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SPINKT1 is a prognosis predicting factor of non-small
cell lung cancer and regulates redox homeostasis
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Abstract. Serine protease inhibitor Kazal-type 1 (SPINK1)
is a trypsin kinase inhibitor, which is involved in the
development of inflammation, cell proliferation and cancer
development and progression. However, the prognostic value
of SPINKI1 in non-small cell lung cancer (NSCLC) and its
ability to regulate intrinsic redox homeostasis have, to the
best of our knowledge, not been previously investigated.
In the present study, it was revealed that SPINKI is highly
expressed in NSCLC tissue samples compared with normal
tissue samples, and may be a potential prognostic marker
of NSCLC. Functional analyses demonstrated that SPINK1
promoted tumor cell growth and inhibited apoptosis through
maintaining redox homeostasis by regulating the nuclear
factor erythroid 2-related factor 2 pathways. It has been
proposed that SPINK1 could be a prognostic marker of
NSCLC and a novel antioxidant promoter under oxidative
stress conditions in NSCLC.

Introduction

Lung cancer is the most commonly diagnosed malig-
nancy and the main cause of cancer mortality worldwide,
accounting for 1.6 million deaths per year (1). In particular,
non-small cell lung cancer (NSCLC) accounts for ~80%
of lung cancer cases (2). Smoking and exposure to pollut-
ants are key factors in NSCLC tumorigenesis (3). It has
been suggested that cigarette and air pollutants promote
the progression of cancer through oxidative stress in cells
and tissues (4). Similarly, endogenous oxidants are formed
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continuously (3). However, in the case of excess oxidants,
reactive oxidative species (ROS) are generated and induce
a redox imbalance, modifying numerous biomolecular
markers (5,6). Following this imbalance, ROS readily
react with proteins, lipids and DNA resulting in a number
of pathological consequences, including induced cell
death, apoptosis and senescence, and an increased risk for
developing cancer (7).

ROS have been reported to be involved in the pathogenesis
of cancer (8,9); the mechanism by which this occurs has been
extensively investigated (10). Smoking and pollutants, as well
as internal metabolism, may induce ROS production, while
hypoxia may also induce ROS to promote tumor growth (11).
Furthermore, alterations in the signaling pathways in cancer,
such as integrin activation, are also caused by an increase in
ROS production (12). A previous study reported that ROS
prevent cancer progression by regulating cancer cell death (13).
However, the molecular mechanism underlying oxidants in
NSCLC remain unknown.

Serine protease inhibitor Kazal-type 1 (SPINK1), also
known as pancreatic secretory trypsin inhibitor or pancreatic
secretory trypsin inhibitor, is a trypsin kinase inhibitor that
encodes a 56 amino acid secreted peptide (14). The normal
function of SPINKI is thought to be the inhibition of serine
proteases, such as trypsin, involved in inflammation and cell
proliferation (15). The altered expression of SPINK1 has been
demonstrated to be associated with disease prognosis and has
also been identified in different types of cancer, including
lung, bladder, kidney, prostate, testis, ovary, cervix and breast
cancers, and has been used in targeted therapy (16,17). In the
present study, it was revealed that SPINK1 may be a prognostic
factor for NSCLC and that SPINKI1 regulates redox homeo-
stasis through the nuclear factor erythroid 2-related factor 2
(NRF2) pathways.

Materials and methods

Human tissue collection. Paraffin-embedded tissue samples,
including tumor and adjacent tissues, were obtained from
January 2010 to December 2018 at The Department of
Pathology, The Affiliated Hospital of Jining Medical
University (Jining, China). Written informed consent was
obtained from the patients and the study was approved by
The Affiliated Hospital of Jining Medical University. All
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patients were diagnosed and confirmed to have NSCLC by
histology. Patients who had received radiotherapy or chemo-
therapy were excluded. In total, 100 patients were included,
49 male and 51 female, with a median age of 61 years (range,
35-81 years). Staging was based on the pathological find-
ings according to the 7th edition of The American Joint
Committee on Cancer guidelines (18). Overall survival time
ranged from 6 to 98 months, with a median of 28 months.
All patients were followed up by telephone. The follow-up
period ceased in December 2018. In addition, liquid nitrogen
frozen samples of NSCLC tissue samples and adjacent
normal tissues (2 cm from the lesion) were obtained by
surgical resection from 20 patients. These 20 patients were
in addition to the 100 patients aforementioned, and included
15 males and 5 females, with a median age of 60 years
(range, 37-74 years).

