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Abstract: Non-small cell lung cancer (NSCLC) is one of the prevalent malignancies. Cisplatin (CDDP) is a conven-
tional chemotherapeutic agent against NSCLC. However, inherent and acquired chemoresistance limited the ef-
fectiveness of cisplatin in treatment of NSCLC. This study aimed to investigate the roles and underlying mecha-
nisms of INcRNA-FEZF1-AS1 in mediating cisplatin sensitivity in NSCLC. We found that FEZF1-AS1 levels were sig-
nificantly higher in lung cancer patients and cell lines. Blocking FEZF1-AS1 sensitized lung cancer cells to cisplatin.
Additionally, both glutamine metabolism and FEZF1-AS1 were significantly elevated in cisplatin resistant NSCLC cell
lines, Ab49/CDDP R and SK-MES-1 CDDP/R. Analysis using bioinformatics, RNA pull-down assay and luciferase as-
say demonstrated that FEZF1-AS1 sponged miR-32-5p, which acted as a tumor suppressor in NSCLC. Glutaminase
(GLS), a key enzyme in the glutamine metabolism, was predicted and validated as the direct target of miR-32-5p
in NSCLC cells. Inhibiting glutamine metabolism or reducing glutamine supply effectively resensitized cisplatin-
resistant cells. Furthermore, restoring miR-32-5p in FEZF1-AS1-overexpressing cisplatin resistant cells successfully
overcame FEZF1-AS1-mediated cisplatin resistance by targeting GLS. These findings were further supported by in
vivo xenograft mice experiments. This study uncovered the roles and molecular mechanisms of IncRNA FEZF1-AS1
in mediating cisplatin resistance in NSCLC, specifically through modulating the miR-32-5p-GLS axis, providing sup-
port for the development of new therapeutic approaches against chemoresistant lung cancer.
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Introduction

Non-small cell lung cancer (NSCLC), known as
one of the leading causes of cancer-related
death, is divided into squamous cell carcinoma
(SCC), adenocarcinoma and large cell carcino-
ma [1]. NSCLC is frequently diagnosed and
leads to a poor prognosis and a low overall five-
year survival rate [2]. In addition to surgical
resection, standard treatments for NSCLC
include chemotherapy and/or radiotherapy [3],
especially for metastatic or advanced lung can-
cer [4]. Cisplatin (CDDP) is one of the most com-
monly used first-line chemotherapeutic agents
for treatment of cancers through interacting
with DNA to interfere with the formation of DNA
adducts, leading to the activation of apoptosis
in cancer cells [5]. Moreover, combination ther-

apies have been widely applied to patients with
metastatic NSCLC [6]. Despite the achieved
effectiveness, a majority of patients develop
cisplatin resistance, leading to chemotherapy
failure and recurrence [6]. Currently, the pre-
cise molecular mechanisms for acquired CDDP
resistance in NSCLC remain elusive. Therefore,
there is an urgent need to investigate novel bio-
markers and the underlying mechanisms for
cisplatin resistance in order to further benefit
the clinical treatment of lung cancer patients.

Long non-coding RNAs (IncRNAs) are a class
of non-protein coding RNAs that are endoge-
nously produced and have relatively large sizes
(over 200 nucleotides in length) [7]. These
RNAs do not undergo translation into protein
[7]. Accumulating studies reported that IncRNAs

https://doi.org/10.62347/WUKN6549


http://www.ajcr.us
https://doi.org/10.62347/WUKN6549


FEZF1-AS1 regulates CDDP resistance of NSCLC

play vital roles in tumorigenesis and various
processes, including growth, migration, apop-
tosis, metabolism, and chemoresistance [8],
suggesting INncRNAs could serve as potential
biomarkers and therapeutic targets for cancer.
LncRNA-FEZF1-AS1 (FEZ family zinc finger 1
antisense RNA 1) is a recently discovered non-
coding RNA which is positively associated with
diverse cancers such as colorectal cancer [9],
ovarian cancer [10], gastric cancer [11], pros-
tate cancer [12] and lung cancer [13]. Increas-
ed expression of FEZF1-AS1 was detected in
NSCLC tissue and associated with poor differ-
entiation grade, lymph node metastasis, and
advanced TNM stage [13], indicating FEZF1-
AS1 is a potential biomarker for NSCLC dia-
gnosis. Additionally, research has shown that
IncRNA FEZF1-AS1 contributes to multi-drug
resistance of gastric cancer [14], suggesting
FEZF1-AS1 is tightly associated with drug resis-
tance in lung cancer. However, the specific
roles and molecular targets of FEZF1-AS1 in
cisplatin-resistant NSCLC cells are still not fully
understood.

Cancer cells exhibit abnormal cellular metabo-
lism rates, including elevated glucose and glu-
tamine metabolism, to support cell prolifera-
tion [15]. Glutamine metabolism is crucial for
providing energy and building blocks for cancer
cell progression and is considered a hallmark
of cancer [16]. There is increasing evidence
indicating that malignant tumor cells have a
dependency on glutamine [17]. In addition, glu-
taminase (GLS) is an important enzyme involv-
ed in catalyzing glutaminolysis [18]. Therefore,
the observation of overexpressed GLS in vari-
ous cancer cells suggests that blocking GLS-
mediated glutamine metabolism could be an
effective approach against NSCLC.

In this study, we identified that FEZF1-AS1 is
significantly upregulated in both lung cancer
tissues and cells. Additionally, we established
and characterized cisplatin-resistant NSCLC
cell lines, A549/CDDP R and SK-MES-1 CDDP
R. We will investigate the functions and molecu-
lar targets of FEZF1-AS1 in these cisplatin-
resistant NSCLC cells. Furthermore, we aim to
identify miRNA targets that are crucial in the
FEZF1-AS1-mediated glutamine metabolism
and cisplatin resistance. This study will con-
tribute to our understanding of the molecular
pathways involved in CDDP resistance and the
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development of novel therapeutic approaches
for chemoresistant lung cancer.

Materials and methods
NSCLC patient tissues collection

A total of fifty NSCLC patients were enrolled in
this study. Fresh lung tumor specimens and
their corresponding normal adjacent lung tis-
sues were collected from the Second Affiliat-
ed Hospital, Zhejiang University School of
Medicine from June 2017 to May 2021.
Patients did not receive other chemo- or radio-
therapies prior to surgery. This study was
approved by the Institutional Review Board of
Second Affiliated Hospital, Zhejiang University
School of Medicine. The enrolled patients
were diagnosed as NSCLC by histological or
cytological confirmation. After dissection, tis-
sues were frozen in liquid nitrogen immediately
and stored at -80°C until use.

