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STYK1 promotes tumor growth and
metastasis by reducing SPINT2/HAI-2
expression in non-small cell lung cancer
Zhiqiang Ma1, Dong Liu2, Weimiao Li3, Shouyin Di1, Zhipei Zhang1, Jiao Zhang1, Liqun Xu4, Kai Guo1, Yifang Zhu1,
Jing Han5, Xiaofei Li1 and Xiaolong Yan1

Abstract
Non-small cell lung cancer (NSCLC) is the leading cause of cancer deaths worldwide. However, the molecular mechanisms
underlying NSCLC progression remains not fully understood. In this study, 347 patients with complete clinicopathologic
characteristics who underwent NSCLC surgery were recruited for the investigation. We verified that elevated serine
threonine tyrosine kinase 1 (STYK1) or decreased serine peptidase inhibitor Kunitz type 2 (SPINT2/HAI-2) expression
significantly correlated with poor prognosis, tumor invasion, and metastasis of NSCLC patients. STYK1 overexpression
promoted NSCLC cells proliferation, migration, and invasion. STYK1 also induced epithelial–mesenchymal transition by
E-cadherin downregulation and Snail upregulation. Moreover, RNA-seq, quantitative polymerase chain reaction (qRT-PCR),
and western blot analyses confirmed that STYK1 overexpression significantly decreased the SPINT2 level in NSCLC cells, and
SPINT2 overexpression obviously reversed STYK1-mediated NSCLC progression both in vitro and in vivo. Further survival
analyses showed that NSCLC patients with high STYK1 level and low SPINT2 level had the worst prognosis and survival.
These results indicated that STYK1 facilitated NSCLC progression via reducing SPINT2 expression. Therefore, targeting STYK1
and SPINT2 may be a novel therapeutic strategy for NSCLC.

Introduction
Serine threonine tyrosine kinase 1 (STYK1), also

known as NOK, was identified as a new member of the
receptor protein tyrosine kinase (RPTK)-like protein
family1. STYK1 shares 20–30% amino acids identity
with the FGF/PDGF receptors, thus STYK1 belongs to a
distinct member of these subfamily1. Like other RPTKs’
actions on promoting cancer progression2, STYK1 had
been reported to promote cell proliferation of BaF3 cells

and also induce rapid tumorigenesis and severe distant
metastasis in nude mice1. Elevated STYK1 expression
has been found in a wide range of cancers, including
prostate cancer3, breast cancer4, liver cancer5, colorectal
cancer6, acute leukemia7, and ovarian cancer8. Our
previous study indicated that elevated STYK1 expres-
sion correlated with poor prognosis of non-small cell
lung cancer (NSCLC) through using IHC analysis on
191 NSCLC patients9. However, whether STYK1 over-
expression could promote NSCLC progression and the
detailed mechanisms remain unclear.
Serine peptidase inhibitor Kunitz type 2 (SPINT2), also

known as hepatocyte growth factor activator inhibitor 2
(HAI-2), is defined as a potent inhibitor of several serine
proteases10–12. Numerous studies suggested SPINT2
acted as a tumor suppressor13, and inhibited cancer cell
proliferation, metastasis, and invasion10,11,14. SPINT2
transcript is detectable in a variety of human tissues
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including lung11. Decreased SPINT2 expression has been
found in several human cancers, such as liver cancer15,
breast cancer16, prostate cancer17, ovarian cancer18, and
cervical cancer19. Moreover, decreased SPINT2 level was
also correlated with poor overall survival in these can-
cers16–19. However, the SPINT2 expression and its role in
lung cancer are still unknown.
In the current study, we constructed the STYK1 over-

expression (OE) NSCLC cell lines to investigate the
actions of STYK1 on NSCLC progression both in vitro
and in vivo. Our RNA-seq results showed the strong
negative correlation between STYK1 and SPINT2
expression. Then we investigated whether SPINT2
involves in STYK1-mediated tumor progression. Fur-
thermore, we assessed the expression of STYK1 and
SPINT2 in 347 paired human NSCLC tissues and their
correlation with clinicopathologic features and survival.
We also analyzed whether the combined expressions of
STYK1 and SPINT2 could serve as predictive markers for
prognosis of NSCLC patients.

Materials and methods
Cell culture and lentivirus infection
Human NSCLC cell lines (H1299, Calu-1, SK-LU-1,

H838, H322, A549, H157, SW-900 cells) and HEK-293T
were obtained from the American Type Culture Collec-
tion (ATCC, VA, USA), and cultured in Dulbecco’s
Modified Eagle Medium (DMEM) (Gibco, NY, USA),
supplemented with 10% fetal bovine serum (FBS, Gibco),
penicillin–streptomycin solution (100 units/ml) (Solarbio,
Beijing, China). The STYK1, SPINT2, and empty vector
lentiviruses were obtained from Genechem (Shanghai,
China). Lentiviral infection in the H1299, Calu-1, and SK-
LU-1 cells was conducted according to the protocol of the
Genechem Recombinant Lentivirus Operation Manual
provided by Genechem Corporation.

NSCLC patient samples, tissue microarray, and
immunohistochemistry (IHC)
Three-hundred and forty-seven NSCLC patients who

underwent lung surgery at the Tangdu Hospital between
May 2009 and January 2014 were included in this ret-
rospective study under the approval of the ethics com-
mittee of the Fourth Military Medical University, and all
the patients gave written informed consent on the use of
clinical specimens for medical research. None of the
patients had received preoperative chemotherapy or
radiotherapy, and the complete follow-up was updated
until death or January 2019, whichever came first. We
randomly selected 24 pairs of frozen NSCLC tissues and
corresponding adjacent noncancerous tissues for further
western blot analysis. The 347 pairs of formalin-fixed
NSCLC tissues and corresponding adjacent non-
cancerous tissues were made into paraffin-embedded

tissue microarray. IHC staining was performed on tissue
microarray sections using the primary antibodies of
anti-STYK1 (1:50, ab97451, abcam) and anti-SPINT2
(1:200, HPA011101, Sigma), and the standard protocols
were followed as previously described9. The scoring of
the immunostaining degree was as 0 (negative), 1
(weak), 2 (moderate), and 3 (strong). Proportion of
positive staining cells were scored as 0 (< 5%), 1
(6%–25%), 2 (26%–50%), 3 (51%–75%), and 4 (> 75%).
These two scores were multiplied to produce total score.
The NSCLC samples with low and high levels of STYK1
or SPINT2 expression were stratified by their respective
average score.