Immunohistochemical staining. Briefly, tissue section
(4 uym) were deparaffinized in xylene and rehydrated in a
graded alcohol series (100, 95, 85 and 75% ethanol) and
blocked with 3% H,O, for 15 min at room temperature.
Antigen retrieval was performed after heating in citrate
buffer at 98°C for 10 min. The sections were incubated with
an antibody against SPINK1 (1:100; catalog no. ab183034;
Abcam) at 4°C overnight and with horseradish peroxidase
universal immunoglobulin G secondary antibody (cat.
no. sc69786; 1:1,000; Santa Cruz Biotechnology, Inc.) for
30 min at 37°C. The signal was detected with 3,3'-diamino-
benzidine solution using a light microscope (magnification,
x200; IX71; Olympus Corporation). For SPINK1 protein,
all visual fields were analyzed; the entire tissue specimen
irrespective of its size was assessed, taking into account
the percentage of positively stained cells and the intensity
of staining.

Scoring of immunohistochemistry. Double-blind scoring
was performed independently by two pathologists from
the Department of Pathology, Affiliated Hospital of Jining
Medical University. If different scores were assigned for
the same sample, the sample was revaluated and, if needed,
further discussed to determine a final score. SPINK1 expres-
sion was scored according to a previously described staining
intensity and percentage of positive cells method (19). The
percentage of positive cells was scored as follows: 0, no
positive cells; 1, 1-10% positive cells; 2, 11-50% positive
cells; 3, =51% positive cells. Staining intensity was scored as
follows: 0, no staining; 1, weak staining; 2, moderate staining;
3, dark staining. Comprehensive score = staining percentage
x intensity. SPINK1 expression: <2 low expression, =2 high
expression.

Cells and RNA interference (RNAi). The HBE, H460, H1299
and A549 cell lines were obtained from The American Type
Culture Collection. A549 cells were cultured in F-12K medium
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc.) at 37°C in a humidified atmosphere with 5%
CO,. The other cell lines were cultured in RPMI-1640 medium
with 10% FBS in a humidified atmosphere with 5% CO, at
37°C, until they reached 100% confluence. Small interfering
(si)RNA targeting SPINK1 (SPINKI-sil, sense 5'-AAGAAA
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GAUGCCUGUUACCUU-3', antisense 5'-GGUAACAGG
CAUCUUUCUUCU-3" and SPINK1-si2, sense 5'-AGUGUU
ACCAGAUAGACUCAA-3', antisense 5-GAGUCUAUCUGG
UAACACUGG-3"; Shanghai GenePharma Co, Ltd.) was used
to knockdown the expression of SPINKI1. Negative control
siRNA (4 ug; non-targeting) or SPINK1 siRNA (Shanghai
GenePharma Co, Ltd.) were transiently transfected using
8 ul Lipofectamine® RNAIMAX (Invitrogen; Thermo Fisher
Scientific, Inc.). The transfection efficiency was determined by
western blotting 24 h following transfection.

Cell proliferation and apoptosis. Proliferation assays
were performed by seeding 4,500 cells into 96-well plates
and using the Cell Counting Kit-8 (CCK-8; Dojindo
Laboratories), according to the manufacturer's protocol. The
Annexin V-FITC/propidium iodide (PI) apoptosis detec-
tion kit I (BD Biosciences) was used to determine the level
of apoptosis. Briefly, the collected cells were centrifuged at
x500 g for 5 min at room temperature and washed three times
with PBS, and resuspended with 100 ul binding buffer with
5 ul Annexin V-FITC and 5 ul PI solution. Cells were incu-
bated in the dark for 15 min at 4°C. The cells were added to
400 ul binding buffer and analyzed using a FACS LSR II (BD
Biosciences) flow cytometer, and analyzed using CellQuest
software (version 5.1; BD Biosciences).