Cell culture

Human lung cancer cell lines, A549, H520,
H1650, SK-MES-1 and H1703 as well as nor-
mal lung epithelial cell line BEAS-2B were
obtained from the American Type Culture
Collection (Manassas, VA, USA). Cells were cul-
tured in RPMI-1640 medium (Invitrogen, CA,
USA), which was supplemented with 10% heat-
inactivated fetal bovine serum (FBS), penicillin
(100 U/ml) and streptomycin (100 mg/ml)
(Invitrogen, CA, USA). All cells were maintained
in a humidified atmosphere of 5% CO, in air at
37°C. Cisplatin was purchased from Sigma-
Aldrich (Shanghai, China) and dissolved in PBS
to make a 5 mM stock.

Establishment of cisplatin resistant NSCLC cell
line

The generation of cisplatin resistant lung can-
cer cell line was performed according to previ-
ous reports [19]. Briefly, A549 cells were con-
tinuously exposed to gradually elevated con-
centrations of cisplatin (2-50 uM) for four
months. Survival cells were pooled and collect-
ed for downstream experiments. The cisplatin-
resistant A549 cells were re-selected every six
passages or four months. After culturing, freez-
ing, or storage for a period of six passages or
four months, the cisplatin-resistant cells were
treated again with a consistent concentration
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of cisplatin to eliminate any cells that may have
lost their resistance during this period. The
IC50s of A549 parental and CDDP resistant
cells were 6.34 uM and 31.66 uM, respectively.
The drug resistant indexs (DRIs) of A549 paren-
tal and CDDP resistant cells were 0.104 and
0.565, respectively.

Cell transfection

The siRNA, miRNA or plasmid DNA was trans-
fected into lung cancer cells using the Lipo-
fectamine 2000 transfection reagent (Thermo-
fisher, Waltham, MA, USA) according to the
manufacturer’s instructions. Briefly, cells were
seeded in 6-well plates (2x10%/well) and cul-
tured overnight. The siRNAs against LDHA
and FEZF1-AS1 were synthesized by Hanbio
(Shanghai, China). LDHA overexpressing plas-
mid and control plasmid were purchased from
Origene.com. miR-32-5p precursor and control
miRNA were purchased from GenePharma Inc.
(Shanghai, China). siRNA or miRNA was trans-
fected at 50 nM for 48 hours. Plasmid DNA was
transfected at 1 pg/ml for 48 hours.

RNA isolation and gqRT-PCR

Total RNAs were isolated using the TRIzol
reagent (Thermo Fisher Scientific, Shanghai,
China). RNA samples were examined by a
Nanodrop 2000 Spectrophotometers (Invitro-
gen, Carlsbad, CA, USA). RNA sample (1 ug) was
reverse transcribed into cDNA using the miS-
cript reverse transcription kit (Bio-Rad Labo-
ratories, Hercules, CA, USA) and PrimeScript
RT reagent kit (Takara Biotechnology Co., Ltd.,
Dalian, China) for detections of miRNA and
MRNA expressions, respectively. The qRT-PCR
reactions were performed using the SYBR
Green qPCR Master Mix (Thermo Fisher Scien-
tific, Shanghai, China). PCR reactions were
set as follows: 95°C for 5 min followed by 36
cycles of 95°C for 30 s, 55°C for 30's, 72°C for
40 s, and an extension for 10 min at 72°C.
B-actin and U6 were used for an internal
control. Primer sequences were as follows:
FEZF1-AS1: Forward: 5-TTAGGAGGCTTGTTCT-
GTGT-3’, Reverse: 5-GCGCAGGTACTTAAGAAA-
GA-3’; GLS: Forward: 5-TTCCAGAAGGCACAG-
ACATGGTTG-3’, Reverse: 5-GCCAGTGTCGCAG-
CCATCAC-3’; B-actin: Forward: 5-CTGAGAGG-
GAAATCGTGCGT-3’, Reverse: 5-CCACAGGATT-
CCATACCCAAGA-3’; miR-32-5p: Forward: 5’-TA-
TTGCACATTACTAAGCCTT-3’, Reverse: 5-GAA-
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TACCTCGGACCCTGC-3’; U6: Forward: 5-CT-
CGCTTCGGCAGCACA-3’, Reverse: 5-AACGCT-
TCACGAATTTGCGT-3. The relative gene ex-
pression was analyzed by the 222°t method.
Experiments were performed in triplicate and
repeated three times.

RNA pull-down assay

Scramble, sense or antisense INcCRNA FEZF1-
AS1 DNA oligomers was biotin-labeled from
RiboBio Co., Ltd. (Guangzhou, China). Lung
cancer cell lysates were incubated with the
above probes for 1 hour. Then, the Streptavi-
din-coupled agarose beads (ThermoFisher,
Shanghai, China) were added into the lysates
for 1 h. After washing the beads, the amounts
of miR-32-5p from the pull-downed RNA-
RNA complexes were examined by qRT-PCR.
Experiments were repeated three times.

RNA immunoprecipitation (RIP)

To assess whether FEZF1-AS associates with
the miR-32-5p-mediated RISC complex, RIP
assays were performed using anti-Ago2 anti-
body (Thermofisher, USA) and the Magna RIP-
TM RNA-binding protein immunoprecipitation
kit (Millipore, USA) according to the manufac-
turer’s protocols. Lung cancer cells were lysed
and incubated with anti-Ago2 antibodies for
overnight at 4°C. After washing, protein A mag-
netic beads were added and incubated for 4
hours. The coprecipitated RNAs were washed
out from beads. The amount of FEZF1-AS1 from
the complex was detected by qRT-PCR.

Luciferase assay

Lung cancer cells were co-transfected with
control miRNA or miR-32-5p and the luciferase
reporter vector containing wild-type (WT) or
binding sites mutant (Mut) FEZF1-AS1 or 3-
UTR of GLS as indicated. The luciferase activity
was measured using the Dual-Luciferase Assay
Kit (Promega Corporation, Madison, WI, USA).
Experiments were performed in triplicate and
repeated three times.

Bioinformatics analysis
The predictions of the IncRNA-miRNA and miR-
NA-mRNA interaction were performed from the

online non-coding RNA service, starBase. The
correlations between IncRNA-miRNA and miR-
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NA-mRNA were analyzed from starBase and
Pearson’s correlation coefficient analysis.

Measurements of glutamine metabolism

The glutamine metabolism rate was deter-
mined by glutamine uptake and glutaminase
activity assays using the Glutamine Assay kit
(Colorimetric) (#ab197011, Abcam, Cambridge,
MA, USA) and the PicoProbe™ Glutaminase
(GLS) Activity Assay Kit (#K455-100, Biovision
Inc, Milpitas, CA, USA) according to the manu-
facturer’s protocols. Assays were conducted in
triplicate and repeated three times.

