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Background: MicroRNAs (miRNAs) are novel biomarkers that are important in tumorigenesis and cancer treatment resistance.
miR-451 is expressed in human papillary thyroid carcinoma (PTC) tissues and is associated with tumor pro-
gression. This study investigated the molecular mechanism associated with the effects of miR-451 on B-CPAP
human PTC cells in vitro.

Material/Methods: Binding of miRNAs to the 3’ untranslated region (3’UTR) of messenger RNA (mRNA) was determined with a lu-
ciferase reporter assay. miRNAs and plasmids were transfected into human PTC B-CPAP cells with Lipofectamine
2000 Transfection Reagent. Cell viability was tested with a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetra-
zolium bromide assay. The levels of miRNAs and mRNA were determined with quantitative polymerase chain
reaction and protein levels were analyzed with immunoblotting.

Results: miR-451 bound to wild-type but not mutant 3’-UTR of activating transcription factor 2 (ATF2). MiR-451 mimics
inhibited the growth of B-CPAP cells and reduced mRNA and protein levels in ATF2, whereas miR-451 inhibi-
tors promoted the growth of B-CPAP cells and increased mRNA and protein levels in ATF2.

Conclusions: miR-451 directly bound to the 3'UTR of ATF2, decreased mRNA and protein levels in ATF2, and inhibited growth
of B-CPAP cells. Our findings suggest that miR-451 may be a potential therapeutic target for PTC.
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Background

Thyroid cancer is the most common thyroid malignancy in hu-
mans and its incidence is increasing worldwide [1-3]. Thyroid
cancers are classified as papillary (PTC), follicular, medullary,
or anaplastic. PTC accounts for about 85% of all thyroid can-
cers [1]. With rapid advances in next-generation sequenc-
ing and precision medicine, there is an urgent need to iden-
tify novel biomarkers for the diagnosis and treatment of and
prognostication in PTC.

MicroRNAs (miRNAs) are novel biomarkers that play crucial roles
in cancer initiation, progression, and maintenance [4]. They are
endogenous, small, non-coding RNAs [5,6]. miRNAs can bind
to the 3’ untranslated region (3’UTR) of the target gene mes-
senger RNA (mRNA) to inhibit protein translation by targeting
mRNA degradation or translational repression [7]. miRNAs reg-
ulate expression of more than 60% of protein-coding genes
and an miRNA can function as either an oncogene or tumor
suppressor in a target gene- or tissue-dependent manner [8,9].
In a previous study, microRNA-451 (miR-451) was shown to be
expressed in human PTC tissues and was associated with tu-
mor progression [10]. Therefore, the present study aimed to
investigate the molecular mechanism associated with the ef-
fects of miR-451 in B-CPAP human PTC cells in vitro.

Here, we predicted the potential target genes for miR-451 us-
ing a bioinformatics database, validated that prediction with
a luciferase reporter assay, and analyzed the role of miR-451
in the survival of the PTC cells.

Material and Methods

Reagents

Control miRNAs, miR-451 mimics, and miR-451 inhibitors
were obtained from GenePharma Technology (Suzhou, Jiangsu
Province, China). A TagMan™ MicroRNA Reverse Transcription
Kit (no. 4366596), TagMan™ Universal Master Mix Il (no.
4440040), hsa-miR-451 assay (assay ID: 001141), RNU44
assay (assay ID: 001094), High-Capacity cDNA Reverse
Transcription kit (no. 4368813), TRIzol reagent (no. 15596018),
Lipofectamine 2000 Transfection Reagent (no. 11668019),
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide) (no. M6494), anti-activating transcription factor 2
(ATF2) (no. MA5-15807), and anti- -actin (no. MA1-140) anti-
bodies were purchased from Thermo Fisher Scientific (Waltham,
Massachusetts, United States). HEK-293 cells (no. GNHu43)
and a human PTC cell line B-CPAP (no. SCSP-543) were pur-
chased from the Stem Cell Bank at the Chinese Academy of
Sciences (Shanghai, China).
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Cell Culture

B-CPAP cells were maintained in RPMI 1640 medium (Gibco,
Carlsbad, California, United States) containing 10% fetal bo-
vine serum (FBS, Gibco). HEK-293 cells were cultured in mini-
mum essential medium (Gibco) containing 10% FBS. The cells
were maintained at 37°C in a 5% CO, atmosphere.

