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Background: Lung cancer remains the leading cause of cancer-related death worldwide.
The human PINKI gene (PTEN induced kinase 1, Park6), an important gene for Parkinson’s
disease, was found to be associated with tumor development although the molecular mechan-
isms underlying this relationship remain largely unknown.

Objective: To analyze the clinical value and molecular mechanism of PINK! in non-small
cell lung cancer (NSCLC).

Materials and Methods: Western blot, qRT-PCR and Immunohistochemistry were
employed to determine the levels of PINKI in 87 paired NSCLC tissues, Oncomine and
TCGA databases were also used for the evaluation of expression and prognosis of PINK].
The mitophagy, proliferation, migration, invasion, and apoptosis abilities of A549 and H1975
cells were detected, and the autophagy-related proteins in the cells were also determined.
Results: Immunohistochemical staining revealed higher PINKI expression in tumor tissues,
which was strongly linked to the tumor-node-metastasis classification. Survival analysis of 1085
NSCLC patients also revealed that low PINKI expression levels were associated with signifi-
cantly longer overall survival. Univariate and multivariate analyses indicated that PINKI
expression was an independent predictor of overall survival among patients with NSCLC. We
also evaluated the influence of PINK deficiency in NSCLC cell lines (A549 and H1975), which
revealed significant suppression of migration capability and cell viability, as well as
a significantly elevated apoptosis ratio. In cells with stable interference of PINKI expression,
dysfunctional mitochondria accumulated while autophagy was inhibited, which indicated that
cell activity suppression was mediated by the accumulation of dysfunctional mitochondria. The
suppression of migration and autophagy was reversed in cells that overexpressed PINK .
Conclusion: Our results suggest that PINK1 may be a potential therapeutic target and
prognostic biomarker in NSCLC.

Keywords: PINK1, NSCLC, mitochondria, autophagy, migration, proliferation

Introduction

Lung cancer remains the leading cause of cancer-related death worldwide and is the
most common malignant tumor with the highest morbidity and mortality rates in
China. The main histological subtype of lung cancer is non-small cell lung cancer
(NSCLC), which accounts for approximately 75-80% of lung cancer cases.'
Patients with early-stage NSCLC are asymptomatic and only 20% of patients are
diagnosed with local lesions, indicating that surgery may not be possible in many

cases. Furthermore, the poor 5-year survival rate among NSCLC patients is related
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to tumor metastasis occurring at an early stage.* Although
the underlying mechanism remains unknown, many genes
likely play roles in this process, which would be consistent
with the diverse factors that are related to tumor develop-
ment and invasion.””’ Current evidence also suggests that
the Parkinson’s disease gene family plays an important
role in cancer cell proliferation and migration.®"!
Parkinson’s disease is a chronic progressive neurological
disease that is caused by degeneration and death of substantia
nigra cells.'? The Parkinson’s disease gene family (including
PARK1/4, PARK?2, PARKS, PARK6, PARK7, PARKS, PARK?Y,
and PARK15) plays an important role in the occurrence and
development of Parkinson’s disease.'® Recent studies have
also indicated that expression of the Parkinson’s disease
genes is inversely related to tumor development.'* ' The
human PINKI gene (PTEN induced kinase 1, Park6) is
located on the short arm of chromosome 1 and encodes
a serine/threonine protein kinase with 581 amino acids.'’
This gene is widely expressed in mammalian tissues and
cells, especially in the heart and reproductive system.'®
Current studies have indicated that PINK/ plays an important
role in tumor occurrence and development through inducing
autophagy to eliminate dysfunctional mitochondria.
Knockdown of PINKI can significantly inhibit the cancer
phenotype in breast and cervical cancer cells, although over-
expression of this protein may also result in drug resistance
and poor outcomes in esophageal squamous cell carcinoma
models.'”** Our previous research also revealed that PINK
might be associated with tumorigenesis and progression of

4 although the underlying functions and

lung cancer,
mechanisms were unclear. Therefore, this study aimed to
clarify the potential role of PINK! in regulating the prolif-

eration and migration of lung cancer cells.

Materials and Methods

Cell Lines and Culture

Human NSCLC cell lines (A549 and H1975) were purchased
from the Shanghai Institute of Country Cell Bank. The cells
were cultured in DMEM (Hyclone, Logan, UT, USA) con-
taining 2 mM L-glutamine (Sangon Biotech, Shanghai,
China) and 10% FBS (Gibco, Grand Island, NY, USA) in
a 37°C humidified atmosphere containing 5% CO,. Digestion
with trypsin-EDTA (Hyclone, Logan, Utah, USA) was per-
formed when the cells were grown in culture flasks. The cells
were subcultured (1:3) or used for experiments when the cell
fusion proportion reached 90%.