Cell viability assay (MTT)

The cell viability of lung cancer cells in response
to cisplatin treatments was determined by MTT
assay. Briefly, cells (8x10°%) were seeded in
96-well plates and cultured for overnight. Post
treatments with cisplatin (range from 0.25 to
32 uM) for 48 h, MTT reagent [3-(4,5-Dimethy-
Ithiazol-2-yl)-2,5-diphenyltetrazolium bromide]
was added to each well and incubated for 4
hrs. Dimethylsulphoxide (DMSO) was then
added and incubated for 1 hr at 37°C.
Absorbance was recorded at 595 nm.
Experiments were performed in triplicate and
repeated three times.

Clonogenic assay

The responses of NSCLC cells to cisplatin treat-
ment were determined using the clonogenic
assay. Cells (200 cells/well) were seeded in 6
cm dishes and cultured for 24 hrs. After con-
tinually treatment with cisplatin for 9-14 days.
Survival colonies were fixed with 4% PFA and
stained with crystal violet (0.05% w/v) for 5
min. After washing with PBS, the colonies
were examined under bright field microscope.
Colonies consisting of 100 cells or more were
counted. Experiments were performed in tripli-
cate.

Cell apoptosis assay

The cell apoptosis rates of NSCLC cells to
cisplatin treatment were determined using
Annexin V apoptosis assay using the Annexin
V-FITC/PI apoptosis kit (ThermoFisher, Shang-
hai, China) according to the manufacturer’s
instructions. NSCLC cells were centrifuged and
washed with cold PBS. The FITC-Annexin V (5
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pL) and 1 L Pl working solution (100 ug/mL)
from the kit were added into cells and incubat-
ed for 15 min at room temperature with light
protection. Fluorescence was examined by a
FACScan flow cytometer (FACS Calibur™, BD
Biosciences, CA, USA). Experiments were per-
formed in triplicate and repeated three times.

In vivo xenograft experiments

Animal protocols were approved by the Ethics
Committee of Second Affiliated Hospital, Zhe-
jiang University School of Medicine and experi-
ments were performed according to the Euro-
pean Communities Council Directive of 24
November 1986 (86/609/EEC). Thirty male
BALB/c nude mice (4-6 weeks) were subcuta-
neously injected with 549 CDDP R cells (8%
108). After tumors developed, mice were ran-
domly separated into four groups (10 mice
each group) and treated with: a) Saline con-
trol; b) sh IncFEZF1-AS1; c) cisplatin (5 mg/kg
intraperitoneal (i.p.), 2 times/wk); d) sh
IncCFEZF1-AS1 plus cisplatin (5 mg/kg, i.p., 2
times/wk). Survival rate was monitored for
seven weeks. Tumor volumes were calculated
by V (mm3) = 1/2ab>.

Western blot

Proteins were isolated from lung cancer cells
using RIPA buffer (ThermoFisher Scientific,
Shanghai, China) supplied with 1x protease
inhibitor cocktail (ThermoFisher Scientific,
Shanghai, China). Lysates were incubated for
15 min on ice and centrifuged at 10,000 g for
10 min at 4°C. Protein concentrations were
measured using the bicinchoninic acid (BCA)
assay. Protein (40 pg) from each sample was
loaded and fractionated on 10% SDS-PAGE
gels followed by transferring to a PVDF mem-
brane (ThermoFisher Scientific, Shanghai,
China). Membranes were blocked by 5% non-
fat dry milk in Tris-buffered saline (TBS) con-
taining 0.1% Tween-20 (TBS-T) at room temper-
ature for 1 hr. Membranes were incubated
with primary antibodies (1:1000) at 4°C for
overnight. After washing by TBST, membranes
were incubated with a secondary horseradish
peroxidase (HRP)-labelled antibody (1:3000)
for 1 h at room temperature. Rabbit anti-p-
actin and anti-GLS antibodies were purchased
from Cell Signaling Technology (#56750 and
#4970, Danvers, MA, USA). Protein bands were
detected and visualized using SuperSignal
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West Pico enhanced chemiluminescence sub-
strate (Pierce, IL, USA).

Statistical analysis

Statistical significance was evaluated using the
software Prism 7.0 (GraphPad Software, La
Jolla, CA, USA). Data is graphically represented
as mean = SD and repeated three times. The
difference between two experimental groups
was examined by Student’s t-test. The differ-
ences among three or more groups were ana-
lyzed by one-way ANOVA. Differences were con-
sidered to be statistically significant where
P<0.05.

Results

FEZF1-AS1 is upregulated and promotes cis-
platin resistance in NSCLC

Accumulating studies revealed oncogenic roles
of IncRNA FEZF1-AS1 in various types of can-
cers [9-14]. Moreover, bioinformatics analysis
using data from the TCGA cancer database
illustrated that FEZF1-AS1 was significantly
upregulated in multiple cancers, including lung
tumors (Figure S1A-C), indicating FEZF1-AS1 is
positively associated with progressions of
NSCLC. To evaluate the biological roles of
FEZF1-AS1 in non-small cell lung cancer, we
validated the expressions of FEZF1-AS1 in hu-
man lung tumor tissues and matched normal
lung tissues. Results from gqRT-PCR demon-
strated that FEZF1-AS1 was significantly in-
creased in lung tumor specimens (Figure 1A).
Kaplan-Meier survival analysis illustrated that
lung cancer patients with higher FEZF1-AS1
expression were associated with lower survival
rate (P<0.01) (Figure 1B), suggesting FEZF1-
AS1 could potentially be a prognostic marker
for lung cancer patients. In addition, the expres-
sions of FEZF1-AS1 were consistently upregu-
lated in human five lung cancer cell lines, A549,
H520, SK-MES-1, H1703 and H1650 compared
to normal lung epithelial cells BEAS-2B (Figure
1C). To investigate the effects of FEZF1-AS1 on
chemosensitivity, FEZF1-AS1 was knocked
down by siRNA in A549 and SKMES-1 cells
(Figure S2). Expectedly, lung cancer cells
with lower FEZF1-AS1 expressions displayed
remarkedly increased sensitivity to cisplatin as
shown by cell viability assay (Figure 1D, 1E).
Conversely, overexpression of FEZF1-AS1 sig-
nificantly attenuated the cisplatin sensitivity of
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lung cancer cells (Figure S3A, S3B). The original
IC50s of A549 and SK-MES-1 cells were 6.15
UM and 2.88 pM, respectively. Silencing FEZF1-
AS1 effectively decreased the IC50s of A549
and SKMES-1 cells to 1.81 uyM and 0.78 uM
(Figure 1D, 1E). Consistently, results from clo-
nogenic assay showed NSCLC cells with lower
FEZF1-AS1 had lower survival capacities under
cisplatin treatments (Figure 1F). Taken togeth-
er, these results uncovered an oncogenic role
of FEZF1-AS1, which promotes cisplatin resis-
tance in NSCLC.

