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Purpose: High metastasis is a leading risk factor for the survival of non-small cell lung
cancer (NSCLC) and epithelial-mesenchymal transition (EMT) is a vital step of metastasis.
The expression of novel oncogene with kinase domain (NOK) has been observed in some
human malignancies, including non-small cell lung cancer (NSCLC); however, the biological
function of NOK in NSCLC remains unclear. In the study, we explored the function of NOK
in NSCLC, with an aim to elucidate the relevant underlying mechanisms.

Patients and methods: We investigate the expression of NOK, p-Akt, p-GSK-38,
E-cadherin and N-cadherin expression by immunohistochemical analysis using tissue micro-
arrays of 72 paired NSCLC samples of cancerous and adjacent normal tissues. The associa-
tions between NOK expression and clinicopathological factors, overall survival, other
proteins were assessed. Immunofluorescence analysis of NSCLC tissues was performed to
study the location of NOK, Akt and GSK-3. Up or down-regulated of NOK were conducted
in two NSCLC cell lines to analyze its impact on AKT/GSK3[ pathway.

Results: Statistical analysis revealed NOK expression increased in NSCLC tissues compared
with normal tissues (P<0.05). It also showed that low NOK expression were associated with a
higher possibility of non-lymphatic metastasis, an early pN stage and clinical stage (P<0.05).
Moreover, NOK expression was positively correlated with the expression of oncogene p-Akt
(Thr308), p-GSK-3 (Ser9) and N-cadherin (P<0.05). Immunofluorescence analysis of NSCLC
tissues revealed that NOK is co-located with Akt and GSK-3p. Further study in NSCLC cell lines
revealed that NOK overexpression can activate the AKT/GSK3p pathway. Conversely, knock-
down of NOK can suppress the AKT/GSK3p pathway.

Conclusion: Our results suggest that NOK overexpression correlated significantly with
lymphatic metastasis, advanced pN and clinical stage in NSCLC. And NOK may promote
EMT by activating the AKT/GSK3p/N-cadherin pathway in NSCLC.

Keywords: NOK/STYKI1, epithelial-mesenchymal transition, Akt, GSK3p, N-cadherin,

non-small cell lung cancer

Introduction

Lung cancer is the primary cause of cancer-related deaths globally worldwide. Non-
small cell lung cancer (NSCLC) comprises a majority of lung cancer cases. After
undergoing curative surgical resection, large numbers of NSCLC patients still die
from relapse and metastases.'~
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Epithelial-mesenchymal transition (EMT) plays a cri-
tical role during tumor metastasis. EMT is associated with
the loss of epithelial properties and gain of mesenchymal
phenotypes, whereby a decreased expression of E-cadherin
and an increased expression of N-cadherin is observed.***
It is well-known that EMT mediates a good deal of cancer
malignant transformation.”® However, there is an urgent
need to comprehensively explain the mechanisms that
regulate EMT in NSCLC.

Novel oncogene with kinase domain (NOK), also known
as serine threonine tyrosine kinase 1 (STYK1), consists of a
kinase domain, intracellular domain, and transmembrane
domain. NOK, a member of the receptor-type protein tyro-
sine kinase-like family,' is able to enhance tumor cell pro-
liferation and tumor progression by acting as a growth factor
membrane receptor. Aberrant expression of NOK has been
found in a wide range of cancers, including lung, ovarian,
breast, colorectal, prostate, and renal cell cancers.! 16
Recently, NOK was found to be capable of promoting the
malignant transformation of tumors in some cancers by acti-
vating the PI3K/AKT pathway.'”'® All these studies indicate
that NOK overexpression is associated with cancer progres-
sion, and NOK can induce EMT by activating the Akt path-
way. However, the pathological function of NOK in the
malignant transformation of NSCLC remains unknown. In
this study, we estimated the NOK expression and its correla-
tion with the Akt pathway and EMT marker expression in
NSCLC. Furthermore, we investigated the possible signaling
pathways by which NOK could contribute to EMT. These
findings may provide a clue to investigate the oncogenic
activity of NOK and identify the possible underlying
mechanisms of EMT in NSCLC.

