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Background: Tyrosine kinase inhibitors (TKIs), such as gefitinib, are widely used as standard treatments
for non-small cell lung cancer (NSCLC) patients with epidermal growth factor receptor (EGFR) mutations.
However, the subsequent inevitable drug resistance has become a major challenge in clinical treatment.
The aim of this study was to investigate the role of tissue-type plasminogen activator (PLAT) in gefitinib
resistance in NSCLC.

Methods: The function of PLAT was determined using gefitinib-resistant cells and a nude mouse model.
The gene knockdown was achieved by Lentivirus based RNA silence technique. Expression of relevant genes
and proteins, cell viability, proliferation, apoptosis, cell cycle, reactive oxygen species levels, mitochondrial
membrane potential and differential gene expression was detected by RT-qPCR, western blot, cell counting
kit-8 assay, EAU incorporation, flow cytometry, JC-1 dye assay and complementary DNA arrays. The effects
of PLAT knockdown on tumorigenesis was analyzed iz vivo.

Results: Gefitinib-resistant cells expressed higher levels of PLAT and that knockdown of PLAT in resistant
cells restored gefitinib sensitivity. Tumor proliferation was limited in vivo following PLAT knockdown.
Moreover, PLAT knockdown affected mitochondrial function, caused caspase activation and cell cycle arrest,
and activated TNF-a signaling, leading to apoptosis of gefitinib-resistant PC9 cells.

Conclusions: Our results suggest that PLAT reduces apoptosis of NSCLC cells and knockdown of PLAT
enhances anticancer effect of gefitinib by upregulating TNF-a signaling.
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Introduction factor receptor (EGFR), an extensively studied protein that
Lung cancer is the leading cause of cancer incidence and promotes tumor proliferation, angiogenesis, metastatic

mortality worldwide, with 1.8 million people diagnosed potential, and chemo-resistance and inhibits cell apoptosis,

and 1.6 million deaths due to the disease annually (1). is highly expressed on the surface of NSCLC cells and
Non-small cell lung cancer (NSCLC) accounts for nearly commonly mutated (4,5). Nearly 90% of EFGR mutations
85% of all cases of lung cancer (2,3). Epidermal growth in NSCLC patients are attributed to the deletion of exon 19
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and the L858R substitution in exon 21 (6-8). Thus, tyrosine
kinase inhibitors (TKIs) targeting EGFR, such as gefitinib
and erlotinib, have become an efficient first-line anti-tumor
approach for such patients. However, patients receiving
TKI therapy inevitably develop resistance to these drugs
after about 10-14 months. Mechanisms of resistance include
additional EGFR mutations (T790M or Cys797Ser),
c-MET amplification, human epidermal growth factor
receptor 2 (HER2) amplification, epithelial-mesenchymal
transition (EMT), small cell lung cancer transformation, or
AXL activation (7-11). Meanwhile, other mechanisms of
resistance remain to be discovered.

Tissue-type plasminogen activator (PLAT) encodes
tissue-type plasminogen activator (t-PA), a serine protease
that converts the proenzyme plasminogen to plasmin
and is effective in treating thromboembolic diseases (12).
Despite its function in fibrinolysis, many studies have
revealed the role of t-PA in cancer progression and
prognosis. Evidence has shown that breast cancer patients
with low levels of t-PA tend to have poor prognosis, while
in melanoma, neuroblastoma, acute myeloblastic leukemia,
and pancreatic cancer, high levels of t-PA are linked to
invasive or metastatic behavior (13,14). Moreover, t-PA
promoted angiogenesis in a pancreatic cancer model (12).
In another study, PLAT was commonly expressed on
invasive hepatocellular carcinoma cells, and its upregulation
promoted the proliferation, migration, and invasion of
cancer cells (15). Furthermore, NSCLC patients with high
expression of t-PA tend to have poor prognosis, and the
activation of t-PA contributes to lung cancer metastasis (16).
Oncology drug therapy is of great significance to cancer
patients while drug resistance might be fatal to them. Since
PLAT is associated with cancer progression and prognosis,
we hypothesize that PLAT might also be involved in TKI
resistance of NSCLC, which has not been studied before.
In this study, we used gefitinib-resistant cells and a nude
mouse tumor model to evaluate the effect of PLAT on
gefitinib resistance in NSCLC.

