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Abstract. - OBJECTIVE: The incidence of
pulmonary adenocarcinoma locates first in all
the malignant tumors in the world. At present,
there are many diagnostic methods for pulmo-
nary adenocarcinoma, but there are a few meth-
ods that are mature or have ideal application
prospects. We aim to explore the role of VRK2
in the occurrence and development of pulmo-
nary adenocarcinoma and its possible regulato-
ry mechanism.

PATIENTS AND METHODS: Western blot and
qRT-PCR were performed to assess the expres-
sion of VRK2. Flow cytometry, Western bl
Caspase-3 colorimetric assay Kit were u
evaluate the apoptosis level. The prolifer
migration, and invasion ability were meas
via cell cycle assay, wound healing, and t
swell invasion assay. Lucifera :

The effect of FGD5-AS1 o
oma was detected by t
model.

RESULTS: VRK2
in tumor tissues
promoted apopt
liferation, mi
via regulatin

increased
oss of VRK2

iR-145-5p was
expression of
d in VRK2 regulating tumor

ovel experimental basis for clinical
eatment of pulmonary adenocarcinoma.

Pulmonary adenocarcinoma, VRK2, MiRNA, Prolif-
eration, Metastasis.

ung cancer, of whicl®non-small cell lung
about 80%. Compared with
cancer, non-small cell lung

of tumor patients, it has become a hot spot
ry adenocarcinoma research to find
kers that can effectively guide the early
clinical diagnosis.

Vaccinia-related kinase 2 (VRK2) belongs to
the vaccinia-related kinase (VRK) family of ser-
ine/threonine protein kinases™®. VRK2 involved
in apoptosis and tumor cell growth progression.
It was reported that VRK2 plays a crucial role in
schizophrenia’. The VRK2-Akt complex could
regulate cellular proliferation and perform onco-
genic activity’. VRK2 could promote the human
breast cell line via activation of NFATI and
upregulation of the level of cyclooxygenase-2*1°,
Downregulation of VRK2 could increase the lev-
el of BAX gene, which acted as a novel meditator
of apoptosis'2. VRK2 also fixed KSRI-MEKlin
endoplasmic reticulum forming a complex, which
can have a modulatory effect on the signal medi-
ated by MAPK". However, the role of VRK2 in
pulmonary adenocarcinoma has not been eluci-
dated, which requires further investigation.

MicroRNA (miRNA) is a class of non-cod-
ing small molecule RNA, which commonly ex-
ists in prokaryotes and eukaryotes'®. They are
associated with the occurrence, development,
invasion, and metastasis of various human tu-
mors'*!®, We predicted that VRK2 could inter-
act with miRNA-145-5p. It was reported that
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circRNA CEPI128 could sponge miR-145-5p in
accelerating the development of bladder cancer
by controlling SOX1'® and Myd88/MAPK signal
pathway'’. MiR-145-5p regulates the differenti-
ation progression of gastric cancer via KLF5".
LncRNA SNHGI acts as a sponge of miR-
145-5p promotes the development of NSCLC
via promoting MTDH expression'®. MiR-145-5p
also inhibits EMT progression via MAP3K/
JNK signaling pathway in NSCLC cells”. In
this research, we observed that VRK2 was a
target of miR-145-5p, and positively correlated
with miR-145-5p, which regulates the pathways
of EKR 1/2 and AKT to affect the process of
pulmonary adenocarcinoma.

Patients and Methods

Clinical Samples
The tumor tissue samples and adjacent normal
tissue samples were collected from 60 NSCLC
patients at Affiliated Cancer Hospital of Zheng-
zhou University. The present study was supge
ed by the Ethics Committee of Affiliated (&
Hospital of Zhengzhou University and al
been carried out in accordance with the W
Medical Association Declaration of Helsmkl
subjects had been informed thg

Cell Culture
Beas-2B, H1299
A549 cell lines

% FBS (T
and 100 uL/mL

Fisher Scientific,
ycillin and strep-
hina) and placed

well were seeded in 6 well plates,
egents (20 nmol/L) were transfected into the
s with Lipofectamine 2000 (Thermo Fisher
ific, MA, USA) for 48 h.