Materials And Methods

Patients And Tissue Specimens

Non-small cell lung cancer tissue specimens from 72
patients diagnosed with NSCLC were obtained from the
Department Surgery, Tangdu Hospital,
between 2009 and 2014. None of the patients had been
treated with any preoperative chemotherapy or radiother-

of Thoracic

apy. Cancerous tissues and adjacent normal lung tissues
were obtained from each individual after the resection of
the tumors. All tissue specimens (n=144) were snap-frozen
in liquid nitrogen immediately after the collection for
subsequent analysis. The average age was 60.33 years
(range, 30-80 years) with a mean survival time of 19.46
months. The clinical stages were determined according to

the pathological tumor/node/metastasis (TNM) classifica-
tion system (7th edition) for malignant tumors established
by the International Union Against Cancer (UICC).'® The
experimental protocols were approved by the Regional
Ethics Committee for Clinical Research of the Fourth
Military Medical University. Written informed consent
was obtained from all patients. The study was performed
in accordance with the Declaration of Helsinki.

Cell Culture

The human NSCLC cell lines A549 and SPC-A-1 were
obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). The cells were cultured in
RPMI-1640 medium (Hyclone, Logan, TX, USA) supple-
mented with 10% fetal bovine serum (FBS), 100 pg/mL
penicillin, and 100 pg/mL streptomycin in a humidified
5% CO;,-enriched atmosphere at 37°C.

Lentivirus And Plasmids Transfection

For the overexpression of NOK, the A549 cells were
transfected separately with 1x107 titration units of packa-
ging lentiviruses (STYKI1-OE lentivirus 42863-1, and
negative control lentivirus con238) synthesized by Gene
Chem (Shanghai, China). The SPC-A-1 cells were also
transfected separately with 2x10” titration units of packa-
ging lentiviruses. Fresh RPMI-1640 containing 2 pug/mL
puromycin (Gene Chem) and 10% FBS was used to cul-
ture the A549 and SPC-A-1 cells after three days of
transfection. After two weeks, the culture was diluted
with fresh puromycin-containing medium and grown
under puromycin selection pressure. Several clones from
each transfection group were then selected and screened
for NOK protein expression by Western blotting.
Transfected cell clone mixtures from each transfection
group were used for further experiments.

For the knockdown of NOK, the A549 cell lines were
transfected with the plasmids with two human NOK-tar-
geting shRNAs and one NC shRNA (Gene Chem) respec-
tively. Stable A549 cell lines were screened for 7 days
using 2 mg/mL puromycin (Gene Chem).

Tissue Microarray Construction

The 144 specimens were fixed in 4% paraformaldehyde
for 24 h, and then dehydrated using a graded series of
ethanol solutions and embedded in paraffin. A tissue-
arraying instrument (Quant Center Pannoramic 250/
MIDI, 3DHISTECH, Ltd., Budapest, Hungary) was used
to select the typical area to construct a tissue microarray
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(TMA) based on the observation of hematoxylin and eosin
(HE)-stained sections. Every TMA comprised 72 tumor-
ous tissues and 72 corresponding adjacent normal tissues.

Immunohistochemistry

Paraformaldehyde-fixed NSCLC tissue blocks were cut
into 5-um TMA sections and embedded in paraffin. The
sections of TMA were then dewaxed in xylene and rehy-
drated using a graded series of ethanol solutions.
Endogenous peroxidase activity was blocked by immer-
sing the sections in a solution of 3% hydrogen peroxide for
30 min. Then, the sections were microwaved in 10 mM
citrate buffer (pH 6.0) at 95°C for 20 min to perform
antigen retrieval. After being blocked with goat serum
for 30 min, the sections were incubated with the primary
antibody (anti-Stykl ab97451,%° anti-AKT1 (phospho
S473) ab81283,”' anti-pan-AKT  (phospho  T308)
ab38449,% anti-GSK3 beta (phospho Y216) ab75745,%
anti-GSK3 beta (phospho S9) ab75814,%* anti-E Cadherin
ab40772>2°  from Abcam, Cambridge, UK; and
N-cadherin (D4R1H)*’ from Cell Signaling Technology,
Danvers, MA, USA) at 4°C overnight. After being washed
in PBS (phosphate-buffered saline), the sections were
incubated with the appropriate horseradish peroxidase
(HRP)-labeled goat anti-rabbit/mouse antibodies. Then,
the samples were incubated with reagents of the DAB
Elite kit (Dako, Denmark), and counterstained with
hematoxylin.

