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Background: Non-small-cell lung cancer (NSCLC) is the leading cause of cancer-related
mortality worldwide. However, the molecular mechanism of NSCLC remains unknown.
Accumulating data show that Rhotekin 2 (RTKN2) functions as a novel crucial regulator
of diverse biological processes; however, its pathological role in NSCLC remains unclear.
Methods: In this study, we investigated the function of RTKN2 in NSCLC. The expression
of RTKN2 mRNA was analyzed in tumor tissues and paired adjacent tissues from patients by
gqRT-PCR. The role of RTKN2 in cell proliferation, apoptosis, migration, and invasion was
investigated. The potential mechanisms were explored.

Results: We found that the level of RTKN2 mRNA was up-regulated in NSCLC tissues and
cell lines. RTKN2 knockout inhibited the proliferation of human NSCLC cell lines A549 via
inducing apoptosis by increasing the level of Bax and decreasing the level of Bcl-2.
Furthermore, silencing of RTKN2 reduced the migration and invasion of A549 cells through
up-regulated matrix metalloproteinase-9 (MMP9) and MMP2 expression.

Conclusion: These data suggest that RTKN2 may not only be a prognostic biomarker
candidate but also provide a potential therapeutic target for NSCLC diagnosis and treatment.
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Background
Lung cancer accounts for the main cause of cancer-related mortality around the world."
Despite the success of targeted and/or immune-based therapies, the 5-year survival of
patients is 55.6% but only 4.5% for metastatic disease, and early diagnosis and surgical
resection provide the best opportunity for survival.>® Non-small cell lung cancer
(NSCLC) accounts for 85% of cases.' At present, NSCLC is defined histopathologi-
cally in the clinic into four broad categories: lung adenocarcinoma, lung squamous cell
carcinoma, large cell carcinoma, and undifferentiated NSCLC.* Lung adenocarcinoma
is the most frequent histological subtype of NSCLC. The incidence of and mortality
rates for NSCLC are rising globally on an annual basis. Despite progress in early
diagnosis and targeted therapy, the clinical outcome of NSCLC patients remains poor,
which is mainly due to patients usually being diagnosed at advanced disease stages.>*
Thus, further intensive research efforts into the molecular mechanisms of NSCLC
could improve patient survival.”

The Rho GTPases are members of the RAS superfamily, regulating many
cellular processes.® Rhotekin (RTKN), a Rho effector, was initially isolated as a
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scaffold protein interacting with the GTP-bound form of
Rho.” Previous studies have shown that RTKN2 plays a
critical role in the pathological process of cell prolifera-
tion, apoptosis, and invasiveness in various malignant
tumor cells.'®'* Down-regulation of RTKN2 in hepato-
cellular carcinoma cells notably induced cell apoptosis,
while significantly repressing cell invasion.'? The inhibi-
tory effect of RTKN2 silencing on the proliferation of
colon cancer cells may be partially realized by inhibiting
the Wnt/B-catenin signaling pathway.'’ In addition,
RTKN2 is
osteosarcoma.'' These findings suggest an involvement

involved in the progression of human
of RTKN2 in tumor progression. However, the biological
functions of RTKN2 in human NSCLC remain unclear.
In the present study, we aimed to examine the relation-
ship between RTKN2 and NSCLC progression. Our find-
ings suggested that RTKN2 expression was higher in
tumor tissues than in paratumor tissue, and its expression
was also related to TNM stage and lymphocyte metastasis.
Functional studies have shown that RTKN2 knockout
reduces the proliferation, migration, and invasion, and
enhanced the apoptosis of NSCLC cells, and the opposite
result was observed with RTKN2 knockout. Thus, our
results showed that RTKN2 inhibited NSCLC progression
and served as a potential tumor target gene, which will
provide a new strategy for the treatment of NSCLC.

Methods

Patients

Twenty pairs of frozen fresh human NSCLC tissues, as
well as their corresponding adjacent non-tumor tissues
(paratumor), were collected in the First Affiliate Hospital
of Guangzhou Medical University (Guangzhou, China)
from 2014 to 2016. The patients were classified by two
independent pathologists. This study was approved by the
Ethics Committee of the Fifth People’s Hospital of Zhuhai,
the First Affiliate Hospital of Guangzhou Medical
University, and Guangdong Provincial People’s Hospital.
Written informed consent was provided by all patients.