Analysis of cell viability
After cells seeded in 96-well plate, the cell viability was

determined by the CCK-8 kit according to the manu-
facturer’s instructions (7Sea, Shanghai, China). Optical
density (OD) values were obtained at 450 nm by the
microplate reader (SpectraMax 190, Molecular
Device, USA).

Colony formation assay
Eight-hundred cells were seeded and cultured in the six-

well plate for 12 days. Then, colonies were fixed with
formalin and stained with 0.1% crystal violet (Solarbio,
Beijing, China). After the plates were photographed, the
colonies were solubilized by 30% acetic acid, and the
absorbance was read at a wavelength of 540 nm according
to previously described20.

Transwell cell migration and invasion assay
For detecting the abilities of cell migration or invasion

by transwell insert chambers, cells were seeded on the
upper chamber with an uncoated or Matrigel-coated
membrane (BD Biosciences). The upper chamber was
filled with 300 μl DMEM medium without FBS, and the
lower chamber was filled with 1000 μl DMEM containing
10% FBS. After 24 h, the migrated or invaded cells were
fixed by formalin, stained by 0.1% crystal violet, photo-
graphed, and counted.

Wound healing assay
Cells were seeded in the six-well plate in DMEM con-

taining 10% FBS. Scratch was made by a 200 μl pipette tip
after cells were grown to 90% confluence. After 24 h, the
gaps between the wound edges were monitored and
photographed under the microscope.

RNA-seq and pathway enrichment analysis
Total RNA was extracted from NC and STYK1 OE

groups of H1299 cells using TRIzol reagent (Invitrogen),
and each group was prepared with three parallel
replicates. Later, all the samples were sent to BGI
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Corporation (Shenzhen, China) for further RNA-seq
detection and analysis via BGISEQ-500 sequencer. The
pathway analysis for differentially expressed genes
(DEGs) was performed based on the KEGG database.
The data were analyzed on the Dr. Tom network plat-
form of BGI (http://report.bgi.com).

Real-time quantitative polymerase chain reaction (qRT-
PCR)
The total RNA of NSCLC cells was extracted using

TRIzol reagent, complementary DNA was generated using
a Prime Script RT Master Mix. The primer sequences
involved in qRT-PCR are as follows: SPINT2, forward
AAGAATACTGCACCGCCAAC, reverse TTCTTCAC-
CAGCTGCTCCTT; GAPDH, forward TGACTTCAA-
CAGCGACACCCA, reverse CACCCTGTTGCTGTAG
CCAAA. Later, qRT-PCR was conducted via the SYBR
Premix Ex Taq II (TaKaRa, Dalian, China) to detect the
targeted mRNAs levels. The GAPDH was set as the
internal control.

In vivo tumor xenograft assays
Male athymic nude mice were obtained from the

Laboratory Animal Center of the Fourth Military Medical
University. Different groups of 7 × 106 H1299 cells were
separately subcutaneously inoculated into the right flank
of the nude mice for in vivo xenograft assay. The body
weight and tumor size of each mouse were measured
every 3 days for 21 days. Then tumors were excised from
the sacrificed mice for additional analysis. The estimated
tumor volume was calculated using the formula: volume
= 0.5 × length × width2. All experimental procedures were
approved by the Animal Ethics Committee of the Fourth
Military Medical University, and in accordance with the
ARRIVE (Animal Research: Reporting In Vivo Experi-
ments) guidelines.

Western blot and immunoprecipitation
Western blot procedures were presented as previously

described21. As for immunoprecipitation, 500 μg lysates
were incubated with the 3 μg anti-Flag agarose beads (A-
2220, sigma) or the 3 μg anti-HA agarose beads (A-2095,
sigma) at 4 °C for 4 h on a rotating incubator. Then
immunocomplexes were washed four times with NETN
buffer before being diluted with the loading buffer. The
anti-STYK1 (1:1000, ab97451, abcam), anti-SPINT2
(1:1000, ab128926, abcam), anti-E-cadherin (1:1000,
#14472, CST), anti-Snail (1:1000, #3879, CST), anti-
β-actin (1:5000, ab6276, abcam), anti-tubulin (1:1000,
#2148, CST), anti-Flag (1:2000, F-7425, sigma), anti-HA
(1:1000, sc-805, santa cruz) were used as the primary
antibodies. The 1:5000 dilution of the HRP-linked anti-
IgG was used as the secondary antibody (Zhongshan
Company, Beijing, China).

5-Ethynyl-2′-deoxyuridine (EdU) incorporation assay
Newly synthesized DNA in NSCLC cells was detected

by the EdU fluorescence staining (C10638, Invitrogen)
according to the manufacturer’s directions. Cells were
visualized by the Olympus FV1000 confocal microscope
(Olympus, Japan). The percentage of EdU-positive cells
was shown as the ratio between the number of EdU-
stained cells (red) and the total number of Hoechst 33342-
stained cells (blue) counted × 100%.

TUNEL assay
TUNEL in situ cell death detection kit (Beyotime,

Shanghai, China) was used for detecting cellular apoptosis
according to the manufacturer’s directions. Images were
obtained by the confocal microscope (Olympus, Japan).
The apoptotic index was calculated as the ratio between
the number of TUNEL-stained nucleus (red) and the
number of DAPI-stained nucleus (blue) counted × 100%.

Statistical analyses
SPSS 23.0 (SPSS Inc., Chicago, USA) software was used

to analyze the data. The χ2-test or Fisher’s exact test was
used to assess the relationships between STYK1/SPINT2
expression and clinicopathological parameters of the
NSCLC patients. Kaplan–Meier plots were used for
overall survival rates, then compared with the logrank
test. Univariate or multivariate survival analysis was car-
ried out using the Cox proportional hazards model.
Between two groups comparison were performed by
Student’s t-test. Data are presented as the means ± SEM.
Statistical significance was set at P < 0.05.