Western blot analysis. The protein levels of SPINK1 from
cell lines were determined using western blot analysis.
Briefly, proteins were lysed in RIPA (Beyotime Institute
of Biotechnology). Protein concentration was determined
using a bicinchoninic acid assay kit (Beyotime institute of
Biotechnology). Protein (20 ug) were separated by 10%
SDS-PAGE and transferred onto a nitrocellulose membrane.
After the transfer, 5% bovine serum albumin (Thermo
Fisher Scientific, Inc.) was used to block the membranes for
1 h at room temperature. The following primary antibodies
were incubated overnight at 4°C: SPINK1 (1:1,000; catalog
no. ab183034; Abcam), B-actin (1:5,000; cat. no. ab8226;
Abcam). Membranes were washed with TBST three times.
The secondary antibody anti-mouse (1:1,000; cat. no. 7076;
Cell Signaling Technology, Inc.) and anti-rabbit (1:1,000; cat.
no. 7074; Cell Signaling Technology, Inc.) was incubated for
1 h at room temperature. Protein bands were visualized using
ECL reagent (Thermo Fisher Scientific, Inc.), images were
captured using a Tanon detection system, and densitometry
analysis was performed using ImageQuant TL software
version 1.1 (GE Healthcare Life Sciences).

Reverse transcription-quantitative (RT-gPCR). Total RNA
from cells or patients' tissues was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The
PrimeScript RT reagent kit (Takara Bio, Inc.) was used to
synthesize complementary DNA, which was used in the qPCR
(SYBR Green PCR kit; Takara Bio, Inc.) with a 7500 Fast
Real-time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The RT reactions were performed as follows:
37°C for 15 min and 85°C for 5 sec. PCR amplification was
performed in a thermal cycler for 40 cycles at the following
cycle conditions: 95°C for 5 sec, 60°C for 30 sec, and 72°C for
30 sec. The following primers were used: SPINK1, forward



Bzl SPANDIDOS
7] .§, PUBLICATIONS

S"TGTCTGTGGGACTGATGGAA-3, reverse 5-AGGCCC
AGATTTTTGAATGA-3'. NRF2, forward 5-AGGTTGCCC
ACATTCCCAAA-3', reverse 5'-AGTGACTGAAACGTA
GCCGA-3'; MEI, forward 5-GAACCCTCACCTCAACAA
GGTA-3, reverse 5'-AGCCAAGAATACGCTCTCCA-3"
TXNRDI, forward 5-GAAAGGCAAGAACGGCGATG-3',
reverse 5'-CGTGTGCATGTGGACCTACT-3"; GCLC, forward
5-ACTTCATTTCCCAGTACCTTAACA-3', reverse 5'-CCG
GCTTAGAAGCCCTTGAA-3"; GCLM, forward 5-AAGCAC
TTTCTCGGCTACGA-3, reverse 5'-GCGGGAGAGCTG
ATTCCAAA-3'; and GAPDH, forward 5'-AGAAGGCTG
GGGCTCATTTG-3' and reverse 5"AGGGGCCATCCACAG
TCTTC-3'. GAPDH was used as the internal control. Each
experiment was performed in triplicate. The relative mRNA
expression of each gene was calculated with the comparative
quantitation cycle method 2441 (20,21).

ROS evaluation. Dichlorofluorescin diacetate (DCFH-DA;
Beyotime Institute of Biotechnology) staining was used to
detect the cytoplasmic ROS level. Briefly, cells were washed
twice with PBS and incubated with 10 xM DCFH-DA at 37°C
for 30 min. The cells were resuspended in ice-cold PBS and the
fluorescence intensity of DCF was determined at an excitation
wavelength of 488 nm and an emission wavelength at 530 nm.

