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MicroRNA-567 (miR-567) plays a decisive role in cancers whereas its role in non-small cell lung cancer
(NSCLC) is still unexplored. This study was therefore planned to explore the regulatory function of miR-
567 in A549 NSCLC cells and investigate its possible molecular mechanism that may help in NSCLC treat-
ment. In the current study, miR-567 expression was examined by quantitative real time-polymerase
chain reaction (qRT-PCR) in different NSCLC cell lines in addition to normal cell line. A549 NSCLC cells
were transfected by miR-567 mimic, miR-567 inhibitor, and negative control siRNA. Cell proliferation
was evaluated by MTT and 5-bromo-20deoxyuridine assays. Cell cycle distribution and apoptosis were
studied by flow cytometry. Bioinformatics analysis programs were used to expect the putative target
of miR-567. The expression of cyclin-dependent kinase 8 (CDK8) gene at mRNA and protein levels were
evaluated by using qRT-PCR and western blotting. Our results found that miR-567 expressions decreased
in all the studied NSCLC cells as compared to the normal cell line. A549 cell proliferation was suppressed
by miR-567 upregulation while cell apoptosis was promoted. Also, miR-567 upregulation induced cell
cycle arrest at sub-G1 and S phases. CDK8 was expected as a target gene of miR-567. MiR-567 upregula-
tion decreased CDK8 mRNA and protein expression while the downregulation of miR-567 increased CDK8
gene expression. These findings revealed that miR-567 may be a tumor suppressor in A549 NSCLC cells
through regulating CDK8 gene expression and may serve as a novel therapeutic target for NSCLC
treatment.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lung cancer (LC) is the greatest widespread cancer throughout
the world. The GLOBOCAN reported 2.09 million new LC cases
and 1.76 million LC deaths in 2018 (Krishnamoorthy and
Vilwanathan, 2020). Non-small cell lung cancer (NSCLC) is the
highest LC type representing 85% of all LC cases (Liu et al., 2019).
Among which 50% are adenocarcinoma, the major histological sub-
type of NSCLC (Yoshimura et al., 2019). Despite recent advances in
diagnostic methods, NSCLC is mostly diagnosed in late stages, and
the survival rate of this disease is very dismal (Zhu et al., 2016). As
well, the therapeutic strategies for NSCLC treatment have been
improved. Nonetheless, the prognosis of NSCLC disease is still very
poor (Zhang et al., 2017).

Regardless the availability of several treatment modalities,
these modalities are still suboptimal and the curative treatment
for NSCLC is still unmet pressing medical necessity (Lemjabbar-
Alaoui et al., 2015). The progress of optimal therapeutics for NSCLC
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is hampered by lagging of knowledge regarding the molecular
pathophysiology of LC (Ray et al., 2010).

Recently, the dysregulation of microRNAs (miRs or miRNAs) has
been widely reported in LC (Wu et al., 2019). MiRNAs are a group of
non-coding RNAs that function as gene silencers post-
transcriptionally leading to translation repression of messenger
RNA (mRNA) or mRNA degradation (Elshafei et al., 2017). MiRNAs
are implicated in cancer development through targeting either
oncogenes or tumor suppressor genes which intern regulate cell
proliferation, cell cycle, and apoptosis (Zhou et al., 2017).

Previous computational analysis revealed a putative role of sev-
eral miRNAs in NSCLC. Among the potential miRNAs which might
be involved in NSCLC is miR-567 (Shao et al., 2017), which is
encoded by the miR-567 gene located on chromosome 3q13.2
(El-Murr et al., 2012). In addition, several recent studies reported
that miR-567 plays a decisive role in cancers as breast cancer
(Bertoli et al., 2017; Han et al., 2020), osteosarcoma (Liu et al.,
2018) and gastric cancer (Zhang et al., 2019).

Nevertheless, the role of miR-567 in NSCLC remains unexplored
and need to be elucidated.

The plausible role of miR-567 is further substantiated by the
previous findings that miR-567 regulates several cyclins, cyclin-
dependent kinases (CDKs) affecting cell proliferation and cell cycle
(Zhang et al., 2019). CDK8 as a member of CDKs is encoded by
CDK8 gene located on chromosome 13q12.13 (Xu et al., 2015b).
CDK8 was known as an oncogene that participated in regulating
several cancer signaling pathways (Firestein et al., 2008; Alarcón
et al., 2009). The CDK8 expression was found upregulated in breast
carcinomas (Crown, 2017; McDermott et al., 2017), pancreatic can-
cer (Xu et al., 2015b), colorectal cancer (Ohtsuka et al., 2016), pros-
tate cancer (Brägelmann et al., 2017; Nakamura et al., 2018),
papillary thyroid carcinomas (Han et al., 2017) and glioma tissues
(Zhang et al., 2018). But the expression pattern and function of
CDK8 in NSCLC is unexplored until now.