Results
Elevated expression of STYK1 in cancer tissues correlates
with poor prognosis of NSCLC patients
To investigate the expression of STYK1 in NSCLC, we

first performed data-mining to analyze the gene expres-
sion profiles of STYK1 between cancer and normal tis-
sues. Oncomine database (www.oncomine.org) showed
that, the STYK1 mRNA levels were much higher in all the
NSCLC subtypes (LCC, LUAD and LUSC) compared with
the normal lung tissues (Fig. 1a). We next analyzed 994
NSCLC cases via Kaplan–Meier analysis in The Human
Protein Atlas (the RNA-seq data based on The Cancer
Genome Atlas, www.proteinatlas.org), and we found high
STYK1 expression was related to poor prognosis (Fig. 1b).
Interestingly, the Kaplan–Meier plotter database (http://
kmplot.com) analysis also showed the positive correlation
between high STYK1 expression and poor prognosis of
NSCLC patients (HR= 1.44, Logrank P= 0.034, Fig. 1c).
We then measured the STYK1 expression in the initial

cohort of 24 paired NSCLC and adjacent noncancerous
tissues by western blot, and we found the STYK1 protein
expression was significantly higher in tumor (T) than that
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Fig. 1 (See legend on next page.)

Ma et al. Cell Death and Disease          (2019) 10:435 Page 4 of 14

Official journal of the Cell Death Differentiation Association



in normal (N) tissues (Fig. 1d). To further confirm the
STYK1 expression in NSCLC, the STYK1 protein level
was detected by immunohistochemical analysis in tissue
microarray containing 347 paired tumor-normal tissues
(Fig. 1e). In all, 74.45% (258/347) NSCLC sections were
classified as STYK1 positive while 47.84% (166/347) cor-
responding adjacent noncancerous tissue sections were
classified as STYK1 positive. The STYK1 expression in
NSCLC was significantly higher than that in the adjacent
noncancerous samples (Fig. 1f). Moreover, NSCLC
patients with deep tumor invasion (T3/T4) and high
AJCC 8th stage (stages III/IV) had higher expression of
STYK1 than these with superficial tumor invasion (T1/
T2) and low AJCC 8th stage (stages I/II) (P < 0.001, Fig.
1f). The elevated STYK1 expression was positively cor-
related to tumor size, tumor invasion, distant metastasis,
differentiation, and AJCC 8th stage (Table 1).
Our Kaplan–Meier analysis results showed that NSCLC

patients with high STYK1 expression were associated with
worse overall survival (Logrank P < 0.001, Fig. 1g). Like-
wise, we got the similar conclusion of Kaplan–Meier
analyses when the patients were divided into LUAD and
LUSC groups (Fig. 1h). The 3- and 5-year cumulative
survival rates (27.3% and 16.9%, respectively) for NSCLC
patient with high STYK1 expression were much lower
than these (58.5% and 36.8%, respectively) with low
STYK1 expression (Table 2). After multivariate Cox sur-
vival analysis, STYK1 was found to be an independent
prognostic factor for NSCLC patients (HR= 1.617, 95%
CI: 1.254–2.084, P < 0.001, Table 3).

STYK1 overexpression promotes NSCLC progression
To study the role of STYK1 on NSCLC progression, we

tested the STYK1 expression in multiple NSCLC cell lines
(supplementary Fig. S1A), then we established the stable
H1299 and Calu-1 STYK1 overexpression cell lines
through using the STYK1 lentivirus. Compared with NC,
STYK1 overexpression significantly increased the cell
viability determined by CCK-8 analysis in both H1299 and
Calu-1 cells (P < 0.05, Fig. 2a). We also used the EdU
incorporation assay to analyze the role of STYK1 on
proliferation, and we found STYK1 overexpression
remarkably increased the EdU-positive cells compared
with the NC group (P < 0.05, Fig. 2b). Moreover, this
promoting effect was further validated by the enhanced

colony formation ability in both cell lines with STYK1 OE
compared with NC (P < 0.05, Fig. 2c). Interestingly,
TUNEL assay showed that STYK1 overexpression had no
effect on the basal apoptotic rate of NSCLC cells under
normal cell culture (vs. NC group, P > 0.05, supplemen-
tary Fig. S1B). To further verify the action of STYK1
overexpression on promoting NSCLC cell proliferation,
we then established H1299 cell xenograft in athymic nude
mice and measured their tumor volumes. Consistent with
the in vitro outcomes, we found that the mean volume of
tumors of STYK1 OE group was 1.84-fold larger than that
of NC group (Fig. 2d).
Moreover, the migratory and invasive potentials were

also enhanced by STYK1 overexpression in both H1299
and Calu-1 cells. These actions were multi-validated by
transwell migration and invasion assays, and the wound
healing assay (Fig. 3a, b). To further detect the role of
STYK1 on NSCLC cell lines from the primary sites, we
then overexpressed the STYK1 in SK-LU-1 cells and
found STYK1 overexpression also enhanced the migra-
tory and invasive abilities in SK-LU-1 cells (supplemen-
tary Fig. S2A). Interestingly, after the NSCLC cells
infected with STYK1 lentivirus, we observed spindle
shape change in NSCLC cells, and the cells lost cell–cell
contact and were scattered in some cell colonies (Fig. 3c).
These phenomena suggested that the STYK1 over-
expression promoted the NSCLC cells’
epithelial–mesenchymal transition (EMT) potential,
which plays important roles on cancer metastasis. We
then measured the EMT biomarkers E-cadherin and Snail
expression by western blot, and we found STYK1 over-
expression significantly decreased anti-EMT E-cadherin
expression and increased pro-EMT Snail levels both
in vitro and in vivo (Fig. 3d, e).

SPINT2 is the downstream target of STYK1 in NSCLC
To further explore the underlying molecular mechan-

isms of STYK1 overexpression on promoting NSCLC
progression, the RNA-seq based transcriptome analysis to
be used as estimate the transcriptome changes in H1299
cells among the NC and STYK1 OE groups. There were
20 genes upregulated and 114 genes downregulated in the
STYK1 OE group compared with the NC group (Fig. 4a,
b). KEGG pathway analysis showed that these genes were
related to cellular motility, growth and death, etc. Among

(see figure on previous page)
Fig. 1 High STYK1 expression in cancer tissues was correlated with poor NSCLC prognosis. a The STYK1 mRNA levels of NSCLC compared with
the normal lung sample in Hou lung Oncomine statistics. b Kaplan–Meier survival analysis about high/low STYK1 expression on 994 NSCLC patients
based on The Human Protein Atlas (original RNA-seq data from TCGA), c on 309 NSCLC patients based on Kaplan–Meier plotter database. d Western
blot analysis of STYK1 expression in tumor (T) and paired adjacent normal (N) tissues from 24 NSCLC patients. e Representative IHC images for STYK1
expression in NSCLC (LUAD and LUSC) and adjacent noncancerous tissues. Scale bar, 200 μm and 20 μm (inset), respectively. f Statistical analysis of
STYK1 expression in 347 NSCLC patients through IHC staining. g Kaplan–Meier survival analysis about high/low STYK1 expression on 347 NSCLC
patients and h 135 LUAD/212 LUSC patients based on our microarray tissue IHC results
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these genes, we focused on SPINT2, whose expression was
strongly downregulated by STYK1 overexpression (Fig.
4c, d). Previous studies suggested SPINT2 acts as an
anticancer molecular and inhibits cancer development

and progression11,22. Decrease of SPINT2 mRNA level
was further validated by qRT-PCR analysis in the STYK1
OE group compared with NC group in both H1299 and
Calu-1 cells (P < 0.05, Fig. 4e). Moreover, western blot
analysis also revealed that SPINT2 protein level was sig-
nificantly downregulated in the STYK1 OE NSCLC cells
(Fig. 4f).