The intracellular ATP level, NADPH/NADP* ratio
and NADH/NAD™ ratio was evaluated using the ATP
Assay kit (Beyotime Institute of Biotechnology), the
NADP/NADPH Quantitation Colorimetric kit (BioVision)
and the NAD/NADH Quantitation Colorimetric kit
(BioVision), according to the manufacturers' protocols. The
GSH and GSSG Assay kit was purchased from Beyotime
Institute of Biotechnology and was performed according to
the manufacturer's protocol.

Dual-luciferase reporter assay. In total, 2x10* cells were
seeded into 96-well plates. The plasmids (1 xg) REPO-ARE
[a DNA sequence containing the GST Al ARE (-833
to -533 from the start codon) inserted into a luciferase
reporter vector as described previously (22)] and 0.5 ug/1 ug
pCMV-SPINK1-flag (both from Shanghai GenePharma Co,
Ltd.) were transfected into each well using Lipofectamine™
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The
Renilla luciferase plasmid (Promega Corporation) was trans-
fected into each well to normalize transfection efficiency.
Luciferase activity (Dual-Luciferase Assay System; Promega
Corporation) was detected 48 h after transfection. Renilla
luciferase gene was used as the internal reference to verify
the transfection efficiency and calculate the relative luciferase
activity as follows: Relative luciferase activity=firefly lucif-
erase activity/Renilla luciferase activity. The experiments
were performed twice.

Statistical analysis. The data are presented as the
mean + standard deviation. For comparisons between two
groups, two-tailed Student's t-tests were used. Multiple group
comparisons were calculated using the one-way ANOVA
analysis followed by the Dunnett's post hoc test. Associations
between the expression of SPINK1 and clinical characteristics
were analyzed using the ¥ test. The Kaplan-Meier method
and log-rank test was used to estimate overall survival (OS).
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Table I. Comparisons with SPINK1 expression between
NSCLC and paired adjacent normal tissues.

SPINK 1
expression
Tissues Cases, n Low High P-value
NSCLC tissues 100 49 51 0.006
Adjacent tissue 100 68 32

SPINK1, serine protease inhibitor Kazal-type 1; NSCLC, non-small
cell lung cancer.

Univariate and multivariate COX regression analysis was
performed to estimate the relative risk of death associated with
SPINKI1 expression and other prognostic variables for OS.
Those parameters with P<0.05 in the univariate analyses were
included in a Cox multivariate proportional hazards regres-
sion model. P<0.05 was considered to indicate a statistically
significant difference.

Results

SPINKI is a prognostic marker of NSCLC. In total, 100
paraffin-embedded tissue samples used for detecting protein
expression by IHC were collected in order to investigate the
expression and clinical features of SPINKI1 in patients with
NSCLC in the present study. SPINK1 was expressed at a
higher level in tumor samples compared with adjacent normal
tissue (Table I). No differences in SPINK1 expression were
observed for age, sex, smoking habits, histological type or the
Tumor (T) and Node (N) stage (Table II). However, SPINK1
expression was associated with Tumor-Node-Metastasis
(TNM) stage (P<0.001; Table II). The univariate and multi-
variate analysis indicated that, in addition to TNM stage,
SPINK1 may be a prognostic factor for patients with NSCLC
(P<0.001; Table III).

SPINKI is expressed at a higher level in NSCLC. SPINK1
expression was analyzed in clinical samples. The function of
SPINK1 was also analyzed. SPINK1 expression was higher in
NSCLC ttissues compared with adjacent normal tissues (P<0.05;
Fig. 1A). The expression of SPINK1 was also assessed in cell
lines. SPINK1 was upregulated in NSCLC cell lines compared
with HBE at both the transcriptional (P<0.05; Fig. 1B) and
protein levels (Fig. 1C and D). Immunohistochemistry demon-
strated a higher level of expression of SPINK1 in NSCLC
tissue samples (Fig. 1E). Kaplan-Meier analysis indicated that
higher expression of SPINK1 predicted a poorer prognosis for
patients (P<0.001; Fig. 1F).

