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Abstract: Drug resistance is a major cause of treatment failure and post-treatment disease progression in patients
with cancer. This study aimed to investigate the mechanisms of chemoresistance to gemcitabine (GEM) plus cispla-
tin (cis-diamminedichloroplatinum, DDP) combination therapy in stage IV lung squamous cell carcinoma (LSCC). It
also examined the functional role of IncRNA ASBEL and IncRNA Erbb4-IR in the malignant progression of LSCC. The
expression of INcCRNA ASBEL, IncRNA Erbb4-IR, miR-21, and LZTFL1 mRNA was examined in human stage IV LSCC
tissues and adjacent normal tissues, human LSCC cells and normal human bronchial epithelial cells using qRT-
PCR. Furthermore, LZTFL1 protein levels were also examined using western blots. Cell proliferation, cell migration
and invasion, and cell cycle progression and apoptosis were evaluated in vitro using the CCK-8, transwell, and flow
cytometry assays, respectively. Based on the treatment response, LSCC tissues were classified as GEM-, DDP-, and
GEM+DDP-sensitive/resistant. The MTT assay was performed to assess the chemoresistance of human LSCC cells
to GEM, DDP, and GEM+DDP following transfection experiments. The results showed that IncRNA ASBEL, IncRNA
Erbb4-IR, and LZTFL1 were down-regulated in human LSCC tissues and cells, whereas miR-21 was up-regulated.
In stage IV human LSCC tissues, miR-21 levels were negatively correlated with those of IncRNA ASBEL, IncRNA
Erbb4-IR, and LZTFL1 mRNA. The overexpression of INcRNA ASBEL and IncRNA Erbb4-IR inhibited cell proliferation,
migration, and invasion. It also blocked cell cycle entry and accelerated apoptosis. These effects were mediated by
the miR-21/LZTFL1 axis and reduced chemoresistance to GEM+DDP combination therapy in stage IV human LSCC.
These findings indicate that INcRNA ASBEL and IncRNA Erbb4-IR function as tumor suppressors in stage IV LSCC
and attenuate chemoresistance to GEM+DDP combination therapy via the miR-21/LZTFL1 axis. Hence, IncRNA
ASBEL, IncRNA Erbb4-IR, and LZTFL1 may be targeted to enhance the efficacy of GEM+DDP combination chemo-
therapy against LSCC.

Keywords: Advanced lung squamous cell carcinoma, tumor suppressor, gemcitabine and cisplatin combination
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Introduction

Lung cancer is a common malignancy with a
high global incidence and mortality, making it
an important public health concern worldwide.
According to estimates, there were 2.1 million
cases of newly diagnosed lung cancer and 1.8
million deaths due to lung cancer in 2018 [1].
Non-small-cell lung carcinoma (NSCLC) acco-
unts for approximately 85% of all lung cancer
cases, and it is associated with a high risk of
metastasis and poor outcomes [2]. The second

most common type of NSCLC is lung squamous
cell carcinoma (LSCC), which alone accounts for
about 40% of all lung cancers. The prognosis of
LSCC is poor, and few targeted agents are avail-
able for its treatment [3, 4]. Moreover, the early
symptoms of LSCC are non-specific, and the
disease is often only diagnosed at an advanced
stage. As a result, most patients cannot benefit
from surgical treatment. Radiotherapy and che-
motherapy are the main therapeutic options
for advanced LSCC. Recently, several studies
have shown that first-line treatment with a com-
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bination of gemcitabine (GEM) and cisplatin
(cis-diamminedichloroplatinum, DDP) provides
good treatment efficacy against advanced
LSCC [5]. However, owing to chemoresistance
and high metastasis rates, the 5-year survival
rate in patients with advanced LSCC remains
dismal (less than 15%) [6, 7]. Hence, new strat-
egies are urgently required to prevent chemore-
sistance against GEM and DDP in cases of
advanced LSCC.

Accumulating evidence indicates that the dys-
regulation of non-coding RNAs, including long
non-coding RNAs (IncRNAs) and microRNAs
(miRNAs), plays a role in the mechanisms of
chemoresistance. Non-coding RNAs are known
to regulate genes involved in drug resistance
and can accelerate malignant behaviors such
as cell proliferation and suppressed apoptosis
in various cancers [8]. Several studies have
confirmed that microRNA-21 (miR-21) is closely
involved in the development of lung cancers
(including LSCC) and can serve as a diagnostic
marker and therapeutic target for this malig-
nancy [9, 10]. miR-21 overexpression has been
observed in the serum, plasma, and pleural
lavage fluid of patients with lung cancer. It has
also been detected in lung tumor-associated
fibroblasts and lung cancer cells and tissues.
miR-21 overexpression can increase cell prolif-
eration, migration, and invasion and decrease
apoptosis in lung cancer cells [2, 9-15]. Addi-
tionally, miR-21 overexpression can promote
resistance to DDP in lung cancer cells [16].
Interestingly, miR-21 up-regulation facilitates
GEM resistance in cancer cells and its down-
regulation is known to promote GEM chemo-
sensitivity [17, 18]. Nevertheless, the effect of
miR-21 on the sensitivity of LSCC to GEM alone
or GEM+DDP has not been investigated, and
the corresponding mechanisms remain unclear.
The IncRNAs ASBEL and Erbb4-IR have been
reported to be upstream regulators of miR-21
and play a critical role in the malignant progres-
sion of osteosarcoma and prostate carcinoma
via the regulation of miR-21 expression [19-22].
However, the expression and function of Inc-
RNA ASBEL and IncRNA Erbb4-IR have not
been examined in lung cancer. Moreover, their
effects on the sensitivity of cancer cells to GEM
and/or DDP have not been explored. Leucine
zipper transcription factor-like 1 (LZTFL1), a
verified target gene of miR-21 [23], is known to
exert an inhibitory effect on pulmonary tumor
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formation [24]. However, no previous study has
investigated the correlation between LZTFL1
expression and GEM or DDP sensitivity, and
whether LZTFL1 is regulated by IncRNA ASBEL
or IncRNA Erbb4-IR is also unclear. Further-
more, the expression and functions of LZTFL1
in LSCC have not been reported.

Based on previous studies, we hypothesized
that the IncRNA ASBEL/IncRNA Erbb4-IR/miR-
21/LZTFL1 axis can modulate the malignant
behavior of LSCC cells and thereby regulate
chemoresistance to GEM and DDP combina-
tion therapy in stage IV LSCC. We tested this
hypothesis in the present study to uncover the
mechanisms underlying GEM/DDP chemore-
sistance in LSCC.