Cell Transfection

The cells were seeded in 6- or 96-well plates and miRNA was
transfected into cells with Lipofectamine™ 2000 according to
the manufacturer’s instructions. The transfected cells were cul-
tured for an additional 48 h, followed by further treatments.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
Bromide Assay

The cells were plated into 96-well plates at a density of 2x103
cells/well. At 48 h after transfection, the cells were incubat-
ed with MTT reagent for 4 h at 37°C, followed by replacement
with dimethyl sulfoxide (Sigma-Aldrich, Munich, Germany) to
dissolve solid residues. Absorbance at 570 nm was read us-
ing a spectrophotometer.

Quantitative Polymerase Chain Reaction

TRIzol reagent was used to extract total cellular RNA. For miRNA,
total miRNA was converted to complementary DNA (cDNA) us-
ing the TagMan MicroRNA Reverse Transcription Kit. For mRNA,
total RNA was reversed to complementary DNA (cDNA) using
the High-Capacity cDNA Reverse Transcription Kit. Quantitative
polymerase chain reaction (qPCR) analyses of miRNA and
mRNA levels were performed with the ABI 7900HT fast real-
time PCR system (Applied Biosystems, Inc., Grand Island, New
York, United States). Reactions were performed in triplicate.
The gPCR data were analyzed with SDS software version 2.2
(Applied Biosystems) and relative miRNA and mRNA levels were
normalized with RNU44 and ACTB, respectively, as internal con-
trols. The primer and miRNA sequences are listed in Table 1.

Immunoblotting

Total protein from cells was prepared using RIPA buffer (Thermo
Fisher Scientific), followed by protein concentration determi-
nation with the Pierce BCA Protein Assay Kit (Thermo Fisher
Scientific). The primary antibodies were mouse anti-ATF2 an-
tibody (1: 200 dilution) and anti-B-actin antibody (1: 1000 di-
lution). The secondary antibody was goat anti-mouse immu-
noglobulin G conjugated to horseradish peroxidase (1: 1000
dilution). The protein bands were detected with enhanced che-
miluminescence (GE Healthcare, Princeton, New Jersey, United
States). B-actin served as the loading control to normalize ATF2.
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Table 1. Primer and miRNA sequences.
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Name Sequences (5°-3’)

ATF2-forward TACAGCATAGTTCGGTCAG
 ATR2weverse GAGGAAGGAGCCATAACG
 ACTBforward  TGCGTGACATIAAGGAGAA
 ACTBereverse  AAGGAAGGCTGGAAGAGT

CCTGGATGATGATAGCAAATGCTGACTGAACATGAAGGTCTTAATTAGCTCTAACTGACT

Luciferase Reporter Assay

The wild-type (WT) and mutant (MUT) 3’UTR of ATF2 were
synthesized with Genscript (Nanjing, China) and inserted
downstream of the luciferase reporter vector pGL3 (Promega,
Madison, Wisconsin, United States). The HEK-293 cells were
co-transfected with miR-451 mimics and luciferase reporter
plasmids containing either WT or MUT ATF2 3’UTR. At 48 h af-
ter transfection, total protein was extracted for luciferase in-
tensity measurement using the Dual Luciferase Reporter as-
say system (Promega).

Statistical Analyses

Data were analyzed with GraphPad Prism software version
5.0 (GraphPad Software, San Diego, California, United States)
and the SPSS statistical package, version 16.0 for Windows
(SPSS, Inc., Chicago, Illinois, United States). Data are present-
ed as meanststandard deviations (SDs). P<0.05 was consid-
ered statistically significant.

