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Abstract
Background Lung cancer is one of the most common malignancies worldwide and is the leading cause
of cancer-related death. Approximately 85% of lung cancer patients represent a group of histological
subtypes collectively known as non-small cell lung cancer (NSCLC).

Methods To explore the molecular mechanisms underlying tumorigenesis and progression of NSCLC,
mRNA expression pro�les were downloaded from GEO database (GSE19804, GSE18842, GSE27262, and
GSE43458) and differentially expressed genes (DEGs) in NSCLC tissues were analyzed by GEO2R. DEGs
in NSCLC tissues were further analysed in TCGA (The Cancer Genome Atlas), GTEx (The Genotype-Tissue
Expression Project) and IST (In Silico Transcriptomics) online databases. Serum of NSCLC patients and
normal controls were collected and serum concentration of SPINK1 were analysed by ELISA. mRNA and
protein expression levels of SPINK1 were analysed by qRT-PCR and western assays. siRNA targeting
SPINK1 and normal controls were used for the silence of SPINK1 and GAPDH. CCK-8 assays were
employed for cell proliferation detection. Flow cytometric analysis and western blot assays were
conducted to assess cell cycle distribution and apoptosis. Western blot assays were performed for the
evaluation of cell autophagy and signaling pathways.

Results Among these DEGs, SPINK1 was distinctively up-regulated in NSCLC tissues, which was further
validated in TCGA, GTEx and IST databases. Furthermore, serum SPINK1 concentration notably increased
in NSCLC patients compared with normal controls. Besides, both mRNA and protein expression levels of
SPINK1 signi�cantly increased in human NSCLC cell lines A549 and H1299 compared with normal
human bronchial epithelial cell line HBE. Silence of SPINK1 signi�cantly inhibited proliferation of NSCLC
cell lines, and exogenous addition of rhSPINK1 partially rescued proliferation suppressed by endogenous
knockdown of SPINK1. Mechanistically, silence of SPINK1 could inhibit MEK/ERK signaling pathway,
while rhSPINK1 could activate MEK/ERK signaling pathway and then promote proliferation of NSCLC cell
lines. In addition, silence of SPINK1 also could activate cell autophagy and apoptosis.

Conclusions Overall, our results suggested that SPINK1 may be a potential biomarker correlated with the
progression of NSCLC.

Background
Lung cancer is one of the most common malignancies worldwide as well as the leading cause of cancer-
related death (1). Approximately 85% of patients represent a group of histological subtypes collectively
known as non-small cell lung cancer (NSCLC), mainly including lung adenocarcinoma (LUAD), lung
squamous cell carcinoma (LUSC) and large cell carcinoma (2, 3). Over the past decades, massive efforts
have been made for the early diagnosis and treatment of NSCLC (4–6), while the 5-year survival rate for
NSCLC is still lower than 17% because of its complicated gene and cell heterogeneities(7). Therefore, it is
urgent to uncover the molecular mechanism underlying tumorigenesis and identify new biomarkers
related to the progression of NSCLC.
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Nowadays, high throughput microarray platforms and sequencing technology have emerged as
promising and practical tools for identi�cation of differentially expressed genes (DEGs) in multiple
human diseases especially in cancers (8). Gene Expression Omnibus (GEO), the Cancer Genome Atlas
(TCGA), the Genotype-Tissue Expression Project (GTEx) and In Silico Transcriptomics (IST) online
databases are the most in-demand international public databases for integrated bioinformatic analysis
of massive genes in a large sample (9–11). Recently, many DEGs in tumor tissues such as microRNA-17,
EZH2, CEP55 and so on were identi�ed by integrated bioinformatic analysis (8, 12).

