (CCD-18Co; ATCC®
CRL-1459™; Manassas, VA, USA). SW480 cells (Institute of
Cell Biology, Chinese Academy of Sciences, Shanghai, China)
was cultured in RPMI-1640 medium with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (Xinxianfeng
Pharmaceutical Industry Limited Company, Shanghai, China)
at 37°C, with 5% CO,. The lentivirus, lentiviral vector and
Dual-Luciferase Reporter Assays were purchased from Gene-
Copoeia, Inc. (Guangzhou, China).

miRNA prediction. Subsequent to inputting TFAM
to miRWalk 2.0 (http://zmf.umm.uni-heidelberg.
de/apps/zmf/mirwalk2/) as target gene, matching miRNA
results were indicated by high scores in Microt4, miRanda,
miRBridge, miRDB, miRMap, miRNAMap, PicTar2, PITA,
RNA22, RNAhybrid and TargetScan. The target miRNAs were
verified in TargetScan and miRanda.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). RNA was extracted from
the normal colon tissues (30 specimens), colon cancer tissues
(30 specimens),normal colon cells and SW480 cells using TR1zol
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), according to the manufacturer's instructions. The
RNA integrity was then assessed. A TagMan RT-qPCR miRNA
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) was
performed to detect the expression levels of mature miR-590-3p.
The relative expression of mature miR-590-3p levels normal-
ized to U6 endogenous control was determined using the 2444
method (26). Each measurement was performed in triplicate. In
order to detect the target genes (NRNA expression), 1 pg total
RNA was reverse transcribed to cDNA using SuperScript™ 111
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First-Strand Synthesis Super Mix (Invitrogen; Thermo Fisher
Scientific, Inc.). SYBR green qPCR was performed using the
Bio-Rad iQ5 PCR detection system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) with the following gene-specific primers:
miR-590-3p, forward 5-AAAGATTCCAAGAAGCTAAGG
GTG-3', reverse 5-CCTAACTGGTTTCCTGTGCCTA-3"; and
U6, forward 5"TGCGGGTGCTCCGCTTCGGCAGC-3' and
reverse 5-CAGTGCAGGGTCCGAGGT-3'. PCR cycling condi-
tions were as follows: Initial cycle at 95°C for 3 min, followed
by pre-denaturation at 95°C for 15 sec, denaturation at 95°C for
5 sec and extension at 60°C for 30 sec, for 45 cycles, and a final
extension step at 70°C for 30 min.

Correlation analysis. Correlation analysis was conducted for
the expression of miR-590-3p mRNA (normalized to U6) and
the expression of TFAM mRNA (normalized to -actin) in the
same specimen.

Dual luciferase reporter assays. To generate the reporter vectors
bearing miRNA-binding sites, a normal and mutated 3'-UTR
of TFAM was sub-cloned using PCR-based methods (27). The
constructs were inserted into the multiple cloning sites down-
stream of the luciferase gene in the psiCHECK-2 luciferase
miRNA expression reporter vector. For the luciferase assay,
1x10° cells were cultured to 70-80% confluence in 24-well
plates and co-transfected with psiCHECK-2-TFAM-3'-UTR
or psiCHECK2-mut-TFAM-3'-UTR vector plus 50 nM
miR-590-3p or 100 mM miR-590-3p inhibitor using Lipo-
fectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's instructions. The cells were
incubated with transfection reagent/DNA complex for 5 h at
37°C and refreshed with fresh medium containing 10% FBS.
At 48 h post-transfection, firefly and Renilla luciferase activi-
ties were evaluated using the Dual-Luciferase Reporter Assay
system and the Renilla luciferase activity was normalized to
firefly luciferase activity.