SPINT2 involves in STYK1-mediated NSCLC progression
To confirm the involvement of SPINT2 in the STYK1-

mediated NSCLC progression, we examined the actions of
SPINT2 upregulation by infecting SPINT2 lentivirus on
the H1299 and Calu-1 cells overexpressing STYK1. The
expression of SPINT2 was verified by western blot, and
SPINT2 overexpression had no effect on STYK1 levels
(Fig. 5c). Moreover, the immunoprecipitation results
suggested that STYK1 did not bind to SPINT2 at the
protein level in both HEK-293T and H1299 cells with
upregulated STYK1 and SPINT2 expression (Supple-
mentary Fig. S2B, C). After detecting the cell viability and
using the colony formation assay, we found SPINT2
overexpression partially inhibited the enhanced pro-
liferative ability in both H1299 and Calu-1 cells over-
expressing STYK1 (Fig. 5a, b). Furthermore, the in vivo
study showed that SPINT2 overexpression significantly
decreased the mean volume of tumors in the H1299-
STYK1 OE xenograft group (Fig. 5e, f). Previous studies
reported that STYK1 promotes Akt phosphorylation in
cancer cells23,24, and we also found STYK1 overexpression
could increase the p-Akt levels in NSCLC cells (Supple-
mentary Fig. S2D). Interestingly, SPINT2 overexpression
markedly reversed STYK1 OE-induced Akt phosphor-
ylation in NSCLC cells (Supplementary Fig. S2D). More-
over, the STYK1-enhanced migratory and invasive
abilities were weakened by SPINT2 overexpression
through analyzing the transwell migration and invasion
assays (Fig. 5d). SPINT2 overexpression also reversed the
STYK1 OE-induced EMT marker’s changes by increasing
E-cadherin and decreasing Snail levels both in vitro and
in vivo (Fig. 5c–g). Therefore, the above results indicated
that STYK1-mediated NSCLC progression can be
reversed by SPINT2 upregulation.

Correlation of STYK1 and SPINT2 expression with NSCLC
prognosis
After verifying the relation between STYK1 and its

downstream target SPINT2, we further detected the
SPINT2 expression by IHC tissue array analysis contain-
ing 347 paired tumor-normal samples (Fig. 6a). The
SPINT2 expression in NSCLC was much lower than that
in the adjacent noncancerous samples (P < 0.001, Fig. 6b).
Moreover, NSCLC patients with deep tumor invasion
(T3/T4) and high AJCC 8th stage (stages III/IV) had
significantly lower expression of SPINT2 than these with

Table 1 Association of STYK1 and SPINT2 expression
with clinicopathological parameters of patients
with NSCLC

Category n STYK1

expression

P-value SPINT2

expression

P-value

Low High Low High

Age 0.41 0.806

<60 155 90 65 86 69

≥ 60 192 103 89 104 88

Gender 0.478 0.196

Male 278 152 126 157 121

Female 69 41 28 33 36

Tumor location 0.736 0.948

Left lung 143 78 65 78 65

Right lung 204 115 89 112 92

Tumor size 0.01 0.037

<5 cm 125 81 44 60 65

≥ 5 cm 222 112 110 130 92

Tumor invasion <0.001 0.012

T1 6 2 4 2 4

T2 131 92 39 61 70

T3 130 71 59 72 58

T4 80 28 52 55 25

Lymphatic invasion 0.645 0.232

N0 158 90 68 81 77

N1–N3 189 103 86 109 80

Distant metastasis 0.011 0.002

No 337 191 145 179 157

Yes 11 2 9 11 0

Differentiation 0.003 <0.001

Well and

moderate

238 145 93 110 128

Poorly and not 109 48 61 80 29

AJCC 8th stage <0.001 <0.001

I 49 28 21 17 32

II 104 75 29 48 56

III 183 88 95 114 69

IV 11 2 9 11 0

Ma et al. Cell Death and Disease          (2019) 10:435 Page 6 of 14

Official journal of the Cell Death Differentiation Association



superficial tumor invasion (T1/T2) and low AJCC 8th
stage (stages I/II) (Fig. 6b). The high SPINT2 expression
was negatively correlated to tumor invasion, distant
metastasis, differentiation, and AJCC 8th stage (Table 1).
Furthermore, Kaplan–Meier survival curves indicated that

NSCLC patients with high SPINT2 expression were
associated with better prognosis (Fig. 6c); similar out-
comes were also found in the stratified LUAD and LUSC
subgroups (Fig. 6d). The 3- and 5-year cumulative survival
rates (63.1% and 45.2%, respectively) for NSCLC with high

Table 2 Univariate analysis of the correlation between clinicopathological variables and survival of patients with NSCLC

Variables Cumulative survival

rates (%)