Therefore, this study aimed to explore the potential regulatory
role of miR-567 on the proliferation, cell cycle distribution, and
apoptosis of A549 NSCLC cells and elucidate the possible associ-
ated molecular mechanism that may help in NSCLC treatment.
2. Materials and methods

2.1. Chemicals

Dimethyl sulfoxide (DMSO) and 3-(4,5-dimethylthiazol-2-yl)-
2,5 diphenyltetrazolium bromide (MTT) were obtained from Sigma
Aldrich (USA). 5-bromo- 20-deoxyuridine (BrdU) was purchased
from Invitrogen (TFS, USA, Catalog no. B23151). ß-Actin was
obtained from Santa Cruz (USA, catalog no. sc-47778). Penicillin/
streptomycin solution (Pen/Strep), Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS), phosphate buffer sal-
ine (PBS), and trypsin- EDTA were purchased from Gibco (Gibco,
TFS, USA). Radio immunoprecipitation assay (RIPA) lysis buffer
(comprises of: 1% NP-40 or 1% Triton X-100, 150 mM NaCl, 0.1%
SDS, 5 mM EDTA, 1% sodium deoxycholate, plus 25 mM Tris-HCl
pH 7.6) was obtained from Sigma-Aldrich (USA).
2.2. Cell lines

Human bronchial epithelial (16HBE) normal cell line and A549,
H460, and H1299 NSCLC cell lines were obtained from American
type culture collection (ATCC; Manassas, VA, USA). All lines were
maintained in DMEM containing 10% FBS and 1% Pen/Strep solu-
tion. Then, all cells were incubated at 37 ◦C in a humidified incuba-
tor with 5% CO2. Growth and morphology were checked and cells
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were passaged when they had reached 80–90% confluence follow-
ing trypsinization with 0.05% trypsin-EDTA.

2.3. MicroRNA transfection

A549 NSCLC cells were cultured in 6-well plates and incubated
till 80–90% confluency and then divided into four groups; including
A549 NSCLC cells were not transfected with any miRNA represent-
ing untransfected control group while the remaining A549 NSCLC
cells were either transfected with mature miR-567 mimic (Syn-
hsa-miR-567, QIAGEN, USA, catalog no. MIN0003231) representing
miR-567 mimic group, miR-567 inhibitor (Anti-hsa-miR-567, QIA-
GEN, USA, catalog no. MSY0003231) representing miR-567 inhibi-
tor group or negative control siRNA (AllStars Negative Control
siRNA, QIAGEN, USA, catalog no. 1027280) representing negative
control group via HiPerFect transfection reagent (QIAGEN, Califor-
nia, USA, catalog no. 301702) as manufacturer’s guidelines and all
wells were assigned for each group. Finally, all cultured cells were
incubated for 72 h (h) and then collected for further post-
transfection experiments (Huang et al., 2015).

2.4. Assessment of miR-567 and CDK8 mRNA expression

The relative expression of miR-567 in the cultured cells was
assessed before and after transfection. Firstly, it was assessed
before transfection to determine the potential roles of miR-567
in NSCLC cells as compared with normal 16HBE cell line. Secondly,
the expression of miR-567 was evaluated after transfection to
assess the successful transfection of miR-567 mimic and miR-567
inhibitor in A549 NSCLC cell line.

2.4.1. Total RNA isolation
Trizol reagent extraction method (Invitrogen, Germany, catalog

no. 15596-026) was used to isolate total RNA from the cultivated
cells. The isolated RNA pellets were treated with RNAse-free DNAse
kit (Invitrogen, Germany). The RNA concentrations (ng/mL) and
purities for all aliquots were determined using NanoDrop� 1000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). The
isolated RNA aliquots were kept at �80 �C till the reverse transcrip-
tion step.