Clinical Samples

Tumor specimens and adjacent normal tissue specimens
were obtained from 91 NSCLC patients before they
received any therapy (87 paired specimens and 4 tumor
tissues). All patients had been treated at the Xingiao
Hospital, Army Medical University between 2004 and
2009. The patients had provided informed consent for
research use of their specimens. This study was approved
by the Ethical committee of Xingiao Hospital of The
Army Military Medical University (Approval number:
AF/SC-08/1.0), and conducted in accordance with the
Declaration of Helsinki. Furthermore, we confirmed that
the data related to this manuscript were anonymized.

Immunohistochemistry and Scoring

The tissue specimens were paraffin-embedded, sectioned,
dewaxed, and subjected to antigen retrieval using a citrate
buffer. The sections were incubated with antibodies to
PINK1 (1:25; ab23707, Abcam, Camb, UK) at 4°C over-
night and then incubated with specific secondary HRP-
conjugated antibodies (Dako, Santa Clara, CA) according
to previously reported methods.>* The expression of
PINK] was detected and scored using a semi-quantitative
staining index, which provides scores that range from 0 to
12. The index was calculated by multiplying the expres-
sion extent score (0 points: <5% positive cells, 1 point:
5-25% positive cells, 2 points: 26-50% positive cells, 3
points: 51-75% positive cells, and 4 points: >75% positive
cells) by the staining intensity score (0 points: negative
expression, 1 point: weak expression, 2 points: moderate
expression, and 3 points: strong expression). A cut-off
value of 6 points was used to define high/low expression
scores, and all data were analyzed using X-tile software
(version 3.6.1; New Haven, CT, USA).25

Creating Cells with Stable Interference or
PINKI Overexpression

Lentiviruses to provide stable interference or PINK/ over-
expression were created by Sangon Biotech. The A549 and
H1975 cells were infected with stabling interfering lentivirus
(LV5-shPINK1), overexpression lentivirus (LV5-pCDH-ov
PINK1), or control lentivirus (LV5-control) at a multiplicity
of infection of 15 for 48 h. The positively infected cells were
identified using puromycin (3 pg/mL, Gibco) and cloned
using a limited-dilution method. The cells that were stably
infected with shPINKI (PINKI interference) or ovPINKI
(PINK1 overexpression) and the control cells were cultured
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in DMEM containing 10% FBS and puromycin (1 mg/mL).
The control shRNA sequence was 5-UUCUCCGAAC
GUGUCACGUTT-3" and the PINKI-specific shRNA
sequence was 5'-CGCUGUUCCUCGUUAUGAATT-3".

Quantitative RT-PCR

Total RNA from tissues and cells were extracted using the
Trizol reagent (Invitrogen, USA). Reverse transcription was
performed using the PrimeScript™ RT reagent with the
gDNA Eraser Kit (TaKaRa, Japan) according to the manu-
facturer’s instructions. The cDNA samples were detected
using TB Green® Premix Ex Taq™ II (Tli RNaseH Plus,
TaKaRa, Japan) and the Bio-Rad CFX96 PCR System (Bio-
Rad, Hercules, CA, USA) with CFX Manager Software
(version 3.1, Bio-Rad). The primer sequences were: PINK]
forward primer: 5-CAAGAGAGGTCCCAAGCAAC-3/,
PINKI reverse primer: 5-GGCAGCACATCAGGGTAG
TC-3"; GAPDH forward primer: 5-GGACCTGACCTGC
CGTCTAG-3', GADPH reverse primer: 5'-CCTGCTTC
ACCACCTTCTTGA-3".