Materials and methods
Patients and clinical samples

In this study, 120 randomly selected pairs of
LSCC tissue samples and adjacent normal tis-
sue samples were examined. In all cases,
patients had stage IV LSCC (graded according
to the TNM staging system). Of the 120
patients, 82 were men and 38 were women
(mean age, 58.4 + 11.2 years; range, 44-75
years). All patients had been diagnosed with
LSCC between July 2019 and July 2020 in our
hospital. All diagnoses were based on the clini-
cal histopathology of fiberoptic bronchoscopy
specimens.

The patients received treatment with DDP
alone, GEM alone, or DDP+GEM and did not
undergo any surgery, radiotherapy, or other
anti-cancer treatment. Patients were excluded
if they: 1) Were frail and old (> 75 years); 2) Had
severe heart, liver, or kidney dysfunction; 3)
Had poor bone marrow function, low leukocyte
levels, or thrombocytopenia; 4) Had complica-
tions, infection, or fever or were prone to bleed-
ing; 5) Had metastatic lung cancer or other
malignant tumors; 6) Had incomplete medical
records; or 7) Had mental illness.

The patients were randomly divided into three
groups of 40 patients each and received drug
treatment based on previously published litera-
ture [25]: DDP alone (75 mg/m?, administered
once a day), GEM alone (1000 mg/m?2, adminis-
tered once a week), or DDP plus GEM (combina-
tion of both DDP and GEM). Three courses of
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treatment, each lasting 21 d, were conducted.
Patients were further subdivided into sensitive
(complete or partial response) and resistant
groups (stable or progressive disease) accord-
ing to their drug response.

Tissue samples were collected before and after
treatment under fiberoptic bronchoscopy, im-
mediately placed in liquid nitrogen, and then
stored at -80°C for further experiments. Ethics
approval was obtained from the ethics com-
mittee of the Affiliated Hospital of Chengde
Medical University (Ethical approval number:
LL2021028), and informed consent was
obtained from the patients or their families
before study initiation.

Cell lines and cell culture

Human LSCC cell lines (H226 and H2170) and
a normal human bronchial epithelial cell line
(16HBE) were purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai,
China). The cells were cultured in RPMI 1640
medium (Gibco: Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Hyclone: GE Healthcare Life
Sciences, Logan, UT, USA), penicillin (100 U/ml,
Gibco, BRL), and streptomycin (0.1 mg/ml,
Gibco, BRL) at 37°C in humidified air containing
5% CO,,.

Cell transfection

A pcDNA3.1 vector containing IncRNA Erbb4-
IR, pcDNA3.1 vector containing IncRNA ASBEL,
and empty vectors (as negative controls, NCs)
were constructed by Sangon Biotech Co., Ltd. A
miR-21 mimic and NC miRNA were purchased
from Sigma-Aldrich (Merck KGaA). A pcDNA3.1-
LZTFL1 overexpression vector and the corre-
sponding NC (empty vector) were purchased
from Genechem (Shanghai, China). After 12 h
of culture, cells were transfected with one of
the following vector combinations or their cor-
responding NCs: pcDNA3.1-IncRNA ASBEL,
pcDNA3.1-IncRNA Erbb4-IR, miR-21 mimic,
pcDNA3.1-LZTFL1, pcDNA3.1-IncRNA ASBEL+
miR-21 mimic, pcDNA3.1-IncRNA Erbb4-IR+
miR-21 mimic, pcDNA3.1-IncRNA ASBEL+miR-
21 mimic+pcDNA3.1-LZTFL1, or pcDNA3.1-
IncRNA  Erbb4-IR+miR-21 mimic+pcDNA3.1-
LZTFL1. Transfection was performed using the
Lipofectamine 2000 reagent (Invitrogen, USA)
based on the manufacturer’'s instructions.
Real-time quantitative reverse transcription-
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polymerase chain reaction (QRT-PCR) was per-
formed in order to verify the transfection effi-
ciency. Follow-up experiments were performed
24 h after transfection.

qRT-PCR

The expression levels of IncRNA ASBEL, Inc-
RNA Erbb4-IR, miR-21, and LZTFL1 mRNA were
measured using qRT-PCR in human LSCC tumor
tissues and paired adjacent tissues before and
after treatment. They were also examined in
normal cells and human LSCC cells transfect-
ed with different constructs. Total RNA was
extracted from tissues and cells using the
TRIzol reagent (Invitrogen, USA) and TagMan
MicroRNA Reverse Transcription Kit (Applied
Biosystems, CA, USA) based on the manufac-
turer’s instructions. The First Chain cDNA syn-
thesis kit (Thermofizrre) was used to reverse
transcribe the cDNA. DNA contamination was
removed using RNAse-free DNase I. qRT-PCR
was performed based on previously published
protocols [22]. The human U6 gene was used
as the endogenous control for miR-21, and
GAPDH was used as the endogenous control
for IncRNA ASBEL, IncRNA Erbb4-IR, and
LZTFL1. All experiments were repeated thrice
and relative expression was quantified using
the 222t method.

Western blotting (WB)

The protein expression of LZTFL1 was exam-
ined in human LSCC tumor tissues and match-
ed adjacent normal tissues before and after
treatment using WB. It was also examined in
H226, H2170, and 16HBE cells before and
after the transfection of various constructs
(pcDNA3.1-IncRNA ASBEL, pcDNA3.1-IncRNA
Erbb4-IR, pcDNA3.1-LZTFL1, and empty vec-
tor). WB experiments were performed as
described previously [23, 26]. Briefly, the total
protein was extracted from cells and tissu-
es using the RIPA lysis buffer (Beyotime,
Shanghai), and protein concentrations were
determined with a BCA assay kit (Beyotime,
Shanghai). A protease inhibitor cocktail (Be-
yotime, China) was added to the extracts, and
the proteins were separated using SDS-PAGE.
Separated proteins were transferred onto
PVDF membranes (Millipore, USA), which were
blocked and incubated with a primary antibody
against LZTFL1 (1:1,000, Abcam, USA) at 4°C
overnight. Next, the membranes were incubat-
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ed with a goat anti-rabbit 1gG-HRP secondary
antibody (1:5,000, Abcam, USA) at 37°C for 1
h. The protein expression was normalized using
GAPDH as the internal control (Santa Cruz,
Dallas, TX, USA; sc-32233) and quantified
using Image J software (National Institutes of
Health, Bethesda, Maryland).

Pearson correlation coefficient analysis

Briefly, the relationship between the expression
of miR-21 and that of IncRNA ASBEL, IncRNA
Erbb4-IR, and LZTFL1 in human LSCC tumor
tissues was analyzed using Pearson correlation
coefficient analysis.