SPINK]I regulates proliferation and apoptosis in NSCLC.
In order to investigate the biological effects of SPINKI1 in
NSCLC cells, SPINK1 was depleted using RNAi. The knock-
down efficiency was determined using RT-PCR and western
blotting (P<0.05; Fig. 2A and B). The biological function of
SPINK1 was examined in NSCLC cell lines. The viability
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Table II. Association between the clinicopathological characteristics and SPINK1 expression in non-small cell lung cancer.

SPINK1 expression

Characteristics N Low (n=49) High (n=51) P-value

Age, years
<60 50 22 28 0.317
>60 50 27 23

Sex
Male 55 26 29 0.702
Female 45 23 22

Smoking habit
Never 64 31 33 0.881
Ever 36 18 18

Histological type
Adenocarcinoma 46 25 21 0319
Squamous cell carcinoma 36 14 22
Others 18 10 8

Grade
Well-differentiated 70 36 34 0.458
Moderate-poorly differentiated 30 13 17

T stage
T1+T2 30 14 16 0.711
T3 69 35 34

N stage
NO 39 22 17 0.236
N1+N2 61 27 34

TNM stage
I+11 66 42 24 <0.001
IITA 34 7 27

SPINK(1, serine protease inhibitor Kazal-typel; T, tumor; N, node; TNM, Tumor-Node-Metastasis.

of SPINK1-siRNA treated cells was significantly decreased
compared with the control group (P<0.05; Fig. 2C and D). In
addition, the level of apoptosis was higher in SPINK1-siRNA
treated cells (P<0.05; Fig. 2E and F). These results indicated
a role for SPINKI1 in promoting cell growth and inhibiting
apoptosis.

SPINKI regulates the redox state of NSCLC cells. The
potential molecular mechanisms of SPINK1 in NSCLC
were investigated in the present study. Redox homeostasis is
an important factor in tumor progression (23,24). Therefore,
whether SPINKI1 is as an oxidative factor involved in
protecting basal mitochondrial respiration in NSCLC cells
was investigated in the present study. Since A549 and H1299
have relatively higher endogenous SPINK1 expression, these
cell lines were chosen for SPINKI1 silencing experiments. The
results revealed that the inhibition of SPINKI1 significantly
increased ROS production. Furthermore, the knockdown of
SPINKI1 increased the NADP/NADPH ratio, decreased the
GSH/GSSG ratio and JC-1 aggregates compared with the
control cells (P<0.05; Fig. 3A and B). These results suggested

that SPINK1 played an important role in the redox balance of
NSCLC cells.

SPINKI transcriptionally activates NRF2 expression in
NSCLC. Next, the potential underlying molecular mechanism
of SPINKI1 regulating redox homeostasis was investigated.
Antioxidant response elements (AREs) are in the regula-
tory regions of several genes that encode for enzymes that
contribute to the regulation of antioxidants (21). The results
of the present study revealed that ARE activity was increased
in a dose-dependent manner after cloning the ARE sequences
into a luciferase vector and transfecting cells with a SPINK1
expression vector, indicating that ARE-driven gene were
significantly decreased in SPINK1 knockdown cells (P<0.05;
Fig. 4A and B). The knockdown of SPINKI1 decreased
NRF?2 expression and further decreased the mRNA levels of
ARE-driven genes, including NADP-dependent malic enzyme
(MEJ), thioredoxin reductase 1 (TXNRD), glutamate-cysteine
ligase catalytic subunit (GCLC) and glutamate-cysteine
ligase regulatory subunit (GCLM) (P<0.05; Fig. 4C and D).
Furthermore, the expression levels of NRF2, ME1, TXNRD 1,
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Table III. Summary of univariate and multivariate Cox regression analysis of overall survival.
Univariate analysis Multivariate analysis