STFVRK2: 5’GCAAGGUUCUGGAUGAUA
U3, MiRNA-145-5p mimics: 5’ATCGTC-
CAGTTTTCCCAGG3’/5’CGCCTCCACA-
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CACTCACC3’; MiRNA-NC: 5’ATTGGAAC-
GATACA GAGAAGATT3/5°G GAAC-
GCTTCACGAATTTG3. AMO-miRNA-145-
5p: S’TAG GTCAAGACTCCCCCGA 3’,_Ad
NC: 5TAGGTCAAGAGACTCCCC

gRT-PCR

RNA was collected
cells using TRIzol

sample. Gene lev-
248t method. The
er sequenceggwere as follows: VRK2: For-

5-GGTCTTACTCCTTG-
-3 Reverse: 5-ACCTAAC-
ACATGGTTTACATGTT-3. miRNA-145: For-
8. CAGTGCGTGTCGTGGAGT-3" Re-
D BS-AGGTCCAGTTTTCCCAGG-3'  Ueé:
Forward 5-CTCGCTTCGGCAGCACA-3" Re-
verse: 5~ AACGCTTCACGAATTTGCGT-3".

Western Blot

Total protein was collected from tissues and
cells with RIPA lysis Mix (Beyotime, Shang-
hai, China). Briefly, 40-60 pg protein extraction
was loaded via SDS-PAGE and transferred onto
nitrocellulose membranes (Millipore, Billerica,
MA, USA), the membranes were incubated in
5% non-fat blocking solution for 3 h. Then, they
were incubated with primary antibodies for 2 h
at room temperature, and then, plated at 4°C
for one night, After incubation with second-
ary antibodies, the membranes were scanned
using an Odyssey, and data were analyzed
with Odyssey software (LI-COR, Lincoln, NE,
USA). ERK (67170-1-Ig, 1:500), AKT(10176-2-
AP,1:1000), p-AKT (66444-1-Ig, 1:500) were
purchased from Proteintech (Rosemont, IL,
USA); p-ERK (sc-7383, 1:200) was purchased
from SANTA CRUZ Biotechnology (Santa
Cruz, CA, USA), VRK2 (ab58052, 1:500) were
purchased from Abcam (Cambridge, UK), and
GraphPad (60004-1-Ig, 1:2000) was used as an
internal control.
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CCK-8 Assay

Cells were cultured in 96-well cell plates and
added CCK-8 buffer (MedChemExpress, Mon-
mouth Junction, NJ, USA) at 0, 24, 48, and 72
h. 2 h later, measure 450 OD value with an
MK3ELISA photometer (Thermo Fisher Scientif-
ic, Waltham, MA, USA).

Matrigel Invasion Assay

Cells in the logarithmic growth phase were ad-
justed to 2 x 10° cells/well of medium (without
serum) and plated lpg/ul Matrigel into the upper
chamber. The lower chamber was added with 500
pL of the medium, and then incubate the plate at
37°C for 48 h. Then, the invading cells were visual-
ized by the crystal violet and inverted microscope.

In Vivo Tumor Growth Assay

Nude mice were purchased from the Beijing
Charles River. Stable VRK2 knockdown cell
lines were constructed, A549 cells (5 x 10°)
were subcutaneously injected in the right lower
limb of the nude mice. Tumor size was measured
every five days. After another 15 d of 11’1_]eCt101’1
the tumor was removed for follow-up study

ical Committee of Affiliated Cancer Hosp
Zhengzhou University. Nude mice were ¢

Cell Apoptosis Assay
The A549 cells wer

pL Binding Buf-
and 10 pL PL

Bs used to re-washed and dropping
edium, Then, the cells were fixed with 70%
Ranol overnight. The next day, the cell medium
Atered with a 300-mesh sieve, centrifuged at
RPM at 4°C for 5min, and the supernatant
was discarded. The cells were avoided light and
fixed with 1ml PI solution and stated at 4°C for

30 min. Flow cytometer was used to evaluate the
cell cycle.

Luciferase Assay
HEK?293T cells were co-transfecteg

Assay Kit (Thermo Flsher
MA, USA) on GloMax2

odies for ki-67 (2730%1-AP, 1:100), VEGF
), p-ERK  (sc-7383, 1:20),
1:50), cleaved-caspase3
cam, Cambridge, UK) and
tavidin (A0303, 1:200, Bey-
, China) secondary antibodies.
ections were avoided light with hematoxy-
dehydrated and secured. Photos were
ith an Olympus camera.