Cell proliferation assay

Eight hours after transfection, H226 and H2170
cells were seeded into a 96-well culture plate
(BD Biosciences, USA) (2500 cells/well) for cell
proliferation assays, as described previously
[27]. After incubation for O, 24, 48, and 72 h,
10 pL of Cell Counting Kit-8 (CCK-8, Dojindo,
Japan) solution was added to each well to
examine cell proliferation according to the
manufacturer’'s directions. Cell proliferation
was quantified based on optical density (OD)
values at 450 nm, which were measured using
a Varioskan Flash Microplate reader (Thermo
Fisher Scientific, USA).

Cell migration and invasion assay

Cell migration and invasion capacities were
examined using transwell assays without and
with Matrigel, respectively. Cell treatments
were performed as described for the prolifera-
tion assay. To specifically evaluate the cell
migration and invasion capacities of treated
cells, transwell assays were performed using
previously published protocols [23, 28].

Cell apoptosis and cell cycle assay

Before flow cytometry cells were treated as
described for the proliferation assay. Flow cy-
tometry was performed to detect apoptotic
cells and examine cell cycle progression as
described previously [29, 30]. For apoptosis
analysis, cells were double stained with FITC-
labeled Annexin V and propidium iodide (PI)
(Sigma-Aldrich). Apoptotic cell counts were ob-
tained using FACsorter (BD Biosciences, San
Jose, CA, USA). For cell cycle analysis, cells
were stained with Pl alone, and cell cycle distri-
bution was observed using FACsorter.
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MTT cell viability assay

In order to determine the effects of the IncRNA
ASBEL/IncRNA Erbb4-IR/miR-21/LZTFL1 axis
on the sensitivity of H226 and H2170 cells to
GEM, DDP, and GEM+DDP, the viability of H226
and H2170 cells was examined after transfec-
tion with the following constructs: empty vector,
pcDNA3.1-IncRNA ASBEL, pcDNA3.1-IncRNA
Erbb4-IR, pcDNA3.1-IncRNA ASBEL+miR-21
mimic, pcDNA3.1-IncRNA Erbb4-IR+miR-21 mi-
mic, pcDNA3.1-IncRNA ASBEL+miR-21 mimic+
pcDNA3.1-LZTFL1, or pcDNA3.1-IncRNA Erbb4-
IR+miR-21 mimic+pcDNA3.1-LZTFL1. Cells we-
re treated with DDP, GEM, or DDP+GEM, and
their viability was assessed using an MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide, 25 pl, 5 mg/ml, M2128, Sigma)
assay based on previous protocols [29].

Briefly, cells were seeded in a 96-well culture
plate (BD Biosciences, USA) (2500 cells/well)
and treated with different concentrations of
DDP (0, 0.5, 1, 2, 4, 8, 16, 32, and 64 mg/ml)
(Shandong Qilu Co. China) for 48 h [31], differ-
ent concentrations of GEM (0, 12.5, 25, 50,
100, and 200 pM) (Jiang-su, HaoSeng Phar-
maceutical, China) for 24 h [32], or with GEM
plus DDP for 24 h. Following 4 h of incubation
with MTT in the dark at 37°C, the absorbance
of each well was measured at 570 nm using a
microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). The viability of control cells
was considered to be 100%. The sensitivity of
the cells to DDP/GEM was assessed based
on the half-maximal inhibitory concentration
(IC50).

Statistical analysis

All data management and analyses were per-
formed using SPSS software (version 20), and
data were presented as the mean + standard
deviation (SD) or number (n) and percentage/
rate (%). Differences in quantitative data were
analyzed using independent-samples t-tests
and Student’s t-tests (for comparing two gr-
oups) or one-way ANOVA (for comparing more
than two groups). The differences in percent-
ages/rates were analyzed using the x? test,
non-parametric Mann-Whitney U test, or
Fisher's exact test. All continuous data were
subjected to normality tests. Correlations anal-
yses for quantitative data were performed
using Pearson correlation analysis, and linear
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Figure 1. Expression of IncRNA ASBEL, IncRNA Erbb4-IR, miR-21, and LZTFL1 in stage IV human LSCC tumor tis-
sues. A. Expression of INcCRNA ASBEL, IncRNA Erbb4-IR, and miR-21 in clinical stage IV LSCC tissue specimens ex-
amined using qRT-PCR. B. LZTFL1 mRNA and protein levels in stage IV LSCC tumor tissues examined using qRT-PCR
and western blot, respectively. C. Correlation between the expression levels of miR-21 and the expression levels of
IncRNA ASBEL, IncRNA Erbb4-IR, and LZTFL1 mRNA in LSCC tissues (Pearson correlation analysis). ** vs adjacent

normal tissues, P < 0.01.

regression analysis was also carried out. The
significance level was set at a P-value < 0.05.

Results

Expression of IncRNA ASBEL, IncRNA Erbb4-
IR, LZTFL1, and miR-21 in stage IV LSCC
tissues

The expression levels of IncRNA ASBEL, Inc-
RNA Erbb4-IR, miR-21, and LZTFL1 mRNA were
detected in untreated stage IV human LSCC
tumor tissues and matched adjacent normal
tissues using qRT-PCR. Moreover, the protein
level of LZTFL1 was also estimated using WB.
The results showed that IncRNA ASBEL and
IncRNA Erbb4-IR were down-regulated in clini-
cal stage IV LSCC tumor tissues when com-
pared with matched adjacent normal tissues,
while miR-21 was up-regulated (P < 0.01)
(Figure 1A). Meanwhile, LZTFL1 mRNA and
protein levels were markedly lower in LSCC
tumor tissues than in normal tissues (P < 0.01)
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(Figure 1B). Interestingly, a negative correla-
tion was observed between the expression of
miR-21 and the expression of IncRNA ASBEL,
IncRNA Erbb4-IR, and LZTFL1 mRNA in LSCC
tumor tissues (P < 0.0001) (Figure 1C).

Expression of IncRNA ASBEL, IncRNA Erbb4-
IR, LZTFL1, and miR-21 in human LSCC cells

We measured IncRNA ASBEL, IncRNA Erbb4-IR,
miR-21, and LZTFL1 mRNA levels in human
LSCC cells using gRT-PCR. Furthermore,
LZTFL1 protein levels were measured using
WB. The findings were similar to those observ-
ed in clinical tumor tissues. The levels of Inc-
RNA ASBEL, IncRNA Erbb4-IR, and LZTFL1
MmRNA were lower in H226 and H2170 cells
(human LSCC cells) than in 16HBE cells (nor-
mal human bronchial epithelial cells), while the
levels of miR-21 were higher (P < 0.01) (Figure
2A). Furthermore, LZTFL1 protein levels were
lower in H226 and H2170 cells than in 16HBE
cells (P < 0.01) (Figure 2B).
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Figure 2. Expression of IncRNA ASBEL, IncRNA Erbb4-IR, miR-21, and LZTFL1 in human LSCC cells. A. Expression
of INcRNA ASBEL, IncRNA Erbb4-IR, miR-21, and LZTFL1 mRNA in human LSCC cells examined using qRT-PCR. B.
Protein levels of LZTFL1 in human LSCC cells examined using western blot. ** vs 16HBE cells, P < 0.01.