Western Blotting

Total protein from tissues or cells was extracted using RIPA
lysis buffer (Sangon Biotech, Shanghai, China) and quanti-
fied using a BCA kit (Beyotime Biotech, Shanghai, China).
Equal amounts of protein from each sample were separated
using 10% SDS-polyacrylamide gels and transferred onto
polyvinylidene fluoride membranes (Millipore, MA, USA).
After blocked with 5% non-fat milk, the polyvinylidene
fluoride membranes were incubated at 4°C overnight with
antibodies specific to LC3 (1:1000, # 12741S), SQSTM1
(1:1000, # 39749S), ATGS (1:1000, # 12994S), Beclin-1
(1:1000, #3495S), and B-actin (1:2000, #8457S) (all pur-
chased from Cell Signaling Technology, Boston, USA), as
well as antibodies specific to PINK1 (1:1000, Abcam, UK).
The polyvinylidene fluoride membranes were subsequently
incubated at room temperature for 2 h with corresponding
secondary HRP-conjugated antibodies (1:20,000). The
protein bands were visualized using the ECL kit
(Beyotime Biotech, Shanghai, China), exposed using
a Chemiluminescence Imaging System (Fusion Solo S,
Vilber, France), and the greyscale values were analyzed
using Image J software (version 1.51d, NIH, USA).

CCK-8 Assay

The cells that were stably infected with shPINK/ and the
control cells were seeded into 96-well plates and incubated
for 24 h, 48 h, 72 h, and 96 h. A total of 10 puL of Cell

Counting Kit-8 (Beyotime Biotech) was added to each well
for 2 h and the absorbance was then measured at 450 nm.

Flow Cytometry

The cells that were stably infected with shPINK/I and the
control cells were incubated in 12-well plates, then treated
with fresh medium or CDDP (5uM, Sigma-Aldrich) for 24
h and digested by trypsin (Hyclone). The cell suspension
was transferred to 1.5 mL centrifuge tubes and stained
using Annexin V for 30 min. The PI buffer was added
and then apoptosis was detected using a BD FACS
Calibur™ device (Franklin Lakes, NJ, USA).

Cell Migratory Assay

The cells’ migration capabilities were evaluated using the
transwell assay and the wound healing assay. For the
transwell assay, 4x10% shPINK-positive cells or control
cells were seeded into the upper chamber with FBS-free
medium (8 pm pore size; Millipore), and 500 pL of
complete medium was added to the lower chambers of 24-
well plates. After incubation for 24 h, the cells on the
underside of the filter membrane were fixed, stained, and
counted. For the wound healing assay, 1x10° shPINKI-
positive cells or control cells were seeded into 6-well
plates and incubated for 24 h. The cells were then
scratched using 1000 pL pipette tips and washed 3 times
using PBS. The plates were photographed at 0 h and 24
h for comparison.

Mitochondrial Membrane Potential Assay
Detection of the mitochondrial membrane potential was
performed using a mitochondrial membrane potential
assay kit with JC-1 (Beyotime Biotech). According to the
manufacturer’s instructions, 2x10° A549 cells or H1975
cells were stained with JC-1 for 20 min, washed twice, and
then the fluorescence intensity (red/green) was detected.

Detecting Reactive Oxygen Species

The mitochondria from A549 cells and H1975 cells were
isolated according to the instructions for the Cell
Biotech).
Mitochondrial levels of reactive oxygen species (ROS)

Mitochondria  Isolation Kit (Beyotime
were evaluated using the Reactive Oxygen Species Assay

Kit (Beyotime Biotech).

Transmission Electron Microscopy
A total of 1x10° cells were centrifuged after digestion
using trypsin and then fixed for 2 h using 2.5%
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glutaraldehyde. The products were dehydrated using
a gradient of 50% ethanol, 70% ethanol, 90% ethanol,
90% ethanol plus 90% acetone (1:1), and 90% acetone at
4°C, with a final dehydration step using 100% acetone for
20 min. The cells were sliced after embedding and solidi-
fying, and stained using 3% uranium acetate plus lead
citrate. Transmission electron microscopy was then used
to evaluate the mitochondrial dysfunction in shPINKI-
positive cells.

Immunofluorescence

A total of 5x10* A549 cells or H1975 cells (from the
control, shPINKI, or ovPINK] groups) were seeded into
24-well plates and incubated overnight. The cells were
then transfected with the LC3 plasmid for 24 h using
a Lipofectamine 3000 transfection kit (Invitrogen). The
cells were subsequently washed using PBS, fixed using
4% paraformaldehyde (Sangon Biotech), permeabilized
using 0.1% Triton-X 100 (Amresco, Radnor, PA, USA),
and blocked for 1 h with 5% goat serum (Gibco). The
slides were then stained for 5 min using DAPI buffer
(Beyotime Biotech) and mounted for fluorescence micro-
scopy using DAKO Fluorescence Mounting Medium
(Agilent, La Jolla, CA, USA). The image acquisition
was performed using a LSM 780 NLO microscope sys-
tem and the image export/analysis was performed using
ZEN Imaging Software (Zeiss).