Cell Culture and Transfection

A549 and SPC-AL cell lines were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China)
and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Rockville, MD, USA) with 10% heat-
inactivated fetal bovine plasma at 37°C in 5% CO,. BEAS-
2B (American Type Culture Collection, USA), human

normal osteoblast cells, were cultured in DMEM according
to the providing sources. For RTKN2 knockout specifically,
siRNAs against RTKN2 were designed and constructed by
Geneseed Co. Ltd (Guangzhou, China), and the sequence is
given as follows: siRTKN2-1, 5'-GCU UUG GUA GUA
CCC AUU ATT-3"; siRTKN2-2, 5'-GCU UUG GUA GUA
CCC AUU ATT-3'; siRTKN2-3, 5-CCU UCU GGC AGC
AUU UCU UTT-3'. Transfection was performed by the
Lipofectamine 3000 (Invitrogen, Camarillo, CA, USA),
according to the manufacturer’s protocols. The efficiency of
RTKN2 knockout was confirmed by qRT-PCR and Western
blot assay. After 48 h of transfection, cells were collected for
further analysis.

MTT Assay
The
dimethylthiazol-2-yl1)2,5-diphenyltetrazolium bromide
(MTT) assay kit (Beyotime, China). In brief, the trans-
fected cells were seeded into 96-well culture plates at an

MTT assay was performed using a 3-(4,5-

initial density of 5x10° cells per well. After incubating for
the indicated time, cells were treated with 100 uL. MTT
reagent for another 4 h at 37°C. Then, the formazan
crystals were dissolved in DMSO. After incubation at
37°C, the absorbance at 490 nm was measured in a micro-
plate reader (PerkinElmer, Waltham, MA, USA).

Colony Formation Assay

After transfection, cells were seeded in the six-well plates
at the density of 600 cells, then incubated for 10-14 days
until the clone spots were visible. The resulting colonies
were fixed with paraformaldehyde for 10 min, then stained
with crystal violet (Beyotime) for 15 min; and visible cell
colonies were then counted. At least three independent
experiments were performed.

Apoptosis Assay

Apoptosis was measured by the Annexin V FITC
Apoptosis Detection kit (Beyotime) according to the pro-
tocol. In brief, cells were transfected as described above,
then collected, washed with ice-cold PBS and resuspended
in 400 pL binding buffer, containing 5 pL Annexin-V
FITC and PI, following which the cells were incubated
for 15 min at room temperature in the dark prior to flow
cytometry (BD Biosciences, USA).

Cell Migration Assay
For migration assays, 1x10° cells in 200 uL of DMEM
were placed into the upper chamber, and 600 phL. DMEM
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containing 10% FBS in the lower chambers. After 24 h
culture, cells on the top side were scraped off gently, then
fixed in paraformaldehyde and stained with crystal violet.
Three random microscopic fields were counted per field
for each group under a light microscope.

Cell Invasion Assay

A 24-well transwell plate was used to measure the inva-
sive ability of cells. Chamber inserts were precoated with
50 pL of a 1:8 mixture of BD Matrigel (BD Biosciences,
USA) and DMEM. Then, 2x10° cells were seeded in the
upper chamber. After 48 h, cells on the top side were
scraped off, then fixed in paraformaldehyde, and stained
with crystal violet. Three random microscopic fields were
counted per field for each group under a light microscope.

RNA Preparation and qRT-PCR

RNA preparation was performed as previously described.'
Total RNA was extracted from 20 pairs of tumor and corre-
sponding adjacent non-tumor tissues using RNAiso Plus
reagent (Takara, China), and reverse transcription was per-
formed using Primescript RT Master Mix (Takara). For
qRT-PCR analysis, cDNA was amplified using an SYBR
Green Kit (Takara). Data were analyzed using the 2 44T
method. The sequences used for amplification were as fol-
lows: RTKN2 forward (F): 5'-ACAGTTCGCGTTGGAG
ATGGAG-3', RTKN2 reverse (R), 5'-GTCGAGCATTGC
ACACCATGAG-3’; Bax F, 5-ATCCAAGACCAGGG
TGGTT-3', Bax reverse, 5'-ATCTGGAAGAAGATGGG
CTG-3'; Bcl-2 F, 5-GGCCTCTGTTTGATTTCTCC-3',
Bcel-2 R, 5-AGTGAAGTCAACATGCCTGC-3"; MMP9
(matrix metalloproteinase-9) F, 5'-TGTACCGCTATGGTT
ACACTCG-3', MMP9 R, 5-GGCAGGGACAGTTGC
TTCT-3"; MMP2 F, 5'-CCCACTGCGGTTTTCTCGAAT-
3', MMP2 R, 5'-CAAAGGGGTATCCATCGCCAT-3"; B-
actin F, 5'-GAAATCGTGCGTGACATTAA-3', B-actin F:
5'-AAGGAAGGCTGGAAGAGTG-3".