Methods
Cell culture and lentiviral transfection

Human lung adenocarcinoma cell lines PC9 and HCC827
were obtained from ATCC (Manassas, VA, USA). The
cells were grown in RPMI-1640 medium (Hyclone, UT,
USA) with 10% fetal bovine serum (Gibco, Waltham,
MA, USA) and 100 U/mL penicillin/streptomycin at
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37 °Cin a 5% CO, culture chamber. Escalating doses of
gefitinib (Selleckchem, TX, USA) ranging from 0.01 to
10.0 mM were added to the medium in order to induce
drug resistance, and 1 pM gefitinib was added every 2 weeks
to maintain resistance of gefitinib-resistant PC9 (PC9R)
cells. Lentiviral particles were collected by transfecting
293T cells with plasmids (GeneChem, Shanghai, China)
expressing negative control short hair RNA (shNEG) or
short hair RNA against PLAT (shPLAT, RNAi Consortium).
Lentivirus overexpressing human PLAT (PC9-PLAT,
GenBank accession number NM_000930) was obtained
from GeneCopoeia (Germantown, MD, USA). After cells
reached 60% confluence in 6-well plates, they were infected
with lentiviral particles at a multiplicity of infection of 10
and incubated with 4 pg/mL polybrene in medium.

Cell viability assay

A total of 100 pL medium containing about 1,500 cells
were seeded each well in 96-well plates for 24 h. Then,
10 pL of cell counting kit-8 (CCKS8) (Dojindo Laboratories,
Kumamoto, Japan) was added to each well. The plates
were protected from light and incubated for 1-2 h at
37 °C. The optical density (OD) at 450 nm was measured by
a microplate reader (Thermo Fisher Scientific, MA, USA).

5-ethynyl-2’-deoxyuridine (EAU) staining

Cells transfected with shRNA were stained with EAU
(Thermo Fisher Scientific, MA, USA) and Hoechst 33342
(Thermo Fisher Scientific, MA, USA) according to the
manufacturer’s protocols. Images were captured by a
confocal laser scanning microscope (Nikon, Tokyo, Japan).

Apoptosis and cell cycle detection

Cell samples were detected by flow cytometer (BD
Biosciences, USA). About 5x10° cells were plated into
each well in 6-well plates. After exposure to 1 pM gefitinib
for 24 h, cells were trypsinized, collected and washed
with phosphate buffer saline (PBS) 3 times. For apoptotic
analysis, cells were resuspended in 500 pL. binding buffer
before incubation at room temperature in the dark with
5 pL fluorescein isothiocyanate (FITC)-conjugated annexin
V and 3 pL propidium iodide (Thermo Fisher Scientific,
MA, USA) for 15 min. For cell cycle detection, collected
cells were fixed at 4 °C for 24 h with 70% ethanol and were
then stained with propidium iodide and protected from
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light for 30 min at room temperature.

Mitochondrial membrane potential analysis

Procedures were performed strictly under the
manufacturer’s protocols. Mitochondrial membrane
potential was measured using 5,5',6,6'-tetrachloro-
1,1',3,3"-tetraethyl-benzimidazolyl carbocyanine iodide
(JC-1) (Thermo Fisher Scientific, MA, USA), an indicator
of mitochondrial potential, which shows mitochondrial
depolarization through a decrease in the red/green
fluorescence intensity ratio. Cell samples were assessed by
flow cytometry.

Reactive oxygen species level measurement

To examine reactive oxygen species (ROS) levels, about
5x10° cells were plated into each well in 6-well plates. After
exposure to 1 pM gefitinib for 24 h, cells were trypsinized
and incubated at 37 °C with 5 pM CellROX Orange
reagent (Thermo Fisher Scientific, MA, USA) for 30 min.
Then cells samples were washed with PBS three times and
assessed by flow cytometry.