PINKI Rescue Experiment

The cell autophagy and migratory capacity were detected
when over-expressed PINK/ in shPINKI cells. Briefly,
1x10° cells were seeded in 6-well plate and the 4ug
PINK1 overexpressed plasmid was transfected into A549
and H1975 cells with Lipofectamine 3000 (Invitrogen).
Twenty-four hours later, the cells were digested by trypsin
(Hyclone) and counted for transwell assay. For immuno-
fluorescence assay, 1x10° shPINKI A549 and H1975 cells
were seeded in 24-well plate overnight and then trans-
fected with GFP-LC3 plasmid plus PINKI overexpressed
plasmid or control plasmid for 36h. The RNA and protein
were also collected after PINKI transfection. These
experimental procedures were same as above.

Statistical Analysis

All results were expressed as mean + standard deviation.
Data regarding cell numbers, wound widths, and relative
grayscale values were analyzed using Image J software.
Inter-group comparisons were performed with SPSS

software (version 19.0) using one-way analysis of variance
or the unpaired two-tailed Student’s #-test. Differences

were considered statistically significant at P-values
of <0.05.

Results

Abnormal PINKI Expression in NSCLC
Specimens

The expression of PINKI1 was evaluated in 87 pairs of
tumor tissues and adjacent normal tissues via immunohis-
tochemical analysis. High expression was significantly
more common in the tumor tissues than in the adjacent
normal tissues (78.02% vs 35.6%, P=0.000) (Figure 1A
and Table 1). We also evaluated PINK! expressions in the
two groups via qRT-PCR analyses with 25 paired speci-
mens from NSCLC patients, which revealed upregulation
of PINKI transcription in the tumor tissues (Figure 1B).
Western blotting using 5 paired specimens also confirmed
this result (Figure 1C), as well as data from the Oncomine
database®® (Figure 1D). These results indicated that PINK/
expression was significantly upregulated in NSCLC cells,
relative to in cells from adjacent normal tissue.

High PINKI Expression Was Associated
with Tumor Malignancy and Poor

Prognosis

Table 2 shows the clinicopathological features of the
NSCLC specimens that were used, and the relationships
between PINKI expression and the clinicopathological fea-
tures are shown in Table 3. The intensity of staining for
PINK] varied according to TNM classification, and high
PINK] expression was much more common in specimens
from patients with advanced-stage NSCLC than in patients
with early-stage NSCLC. Moreover, the expression of
PINK1 was closely related to tumor diameter (P=0.008)
and lymphatic metastasis (P=0.001) (Figure 2A and
Table 3). Kaplan-Meier survival curves revealed that high
PINK] expression was associated with remarkably shorter
survival, relative to low PINK! expression (median survival:
39 months vs 62 months, P=0.011) (Figure 2B), and similar
results were observed among 994 NSCLC patients from the
TCGA database (P=0.032) (Figure 2C). In addition, the
univariate and multivariate analyses revealed that advanced
TNM stage and high PINK] expression were associated with
poor overall survival, and that poor overall survival was
independently predicted by high PINKI expression in
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Figure | PINKI is highly expressed in NSCLC tissues. (A) Representative images (left) of tumor tissues and normal tissues with PINKI staining (scale bar = 50 pm), plus the
immunohistochemical scores for tumor tissues and adjacent normal tissues from 87 patients with non-small cell lung cancer (NSCLC, right). (B) Expression ratios of PINK 1/
GAPDH in the tumor tissues and corresponding normal tissues from 25 paired NSCLC samples (left) and the results of the quantitative assay (right). (C) Protein levels of
PINK from 5 paired NSCLC samples (top) and the relative densities as determined using Image ] software (bottom). The data were presented as mean * standard deviation
for 3 independent experiments. (D) Log2 median-centered intensities of PINK/ expression in 226 tumor tissues and 20 normal tissues from the Oncomine database

(Okayama). *p < 0.05, *p < 0.01, ***p< 0.001.

NSCLC (hazard ratio: 2.279, 95% confidence interval: 1.-
182—4.395; P=0.014) (Table 4).