Characteristics HR 95% CI P-value HR 95% CI P-value
SPINK1 expression

Low 1 1

High 4003 2.450-6.541 <0.001 3.491 2.071-5.884 <0.001
Age, years

<60 1

>60 0.821 0.536-1.256 0.362
Sex

Male 1

Female 0.868 0.566-1.331 0.517
Smoking habit

Never 1

Ever 0.947 0.610-1.471 0.947
Histological type

Adenocarcinoma 1

Squamous cell carcinoma 0.970 0.536-1.758 0.921

Other 1.362 0.729-2.542 0.332
Grade

Well differentiated 1

Moderate-poorly differentiated 1.500 0.951-2.368 0.081
T stage

T1+T2 1

T3 0.731 0.416-1.284 0.275
N stage

NO 1

N1+N2 0.858 0.684-1.076 0.186
TNM stage

I+11 1 1

1A 19.263 8.932-41.542 <0.001 19.117 8.243-44.333 <0.001

SPINK1, serine protease inhibitor Kazal-typel; T, tumor; N, node; TNM, Tumor-Node-Metastasis.

GCLC and GCLM were validated using 20 NSCLC specimens
frozen in liquid nitrogen. The results revealed that the expres-
sion levels of NRF2, ME1, TXNRD 1, GCLC and GCLM were
increased in NSCLC tissues (in 18 of the 20 cases; P<0.05;
Fig. 4E). SPINK1 maintained the redox balance by activating
NRF2, upregulating antioxidant response element-driven
gene expression, leading to increased cell proliferation and
decreased cell apoptosis (Fig. 4F).

Discussion

The serine protease inhibitor SPINKI is a trypsin inhibitor,
which is known to play an important role in a number of
physiological and pathological processes (25). SPINK1 has an
established function in protecting the pancreas from premature
activation of trypsinogen (26). SPINK1 functions as an acute
phase reactant in severe inflammatory disease and tissue injury,

contributing to normal tissue maintenance and repair (14).
Furthermore, SPINK1 promotes the initiation and progres-
sion of cancer. Changes in SPINK1 expression levels are
associated with the prognosis of a number of different types
of cancer (17); the high expression of SPINK1 in liver tissue
is associated with liver metastasis (27), and SPINK1 levels in
the serum of patients with colorectal cancer are associated
with OS (28).

In the present study, SPINKI1 expression levels were
determined in NSCLC. The expression of SPINK1 was higher
in tumor samples and lower in the adjacent normal tissue.
Clinicopathological analysis revealed that SPINK1 expression
was associated with TNM stage. The univariate and multi-
variate analyses indicated that SPINK1 may be a prognostic
factor in patients with NSCLC. The Kaplan-Meier analysis
suggested that higher expression levels of SPINK1 predicted
a poorer OS time.
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Figure 1. SPINKI1 is expressed at a higher level in NSCLC. (A) SPINK1 expression is higher in tumor samples compared with adjacent normal tumor samples.
(B) The mRNA expression of SPINK1 in cell lines. SPINK1 was upregulated in NSCLC cell lines compared with HBE. (C) The protein level of SPINKI in
NSCLC cell lines. SPINK1 was upregulated in NSCLC cell lines compared with HBE. (D) Quantification of SPINK1 expression. (E) Representative images
of THC staining of SPINK1 in NSCLC and adjacent tissues. IHC showed a higher level of SPINK1 expression in NSCLC tissue samples (brown color).
(F)Kaplan-Meier analysis indicated a higher level of SINK1 expression predicted a poorer overall survival time. "P<0.05 vs. control. IHC, immunohistochemistry;
SPINKI, serine protease inhibitor Kazal-type 1; NSCLC, non-small cell lung cancer.

The biological functions of SPINK1 were also investigated
in the present study. SPINK1 was highly expressed in NSCLC
cells and tissue samples. The viability of SPINK1-siRNA
treated cells was significantly attenuated compared with the
control group. In addition, an increased level of apoptosis was
observed in SPINK1-siRNA treated cells.