Enzyme linked immunosorbent assay (ELISA)

The TNF-o ELISA kit (R&D Systems, MN, USA) was used
to measure the level of TNF-a in the culture supernatant
of cells according to the manufacturer’s instructions. The

absorbance was detected by the microplate reader (Thermo
Fisher Scientific, MA, USA)

Animal experiments

Balb/c male nude mice (4 to 6 weeks old) were obtained
from the Shanghai Experimental Animal Center of Chinese
Academy of Sciences and were housed under specific
pathogen-free conditions. Mice were randomly divided
into two groups and subcutaneously implanted with 1x10’
PCIR-shNEG or PCIR-shPLAT-1 cells into the flank of
each mouse. Tumor length (a) and width (b) were measured
once per week, and tumor volume was calculated by the
formula: Tumor volume = axb’/2. Mice were sacrificed on
the 35th day, and tumors were removed and weighed. The
paraffin-embedded tumors were immunostained with Ki67
to stain proliferating cells, which were then quantified by
Image].
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Western blotting analysis

Cells were lysed in radio immunoprecipitation assay
(RIPA) buffer (Beyotime Biotechnology, China) to extract
total protein, and the concentration was measured with a
BCA Protein Assay Kit (Beyotime Biotechnology, China).
Equivalent amounts of protein lysates were loaded into
each well of polyacrylamide gels and then transferred
to polyvinylidene fluoride (PVDF) membranes. The
membranes were blocked with blocking buffer at room
temperature for 1 h and incubated with anti-PLAT
(1:1,800, Novus Biologicals, CO, USA), anti-TNF-a
(1:1,000, Abcam, MA, USA), anti-FADD (1:1,000, Cell
Signaling Technology (CST), Danvers, USA), anti-cleaved
caspase-8 (1:1,000, Asp391, CST), anti-caspase-8 (1:1,000,
D35@G2, CST), and anti-actin (1:2,000, CST) antibodies
at 4 °C overnight. The membranes were incubated with
corresponding horseradish peroxidase (HRP)-conjugated
secondary antibodies for 1 h at room temperature. The
blots were visualized using electro-chemiluminescence
(ECL) reagents (Thermo Fisher Scientific, MA, USA) and
imaged using a Bio-Rad (Hercules, CA, USA) system.

Real-time quantitative PCR

TRIzol Reagent (Thermo Fisher Scientific, MA, USA) was
used to lyse cells. RNA was reverse-transcribed into cDNA
using the ¢cDNA kit (TOYOBO, Japan) according to the
manufacturer’s protocols. Then, 20 ng cDNA was used as
template and amplified using the SYBR® Premix Ex Tag™
(TaKaRa Bio, Osaka, Japan). The cycling conditions were as
follows: 40 cycles of 95 °C for 15 s, 60 °C for 15 s, and 72 °C
for 45 s. B-actin was used as an internal control, and the
relative quantification of each PCR product was calculated
using the 27**“ method (17). The sequences of the primes
were as follows:

PLAT: Forward: 5'-GGT CTG GAG AAG TCT GTA
GAG-3'; Reverse: 5'-CCT AGA CTG GAT TCG TGA
CAA-3; TNF-a: Forward: 5'-CCC GAG TGA CAA GCC
TGT AG-3'; Reverse: 5'-TGA GGT ACA GGC CCT
CTG AT-3; B-actin: Forward: 5'-CTG GCA CCC AGC
ACA ATG-3'; Reverse: 5'-CCG ATC CAC ACG GAG
TACTTG-3

¢DNA array screening

RNeasy Plus Mini Kit (Qiagen, USA) was used to extract
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Figure 1 PLAT is overexpressed in NSCLC. The expression of
PLAT in lung tumor tissues was higher than that in non-tumor
lung tissues (P=0.0006). TPM represents transcripts per million.
NSCLC, non-small cell lung cancer; TPM, transcripts per million.