Immunohistochemistry Evaluation

For the evaluation of protein levels, semi-quantitative
immunohistochemistry (IHC) was performed according
to the percentage of positive cells and the intensity of
staining. H-score was assigned for each antigen; this
score was derived from the equation: H = X(pi*i), where

[T¥11]

pi” represents the percentage of positive cells and “i”
represents the intensity.”® And The intensity of specific
staining was characterized as negative (0), weak (1+),
moderate (2+), and strong (3+). An H-score was calculated

using the following formula:*’

H-score = (% of cells of weak intensity x 1)
+ (% of cells of moderate intensity x 2)
+ (% of cells of strong intensity x 3)

The cut-off value used to categorize the NOK expres-
sion levels as high and low was defined by using a
median value of the scores. Samples with low NOK

expression were those with scores below or equal to
the cut-off value, while those with high NOK expression
had scores above the cut-off value. Pannoramic 250/
MIDI (3DHISTECH) was used to scan and digitalize
the slides. Pannoramic Viewer v. 2.0 and NuclearQuant
application for PV v.2.0.0.46136, both of which are
manufactured by 3DHISTECH, were used to analyze
the slides.*®

HE Staining And Immunofluorescence

Paraformaldehyde-fixed blocks of cancerous tissues with
high NOK expression from 20 patients (10 squamous
cell carcinoma and 10 adenocarcinoma patients) were
cut into 5-um sections and embedded in paraffin. A
continuous adjustment of slides was performed for
the HE
Histology of the NSCLC tissue cross-sections was

staining and immunofluorescence analysis.

observed by performing HE staining following the fixa-
tion of the sections in 4% paraformaldehyde for 24 h.
The tissue sections were dewaxed in xylene and rehy-
drated using a graded series of ethanol solutions. To
perform antigen retrieval, the sections were microwaved
in EDTA buffer (pH 8.0). After being subjected to
blocking for 30 min, the slides were incubated with
ab8805;
Abcam) at 4°C overnight. Next, the slides were washed

the first primary antibody (Anti-pan-Akt,

in PBS and incubated with the corresponding HRP-
labeled secondary antibodies for 50 min, and then with
the CY3 reagent for 10 min. After being washed in
TBST, the slides were microwaved to remove the first
primary antibodies and secondary antibodies that had
been bound to the tissues. Next, according to the pre-
vious process, the slides were incubated with the other
primary antibodies (anti-GSK3 beta [G8], ab2602,
Abcam, Cambridge, UK; NOK, sc-81701, Santa Cruz
Biotechnology Inc., Dallas, TX, USA) at 4°C overnight,
and then with the corresponding HRP-labeled secondary
antibodies, FITC, and CY5 reagent. The nuclei were
stained with 4',6-diamidino-2-phenylindole (DAPI).

Immunofluorescence Analysis

Ten randomly selected fields from each section were
viewed using Caseviewer2.0 (3DHISTECH) at a 900x
magnification. The percentage of tumor cells with posi-
tive NOK expression, positive NOK & Akt expression,
and positive NOK & Akt & GSK3B expression in each
field was quantified. All slides were evaluated by three
and the final outcome

independent investigators,
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reported was the mean of the percentage from the three
investigators.