Effect of IncRNA ASBEL and IncRNA Erbb4-IR
overexpression on miR-21 expression, LZTFL1
expression, and malignant behaviors in LSCC
cells

As shown in Figure 3A, the expression of
IncRNA ASBEL and IncRNA Erbb4-IR was sig-
nificantly higher in H226 and H2170 cells
transfected with pcDNA3.1-IncRNA ASBEL and
pcDNA3.1-IncRNA Erbb4-IR, respectively, than
in the cells transfected with the empty vector
(P < 0.01). These results indicated that INcRNA
ASBEL and IncRNA Erbb4-IR were successfully
overexpressed in H226 and H2170 cells. As
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shown in Figure 3B-D, the overexpression of
IncRNA ASBEL and IncRNA Erbb4-IR led to a
decrease in miR-21 levels and an increase in
LZTFL1 mRNA and protein levels in H226 and
H2170 cells (P < 0.05). The IncRNA ASBEL and
IncRNA Erbb4-IR in H226 and H2170 cells sig-
nificantly reduced cell proliferation at 48 h
(P <0.05)and 72 h (P < 0.01) (Figure 3E) post-
transfection, as indicated by lower OD at 450
nm in the CCK-8 assay. As shown in Figures 4
and 5A, the number of migratory and invasive
cells was remarkably lower after the overex-
pression of INcRNA ASBEL and IncRNA Erbb4-
IR than after vector transfection, while the
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Figure 3. Overexpression of INncRNA ASBEL and IncRNA Erbb4-IR decreased miR-21 expression, increased LZTFL1 expression, and suppressed cell proliferation in
human LSCC cells. A. Overexpression of INcRNA ASBEL and IncRNA Erbb4-IR in human LSCC H226 and H2170 cells via the transfection of pcDNA3.1-IncRNA ASBEL
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and pcDNA3.1-IncRNA Erbb4-IR, respectively. B. Overexpression of INcRNA ASBEL and IncRNA Erbb4-IR decreased miR-21 expression in H226 and H2170 cells. C.
Overexpression of INcRNA ASBEL and IncRNA Erbb4-IR increased LZTFL1 mRNA levels in H226 and H2170 cells. D. Overexpression of IncRNA ASBEL and IncRNA
Erbb4-IR increased in LZTFL1 protein levels in H226 and H2170 cells. E. Overexpression of IncRNA ASBEL and IncRNA Erbb4-IR suppressed the proliferation of
H226 and H2170 cells, as demonstrated by the CCK-8 assay. * vs Vector group, P < 0.05; ** vs Vector group, P < 0.01.
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number of apoptotic cells was significantly
higher (P < 0.01). Both the IncRNA ASBEL and
IncRNA Erbb4-IR groups showed a clear trend
of decreased cell cycle entry, with fewer cells in
the S and G2 stages and more cells showing
cell cycle arrest in the G1 phase (P < 0.05 or P
< 0.01; Figure 5B).

Role of the miR-21/LZTFL1 axis in mediat-
ing the effects of INcRNA ASBEL and IncRNA
Erbb4-IR overexpression on malignant behav-
iors in LSCC cells

As shown in Figure 6A and 6B, H226 and
H2170 cells transfected with the miR-21 mimic
showed markedly higher miR-21 levels and
lower LZTFL1 mRNA levels than the cells trans-
fected with miR-NC (P < 0.01). However, the
miR-21 mimic did not affect the expression
levels of IncRNA ASBEL and IncRNA Erbb4-IR (P
> 0.05, Figure 6C, 6D). H226 and H2170 cells
transfected with pcDNA3.1-LZTFL1 showed
remarkedly higher LZTFL1 mRNA and protein
levels than the cells transfected with an empty
vector (Figure 6E, 6F) (P < 0.01). However, they
did not show altered levels of IncRNA ASBEL
and IncRNA Erbb4-IR (P > 0.05, Figure 6G,
6H). Compared with the vector group, the
pcDNA3.1-IncRNA ASBEL and pcDNA3.1-
IncRNA Erbb4-IR groups showed lower rates
of cell proliferation at 48 and 72 h post-trans-
fection. These groups also showed a lower
number of migratory and invasive cells and a
higher number of apoptotic cells. Cell cycle
entry was inhibited in these cells, and there
were fewer cells in the S and G2 phases and
more cells in the G1 phase (P < 0.05 or P <
0.01). Co-transfection with the miR-21 mimic
could partially reverse the effects of pcDNA3.1-
IncRNA ASBEL and pcDNA3.1-IncRNA Erbb4-IR
transfection in H226 and H2170 cells (P <
0.05). The addition of a pcDNA3.1-LZTFL1 vec-
tor to pcDNA3.1-IncRNA ASBEL/pcDNA3.1-
IncRNA Erbb4-IR+miR-21 mimic transfection
attenuated the effects of miR-21 mimic trans-
fection in H226 and H2170 cells (P < 0.05)
(Figures 61-K, 7 and 8).

Modulation of chemoresistance to GEM plus
DDP combination therapy in LSCC and the role
of the miR-21/LZTFL1 axis