Western blotting. The expression of TFAM in SW480 cells
was determined subsequent to transfection by miR-590-3p
lentivirus or anti-miR-590-3p lentivirus by western blotting.
Following 48 h-transfection and 24 h-cell culture, the cells were
solubilized in cold RIPA lysis buffer and then separated with
10% SDS-PAGE. Following this, the proteins were transferred
onto PVDF membranes. The membranes were blocked in 5%
skimmed dried milk in phosphate-buffered saline and then
incubated overnight with primary antibodies for TFAM (1:500;
cat. no. PB9447; Boster Biological Technology, Pleasanton, CA,
China), and p-actin (1:500; cat. no. PA1872; Boster Biological
Technology). Subsequent to incubation with goat polyclonal
anti-rabbit secondary antibodies (1:4,000; cat. no. A-11034; Invi-
trogen; Thermo Fisher Scientific, Inc.), the immune complexes
were detected using the enhanced chemiluminescence method.
The blots were visualized by autoradiography using preflashed
Kodak XAR film (Kodak Japan Ltd., Tokyo, Japan). The results
were analyzed with Gel-Pro Analyzer, version 4.0 (Silk Scien-
tific, Inc., Orem, UT USA) subsequent to visualization.

MTTassays.Subsequenttotransfection,themiR-SCR-SW480,
miR-590-3p-SW480 and anti-miR-590-3p-SW480 cell
groups were cultured at a density of 5,000 cells/well. A total
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of 10 ul MTT (5 mg/ml; Promega Corporation) was added
to the medium at 0, 24, 48, 72, 96 and 120 h. The cells were
then incubated for 4 h at 37°C. The medium was removed
and 100 gl dimethyl sulfoxide was added into each well. The
plate was gently rotated on an orbital shaker for 15 min to
completely dissolve the precipitation. The absorbance was
detected at 490 nm with a microplate reader (Bio-Rad Labo-
ratories, Inc.).

Statistical analysis. All experiments were performed three
times in triplicate. The data were analyzed with Student's
two-tailed t-test. All statistical analyses were performed using
SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

mRNA expression of TFAM is increased in colon cancer tissues
vs. adjacent normal colon tissues. nRNA expression of TFAM
in tumor tissue samples and adjacent normal tissues was exam-
ined using the RT-qPCR assay. The average expression levels
of TFAM were significantly increased in colon cancer tissues
compared with adjacent normal colon tissues (Fig. 1; P<0.0001).

Correlation analysis between TFAM and miR-590-3p.
miR-590-3p exhibited a high prediction score (the highest score
is 9) in miRWalk 2.0 (Fig. 2A), identifying TFAM as the target
gene. The 3'-UTR of miR-590-3p was correlated with TFAM in
miRanda (Fig. 2B) and TargetScan (Fig. 2C). The results of the
luciferase assay for miR-590-3p are presented in Fig. 2D and
the data indicated that the Renilla/firefly value of luciferase was
significantly lower in the miR-590-3p treatment cells following
transfection with the 3'-UTR of the TFAM gene (Psi-wtTFAM,;
P=0.005), while the Renilla/firefly value of luciferase exhibited
no differences following transfection with the mutated 3'-UTR
of TFAM (Psi-mutTFAM) compared with the control (Fig. 2D;
P=0.7870). These data suggested the 3'-UTR of TFAM is the
direct target of miR-590-3p. The expression of miR-590-3p
(normalized to U6) in normal colon and colon cancer tissues
exhibited positive correlation with that of TFAM (normalized to
[-actin) in the same specimens, correlation coefficent r=0.9456,
P<0.0001 (Fig. 2E).

mRNA expression of miR-590-3p is increased in colon cancer
tissues and cells. mRNA expression of miR-590-3p in tumor
tissue samples and adjacent normal tissues was examined
through the RT-qPCR assay. The expression of miR-590-3p in
the colon cancer tissues was significantly increased compared
with adjacent normal colon tissues (Fig. 3A; P<0.05). In addi-
tion, the mRNA expression of miR-590-3p in SW480 cells was
significantly increased compared with the normal colon cells
(Fig. 3A; P<0.05).

The miR-590-3p inhibitor effectively suppressed miR-590-3p
expression. Based on the fact that the expression level of
miR-590-3p is upregulated in colon cancer tissues and cells,
the miR-590-3p inhibitor was transfected into SW480 cells.
Subequently, cells were harvested for RT-qPCR. The results
indicated that the mRNA expression of miR-590-3p was
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Figure 1. mRNA expression of TFAM in tumor tissue samples and adjacent
normal tissues was examined through reverse transcription-quantitative
polymerase chain reaction assay. The average expression levels of TFAM
were significantly increased in colon cancer tissues compared with adja-
cent normal colon tissues (P<0.0001). TFAM, mitochondrial transcription
factor A.

increased in SW480 cells transfected with miR-590-3p lentivirus
compared with the control (Fig. 4A; P<0.0001). The expression
of miR-590-3p mRNA was reduced in the SW480 cells trans-
fected with the anti-miR-590-3p lentivirus compared with that
of the control (Fig. 4B; P=0.0008).