SPINK1, Serine peptidase inhibitor Kazal type 1, also known as pancreatic secretory trypsin inhibitor
(PSTI) and tumor-associated trypsin inhibitor (TATI), is a trypsin inhibitor that was originally isolated from
bovine pancreatic tissues (13,14) and later was puri�ed from the urine of patients with ovarian cancer
(15). SPINK1 is expressed in multiple tissues and exerts diverse physiological and pathophysiological
functions during the process of development and multiple diseases(16–18). Besides, signi�cantly
elevated SPINK1 in serum is detected in patients with acute pancreatitis (19). Intriguingly, growing
evidence suggested that SPINK1 served as a growth factor playing a role in cancer. Elevated serum
SPINK1 was detected and regarded as an independent prognostic factor in several cancers, including
renal cancer (20), bladder transitional cell carcinoma (21), metastatic breast cancer (22), hepatocellular
carcinoma (23) and ovarian cancer (24, 25). However, the relationship between serum SPINK1 level and
the prognosis of patients with colorectal cancer remains controversial (26, 27). In in vitro assays,
accumulating evidence con�rmed that SPINK1 could promote cell proliferation (28), migration (29), cell
cycle distribution (28) and therapeutic resistance (30) while preventing cell apoptosis (31, 32, 33).
Mechanically, previous studies suggested that SPINK1 accelerated the progression of malignance mainly
through interaction with EGFR thereby activating downstream signaling pathways such as MAPK/ERK,
P38, and PI3K/AKT (28, 33). However, the in�uence and underlying mechanisms of SPINK1 in the
progression of NSCLC have not hitherto been clari�ed clearly.

In this study, we screened 144 DEGs in NSCLC tissues by an integrated bioinformatic analysis and
identi�ed SPINK1 as a potential biomarker related to the progression of NSCLC. We demonstrated that
SPINK1 signi�cantly inhibited proliferation of NSCLC cell lines partly through MEK/ERK signaling
pathway, as well as affected cell cycle distribution, autophagy and apoptosis

Materials And Methods
Microarray datasets and online tools used for integrated bioinformatic analysis. Four human NSCLC
mRNA expression datasets were downloaded from the Gene Expression Omnibus database (GEO,
https://www.ncbi.nlm.nih.gov/geo/). Detail information of samples was shown as follows: GSE19804:
tumor (60 cases) and adjacent normal lung tissue specimens (60 cases) obtained from nonsmoking
female non-small cell lung carcinoma (NSCLC) patients in Taiwan. GSE18842: NSCLC samples (46
cases) and control tissues (45 cases). GSE27262: tumor and adjacent normal tissue pairs from 25 stage I
lung adenocarcinoma patients. GSE43458: never-smoker adenocarcinomas (40 cases) and never-smoker
controls (30 cases). The microarray data of GSE19804, GSE18842, GSE27262 was based on Affymetrix
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Human Genome U133 Plus 2.0. Data of GSE43458 was based on Affymetrix Human Gene 1.0 ST Array.
GEO2R was used to identify DEGs between NSCLC tissues and normal samples. Heat maps were drew by
HemI. Venn Diagram showed the intersections of DEGs obtained from different datasets (
http://bioinfogp.cnb.csic.es/tools/venny/index.html/). Gene expression pro�les among 59 normal lung
tissue cases and 533 NSCLC samples were downloaded from The Cancer Genome Atlas (TCGA,
https://cancergenome.nih.gov/). Data from GTEx (The Genotype-Tissue Expression Project) were
obtained using online Gene Expression Pro�ling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/).
mRNA expression levels of SPINK1 in normal and tumor tissues among different cancers were analysed
by In Silico Transcriptomics online databases (IST, http://ist.medisapiens.com/). Functional enrichment
analysis of the DEGs, including Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were accomplished by an online tool ( http://www.funrich.org/ ).

ELISA. Serum of 20 normal controls, 38 NSCLC patients, and 11 pleural effusion of NSCLC patients in
Chongqing Hospital of Traditional Chinese Medicine during 2018.02-2018.06 were collected. This study
was conducted in accordance with the principles of good clinical practice and apporved by the Ethics
Committee of Chongqing Medical University. SPINK1 concentrations were detected by ELISA
(BOSTER,EK1241) according to the reference manual.

Cell culture. Normal human bronchial epithelial cell line HBE, human non-small cell lung cancer cell line
H1299, human squamous cell carcinoma cell line SK-MES-1 and human large cell lung cancer cell line
H460 were maintained in complete culture medium (RPMI 1640 with 10% fetal bovine serum (FBS), 100
units/mL penicillin, and 100 µg/mL streptomycin). Human non-small cell lung cancer cell line A549 were
routinely cultured with F-12K medium (10% FBS). All cell lines were grown at 37 °C in an atmosphere with
5% CO2. Cell number were determined using a Neubauer hemocytometer.