Western Blotting

Cells were lysed with RIPA buffer supplemented with a
protease inhibitor cocktail and phosphatase. The lysates
were boiled in sodium dodecyl sulfate (SDS) loading
buffer and the proteins were separated by SDS-polyacry-
lamide gel electrophoresis (PAGE). The resultant protein
bands were transferred onto a nitrocellulose membrane.
Then, the membrane was incubated with primary antibo-
dies (anti-Stykl ab97451, anti-AKT1 (phospho S473)
ab81283, anti-pan-AKT (phospho T308) ab3844, anti-
GSK3 beta (phospho Y216) ab75745, anti-GSK3 beta
(phospho S9) ab75814, anti-E Cadherin ab40772 from
Abcam; snail (C15D3) and N-cadherin (D4R1H) from
Cell Signaling Technology), all of which were dissolved
in a 5% non-fat milk-based solvent, followed by incuba-
tion with HRP-conjugated anti-rabbit/mouse secondary
antibodies. The protein bands were visualized by
using the ECL detection reagent (Bio-Rad, Hercules,
CA, USA).

Statistical Analysis
All statistical analyses were performed using the SPSS
24.0 software (SPSS, Inc., Chicago, IL, USA). Graphs
were constructed using the GraphPad Prism5 software
(GraphPad Software Inc., CA, USA). Paired ¢-test was
used to compare the NOK expression between tumorous
tissues and the corresponding adjacent normal tissues.
K-M survival analysis was used to investigate the rela-
tionship between NOK expression and the clinical out-
come (overall survival) of NSCLC patients. Pearson
correlation analysis was used to evaluate the relationship
between NOK expression and the levels of other pro-
teins. A one-way ANOVA was used to compare the
significance of differences among groups, and the
numeric data were presented as the means + standard
P < 0.05 were -considered

deviations. statistically

significant.

Results

The Upregulated Expression Of NOK In
Human NSCLC Tissues Is Correlated
With Metastasis In NSCLC

The expression of NOK was mainly localized in the
cancer cell cytoplasm; NOK expression in the nuclei

was sparse (Figure 1A). The protein levels of NOK in
the samples of NSCLC were assessed by TMA-based
IHC to analyze the expression pattern of NOK.
According to the IHC results, NOK was observably
upregulated in the cancerous tissues, compared to the
case for the normal tissues. A paired ¢-test revealed that
there was a significant difference between the cancerous
and normal specimen groups (P<0.0001; Figure 1B).
The K-M survival analysis revealed that patients with

high NOK expression (median survival time: 12.0
months) showed a trend of shorter OS than those of
low NOK expression (median survival time: 19.5

months, P=0.0790; Supplementary Figure 1), which

was consistent with our previous study.'? The associa-
tion between NOK expression and the clinicopathologi-
1). The NOK
expression was significantly associated with sex
(P=0.013), pN stage (NO vs.N1, p<0.001; NO vs.N2,
p=0.017), lymphatic metastasis (P<0.001), and clinical
stage (P=0.013). No significant relationship was found

cal variables was analyzed (Table

between the NOK expression and age (P=0.157), smok-
ing history (P=0.594), pT stage (P=1.000), and histolo-
gical type (P=1.000).

NOK Expression Positively Correlates
With The p-Akt (Thr308), p-GSK-3f3
(Ser9), And N-Cadherin Levels In NSCLC

Tissues

The inter-relationship between NOK expression and some
vital biomarkers of malignant proliferation, including the
oncogene p-Akt (Thr308, Ser473), the important multi-
functional protein kinase p-GSK3p (Tyr216, Ser9), and
two EMT markers (E-cadherin and N-cadherin), was
investigated. In all cases, it was seen that the expression
of p-Akt (Ser473) and p-GSK-3p (Tyr216) was steady;
however, in samples with high NOK expression, it was
seen that the expression of p-Akt (Thr308), p-GSK-3p
(Ser9),
E-cadherin expression was downregulated (Figure 2A).