Inhibition of miR-590-3p suppressed TFAM protein expres-
sion. To demonstrate the role of miR-590-3p in regulating
TFAM protein expression in SW480 cells. Western blotting was
conducted subsequent to transfection with miR-590-3p inhibitor
(anti-miR-590-3p) or miR-SCR. The expression of TFAM
was significantly increased in the SW480 cells transfected
with miR-590-3p lentivirus when compared with that of the
control (Fig. 5SA and B; P<0.0001). The expression of TFAM
was observed to be significantly reduced in the SW480 cells
transfected with the anti-miR-590-3p lentivirus compared with
that of the control (Fig. 5C and D; P=0.0002).

Inhibition of miR-590-3p suppressed the proliferation of
SW480 cells. In order to demonstrate the role of miR-590-3p
in the regulation of SW480 cell proliferation, MTT assays were
conducted subsequent to transfection with the miR-590-3p
inhibitor (anti-miR-590-3p) or miR-SCR. In the MTT assays,
the proliferation of the four groups were observed to have no
significant differences in the first 96 h following transfection.
However, a growth inhibition of SW480 cells transfected
with anti-miR-590-3p compared with controls (P<0.0001)
was observed 120 h after transfection. The proliferation of
SW480 cells with miR-590-3p transfection was greater than
that of the controls (P<0.0001) while that between SW480 and
miR-SCR-SW480 exhibited no differences (P>0.05) 120 h
subsequent to transfection (Fig. 6).

Discussion

It has been reported that miRNAs serve significant roles in
tumorigenesis. Studies have demonstrated that certain miRNAs
are significantly deregulated in gastric cancer, bladder cancer,
endometrial carcinoma and may function as tumor regula-
tors (28-30). miRNAs represent a class of small interfering
RNAs that can silence genes. miRNAs hybridize to partially
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Figure 2. Correlation analysis between TFAM and miR-590-3p. (A) miR-590-3p demonstrated a high prediction score (the highest score is 9) in miRWalk 2.0,
matching TFAM as the target gene. The 3'-UTR of miR-590-3p matched with TFAM in (B) miRanda and (C) TargetScan. (D) Luciferase assay results for
miR-590-3p; the data indicated that the renilla/firefly value of luciferase was significantly lower in miR-590-3p-treatment cells following transfection with the
3'-UTR of the TFAM gene (Psi-wtTFAM, P=0.005), while the renilla/firefly value of luciferase exhibited no difference following transfection with the mutated
3'-UTR of TFAM (Psi-mutTFAM) compared with the control (P=0.7870). These data suggested the 3'-UTR of TFAM is a direct target of miR-590-3p. (E) The
expression of miR-590-3p (normalized to U6) in normal colon and colon cancer tissues were observed to exhibit a positive correlation with that of TFAM
(normalized to f-actin) in the same specimen, correlation coefficent r=0.9456, P<0.0001. TFAM, mitochondrial transcription factor A; miR, microRNA;
UTR, untranslated region; control, SW480 cells; miR-SCR, SW480 cells transfected with miR-SCR lentivirus; miR-590-3p, SW480 cells transfected with
miR-590-3p lentivirus.
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Figure 3. mRNA expression of miR-590-3p in tumor tissue samples and adjacent normal tissues examined through the reverse transcription-quantitative
polymerase chain reaction assay. (A) The expression of miR-590-3p in the colon cancer tissues was significantly higher compared with adjacent normal colon
tissues (P<0.05). (B) In addition, the mRNA expression of miR-590-3p in SW480 cells was significantly higher compared with the normal colon cells (P<0.05).
miR, microRNA.
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Figure 4. The results of reverse transcription-quantitative polymerase chain reaction demonstrated that (A) mRNA expression of miR-590-3p was higher in
SW480 cells transfected with miR-590-3p lentivirus vs. the control (P<0.0001). (B) The expression of miR-590-3p mRNA was reduced in SW480 cells trans-
fected with anti-miR-590-3p lentivirus vs. the control, (P=0.0008). miR, microRNA; control, SW480 cells; miR-SCR, SW480 cells transfected with miR-SCR
lentivirus; miR-590-3p, SW480 cells transfected with miR-590-3p lentivirus; anti-miR-590-3p, SW480 cells transfected with the anti-miR-590-3p lentivirus.
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Figure 5. Western blotting was conducted following transfection with the miR-590-3p inhibitor (anti-miR-590-3p) or miR-SCR. (A and B) TFAM expression was
significantly higher (P<0.0001) in SW480 cells transfected with miR-590-3p lentivirus vs. the control (A, western blots; B, quantification). (C and D) The expres-
sion of TFAM was significantly (P=0.0002) lower in SW480 cells transfected with anti-miR-590-3p lentivirus when compared with the control (C, western blots;
D, quantification). miR, microRNA; TFAM, mitochondrial transcription factor A; control, SW480 cells; miR-SCR, SW480 cells transfected with miR-SCR
lentivirus; miR-590-3p, SW480 cells transfected with miR-590-3p lentivirus; anti-miR-590-3p, SW480 cells transfected with the anti-miR-590-3p lentivirus.