Mean survival time (mo) Univariate analysis

3-Years 5-Years HR 95% CI P-value

Age 1.167 0.918–1.483 0.206

<60 50.3 29 40.75

≥ 60 40.1 27.1 30.38

Gender 1.078 0.798–1.456 0.626

Male 44.6 27.3 37.54

Female 44.9 30.4 38.75

Tumor location 0.886 0.696–1.127 0.323

Left lung 44.1 26.6 35.5

Right lung 45.1 28.9 39.37

Tumor size 1.606 1.245–2.073 <0.001

<5 cm 58.4 36 45.87

≥ 5 cm 36.9 23.4 33.22

Tumor invasion 2.051 1.591–2.644 <0.001

I–II 64.2 41.6 49.31

III–IV 31.9 19 30.26

Lymphatic invasion 1.761 1.378–2.251 <0.001

N0 57 38.6 46.77

N1–N3 34.4 19 30.26

Distant metastasis 2.386 1.302–4.373 0.005

No 45.5 28.9 38.42

Yes 18.2 0 18.27

Differentiation 5.219 3.977–6.849 <0.001

Well and moderate 60.1 40.3 48.85

Poorly and not 11 0.9 13.61

AJCC 8th stage 2.965 2.297–3.826 <0.001

I–II 69.9 47.7 54.4

III–IV 24.7 12.4 24.64

STYK1 expression 1.799 1.415–2.288 <0.001

Low 58.5 36.8 46.1

High 27.3 16.9 27.34

SPINT2 expression 0.429 0.334–0.551 <0.001

Low 29.5 13.7 27.77

High 63.1 45.2 49.89
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SPINT2 expression were much higher than NSCLC
(29.5% and 13.7%, respectively) with low SPINT2
expression (Table 2). Moreover, the multivariate Cox
survival analysis indicated that SPINT2 expression was
positively correlated with NSCLC overall survival (HR=
0.569, 95% CI: 0.433–0.748, P < 0.001, Table 3).
Next, we set out to detect whether prediction of NSCLC

prognosis was more accurate according to combined
STYK1 and SPINT2 expression than themselves alone.

Patients were divided into four groups: low STYK1/high
SPINT2, low STYK1/low SPINT2, high STYK1/high
SPINT2, and high STYK1/low SPINT2 groups. After
analyzing the total NSCLC group and the stratified LUAD
and LUSC groups, Kaplan–Meier survival curves indi-
cated that patients with low STYK1/high SPINT2 had the
best prognosis, and patients with high STYK1/low
SPINT2 had the worst prognosis (Fig. 6e–g). In both high
and low STYK1 level subgroups, patients with high

Fig. 2 STYK1 overexpression facilitated NSCLC cells proliferation. a The growth curves of H1299 and Calu-1 cells. Cell viabilities were detected
by CCK-8 assay and expressed as OD values. b Representative images and results of EdU incorporation assay. The result was calculated as the ratio
between the number of EdU-stained cells (red fluorescence) and the total number of Hoechst 33342-stained cells (blue fluorescence). c The
representative images and results of colony formation assay. The stained colonies were solubilized with 30% acetic acid; the absorbances were read
at 540 nm and normalized to the NC group. d Photographs showing tumor xenograft morphologies in each group, changes in body weight of nude
mice, and tumor growth curve drawn from the tumor volumes after subcutaneously injection of NC or STYK1 OE H1299 cells, respectively. *P < 0.05
vs. the NC group

Table 3 Multivariate analysis of the correlation between clinicopathological variables of patients with NSCLC

Variables Categories Multivariate analysis

Standard error HR 95% CI P-value

Differentiation Well and moderate/poorly and not 0.148 3.684 2.758–4.921 <0.001

AJCC 8th stages I–II/III–IV 0.19 2.147 1.478–3.118 <0.001

STYK1 expression Low/high 0.13 1.617 1.254–2.084 <0.001

SPINT2 expression Low/high 0.14 0.569 0.433–0.748 <0.001
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SPITN2 level showed better prognosis than the low one
(Fig. 6e–g). Interestingly, in the NSCLC group and the
LUAD subgroup, there was no statistically difference of
patients’ survival between the low STYK1/low SPINT2
group with high STYK1/high SPINT2 group (P > 0.05, Fig.
6e, f); whereas LUSC with high STYK1/high
SPINT2 showed better prognosis than LUSC with low
STYK1/low SPINT2 (P= 0.007, Fig. 6g).

Discussion
NSCLC accounts for the most cases of lung cancer,

which is the leading cause of cancer deaths worldwide25–27.
There is an urgent need to further understand the mole-
cular mechanisms of NSCLC progression and identify new

prognostic markers and therapeutic targets28–31. In this
study, our databases-mining results indicated that STYK1
mRNA levels were much higher in the NSCLC compared
with the normal lung tissues, and high STYK1 expression
was related to poor NSCLC prognosis. Furthermore, the
above outcomes were confirmed by our IHC analysis
results based on tissue microarray containing 347 paired
tumor-normal NSCLC samples. In addition, multivariate
Cox survival analysis indicated STYK1 was an independent
prognostic factor for NSCLC patients. Chen et al.9 indi-
cated that elevated STYK1 expression was a predictor of
poor prognosis in LUSC but not in LUAD patients. They
discussed that these outcomes still warrant further vali-
dation due to fewer investigated cases. Interestingly, our

Fig. 3 STYK1 overexpression facilitated NSCLC cells metastasis and invasion. a Representative images and results of transwell migration and
invasion assay. b Representative wound healing images of each cells were shown, and the migratory ability is expressed as the mean distance
between the two sides of the scratch. The initial scratched distance (at 0 h) was set as 100%. c STYK1 induces the mesenchymal morphology changes
in H1299 and Calu-1 cells: spindle shape and loss of cell–cell contact. d, e Representative western blot results of STYK1, E-cadherin, Snail in d H1299
and Calu-1 cells and in e H1299 xenograft tumor tissues were shown. Membranes were re-probed for β-actin or Tubulin expression to show that
similar amounts of protein were loaded in each lane. *P < 0.05 vs. the NC group
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results based on larger cohort cases suggested that high
STYK1 level was related to worse survival of both LUSC
and LUAD patients.
Several studies reported that STYK1 overexpression

could promote cancer cell proliferation1,5,8, but the action
of STYK1 on NSCLC cell proliferation has not been
previously verified. In this study, we found the pro-
liferative ability (cell viability and colony formation) was
significantly enhanced by STYK1 overexpression in
NSCLC cells. Consistently, the IHC analysis results indi-
cated that elevated STYK1 expression was positively
correlated to NSCLC tumor size and tumor invasion.
Additionally, the promotion of tumor growth by STYK1
was further confirmed in subcutaneous xenograft tumor
nude mice model.
EMT is viewed as a critical intermediate step in

tumorigenesis and plays critical role in cancer metas-
tasis24,32,33. STYK1 has been previously reported as a
potent EMT inducer and promotes several cancer

metastasis such as liver cancer5, cervical cancer24, and
gallbladder cancer34. After overexpressing STYK1 in
NSCLC cells, we observed EMT-related spindle shape
change in H1299 and Calu-1 cells, and the cells lost
cell–cell contact and were scattered in some cell colonies.
Later, western blot analysis suggested that STYK1 over-
expression significantly decreased anti-EMT E-cadherin
expression and increased pro-EMT Snail levels both
in vitro and in vivo. These results indicated EMT may be
induced by STYK1 overexpression in NSCLC cells. Our
IHC analysis results found that the elevated STYK1
expression was positively correlated to distant metastasis,
differentiation, and AJCC 8th stage. Moreover, we also
found the migratory and invasive potentials of
NSCLC cells were significantly enhanced by STYK1
overexpression.
SPINT2 gene is a putative tumor suppressor, and

encodes a transmembrane protein with two extracellular
Kunitz domains that inhibits a variety of serine proteases,