2.4.2. Reverse transcription step
Complementary DNA (cDNA) was synthesized from isolated

RNA using RevertAidTM First Strand cDNA Synthesis Kit (MBI Fer-
mentas, Germany) according to the producer’s directives using a
thermocycler (Biometra GmbH, Göttingen, Germany), according
to the following thermal program: the reverse transcription (RT)
reaction was carried out at 25 �C for 10 min, followed by 1 h at
42 �C, and the reaction was stopped by heating for 5 min at 95 �C
(Ismail et al., 2019). Afterward, the reaction tubes containing cDNA
were collected on ice until being used for cDNA amplification.

2.4.3. Quantification of miR-567 and CDK8 mRNA using quantitative
real time-polymerase chain reaction

A qRT-PCR was used to determine the cultured cell lines cDNA
copy number. For detection of miRNA expression, amplifications
were performed by using SYBR Green miScript Primer Assay for
miR-567 (hsa-mir-567 miScript primer assay, Qiagen, USA, catalog
no. 218300) on the basis of the manufacturer’s guidelines. RNU6B
(U6) small nuclear RNA was used as an internal control for data
normalization. The qRT-PCR primers had the following sequences:
Mature miR-567 (target): 50-AGUAUGUUCUUCCAGGACAGAAC-30;
and RNU6B (reference): 50-CGC AAG GAT GAC ACG CAA ATT CGT
GAG CGT TCC ATATTTTT-30. For detection of CDK8 mRNA expres-
sion, SYBR� Premix Ex TaqTM kit (TaKaRa, Biotech. Co. Ltd., China)
was used in this step according to the manufacturer’s instructions.
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B-Actin was used as an internal control. The primer sequences used
were as the following: for CDK8 (target) forward: 50-GCCGGTTGT
CAAATCCCTTAC-30 and reverse: 50-TGTGACTGCTGTCTTGATTCCCT-
30 and for B-Actin (reference) forward: 50-TGGCACCCAGCACAAT
GAA-30 and reverse: 50-CTAAGTCATAGTCCGCCTAGAAGCA-30. The
melting curve was obtained from 65�C to 95�C. The relative expres-
sion of miR-567 and CDK8 mRNA to U6 and B-Actin respectively
was calculated using the equation 2�DCt, where DCt = (CtmiR-
567- CtU6) or DCt = (CtmRNA- CtB-actin). The fold change of
miR-567 or CDK8 mRNA was determined by the 2�DDCt method.

2.5. Cell viability assay

Using MTT procedures, cell viability was assessed. The A549
NSCLC cells (5000 cells/well) were cultured in 96-well plates,
transfected and incubated at 37 �C. After 24, 48, 72, and 96 h of
incubation, 100 lL of MTT solution was added to wells (5 mg/ml
in PBS) and maintained for 4 h at 37 �C. Then, 100 lL of DMSO
(Sigma, USA) was added into each well to dissolve the formed for-
mazan crystals. The plates were gently shaken on a swing bed for
10 min, and the optical density was measured at 570 nm by using a
microplate reader (Epoc-2 C micro-plate reader, Bio Tek, VT, USA).

2.6. Cell proliferation assay

Using BrdU staining assay procedures, cell proliferation was
assessed (Wang et al., 2016). The cells (2 � 105) for all groups were
cultured, transfected and incubated in 6-well plates for 72 h, after
that 10 lM BrdU labeling solution was added and incubated for
2 h. we get rid of BrdU labeling solution and cells were washed
three times with PBS and fixed with 4% paraformaldehyde for
15 min at room temperature (RT). Afterward, a permeabilization
buffer 0.3% Triton X-100 was added and incubated for 20 min at
RT. Then 1 N HCl was added to the cells for 10 min on ice followed
by 2 N HCl for 15 min at RT. Only 1 mL phosphate/citric acid buffer
(pH 7.4) was added to wells and incubated for 10 min at RT. Then,
the buffer was eliminated and anti-BrdU monoclonal primary anti-
body (Invitrogen, TFS, USA, catalog no. 14-5071-82) was applied
and incubated at RT overnight. The incorporated BrdU was visual-
ized by immunofluorescence through the addition of fluorescently
labeled (peroxidase-conjugated) secondary antibody and incu-
bated for 1 h at RT. DAPI (300 nM) was used for nuclear staining
for 1 min in the dark at RT. Slides were mounted in fluoromount
G and images of microscopic fields were taken using the LEICA flu-
orescence microscope (model: Leica DM5500 B from Leica
Microsystems, USA). Fluorescence intensity of microscopic fields
was measured using ImageJ/NIH software (National Institute of
mental health, Bethesda, Maryland, USA) and the data were repre-
sented as a ratio red (Antibody fluorescence intensity) / blue (DAPI
nuclei staining) (Pang et al., 2019).