Protein Extraction and Western Blot

Assay

In brief, the total proteins were lysed using RIPA lysis buffer
(Beyotime). After centrifugation at 12,000 g/min for 20 min,
the supernatant was collected and the concentration was mea-
sured by the BCA assay (Beyotime). Equal amounts of protein
were separated using SDS-PAGE, then transferred to a PVDF
membrane. After blocking with non-fat milk for 1 h at room
temperature, the membranes were incubated overnight with

primary antibodies against RTKN2 (1:1000; Abcam), Bax
(1:1000; Abcam), Bcl-2 (1:1000; Abcam), and MMP9
(1:1000; Abcam) at 4°C. B-Actin (1:5000; Cell Signaling
Technology) was used as a loading control. The membranes
were subsequently washed three times with TBST, then incu-
bated with secondary antibody for 1 h. The bands were visua-
lized with ECL and quantified using ImagelJ.

Statistical Analysis

All statistical analysis was performed by SPSS 17.0 soft-
ware (SPSS, Chicago, IL, USA). We used GraphPad Prism
7.0 (La Jolla, CA, USA) for image editing. The significant
differences between groups were analyzed using the
Student’s #-test or Fisher’s exact test. Overall survival
(OS) curves were determined by the Kaplan—Meier
method and log-rank test. A P-value <0.05 was considered
statistically significant.

Results

RTKN2 Is Up-Regulated in NSCLC

First, to identify RTKN2, we examined its mRNA expres-
sion in NSCLC tissues and cells by gqRT-PCR. It was con-
firmed that RTKN2 mRNA expression was up-regulated in
NSCLC tumor tissues compared to the corresponding adja-
cent non-tumor tissues (Figure 1A). The RTKN2 expression
levels were higher in 65.00% of NSCLC tumor tissue sam-
ples (Figure 1B). Then, we aimed to determine whether a
high level of RTKN2 was associated with clinicopathologi-
cal characteristics in NSCLC patients. Based on the TNM
stage, RTKN2 mRNA expression was significantly asso-
ciated with NSCLC patient pathogenesis (Figure 1C). The
RTKN?2 expression level was also closely related to lym-
phatic metastasis (Figure 1D). RTKN2 mRNA expression
showed no significant differences between groups of differ-
ent sexes, ages, and smoking status. TNM stage and lym-
phatic metastasis were correlated with the RTKN2 mRNA
expression level using Fisher’s exact test (P=0.022,
P=0.017, respectively), as shown in Table 1. Next, further
survival analysis showed that the high RTKN2 expression
group (n=13) had shorter OS time than the low RTKN2
expression group (n=7) (Figure 1E). Then, we assessed
RTKN2 expression in NSCLC cell lines. The RTKN2
level was increased in SPC-A1 and A549 NSCLC cell
lines compared to the normal osteoblast cell line BEAS-
2B (Figure 1F-H). These data suggest that abnormal
RTKN?2 activation may be related to NSCLC progression.

OncoTargets and Therapy 2020:13

submit your manuscript

10731

Dove


http://www.dovepress.com
http://www.dovepress.com

Jietal

Dove

*
A 6- L 1 B
c
N O [ ] N
£, . <
(] 9 ¢
E g $§e° E
o = A ——p——— o
29 N ®o |00 =
8 < - At 4 ©
B E : A | AA A ® B
x § 4alld o 4
0 T T
Paratumor Tumor
C 6 X
1 1
] S ®
Z5 —9
X 0 4+ PE 2P
ge A —_aé
Py 2 Al a e¢eo
29 —— &
® < 5 o
-z
[} —
14 o A
€
0 L] T
I-11l H-1v

Log-Rank P =0.015
Low expression
—— High expression

[ .