Inhibition of FEZF1-AS1 re-sensitizes CDDP
resistant NSCLC cells

To investigate the molecular mechanisms of
the FEZF1-AS1-mediated cisplatin sensitivity,
we generated in vitro cisplatin resistant cell
line (A549/CDDP R) by treating A549 parental
with gradually increased concentrations of cis-
platin. Survival cells were collected and pooled
for downstream experiments. Cisplatin resis-
tance was validated by cell viability assay and
other drug resistant markers (Figure S4A-C).
Apparently, A549/CDDP R cells could tolerate
higher concentrations of cisplatin (Figure 2A,
2B). The IC50 of A549/CDDP R cells increased
to 31.66 pM, which was around 5-fold higher
than that from A549 parental cells (Figure 2A).
Expectedly, FEZF1-AS1 was detected to be sig-
nificantly upregulated in CDDP resistant cells
(Figure 2C), suggesting blocking FEZF1-AS1
could be an effective approach against chemo-
resistant NSCLC. Clinically, high FEZF1-AS1
expression was associated with cisplatin resis-
tance in lung cancer patients (Figure S5).
Statistical analysis revealed that out of the 50
lung cancer patients, 12 had low FEZF1-AS1
expression while 38 had high FEZF1-AS1
expression. Among the patients with low FEZF1-
AS1 expression, the majority (11 cases) were
sensitive to cisplatin while only 1 patient was
resistant to it (Figure S5). In contrast, among
the patients with high FEZF1-AS1 expression, 6
were sensitive to cisplatin while the majority
of them (32 cases) were cisplatin resistant
(Figure S5). These results demonstrated that
FEZF1-AS1 was positively correlated to cisplat-
in resistance in lung cancer patient. Subse-
quently, FEZF1-AS1 was silenced in A549/
CDDP R cells (Figure 2D). Cell viability assay
and apoptosis assay showed knockdown
FEZF1-AS1 effectively re-sensitized A549/
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Figure 2. Inhibition of FEZF1-AS1 re-sensitizes CDDP resistant NSCLC cells. (A) Validation of cisplatin resistance in
A549/CDDP R cells by cell viability assay and (B) clonogenic assay. (C) Expressions of FEZF1-AS1 in A549 parental
and CDDP R cells. (D) FEZF1-AS1 was knocked-down in A549 parental and CDDP R cells. (E) A549/CDDP R cells
were treated with cisplatin at the indicated concentrations. Cell viability and (F) apoptosis assay were performed. *,

P<0.05; **, P<0.01; ***, P<0.001.

CDDP resistant cells to cisplatin (Figure 2E,
2F), suggesting FEZF1-AS1 could serve as a
therapeutic target for CDDP resistant lung
cancer.

FEZF1-AS1 sponges miR-32-5p in NSCLC

In view of the functions of FEZF1-AS1 in regulat-
ing cisplatin resistance and glutamine metabo-
lism of lung cancers, we evaluated the down-
stream molecular targets of FEZF1-Al. Since
IncRNAs function as sponge of miRNAs to
downregulate their expressions [20], the poten-
tial target miRNAs analyzed from starBase indi-
cated that miR-32-5p contains putative bind-
ing sites of FEZF1-AS1 (Figure 3A). Expectedly,
expressions of FEZF1-AS1 and miR-32-5p was
detected to be negatively correlated in lung
cancer tissues (Figure 3B). To further validate
this association, FEZF1-AS1 was overexpress-
ed in NSCLC cells. A549 and SK-MES-1 cells
with higher FEZF1-AS1 expression showed sup-
pressed miR-32-5p expression (Figure 3C). To
test whether FEZF1-AS1 could directly bind to
seed region of miR-32-5p, RNA pull-down assay
and luciferase assay were conducted. gRT-
PCR results showed the miR-32-5p was only
enriched in the antisense FEZF1-AS1 precipi-
tated RNA complex in NSCLC cells compared
with control probe and sense FEZF1-AS1 probe
(Figure 3D). In addition, RIP (RNA-binding pro-
tein immunoprecipitation) assay was perform-
ed using lung cancer cells extracts. Results
revealed that FEZF1-AS1 binds directly to Ago2-
associated RNA-induced silencing complex
mediated by miRNA (Figure 3E). Furthermore,
overexpression of miR-32-5p significantly ele-
vated the FEZF1-AS1 level which pulled down
by Ago2 complexes (Figure 3F), indicating
FEZE1-AS1 binds with miR-32-5p in lung can-
cer cells. Luciferase assay further verified that
co-transfection of miR-32-5p and WT-FEZF1-
AS1 significantly blocked the luciferase activity
of NSCLC cells compared with that from co-
transfection with miR-32-5p plus the binding
site mutant FEZF1-AS1 (Figure 3G, 3H). Taken
together, the above results validated FEZF1-
AS1 suppressed miR-32-5p by direct associa-
tion with miR-32-5p to form a ceRNA network.
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miR-32-5p sensitizes lung cancer cells to cis-
platin

Given the results mentioned above, which indi-
cated that FEZF1-AS1 promotes resistance to
cisplatin and decreases the expression of miR-
32-5p, we hypothesized that miR-32-5p func-
tions as a tumor suppressor molecule to make
lung cancer cells more responsive to cisplatin.
gRT-PCR results demonstrated that miR-32-5p
was significantly downregulated in NSCLC tis-
sues compared with normal tissues (Figure
4A). Consistently, we observed a noticeable
suppression of miR-32-5p in NSCLC cells com-
pared to normal lung epithelial cells (Figure
4B). miR-32-5p was detected to be downregu-
lated in cisplatin resistant lung cancer cells
(Figure 4C). Furthermore, low miR-32-5p was
positively associated with cisplatin resistance
in lung cancer patients (Figure S6). We then
evaluated the effects of miR-32-5p on the
sensitivity of lung cancer cells to cisplatin. The
overexpression of miR-32-5p substantially de-
creased the survival rate of A549/CDDP R
cells when treated with cisplatin (Figure 4D),
suggesting that miR-32-5p plays a role in sensi-
tizing lung cancer cells to chemotherapy and
counteracting chemoresistance.