Statistical Analysis

All values are expressed as the mean + SEM.
Statistical significances were measured by Stu-
dent’s #-test and ANOVA. A two-tailed value of p
< 0.05 was indicated as a statistically significant
difference. Data statistics were used the Graph-
Pad 7.0 (La Jolla, CA, USA).

Results

VRK2 Was an Upregulation in
Pulmonary Adenocarcinoma Tissue
and Cells

To detect the role of VRK2 in pulmonary ad-
enocarcinoma, we collected tumor and para-can-
cer tissue from 60 pulmonary adenocarcinoma
patients. By performing qRT-PCR assays, we
found VRK2 was an upregulation in tumor tis-
sue comparing with normal tissues (Figure 1A).
We also detected the level of VRK2 in differ-
ent human pulmonary adenocarcinoma cell lines
(H1299, H1975, SPC-A-1, PG49, and A549); the
Beas-2B cell line was indicated as control. The
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Figure 1. VRK2 expression levels in pulmonary adenocarcino
level of VRK2. n=60, **p <0.01. B, The mRNA level of VRK2 in p

pulmonary adenocarcinoma cell lines. n=6, *p <0.0

results showed that VRK2 was increased i
ferent of human pulmonary adenocarcmoma
hnes moreover; the expressm

Knockdown of VRKZ2
Apoptosis of A54%

y and apoptosis-associated
P, Bcl-2, cleaved-caspase3,
, cleaved-caspase9  (Figure
Esults showed that knockdown of
VR K2 could facilitate apoptosis of A549 cell.

down of VRKZ Prevents

Proliferation and Metastasis of A549
Then CCKS8 assay was carried out to evaluate

the function of VRK2 on NSCLC cell prolifer-
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. A, RT-PCR detected the mRNA
oma cell lines (H1299, NCI-H1975,
S. C, The protein level of VRK2 in

er 72 h, si-VRK2 significantly inhibit-
ed cell proliferation (Figure 3A). To further link
VRK2 expression to cell invasion, we applied
the chamber-transwell invasion assay. The re-
sults showed that VRK2 downregulation could
block cell invasion in cells (Figure.3B). Figure.3C
showed that si-VRK2 inhibited A549 migration at
24 h and 48 h. Downregulation of VRK2 inhibited
the activation of AKT and ERK1/2. (Figure 3D).

VRKZ2 Could Interact With MiR-145-5p
Bioinformatics sites showed that VRK2 was
negatively correlated with miRNA-145-5p and
that miRNA-145-5p could bind with the 3 ‘UTR
region of VRK2 (Figure 4A&B). To verify the
forecast, we created miR-145-5p mimics/miR-NC
and performed Luciferase assay; the report con-
firmed the link between VRK2 and miRNA-145-
5p (Figure 4C). We transfected si-VRK2/si-NC,
miR-145-5p mimics/AMO-145-5p/miR-NC into
A549 cells to measure the expression of miR-145-
Sp and VRK2, there was a negative correlation
between VRK2 and miRNA (Figure 4D&E).
Meanwhile, AMO-145-5p could block the inacti-
vation of AKT and ERK1/2 induced by si-VRK2
(Figure 4F). In summary, interacting with miR-
145-5p, VRK2 participated in the proliferation
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3. Knockdown of VRK2 inhibits proliferation and metastasis via AKT/ERK1/2 signal pathway in A549 cells. A,
ssay was performed to detect the proliferation ability. n=4, *p <0.05. B, Cell invasion ability was detected in A549 after
si-VRK2/5i-NC transfection (magnificationx100). n=6, *p<0.05. C, Representative images (left) and histogram (right) from
wound-healing assays using A549 cells. n=4, *p <0.05. D, The protein level of VRK2, AKT, p-AKT, ERK1/2, p-ERK1/2 were
identified by Western blot. n=6, *p<0.05.