Fig. 4 SPINT2 level was significantly downregulated by STYK1 overexpression both in vivo and in vitro. a KEGG pathway analysis based on
the RNA-seq results for NC vs. STYK1 OE in H1299 cells. P-value was corrected by FDR, and the FDR < 0.01 was considered to be significantly enriched.
b Representative Scatter Plot of 134 significant genes (20 upregulated genes marked in red and 114 downregulated genes marked in blue) for NC vs.
STYK1 OE. c Representative heatmap of gene expression levels. d Representative FPKM value of SPINT2 in three replicates of the NC and STYK1 OE
groups. e mRNA levels of SPINT2 measured by qRT-PCR were shown. f Representative western blot result of SPINT2 levels. Membranes were re-
probed for β-actin expression to show that similar amounts of protein were loaded in each lane. *P < 0.05 vs. the NC group
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Fig. 5 SPINT2 was essential for STYK1-mediated NSCLC cell proliferation, migration, and invasion. a The growth curves of H1299 and Calu-1
cells. Cell viabilities were detected by CCK-8 assay and expressed as OD values. b The representative results of colony formation assay. Stained
colonies were solubilized with 30% acetic acid; the absorbances were read at 540 nm and normalized to the Vector1 group. c Representative western
blot results of STYK1, SPINT2, E-cadherin, Snail were shown. Membranes were re-probed for β-actin expression to show that similar amounts of
protein were loaded in each lane. d Representative images and results of transwell migration and invasion assay. e Photographs showing tumor
xenograft morphologies in each group, f changes in body weight of nude mice, and tumor growth curve drawn from the tumor volumes after
subcutaneously injection of STYK1 OE+ Vector2 and STYK1 OE+ SPINT2 OE H1299 cells, respectively. g Representative western blot results of STYK1,
SPITN2, E-cadherin, Snail were shown. Membranes were re-probed for Tubulin expression to show that similar amounts of protein were loaded in
each lane. *P < 0.05 vs. the Vector1 group, #P < 0.05 vs. the STYK1 OE+ Vector2 group
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such as hepatocyte growth factor activator, trypsin, plas-
min, kallikreins, and hepsin35. SPINT2 protein level has
been proposed as a marker of favorable prognosis by its
suppressive actions on cancer cell growth, EMT, metas-
tasis, and invasion10,14. SPITN2 transcript is detectable in
a variety of human tissues including lung11. Our RNA-seq
results indicated the SPINT2 gene expression was sig-
nificantly decreased in the H1299 cells overexpressing
STYK1. This result was further validated by our qRT-PCR
and western blot analyses both in H1299 and Calu-1 cells.
Interestingly, SPINT2 overexpression had no effect on

STYK1 levels, and SPINT2 overexpression significantly
reversed the STYK1-enhanced proliferative, migratory,
and invasive abilities both in vitro and in vivo. Moreover,
the expression of EMT markers (E-cadherin and Snail)
were also revered after SPINT2 upregulation in NSCLC
cell overexpressing STYK1. Akt is one of the most fre-
quently activated molecules in human cancers36–39.
Consistent with previous studies23,24, we found STYK1
overexpression could increase the Akt phosphorylation in
NSCLC cells. SPINT2 upregulation was reported to
decrease p-Akt levels in melanoma cells11,40. Interestingly,

Fig. 6 Correlation between STYK1 and SPINT2 expression in NSCLC tissue samples. a Representative IHC images for SPINT2 expression in
NSCLC (LUAD and LUSC) and adjacent noncancerous tissues. Scale bar, 200 μm and 20 μm (inset), respectively. b Kaplan–Meier survival analysis about
high/low SPINT2 expression on 347 NSCLC patients and d 135 LUAD/212 LUSC patients based on our microarray tissue IHC results. c Statistical
analysis of SPINT2 expression in 347 NSCLC patients through IHC staining. e Kaplan–Meier analysis of the association between overall survival and the
expression of STYK1 and SPINT2 on 347 NSCLC patients, f 135 LUAD patients, and g 212 LUSC patients based on our microarray tissue IHC results.
h Schematic diagram about the decrease of SPINT2 involving in the elevated STYK1-mediated NSCLC progression
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we found SPINT2 overexpression markedly reversed
STYK1 OE-induced Akt phosphorylation in NSCLC cells.
The above results indicated that SPINT2 was the down-
stream target of SYTK1 and involved in STYK1-mediated
NSCLC progression.
To our best of knowledge, SPINT2 has not been

reported as an independent prognostic factor in NSCLC.
In current study, we also detected the SPINT2 expression
by IHC tissue array analysis. We found the SPINT2
expression in NSCLC was much lower than that in the
adjacent noncancerous samples. Decreased SPINT2
expression was positively correlated to tumor invasion,
distant metastasis, differentiation, and AJCC 8th stage.
Moreover, we found low SPINT2 expression strongly
correlated with worse overall survival in NSCLC, LUAD,
and LUSC patients. These patients with low SPINT2
expression had a significantly shorter overall survival time
than those with high expression. When combining STYK1
and SPINT2 expression for further analyses,
Kaplan–Meier survival curves showed that patients with
high STYK1/low SPINT2 had the worst prognosis in
NSCLC, LUAD and LUSC. This result also suggested that
elevated STYK1 and decreased SPINT2 promoted NSCLC
progression. Interestingly, LUAD with low STYK1/low
SPINT2 showed no statistically difference of patients’
survival compared with high STYK1/high SPINT2 group;
whereas LUSC with high STYK1/high SPINT2 showed
better prognosis than LUSC with low STYK1/low
SPINT2. These results indicated that the expression and
function of STYK1 and SPITN2 may be affected and
regulated by other potential signaling cascades and
mechanisms in different NSCLC subtypes, which warrants
further investigation.
Taken together, our studies verified that STYK1 func-

tioned as a tumor promoting factor through enhancing
NSCLC cell growth and metastasis. Moreover, we found
elevated STYK1 or decreased SPINT2 expression strongly
correlated with NSCLC poor prognosis, and down-
regulation of SPINT2 involved in STYK1-mediated
NSCLC progression (Fig. 6h). Therefore, targeting
STYK1 and SPINT2 could be a promising therapeutic
strategy for future therapies of NSCLC.