Cisplatin resistant lung cancer cells exhibit
increased glutamine metabolism

Studies have revealed that the dysregulated
cellular metabolism of cancer cells contributed
to abnormal tumor growth and drug resistance
[15-18]. Glutamine metabolism is essential
for providing major energy and building blocks
to cancer cells. Therefore, we examined the
glutamine metabolism of CDDP resistant lung
cancer cells. As expected, glutamine uptake
(Figure 5A) and glutaminase activity (Figure
5B) were significantly higher in A549/CDDP R
cells compared to parental cells. Additionally,
cisplatin resistant lung cancer cells were more
sensitive to cisplatin when supplied with low
levels of glutamine compared to normal cell
culture conditions (Figure 5C). Consistently,
blocking glutamine metabolism through silenc-
ing glutaminase synergistically inhibited the
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viability of A549/CDDP R cells when treated
with cisplatin (Figure 5D). In summary, the
above results demonstrate a positive correla-
tion between glutamine metabolism and the
FEZF1-AS1-mediated cisplatin sensitivity of
lung cancer cells.

FEZF1-AS1 and miR-32-5p inversely regulate
glutamine metabolism

We then assessed the functions of FEZF1-
AS1 and miR-32-5p in regulating glutamine
metabolism. Expectedly, silencing FEZF1-AS1
effectively blocked the glutamine uptake and
glutaminase activity of NSCLC cells (Figure 6A,
6B). On the other way, overexpression of miR-
32-5p rendered similar phenotypes on A549
and SK-MES-1 cells that the glutamine uptake
and glutaminase activity were significantly
inhibited by miR-32-5p (Figure 6C, 6D).

GLS is directly targeted by miR-32-5p in NSCLC
cells

Previous studies have revealed that microRNAs
inhibited expressions of their target mRNAs
through binding to the 3’'UTR of target mRNAs
[21]. We identified potential targets of miR-32-
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5p in lung cancer cells by bioinformatic analysis
from the TargetScan databases. Interestingly,
we noticed that the 3’'UTR of GLS, which is
known to be involved in glutamine metabolism
and is positively correlated with the progres-
sion of lung cancer [17], contains putative miR-
32-5p binding sites (Figure 7A). Notably, GLS
was significantly upregulated in lung cancer tis-
sues and cell lines compared with their normal
counterparts (Figure 7B, 7C). In addition, GLS
was apparently elevated in cisplatin resistant
cells compared with parental cells (Figure 7D).
To assess the clinical correlation of the poten-
tial miR-32-5p-GLS interaction, Pearson’s cor-
relation coefficient analysis was performed.
The miR-32-5p expression was negatively cor-
related with GLS mRNA expression in NSCLC
tissues from both TCGA database (Figure S7A,
S7B) and gRT-PCR analysis (Figure 7E). Con-
sequently, blocking GLS effectively sensitized
A549 and SK-MES-1 cells to cisplatin (Figure
7F, 7G). To test whether miR-32-5p could target
GLS, we transfected control miRNAs or the
miR-32-5p into A549 and SK-MES-1 cells.
Overexpression of miR-32-5p significantly sup-
pressed the protein expression of GLS (Figure
7H, 71). To verify whether miR-32-5p directly

Am J Cancer Res 2024;14(6):3153-3170



FEZF1-AS1 regulates CDDP resistance of NSCLC

A Glutamine uptake
e NSCLC cells
32 150 .
~ =3 Ctrl siRNA
% &4 si FEZF1-AS1
‘s_ 1004
=
o
£ 50
£
«©
ey
=]
& o ] R
A549 SK-MES-1
C Glutamine uptake
e NSCLC cells
X 150+ i
~ = Ctrl miRNA
.&, =4 miR-32-5p
S 100
o
=
o
£ 50
£
S
=] = i =
3 o o :
A549 SK-MES-1

Glutaminase activity (%) © Glutaminase activity (%) @

150

100+

100+

Glutaminase activity
NSCLC cells

=1 Ctrl siRNA
=4 si FEZF1-AS1

4]
(=]
1

ol ] P
A549 SK-MES-1
Glutaminase activity

NSCLC cells
150+
=1 Ctrl miRNA
=4 miR-32-5p

1]
o
1

o

A549 SK-MES-1

Figure 6. FEZF1-AS1 and miR-32-5p inversely regulate glutamine metabolism of lung cancer cells. (A) A549 and
SK-MES-1 cells were transfected with control siRNA or FEZF1-AS1 siRNA. The glutamine uptake and (B) glutamin-
ase activity were measured. (C) A549 and SK-MES-1 cells were transfected with control miRNA or miR-32-5p. The
glutamine uptake and (D) glutaminase activity were measured. *, P<0.05; **, P<0.01.

binds to the 3’'UTR of GLS mRNA, luciferase
reporter assay was performed by co-transfec-
tion of control miRNA or miR-32-5p with WT-
GLS 3'UTR or binding site mutant GLS 3’'UTR
(Mut-GLS) into NSCLC cells. Expected results
demonstrated that miR-32-5p effectively block-
ed the luciferase activity of vector containing
the WT-GLS 3’-UTR compared with that from
the binding site mutant GLS 3'UTR (Figure 7J,
7K). Taken together, these data consistently
demonstrated GLS is a direct target of miR-32-
5p in NSCLC.

miR-32-5p re-sensitizes cisplatin resistant
cells through targeting GLS

We next asked whether the miR-32-5p-mediat-
ed cisplatin sensitization was through direct
targeting GLS. Consequently, rescue experi-
ments were performed by co-transfection of
control miRNA, miR-32-5p alone or plus GLS
into A549/CDDP R cells (Figure 8A). Western
blot results showed overexpression of GLS
into miR-32-5p overexpressing A549/CDDP R
cells successfully recovered the GLS expres-
sion (Figure 8A). Furthermore, A549/CDDP R
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cells with restoration of GLS displayed rescued
glutamine metabolism phenotypes (Figure 8B,
8C). Cell viability assay and apoptosis assay
consistently demonstrated that recovery of
GLS in miR-32-5p overexpressing A549/CDDP
R cells de-sensitized lung cancer cells to cis-
platin (Figure 8D). Summarily, these rescue
experiments validated that miR-32-5p sensitiz-
es cisplatin resistant lung cancer cells by direct
targeting GLS.