2.7. Flow cytometric analysis of cell cycle

The effect of miR-567 mimic and inhibitor transfection on the
cell cycle was investigated using propidium iodide (PI) staining
and flow cytometric analysis using a cell cycle kit (PN C03551).
In short, after cell transfection as previously mentioned for 72 h,
A549 NSCLC cells were allowed to grow in a 25 cm3 flask until
70–80% confluence was reached. Then we harvested the cells and
make cell fixation by adding 1 � 106 cells in a 5 mL tube, cen-
trifuged at 2000 rpm for 5 min and the supernatant was aspirated.
The pellet of fixed cells was resuspended in 0.5 mL cell cycle kit,
vortex, and incubated for 15 min at 25 �C away from light. Lastly,
DNA was stained with 50 lg/mL propidium iodide for 30 min. Flow
cytometric analysis of cell cycle performed on a COULTER � EPICS �

XLTM Flow Cytometer (USA).
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2.8. Flow cytometric analysis for detection of apoptosis

To examine the effect of miR-567 mimic and inhibitor transfec-
tion on cell apoptosis, Annexin V–FITC Kit was used along with the
kit protocol (PN IM3546), followed by flow cytometric analysis. In
brief, after cell transfection, as previously mentioned for 72 h, A549
NSCLC cells were allowed to grow in a 25 cm3 flask until 70–80%
confluence was reached. After that, washed in PBS and suspended
to 5 � 103–5 � 106 cells/mL in 1� binding buffer. Then we added to
100 lL of the cell suspensions, 5 lL of dissolved PI, and 1 lL of
annexin V-FITC solution followed by incubation in the dark for
15 min. Next to that, we added 400 lL of ice-cold 1� binding buf-
fer and mixed gently. Apoptotic cells were determined by flow
cytometric analysis on a COULTER � EPICS � XLTM Flow Cytometer
(USA).

2.9. Bioinformatics analyses

To predict the miR-567 possible target gene, three online soft-
ware programs were used including TargetScan (http://www.tar-
getscan.org/), miRDB (http://mirdb.org/miRDB/), and Diana Tools
(http://diana.imis.athena-innovation.gr/DianaTools/). From the
target genes obtained, we select genes that might contribute to
the carcinogenesis of NSCLC.

2.10. Western blot analysis

The cultured A549 NSCLC cells for all groups were collected,
washed with ice-cold PBS twice, and lysed by RIPA lysis buffer.
The mixtures were sonicated, centrifuged and the supernatant
was collected, divided into aliquots and total protein concentration
for each sample was measured using the biuret method (Zheng
et al., 2017; Mokhtar et al., 2020). Proteins in each sample were
denatured at 95 �C for 5 min in 2� Laemmli buffer containing 5%
b-mercaptoethanol. By loading equal amounts of protein (50 lg
per lane) and separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis at 100 V through 6% stacking
gel followed by 125 V via 10% resolving gel for approximately 2 h
and then transferred to polyvinylidene fluoride (PVDF) membranes
using semidry transfer unit (Cleaver Scientific, UK) for 25 min.
Then, we blocked transferred PVDF membranes by incubation in
TBS buffer containing 0.1% Tween and 5% defatted milk (TBST)
for 1 h at 4 �C. Thereafter, membranes were incubated with rabbit
polyclonal anti-cyclin-dependent kinase 8 (anti-CDK8) as the pri-
mary antibody (1:500, Elabscience Biotechnology, Inc., catalog
no.E-AB-30870) overnight at 4 �C. Then, they were washed with
TBST buffer and incubated for 1 h at RT with an alkaline
phosphatase-conjugated goat anti-rabbit (1:5000, Novus Biologi-
cals, LLC, Littleton, CO, USA) as the secondary antibody. Following
four washes with TBST, the membrane-bound antibody specific
bands were visualized by using BCIP/NBT substrate detection Kit
(Genemed Biotechnologies, Inc., CA, USA), and the intensity of
the bands was quantified by ImageJ/NIH software. Equivalent pro-
tein loading for each lane was confirmed by stripping and reblot-
ting membranes at 4 �C against mouse monoclonal anti-ß-Actin
antibody (1:500, Santa Cruz Biotechnology, USA, catalog no. sc-
47778) (Elsadek et al., 2017; Ismail et al., 2020).