RNA interference and exogenous addition of SPINK1. Small interfering RNAs targeting SPINK1 and the
negative control were obtained from TSINGKE (Shanghai, China). The target sequences were as follows:

si-NC: 5’-TTCTCCGAACGTGTCACGT-3’;

si-SPINK1-1: 5’-GCCAGACUUCUAUCCUCAUTT-3’. Cells were seeded in corresponding culture plates and
cultured with antibiotics-free medium overnight. Next day the growth medium was removed and cells
were transfected with siRNAs (50 nM) using Lipofectamine 2000 (Invitrogen) according to the
manufacturer's protocol when cell density was increased to 50–70%. rhSPINK1 was purchased from R&D
(#7496-PI-010).

RNA extraction and quantitative real-time PCR. Total RNA was extracted using IsoPlus reagent (Takara
Bio, Japan) following the manufacturer’s protocol and then 1 µg RNA was reverse transcribed with
random primers using a PrimeScript™ RT reagent Kit (Takara Bio, Japan). cDNA was ampli�ed using
SYBR green master mix (TaKaRa Bio, Japan) on an ABI 7500 Fast RealTime PCR system
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(Sigma-Aldrich, St. Louis, MO, USA). GAPDH was ampli�ed as an internal reference. Primers were as
follows:

SPINK1-F, TGTGTGT GGGACTGATGGAA;

SPINK1-R,AGGCCCAGATTTTTGAATGA;

GAPDH-F,ACGGCAAATTCAACGGCACAGTCA; GAPDH-R,TGGGGGCATCGGCAGAAGG.

Viability assay. The Cell Counting Kit-8 (CCK-8) assay was employed to quantify the vitality of cells. Cells
were seeded into 96-well plates at a concentration of 2 × 104 cells/mL and cultured with antibiotics-free
medium overnight. The next day cells were transfected with siRNA (50 nM). Then 10 µL CCK8 reagent
(Solarbio, China) were added to each well at 0, 24, 48, and 72 hours respectively. Cells were incubated for
2.5 hours in the dark at 37 °C. The absorbance at 450 nm was measured by Biotek reader (ELx800, USA).

Growth curve. 2 × 104 A549 cells were seeded into 24-well plates and transfected with si-NC and si-
SPINK1-1 (50 nM). Total numbers of cells were determined by trypsinization and cell counting using a
Neubauer hemocytometer at 0 h, 48 h,72 h and 96 h post transfection.

Flow cytometric analysis of cell cycle distribution. 3 × 105 cells were seeded in six-well plates and treated
with siRNAs (50 nM) as described perviously. Cells were collected by trypsinization at 48 hours after
transfection and washed with cold PBS followed by �xation in 70% ethanol for 12 hours at -20℃. After
washing with PBS for three times, cells were incubated in PBS with 0.1 mg/mL RNase (Solarbio, China) at
37 °C for 30 minutes. Then, cells were stained with PI (25 µg/ml, Sigma, USA) in the dark for 10 minutes.
The stained nuclei were counted by �ow cytometry and the cell cycle pro�le was analysed by the FlowJo
software.

Flow cytometric analysis of apoptosis. 1.5 × 105 cells were seeded in 12-well plates and transfected with
corresponding siRNAs (50 nM) as described previously. Change culture medium with serum-free culture
medium supplemented with 0.3% BSA 24 h post transfection. Total cells were collected by trypsinization
at 60 hours after transinfection and washed with cold PBS for twice. Collected cells were double stained
with FITC-Annexin V and PI using FITC Annexin V Apoptosis Detection Kit (BD Biosciences) according to
the protocols. The stained cells were analyzed by BD FACSJazz �ow cytometer (BD Biosciences), and the
data was analyzed using Cell Quest software (BD Biosciences).