and N-cadherin was upregulated and the
As shown in Figure 2B, the NOK expression was posi-
tively correlated with the expression of p-Akt (Thr308)
(P=0.0112, r=0.2974), p-GSK-3B (Ser9) (P=0.0003, r=0.
4135), and N-cadherin (P=0.0002, r=0.4212), but not with
that of p-Akt (Serd73) (P=0.6526, r=0.0029), p-GSK-3p
(Tyr216) (P=0.8547, 1=0.0005), or E-cadherin (P=0.9614,
r=0.0001).
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Figure | Expression of NOK in human NSCLC cancerous tissues (Ca) compared with normal lung tissues (NC). (A) Two paired representative examples (one squamous
cell carcinoma case, left hand; one adenocarcinoma case, right hand) of NOK IHC from one NSCLC patient showing higher NOK expression in the cancerous tissue.
Magnification, x100 (upside); x400 (downside). (B) Protein levels of NOK in 72 pairs of cancerous tissues and adjacent normal tissues according to IHC scores. Paired t-test,

P<0.0001.

NOK Is Co-Located With Akt And
GSK-3B In NSCLC Tissues

In order to assess the spatial location of NOK with
regards to that of Akt and GSK-3f, the HE and immu-
nofluorescence staining of NOK, Akt, and GSK-33 was

performed in cancerous tissue sections from 10 squa-
mous cell carcinoma and 10 adenocarcinoma patients
with high NOK expression. The immunofluorescence
staining showed that NOK was co-located with Akt
and GSK-3f in 16.70+£2.97%

of tumor cells in
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Table | Correlation Between NOK Expression And Clinical Variables Of The NSCLC Cases

Variables Cases (n=72) NOK Expression Percentage P-value (%2 test)
High (n=36) Low (n=36)

Age (years) 0.157
>60 38 22 16 57.89%
<60 34 14 20 41.18%

Gender 0.013
Male 63 28 35 44.44%
Female 9 8 | 88.89%

Smoking History 0.594
Smoker 53 25 28 73.61%
Non-smoker 19 I 8 26.39%

Tumor Location 0.635
Left Lung 32 17 15 53.13%
Right Lung 40 19 21 47.50%

Tumor size (cm) 0.624
>5 46 24 22 52.17%
<5 26 12 14 46.15%

Tumor stage 1.000
TI/T2 12 6 6 50.00%
T3/T4 60 30 30 50.00%

pN stage
NO 33 6 27 18.18%
NI 29 24 82.76% <0.001
N2 10 6 4 60.00% 0.017

Lymphatic metastasis <0.001
No 33 6 27 42.86%
Yes 39 30 9 54.55%

Clinical stage 0.013
Il 26 8 18 30.77%
11l 46 28 18 60.87%

Pathology type 1.000
Squamous carcinoma 50 25 25 50.00%
Adenocarcinoma 22 I 11 50.00%

squamous cell carcinoma cases and 20.53+11.38% of p-Akt (Ser473, Thr308), p-GSK-3B8 (Ser9), snail,

tumor cells in adenocarcinoma cases (Figure 3).

NOK Enhances The Activation Of The
Akt/Gsk3B/N-Cadherin Signaling Pathway

In NSCLC

Two NSCLC cell lines (A549 and SPC-A-1) were
obtained and assessed to further examine the expression
of NOK, p-Akt (Thr308, Ser473), p-GSK3B (Tyr216,
Ser9), E-cadherin, and N-cadherin. In A549 cells, NOK,

E-cadherin, and N-cadherin were expressed at higher
in SPC-A-1
(Figure 4A). There was a significant difference between
the NOK, p-Akt (Thr308), p-GSK-3B (Ser9), snail, and
E-cadherin expression levels in A549 and SPC-A-1 cells
(Figure 4B).