After chemotherapy, clinical LSCC tumor tis-
sues were classified into drug-sensitive or drug-
resistant groups based on their response to
GEM alone, DDP alone, or GEM+DDP. In the
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GEM alone group, there were 18 GEM-resis-
tant tumors and 22 GEM-sensitive tumors. In
the DDP alone group, there were 16 DDP-
resistant tumors and 24 DDP-sensitive tumors.
In the GEM+DDP group, there were 15 (GEM+
DDP)-resistant tumors and 25 (GEM+DDP)-
sensitive tumors. Twenty adjacent normal tis-
sue samples obtained before any treatment
were randomly selected as controls for subse-
quent experiments. As shown in Figure 9, the
levels of IncRNA ASBEL and IncRNA Erbb4-IR
were lower in GEM-, DDP-, and (GEM+DDP)-
sensitive tumor tissues than in normal tissues,
while the levels of miR-21 were higher (P < 0.05
or P <0.01). GEM/DDP-resistant tumor tissues
showed lower levels of IncRNA ASBEL and
IncRNA Erbb4-IR and higher levels of miR-21
than GEM/DDP-sensitive tumor tissues (P <
0.05). Similarly, (GEM+DDP)-sensitive tumor
tissues exhibited lower expression levels of
IncRNA ASBEL and IncRNA Erbb4-IR as well as
higher expression levels of miR-21 than (GEM+
DDP)-resistant tumor tissues (P < 0.05). Furth-
er analysis showed that the levels of IncCRNA
ASBEL and IncRNA Erbb4-IR were higher in
(GEM+DDP)-sensitive tumor tissues than in
GEM/DDP-resistant tumor tissues, while the
levels of miR-21 were lower (P < 0.05). Simi-
larly, the levels of IncRNA ASBEL and IncRNA
Erbb4-IR were lower in (GEM+DDP)-resistant
tumor tissues than in GEM/DDP-resistant
tumor tissues, while the levels of miR-21 were
higher (P < 0.05). These findings indicated that
the curative effect of combination therapy with
GEM plus DDP was superior to that of single-
agent therapy with GEM or DDP alone. The
most interesting finding (Figure 9A(1) and
9A(2)) was that the trends of IncRNA ASBEL
and IncRNA Erbb4-IR expression were consis-
tent with the differences in LZTFL1 mRNA and
protein levels between the groups (P < 0.05 or
P < 0.01) (Figure 9B). The MTT assay was per-
formed to obtain the IC50 values of GEM and
DPP in H226 and H2170 cells following trans-
fection experiments (Figure 9C-E). The overex-
pression of IncRNA ASBEL and IncRNA Erbb4-
IR could reduce the IC50 value of DDP alone,
GEM alone, and DDP+GEM in H226 and H2170
cells (P < 0.05 or P < 0.01). This trend was part-
ly attenuated when the cells were transfected
with a miR-21 mimic (P < 0.05). However, trans-
fection with pcDNA3.1-LZTFL1 could partially
reverse this attenuation effect (P < 0.05).
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Figure 6. Overexpression of INcRNA ASBEL and IncRNA Erbb4-IR inhibited cell proliferation, migration, and invasion via the miR-21/LZTFL1 axis. A. Overexpression of
miR-21 in human LSCC cells (H226 and H2170) through the transfection of a miR-21 mimic. ** vs miR-NC group, P < 0.01. B. Overexpression of miR-21 decreased
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Figure 9. IncRNA ASBEL and IncRNA Erbb4-IR modulated chemoresistance to combination therapy with GEM and
DDP in LSCC via the miR-21/LZTFL1 axis. A. Expression of IncRNA ASBEL, IncRNA Erbb4-IR, and miR-21 in clinical
stage IV DDP/GEM/(DDP+GEM)-sensitive/resistant LSCC tumor tissues, examined using gRT-PCR. B. mRNA and
protein levels of LZTFL1 in clinical DDP/GEM/(DDP+GEM)-sensitive/resistant LSCC tumor tissues examined using
gRT-PCR and western blot, respectively. * vs Adjacent normal tissues, P < 0.05; ** vs Adjacent normal tissues, P <
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0.01; # vs DDP-sensitive tumor tissues, P < 0.05; $ vs GEM-sensitive tumor tissues, P < 0.05; @@ vs (DDP+GEM)-
sensitive tumor tissues, P < 0.01; % vs DDP-resistant tumor tissues, P < 0.05; & vs GEM-resistant tumor tissues, P
< 0.05. C-E. Overexpression of IncRNA ASBEL and IncRNA Erbb4-IR enhanced the sensitivity of human LSCC cells
(H226 and H2170) to DDP, GEM, and DDP+GEM via miR-21/LZTFL1 axis regulation, decreasing the IC50 values of
these chemotherapeutic agents. These changes were observed using the MTT assay. * vs Vector group, P < 0.05;
** ys Vector group, P < 0.01; # vs pcDNA3.1-IncRNA ASBEL, P < 0.05; $ vs pcDNA3.1-IncRNA ASBEL+miR-21 mimic,

P <0.05.

Discussion

Previous studies on malignant tumors have
suggested that the dysregulation of IncRNAs
and miRNAs is involved in chemotherapeutic
resistance. In cancer cells, the altered expres-
sion of genes involved in drug resistance can
affect malignant behaviors such as prolifera-
tion, cell cycle progression, and apoptosis [8,
33]. First-line treatment with GEM plus DDP is
the most commonly utilized strategy for LSCC
treatment [34]. However, the objective res-
ponse rate of this regimen is less than 30%,
and the median progression-free survival (PFS)
is only 3to 5 months [5, 35]. A report published
in 2018 indicated that the median PFS and
overall survival (0OS) in LSCC patients treated
with a GP regimen (GEM plus DDP) are 6.0
and 13.6 months, respectively. Patients with
tumors sensitive to the GP regimen show the
longest OS (20.0 months), while those with
resistant tumors exhibit the shortest 0OS (11.2
months) [36]. Therefore, the GP regimen does
not show good clinical efficacy in all patients
[37], and most patients with GP-resistant
tumors eventually die [38]. In order to improve
the efficacy of the GP regimen against LSCC,
the mechanism of drug resistance must be
delineated.

LSCC is usually diagnosed at an advanced
stage (stage Il or IV). Therefore, the present
study aimed to assess the role of the IncRNA
ASBEL/IncRNA Erbb4-IR/miR-21/LZTFL1 axis
in chemoresistance to GEM and DDP combina-
tion therapy in stage IV LSCC. IncRNA ASBEL
and IncRNA Erbb4-IR were down-regulated in
human stage IV LSCC tissues and cells.
However, in human LSCC cells, their overex-
pression could suppress cell proliferation, mi-
gration, invasion, and cell cycle entry and pro-
mote apoptosis via the miR-21/LZTFL1 axis.
Our results showed that IncRNA ASBEL and
IncRNA Erbb4-IR can reduce chemoresistance
to GP (GEM plus DDP) in stage IV human LSCC
by modulating the miR-21/LZTFL1 pathway.