149




Y. Mu, W.-J. Liu, L.-Y. Bie, X.-Q. Mu, Y.-Q. Zhao
A e B Binding Site of hsa-miR-145-5p on VRK2:
Show ' 10 4+ entries
Search:
BindingSite T, Class . Alignment
chr2:58386687-58386709[+] T 7mer-m8’
Cc RPL38-WT RPL38-MUT D
15
g
b1
gm g
3 :
% 0.5 §
E £
X &
E
B si-VRK2
201 mE siVRK2+AMO-1455p
® 1
g *  * *
210
w0 wn & o5
< <
= py Q. 0.0
% g g 0 " P-AKTIAKT P-ERK/ERK
4
< g3
s O
.
<

Figure 4. MiR-145-5p banding
relationship between miR-145-5p

Fumor size was measured every
e days Si-VRK2-A549 injection group sig-
ficantly reduced tumor volume and weight
¢ S5A-C). The tumor tissues of the si-
VRK2-A549 injection group showed a higher
level of miR-145-5p and a lower level of VRK2
compared with si-NC-A549 (Figure SD&E), the

150

s predicted the binding sequence of miR-145-5p to VRK2. C,

phosphorylation of AKT and ERK1/2 were al-
so decreased in si-VRK2-A549 injection mice
(Figure 5F). The tumor tissue was sectioned for
immunohistochemical staining (Figure 5G). The
Ki-67 staining performed that VRK2 knock-
down significantly inhibited the proliferation
of tumo, which got similar results in vitro.
Si-VRK2-A549 decreased the level of VEGEF,
p-ERK, and p-AKT, accompanied by increased
expression of cleaved-Caspase3.

Discussion

Until now, the commonly used tumor markers
such as carcinoembryonic antigen (CEA) have a
specific value in the diagnosis of the tumor; their
sensitivity and specificity are not high enough?**'.
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Figure 5. VRK2 regulates tumorigenesis in vivo. A,
nude mice. B, C, The significantly smallegz2

(Cleaved-PARP, Bcel2, Cleaved
G, Representative images (Ma§

e of pulmonary adenocarcinoma is
essential factor in improving the prognosis and
nual survival rate of pulmonary adenocarcino-
ticnts. But the diagnosis and treatment are
not Satisfactory?. Therefore, we need to explore
further the mechanism of pulmonary adenocarci-
noma, which could provide a new index for early

diagnosis and therapy of pulmonary adenocarci-
noma.

In previous studies, VRK2 was an abnormal ex-
pression in psychiatric disorders and epilepsies. In
an earlier study, VRK2 was identified as a potential
mental and neurological disorder, but few studs on
tumors, especially in pulmonary adenocarcinoma.
It was reported that VRK2 could regulate the hy-
poxia stress response induced by TAK1%., VRK2
participated in breast cancer via modulating the
FBXW2-MSX2-SOX2 axis*’. VRK1 and VRK2
were both described as an indicator of rectal adeno-
carcinoma response to neoadjuvant chemoradiation
therapy?®. Some shortcomings of this study are that
appropriate VRK?2 specific inhibitors were not used
to inhibit its activity; we choose siRNA to inhibit
VRK2, which may have differential results.

In our study, after quantitative detection of VRK?2
level in pulmonary adenocarcinoma patients, it was
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found that VRK2 expression in pulmonary adeno-
carcinoma tissues was significantly higher than ad-
jacent tissues, the similar results were performed in
pulmonary adenocarcinoma cell lines. Knockdown
of VRK2 could promote apoptosis and press pro-
liferation, metastasis of A549 cells. Further results
showed that miR-145-5p could bind with VRK2
involved in pulmonary adenocarcinoma progression
via regulating AKT/ERK1/2 signal pathway.

In recent years, the research on the func-
tion of miRNA has become one of the break-
throughs in life science, especially in the mech-
anism of occurrence and development of malig-
nant tumors. MiRNA is a kind of non-coding
small molecule RNA, which is widely involved
in the regulation of life activities. The results
show that most of the genes in human and
other mammals are regulated by miRNA, and
each miRNA can regulate hundreds of target
genes??’. With the deepening of the study of
miRNA, it has been reported that the expres-
sion of miRNA has significant tissue specific-
ity, and its expression profile analysis can be
used to identify the source of tumor, and has
higher accuracy than the classification mgak
of mRNA expression profile, and can df
reflect the level of gene function. Some st
have also shown that changes in the expres
level of miRNA can cause changes in a se
of oncogenes and tumor suppig

treatment by specifically j
of carcinogenic miRNA
pulmonary adenocargh

ention, diagnosis and
adenocarcinoma.

For the first, we established the correlation
ween VRK2 and miR-145-5p and explored the
d underlying mechanism of VRK2 in pul-
monary adenocarcinoma. Although the research
is still insufficient, it also can provide a specific
theoretical basis for clinical research.
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