The FEZF1-AS1-miR-32-5p-GLS axis contrib-
utes to CDDP resistance in NSCLC cells in vitro
and in vivo

Finally, the biological roles of the FEZF1-AS1-
miR-32-5p-GLS axis were evaluated in cisplatin
resistant lung cancer cells. Bioinformatics anal-
ysis from the non-coding RNA database star-
Base and qRT-PCR results from NSCLC patients
indicated a significantly positive correlation
between FEZF1-AS1 and GLS mRNA expres-
sions in NSCLC patients (Figure S8A, S8B).
Thus, A549/CDDP R cells were co-transfected
with control plasmid, FEZF1-AS1 overexpres-
sion vector alone or combined with miR-32-5p.
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Overexpression of FEZF1-AS1 significantly in-
hibited miR-32-5p expression and upregulated
GLS expression. This regulation was further
overcome by miR-32-5p rescue (Figure 9A, 9B).
Consistently, A549/CDDP R cells with co-trans-
fection of FEZF1-AS1 plus miR-32-5p success-
fully decreased the glutamine uptake (Figure
9C) and GLS activity (Figure 9D) compared
with FEZF1-AS1 transfection alone. Expectedly,
recovery of miR-32-5p in FEZF1-AS1-overex-
pressing A549/CDDP R cells effectively re-sen-
sitized cisplatin resistant cells from cell viability
assay and cell apoptosis assay (Figure 9E, 9F).

To further validate these in vitro results, an in
vivo xenograft mice model was applied. A549
CDDP R cells were subcutaneously injected
into nude mice. After tumors developed, mice
were randomly separated into three groups
(n=10) and treated with a) Saline control; b) sh
FEZF1-AS1; c) cisplatin alone; d) FEZF1-AS1
knockdown plus cisplatin. Mice survival rates
and tumor sizes were recorded. Expected
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results from Figure 10A illustrated that the
majority of mice which were treated with con-
trol, sh FEZF1-AS1 or cisplatin alone died within
seven weeks. Mice treated with sh FEZF1-AS1
plus cisplatin obtained a remarkedly prolonged
survival rate (Figure 10A) and reduced tumor
sizes (Figure 10B, 10C) compared with mice
from other treatment groups. In summary,
these in vivo results validated that FEZF1-AS1-
promoted cisplatin resistance was through
modulating the miR-32-5p-GLS axis (Figure
10D), indicating the combination of FEZF1-AS1
silencing with cisplatin could synergistically
attenuate lung tumor growth.

Discussion

NSCLC is one of the most common malignant
tumors [1, 2]. Surgical resection is the standard
treatment for NSCLC patients in the early stag-
es [3]. Additionally, chemotherapy and/or radio-
therapy are the primary strategies for lung can-
cer patients in advanced or metastatic stages
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[3]. Cisplatin is an effective chemotherapeutic
agent that interacts with purine bases in DNA,
inducing DNA damage and apoptosis of cancer
cells [5]. However, studies have reported that a
large percentage of NSCLC patients develop
cisplatin resistance, limiting the clinical appli-
cations of chemotherapy. Therefore, the inves-
tigation of novel and effective strategies to
overcome chemoresistance is an urgent task in
the treatment of NSCLC. In this study, we dem-
onstrated the involvement of IncRNA/miRNA-
mediated cisplatin resistance in NSCLC. Our
results, obtained from clinical patient speci-
mens and a drug-resistant cell line in vitro,
showed for the first time that IncRNA FEZF1-
AS1 is positively associated with cisplatin
resistance in lung cancer, consistent with previ-
ous studies that revealed oncogenic roles of
FEZF1-AS1 in NSCLC [13, 14]. Moreover, block-
ing FEZF1-AS1 effectively resensitized cisplat-
in-resistant lung cancer cells, suggesting that
FEZF1-AS1 may be a potential therapeutic tar-
get for lung cancer.

A number of studies have indicated that long
non-coding RNAs (IncRNAs) function by spong-
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ing their target microRNAs (miRNAs) to form a
competing endogenous RNA (ceRNA) network,
resulting in the de-repression of downstream
targets of miRNAs [20]. Bioinformatics analy-
sis indicated that FEZF1-AS1 contains binding
sites for miR-32-5p, and this RNA-RNA complex
was further verified through RNA pull-down and
luciferase assays. Other studies have reported
that miR-32-5p plays tumor suppressive roles
in multiple cancers [22-24]. In this study, we
found that miR-32-5p is negatively associated
with cisplatin resistance in lung cancer, as it
was significantly downregulated in cisplatin-
resistant lung cancer cells. Additionally, we
identified GLS as a target of miR-32-5p in lung
cancer cells through bioinformatics analysis
and luciferase reporter assays, which showed
that miR-32-5p directly targets the 3'UTR of
GLS. The biological roles of the miR-32-5p-GLS
association were further validated through res-
cue experiments, which showed that the re-
expression of GLS in miR-32-5p overexpress-
ing lung cancer cells successfully rescued cis-
platin resistance. For the first time, we reported
this miRNA/mRNA association, which was spe-
cific in NSCLC cells.
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Reprogramming cellular metabolism, such as
glutamine metabolism, is recognized as a key
characteristic of cancer cells that contributes
to rapid proliferation and selective advantages
against chemotherapy [15]. Additionally, block-
ing glutamine metabolism has been shown to
effectively inhibit tumor progression and che-
moresistance [17]. In this study, we consistent-
ly observed elevated glutamine metabolism in
cisplatin-resistant lung cancer cells through
glutamine uptake and GLS activity assays.
Importantly, we found that cisplatin-resistant
cells displayed increased sensitivity to cisplat-
in under conditions of low glutamine supply
compared to normal conditions, suggesting
that blocking glutamine metabolism is an eff-
ective strategy for overcoming cisplatin resis-
tance in NSCLC cells. In addition to A549 CDDP
R cells, we established another cisplatin resis-
tance cell line from SK-MES-1 cells (Figure
S9A). Consistent with A549 CDDP R cells,
FESZF1-AS1 and GLS were upregulated and
miR-32-5p was downregulated in SK-MES-1
CDDP R cells (Figure S9B-D). The glutamine
metabolism rate was significantly elevated in
SK-MES-1 CDDP R cells (Figure S9E). Silencing
FEZF1-AS1 or GLS and overexpression of miR-
32-bp effectively sensitized SK-MES-1 CDDP R
cells to cisplatin (Figure S9F-H). Results from
two cisplatin resistant lung cancer cell lines
consolidated the above in vitro results. Finally,
we performed mechanism rescue experiments
that recovery of miR-32-5p in FEZF1-AS1 over-
expressing CDDP resistant lung cancer cells
successfully re-suppressed the GLS and gluta-
mine metabolism, leading to the re-sensitiza-
tion of cisplatin resistance lung cancer cells to
cisplatin. Importantly, results from in vitro study
were further validated through in vivo xeno-
graft experiments. Initially, we examined the
expression of IncRNA FEZF1-AS1, miR-32-5p,
and GLS in various lung cancer cell lines to
expand the scope of our findings to broad our
results/conclusions to all lung cancer cell lines.
Subsequently, we conducted all functional
assays using two lung cancer cell lines, in order
to prevent irreproducibility of results in other
lung cancer cell lines.