2.11. Statistical analysis

GraphPad Prism 6 software (GraphPad, San Diego, CA, USA) was
used to analyze all results. The data were represented as mean ± s-
tandard deviation (Mean ± SD) from at least three independent
experiments (n = 3). One-way analysis of variance (One-way
ANOVA) followed by Tukey post hoc multiple comparison tests
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were opted to analyze the significant difference between all
groups’ results. P < 0.05 was considered statistically significant.
Fig. 2. A549 NSCLC cells were successfully transfected with miR-567 mimic and
miR-567 inhibitor. Elevated miR-567 expression was observed post transfection
with miR-567 mimic, and reduced expression post miR-567 inhibitor transfection
in A549 NSCLC investigated by qRT-PCR. Data were presented as Mean ± SD from 3
independent experiments (n = 3). * Significant P < 0.005 from untransfected control,
# significant P < 0.005 from negative control and $ significant P < 0.005 from miR-
567 mimic.
3. Results

3.1. MiR-567 expression level is downregulated in the studied NSCLC
cell lines as compared to normal 16HBE cell line

In the current study, we began with the assessment of the miR-
567 expression levels in A549, H460, H1299 NSCLC cell lines, along
with the normal 16HBE cell line before transfection to anticipate
the possible role of miR-567 in NSCLC cells. Our qRT-PCR results
found that miR-567 expression levels were decreased significantly
in A549, H460, and H1299 cells as compared to the normal 16HBE
cell line (Fig. 1). Since the A549 cell line showed the lowest miR-
567 expression level (P < 0.0001); therefore, we opt to continue
the rest of our study using this cell line.

3.2. MiR-567 mimic and miR-567 inhibitor are successfully transfected
in A549 NSCLC cells

The qRT-PCR was used to confirm the successful transfection of
miR-567 mimic and miR-567 inhibitor in A549 NSCLC cell line
through evaluation of the miR-567 expression levels after its trans-
fection with miR-567 mimic and miR-567 inhibitor. In this study, a
significantly higher miR-567 expression level was observed in
A549 cells transfected with miR-567 mimic as compared to both
untransfected and negative control groups (P < 0.0001). In contrast,
the miR-567 expression level decreased significantly in A549 cells
transfected with miR-567 inhibitor when compared to untrans-
fected and negative control groups (P = 0.0005 & P = 0.0015)
(Fig. 2). These results confirmed that A549 NSCLC cells were suc-
cessfully transfected with miR-567 mimic and miR-567 inhibitor.

3.3. MiR-567 overexpression inhibited A549 cell viability and
proliferation

The MTT assay and BrdU assay methods were performed to
explore the effect of miR-567 on viability and proliferation pattern
of A549 cells after their transfection with miR-567 mimic and miR-
567 inhibitor. Firstly, it was observed that A549 cell viability was
Fig. 1. MiR-567 relative expression reduced in A549, H460, and H1299 NSCLC cell
lines as compared to 16HBE normal cell line detected by qRT-PCR. Data were
presented as Mean ± SD from 3 independent experiments (n = 3). ** Significant
P < 0.001 and *** significant P < 0.0001 from 16HBE cell line.
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inhibited significantly by miR-567 overexpression at 72 and 96 h
post-transfection when compared to untransfected and negative
control groups. Moreover, miR-567 overexpression significantly
inhibited A549 cell viability at 48 h when compared only to the
negative control. On the other hand, the A549 cell viability at 72
and 96 h after transfection was remarkably promoted by decrease
the expression of miR-567 when compared to untransfected and
negative control groups (Fig. 3 A).

Secondly, the BrdU assay results revealed that the A549 cell
proliferation was suppressed by miR-567 overexpression when
compared to untransfected and negative control groups
(P < 0.0001). Whereas, miR-567 inhibitor transfection triggered
A549 cell proliferation when compared to untransfected and neg-
ative control groups (P < 0.0001) (Fig. 3 B & C).
3.4. MiR-567 overexpression promoted cell apoptosis and suppressed
A549 NSCLC cell cycle progression

The effect of miR-567 on A549 NSCLC cell growth and cell cycle
distribution was examined 72 h after the transfection of A549 cells
with miR-567 mimic, miR-567 inhibitor, and negative control
siRNA by using flow cytometry. It was found that miR-567 overex-
pression significantly increased the accumulation of cells at both
sub-G1 and S phases (P < 0.0001) and remarkably reduced the G1
phase cells (P < 0.0001) in A549 cells as compared to untransfected
and negative control groups. So, the overexpression of miR-567
suppressed cell growth by arresting the A549 cells at sub-G1 and
S phases. Furthermore, miR-567 downregulation significantly
reduced the accumulation of cells at sub-G1 phase (P = 0.0002 &
P = 0.0001) as compared to untransfected and negative control
groups as illustrated in Fig. 4.