Several reports have shown that miR-21 is
overexpressed in tumors and plasma in pa-
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tients with LSCC. The overexpression of miR-
21 is associated with poor patient prognoses
and enhanced malignant behaviors, including
increased cell proliferation, invasion, and mi-
gration and reduced apoptosis. In LSCC, these
effects are mediated by the miR-21-dependent
regulation of PTEN, RECK, and Bcl-2; therefore,
miR-21 is considered as a potential biomarker
for the diagnosis of LSCC [10, 14, 15]. In the
present study, miR-21 was found to be up-regu-
lated in stage IV LSCC tumor tissues and
human LSCC cell lines (H226 and H2170).
Moreover, miR-21 overexpression enhanced
malignant behaviors such as cell proliferation,
migration, invasion, and cell cycle entry and
reduced apoptosis in H226 and H2170 cells. A
previous study showed that the overexpression
of miR-21 can promote DDP chemoresistance
in NSCLC cell lines, including SPC-A1, A549,
and H2170 cells [16]. In the present study, the
overexpression of miR-21 promoted DDP che-
moresistance in LSCC cells. This was consis-
tent with the finding that of miR-21 levels are
higher in DDP-resistant than in DDP-sensitive
LSCC tissues. Moreover, co-transfection with a
miR-21 mimic increased the IC50 of DDP in
H226 and H2170 cells overexpressing IncRNA
ASBEL or IncRNA Erbb4-IR. A previous study
showed that miR-21 up-regulation is strongly
linked to increased chemoresistance against
GEM in pancreatic cancer [17, 18]. However,
the present study is the first to report that the
up-regulation of miR-21 promotes chemoresis-
tance against GEM and GEM plus DDP in LSCC.

GEM, a cytosine nucleoside derivative, is an
anti-metabolic anticancer drug that alters the
cell cycle. This drug mainly affects DNA synthe-
sis (S stage) in tumor cells and can inhibit the
G1 to S transition under certain conditions.
Thereby, it inhibits cell proliferation, induces
cell apoptosis, and suppresses tumor growth.
In contrast, DDP is a platinum-based com-
pound that suppresses DNA replication by
forming intra- and inter-strand DNA adducts
[39-41]. Hence, the miR-21-induced increase
in chemoresistance against DDP, GEM, and
DDP+GEM observed in the present study may
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be associated with the miR-21-induced incre-
ase in cell cycle entry (reduced S and G2-phase
arrests and increased Gl-phase arrest), cell
proliferation, migration, and invasion and re-
duction in apoptosis.

Regarding the molecular mechanism of miR-
21-mediated chemoresistance, previous evi-
dence indicates that IncRNA ASBEL and Inc-
RNA Erbb4-IR can negatively regulate miR-21
and thereby modulate the malignant progres-
sion of different types of theriomas [19, 22]. A
similar negative regulatory relationship was
also observed for stage IV LSCC in the present
study. The expression of IncRNA ASBEL and
IncRNA Erbb4-IR was negatively correlated with
that of miR-21 in human LSCC tissues, and
their overexpression decreased miR-21 levels
in H226 and H2170 cells. Notably, the present
study is the first to demonstrate that IncRNA
ASBEL and IncRNA Erbb4-IR are down-regulat-
ed in human stage IV LSCC tissues and H226
and H2170 cells. This study is also the first to
reveal that the overexpression of these Inc-
RNAs can inhibit cell proliferation, migration,
invasion, and cell cycle progression (G1 to S
stage) as well as promote apoptosis in LSCC
cells, while also inhibiting chemoresistance to
GEM and DDP via the miR-21/LZTFL1 axis.
Moreover, the overexpression of IncRNA ASBEL
and IncRNA Erbb4-IR can also increase LZTFL1
mRNA and protein levels in vitro. Compared
with GEM-, DDP-, and (GEM+DDP)-resistant
LSCC tissues, GEM-, DDP-, and (GEM+DDP)-
sensitive tissues show higher levels of INcRNA
ASBEL and IncRNA Erbb4-IR. Furthermore, the
overexpression of these IncRNAs can decrea-
se the IC50 values of DDP and GEM plus DDP
against human LSCC cells.

Few studies have reported the expression and
function of IncRNA ASBEL and IncRNA Erbb4-IR
in cancers. Only one study has shown that
IncRNA ASBEL is down-regulated in colorectal
cancer cells and that its overexpression can
remarkably inhibit cell proliferation and tumor
growth in colorectal cancer by down-regulating
transcription factor 3 (TCF3) [42]. Further, only
one study has reported that IncRNA Erbb4-IR is
down-regulated in prostate carcinoma tissues
and is associated with prognosis, and that its
overexpression can dramatically inhibit cell pro-
liferation and promote apoptosis in prostate
carcinoma cells by weakening the expression of
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miR-21 in vitro [22]. These previous findings
support the results of the present study to a
certain extent. Interestingly, Wang et al report-
ed that plasma miR-21 levels are elevated in
breast cancer patients, and miR-21 suppres-
sion can inhibit cell proliferation and metasta-
sis in vivo via LZTFL1 [23]. LZTFL1 is down-reg-
ulated in epithelial tumors (including NSCLC),
and its down-regulation is associated with
recurrence and poor survival in NSCLC. LZTFL1
acts as a tumor suppressor in gastric cancers
and NSCLC by inhibiting cell migration, epi-
thelial-to-mesenchymal transition, and tumori-
genesis [24]. However, so far, no studies have
examined the expression and role of LZTFL1 in
LSCC and its effects on sensitivity to GEM,
DDP, and GEM plus DDP. The present study is
the first to demonstrate that LZTFL1 mRNA and
protein levels are down-regulated in human
LSCC tissues and cells, and that the overex-
pression of LZTFL1 exerts an antagonistic
effect on cell proliferation, migration, invasion,
and cell cycle entry while promoting cell apop-
tosis in LSCC cells. In addition, our study
showed that the up-regulation of LZTFL1 exerts
an inhibitory effect on chemoresistance to
GEM, DDP, and GEM plus DDP in LSCC cells.
Therefore, the present study demonstrates
that the IncRNA ASBEL/IncRNA Erbb4-IR/miR-
21/LZTFL1 axis has an important role in regu-
lating chemoresistance to stage IV of LSCC
against combination therapy with GEM and
DDP in stage IV LSCC.

Conclusions

In summary, the present study reveals-for the
first time-that IncRNA ASBEL, IncRNA Erbb4-IR,
and LZTFL1 are down-regulated in human LSCC
tissues and cells and function as tumor sup-
pressors, preventing the malignant progression
of LSCC. More interestingly, the results show
that these molecules can inhibit chemoresis-
tance to GEM, DDP, and GEM plus DDP in LSCC
cells by inhibiting cell proliferation, migration,
invasion, and cell cycle entry and promoting
apoptosis. INcRNA ASBEL and IncRNA Erbb4-IR
can regulate the chemoresistance of stage IV
LSCC to combination therapy with GEM and
DDP by modulating the miR-21/LZTFL1 axis.
Therefore, IncRNA ASBEL, IncRNA Erbb4-IR,
miR-21, and LZTFL1 can serve as novel mark-
ers for predicting chemoresistance against the
GP regimen (GEM plus DDP) in patients with
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advanced LSCC and may also be potential che-
motherapeutic targets.