Western blot. Total protein was extracted using radioimmunoprecipitation assay (RIPA) lysis buffer
(Beyotime, China) supplemented with 1 mM PMSF (Beyotime, China) and phosphatase inhibitor cocktail
A and B (Beyotime, China), quanti�ed using the Enhanced BCA Protein Assay Kit (Beyotime, China), and
denatured by boiling with SDS-PAGE Sample Loading Buffer (Beyotime, China) for 10 minutes. Protein
samples (40 µg) were separated by 12% SDS-PAGE, and transferred onto polyvinylidene di�uoride (PVDF,
0.20 µm) membranes (Millipore, Bedford, MA). The membranes were blocked with 5% bovine serum
albumin in Tris-buffered saline containing 0.1% Tween-20 at 37℃ for 2 h and then incubated with
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primary antibodies at 4℃ overnight. The primary antibodies were as follows : SPINK1 (sc-37440, 1:500,
Santa Cruz, CA ), GAPDH (#5174, 1:8000, CST, USA); p-MEK1/2 (#2338, 1:1000, CST, USA); MEK1/2 (
#8727, 1:1000, CST, USA); pERK (#4370, 1:1000, CST, USA); Erk1/2 (#9102, 1:1000, CST, USA); pPI3K
(#4228, 1:500, CST, USA); PI3K (#4292, 1:800, CST, USA); pAkt (Ser473)(#4060, 1:500, CST, USA); Akt
(#4691, 1:800, CST, USA); LC3 (#12741, 1:1000, CST, USA); P62 (#3912, 1:1000, CST, USA); ATG7 (#8558,
1:800, CST, USA); CDK4 (#12790, 1:1000, CST, USA); Bax (#5023, 1:1000, CST, USA); BCL2 (#196495,
Abcam, USA). The membranes were washed for 30 minutes with TBST and subsequently incubated with
the corresponding secondary antibody (#656120, HRP goat anti rabbit, 1:10000, Invitrogen; #A32723,
HRP goat anti mouse, 1:10000, Invitrogen) for 1 h at 37℃. Membranes were then washed another three
times for 30 minutes with TBST. Protein bands were visualized using Super Signal
electrochemiluminescence (#34580, Thermo Scienti�c) and quantitated with image Pro Plus 6.0, and the
data were normalized to GAPDH.

Statistical analysis. Data represent three independent experiments and are presented as mean ± SD (n = 
3). GraphPad Prism software (version 5.01) was applied for statistical analysis. Unpaired t tests were
used for data with a normal distribution. Differences with p < 0.05 were considered statistically
signi�cant.*P < 0.05; **P < 0.01; ***P < 0.001.

Results
1. Convergence of DEGs in NSCLC tissues via integrated bioinformatic analysis

To identify novel biomarkers related to the pathogenesis and progression of NSCLC, mRNA expression
pro�les from cancerous and normal lung tissues were downloaded from GEO datasets (GSE19804,
GSE18842, GSE27262, and GSE43458) and analyzed by GEO2R respectively. p value < 0.05 and | LogFC |
>1.5 were applied as screening criteria. DEGs identi�ed from the four datasets were as follows:
GSE19804: with 129 up-regulated and 382 down-regulated genes; GSE18842: with 634 up-regulated and
902 down-regulated genes; GSE27262: with 357 up-regulated and 695 down-regulated genes; GSE43458:
with 54 up-regulated and 178 down-regulated genes data not shown . mRNA pro�les were downloaded
from GSE19804 dataset and analyzed with GEO2R. Heapmaps showed 41 up-regulated genes (LogFc>2)
(Fig. 1a) and 64 down-regulated genes (|LogFC|>2.5) (Fig. 1b).Venn Diagram demonstrated the
intersections of DEGs obtained from the four datasets, including 23 commonly up-regulated genes
(Fig.1c) and 121 commonly down-regulated genes (Fig.1d). These 144 DEGs were further subjected to
functional annotation. Results showed that these DEGs were mainly expressed in the plasma membrane,
cytoplasm, extracellular and nucleus of cells (Fig. 1e), acting as cell adhesion molecules,
metallopeptidases and receptors (Fig. 1f) involved in a variety of biological processes such as cell
communication, signal transduction, growth supporting, and metabolism process (Fig. 1g). In addition,
these genes are also abnormally expressed in breast cancer, liver cancer, kidney cancer, head and neck
tumors (Fig. 1h), indicating that these genes are universally disordered in various human tumors and may
lead to enhanced activities of proliferation, invasion and immunologic tolerance of cancer cells.
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2. SPINK1 increased in NSCLC tissues, serum and cell lines