Overall survival (%) m
3

RTKN2

B-actin

Figure | RTKN2 is up-regulated in NSCLC. (A) The RTKN2 expression level was assessed by qRT-PCR in NSCLC patient tumor and paratumor tissues (n=20). (B) The
relative RTKN2 expression was assessed in NSCLC tissues. (C) The expression level of RTKN2 was higher in NSCLC tissues with TNM IlI-IV. (D) The expression level of
RTKN2 was higher in lymph-node positive NSCLC tissues. (E) The RTKN2 high expression group had shorter OS time. (F) Relative mRNA and (G, H) protein expression

1
12 24 36
Month after operation

mRNA expression
tumor/paratumor (Log2)

- *

D 6 ) 1
o 5 .
E ? 4- o o
3 e
Py 2 P —ole—
29 —_— °
® < A
< E 2- —_—

14 A
€
0 T T
NO N1-3
15

F *

N5

Z 5

X ¢ 10—

£e

S

o X

29 —

-

£2 >

o 14

€
0 T T
BEAS-2B SPC-A1 A549
C —~ §-

.g 2
g g 7 *
£2 o
3 51

N ‘s 4\

Z3510)

Ec

S ——

%9

2 g 057

T >

BEAS-2B SPC-A1 A549

levels of RTKN2 in NSCLC cell lines (SPC-Al and A549) and normal bronchus epithelium cell line (BEAS-2B). *P<0.05.

10732

Dove

submit your manuscript

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Jietal

Table | Association of RTKN2 Expression with
Clinicopathological Factors of the NSCLC Patients
Clinicopathological n | RTKN2 Expression P
Variables R Value®
Low High
(n=7) (n=13)
Sex Male 1314 9 0.651
Female | 7 | 3 4
Age (years) <60 8 3 5 1.000
>60 12
Smoking Yes 8 2 6 0.642
No 12|15 7
Lymphatic NO 9 |6 3 0.017*
metastasis NI-3 (N 10
TNM stage landIl | 7 |5 2 0.022%*
Il and 1312 I
v

Notes: °Fisher’s exact test was used for comparison between subgroups.
*Significant result (P<0.05).

The RTKN2 level was markedly higher in A549 cells, so we
selected A549 to investigate RTKN2 function in NSCLC.

RTKN2 Silencing Inhibits the Proliferation

of A549 Cells

To explore the function of RTKN2 in NSCLC, siRTKN2
was used to silence RTKN2 in human NSCLC A549 cells
with higher RTKN2 level. The efficiency of siRNAs for
RTKN2 was confirmed through comparison with si-control
at the mRNA level (Figure 2A). Among the three siRNAs,
siRNA3 generated the most consistent knockdown effi-
ciency and was chosen for subsequent studies. RTKN2
mRNA (Figure 2A) and protein (Figure 2B) levels were
significantly decreased after transfection with siRTKN2 in
A549 cells. Next, the MMT assay (Figure 2A) was used to
detect proliferation of A549 cells. The results showed that
the RTKN?2 silencing obviously inhibited the proliferation
of A549 cells (Figure 2C). A colony assay (Figure 2D)
was carried out to determine the colony forming capacity
of A549 cells after RTKN2 silencing. The colonies were
significantly decreased in the RTKN2- silencing group
compared to the control group.

RTKN2 Knockout Induces Cell Apoptosis

of Human NSCLC A549 Cells
Decreased cell proliferation induced by RTKN2 knock-
down may be a consequence of increased cell death.

Thus, we examined the effects of RTKN2 on apoptosis
of A549 cells. Annexin V/PI double staining was per-
formed. The apoptosis in the
siRTKN2-treated A549 cells compared with the si-control
group (Figure 3A and B). These data showed that RTKIN2
may have an anti-apoptotic role in human NSCLC A549

rate was increased

cells.

Knockdown of RTKN2 Expression
Inhibits the Migration and Invasion of
A549 Cells

Cell migration and invasion are critical for metastasis. We
evaluated the effect of RTKN2 on the migration and inva-
sion capacity of AS549 cells. Transwell experiments
demonstrated that knockdown of endogenous RTKN2
expression apparently inhibited the migration and invasion
of A549 cells (Figure 4A and B).

Knockdown of RTKN2 Inhibits the
Expression Levels of Anti-Apoptosis

Protein

As shown in Figure 5A-C, the results indicated that
RTKN2 silencing inhibited the expression levels of anti-
apoptosis protein Bcl-2 and increased the expression of
pro-apoptosis protein Bax, which was related to cell apop-
tosis. It is thought that the ratio of the pro-apoptotic
protein Bax to the anti-apoptotic protein Bcl-2 plays a
crucial role in the control of the intrinsic pathway of
apoptosis.'> As shown in Figure 5D, we therefore rea-
soned that the cell death induced by RTKN2 knockdown
may be due to changes in this ratio. These results further
showed that RTKN2 had anti-apoptosis potential in human
NSCLC cells.