cell RNA. RNA was then reverse-transcribed into
c¢DNA and was amplified using the OneArray Plus RNA
Amplification Kit (Phalanx Biotech Group, Hsinchu,
Taiwan). Then the amplification products were dyed with
Cyanine 5 and hybridized to Human Whole Genome
OneArray (Phalanx Biotech Group, Hsinchu, Taiwan).
The signal was captured by a G2505C Agilent Microarray
Scanner (Agilent Technologies, Santa Clara, CA, USA)
and raw data extraction was generated by GenePix™ 4
(Molecular Devices, Sunnyvale, CA, USA). Data was
processed with the error model of Rosetta Resolver System
(Rosetta Bio software, Seattle, WA, USA). The log2(Ratio)
were calculated by pair-wise combination and error
weighted average. Significant differentially expressed genes
(DEGs) were selected according to log2(Ratio) >1 and P
value (differentially expressed ) <0.05.

TCGA analysis

Lung adenocarcinoma and lung squamous-cell carcinoma
datasets were downloaded from The Cancer Genome
Atlas (TCGA) database (https://portal.gdc.cancer.gov). A
total of 1,014 tumor samples and 108 non-tumor samples
were included in our study. The gene expression level
was normalized as transcripts per million (TPM) before
performing analysis.

Statistical analysis

Results are shown as the mean = standard deviation.
Comparisons of two groups were assessed by Student’s #-test,
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while comparisons among multiple groups were assessed
by one-way analysis of variance with Bonferroni’s multiple
comparisons test as a post hoc test. Results with P<0.05
were considered statistically significant. All tests were
repeated in triplicate.

Results
PLAT is overexpressed in NSCLC

We first intended to observe the expression of PLAT in
NSCLC patients. A total of 1014 lung tumor tissues and
108 non-tumor lung tissues from TCGA were included in
our study. Results showed that PLAT was overexpressed
in lung tumor tissues compared to non-tumor lung tissues
(P=0.00006, Figure I).

PLAT is overexpressed in gefitinib-resistant cells

Human NSCLC were treated with gefitinib to screen for
gefitinib-resistant cells. We use RT-qPCR and western
blotting to compare the expression levels in PC9 and PC9R
cells (Figure 2A4,B) as well as in HCC827 and gefitinib-
resistant HCC827 (HCC827R) cells (Figure 2C,D). Results
showed that the expression of PLAT and t-PA in PC9R and
HCCS827R cells were higher than that in PC9 and HCC827

cells.

The occurrence of gefitinib resistance is mediated by PLAT
We further investigated the effect of PLAT on gefitinib

resistance by silencing or overexpressing it in cells. PCIR
cells were transfected with shPLAT-1 or shPLAT-2 to
knock down PLAT expression, with PC9R cells transfected
with shNEG used as a control. RT-qPCR and western
blotting results verified that compared with levels in
control cells, PLAT and t-PA was decreased in shPLAT-1
or shPLAT-2 cells (Figure 34,B). The viability of the
silenced cells was reduced under gefitinib treatment at
concentrations ranging from 0.1 to 10 pM (Figure 3C).
Moreover, after gefitinib treatment of 1 pM for 96 h, as
observed under the microscope, numbers of shPLAT-1 and
shPLAT-2 cells were significantly reduced in comparison
with that of sShNEG cells, and morphological changes were
also apparent (Figure 3D).

We also established PLAT-overexpressing PC9 cells
(PC9-PLAT). As shown in Figure 3E and F, the mRNA
and protein expression levels of PLAT and t-PA in PC9-
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Figure 2 PLAT is overexpressed in gefitinib-resistant PCIR and HCC827R cells. (A,B) The expression of PLAT/t-PA in PC9 cells and
gefitinib-resistant PCI9R cells was examined by (A) RT-qPCR and (B) western blotting. (C,D) The expression of PLAT/t-PA in HCC827
cells and gefitinib-resistant HCC827R cells was examined by (C) RT-qgPCR and (D) western blotting. Each data point represents the mean

SD of three independent experiments. *, P<0.05 vs. control.

PLAT cells were significantly higher than those in
control cells (PC9-vector). In the presence of gefitinib,
PC9-PLAT cells showed higher viability than PC9-vector
cells (Figure 3G). Taken together, these results confirm
that the silence of PLAT enhances gefitinib effects in
vitro. PLAT may contribute to gefitinib resistance in
NSCLC cells.