Among above 23 up-regulated DEGs, SPINK1 is one of the most overexpressed EDGs on GEO (Fig.1a),
TCGA (Fig.2a), GTEx (Fig.2b) and In Silico Transcriptomics (IST) (Fig.2c) online databases. Given that
SPINK1 is a secretory protein and the concentration of serum SPINK1 is enhanced in several cancers,
serum of 20 normal controls and 38 NSCLC patients, and pleural effusion of 11 NSCLC patients were
collected to detect the SPINK1 concentration by ELISA. As shown in Fig.2d, serum SPINK1 in NSCLC
patients was signi�cantly higher than normal controls (1092.9pg/mL vs 644.5pg/mL, p<0.01).
Furthermore, the concentration of SPINK1 in pleural effusion was higher than that in serum of NSCLC
patients (1928.8pg/mL vs 1092.9pg/mL, p<0.01). Subsequently, expression levels of SPINK1 in HBE,
A549, H1299, SK-MES-1, and H460 were assessed by qRT-PCR and western blot. Results suggested that
expression levels of SPINK1 in A549 and H1299 substantially increased compared with HBE (Fig.2e,
Fig.2f). Besides, SPINK1 presented higher expression in A549 and H1299 compared with SK-MES-1 and
H460 (Fig.2f).

3. SPINK1 promotes proliferation of NSCLC cells

To investigate the effect of SPINK1 on the proliferation of NSCLC cell lines, siRNAs targeting SPINK1 were
transfected into NSCLC cell lines. qRT-PCR (Fig.3a,  S Fig.1a) and western blot (Fig.3b, S Fig.1b) results
con�rmed successful knockdown of SPINK1 in A549 and H1299 cell lines respectively. CCK8 assay and
growth curve were applied to detect the vitality of cells and results indicated that silence of SPINK1
signi�cantly inhibited cell proliferation of A549 and H1299 (Fig.3c, Fig.3d, S Fig.1c). Given that SPINK1 is
a secreted soluble protein, we speculated that exogenous addition of rhSPINK1 could stimulate the
proliferation of H460 with relatively low SPINK1 expression. CCK8 assay results con�rmed that
rhSPINK1(1ng/mL) promoted the proliferation of H460 (Fig.3e). Moreover, addition of exogenous
rhSPINK1(5ng/mL) could rescue cell vitality of A549 and H1299 after transfection with si-SPINK1-1
(Fig.3f, S Fig.1d). Apart from that, silencing SPINK1 in A549 and H1299 caused cell cycle arrest, with
strikingly increased proportion of cells in G1-phase and decreased proportion of cells in S-phase (Fig. 4a,
S Fig. 2a). Consistently, silencing SPINK1 decreased the expression of cell cycle checkpoint protein CDK4
in A549 (Fig.4b) and H1299 (S Fig.2b). Above results validated that SPINK1 promotes proliferation of
NSCLC cell lines.

4. Silence of SPINK1 activates autophagy and apoptosis of NSCLC cells

Both autophagy and apoptosis are vital process during progression of development and oncogenesis. As
shown in Fig. 5a, silence of SPINK1 in A549 activated autophagy characterized by increased expression
of Beclin-1 and ATG7, decreased P62 and increased ratio of LC3 II/LC3I. Consistently, knockdown of
SPINK1 in H1299 induced excessive autophagy (S Fig. 3a). Meanwhile, silence of SPINK1 increased
expression of pro-apoptosis protein BAX and decreased expression of anti-apoptosis protein BCL-2
(Fig.5b). Consistently, �ow cytometry analysis indicated that silence of SPINK1 in A549 and H1299
resulted in cell apoptosis (Fig.5c, S Fig.3b, S Fig.3c).
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5. SPINK1 accelerates the proliferation of NSCLC via activation of MEK/ERK signaling pathway

It has been universally accepted that SPINK1 acting as a pro-survival factor accelerated the progression
of multiple cancers by interacting with EGFR ( 25, 28, 29, 38, 53). In order to clarify signaling pathways
downstream of EGFR mediating the carcinogenic effect of SPINK1 in NSCLC, the phosphorylation levels
of MEK1/2, ERK, PI3K and AKT were assessed by western blot. Results showed that silence of SPINK1 in
A549 and H1299 cells decreased the phosphorylation levels of MEK1/2, ERK, PI3K and AKT, and
MEK/ERK signaling pathway represented more signi�cant inhibition (Fig. 6a, S Fig. 4a). In addition, WB
results demonstrated that rhSPINK1(5ng/mL) could increase the phosphorylation levels of p-ERK, which
was inhibited by U0126 (10μM, the speci�c inhibitor of MEK) (Fig. 6b, S Fig. 4b). Further, CCK8 results
showed that rhSPINK1 (5ng/mL) accelerated proliferation of A549 and H1299, which were suppressed by
the pretreatment of U0126 (Fig. 6c, S Fig. 4c). Collectively, SPINK1 could promote the proliferation of
NSCLC through MEK/ERK signaling pathway.