This study has demonstrated an FEZF1-AS1-
miR-32-5p-GLS axis in regulating cisplatin
resistance in lung cancer. Previous studies
have reported the oncogenic role of FEZF1-AS1
[9-14] and the tumor-suppressive role of miR-

3168

32-5p in various cancers [22-24]. GLS, a down-
stream molecule of this axis, has been report-
ed to have critical roles in modulating cancer
cell proliferation [25], migration and invasion
[26]. Therefore, the FEZF1-AS1-miR-32-5p-GLS
axis may play essential roles in regulating
diverse lung cancer progressions. However, it is
important to acknowledge the limitations of
this study, as the present data does not rule
out the possibility of other potential miRNA
targets of FEZF1-AS1 being involved in regulat-
ing cisplatin resistance in lung cancer cells.
Recent research has shown that FEZF1-AS1
can target multiple miRNAs, including miR-
1254 [27], miR-363 [28], and miR-632 [29].
Consistent with miR-32-5p, these FEZF1-AS1-
sponged miRNAs functioned as tumor-suppres-
sive molecules in various cancers and target-
ed specific mRNAs. We admit that FEZF1-AS1
might target other miRNAs to regulate chemo-
resistance in lung cancer. For instance, miR-
363, which was sponged by FEZF1-AS1, directly
targeted SphK2 [30]. SphK2 was further re-
vealed to contribute to 5-Fu resistance in colon
cancer cells [31] and gefitinib resistance in
lung cancer cells [32]. Thus, FEZF1-AS1 might
promote cisplatin resistance of lung cancer
through the miR-363-SphK2 pathway. In this
study, through in vitro and in vivo experiments,
identified a novel target of FEZF1-AS1, miR-
32-bp, and integrated the FEZF1-AS1-miR-32-
5p-GLS axis with cisplatin resistance in lung
cancetr.

In summary, this study unveiled the biological
roles and molecular mechanisms of the INcCRNA-
FEZF1-AS1-promoted cisplatin resistance of
NSCLC cells through sponging miR-32-5p as a
ceRNA to regulate GLS expression and gluta-
mine metabolism. These conclusions will be
benefit to the development of novel therapeut-
ic approaches against chemoresistant lung
cancetr.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wei Lin, Depart-
ment of Thoracic Surgery, Linping Campus, Second
Affiliated Hospital, Zhejiang University School of
Medicine, Hangzhou 311100, Zhejiang, China. Tel:
+86-0571-89369136; Fax: +86-0571-89369136;
E-mail: WeilLinZJU2020@outlook.com

Am J Cancer Res 2024;14(6):3153-3170


mailto:WeiLinZJU2020@outlook.com

FEZF1-AS1 regulates CDDP resistance of NSCLC

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

3169

Alduais Y, Zhang H, Fan F, Chen J and Chen B.
Non-small cell lung cancer (NSCLC): a review
of risk factors, diagnosis, and treatment. Medi-
cine (Baltimore) 2023; 102: e32899.

Adams SJ, Stone E, Baldwin DR, Vliegenthart
R, Lee P and Fintelmann FJ. Lung cancer
screening. Lancet 2023; 401: 390-408.
Imyanitov EN, lyevleva AG and Levchenko EV.
Molecular testing and targeted therapy for
non-small cell lung cancer: current status and
perspectives. Crit Rev Oncol Hematol 2021;
157: 103194.

lams WT, Porter J and Horn L. Immunothe-
rapeutic approaches for small-cell lung cancer.
Nat Rev Clin Oncol 2020; 17: 300-312.
Romani AMP. Cisplatin in cancer treatment.
Biochem Pharmacol 2022; 206: 115323.
Galluzzi L, Senovilla L, Vitale |, Michels J, Mar-
tins I, Kepp O, Castedo M and Kroemer G. Mo-
lecular mechanisms of cisplatin resistance.
Oncogene 2012; 31: 1869-1883.

Hou XR, Zhang ZD, Cao XL and Wang XP. Long
noncoding RNAs, glucose metabolism and
cancer (Review). Oncol Lett 2023; 26: 340.
Statello L, Guo CJ, Chen LL and Huarte M.
Gene regulation by long non-coding RNAs and
its biological functions. Nat Rev Mol Cell Biol
2021; 22: 96-118.

Wang H, Wu Y, Wang Z, Chen Y, Mo J, Guan W,
Zhang Y and Yao H. The LncRNA FEZF1-AS1
promotes tumor proliferation in colon cancer
by regulating the mitochondrial protein PCK2.
Oncol Res 2022; 29: 201-215.

Sun Z, Gao S, Xuan L and Liu X. Long non-cod-
ing RNA FEZF1-AS1 induced progression of
ovarian cancer via regulating miR-130a-5p/
SOX4 axis. J Cell Mol Med 2020; 24: 4275-
4285.

Hui Y, Yang Y, Li D, Wang J, Di M, Zhang S and
Wang S. LncRNA FEZF1-AS1 modulates cancer
stem cell properties of human gastric cancer
through miR-363-3p/HMGA2. Cell Transplant
2020; 29: 963689720925059.

Wang ZH, Wang JH, Wang KQ, Zhou Y and
Wang J. LncRNA FEZF1-AS1 promoted chemo-
resistance, autophagy and epithelial-mesen-
chymal transition (EMT) through regulation of
miR-25-3p/ITGBS8 axis in prostate cancer. Eur
Rev Med Pharmacol Sci 2020; 24: 8250.
Song H, Li H, Ding X, Li M, Shen H, Li Y, Zhang
X and Xing L. Long non-coding RNA FEZF1-AS1
facilitates non-small cell lung cancer progres-
sion via the ITGA11/miR-516b-5p axis. Int J
Oncol 2020; 57: 1333-1347.

Gui Z, Zhao Z, Sun Q, Shao G, Huang J, Zhao W
and Kuang Y. LncRNA FEZF1-AS1 promotes
multi-drug resistance of gastric cancer cells

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

via upregulating ATG5. Front Cell Dev Biol
2021; 9: 749129.

Pavlova NN, Zhu J and Thompson CB. The hall-
marks of cancer metabolism: still emerging.
Cell Metab 2022; 34: 355-377.

Kodama M, Oshikawa K, Shimizu H, Yoshioka
S, Takahashi M, Izumi Y, Bamba T, Tateishi C,
Tomonaga T, Matsumoto M and Nakayama KI.
A shift in glutamine nitrogen metabolism con-
tributes to the malignant progression of can-
cer. Nat Commun 2020; 11: 1320.