PINKI Played an Important Role in Cell

Migration and Survival in vitro

Cells with stable PINKI interference were created using
the A549 and H1975 cell lines. Figure 3 shows that the
viability of both cell lines was significantly reduced by
PINK] interference. The RNA and protein level of
PINK1lin normal cell and shPINKI cell was detected,
respectively (Figure 3A and F). Compared to those in the
control cells, obviously wider wounds and weaker cell
migration were observed for shPINK/-positive cells from

Table | The Level of PINKI Expression in NSCLC and Adjacent
Normal Tissue

PINKI (High) PINKI (Low) P value
Carcinoma 71 20 0.000
Adjacent normal tissue 31 56

the A549 cell line (Figure 3B and C) and the H1975 cell
line (Figure 3G and H). Furthermore, downregulation of
PINK1 significantly increased the apoptosis rate when
cells were treated with CDDP (Figure 3D and I) and
suppressed cell viability (Figure 3E and J) in both two
cell lines. These results indicated that PINKI played
a crucial role in cell survival and migration.

PINKI Regulated Cell Activity Through

Autophagy

Given that PINK] plays a crucial role in clearing dysfunc-
tional mitochondria, we evaluated related cellular para-
The results showed that PINKI
contributed to the accumulation of dysfunctional mitochon-
dria in the A549 and H1975 cell (Figure 4A) and significantly
upregulated ROS production (Figure 4B), decreased the

meters. interference

mitochondria membrane potential (Figure 4C). Elimination
of dysfunctional mitochondrial is mediated by autophagy,
which prompted us to evaluate the level of autophagy in
control cells and shPINKI-positive cells. The GFP-LC3
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Table 2 The Clinical Features of the NSCLC Specimens Used in
This Study

Table 3 The Relationship Between PINK/ Expression and
Clinicopathological Features of NSCLC Patients

Feature WHO Grade
I (n=3) 11 (n=61) 1 (n=27)

Gender

Male 0 28 20

Female 3 33 7
Age at diagnosis (year; mean * 59.00 £ 64.15 5811 %
SD) 5.35 10.11 8.32

<60 | 19 14

260 2 42 13
Location

Left | 26 11

Right 2 35 16
Lymph node involvement

Negative 3 24 12

Positive 0 37 15
TNM stage

| 3 4 5

1l 0 9 |

1] 0 48 20

v 0 0 |
EGFR mutation

Negative 3 50 24

Positive 0 I 3

puncta was remarkably decreased in shP/NK/-positive cells,
relative to the control cells (Figure 4D and E). The results
from Western blotting and immunofiuorescence also
revealed marked changes in autophagy-related proteins,
with shPINK-positive cells having decreased levels of the
Beclin-1 and LC3 proteins, as well as increased levels of the
SQSTM 1 protein (Figure 4F and G). These results suggested
that PINK-related inhibition of cell migration and survival
was associated with the accumulation of dysfunctional
mitochondria.

PINK| Overexpression Reversed the
Migration Suppression in Two NSCLC

Cells

The role of PINK in regulating autophagy and migration of
NSCLC cells was evaluated using PINKI-overexpressing
(ovPINKI) A549 and H1975 cells. The RNA and protein
level of PINK1 were detected in Figure 5C, E, G and J. The
ovPINKI-positive cells had significantly increased the
migratory capacity during transwell assay and wound heal-
ing assay. While shPINKI-positive cells had much wider

Feature PINKI P value
High (n=71) Low (n=20)

Gender 0.082
Male 41 (57.75%) 7 (35.00%)
Female 30 (42.25%) 13 (65.00%)

Age at diagnosis 0.069
<60 30 (42.25%) 4 (20.00%)
260 41 (57.75%) 16 (80.00%)

Location 0.123
Left 33 (46.48%) 5 (25.00%)
Right 38 (53.52%) 15 (75.00%)

T stage 0.008
TI-2 12 (16.90%) 9 (45.00%)
T3-4 59 (83.10%) 11 (55.00%)

N stage 0.001
NO 16 (22.53%) 12 (60.00%)
NI-3 55 (77.47%) 8 (40.00%)

TNM stage 0.014
1+1 13 (18.31%) 9 (45.00%)
+1V 58 (81.69%) 11 (55.00%)

EGFR mutation
Negative 60 (84.51) 17 (85.00%) 1.000
Positive Il (15.49) 3 (15.00%)

simulated wounds than the control cells, the wound widths
were markedly decreased for ovPINKI-positive cells
(Figure 5A and B). Similarly, ovPINKI-positive cells had
a greater autophagy level with upregulating autophagy-
related proteins, excepted SQSTM 1 (Figure 5D and F).
Moreover, overexpressing PINKI in shPINKI cells was
effective promoting the cell autophagy accompanying
with accumulated GFP-LC3 puncta (Figure 5SH and K),
and increasing cell migratory capacity (Figure 51 and L).
When considered together, all of these findings suggest that
PINK1 plays an important role in the autophagy and migra-
tion of NSCLC cells.