3.09 -eControl

25 = miR-SCR
7 -+ Anti-miR-590-3p *
204 -+ miR-590-3p
(=]
L 1.5 *
<
1.01
0.5+
0.0 T T T T T
24 48 72 96 120
Time (h)

Figure 6. MTT assays were conducted after transfection with miR-590-3p inhibitor (anti-miR-590-3p) or miR-SCR. No significant differences in proliferation were
observed within the first 96 h after transfection. Growth inhibition of SW480 cells with anti-miR-590-3p transfection vs. controls ('P<0.0001) was observed 120 h
after transfection. The proliferation of SW480 with miR-590-3p transfection was higher than controls ('P<0.0001) while that between SW480 and miR-SCR-SW480
exhibited no significant differences (P>0.05) 120 h after transfection. miR, microRNA; control, SW480 cells; miR-SCR, SW480 cells transfected with miR-SCR
lentivirus; miR-590-3p, SW480 cells transfected with miR-590-3p lentivirus; anti-miR-590-3p, SW480 cells transfected with the anti-miR-590-3p lentivirus.
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complementary binding sites that are typically located in the
3-UTR of target mRNAS and regulate their expression (15).

TFAM can promote mtDNA transcription using mito-
chondrial RNA polymerase in a promoter-specific manner.
The replication of mammalian mtDNA is hypothesized to be
coupled with transcription, and TFAM has been suggested to
be essential for the replication of mtDNA (10-12). TFAM exhib-
ited high expression levels in colon cancer and upregulated the
proliferation of SW480 cells in a previous study (31). Although
the mechanism of TFAM overexpression remains unclear, one
possible mechanism maybe via the regulation of miRNAs.
Therefore, TFAM was selected as the target gene in order to
identify the regulatory miRNA. MiRWalk 2.0 is a comprehen-
sive database providing information on miRNAs from humans,
mice and rats, detailing their predicted and validated binding
sites on their target genes. MiRWalk summarized the predi-
tion frequencies in Microt4, miRanda, miRBridge, miRDB,
miRMap, miRNAMap, PicTar2, PITA, RNA22, RNAhybrid
and TargetScan and the output was a score. Subsequently,
miR-590-3p was selected for further study due to its high predic-
tion score. As predicted, the present study indicated that TFAM
was the direct target of miR-590-3p in luciferase reporter assays.

In addition, high expression of miRNA-150-3p was identi-
fied in colon cancer tissue, which was positively correlated with
TFAM. It was indicated that miRNA-150-3p may enhance the
expression of TFAM. The overexpression of miRNA-150-3p
may promote the aberrant expression of TFAM, thus contrib-
uting to the progression of colon cancer. In addition, the
suppressive effect against proliferation was confirmed by MTT
assays, which investigated the downregulation of miR-590-3p.

In summary, the present study identified the interaction of
miR-590-3p and TFAM in colon cancer. TFAM was identified
as a target of miR-590-3p, and miR-590-3p enhanced the prolif-
eration of SW480 cells. miR-590-3p was suggested as a novel
target for knockdown.
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