Acknowledgements

We would like to thank all the reviewers who
participated in the review and MJEditor (www.
mjeditor.com) for their linguistic assistance dur-
ing the preparation of this manuscript. The
present study was funded by Natural Science
Funding of Hebei Province (Grant number:
H2021406045).

Signed informed consent was obtained from
patients or their family members before the ini-
tiation of clinical experiments.

Disclosure of conflict of interest
None.

Address correspondence to: Le Zhang, Depart-
ment of Thoracic Surgery, The Affiliated Hospital
of Chengde Medical University, No. 36 Nanyingzi
Street, Shuanggiao District, Chengde 067000,
Hebei, China. E-mail: 13832430977@163.com

References

[1] Bray F, Ferlay J, Soerjomataram |, Siegel RL,
Torre LA and Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018; 68: 394-
424,

[2] Shen KH, Hung JH, Liao YC, Tsai ST, Wu MJ and
Chen PS. Sinomenine inhibits migration and
invasion of human lung cancer cell through
downregulating expression of miR-21 and
MMPs. Int J Mol Sci 2020; 21: 3080.

[3] Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R,
Curran WJ Jr, Wu YL and Paz-Ares L. Lung can-
cer: current therapies and new targeted treat-
ments. Lancet 2017; 389: 299-311.

[4] HKulasingam V and Diamandis EP. Strategies
for discovering novel cancer biomarkers th-
rough utilization of emerging technologies. Nat
Clin Pract Oncol 2008; 5: 588-99.

[5] Scagliotti GV, Parikh P, von Pawel J, Biesma B,
Vansteenkiste J, Manegold C, Serwatowski P,
Gatzemeier U, Digumarti R, Zukin M, Lee JS,
Mellemgaard A, Park K, Patil S, Rolski J, Goksel
T, de Marinis F, Simms L, Sugarman KP and
Gandara D. Phase Il study comparing cisplatin
plus gemcitabine with cisplatin plus peme-
trexed in chemotherapy-naive patients with
advanced-stage non-small-cell lung cancer. J
Clin Oncol 2008; 26: 3543-51.

2748

(6]

(8]

)

(11]

[12]

(14]

[15]

Araz O, Ucar EY, Meral M, Yalcin A, Acemog|u H,
Dogan H, Karaman A, Aydin Y, Gorguner M and
Akgun M. Frequency of class | and Il HLA al-
leles in patients with lung cancer according to
chemotherapy response and 5-year survival.
Clin Respir J 2015; 9: 297-304.

Chassagnon G, Bennani S and Revel MP. New
TNM classification of non-small cell lung can-
cer. Rev Pneumol Clin 2017; 73: 34-39.

Malek E, Jagannathan S and Driscoll JJ. Corre-
lation of long non-coding RNA expression with
metastasis, drug resistance and clinical out-
come in cancer. Oncotarget 2014; 5: 8027-38.
Yang X, Guo Y, Du Y, Yang J, Li S, Liu S, Li K and
Zhang D. Serum microRNA-21 as a diagnostic
marker for lung carcinoma: a systematic re-
view and meta-analysis. PLoS One 2014; 9:
€97460.

Shan X, Zhang H, Zhang L, Zhou X, Wang T,
Zhang J, Shu Y, Zhu W, Wen W and Liu P. Iden-
tification of four plasma microRNAs as poten-
tial biomarkers in the diagnosis of male lung
squamous cell carcinoma patients in China.
Cancer Med 2018; 7: 2370-2381.

Kunita A, Morita S, Irisa TU, Goto A, Niki T,
Takai D, Nakajima J and Fukayama M. MicroR-
NA-21 in cancer-associated fibroblasts sup-
ports lung adenocarcinoma progression. Sci
Rep 2018; 8: 8838.

Watabe S, Kikuchi Y, Morita S, Komura D, Nu-
makura S, Kumagai-Togashi A, Watanabe M,
Matsutani N, Kawamura M, Yasuda M and Uo-
zaki H. Clinicopathological significance of mi-
croRNA-21 in extracellular vesicles of pleural
lavage fluid of lung adenocarcinoma and its
functions inducing the mesothelial to mesen-
chymal transition. Cancer Med 2020; 9: 2879-
2890.

Wang T, Cai Z, Hong G, Zheng G, Huang Y,
Zhang S and Dai J. MicroRNA-21 increases cell
viability and suppresses cellular apoptosis in
non-small cell lung cancer by regulating the
PIBK/Akt signaling pathway. Mol Med Rep
2017; 16: 6506-6511.

Gao W, Shen H, Liu L, Xu J, Xu J and Shu
Y. MiR-21 overexpression in human primary
squamous cell lung carcinoma is associated
with poor patient prognosis. J Cancer Res Clin
Oncol 2011, 137: 557-66.

Xu LF, Wu ZP, Chen Y, Zhu QS, Hamidi S and
Navab R. MicroRNA-21 (miR-21) regulates cel-
lular proliferation, invasion, migration, and
apoptosis by targeting PTEN, RECK and Bcl-2
in lung squamous carcinoma, Gejiu City, China.
PLoS One 2014; 9: e103698.

Liu ZL, Wang H, Liu J and Wang ZX. MicroR-
NA-21 (miR-21) expression promotes growth,
metastasis, and chemo- or radioresistance in
non-small cell lung cancer cells by targeting
PTEN. Mol Cell Biochem 2013; 372: 35-45.

Am J Cancer Res 2023;13(6):2732-2750



Resistance mechanism of LSCC for gemcitabine and cisplatin combined therapy

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

2749

Paik WH, Kim HR, Park JK, Song BJ, Lee SH
and Hwang JH. Chemosensitivity induced by
down-regulation of microRNA-21 in gem-
citabine-resistant pancreatic cancer cells by
indole-3-carbinol. Anticancer Res 2013; 33:
1473-81.

Song WF, Wang L, Huang WY, Cai X, Cui JJ and
Wang LW. MiR-21 upregulation induced by pro-
moter zone histone acetylation is associated
with chemoresistance to gemcitabine and en-
hanced malignancy of pancreatic cancer cells.
Asian Pac J Cancer Prev 2013; 14: 7529-36.
Wang JY, Yang Y, Ma Y, Wang F, Xue A, Zhu J,
Yang H, Chen Q, Chen M, Ye L, Wu H and Zhang
Q. Potential regulatory role of INcRNA-miRNA-
mRNA axis in osteosarcoma. Biomed Pharma-
cother 2020; 121: 109627.

Zhang Y, Pu Y, Wang J, Li Z and Wang H. Re-
search progress regarding the role of long non-
coding RNAs in osteosarcoma. Oncol Lett
2020; 20: 2606-2612.