Silencing of PLAT leads to reduction in proliferation and
induction in apoptosis and cell cycle arrest

EdU staining showed that the proliferation of silenced
PCOIR cells was clearly inhibited after gefitinib treatment
relative to that in control cells (Figure 44,B). Moreover,
FITC-annexin V/propidium iodide staining and flow
cytometric analysis demonstrated that the apoptosis of
shPLAT-1 and shPLAT=-2 cells was enhanced (Figure 54,B).
This was consistent with the observation of cell cycle arrest
in silenced PCIR cells, as evidenced by the accumulation
of cells in the G2/M phase and the reduction of cells in the
GO0/G1 and S phase (Figure 5C,D).

Silencing of PLAT leading to reduction in cell
proliferation was also confirmed iz vivo. The animal models
were established successfully by injecting PC9R cells
transfected with shPLAT-1 and shNEG into nude mice.
We measured tumor volume once a week for 5 weeks and
visible tumors were observed 2 weeks later. Tumors in mice

© Journal of Thoracic Disease. All rights reserved.

injected with shPLAT-1 cells were smaller and weighed
significantly less than those in mice injected with shANEG
cells (Figure 64,B). In addition, Ki67 staining showed that
the ratio of proliferating cells in shPLAT-1 tumors was
clearly lower than that in sShNEG tumors (Figure 6C,D).

Silencing of PLAT leads to damage of mitochondria and
activation of caspase

JC-1 staining was used to examine the integrity of the
mitochondria. We found that the JC-1 monomer ratio in
PLAT-silenced cells was higher than that in control cells,
indicating a high percentage of damaged mitochondria
(Figure 74,B). CellROX Orange staining showed that PLAT-
silenced cells generated twofold more reactive oxygen species
(ROS) than control cells (Figure 7C,D). Western blotting
results showed that apoptotic proteins, cleaved caspase-3, and
cleaved PARP were upregulated in shPLAT-1 and shPLAT-2
cells relative to levels in control cells (Figure 7E). These
results indicate that silence of PLAT promotes the damage of
mitochondria and the activation of caspase, which may results
in the induction of apoptosis in PLAT=silenced cells.

Silencing of PLAT induces apoptosis of PCIR cells through
TNF-a signaling

The mechanism by which PLAT knockdown induces
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Figure 3 The occurrence of gefitinib resistance is mediated by PLAT. (A,B) After transfection with sAtNEG, shPLAT-1, or shPLAT-2, the
expression of PLAT/t-PA in PCIR cells was examined by (A) RT-qPCR and (B) Western blotting; (C) viability of shNEG, shPLAT-1, and
shPLAT=-2 cells treated with different doses of gefitinib were examined by CCKS assay; (D) cells were treated with 1 pM gefitinib for 96 h,
and the morphology of PCIR cells expressing sShANEG or shPLAT was observed under a microscope; (E,F) after overexpressing PLAT in
PC9 cells, the mRNA and protein levels in control PC9-vector cells and PC9-PLAT cells were verified by (E) RT-qPCR and (F) western
blotting; (G) viability of PC9-vector and PC9-PLAT cells treated with different doses of gefitinib were examined by CCK8 assay. Each data

point represents the mean = SD of three independent experiments. *, P<0.05 vs. control. NEG, negative control.

apoptosis was further investigated. We used a whole human
c¢DNA array to explore the differential expression of genes
in shNEG and shPLAT-1 cells, and found that knockdown
of PLAT upregulated the gene expression of TNF-o (Figure
84). As TNF-a can induce a variety of cellular responses,
including inflammatory cytokine production, cell death, and
cell proliferation, we validated the expression of TNF-a in
PCIR cells expressing shNEG, shPLAT-1, and shPLAT-2

© Journal of Thoracic Disease. All rights reserved.