To explore the mechanism underlying the involvement
of NOK in NSCLC, two NSCLC cell lines (A549 and
SPC-A-1) were transfected with NOK-overexpressing len-

levels, compared to the case cells

tiviral constructs. It was found that the expression of p-Akt
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Figure 2 Correlation of NOK expression with malignant proliferation and invasion biomarkers in NSCLC. (A) Upregulated expression of p-Akt (Thr308), p-GSK-3
(Ser9) and N-cadherin compared to cases with low expression of NOK both in squamous cell carcinoma and adenocarcinoma cases with high expression of NOK.
(B) Pearson correlation analysis demonstrates that NOK expression positively correlates with the p-Akt (Thr308), p-GSK-3B (Ser9) and N-cadherin (P<0.05) in
NSCLC tissue.
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Figure 3 Co-localization of NOK and Akt and GSK-3p. (SCC, squamous cell carcinoma; AC, adenocarcinoma). (A) HE staining; Immunofluorescence: NSCLC tissue stained
with anti-Akt antibody/CY3 (red) and anti-GSK-3B/FITC (green) and anti-NOK antibody/CY5 (pink), and DAPI nuclear stain (blue). (B) Statistics analysis of the co-location
of NOK, Akt and GSK-3B. White arrow point to cells with co-localization of NOK & Akt & GSK-3p.

(Thr308), which was critical for Akt activation, increased,
while the expression of p-Akt (Ser4d73), which was a
surrogate marker of Akt activity, decreased. Moreover,
the expression of p-GSK-3f (Ser9), snail, and N-cadherin
increased, and the expression of p-GSK-3f (Tyr216) and
E-cadherin decreased (Figure 4C).

Furthermore, a NSCLC cell line (A549) was trans-
fected with the NOK-knockdown plasmids (NOK-
shRNA). It was found that the expression of p-Akt
(Thr308) and p-Akt (Serd473), p-GSK-3B (Ser9), snail,
and N-cadherin decreased, and the expression of p-GSK-
3B (Tyr216) and E-cadherin increased (Figure 4D).

Discussion

Our own previous studies have demonstrated that the over-
expression of NOK is significantly associated with lym-
phatic metastasis in NSCLC.'> However, the relationship
between NOK and EMT has not yet been elucidated and
fully defined mechanistically. In this study, we verify that
NOK has a tumorigenic activity and may correlate with
tumor metastasis. Further studies have shown that NOK

was co-located with Akt and GSK-3f, and that the over-
expression of NOK can enhance the AKT/GSK3p/N-cad-
herin signaling pathway, which could contribute to EMT in
NSCLC.

A growing body of evidence has indicated that NOK
may be associated with the activation of Akt and inactiva-
tion of GSK3p. Some experimental efforts have shown
that NOK could promote the EMT by activating the
PI3K/Akt signaling pathway in gallbladder carcinoma
and hepatocellular carcinoma.'”'® In breast cancer, NOK
can form a tripartite complex with Akt and GSK3p, and
promote the phosphorylation of GSK3f at Ser9, mediated
by the phosphorylation of Akt at Thr308.>' With the
phosphorylation at Ser9, the enzymatic activity of
GSK3p is inhibited, which results in the upregulation of
snail and downregulation of E-cadherin.’> However, the
roles of NOK in the activation of the PI3K/Akt/GSK3p
pathways in NSCLC is still ambiguous.

According to the immunohistochemical evaluation in
this study, it was seen that there is a significantly positive

correlation between high NOK levels and the expression
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Figure 4 NOK-mediated activation of Akt/GSK-3p pathway in NSCLC cell lines. (A, B) NOK/p-Akt (Thr308; Ser473)/p-GSK-3B (Ser9)/N-cadherin was overexpressed in
A549 cells compared to SPC-A-1 cells. *P<0.05. (C) Protein expression of NOK, p-Akt (Ser473, Thr308), p-GSK3p (Tyr216, Ser9), E-cadherin and N-cadherin by Western
blotting of A549 and SPC-A-1 NSCLC cell lines transfected with STYKI-OE lentivirus and NC lentivirus. (D) Protein expression of NOK, p-Akt (Ser473, Thr308), p-GSK3p
(Tyr216, Ser9), E-cadherin and N-cadherin by Western blotting of A549 NSCLC cell line transfected with two STYKI-shRNAs and one NC shRNA.