Fan L, Zhong Z, LinY and Li J. Non-coding RNAs
as potential biomarkers in osteosarcoma.
Front Genet 2022; 13: 1028477.

Zhou J, Song Q, Liu X, Ye H, Wang Y, Zhang L,
Peng S and Qin H. IncRNA Erbb4-IR is down-
regulated in prostate carcinoma and predicts
prognosis. Oncol Lett 2020; 19: 3425-3430.
Wang H, Tan Z, Hu H, Liu H, Wu T, Zheng C,
Wang X, Luo Z, Wang J, Liu S, Lu Z and Tu J.
microRNA-21 promotes breast cancer prolifer-
ation and metastasis by targeting LZTFL1.
BMC Cancer 2019; 19: 738.

Wei Q, Chen ZH, Wang L, Zhang T, Duan L, Beh-
rens C, Wistuba I, Minna JD, Gao B, Luo JH
and Liu ZP. LZTFL1 suppresses lung tumori-
genesis by maintaining differentiation of lung
epithelial cells. Oncogene 2016; 35: 2655-63.
Duan J, Yang Z, Liu D and Shi Y. Clinical efficacy
of bevacizumab combined with gemcitabine
and cisplatin combination chemotherapy in
the treatment of advanced non-small cell lung
cancer. J BUON 2018; 23: 1402-1406.

Li S, LiJand Yu Z. Tumor suppressive functions
of LZTFL1 in hepatocellular carcinoma. Onco
Targets Ther 2019; 12: 5537-5544.

Xu L, Du B, Lu QJ, Fan XW, Tang K, Yang L and
Liao WL. miR-541 suppresses proliferation and
invasion of squamous cell lung carcinoma cell
lines via directly targeting high-mobility group
AT-hook 2. Cancer Med 2018; 7: 2581-2591.
LiuY, Yangy, Li L, Liu Y, Geng P, Li G and Song
H. LncRNA SNHG1 enhances cell proliferation,
migration, and invasion in cervical cancer. Bio-
chem Cell Biol 2018; 96: 38-43.

Afzali M, Vatankhah M and Ostad SN. Investi-
gation of simvastatin-induced apoptosis and
cell cycle arrest in cancer stem cells of MCF-7.
J Cancer Res Ther 2016; 12: 725-30.

[30]

(31]

[32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Chen M, Zhong L, Yao SF, Zhao Y, Liu L, Li LW,
Xu T, Gan LG, Xiao CL, Shan ZL and Liu BZ.
Verteporfin inhibits cell proliferation and induc-
es apoptosis in human leukemia NB4 cells
without light activation. Int J Med Sci 2017; 14:
1031-1039.

Liu Z, Dang C, Xing E, Zhao M, Shi L and Sun J.
Overexpression of CASC2 improves cisplatin
sensitivity in hepatocellular carcinoma through
sponging miR-222. DNA Cell Biol 2019; 38:
1366-1373.

Wang J, Zhang Y, Liu X, Wang J, Li B, Liu Y and
Wang J. Alantolactone enhances gemcitabine
sensitivity of lung cancer cells through the re-
active oxygen species-mediated endoplasmic
reticulum stress and Akt/GSK3[ pathway. Int J
Mol Med 2019; 44: 1026-1038.

Pan J, Li X, Wu W, Xue M, Hou H, Zhai W and
Chen W. Long non-coding RNA UCA1 promot-
es cisplatin/gemcitabine resistance through
CREB modulating miR-196a-5p in bladder can-
cer cells. Cancer Lett 2016; 382: 64-76.

Li Y, Wang LR, Chen J, Lou Y and Zhang GB.
First-line gemcitabine plus cisplatin in nons-
mall cell lung cancer patients. Dis Markers
2014; 2014: 960458.

Paz-Ares L, Socinski MA, Shahidi J, Hozak RR,
Soldatenkova V, Kurek R, Varella-Garcia M,
Thatcher N and Hirsch FR. Correlation of EG-
FR-expression with safety and efficacy out-
comes in SQUIRE: a randomized, multicenter,
open-label, phase Il study of gemcitabine-cis-
platin plus necitumumab versus gemcitabine-
cisplatin alone in the first-line treatment of pa-
tients with stage IV squamous non-small-cell
lung cancer. Ann Oncol 2016; 27: 1573-9.
Zhong J, Zheng Q, Gao E, Dong Z, Zhao J, An T,
Wu M, Zhuo M, Wang Y, Li J, Wang S, Yang X,
Chen H, Jia B, Wang J and Wang Z. Influence of
body mass index on the therapeutic efficacy of
gemcitabine plus cisplatin and overall survival
in lung squamous cell carcinoma. Thorac Can-
cer 2018; 9: 291-297.

Jang J, Kim HK, Cho BC, Lee KH, Yun HJ, Woo
IS, Song HS, Ryoo HM, Kim CH, Sun DS and
Shin JW. Randomized phase Il study compar-
ing weekly docetaxel-cisplatin vs gemcitabine-
cisplatin in elderly or poor performance status
patients with advanced non-small cell lung
cancer. Cancer Chemother Pharmacol 2017;
79: 873-880.

Shi L, LiY,YuT, Wang Z, Zhou C, Xing W, Xu G,
Tong B, Zheng Y, Zhou J and Huang P. Predict-
able resistance and overall survival of gem-
citabine/cisplatin by platelet activation index
in non-small cell lung cancer. Med Sci Monit
2018; 24: 8655-8668.

Judson | and Kelland LR. New developments
and approaches in the platinum arena. Drugs
2000; 59 Suppl 4: 29-36; discussion 37-8.

Am J Cancer Res 2023;13(6):2732-2750



Resistance mechanism of LSCC for gemcitabine and cisplatin combined therapy

[40] Reed JC. Mechanisms of apoptosis avoidance [42] Taniue K, Kurimoto A, Takeda Y, Nagashima T,
in cancer. Curr Opin Oncol 1999; 11: 68-75. Okada-Hatakeyama M, Katou Y, Shirahige K
[41] Cao J, He Y, Liu HQ, Wang SB, Zhao BC and and Akiyama T. ASBEL-TCF3 complex is re-
Cheng YS. MicroRNA 192 regulates chemo-re- quired for the tumorigenicity of colorectal can-
sistance of lung adenocarcinoma for gem- cer cells. Proc Natl Acad Sci U S A 2016; 113:
citabine and cisplatin combined therapy by 12739-12744.
targeting Bcl-2. Int J Clin Exp Med 2015; 8:
12397-403.

2750 Am J Cancer Res 2023;13(6):2732-2750