Moreover, After 72 h from transfection of A549 cells with miR-
567 mimic, miR-567 inhibitor, and negative control siRNA, cell
apoptosis was assessed. It was observed that miR-567 overexpres-
sion remarkably promoted cell apoptosis when compared to
untransfected and negative control groups (P < 0.0001). In contrast,



Fig. 3. MiR-567 upregulation suppressed A549 cell viability and cell proliferation whereas miR-567 inhibitor promoted A549 cell viability and cell proliferation evaluated by
MTT assay (A) and BrdU assay (B) respectively. (C) BrdU-positive cells in all groups were analyzed by Image J software (Red/Blue). Scale bar, 20 mm. Data were expressed as
Mean ± SD from 3 independent experiments (n = 3). *: significant P < 0.005 from untransfected control, #: significant P < 0.005 from negative control, and $: significant
P < 0.005 from miR-567 mimic. BrdU: 5-bromo- 20-deoxyuridine, MTT: 3-(4,5-dimethylthiazol-2-yl) �2,5 diphenyltetrazolium bromide and OD: optical density.

M.A. Elkady, A.S. Doghish, A. Elshafei et al. Saudi Journal of Biological Sciences 28 (2021) 2581–2590
miR-567 downregulation remarkably reduced cell apoptosis as
compared to untransfected and negative control groups
(P = 0.002) (Fig. 5).
3.5. CDK8 was predicted as a supposed target of miR-567 by
bioinformatics analysis programs

By using TargetScan, miRDB, and Diana Tools, we searched for
miR-567 putative target gene to discover the possible underlying
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molecular mechanism of miR-567 involved in suppression of
A549 NSCLC cell growth and proliferation. One of the best remark-
able candidate genes highly expected to be targeted by miR-567
was the CDK8 gene that was reported to be associated with car-
cinogenesis of multiple cancers and still unexplored in NSCLC. It
was found that there were two binding sites for miR-567 in the
30-UTR of the CDK8 mRNA ranging from (412–429 bp) and from
(1030–1041 bp) with binding type 7mer for each binding site
(Fig. 6).



Fig. 4. MiR-567 overexpression remarkably suppressed cell cycle progression at both sub-G1 and S phases. (A) The histograms represented the proportion of cell distribution
in different phases of cell cycle (Sub-G1, G1, S and G2/M) at 72 h post transfection of A549 cells with miR-567 mimic, inhibitor and negative control siRNA. (B) Cell cycle
distributions in in all groups. (C) miR-567 overexpression remarkably increased cells at sub-G1 whereas miR-567 downregulation significantly reduced the sub-G1 phase
cells. Data were expressed as Mean ± SD from 3 independent experiments (n = 3). * Significant P < 0.005 from untransfected control, # significant P < 0.005 from negative
control, and $ significant P < 0.005 from miR-567 mimic. PI: Propidium iodide.
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3.6. MiR-567 overexpression remarkably reduced the CDK8
expressions at both mRNA and protein levels in A549 cell line

To clarify the effect of miR-567 on CDK8 gene expression in
A549 cells, the expression pattern of CDK8 gene at both mRNA
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and protein levels was examined 72 h post the transfection of
A549 NSCLC cells with miR-567 mimic, and miR-567 inhibitor
via qRT-PCR and western blotting. Firstly, The qRT-PCR results
observed that the CDK8 mRNA expression level remarkably
reduced in A549 cells post transfected with miR-567 mimic



Fig. 5. MiR-567 overexpression triggered cell apoptosis in A549 NSCLC cells. MiR-567 mimic remarkably increased the ratio of apoptotic cells while miR-567 inhibitor
remarkably reduced the ratio of apoptotic cells assessed by flow cytometry. Data were presented as Mean ± SD from 3 independent experiments (n = 3). * Significant P < 0.005
from untransfected control, # significant P < 0.005 from negative control, and $ significant P < 0.005 from miR-567 mimic.
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(P = 0.004 & P = 0.002) and increased in A549 cells post trans-
fected with miR-567 inhibitor (P < 0.0001) as compared to
untransfected and negative control groups (Fig. 7).