Discussion
In our present study, mRNA expression pro�les were downloaded from GEO, TCGA, GTEx and IST
databases and analyzed by integrated bioinformatic analysis. 144 DEGs were identi�ed in NSCLC tissues
compared with normal lung tissues. Among these DEGs, SPINK1 attracted our attention, for there are few
reports about the effect and mechanism of SPINK1 on the progression of NSCLC up to date.

Numerous studies have shown that SPINK1 plays multiple biological roles under various physiological
and pathological conditions. As a serpin typically produced by pancreatic acinar cells, SPINK1 functions
to defense against trypsinogen activation in the acini and the pancreatic ducts (34). Serving as an acute
phase reactant, SPINK1 is increasingly secreted into blood in a state of stress such as major surgery and
serious in�ammatory and septic complications (16). Ken-ichi Yamamura et al. reported that SPINK3, the
homologous gene of SPINK1 in mouse, may participate in the differentiation and development of mouse
embryo (35). In addition, SPINK1 secreted by cancer cells could co-immmunoprecipitate with serine
protease granzyme A (GzmA), a cytolytic granule secreted by natural killer cells and cytotoxic T
lymphocytes, thereby suppressing GzmA-mediated apoptosis and establishing a tolerance of cancer cells
to the immune surveillance system (32). More importantly, SPINK1, as a growth factor, is aberrantly
expressed in multiple human cancers such as ovarian cancer (33), prostatic cancer (36), colorectal
cancer (37), hepatocellular carcinoma (38) and pulmonary adenocarcinoma (39). Based on big data
analysis, we detected a signi�cant increase of SPINK1 expression in NSCLC tissues. Consistently, a recent
study reported that tissue SPINK1 is over-expressed in NSCLC patients (40). Additionally, SPINK1 could be
detected in serum and act as independent prognostic factor in prostatic cancer (41), hepatocellular
carcinoma (42), bladder transitional cell carcinoma (21), colorectal cancer (26) and renal cancer (43). So
we speculated that serum SPINK1 might serve as a potential and promising biomarker in NSCLC. In our
study, we founded that concentration of SPINK1 in serum of NSCLC patients was higher than normal
controls, and concentration of SPINK1 in pleural effusions was even higher than in serum, which may
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shed new insight into early body �uid diagnosis of NSCLC. In the following study, we will further explore
relationships between serum SPINK1 level and NSCLC stage, metastasis and overall survival of patients.

In our study, we founded that the expression of SPINK1 increased in A549 and H1299 cells compared
with HBE, which was consistent with the report that well-differentiated adenocarcinoma tissues express
stronger SPINK1 (39). In in vitro experiments, we demonstrated that SPINK1 played a role in cell cycle
distribution of NSCLC cell lines. In eukaryotes, DNA replication is limited in S-phase, and chromosome
segregation occurs at M-phase. Two gap phases, known as G1 and G2, separate S-phase and M-phase.
Multiple cell cycle checkpoints participate in the regulation of cell cycle progression such as cyclin-
dependent kinases (CDKs), cyclins and CDKs inhibitors ( CKI ). CDKs act as engine to drive cell cycle
progression (44). Previous reports suggested that during the G1 phase, CDK4/cyclin D and CDK2/cyclin E
complexes could phosphorylate Rb, inducing the activation of E2F and the transcription of E2F
responsive genes, which are required for G1/S transition (45, 46). In our studies, we indicated that silence
of SPINK1 in A549 and H1299 cells resulted in cell cycle arrest, with increased percentage of cells in G1-
Phase and decreased percentage of cells in S-Phase. In addition, western blot assays showed decreased
expression of CDK4 in SPINK1 silencing groups. Consistent with our results, Caj Haglund et al. reported
that upregulation of SPINK1 in BRL-3A cells could increase cell numbers in S-Phase and G2/M Phase
(28).