Results

miR-451 Inhibited Growth of B-CPAP Cells

B-CPAP cells were transfected with control miRNA (control
group), miR-451 mimics (mimics group), or miR-451 inhibitor
(inhibitors group). Compared to the control group, miR-451 lev-
els in the mimics group were significantly increased (P<0.05)
(Figure 1A), and in the inhibitors group were significantly de-
creased (P<0.05) (Figure 1B). MTT assays showed that miR-
451 mimics significantly inhibited the growth of B-CPAP cells
(P<0.05), whereas the miR-451 inhibitor significantly promot-
ed cell growth (P<0.05; Figure 1C).

miR-451 Bound to the 3’UTR of ATF2
To explore the role of miR-451 in suppression of B-CPAP cell

growth, we predicted the potential gene targets of miR-451
with the TargetScanHuman database (website: http://www.

targetscan.org/vert_72/). We found that the ATF2 gene was a
candidate target for miR-451. To support this prediction, we
used the luciferase reporter assay. We constructed WT and
MUT 3’UTR of ATF2 luciferase reporter plasmids (Figure 2A)
and transfected them into HEK-293 cells together with miR-
451 mimics. In the cells transfected with WT 3’UTR, miR-451
significantly reduced the luciferase activity, whereas in the
cells transfected with MUT 3’UTR, miR-451 had no significant
effect on luciferase activity (Figure 2B).

miR-451 Suppressed mRNA levels of ATF2 in B-CPAP Cells

To confirm that miR-451 targets ATF2, B-CPAP cells were trans-
fected with control miRNAs (control group), miR-451 mimics
(mimics group), or miR-451 inhibitor (inhibitors group). After
48 h, ATF2 mRNA levels were assessed with qPCR and miR-
451 mimics were found to significantly reduce ATF2 (P<0.05)
(Figure 3A). In contrast, miR-451 inhibitor significantly in-
creased ATF2 (P<0.001) (Figure 3B). Moreover, correlation anal-
ysis showed that miR-451 levels were inversely correlated with
ATF2 mRNA levels (spearman r=-0.8596, P<0.0001; Figure 3C).

miR-451 Reduced Protein Levels of ATF2 in B-CPAP Cells

We further assessed ATF2 protein levels by immunoblotting
following transfection of B-CPAP cells with control miRNAs,
miR-451 mimics, or miR-451 inhibitors. Consistent with the
alteration of ATF2 mRNA levels (Figure 3), the protein levels
of ATF2 were significantly increased in B-CPAP cells transfect-
ed with miR-451 mimics (Figure 4A, 4C), whereas they were
significantly decreased in cells transfected with miR-451 in-
hibitors (Figure 4B, 4D).

Discussion

We previously reported that miR-451 is downregulated in PTC
tissues and can serve as a potential biomarker for PTC diag-
nosis [10]; however, the underlying molecular mechanisms of
miR-451 in the maintenance of PTC are largely unknown. In the
present study, we demonstrated that miR-451 directly bound

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929774-3




LAB/IN VITRO RESEARCH

Zhang M.-F. et al:
miR-451 downregulates ATF2 in PTC
© Med Sci Monit, 2021; 27: €929774

A 5000 B 3 c 2504
4500 %
< 4000 © 200
£ 3500 H ) £
= = 27 s
= 8 £ £ 100
E 4] E B
= = *
44 50 1
2 i *
0. 0 , e 0 ,
Control Mimics Control Inhibitors Control Mimics Inhibitors

Figure 1. miR-451 inhibited growth of B-CPAP cells. Control microRNA (miRNA) (control, A, B), miR-451 mimics (mimics, A), or miR-
451 inhibitors (inhibitors, B) were transfected into B-CPAP cells. After 48 h, miR-451 levels were detected with quantitative
polymerase chain reaction. (C) B-CPAP cells were transfected with control miRNAs (control), miR-451 mimics (mimics), or
miR-451 inhibitors (inhibitors). Cell viability was measured by with a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide assay and normalized to the control group. * P<0.05 versus the control group.
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Figure 2. miR-451 directly bound to the 3’UTR of ATF2. (A) The upper panel shows predicted binding sites of miR-451 and ATF2 3’
untranslated region (3’UTR); the bottom panel shows the sequence of MUT ATF2 3’UTR. (B) Using a luciferase reporter assay,
HEK-293 cells were co-transfected with miR-451 mimics and reporter plasmid DNA carrying either wild-type (WT) ATF2
3’UTR (WT 3’UTR) or mutant (MUT) ATF2 3’UTR (MUT 3’UTR). Luciferase activity was measured at 48 h after transfection and
normalized to the WT 3’-UTR group. *P<0.05 versus the WT 3’UTR group.

to the 3'UTR of ATF2. Accordingly, we showed that miR-451
mimics suppressed mRNA and protein levels for ATF2 in B-CPAP
cells. In addition, we revealed that miR-451 mimics inhibited
while miR-451 inhibitor promoted the growth of B-CPAP cells.
Our findings suggest that downregulation of miR-451 can lead
to upregulation of ATF2, which in turn promotes the tumori-
genesis and maintenance of PTC.