Zhu L, Zhu X and Wu Y. Effects of glucose me-
tabolism, lipid metabolism, and glutamine me-
tabolism on tumor microenvironment and clini-
cal implications. Biomolecules 2022; 12: 580.
Jin J, Byun JK, Choi YK and Park KG. Targeting
glutamine metabolism as a therapeutic strat-
egy for cancer. Exp Mol Med 2023; 55: 706-
715.

Yu M, Qi B, Xiaoxiang W, Xu J and Liu X. Baica-
lein increases cisplatin sensitivity of A549 lung
adenocarcinoma cells via PI3K/Akt/NF-kap-
paB pathway. Biomed Pharmacother 2017;
90: 677-685.

Ma B, Wang S, Wu W, Shan P, Chen Y, Meng J,
Xing L, Yun J, Hao L, Wang X, Li S and Guo Y.
Mechanisms of circRNA/IncRNA-miRNA inter-
actions and applications in disease and drug
research. Biomed Pharmacother 2023; 162:
114672.

Vishnoi A and Rani S. miRNA biogenesis and
regulation of diseases: an updated overview.
Methods Mol Biol 2023; 2595: 1-12.

Yuan P, Tang C, Chen B, Lei P, Song J, Xin G,
Wang Z, Hui Y, Yao W, Wang G and Zhao G.
miR-32-5p suppresses the proliferation and
migration of pancreatic adenocarcinoma cells
by targeting TLDC1. Mol Med Rep 2021; 24:
752.

Lou P, Ding T and Zhan X. Long noncoding RNA
HNF1A-AS1 regulates osteosarcoma advance-
ment through modulating the miR-32-5p/
HMGB1 axis. Cancer Biother Radiopharm
2021; 36: 371-381.

Ying L, Wang J, Feng J and Wu Z. Long non-
coding RNA SNHG17 contributes to the pro-
gression of pancreatic adenocarcinoma by
modulating miR-32-5p/EZH2/STAT3 signaling.
Mol Biol Rep 2023; 50: 5941-5947.

Zhang J, Mao S, Guo Y, Wu Y, Yao X and Huang
Y. Inhibition of GLS suppresses proliferation
and promotes apoptosis in prostate cancer.
Biosci Rep 2019; 39: BSR20181826.

Liu HY, Zhang HS, Liu MY, Li HM, Wang XY and
Wang M. GLS1 depletion inhibited colorectal
cancer proliferation and migration via redox/
Nrf2/autophagy-dependent pathway. Arch Bio-
chem Biophys 2021; 708: 108964.

Am J Cancer Res 2024;14(6):3153-3170



[27]

[28]

[29]

FEZF1-AS1 regulates CDDP resistance of NSCLC

Liang M, Li Y, Dai T and Chen C. IncRNA FEZF1-
AS1 regulates biological behaviors of cervical
cancer by targeting miRNA-1254. Food Sci
Nutr 2021; 9: 4722-4737.

Zhang T, Yu S and Zhao S. LncRNA FEZF1-
AS1 promotes colorectal cancer progression
through regulating the miR-363-3p/PRRX1
pathway. Adv Clin Exp Med 2021; 30: 839-
848.

Xie R, Liu C, Liu L, Lu X and Tang G. Long
non-coding RNA FEZF1-AS1 promotes rectal
cancer progression by competitively binding
miR-632 with FAM83A. Acta Biochim Biophys
Sin (Shanghai) 2022; 54: 452-462.

3170

[30]

(31]

(32]

Dong J, Geng J and Tan W. MiR-363-3p sup-
presses tumor growth and metastasis of
colorectal cancer via targeting SphK2. Biomed
Pharmacother 2018; 105: 922-931.

Zhang YH, Shi WN, Wu SH, Miao RR, Sun SY,
Luo DD, Wan SB, Guo ZK, Wang WY, Yu XF, Cui
SX and Qu XJ. SphK2 confers 5-fluorouracil re-
sistance to colorectal cancer via upregulating
H3K56ac-mediated DPD expression. Onco-
gene 2020; 39: 5214-5227.

Liu W, Ning J, Li C, Hu J, Meng Q, Lu H and Cai
L. Overexpression of Sphk2 is associated with
gefitinib resistance in non-small cell lung can-
cer. Tumour Biol 2016; 37: 6331-6336.

Am J Cancer Res 2024;14(6):3153-3170



FEZF1-AS1 regulates CDDP resistance of NSCLC

A Expression of FEZF1-AS1 across TCGA cancers (with tumor and normal samples)
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Figure S1. Expression of FEZF1-AS1 in NSCLC and other cancers across TCGA cancers (with normal and tumor
specimens) analyzed from http://ualcan.path.uab.edu. A. Expression of FEZF1-AS1 across TCGA cancers (with nor-
mal and tumor specimens). B. Expression of FEZF1-AS1 in normal and lung squamous cell carcinoma. C. Expression
of FEZF1-AS1 in normal and lung adenocarcinoma.
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Figure S2. FEZF1-AS1 was knocked down in A549 and SK-MES-1 cells.
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Figure S3. Overexpression of FEZF1-AS1 attenuates the cisplatin sensitivity of lung cancer cells. (A) A549 and (B)
SK-MES-1 cells were transfected with control vector or FEZF1-AS1 overexpression vector for 48 hours, followed by
treatment with cisplatin at the indicated concentrations. Cell viability was examined by MTT assay. *, P<0.05; **,
P<0.01.
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Figure S4. Drug resistance markers expressions in Ab49 cisplatin resistant cells.
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Figure S5. Statistical analysis of the correlation between FEZF1-AS1 expression and cisplatin resistance in lung

cancer patients.
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Figure S6. Statistical analysis of the correlation between miR-32-5p expression and cisplatin resistance in lung

cancer patients.
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Figure S7. Correlations between miR-32-5p and GLS in (A) lung adenocarcinoma and (B) lung squamous cell carci-
noma analyzed from starBase.
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Figure S8. Correlations between FEZF1-AS1 and GLS in lung cancer analyzed from (A) starBase and (B) NSCLC
patients.
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Figure S9. Phenotypes in SK-MES-1 cisplatin resistant cells. (A) Validation of cisplatin resistance in SK-MES-1/CDDP R cells by cell viability assay. (B) Expressions
of FEZF1-AS1, (C) miR-32-5p and (D) GLS in SK-MES-1 parental and cisplatin resistant cells. (E) Glutamine uptake and GLS activity were examined in SK-MES-1
parental and cisplatin resistant cells. (F-H) SK-MES-1 cisplatin resistant cells were transfected with control or siFEZF1-AS1, miR-32-5p or siGLS, followed by treat-
ments with cisplatin. Cell viabilities in response to cisplatin were detected by MTT assay. *, P<0.05; **, P<0.01; ***, P<0.001.