Acknowledgements
This work was supported by the National Natural Science Foundation of China
(81572252, 81871866), the Natural Science Foundation of Shaanxi Province
(2016SF-308; 2019SF-033), Project of Tangdu Hospital, The Fourth Military
Medical University (2015 Key Talents; 2018 Key Talents), and the Excellent
Doctoral Support Project of the Fourth Military Medical University (2018D09).

Author details
1Department of Thoracic Surgery, Tangdu Hospital, The Fourth Military Medical
University, 1 Xinsi Road, Xi’an 710038, China. 2State Key Laboratory of
Cardiovascular Disease, Fuwai Hospital, National Center for Cardiovascular
Diseases, Chinese Academy of Medical Sciences, Peking Union Medical
College, 167 Beilishi Road, Beijing 100037, China. 3Department of Oncology,
the Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an 710004, China.

4Department of Aerospace Medicine, The Fourth Military Medical University,
169 Changle West Road, Xi’an 710032, China. 5Department of Ophthalmology,
Tangdu Hospital, The Fourth Military Medical University, 1 Xinsi Road, Xi’an
710038, China

Authors contributions
Study design and concept: Y.X.L., L.X.F., H.J. Data acquisition: M.Z.Q., L.W.M., D.S.
Y., Z.Z.P., Z.J., X.L.Q., G.K., Z.Y.F. Data analysis and interpretation: M.Z.Q., L.D., L.W.
M. Collection of clinical data and sample disposal: L.X.F., Z.Z.P., Z.J., Z.Y.F., G.K.
Manuscript preparation: M.Z.Q., L.D. Manuscript review: Y.X.L., L.X.F., H.J. All
authors read and approved the final manuscript.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies this paper at (https://doi.org/
10.1038/s41419-019-1659-1).

Received: 11 February 2019 Revised: 4 May 2019 Accepted: 14 May 2019

References
1. Liu, L. et al. A novel protein tyrosine kinase NOK that shares homology with

platelet- derived growth factor/fibroblast growth factor receptors induces
tumorigenesis and metastasis in nude mice. Cancer Res. 64, 3491–3499 (2004).

2. Nicolini, A., Ferrari, P. & Duffy, M. J. Prognostic and predictive biomarkers
in breast cancer: Past, present and future. Semin. Cancer Biol. 52, 56–73
(2018).

3. Chung, S. et al. Overexpression of the potential kinase serine/ threonine/
tyrosine kinase 1 (STYK 1) in castration-resistant prostate cancer. Cancer Sci.
100, 2109–2114 (2009).

4. Moriai, R., Kobayashi, D., Amachika, T., Tsuji, N. & Watanabe, N. Diagnostic
relevance of overexpressed NOK mRNA in breast cancer. Anticancer Res. 26,
4969–4973 (2006).

5. Wang, Z. et al. STYK1 promotes epithelial-mesenchymal transition and tumor
metastasis in human hepatocellular carcinoma through MEK/ERK and PI3K/
AKT signaling. Sci. Rep. 6, 33205 (2016).

6. Hu, L. et al. Serine threonine tyrosine kinase 1 is a potential prognostic marker
in colorectal cancer. BMC Cancer 15, 246 (2015).

7. Kondoh, T., Kobayashi, D., Tsuji, N., Kuribayashi, K. & Watanabe, N. Over-
expression of serine threonine tyrosine kinase 1/novel oncogene with kinase
domain mRNA in patients with acute leukemia. Exp. Hematol. 37, 824–830
(2009).

8. Jackson, K. A., Oprea, G., Handy, J. & Kimbro, K. S. Aberrant STYK1 expression in
ovarian cancer tissues and cell lines. J. Ovarian Res. 2, 15 (2009).

9. Chen, P. et al. Clinicopathologic features and prognostic implications of NOK/
STYK1 protein expression in non-small cell lung cancer. BMC Cancer 14, 402
(2014).

10. Tsai, C. H. et al. HAI-2 suppresses the invasive growth and metastasis of
prostate cancer through regulation of matriptase. Oncogene 33, 4643–4652
(2014).

11. Roversi, F. M., Olalla Saad, S. T. & Machado-Neto, J. A. Serine peptidase inhibitor
Kunitz type 2 (SPINT2) in cancer development and progression. Biomed.
Pharmacother. 101, 278–286 (2018).

12. Kataoka, H., Kawaguchi, M., Fukushima, T. & Shimomura, T. Hepatocyte growth
factor activator inhibitors (HAI-1 and HAI-2): Emerging key players in epithelial
integrity and cancer. Pathol. Int. 68, 145–158 (2018).

13. Kongkham, P. N. et al. An epigenetic genome-wide screen identifies SPINT2 as
a novel tumor suppressor gene in pediatric medulloblastoma. Cancer Res. 68,
9945–9953 (2008).

14. Nakamura, K., Hongo, A., Kodama, J. & Hiramatsu, Y. The role of hepatocyte
growth factor activator inhibitor (HAI)-1 and HAI-2 in endometrial cancer. Int. J.
Cancer 128, 2613–2624 (2011).

Ma et al. Cell Death and Disease          (2019) 10:435 Page 13 of 14

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1038/s41419-019-1659-1
https://doi.org/10.1038/s41419-019-1659-1


15. Tung, E. K. et al. HAI-2 is epigenetically downregulated in human hepato-
cellular carcinoma, and its Kunitz domain type 1 is critical for anti-invasive
functions. Int. J. Cancer 124, 1811–1819 (2009).

16. Parr, C., Watkins, G., Mansel, R. E. & Jiang, W. G. The hepatocyte growth factor
regulatory factors in human breast cancer. Clin. Cancer Res. 10, 202–211 (2004).

17. Bergum, C. & List, K. Loss of the matriptase inhibitor HAI-2 during prostate
cancer progression. Prostate 70, 1422–1428 (2010).