Growing evidence has shown that aberrant miRNA expression
is associated with the initiation, development, progression, and
maintenance of most cancers [4,6]. Previous studies have dem-
onstrated that miR-451 is downregulated in various types of
cancer, including gastric cancer [11-13], bladder cancer [14],
esophageal carcinoma [15], hepatocellular carcinoma [16], osteo-
sarcoma [17,18], and glioblastoma [19], indicating that miR-451

may serve as a tumor suppressor. However, little is known about
miR-451 expression and its relationship with the progression and
treatment resistance of PTC. It has been reported that miR-451
is downregulated in PTC tissues and is associated with lymph
node metastasis [10]. To investigate the effect of miR-451 on PTC
cells, we treated B-CPAP cells with miR-451 mimics or inhibitors
and observed that miR-451 inhibited the growth of B-CPAP cells,
suggesting that miR-451 is a tumor suppressor in PTC.

ATF2 has been reported to promote tumor malignancy [20,21]
and drug resistance [22,23]. Using TargetScanHuman, we pre-
dicted that ATF2 was a target of miR-451, which was validat-
ed by a luciferase reporter assay. Sun et al [24] reported that
miR-451 binds to the 3’UTR of ATF2 and negatively regulates
ATF2 expression in renal cell carcinoma (RCC) cells, which is
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Figure 3. miR-451 negatively regulated mRNA levels of ATF2 in B-CPAP cells. (A, B) B-CPAP cells were transfected with control
microRNA (control), miR-451 mimics (mimics) or miR-451 inhibitor (inhibitors) and incubated for 48 h. miR-451 levels (A) and
messenger RNA levels of ATF2 (B) were detected with quantitative polymerase chain reaction. (C) Correlation of miR-451
levels and ATF2 mRNA. * P<0.05, ** P<0.01, and *** P<0.001 versus the control group.
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Figure 4. miR-451 negatively regulated protein levels of ATF2 in B-CPAP cells. Control miRNA (control), miR-451 mimics (mimics), or
miR-451 inhibitor (inhibitors) were transfected into B-CPAP cells. After 48 h, the protein levels of ATF2 were detected with
immunoblotting. (A, B) Representative images of immunoblotting. (C, D) Relative band intensity of the immunoblotting bands
(C for A, D for B). Data are shown as the mean+SD; *P<0.05 versus the control group.

consistent with our results. Accordingly, we found that mRNA  with our current results and previous studies [20-23]. These
and protein levels of ATF2 were negatively regulated by miR- data clearly indicate that whether miR-451 functions as an
451 in PTC cells. However, it has also been reported that ATF2 ~ oncogene or tumor suppressor is cancer type-dependent.
downregulation and miR-451 upregulation seem to promote Transgenic mouse models of miR-451 are warranted to fur-
the drug resistance of RCC cells [24], which is not consistent  ther elucidate the role of miR-451 in different types of cancer.
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The present study had several limitations. First, only B-CPAP
cell lines were used, so more PTC cell lines should be used to
validate the findings. Second, in addition to ATF2, miR-451 may
regulate the growth and survival of PTC through additional tar-
gets; thus, alternative miR-451 targets should be explored in
the future. In addition, in vitro and in vivo studies are needed
to determine the precise molecular mechanisms and roles of
miR-451 and ATF2 in the development and progression of PTC.
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In summary, our results demonstrated that miR-451 suppress-
es mRNA and protein levels in ATF2 by directly binding to the
3’UTR of ATF2 and inhibits the growth of PTC cells. Thus, ma-
nipulating miR-451 levels could be a potential therapeutic
strategy for PTC.
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