of p-Akt (Thr308), p-GSK3p (Ser9), and N-cadherin in
NSCLC tissues, which has, to the best of our knowledge,
not been mentioned in other studies. IHC of TMA was
performed using a computer and with an objective stan-
dard; this made our result more reliable and precise.
Furthermore, slides of the samples with high NOK expres-
sion (n=20) were selected for three-color immunofluores-
cence analysis, to study the potential co-location of NOK,
Akt, and GSK3p. The results revealed that the co-location
of NOK, Akt, and GSK3f was ubiquitous in the NSCLC
tissues.

These results suggest that NOK could interact with Akt
and GSK3p and might promote the activation of Akt and
inactivation of GSK3p in NSCLC, which needs to be
further proved in vitro. However, the antibodies against
Akt and GSK3p that we used for our immunofluorescence
analysis were not phosphorylated antibodies; this may
have a negative impact on our results.

Our further in vitro exprements confirmed that NOK may
contribute to EMT particularly by activating the p-Akt
(Thr308)/p-GSK3p(Ser9)/N-cadherin signaling pathway in
NSCLC. Two NSCLC cell lines with a significant difference
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of NOK expression were chosen to perform further studies.
The differences between the protein levels in these two
normal cell lines also indicate that high levels of NOK may
be positively related with the expression of p-Akt (Thr308),
p-GSK3p (Ser9), and N-cadherin; this is consistent with the
results obtained in case of NSCLC tissues. In case of NOK
overexpression, the expression of p-Akt (Thr308), p-GSK3p
(Ser9), snail, and N-cadherin increased, while the expression
of p-GSK3B (Tyr216) (activated form of GSK3fB) and
E-cadherin decreased; Then, the A549 cell line was chosen
to perform the knockdown studies of NOK. In case of NOK
knockdown, the expression of p-GSK3p (Tyr216) and
E-cadherin increased, while the expression of p-Akt
(Thr308), p-GSK3p (Ser9), snail, and N-cadherin decreased.
The results of NOK-OE and NOK-KD in the cell lines
revealed that NOK may play an important role in EMT
progress of NSCLC via the activation of the p-Akt
(Thr308)/p-GSK3B (Ser9)/N-cadherin signaling pathway.
However, these results were limited, as currently, we cannot
identify the effects of NOK on the EMT phenotype and its
importance in the Akt/GSK3p signaling pathway.

These in vitro results also suggest an ambiguous role of
NOK in the phosphorylation of Akt at Ser473 in NSCLC.
The activation of Akt is regulated by a dual mechanism that
requires its translocation to the plasma membrane and
phosphorylation.*® The phosphorylation at Thr308 is essen-
tial and sufficient for the activation of Akt, but with the
phosphorylation at Ser473, the activation of Akt could be
maximized.*> In the A549 cells, under conditions of NOK
overexpression, the expression of both p-Akt (Thr308) and
p-Akt (Serd73) was upregulated. On the other hand, in SPC-
A-1 cells, under conditions of NOK overexpression, only the
expression of p-Akt (Thr308) was upregulated. These results
reveal that NOK may not increase Akt phosphorylation in a
manner completely identical to that in case of Akt activation
in NSCLC cell lines from different backgrounds; the function
of NOK in breast cancer is thus, different.*!

In summary, our findings revealed that the overexpres-
sion of NOK may promote EMT by activating the AKT/
GSK3p/N-cadherin pathway in NSCLC. Conversely, the
knockdown of NOK may inhibit EMT by suppressing the
AKT/GSK3p/N-cadherin pathway in NSCLC. The above
results indicate that the mechanism whereby NOK mod-
ulates the Akt/GSK3B/N-cadherin pathway could be uti-
lized as a target for investigating EMT in NSCLC. In the
near future, we plan to investigate the function of NOK in

EMT in more specific and comprehensive ways and

further elucidate the relationship between NOK and the
Akt/GSK3p signaling pathway.
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