18. Nakamura, K. et al. Expression of hepatocyte growth factor activator inhibitors
(HAI-1 and HAI-2) in ovarian cancer. Int. J. Oncol. 34, 345–353 (2009).

19. Nakamura, K. et al. Hepatocyte growth factor activator inhibitor-2 (HAI-2) is a
favorable prognosis marker and inhibits cell growth through the apoptotic
pathway in cervical cancer. Ann. Oncol. 20, 63–70 (2009).

20. Zhang, L., Kavanagh, B. D., Thorburn, A. M. & Camidge, D. R. Preclinical and
clinical estimates of the basal apoptotic rate of a cancer predict the amount of
apoptosis induced by subsequent proapoptotic stimuli. Clin. Cancer Res. 16,
4478–4489 (2010).

21. Liu, D. et al. AMPK/PGC1alpha activation by melatonin attenuates acute
doxorubicin cardiotoxicity via alleviating mitochondrial oxidative damage and
apoptosis. Free Radic. Biol. Med. 129, 59–72 (2018).

22. Dong, W., Chen, X., Xie, J., Sun, P. & Wu, Y. Epigenetic inactivation and tumor
suppressor activity of HAI-2/SPINT2 in gastric cancer. Int. J. Cancer 127,
1526–1534 (2010).

23. Chen, Y. et al. Point mutation at single tyrosine residue of novel oncogene
NOK abrogates tumorigenesis in nude mice. Cancer Res. 65, 10838–10846
(2005).

24. Li, J. et al. NOK/STYK1 interacts with GSK-3beta and mediates Ser9 phos-
phorylation through activated Akt. FEBS Lett. 586, 3787–3792 (2012).

25. Ma, Z. et al. Pterostilbene exerts anticancer activity on non-small-cell lung
cancer via activating endoplasmic reticulum stress. Sci. Rep. 7, 8091 (2017).

26. Osmani, L., Askin, F., Gabrielson, E. & Li, Q. K. Current WHO guidelines and the
critical role of immunohistochemical markers in the subclassification of non-
small cell lung carcinoma (NSCLC): Moving from targeted therapy to immu-
notherapy. Semin. Cancer Biol. 52, 103–109 (2018).

27. Duruisseaux, M. & Esteller, M. Lung cancer epigenetics: From knowledge to
applications. Semin. Cancer Biol. 51, 116–128 (2018).

28. Cyriac, G. & Gandhi, L. Emerging biomarkers for immune checkpoint inhibition
in lung cancer. Semin. Cancer Biol. 52, 269–277 (2018).

29. Marquardt, S., Solanki, M., Spitschak, A., Vera, J. & Putzer, B. M. Emerging
functional markers for cancer stem cell-based therapies: Understanding
signaling networks for targeting metastasis. Semin. Cancer Biol. 53, 90–109
(2018).

30. Curigliano, G. Gyneco-oncological genomics and emerging biomarkers for
cancer treatment with immune-checkpoint inhibitors. Semin. Cancer Biol. 52,
253–258 (2018).

31. Denisenko, T. V., Budkevich, I. N. & Zhivotovsky, B. Cell death-based treatment
of lung adenocarcinoma. Cell Death Dis. 9, 117 (2018).

32. Xin, Z. et al. FOXO1/3: Potential suppressors of fibrosis. Ageing Res. Rev. 41,
42–52 (2018).

33. Ma, Z. et al. Forkhead box O proteins: crucial regulators of cancer EMT. Semin.
Cancer Biol. 50, 21–31 (2018).

34. Hu, Y. P. et al. STYK1 promotes cancer cell proliferation and malignant
transformation by activating PI3K-AKT pathway in gallbladder carcinoma. Int. J.
Biochem. Cell Biol. 97, 16–27 (2018).

35. Yue, D. et al. Epigenetic inactivation of SPINT2 is associated with tumor
suppressive function in esophageal squamous cell carcinoma. Exp. Cell Res.
322, 149–158 (2014).

36. Tang, F., Wang, Y., Hemmings, B. A., Ruegg, C. & Xue, G. PKB/Akt-dependent
regulation of inflammation in cancer. Semin. Cancer Biol. 48, 62–69 (2018).

37. Pretre, V. & Wicki, A. Inhibition of Akt and other AGC kinases: A target for
clinical cancer therapy? Semin. Cancer Biol. 48, 70–77 (2018).

38. O’Donnell, J. S., Massi, D., Teng, M. W. L. & Mandala, M. PI3K-AKT-mTOR
inhibition in cancer immunotherapy, redux. Semin. Cancer Biol. 48, 91–103
(2018).

39. Wu, D. M. et al. The PAX6-ZEB2 axis promotes metastasis and cisplatin resis-
tance in non-small cell lung cancer through PI3K/AKT signaling. Cell Death Dis.
10, 349 (2019).

40. Qin, Y., Deng, W., Ekmekcioglu, S. & Grimm, E. A. Identification of unique
sensitizing targets for anti-inflammatory CDDO-Me in metastatic melanoma
by a large-scale synthetic lethal RNAi screening. Pigment Cell Melanoma Res.
26, 97–112 (2013).

Ma et al. Cell Death and Disease          (2019) 10:435 Page 14 of 14

Official journal of the Cell Death Differentiation Association


	STYK1 promotes tumor growth and metastasis by reducing SPINT2/HAI-2 expression in non-small cell lung cancer
	Introduction
	Materials and methods
	Cell culture and lentivirus infection
	NSCLC patient samples, tissue microarray, and immunohistochemistry (IHC)
	Analysis of cell viability
	Colony formation assay
	Transwell cell migration and invasion assay
	Wound healing assay
	RNA-seq and pathway enrichment analysis
	Real-time quantitative polymerase chain reaction (qRT-PCR)
	In vivo tumor xenograft assays
	Western blot and immunoprecipitation
	5-Ethynyl-2&#x02032;-deoxyuridine (EdU) incorporation assay
	TUNEL assay
	Statistical analyses

	Results
	Elevated expression of STYK1 in cancer tissues correlates with poor prognosis of NSCLC patients
	STYK1 overexpression promotes NSCLC progression
	SPINT2 is the downstream target of STYK1 in NSCLC
	SPINT2 involves in STYK1-mediated NSCLC progression
	Correlation of STYK1 and SPINT2 expression with NSCLC prognosis

	Discussion
	ACKNOWLEDGMENTS