Furthermore, the miR-567 overexpression reduced CDK8
protein levels (P = 0.008 & P = 0.007) while the miR-567 sup-
2587
pression elevated CDK8 protein levels (P = 0.04 & P = 0.06)
when compared to untransfected and negative control groups
that indicate a significant negative correlation between
expression levels of miR-567 and CDK8 in A549 cells
(Fig. 8 A & B).



Fig. 6. CDK8 is a possible target of miR-567. Two predicted binding sites for miR-
567 on the 30 UTR of human wild-type CDK8 mRNA ranging from (412 to 429 bp)
and from (1030 to 1041 bp) with binding type 7mer for both binding sites. CDK8:
Cyclin-dependent kinase 8.

Fig. 7. MiR-567 overexpression suppressed CDK8 mRNA expression level. MiR-567
mimic reduced CDK8 mRNA level in A549 NSCLC cells which elevated in A549 cells
transfected with miR-567 inhibitor evaluated by qRT-PCR. Data were expressed as
Mean ± SD from 3 independent experiments (n = 3). *Significant P < 0.005 from
untransfected control, # significant P < 0.005 from negative control, and $ signif-
icant P < 0.005 from miR-567 mimic, CDK8: Cyclin-dependent kinase 8.

Fig. 8. MiR-567 overexpression suppressed CDK8 gene expression at protein level. (A) W
were analyzed by ImageJ software. (B) miR-567 mimic decreased CDK8 protein expressi
were expressed as Mean ± SD from 3 independent experiments (n = 3) and expressed as
P < 0.005 from negative control, and $ significant P < 0.005 from miR-567 mimic, CDK8:
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4. Discussion

Lung cancer is the highest recurrently diagnosed cancer
throughout the world (Bray et al., 2018). In Egypt, the most preva-
lent cancers in males were liver, bladder, non-Hodgkin’s lym-
phoma, and lung representing 50.6% of all reported cases of
cancer in males (Ibrahim et al., 2014). Regrettably, the NSCLC
patients are commonly discovered in late stages associated with
poor prognosis and with a high mortality rate (Luo and Liang,
2018). Therefore, there is a pressing need to identify a new molec-
ular mechanism that may enhance the NSCLC patients’ prognosis
and may help in NSCLC treatment.

Accumulating evidences revealed that the deviant expression of
miRNAs participated in cancer progression by targeting either
tumor-suppressive genes or oncogenes. For that reason, miRNAs
can be recognised as oncogenes or tumor suppressors (Zhang
et al., 2007; Skrzypski et al., 2011). The biological role of miR-
567 in NSCLC either as an oncogene or a tumor suppressor remains
unexplored. Based on integrative bioinformatics analysis, only one
computational analysis predicted that miR-567 could be a putative
biomarker for NSCLC (Shao et al., 2017). For that reason, in our
study, we explored the role of miR-567 in NSCLC cells and eluci-
dated its possible associated molecular mechanism in NSCLC
treatment.

In the current study, we started firstly by examining the expres-
sion pattern of miR-567 in NSCLC cells as well as normal 16 HBE
cells to expect the possible role of miR-567 in NSCLC cells. Interest-
ingly, the results of this study revealed that miR-567 was remark-
ably decreased in all the studied NSCLC cell lines as compared to
the normal 16HBE cell line. This result suggested that miR-567
might be a tumor suppressor for NSCLC cells and might be a new
biomarker for NSCLC.

Aberrant cell proliferation and deviations in the cell cycle are
essential elements of cancer (Hanahan and Weinberg, 2000;
Wang et al., 2011). Our experimental analysis found that miR-
567 upregulation significantly inhibited the NSCLC cell viability
and cell proliferation whereas miR-567 downregulation signifi-
cantly promoted NSCLC cell viability and proliferation. These find-
ings indicated that miR-567 might be a tumor suppressor for
NSCLC cells. Lately, another study supporting our findings and
found that miR-567 functions as a tumor suppressor by preventing
the proliferation of gastric cancer cells (Zhang et al., 2019). In addi-
estern blot analyses of CDK8 protein levels in A549 NSCLC cells of different groups
on in A549 cells which was elevated post transfected with miR-567 inhibitor. Data
relative to b-actin. *Significant P < 0.005 from untransfected control, # significant
Cyclin-dependent kinase 8.