Autophagy is a process characterized by engul�ng cytoplasmic proteins, complexes or organelles into the
autophagosome. Accumulating evidence con�rmed that there is a crosstalk between autophagy and
apoptosis. In basal state, Beclin-1 binds to BCL-2, an anti-apoptotic protein, and then autophagy and
apoptosis are inhibited. A short period (4 h) of nutrient starvation could activate c-Jun N-terminal protein
kinase 1 (JNK1), following that BCL-2 was phosphorylated by p-JNK1 and then dissociated with Beclin-1,
thereby activating autophagy. During the short period of nutrient starvation, phosphorylated BCL2 binds
with pro-apoptotic protein BAX and exerts an anti-apoptotic effect (47, 48). However, BCL-2 is
hyperphosphorylated and the BCL-2/Bax complex is disrupted after 16 hours of nutrient starvation,
followed by the activation of caspase 3 and the initiation of apoptosis (49). YAMAMURA et al. reported
autophagic cell death of pancreatic acinar cells in SPINK3 de�cient mice, with increased ratio of LC3
II/LC3 I and increased formation of autophagosome (50). In our study, NSCLC cells were transfected with
siRNAs and cultured with incomplete culture medium containing 2% FBS for 48 h. Consistent with these
reports, we showed that silence of SPINK1 activated autophagy and apoptosis. To some extent when
autophagy is no longer able to matain cell survival, apoptosis will be initiated, with decreased expression
of anti-apoptosis protein BCL-2 and increased expression of pro-apoptosis protein BAX. In our models, we
speculated that silence of SPINK1 conferred sensitivity to starvation and induced excessive autophagy
and apoptosis.

At present, most reports indicated that SPINK1 phosphorylates EGFR and thereby acting the downstream
signaling pathways to exert oncogenic effect. MEK/ERK (25, 29 38, 53) p38 (28) and PI3K/AKT (51)
signaling pathways were reported as executants downstream of EGFR. In our studies, we validated that
silence of SPINK1 decreased the phosphorylation levels of MEK1/2, ERK, PI3K and AKT, while producing
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no effect on phosphorylation levels of p38. Notably, compared with PI3K/AKT signaling pathway, more
signi�cant decrease of MEK/ERK phosphorylation levels was observed after treatment with rhSPINK1.
Further, MEK/ERK signaling pathway and cell proliferation of NSCLC cells were suppressed by higher
doses of MEK inhibitor, U0126, indicating that SPINK1 could accelerate progression of NSCLC partially
through MEK/ERK signaling pathways.

In summary, our study revealed that silence of SPINK1 in NSCLC cell lines could inhibit cell proliferation,
induce cell cycle arrest, and activate cell autophagy and apoptosis. SPINK1 promotes progression of
NSCLC partially through MEK/ERK signaling pathway. Our study presented evidence in support of SPINK1
as a potential bio-target in the progression of NSCLC and provides new insight into the underlying
mechanism.
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Figure 1

Identi�cation and functional annotation of DEGs. mRNA pro�les were downloaded from GSE19804 and
analysed by GEO2R. Heapmaps showing (a) up-regulated and (b) down-regulated genes. Venn Diagrams
demonstrating (c) up-regulated and (d) down-regulated genes. DEGs were subjected to functional
annotation, including (e) cellular components, (f) molecular functions, (g) biological process and (h) sites
of expression.
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Figure 2

Expression of SPINK1 in NSCLC tissues and cell lines. Expression of SPINK1 in NSCLC tissues in (a)
TCGA , (b) GTEx and (c) IST databases. (d) Concentration of SPINK1 detected by ELISA. (e) mRNA and (f)
protein levels of SPINK1 in NSCLC cell lines.

Figure 3
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Effect of SPINK1 on proliferation. (a) mRNA and (b) protein expression of SPINK1 in A549 transfected
with si-SPINK1-1. (c) Vitality of A549 detected by CCK-8 after knockdown of SPINK1. (d) A549 were
transfected with si-SPINK1-1. Number of cells were determined by Neubauer hemocytometer. (e) Vitality
of H460 after addition of rhSPINK1 (1ng/mL), detected by CCK-8. (f) rhSPINK1 partially rescued vitality of
A549 transfected with si-SPINK1-1.

Figure 4

Cell cycle arrest induced by knockdown of SPINK1. (a) Cell cycle distribution was detected by �ow
cytometry. (b) CDK4 was reduced following treatment with si-SPINK1-1, assessed by WB.
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Figure 5

In�uence of SPINK1 on autophagy and apoptosis. (a) Activation of autophagy following treatment with
si-SPINK1-1, detected by WB. Cell apoptosis was detected by (b) WB and (c) cytometry.
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Figure 7
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