using RT-qPCR, ELISA, and western blotting. The results
of RT-qPCR showed that the mRNA levels of TNF-a in
shPLAT-1 and shPLAT-2 cells were significantly higher
than those in ShNEG cells (Figure 8B). The secretory levels
of TNF-a in the culture supernatants of shPLAT-1 and
shPLAT-2 cells were also markedly higher than that in
shNEG cells (Figure 8§C). It is reported that upon binding
to TNFR-1, TNF-o induces apoptosis via the recruitment
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Figure 4 Silencing of PLAT leads to reduction in proliferation in vitro. (A) PCIR cells transfected with shNEG, shPLAT-1, or shPLAT-2
were treated with 1 pM gefitinib and stained with EAU and Hoechst 33342; (B) the percentage of EdU-positive cells was calculated. Each
data point represents the mean = SD of three independent experiments. *, P<0.05 vs. control.
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Figure 5 Silencing of PLAT leads to induction in apoptosis and cell cycle arrest. (A) PCIR cells transfected with shNEG, shPLAT-1, or
shPLAT-2 were treated with 1 pM gefitinib and detected by flow cytometry; (B) the percentage of apoptotic cells was analyzed; (C) cell
cycle phase was detected after treatment with 1 pM gefitinib by flow cytometry; (D) cell cycle distribution was quantified. Each data point
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Figure 6 Silencing of PLAT leads to reduction in proliferation in vivo. PC9R cells transfected with shNEG or shPLAT-1 were injected into

nude mice. (A) Tumor volume was measured every week; (B) tumors were weighed after sacrificing; (C,D) immunohistochemical staining of

Ki67 was performed on tumor samples, and positive cells were quantified. n=6 in SANEG group and n=5 in shPLAT-1 group.

control.

of FADD and caspase-8 (18). Thus, we assessed levels of
FADD, caspase-8, and cleaved caspase-8 in cells by western
blotting. Compared to levels in shNEG cells, FADD,
caspase-8, and cleaved caspase-8 were more highly expressed
in shPLAT-1 and shPLAT=-2 cells (Figure §D). These results
suggest that knockdown of PLAT induces apoptosis of PCIR
cells via the TNF-a/FADD/caspase-8 pathway.

Discussion

The current study investigated the role of PLAT in
gefitinib resistance. We found that gefitinib-resistant
PC9 and HCC827 cells expressed higher levels of
PLAT. Overexpression of PLAT in PC9 cells enhances
gefitinib resistance, while knockdown of PLAT in PC9R
cells restored gefitinib sensitivity. In addition, tumor
proliferation was limited i vivo after knockdown of PLAT.
We further demonstrated that knockdown of PLAT affected
mitochondrial function, caused caspase activation and cell
cycle arrest, and activated TNF-o signaling. Therefore,
our findings suggest that PLAT regulates proliferation

© Journal of Thoracic Disease. All rights reserved.

* P<0.05 vs.

and apoptosis and confers gefitinib resistance via TNF-a
signaling.

Targeted therapy, aimed at targeting various molecularly
defined cancer subtypes, represents a revolution in anti-
cancer therapy, improves patient outcomes, and reduces
side effects (19). The administration of gefitinib to NSCLC
patients with EGFR inhibitor-sensitizing mutations not
only reveals the potential of targeted therapy in lung cancer
but also provides insight into the genetic complexity of
this disease (19). Inevitably, resistance develops after the
initial response to EGFR-TKIs. Mechanisms of resistance
include the additional EGFR T790M mutation (50-60%),
MET amplification (5%), HER2 amplification (8-13%),
PIK3CA amplification (1-2%), KRAS mutations (6.7%),
and small cell lung cancer transformation (6%) (20-22).
Thus, unknown mechanisms account for at least 10-20%
of acquired resistance. Here, we established gefitinib-
resistant PC9 cells by exposing PC9 cells to increasing
concentrations of gefitinib. It has been reported that the
t-PA protein is upregulated in erlotinib-resistant PC9 cells
based on mass spectrometry-based secretome analysis (23).
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Figure 7 Silencing of PLAT leads to damage of mitochondria and activation of caspase. (A) JC-1 staining was performed after treatment
with 1 pM gefitinib and was assessed by flow cytometry; (B) the JC-1 monomer ratio was calculated; (C,D) ROS generation after treatment
with 1 pM gefitinib was measured by flow cytometry, and was quantified; (E) the protein levels of cleaved caspase-3 and cleaved PARP in
cells transfected with shNEG, shPLAT-1, or shPLAT-2 were examined by western blotting. Each data point represents the mean + SD of

three independent experiments. *, P<0.05 vs. control.