Silencing of RTKN2 Decreases the

Expression Levels of MMP9 in A549 Cells
Gelatinases, MMP2 and MMP?9, etc., play crucial roles in
tumor cell metastasis. Therefore, we evaluated the influ-
ence of RTKN2 on the expression level of MMP2 and
MMP9I. Infection with si-RTKN2 significantly decreased
the mRNA expression levels of MMP9 (Figure 6A) com-
pared with the si-control group in A549 cells. This inhibi-
tory effect of RTKN2 silencing was further confirmed by
Western blot (Figure 6B and C). Similarly, RTKN2 knock-
down remarkably inhibited MMP2 mRNA and protein
expression level compared with the si-control group in
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A549 cells (Figure 6D-F). These data indicate that
RTKN2 silencing may inhibit invasion of A549 cells
through down-regulating MMP2 and MMP9 expression.

Discussion

In recent years, despite the development of new multi-
modal therapeutics, the prognosis for human NSCLC is
generally poor. Therefore, it is important to identify addi-
tional potential treatments. The Rho GTPases regulate
many biological processes, including cell differentiation,
survival, transcription, and the cell cycle.® RTKNs are Rho
effector proteins, and are expressed in lymphocytes and
bone marrow-derived cells,”'® as well as in lung, colon,
thymus, and brain.'” Two RTKN proteins, RTKN1 and

RTKN2, with the same Rho GTPase binding domain,
have homologues in mammals.'® RTKN2 may play a
critical role in cell proliferation, apoptosis, and metastasis
in many malignant tumor cells. The silencing of RTKN2
inhibits proliferation, by reducing the expression levels of
MCM10, CDK2, CDC24A, and CDC6 in bladder cancer
cells."® Studies have shown that RTKN2 may play a cri-
tical role in apoptosis, which is dependent on NF-xB
signaling.'®'*?® Furthermore, Lin et al*' indicated that
miR-181 inhibited the tumorigenesis of ovarian cancer
through RTKN2.

In our study, we primarily found that RTKN2 was
critical for NSCLC. We analyzed the expression level of
RTKN2, and found that RTKN2 was up-regulated in
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NSCLC. TNM stage and lymphatic metastasis were corre-
lated with the RTKN2 mRNA expression level, which
demonstrated that RTKN2 was associated with unfavor-
able prognosis in NSCLC. A functional study by knock-
down of RTKN2 expression helped us to illustrate the
important role of RTKN2 in NSCLC, where RTKN?2 silen-
cing resulted in suppressed proliferation of NSCLC cells
and impaired the colony formation ability of NSCLC cells.
These results imply that the RTKN2 protein functions as
an oncogene and is necessary for human NSCLC cell
survival.

Apoptosis is a form of programmed cell death that
occurs in multicellular organisms.** The pro-apoptotic pro-
tein Bax resides in the cytosol, whereas the anti-apoptotic

protein Bcl-2 is localized in the outer mitochondrial mem-
brane, playing a crucial role in the control of the intrinsic
pathway of apoptosis.”>2® In this study, silencing of
RTKN2 increased the level of Bax and the ratio of Bax/
Bcl-2, and decreased the expression level of Bcl-2.

Multiple studies have observed a significant increase in
MMP9 in NSCLC, and MMP9 performs important roles in
tumor metastasis.”’*® In our study, we found that RTKN2
knockout significantly inhibited the MMP9 and MMP2
expression levels of A549 cells. The results demonstrated
that RTKN2 promoted metastasis of NSCLC cells through
up-regulated MMP9 and MMP2 expression levels.

In summary, we demonstrated that RTKN2 knockout
obviously inhibited the proliferation of human NSCLC A549
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cells through inducing apoptosis of NSCLC cells, and signifi-

cantly suppressed the migration and invasion of NSCLC cells.

These data suggest that RTKN2 may not only be a prognostic

biomarker candidate but also provide a potential therapeutic
target for NSCLC diagnosis and treatment.
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NSCLC, non-small-cell lung cancer; RTKN2, Rhotekin 2;
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