The molecular mechanism of SPINKI1 in NSCLC was
investigated in the present study. ROS have several roles in the
development of tumors; the physiological effects of ROS vary
with concentration, duration and cell changes (29). Low concen-
trations of ROS can accelerate cell division and proliferation,
while moderate levels cause the arrest of cell growth and high
levels induce apoptosis or necrosis (30). A large increase in ROS
leads to the opening of the mitochondrial membrane perme-
ability transport pores, activation of the caspase cascade, DNA
breaks and tumor cell apoptosis mediated by Fas-FasL through
activating the p38 mitogen-activated protein kinase (MAPK)
signaling pathway (31,32). ROS cause DNA damage (33),
affecting mitochondrial DNA (mtDNA) and impeding oxida-
tive phosphorylation (34). Previous studies have demonstrated

that tumors, such as lung cancer, stomach cancer, breast cancer,
colon cancer and lymphoma, have mtDNA mutations (35-38).
In addition, low levels of ROS act as signaling molecules to
regulate key proteins and promote cell proliferation. In prolif-
eration, ROS leads to the decreased expression of p53 and p21,
and increased activity of the cyclin-cyclin dependent kinase
complex, leading to cell cycle progression (39,40). In NSCLC,
the inhibition of SPINKI1 significantly increased ROS produc-
tion, increased the NADPH/NADPH ratio and decreased the
GSH/GSSG ratio, and decreased JC-1 aggregates. These results
suggested that SPINK1 played an important role in the redox
balance of NSCLC cells.

Previous studies have revealed that the NRF2 pathway is
associated with ROS (41-44). AREs are found in the regula-
tory regions of antioxidant regulating enzymes (45). Following
the transfection of the luciferase vector with ARE sequences
and the SPINKI1 vector in the present study, ARE activity
increased in a dose-dependent manner. In addition, SPINK1
increased the expression of NRF2 and increased the mRNA
levels of ARE-driven genes, including ME1, TXNRD, GCLC
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Figure 2. SPINKI1 regulates the proliferation and apoptosis of NSCLC. (A and B) Protein expression of SPINK1 following siRNA transfection using western
blotting. Quantification of SPINK1 expression. (C and D) The viability of SPINK1-siRNA transfected cells was significantly attenuated compared with the
control group. (E and F) The level of apoptosis of SPINK1-siRNA treated cells and the control group. “P<0.05 vs. control. SPINK1, serine protease inhibitor
Kazal-type 1; NSCLC, non-small cell lung cancer; siRNA, small interfering RNA; NC, negative control; OD, optical density.

and GCLM. Taken together, SPINK1 participated in the
redox balance by activating NRF2 in NSCLC cells. However,
how SPINKI1 regulates NRF2 requires further investigation.
Structurally, SPINK1 was identified as having a structure with
~50% similarity to epidermal growth factor (EGF), which
indicates the ability of SPINK1 to induce the dimerization and
phosphorylation of the EGF receptor (EGFR), and promote
signal transduction and cell proliferation through the MAPK
pathway (46). Wang et al (47) reported that SPINK1 promotes
the epithelial-to-mesenchymal transition through the EGFR

signaling pathway in prostate cancer. The concomitant expres-
sion of SPINKI at high levels and EGFR was also identified
to be associated with poor prognosis in colorectal cancer (48).
Ateeq et al (49) suggested that SPINK1 functions, at least in
part, to stimulate EGFR signaling in an autocrine loop. A direct
interaction between SPINK1 and EGFR was also identified in
prostate cancer. Future research in the field should focus on this.

In conclusion, the present study revealed a novel regula-
tory function for SPINK1 through the activation of the
NRF2-mediated antioxidant regulation. In addition, SPINK1
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Figure 3. SPINKI1 regulates the redox status of NSCLC cells. The inhibition of SPINK1 expression significantly increased oxidized DCF level (ROS produc-
tion), increased the NADP/NADPH ratio, decreased GSH/GSSG ratio and decreased JC-1 aggregates in (A) A549 and (B) H1299 cells. “P<0.05 vs. control.
SPINKI, serine protease inhibitor Kazal-type 1; NSCLC, non-small cell lung cancer; ROS, reactive oxygen species.
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may be a prognostic factor for NSCLC. Thus, developing
an inhibitor for SPINKI is expected to provide therapeutic
benefits for NSCLC.
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