M.A. Elkady, A.S. Doghish, A. Elshafei et al. Saudi Journal of Biological Sciences 28 (2021) 2581–2590
tion, our results were consistent with Liu et al. who documented a
suppression in osteosarcoma cell proliferation by miR-567 upregu-
lation indicating its function as a tumor suppressor (Liu et al.,
2018).

The cell cycle is comprised of different phases including Gap 1
(G1) phase, synthesis of DNA (S) phase, Gap 2 (G2) phase, andmitosis
(M) phase while sub-G1 is cell cycle resting phase (Chulu and Liu,
2009). Interestingly, our results presented that miR-567 upregulation
remarkably increased cell population at both sub-G1 and S phases
and remarkably reduced cell population at G1 phase whereas miR-
567 downregulation remarkably reduced the cell population at
sub-G1 phase of the cell cycle in A549 NSCLC cells. So, the present
findings proposed that miR-567 overexpression suppresses A549
NSCLC cell growth by the accumulation of cell population at both
sub-G1 and S phases inducing cell cycle arrest. These results also sug-
gested that miR-567 might be a tumor suppressor for A549 NSCLC.
Furthermore, it was noted that miR-567 overexpression remarkably
stimulated cell apoptosis while the downregulation of miR-567
remarkably reduced cell apoptosis in A549 NSCLC cells. Thus, these
intriguing findings strongly proposed that miR-567 in A549 NSCLC
cells could be a tumor suppressor.

Cyclins and CDKs are two core protein groups involved in cell
cycle and cell proliferation control (Murray, 2004). Their dysregula-
tion can disrupt normal cell differentiation, proliferation, cell cycle,
and apoptosis leading to diseases and cancers (Malumbres and
Barbacid, 2001; Wang et al., 2011). CDK8 was recognized as an onco-
gene that inhibits apoptosis and aberrant CDK8 expression is usually
associated with tumorigeneses of cancers (Xu et al., 2015a). In the
present study, the bioinformatics target analysis clarified that CDK8
was a target gene of miR-567. The miRDB program predicted CDK8
was miR-567 target gene with target score 100 and with two miR-
567 binding sites in 30-UTR of the CDK8 mRNA at (412–429 bp)
and (1030–1041 bp) with binding type 7mer for both binding sites.
Whereas TargetScan and Diana Tools anticipated CDK8 is a target
for miR-567 with score 95 and miTG score 0.954 respectively with
also two miR-567 binding sites in CDK8 mRNA 30-UTR. These results
strongly confirmed that CDK8 is a target gene of miR-567.

The CDK8 gene was reported to be associated with carcinogenesis
of multiple cancers however its biological behavior in NSCLC still
unexplored. To clarify this speculation, we evaluated the expression
of CDK8 gene at both mRNA and protein levels after overexpression
and downregulation of miR-567 in A549 NSCLC cells. Interestingly,
our results revealed that the overexpression of miR-567 remarkably
reduced the expression level of CDK8 mRNA whereas the downregu-
lation of miR-567 remarkably increased the CDK8 mRNA expression.
Likewise, miR-567 overexpression reduced CDK8 protein levels while
the miR-567 suppression elevated CDK8 protein levels. These find-
ings proposed that CDK8 is a target of miR-567 and there was a neg-
ative correlation observed between expression levels of miR-567 and
CDK8 in A549 NSCLC cells.

Finally, our study found that miRNA-567 overexpression inhib-
ited A549 NSCLC cell viability, proliferation, induced cell cycle
arrest, and cell apoptosis via regulation of CDK8. These intriguing
findings strongly indicated that miR-567 in NSCLC cells could be
a tumor suppressor by regulating the CDK8 gene expression. How-
ever, patients’ tissue samples data about miR-567 expression levels
from NSCLC tissue and neighboring normal tissues are warranted
in a future study to ensure the matching between the expression
pattern of miR-567 in NSCLC tissues and cell lines that complete
the picture about the regulatory role of miR-567 on NSCLC disease.
5. Conclusions

In summary, our study found that miR-567 affects the biological
behavior of A549 NSCLC cells. MiR-567 overexpression inhibited
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A549 NSCLC cell proliferation, triggered cell apoptosis, and induced
cell cycle arrest at both sub-G1 and S phases through downregula-
tion of CDK8 mRNA and protein expression. These results clarified
a tumor suppressor activity of miR-567 in A549 NSCLC cells. Thus,
our findings may promote the use of miR-567 as a new therapeutic
target for NSCLC treatment.
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