Discussion

Unlimited proliferation and migration are critical to cancer
development, invasion, and metastasis, which are processes
that contribute to tumor progression and recurrence. This
study revealed that PINK/ was involved in the regulation
of NSCLC cell viability, migration, and apoptosis, which
suggests that PINKI was a crucial mediator in NSCLC.
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Moreover, PINK1 expression might be a prognostic biomar-
ker, as poor survival was linked to elevated PINKI expres-
sion in 87 pairs of tumor tissues and adjacent normal tissues.
The univariate and multivariate analyses also revealed that
PINK1 expression might be an independent prognostic factor
for NSCLC patients (Table 4).

The PINKI1 protein plays an important role in the patho-
genesis of Parkinson’s disease, and mutations in the PINK/
gene are crucial pathogenic factors that cause familial neu-
rodegenerative diseases.”’ The precursors of PINKI are
synthesized in the endoplasmic reticulum and guided into
the mitochondrial matrix by their N-terminal signal peptides.

The signal peptide is then degraded when the PINK1 pre-
cursor is transferred into the mitochondrial intima, which
causes release of the mature protein and allows it to be
hydrolyzed in the matrix. In the depolarized mitochondria,
the full-length PINK1 is inserted and fixed into the mitochon-
drial outer membrane by TOM (translocator of the outer
mitochondrial membrane) through its termination signal of
intimal metastasis domain.”® Thus, accumulation of PINK1
in the mitochondrial outer membrane is an important marker
of mitochondrial damage and induces autophagy to eliminate
the depolarized mitochondria.>>** However, PINK1 defi-
ciency can also lead to mitochondrial dysfunction.>'~** The

Table 4 Univariate and Multivariate Analysis for Overall Survival in NSCLC Patients

Factors Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Gender 1.167 (0.724-1.883) 0.526 1.425 (0.839-2.421) 0.190
Age 0.998 (0.974-1.023) 0.863 1.002 (0.973-1.031) 0.901
Location 1.014 (0.625-1.646) 0.956 1.083 (0.636—1.843) 0.770
PINK| expression 2.279 (1.182—4.395) 0.014 2.164 (1.082—4.328) 0.029
Grade 1.048 (0.666—1.647) 0.840 0.694 (0.403-1.193) 0.186
TNM stage 1.731 (1.313-2.282) 0.000 1.800 (1.327-2.441) 0.000
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Figure 3 PINK/ deficiency was associated with significantly inhibited cellular activity. Human NSCLC cell lines A549 and H1975 were used to create cells with stable
interference of PINK | expression and corresponding control cells for functional trials. A total of 1% 10® A549 cells (A) and H1975 cells (F) were inoculated into 6-well plates
overnight, cultured for 24 h, and then lysed on ice through WB lysis buffer or Trizol. The mRNA and protein level of PINKI was detected by qRT-PCR assay and Western
blot, respectively. A total of 1x10° A549 cells (B) and H1975 cells (G) were inoculated into 6-well plates overnight, cultured for 24 h, then scratched using 1000 pL tips.
Photographs were taken at 0 h and 24 h. A total of 2x 10* A549 cells (C) and HI975 cells (H) were inoculate into transwell chamber with FBS-free medium and then the cell
numbers on the underside of the filter membrane were determined based on 20 visual fields. A total of 5x10° A549 cells (D) and H1975 cells (I) were inoculated into 12-
well plates for 12 h and then treated with DMEM or Cisplatin (CDDP) for 24h. The apoptosis ratio was detected using flow cytometry. A total of 2x10% A549 cells (E) and
H1975 cells (J) were inoculated into 96-well plates and cell viability was detected after incubation for 24 h, 48 h, 72 h, and 96 h. The data were presented as mean * standard
deviation for 3 independent experiments. *p < 0.05, *p < 0.01, **p< 0.001.
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Figure 4 PINK/ regulated cellular activities and was mediated by autophagy. (A) Transmission electron microscopy was used to investigate the status of mitochondria in the
control cells and cells with stable PINK| interference. Mitophagy (degradation of dysfunctional mitochondria) was indicated as the yellow triangle. Alterations in (B) reactive
oxygen species production and (C) mitochondrial membrane potential were detected in the A549 and H1975 cell lines. The autophagy levels of A549 cells (D) and H1975
cells (E) were evaluated using immunofluorescence in the cells with stable PINK/ interference (scale bar = 5 um). Autophagy-related proteins in A549 cells (F) and H1975