Comparing gefitinib-resistant PC9 cells with gefitinib-
sensitive PC9 cells, we found that the mRINA and protein
levels of PLAT/t-PA in resistant cells were elevated.
Overexpression of PLAT in gefitinib-sensitive PC9 cells
improved cell viability when exposed to gefitinib, suggesting
the important role of PLAT in resistance.

PLAT is necessary for the growth of pancreas tumor
cell lines in vitro and in vive, maintaining pancreas
tumor cells in a state of proliferative competence (13). In
our study, knockdown of PLAT in PC9R cells reduced
proliferation iz vitro. Our in vivo experiment also verified
that the proliferation of PCOR-shPLAT cells was limited.
Proliferation is tightly connected with the cell cycle, and
tumorigenesis is closely linked with the dysregulation of
the cell cycle (24,25). We observed the accumulation of
PCI9R-shPLAT cells in the G2/M phase and a reduction
of cells in the GO/G1 and S phases. Moreover, knockdown

© Journal of Thoracic Disease. All rights reserved.

of PLAT interfered with mitochondrial function in our
study. Mitochondria play a crucial role in cellular apoptosis.
The loss of mitochondrial membrane potential and excess
generation of mitochondrial ROS, followed by the release
of cytochrome C and the activation of caspase-3, signals the
progression of apoptosis (26-28). After incubating PCIR-
shPLAT cells with gefitinib, the mitochondrial membrane
potential decreased, while ROS generation and caspase-3
and PARP expression increased. These results indicate
that knockdown of PLAT inhibits cell proliferation and
promotes cell apoptosis via mitochondrial damage and
caspase activation.

We also found an elevated level of TNF-a in PCIR-
shPLAT cells in our study. TNF-a is an important cytokine
involved in inflammatory cytokine production, cell survival,
proliferation, and apoptosis (29). TNF-o functions mainly
via its receptor TNFR-1, which is a dual receptor in that it
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Figure 8 Silence of PLAT induces apoptosis of PCIR cells through TNF-a signaling. (A) PCIR cells transfected with shNEG or shPLAT-1
were analyzed by whole human ¢cDNA array; (B,C) the expression of TNF-a in shNEG, shPLAT-1, and shPLAT-2 cells incubated with
gefitinib was measured by (B) RT-qPCR and (C) ELISA; (D) the protein levels of TNF-a, FADD, cleaved caspase-8, and caspase-8 were

measured by western blotting. Each data point represents the mean + SD

is involved in signaling both apoptosis as well as survival (18).
When signaling survival, it forms complex I and activates
NF-«B, which then drives the transcription of several
cytokines and anti-apoptotic proteins to inhibit apoptosis.
When signaling apoptosis, complex I recruits FADD and
caspase-8 to form complex I and initiate a protease cascade
that leads to apoptosis (18,30). A previous study reported
that TNF-o induced signaling cross-talk between TNFR
and EGFR, subsequently activating the Akt/NF-xB cascade
and increasing the expression of anti-apoptotic proteins in
gefitinib-sensitive PC9 cells but not in gefitinib-resistant
PC9 cells (31). In our study, we found that levels of TNF-a,
FADD, and cleaved caspase-8 were elevated in PCI9R-
shPLAT cells, indicating that knockdown of PLAT may lead

© Journal of Thoracic Disease. All rights reserved.

of three independent experiments. *, P<0.05 vs. control.

to apoptosis in gefitinib-resistant cells via TNF-a signaling.

In summary, this represents the first report elucidating
the role of PLAT in gefitinib resistance in NSCLC. Further
investigation in the clinic is needed to determine the
predictive value of PLAT for gefitinib resistance.
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