cells (G) were separated using Western blotting and the relative intensities were analyzed using Image ] software. The data were presented as mean * standard deviation for
3 independent experiments. *p < 0.05, **p < 0.01.
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Figure 5 Overexpression of PINK/ reversed the suppression of autophagy and migration. Human NSCLC cell lines A549 and H1975 were used to create cells with stable PINK/
interference, cells with stable PINK| overexpression, and corresponding control cells for the functional trials. The migration capabilities of A549 cells (A) and H1975 cells (B) were
detected using the transwell and wound healing assays using cells with stable interference or PINK| overexpression. The mRNA and protein level of PINK/ in normal, stable interfering
or overexpressed PINK | of A549 (C) and 1975 (E) cells. Western blotting was used to evaluate the expressions of autophagy-related proteins in the shPINK/ groups, ovPINK| groups,
and control groups of A549 cells (D) and H1975 cells (F). The overexpressed PINK/ plasmid was transfected into shPINK/ cells and the mRNA and protein level of PINK| was detected
in A549 (G) and 1975 (J) cells. A total of 1%10° shPINKI A549 cells (H) and H1975 cells (K) were inoculated into 24-well plates overnight. The GFP-LC3 plasmid plus PINK/
overexpressed plasmid or control plasmid were transfected into cells for 36 h and the GFP-LC3 puncta was detected using Image | software (scale bar = 5 pm). A total of 1x10° shPINK |
A549 cells (1) and HI975 cells (L) were inoculated into 6-well plates overnight and then transfected with PINK| overexpressed plasmid or control plasmid for 24h. The cells were
digested and 2x10* cells were plated in transwell insert. The migratory capacity was detected through transwell assay. **p < 0.01, **p < 0.001.
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present study revealed that stable interference of PINKI
expression in two NSCLC cell lines was associated with
dysfunctional mitochondria accumulation, up-regulated
ROS production, and decreased mitochondrial membrane
potential (Figure 4A), which is consistent with previously
reported findings.'>3%3

There is growing evidence that PINKI expression is
associated with tumor cell activities. For example,
O’Flanagan et al'® reported that PINK/ expression pro-
tected cells from damage caused by various cytotoxic
agents and promoted survival in multiple tumor cell mod-

els. Murata et al®

also reported that PINKI overexpres-
sion increased resistance against chemotherapeutic drugs,
proteasome inhibitors, and oxidative stress in neuroblas-
toma cells and prostate cancer cells. Our study evaluated
changes in cellular biological activity after stably interfer-
ing with PINKI expression, which was associated with
significantly reduced cell migration capability and viabi-
lity, as well as an increased apoptosis ratio (Figure 3).
The relationship between PINK and cell autophagy has
attracted considerable research attention. In this context, the
unhydrolyzed PINKI1 protein attaches to the outer mito-
chondrial membrane and activates the autophagy process

mitochondria.>¢—38

to eliminate the dysfunctional
Autophagy is also associated with cell migration, prolifera-
tion, and apoptosis, although the molecular mechanisms
underlying the relationship between autophagy and cellular
activities remain unclear.’®*' The present study revealed
that autophagy was severely suppressed in cells with stable
interference of PINKI expression (Figure 4B—E), which
suggests that deficient autophagy might be related to the
PINKI mediation of suppression of cell proliferation and
migration. Moreover, autophagy was upregulated and
migratory suppression was reversed when the cells over-
expressed PINK]I.

In conclusion, we found that PINK/ was an indepen-
dent prognostic biomarker in cases of NSCLC, and that
stable interference of PINKI expression suppressed
NSCLC cell migration and proliferation. However, these
findings are limited by the relatively small sample size
(only 87 pairs of tumor tissues and adjacent normal tis-
sues), as well as the need to confirm that high PINKI
expression is independently associated with shorter survi-
val among a larger sample of patients. Moreover, addi-
tional in vivo studies are needed to confirm that regulation
of PINK]I helps suppress cell proliferation and migration,
which we hope to investigate in future studies.
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